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environmental health criteria docunents, readers are Kkindly
requested to communicate any errors that may have occurred to
the Manager of the International Programme on Chemical Safety,
Wrld Health Organization, Geneva, Swtzerland, in order that
they may be included in corrigenda, which wll appear in
subsequent vol unes.

FOREWORD

The WHO activities concerned with the safety assessnent of
f ood chemical s were incorporated into the Internationa
Programme on Chenical Safety (IPCS) in 1980. Since this tine, a
keen interest has developed in all aspects pertaining to the
toxi col ogi cal evaluation of food additives and contam nants,
i ncludi ng the methodol ogi cal aspects. These activities are part
of the responsibilities of the Progranme insofar that its
obj ectives include the formulation of "guiding principles for

exposure limts, such as acceptable daily intakes for food
additives and pesticide residues, and tolerances for toxic
subst ances in food, air, water, soil, and the worKking

environment ".

The present publication on "Principles for the Safety
Assessment of Food Additives and Contam nants in Food" has been
devel oped in response to repeated reconmendati ons by the Joint
FAQ WHO Expert Committee on Food Additives (JECFA). Its
inclusion in the nmethodol ogy section of the Environnental Health
Criteria series will make it readily available to both Menber
States and the food industry.

The |PCS gratefully acknow edges the financial support of
the United Kingdom Departnment of Health and Social Security
(DHSS), and the US Food and Drug Admi nistration (FDA), which was
i ndi spensabl e for the conpletion of the project.

Dr M Mercier

Manager

I nternational Programe on
Chenical Safety

PREFACE
For the last thirty years, the internationally sponsored

conmmittee known as the Joint FAQ WHO Expert Conmittee on Food
Additives (JECFA) has played a major role in providing a unique

i nternational mechanism for the identification and safety
assessnment of food chemcals, including food additives, food
contaminants, and residues of veterinary drugs. Wth no

regul atory aspirations, this Commttee has probably contributed
nore to the elaboration of sound national food regulation in
this area than any other international body ained at harnoni zing
or normalizing often divergent national approaches to the
problem of food safety, food technology, and food control
JECFA achieved this by providing recomendations based on
scientific evidence and by establishing a rational nodel of
safety assessment that is widely reputed and accepted.

Hundreds of highly skilled international specialists have
gi ven, and continue to give, freely of their tine and talents to
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foster advances in toxicological nethodologies and analytica
procedures, to consolidate accessible presentations of data, and
to keep abreast wth scientific developnents, which often
requi res readjustnent of previous conclusions. Through reports,
t oxi col ogi cal nmonogr aphs, and profiles of chermi ca
specifications by JECFA national food regulatory authorities
and the Codex Alinmentarius Commr ssion are provided with all the
necessary el enents for nmaking the best decisions on the rationa
use of chemicals in food.

The present undertaking has several precedents in the
history of JECFA. For exanple, in 1957, the second report of
the Commttee elaborated on procedures for the testing of
intentional food additives to establish their safety for use

and, in 1960, the fifth report contained a series of guidelines
for the evaluation of the carcinogenic hazards of f ood
addi tives. It should also be nmentioned that, in 1966, the

Conmittee commissioned a special scientific group to devel op
procedures for investigating intentional and unintentional food
additives. Finally, in 1981, after realizing that a significant
interval of time had elapsed since previous nethodol ogica

updatings, the Conmittee called for a state-of-the-art revi ew of
nmet hodol ogy. A favourable answer was received from the newy
established International Programme on Chemical Safety (I1PCS), a
cooperative programme sponsored by the International Labour
Organisation (1LO, the United Nations Environnment Programe
(UNEP), and the World Health Organization (WHO . It should be
noted that the inplenentation of the reconmendation by the |IPCS
was significantly facilitated by the fact that the toxicol ogica

component of the JECFA cane within the scope of the programe.

The contents of this publication are the result of sustained
efforts of an |IPCS Task Goup during a nunber of neetings
including: a strategy neeting in 1983, a consultation of
contributors in 1985, and the JECFA Wrking G oups at their
annual neetings in 1985 and 1986. The nmenbers of the Task G oup
contributed either witten material or conments, or both. An

Editorial Board was responsible for preparing the final draft
for publication. The Task G oup benefited widely fromthe |arge
nunber of recommendati ons and observations on the nethodol ogy of
testing and assessing chemicals in food, found in the previous
reports of JECFA and related scientific groups.

Thus, this publication reflects faithfully t he
recomendati ons of the Committee regarding the safety assessnent
of food additives and contam nants by reaffirmng the wvalidity
of recommendations that are still appropriate, while pointing
out the problens associated wth those that, in the light of
nodern advances in nethodology, are no longer valid. New
recomendations are also nade, as mght be expected, with the
advancing state of the toxicological sciences. Particularly
enlightening are the section dealing with the principles rel ated
to the safety assessnment of substances consuned in |large

amounts, and Annexes 1l and 1V dealing with the statistica
aspects of toxicity studies and exanples of the use of netabolic
st udi es in the safety assessnent of f ood additives,

respectively. An Index has al so been included at the end of the
book.

It is the nopst earnest wish of all concerned with the
production of this publication that it should nmake an i nportant
contribution to the field of food toxicology and that it will be
found useful by the menmbers of JECFA, national food regulatory
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authorities, and industry, who are involved in the devel opnent
of safety data and in nmaking the consuner aware of the problens
of the safe use of food additives.

Dr G Vettorazzi

Dr A. Randel
1. | NTRODUCTI ON

This publication is concerned with reviewing the basis for
deci sion-naking by the Joint Expert Committee on Food Additives
(JECFA) of the Food and Agriculture Organization of the United
Nati ons (FAO and the Wirld Health Organization (WHO). Because
t he toxicol ogi cal and chem cal characteristics of food additives
are the primary concern of the Committee, both aspects are dealt
with in this publication, which has been prepared by WHO and
FAO- appoi nt ed consul tants, assisted by the WHO and FAO
secretariats. The twenty-eighth JECFA report (1) includes a
summary of the areas that the Committee considered to be nost in
need of eval uati on.

The maj or concerns of this nobnograph are with the testing of
chemicals in food and with the evaluation of the test results.
In keeping with the approach devel oped during the past 30 years
by JECFA, the recommendations for test procedures and safety
assessnent are discussed in broad terns taking into account the
latest scientific advances in the relevant fields. No effort
has been made to provide instructions for test procedures.
Di fferences in national approaches to toxicol ogi cal eval uations
exist, and some variations in the data submtted nmnust be
considered by JECFA in nmaking their evaluations. However ,
certain basic data requirenents are necessary in order to enable
an expert conmttee to nmake sound judgenents. The elenents of
this base line are included in various sections of this report.

In essence, the problens under consideration fall into three
general categories: first, the determ nation of the chenical and
toxicological test requirenents for individual chenicals that
are added to or occur in food; second, the assessnment nethods
that are to be applied; and third, the updating of the test
procedures and net hods of assessnment as the science progresses.

Met hods for testing and assessnment have changed consi derably
during the life of JECFA. However, the Committee has, by no
means, been a static organization. Not only have various
approaches been continuously updated at the individual neetings
of the Committee, but intervening neetings of scientific groups
have been held to consider the inmpact of new scientific
devel opments on the procedures used (2, 3). Thus, every effort
has been nmade in this publication to record the views of JECFA
and to detail the changes that have cone about with the course
of tine.

It is recognized that, with advances in science, it is
possible to obtain nore conplete toxicological profiles for
i ndividual chenmicals. For exanple, it is beconing increasingly
easy to learn nore about the disposition and nmetabolic fate of
xenobi oti cs. Until relatively recently, the toxicologist in
this field had torely alnost entirely on a set of routine
tests, the results of which were then assessed and used to
establish arbitrarily-determ ned safe | evels.
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JECFA has long recognized that a number of factors can be
used to determ ne test requirenents; these include the structure
of the <chemical, its natural occurrence in foodstuffs, its
nmet abolic characteristics, and know edge of its effects in nman.
However, systematic guidelines incorporating these factors have
not been devel oped by JECFA. In recent years, sone of the
problenms posed to JECFA have concerned the testing and
eval uation of additives and food ingredients that are consuned
in large amounts. Qher key problenms in the determination of
the appropriate |level of testing involve the |argest group of
food additives, the flavouring agents that are used, generally,

at very lowlevels and that are often "nature identical" or
derived from natural sources. Ther ef or g, bot h "hi gh
consunption” subst ances and fl avouring agents are discussed in
detail in sections 6.1 and 6.2

There have been considerable changes in |laboratory studies
used in other areas of toxicology, which are yet to have a ngjor
i mpact on the evaluation of food additives. O particul ar
interest are the series of nmutagenicity/clastogenicity tests,
often, but not invariably, using sub-manmalian test organisns in
vitro. The nunber, diversity, and uses of these tests have
increased rapidly in the past decade. |In general, such tests
are effective for nmeasuring an intended genetic end-point. How
effectively these tests identify chenical carcinogens is nmnuch
less clear. In the absence of a clear correlation wth
carcinogenicity, it is difficult to know how such tests should
be interpreted and used in safety eval uations. Even though
these in vitro tests may not be required for the evaluation of
the safety of food additives, it is becoming nore and nore
frequent for chemicals to be tested in this way for other
reasons, e.g., to detect potential environnental or occupationa
hazar ds. Thus, JECFA may have to decide on the relevance of
such information (section 5.1.5).

During the past decade, there has been a major increase in
the number of chemicals tested routinely for chronic toxicity in
standardized in vivo tests. Al though these tests nmay not be
designed to evaluate food additives, the results have to be
carefully <considered at JECFA neetings. Anong the nmaj or
probl ems that occur are those arising fromresults obtai ned when
chemicals are administered to animals by routes other than the
diet or drinking-water. For exanple, sonme years ago, JECFA
faced the probl em of assessing the significance of the induction
of subcutaneous sarconas at the site of injection of certain

food chem cals into rodents. It was found that many substances,
including inert plastics, could give rise to sinilar sarcomas on
i npl ant ati on. As a result, the Committee concluded that such

findings could not be used in a definitive manner for assessing
the safety of food additives (4, pp. 16-17). However, these
findings cannot be totally ignored and nmay be an indicator of
the need for further <carcinogenicity studies using the ora

route. Anot her problemwith interpretation arises with many of
the nore recent "routine" in vivo studies that record the
enhancenment of a variety of comon "spontaneous"” tumours in
rodents, including | ynphonas, hepatomas, and pheochronocytonas

(section 5.1.3).

The scope of long-term toxicity tests has been discussed
extensively by JECFA. For exanple, several food chenicals have
been tested in 2-generation studies rather than the commonly-
used single-generation study. VWile the use of this nore
extensive test is advisable under certain conditions, it should
not necessarily be a routine procedure (section 5.3).
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Many of the chem cals of concern to those responsible for
food safety evaluation are present in food at very |lowlevels
and may be present as environmental contam nants or rmay result
fromthe mgration of substances from food packagi ng or residues
from the use of solvents, pesticides, or veterinary drugs.
These situations often require very different approaches to test
requirenents than those used for intentional food additives

(Annex I11). One case, the use of anabolic agents in |ivestock
has posed various problems for JECFA that cannot be answered
within the scope of current procedures (Annex I11). JECFA will

soon be devel opi ng net hodol ogy for the testing and eval uation of
veterinary drug residues in support of a newconmittee on
residues of veterinary drugs in foods that has been established
by the Codex Alinmentarius Conm ssion

In assessing the significance of data, a major issue to be
resol ved concerns the distinctions that should be nmde anobng
di fferent t oxi col ogi cal mani f est ati ons. The car ci nogeni c
potential of chem cals has been enphasized in the past few
decades to the exclusion of nost other toxic end-points. There
was a general consensus that chenmicals found to be carcinogenic
were not appropriate as food additives at any | evel whatsoever
More recently, however, it has becone w dely accepted that the
term "carcinogen" has becone harder and harder to define
(section 5.1). It is apparent that cancer can be induced by a
variety of chemicals acting by very different nechanisnms and
that the nmechanismshould be an inportant consideration when
determning whether a safe level <can be established. her
questions concern whether high-dose aninmal data are relevant to
human exposure to |ow |l evels, and how teratogenicity data in the
absence of nmaternal toxicity are to be interpreted (section
5.1.4).

2. HI STORI CAL BACKGROUND
2.1. Introduction

The Joint FAQ WHO Expert Conmittee on Food Additives (JECFA)
was established followi ng recommendati ons made to the Directors-
CGeneral of FAO and WHO by the Joint FAQ WHO Expert Conmittee on
Nutrition at it fourth session (5), and the subsequent first
Joi nt FAQ VWHO Conference on Food Additives was held in Septem
ber, 1955 (6). The terns of reference of the earlier neetings
of JECFA related to the fornmulation of general principles gov-
erning the use of food additives and consideration of suitable
uniform nmethods for evaluating the safety of food additives.
For these purposes, food additives were defined by the Joint
Conference as "non-nutritive substances added intentionally to
food, generally in small quantities, to inprove its appearance,
flavour, texture, or storage properties."? Follow ng recom
mendations of the third Joint FAQ WHO Conference on Food Addi-
tives (8), these terns of reference were broadened to include
substances wunintentionally introduced into human food and JECFA
has subsequently considered and evaluated such nmaterials,
including growth pronoters, conponents of packaging materials,
solvents wused in food processing, aerosol propellants, enzynes
used in food processing, and netals in foods. Novel foods and
ingredients that may be incorporated into foods at |evels higher
than those previously envisaged for food additives have also
been referred to JECFA and pose special problems in safety
eval uation, which wll be discussed later in this report
(section 6.2).
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The first (9), second (10), and fifth Reports (4) of JECFA
established principles for the use of food additives and nade
reconmendat i ons on methods for establishing the safety-in-use of
food additives and for the evaluation of the carcinogenic
hazards of food additives. Fromthe outset, JECFA recognized
t hat :

"no single pattern of tests could cover adequately, but
not wastefully, the testing of substances so diverse in
structure and function as food additives" and that
"the westablishment of a uniform set of experinental
procedures that woul d be standardi zed and obligatory is
t heref ore undesirabl e" (10).

&  From a practical standpoint, the "food additive" definition
has been expanded since the tinme it was drafted, as a

variety of conpounds, including nutritive substances
consuned in high anmounts, have been brought under the
unbrella of food additives. I ndeed, the second Joint

FAQ VWHO Conference on Food Additives (7) reconmended that
the scope of the JECFA progranme be expanded beyond the
substances included in the original definition.

Accordingly, this Commttee concluded "that it was only possible
to formulate general recomendations with regard to testing
procedures." The Conmittee al so recogni zed that advances in the
basic sciences mght suggest new approaches to toxicol ogical
i nvestigations and that these might be used imediately by the
scientist but would take |longer to becone incorporated into any
officially recomended testing procedures. Subsequent neetings
of JECFA have consistently adopted this approach and have
avoi ded the adoption of fixed protocols for the testing and
evaluation of all classes of intentional and unintentional food
additives. This has had the advantage of allowi ng the Conmittee
to respond to new problens as they have arisen, with mninal
inertia, and to enconpass non-routine and ad hoc studies in the
safety evaluation process. Wthin this framework, the Committee
has found it possible to fornulate guidelines for the evaluation
of several groups of intentional and unintentional food
additives that posed their own peculiar problens; several of
these guidelines, which serve as specific exanples to support
general principles, are contained in Annex I11.

The requirenment to keep abreast of scientific devel opnents
in toxicology and related scientific disciplines inplies the
need for a periodic review of testing nethodology. Follow ng
recomrendations to this effect made by the eighth (11) and ninth
(12) neetings of JECFA, a WHO Scientific G oup on Procedures for
Investigating Intentional and Unintentional Food Additives was
convened in 1966

"to review, in the light of new scientific know edge,
the criteria used in establishing acceptable daily
intakes. . . ." and "to suggest further studies on
toxi col ogi cal procedures wused for the evaluation of
intentional and unintentional food additives in order
to establish their safety to the consuner” (2).

Subsequent neetings of JECFA have taken cogni sance of the report
of this Scientific Goup and of the report of a nore recent WHO
Scientific G oup on the Assessnent of Carcinogenicity and Mita-
genicity of Chemicals (3). Sone aspects of the reports of other
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WHO Scientific Goups on the Principles for the Testing and
Eval uation of Drugs for Carcinogenicity (13), Mitagenicity (14),
and Teratogenicity (15) are also pertinent to the nmnethodol ogy
of testing food additives. However, significant devel opnents in
the science of toxicology and related disciplines led the
seventeenth neeting of JECFA to recommend that "the nethods and
procedures for the toxicity testing of food additives should be
conprehensively reviewed and brought into line with advances in
toxi col ogy and cognate disciplines” (16). This recomendation
was reiterated in the reports of the eighteenth (17) and
ni neteenth (18) neetings, the latter of which called for the
convening of an appropriate neeting for the purpose of the
review, and reaffirnmed at the twentieth neeting (19).

Safety evaluation of food additives is a 2-stage process.
The first stage involves the collection of relevant data
including the results of studies on experinental aninals and,

where possible, observations in man. The second stage invol ves
the assessnent of data to determine the acceptability of the
substance as a food additive. Wiile the reconmendati ons
referred to in the precedi ng paragraph enphasi ze the inpact of
scientific advances on the first testing stage, the inpact of
such advances extends also to the assessnent stage. This was
made explicit in the twenty-first report of JECFA (20, p. 31),
whi ch stated that:

"in view of the rapid progress of the science of toxi-
col ogy and the increasing refinenent of evaluation pro-
cedures, the Committee felt strongly that the tradi-
tional concepts of setting ADIs, the application of
safety factors, and the relationship of these safety
factors to the observed toxicol ogi cal nmanifestations in
ani mal experinments should be reconsidered"

Thi s reconmendati on was endorsed by the twenty-fourth neeting of
JECFA (21).

Many features of toxicity testing and eval uati on of advent-
itious food additives and contanminants that fall wthin the
terns of reference of JECFA, are common to pesticides that are
within the scope of the Joint FAOWHO Meeting on Pesticide
Residues. In recognition of this, the twenty-fifth neeting of
JECFA (22) reconmmended that a group of experts should be
convened, as soon as possible, to study the application of
advances in methodol ogy to the toxicol ogical evaluation of food
addi tives and contam nants, and al so of pesticide residues. The
urgency of the need to inplenent this reconmendation was
stressed by the twenty-sixth (23) and twenty-seventh (24) neet-
i ngs of JECFA.

In response to the Comrmittee's repeated recommendations, a
neeting of a group of experts to study the application of
advances in nethodol ogy to the toxicol ogical evaluation of food
additives and contam nants was convened in Septenber 1983. The
obj ectives of the neeting were to fornulate specific recomend-
ations in order to bring up to date:

(a) the principles set out in earlier reports of JECFA
concerning safety evaluation in relation to specific
t oxi col ogi cal problens or specific chemcal entities or
groups;

(b) the test nethods used in the toxicological evaluation
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of chemcals in food; and

(c) the assessnent pr ocedur es adopted by JECFA in
determ ning quantitative end-points.

The report of the Wrking Goup (Updating Principles of
Met hodol ogy for Testing and Assessing Chenicals in Food: Report
of a Strategy Meeting) (unpublished WHO docunment | CS(Food)/83. 3)
and working papers on specific issues were considered by the

twenty-eighth neeting of JECFA (1). Several questions were
identified as remmining to be considered, including special
probl enms associ ated with:

(a) bul king agents and novel foods;
(b) food contani nants;
(c) animal feed additives and veterinary drug residues;

(d) test methods and principles (including alternative
net hods of testing);

(e) testing for allergenicity;

(f) Jlesions observed in bioassays that are difficult to
interpret (a nunber of exanples are cited in the
report); and

(g) assessnment procedures; extrapolation and quantitative
assessnent .

The Conmittee recomended that a unified document on these
i ssues should be prepared for consideration by JECFA at a future
nmeeti ng. The present publication has been prepared in response
to that recommendati on.

In carrying out the review of nethodology for the testing
and evaluation of intentional and unintentional food additives,
the working group has taken notice of reconmendations, guide-
i nes, and procedures adopted by national regulatory authorities
and international/supra-national organizations including the
Organi zation for Econonic Cooperation and Devel opnent (OECD),
the International Agency for Research on Cancer (IARC), and the
European Economic Community (EEC) Scientific Comrittee for
Food. It is recognized that, where possible, a unified approach
should be adopted. However, the purposes for which these other
bodi es have fornul ated guidelines differ in detail fromthose of
JECFA, and it is inappropriate to adopt these without nodifi-
cation to neet the needs of JECFA

2.2. Periodic Review

2.2.1. Concept of periodic review

JECFA has indicated that, in discharging its duty to eval-
uate the safety-in-use of intentional and unintentional food
additives, it nay be necessary to carry out a periodic re-
eval uati on of substances previously assessed by the Conmittee.

The first JECFA neeting, in |ooking ahead, envisaged, in
addition to the continuing evaluation of food additives, that
there would be a re-evaluation process associated with the
programme on food additive safety assessnent (9). It stated:
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"Permtted additives should be subjected to continuing
observation for possible deleterious effects under

changi ng conditions of use. They should be reappraised
whenever indicated by advances in know edge. Specia
recognition in such reappraisals should be given to
i mprovenents in toxicol ogi cal nethodol ogy."

This principle was endorsed in the third (25), seventh (26),

eighth (11), and ninth reports (12) of JECFA.

The "need for review of past recommendations" was high-
lighted in the thirteenth JECFA report as follows (27, p. 22):

"There is a w despread but fallacious belief that

cl earance of an additive for use in food constitutes an
irrevocabl e decision. Such a view renders a grave dis-
service to the cause of consunmer protection for it
fails to recognize the need for regular review of all
safety eval uations."

Peri odi c review of past decisions on safety is
necessary by one or nore of the follow ng devel opnents (27):

(a) A new manufacturing process for the food additive.

(b) A new specification.

made

(c) New data on the biological properties of the conmpound.

(d) New data concerning the nature, or the biologica

properties, or both, of the inpurities present in

food additi ve.

a

(e) Advances in scientific know edge germane to the nature

or node of action of food additives.

(f) Changes in consunption patterns or |evel of use of

food additive.

a

(g) Inproved standards of safety evaluation. This is made
possible by new scientific know edge and the quality
and quantity of safety data considered necessary in the
case of new additives. Si nce JECFA began the eval-
uation of food additives in 1956, the paucity of
informati on available on many food additives has been
such that assessnents have often been difficult to
make. Tests of too short duration, conducted wth a
very small nunber of animals at inappropriate dose
| evel s, and w thout adequate clinical, haematol ogical

chem cal , or hi st opat hol ogi cal exam nati ons

have

frequently been encountered anong the data subnitted
for evaluation. Tests of this sort cannot be regarded
as having permanent validity; with the passing of tineg,

they need to be supplenented by studies carried out

in

full accordance with the reconmendati ons set out in the
report of the WHO Scientific Goup on Procedures for

I nvesti gati ng I ntentional and Unintentiona
Additives (2).

Food

It should also be noted that the second Joint FAQ WHO
Conference on Food Additives (7) recommended that it (JECFA)

"shoul d revise, if needed, the toxicological evaluation of

al |
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additives considered in previous neetings of the Expert
Comm ttee."

The seventeenth report of JECFA (16) reads, in part:

"The objective in assessing the toxicological data on
food additives is to ensure their safety for the con-
suner on the basis of all the evidence available to the
Conmittee at the time. Future results with present
methods or with techniques yet to be developed wll
necessitate reassessnents that may lead to changes in
earlier decisions."

O her neetings reaffirmed the need to take advantage of
recent devel opnments in toxicological techniques for research and
safety assessnent.

These Comm ttee recomendations and observations, the
rationale set forth in the thirteenth report (27) and other
reports for the need to review past decisions, and the ensuing
years of progress in the science of toxicology and refinenment of
research, eval uati on procedures, and changi ng consunption
patterns all point towards the advisability of periodic review
of this large class of substances.

2.2.2. Mechani smof periodic review

That a consi derabl e anount of re-evaluation of substances is
already carried out within the systemis evident when the year-
to-year agenda of JECFA is exami ned. Food additives are reass-
essed when new bi ol ogi cal and chemical data are made available
to FAO and WVHO. In fact, new data are nandated on tinetables
establ i shed by JECFA when tenporary ADIs are established (sec-
tion 5.5.5). In addition, re-evaluations are nade at the request
of Menber States and by the Codex Alinmentarius Comm ssion

However, for many additives, the assessment has not been
conducted using the nore recently adopted procedures for
investigating intentional and unintentional food additives. A
revi ew of past decisions also reveals that sone additives have
only had a cursory exam nation. The evaluation of these addi-
tives may have been based on linited data.

A periodic review programe on subst ances previously
revi ewed by JECFA should be constituted to reflect the changing
state-of-the-art and to provide the best possible assurance to
consuners of food additive safety. However, a mechani sm has not
yet been devel oped for the continuous systenmatic updating of
safety information on food additives. O course, even in the
absence of a periodic review programme, if new data on a food
additive raises suspicion of significant hazard, then i mediate
re-eval uation i s conducted.

The wuse of an international forumto devise and inplenent a
system for the periodic review of chemicals used in or on food
and contam nants of food could also be of great economc and
practical value to Menber States. It would ensure a uniform
approach to a conplex toxicological problem duplication of
effort would be mnimzed, and enphasis on such a programe
woul d gi ve added reassurance to consuners throughout the world
that the food supply continues to be safe. Perhaps such a
programme could be developed in cooperation with the Codex
Al i nmentarius Comm ssion
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3. CRITERI A FOR TESTI NG AND EVALUATI ON

JECFA has always operated on the principle that testing
requirenents for all food additives should not be the sane.
Such factors as expected toxicity, exposure levels, natura
occurrence in food (section 6.1), occurrence as nornal body
constituents (section 5.2), wuse in traditional foods, and
know edge of effects in man (section 5.4) should be taken into
account. In relation to carcinogenic hazards, the Committee has
stated that "the scope of the test required should depend on a
nunber of factors, such as the nature of the substance, the
extent to which it mght be present in food, and the popul ation
consumng it" (4). More generally, the Conmittee has requested

data on, inter alia, nethod(s) of manufacture, inpurities, fate

in food, levels of use of additives in food, and estinmates of
actual daily intake, and concluded that such information "was
i mportant and rel evant both for the toxicol ogi cal evaluation and
for the preparation of specifications" (22). However, difficul-
ties arise when an attenpt is made to determ ne testing require-
ments because of problens in predicting toxicity, estimating
| evel s of food additive wuse and natural occurrence, and
obtai ning human data. As discussed below, criteria for testing
requirenents can also be wused to allocate priorities for the
testing and eval uation of food chemcals.

3.1. Criteria for Testing Requirenents

The est abl i shnent of principles for deternmining the
appropriate amount of data that will be required to adequately
evaluate the safety of additives at their estinmated consunption
levels is urgently needed to ensure consistency in decision-
maki ng by the Comrmittee and to provide guidance to sponsors of
food chemi cals. Both exposure data and potential toxicity
shoul d be inportant considerations in the establishnent of these
princi pl es. Consi deration of only one of these elenents to the
exclusion of the other |[|eaves serious deficiencies. If only
exposure data are used, then no consideration is given to the
wide range of toxicities observed anobng chemicals and no
advantage i s taken of the vast anount of bioassay data already
in existence. |If, on the other hand, only toxicity infornmation
predicted or known, is used, then chemicals wth known toxic
properties or those related to chem cals of known high toxicity,
particularly carcinogenicity, would automatically require the
nost data, wth no consideration given to relatively |ow
exposure | evels.

3.1.1. Estimating exposure

For the purpose of this publication, exposure is defined as
the total intake of a chemical substance by human bei ngs. For
the majority of substances evaluated by JECFA, the prinmary node
of exposure is through ingestion of the substance in the food

suppl y.

Esti mat es of exposure used by Committees in previous years

are of three general types: per capita estimtes, estimtes from

dietary food intake surveys, and anal ytical values from market -
basket/total -di et surveys. For a detailed discussion of the
advant ages and the use of these different types of estimates see
reference no. 28.

The per capita approach is an estimted value that repre-
sents the exposure level if a food additive or contam nant were
equally distributed across a population. For exanple, a per
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capita intake for a nation may be calculated by dividing the
total vyearly production volunme, corrected for inports and

exports, of a chemical wused in food, wthin a nation, by the

nati onal population. Another formof per capita intake may be
computed froma nation's per capita disappearance of a certain
food cormodity multiplied by the usual level of an additive or

contamnant in the food conmmodity. These per capita intakes can
be converted to daily intake per kil ogram body weight.

In sone countries, dietary surveys are performed on food-
stuffs consuned by a representative group of individuals, within
a national population, over a short period of tine, e.g., 1 - 14

days. The intake of an additive or contami nant, per food type,
can be calculated by multiplying the usual additive or contam
inant level in each type of food by the dietary intake of the
f ood. The intakes per food type can then be sumed to derive a
total additive or contam nant intake. An advantage of the

dietary survey approach is that additive or contam nant intakes
for selected subpopul ations, such as different age groups or
hi gh-frequency consuners of certain foodstuffs, nmay be conputed,
dependi ng on the specificity of the dietary survey.

When considering intakes conputed by the dietary survey
approach, the tenth neeting of JECFA (29, pp. 23-24) reaffirned
the validity of calculating the average daily intake of a food
additive based on: (a) levels arising from good technol ogi ca
practice; (b) average consunption of foods containing the
additive; and (c) average body weight. This Conmittee also
noted at the tine that, while data on average food consunption
were avail able frommany countries, high consunption data were
avail able fromonly two countries. The Committee recognized a
special need for determining how much of a food additive is
likely to be consuned by groups that have a high level of
consunption and strongly recommended that every effort should be
made to obtain such information on food consunption

The fourteenth neeting of JECFA (30) considered nethodol -
ogies for conmputing additive intakes fromdietary food surveys,
and recognized the inportance of experinental design so that
collective data can be used for calculating reliable intakes on
an individual basis. The Conmittee noted difficulties in conmon
descriptors for food itens, when information is gathered in
surveys performed by different organizations, and in obtaining
confidential information about food additive use fromindustry.

Mar ket - basket surveys (also called total-diet surveys)
i nvol ve anal yses of representative diets for the usual |evel of
additive or contanminant in the diet. The analyses nmay be per-
formed on food mixtures or on individual foodstuffs. The
sel ection of foods represents a normal diet for a certain popu-
lation, such as the typical daily diet for a certain nation's

average consumer. Mar ket - basket surveys can be used for
estimating the actual level of additive or contaminant in a
sel ected total diet, which is of value for substances present in
food at levels that are less than the anmounts added. However,

the difficulties of analyses usually restrict this approach to
estimati ons of average intakes of contam nants in sanples repre-
sentative of the average dietary habits of a nation's genera
popul ation rather than estimtions of intakes for selected
subpopul ations. In this regard, data on certain contaninants in
food are available fromthe dobal Environnental Monitoring
System ( GEMS) .

These procedures are useful for estimating exposure to food
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addi tives in individual countries. However, accurate estinmation
is much nore difficult when attenpted on a global scale.
Clearly, consunption of a food additive will not be the sanme in
two countries in which it is regulated with differing restric-
tions or with very different food consunption patterns. To use
exposure estinmates on such a scale as a criterion for testing
requirenents or for setting priorities for the testing of food
additives is an extrenely anbitious exercise that would require
ext ensi ve resources.

3.1.2. Predicting toxicity fromchenical structure

Chemical structure deternmines to a great extent the attitude
of the toxicologist towards a conpound. As a result, there have
been many efforts to systemati ze the use of chemical structure
as a predictor of toxicity. The use of such relationships has
been suggested by JECFA with certain classes of flavouring
agents (section 6.1.2), and chemical structure is an inportant
consideration in the selection of conmpounds for carcinogenicity
testing. Structure/activity relationships also form the basis
for establishing group ADIs (section 5.5.4).

Structure/activity rel ati onshi ps appear to provide a
reasonabl y good basis for predicting toxicity for sone
categories of conpounds, primarily carcinogens, which are char-
acterized by specific functional groups (e.g., nitrosan nes,
carbamates, epoxides, and aromatic amines) or by structura
features and specific atomic arrangenents (e.g., polycyclic
aromati ¢ hydrocarbons and afl atoxins). However, all these chem
i cal groups have sone nenbers that do not seem to be carcino-
genic or are only weakly so. Since structure/activity relation-
ships are better established for carcinogens than for other
toxic end-points, dependence on such predictions enphasizes
suspect carcinogens at the expense of other forns of potential
toxicity. However, as nmore chenmicals are tested for toxicity
and other end-points are identified in the future, the data base
wi Il become larger, which should pernmit nore valid conparisons
bet ween structure and toxicity anong nore cl asses of conpounds.

In terns of carcinogenic substances, another systemthat has
sometines been used for predictive purposes is a battery of
tests for genotoxicity (possible applications of such tests are
di scussed in section 5.1.5).

3.1.3. Oher factors to consider when developing criteria

The value of structure/activity relationships and exposure
data in determning the extent of testing required may be
consi derably enhanced by collateral information on netabolism
and pharmacoki netics. It has been previously accepted that:

"if a series of chemi cal anal ogues can be shown to give
rise to the sane netabolic product. . . it may be suf-
ficient to carry out toxicological studies on a suit-
abl e representative of the series" and "where adequate
bi ochem cal and toxicological data on closely related
chemicals are available, the objective (of toxicity
tests) beconmes the detection of any deviation fromthe
established pattern. This can usually be determnined by
i ntensive studies of a few nonths duration when these
are adequately designed and eval uated" (2).

More recently (31), JECFA has concluded that:
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"if the chem cal structure of a conpound under consid-
eration did not closely resenble that of any known
toxic or carcinogenic conmpound, and, if the toxicolo-
gical data onit, its netabolites, and its honol ogues
did not give any cause for concern, these less exten-
sive toxicol ogical data m ght be used for the evalua-
tion of the compound. . . . In the evaluation of a
series of structurally-related conpounds, conplete
t oxi col ogi cal data should be avail able for at |east one
menber of the series. O her compounds in the series
should be evaluated on the basis of these data, plus
data on their natural occurrence and netabolism and on
the toxicology of their honol ogous conpounds."

These principles can formthe basis for determining the Iim
ited amount of testing that nay be required for conmpounds that
are closely related structurally. |If the toxicological data
base is adequate for the honpl ogous conpounds and suggests a | ow
intrinsic toxicity, netabolic and pharmacoki netic data al one may
be sufficient to make an evaluation of a related conmpound.

The results of studies on absorption, distribution, and
net abolism may either increase or decrease the health concern
from the use of the additive. For exanple, a relatively non-
toxic additive may be transformed by liver enzynmes into a sub-
stance with a rmuch greater toxic potential, or vice versa
Correlations between structure and activity wll often auto-
matically include these considerations, because substances of a
particular class will often be absorbed, distributed, and neta-
bolized in simlar ways. However, this will not always be the
case, and these paranmeters should be specifically considered
when naki ng such correl ations.

O her factors influence the extent and type of testing
required for safety assessnent. For exanple, the need for
extensive testing may be mnmitigated when the substance occurs
naturally in food and has a history of human use or when it is
net abol i zed into normal body constituents (section 5.2.3). Mre
extensive testing in animals nay be necessary when the additive
will be used in special populations at risk, such as pregnant
worren and very young infants (section 5.3). Human testing may
be needed if problens of intolerance arise (section 5.4.2). The
types of end-points, as discussed in section 5.1, nmust be
considered in any criteria systemthat is established.

The devel opnment of criteria for determning the extent of
required testing is worthy of extensive future study. Its value
woul d be consi derably enhanced by including it in the context of
a priority-setting schenme, as discussed bel ow, because additives
shoul d not be considered in isolation fromone another

3.2. Priorities for Testing and Eval uation

The primary basis for establishing the Iist of substances to
be considered by JECFA is the recommendations of the Codex
Conmittee on Food Additives (CCFA) and Menber Governnents.
However, Committees have recognized the need for the estab-
lishment of a "priority list as a neans of selecting the nost
rel evant compounds for future evaluation. |n order to establish
priorities for the toxicological testing and evaluation of
intentional and unintentional food additives", JECFA reconmended
at the twenty-second (32) and twenty-third (31) neetings that:

"FAO and WHO convene an inter-disciplinary group of
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experts to establish an inventory of conpounds that
have not yet been fully evaluated and to classify them
in terns of their potential hazard to health on the
basi s of toxicological know edge and extent of use.”

The Committee has recognized that the nobst obvious need for
allocating priorities is for the testing and safety evaluation
of food flavouring agents (19). Commttees continue to stress
the need to establish priorities for testing and eval uati ng food
additives (24, 33).

One basis for establishing priorities for testing food
additives is by using an index based on exposure |levels and
predicted toxicity. For exanples of approaches wusing these
paraneters, see references 34-38.

As discussed in section 3.1.1, valid exposure data are
extrenely difficult to devel op. However, conparative |evels of
consunption rmay be sufficient for the purpose of setting prior-
ities for the testing of food additives. Therefore, even though
accurate consunption estinmates of w de geographical rel evance
will probably never be achieved, the | esser requirenment of com
parative estimates may be achi evable to the extent necessary for
JECFA's use, if the Conmittee decides to develop the inforna-
tion.

Because of the semiquantitative nature of nuch of the
bi ol ogical data available for predicting toxicity, rigorous
anal ytical or statistical interpretation is not always possible.
Therefore, expert interpretation and evaluation of the data, a
ti me-consumi ng and expensive procedure, nmust be integrated into
any automated deci sion-making nmechanismthat is devel oped. To
ensure maxi mum usefulness, the priority-setting system should
take account of all available toxicity and other biologica
informati on, including nmetabolic and human data. A properly-
devi sed systemw || be capabl e of considering new data and can
be nodifi ed using nodern data processi ng net hods and equi prent.

3.3. Quality of Data

In recent years, various national regulatory agencies and
internati onal bodies have instituted codes of Good Laboratory
Practice (G.P), the aimof whichis to help underwite the
validity of studies by ensuring that they can be verified and
repr oduced. GLP codes require the maintenance of certain
records regarding the performance of studies, including data
from chem cal and toxicol ogical tests, which help ensure ful
docunent ati on of the conduct and results of studies. However
GLP codes are not a substitute for scientific quality; an
i nappropriate study may be conducted according to G.P standards.
On the other hand, a study that does not neet GLP criteria nmay
still be scientifically sound.

JECFA has always judged studies on their nerits, the nmain
criteria being that the study was: (a) <carried out wth
scientific rigor, and (b) reported in sufficient detail to
enabl e conprehensive evaluation of the validity of the results.

Usual ly, studies that are published in the scientific
literature are subjected to peer review prior to publication
and after publication, the results are open to refutation or
confirmation. Unpublished reports, on the other hand, are not
necessarily subjected to this scrutiny. For this reason, JECFA
has repeatedly reconmended that data brought before it be
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published (10, p. 6; 12, p. 7; 39, p. 7; 40). However, in point
of fact, JECFA does review many high-quality studies that renain
unpublished for proprietary and other reasons. Al so, the
Conmittee often requests unpublished raw data when published
reports do not include sufficiently detailed data for an
adequate safety review Studies perfornmed in conpliance wth
GLP codes provide added assurance that the quality of
unpublished data is acceptable. For these reasons, it is
appropriate that JECFA experts continue to consider all the data
brought before them published, and unpublished, and nake

deci sions about the validity of these data on an ad hoc basis.

This neans that the studies reviewed by the Committee shoul d be
fully docunented.

4. CHEM CAL COMPOSI TI ON AND THE DEVELOPMENT OF SPECI FI CATI ONS

The proper safety evaluation and use of food additives
requires that they be chemcally characterized. Therefore, the
Conmittees review data relating to the identity of additives,
inmpurities that may be present, and possible reaction products
t hat may ari se during storage or processi ng. " JECFA
speci fications" are then elaborated, taking these and other
factors into account.

4.1. ldentity and Purity

To establish the chenical identities of food additives, it
is necessary to know the nature of the raw materials, nethods of
manufacture, and inpurities (22). This information is wused to
assess the compl eteness of anal ytical data on the conposition of
additives and to assess the simlarity of materials used in

biological testing with those comercially produced. From
information on raw nmaterials and nethods of manuf act ur e,
potential inpurities in comercially nanufactured chemi ca

materials due to carry-over of contam nants in raw materials and
by- products of the manufacturing process can be predicted.

To evaluate biological testing data fromnultiple studies,
JECFA nust have information on the chenical conposition of the
tested materials, which necessitates manufacturing information
Anal ytical data on the chem cal conposition of materials used in
bi ol ogical testing should be more detailed than a standard
presentation of chemical specifications. Furthernore, naterials
used in biological testing should be representative of
subst ances manufactured by actual commercial processes so that
t he material s adm nistered to experinental animals wll
represent those ingested by consuners.

A food additive nmay be a single chenical substance, a
manuf actured conplex chenmical mxture, or a natural product.
The need for conplete information on chemical conposition
including description, raw materials, nethods of nmanufacture,
and anal yses for inpurities, is equally valid for each type of
addi tive. However, inplenentation of the requirenent for
chemical conposition data may vary depending on the type of
subst ance. For additives that are single chenical substances,
it is virtually inpossible to remove all inpurities in their
conmrer ci al producti on; therefore, analyses are generally
performed on the maj or conponents and predicted inpurities, with
t he highest significance placed on potentially toxic inpurities.
For comercially nmanufactured conplex mxtures, such as nono-
and diglycerides, information is needed on the range of
subst ances conmercially produced, wi th enphasis on descriptions
of manufacturing processes, supported by analytical data on the
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conponents of the different commercial products. Natural pro-
ducts present particularly difficult problens because of their
bi ol ogi cal variability and because the chem cal constituents are
too nunerous for regular analytical determ nations; thus, the
analyst is starting with an "unknown". For additives derived
from natural products, it is vital that the sources and nethods

of manufacture are precisely defined. Chemical conposition data
should include analyses for general chemnical characteristics,
such as proximate anal yses for protein, fat, noisture, carbo-
hydrate, and mineral content, and analyses for specific toxic
impurities carried over fromraw materials or chemicals used in
the manufacture of the substance. Further information necessary
for the evaluation of "novel foods", which are usually sub-
stances derived fromnatural products, is provided in sections
6.2.1 and 6. 2. 4.

4.2. Reactions and Fate of Food Additives and Contani nants in Food

Bi ol ogi cal testing of food chemicals nust relate to their
presence in food as consuned. This is an inportant consider-
ati on when added substances undergo chenical change in food.
Therefore, data are necessary on the reactions and fate of addi-
tives or contamnants in food and their effects on nutrients
(22).

Certain food additives perform their functional effect by
reaction wth undesirable food constituents (e.g., antioxidants
react with oxygen in food and EDTA reacts with trace netals) or
by reactions that modify food constituents (e.g., potassium
bromate reacts with dough constituents). Food additives may
al so degrade under certain conditions of food processing, though
such degradation is detrinental to their functional effect. For
exanple, the sweetener aspartane is transforned to a diketo-
pi perazine derivative at rates varying with the acidity and the
tenmperature of the food. |In previous evaluations of "reactive"
additives, Comittees have evaluated analyses for additive
reaction products in food, as consunmed, and biological testing
data on either specific reaction products or sanples of food
containing the reaction products as consunmers would ingest
them

For all intentional food additives proposed for evaluation
Conmi ttees request submission of four types of data related to
reactivity:

(a) the general chemical reactivity of the additive;

(b) its stability during storage and reactions in nodel
syst ens;

(c) reactions of the additive in actual food systens; and

(d) the additive's fate in living systens. These data are
inmportant for relating biological test data to the
actual use of the additive in food

Processing aids are substances that conme into contact wth
food during processing and nay unintentionally becone part of
food because of their inconplete renpval. Conmittees have eval -
uat ed a nunber of processing aids, such as extraction solvents
and enzynme preparations, for their safety in use. Wen eval ua-
ting a processing aid, information should be provided on its use
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and either analytical data on the anpbunt of the processing aid
carried over into food or a conputed estimate of the anount to
be expected in food. In sone cases, a conponent of the proces-
sing aid may have the greatest potential for biological effects,
such as ethyl eninine | eaching from pol yet hyl eni ni ne, an i mobil -
izing agent wused in the preparation of inmmobilized enzyne
preparations.

Cont am nant s in food evaluated by previous Comittees
i ncl ude environnental contami nants and substances migrating from
food packagi ng. O environnental contam nants, netals have been
considered the nobst often. Conmittees request information on
the chemcal fornms of netals in the food supply (e.g., ionic
form and/or coval ently bonded chemical forn) and their concen-
tration distribution in the food supply, as determn ned by
anal yses of food or experimental nodels for carry-over from
envi ronmental  sources. For contaninants derived from food
packaging, data are required on the identification of chemicals
m grating fromthe packaging material and concentrations in food
(anal ysed or estimated from m grati on nodel li ng studies).

4.3. Specifications

Specifications are a necessary product of Commttee eval-
uations, the purposes of which are 3-fold:

(a) to identify the substance that has been biologically
t est ed;

(b) to ensure that the substance is of the quality required
for safe use in food; and

(c) to reflect and encourage good manufacturing practice.

The first Joint FAO WHO Conference on Food Additives (6)
established a programme for the collection and di ssem nation of
informati on on the chenical, physical, pharnacol ogical, toxico-
| ogi cal, and other properties of individual food additives. The
first two nmeetings of the Joint Expert Conmmittee, in preparing
reports on "General Principles Governing the Use of Food
Additives" (9) and "Procedures for the Testing of Intentiona
Food Additives to Establish Their Safety for Use" (10),
recormended that specifications should be prepared, citing the
need for:

(a) limting inpurities in food;
(b) identifying mterials used in toxicity testing; and

(c) ensuring that the additive tested is the additive used
in practice.

The third neeting of JECFA was devoted in its entirety to dev-
el oping principles governing the el aboration of specifications
and devel opi ng provisional specifications for the first group of
additives evaluated by the Committee (25).

JECFA specifications are mninmumrequirenents for the conpo-
sition and quality of food-grade additives, allow ng for accep-
table wvariation in their production (18). These specifications
are neant to be used internationally and to the extent that data
are available, specifications are elaborated to cover suitable
products manufactured in various parts of the world. The third
neeting considered the value of specifications with regard to
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protection for the consuner, advice to regulatory organi zations,
standards for the food industry, and establishnment of safety for
use (relative to identification of materials used in biologica
testing in conparison wth materials produced for conmerci al
use). The format for specifications established by this neeting
continues to be used in current JECFA specifications, that is,
the additive is identified by synonym definition (chem ca
nane, formula, relative nolecular nmass, etc.), and description
its functional uses are listed, tests of identity and inpurities
are provided, and an assay for the major conmponent(s) is pro-
vided. The third neeting of JECFA, recognizing that practica

specifications could not specify every inpurity, limted the
scope of inpurity tests to constituents of comercially produced
substances that: (a) wererelated to the safe use of the

additive; (b) mnmight affect the usefulness of the additive; or
(c) would serve as an indicator of good manufacturing practice.
Finally, the neeting concluded that, for specifications to be
acceptabl e on a global basis, they nmust be subject to continuing
review and evaluation to take into account the presentation of
new information, particularly wth respect to different
manuf act uri ng processes and i nproved anal yti cal nethods.

In detailing the purposes of JECFA specifications, Conmi-
ttees have, through the years, refined the scope of their spec-
ifications and provided advice on how they should be wused.
Speci fications devel oped by each Committee should be read in
conjunction with the report of that Conmittee. JECFA specifi-
cations apply to the material(s) that was toxicologically
reviewed and take into account the uses of the additive (17,

41). Periodic review of specifications is required, because of
changes in patterns of additive wuse, in raw nmaterials, and in
nmet hods of nmanufacture. Conments on JECFA specifications by

nati onal and international organizations are val uabl e sources of
information for periodic review (18, 27, 29).

JECFA specifications in their entirety describe substances
of food-grade quality, and as such, they are directly related to
t oxi col ogi cal eval uations and to good nanufacturing practice.
However, though specifications nay include criteria that are
i mportant for commrercial users of additives, they do not include
requirements that are of interest only to commercial wusers
(42).

Differences nay exist between specifications prepared by
nati onal and international organizations; however, the Comittee
is not aware of any information indicating that these differ-
ences incur health risks for consumers (23). JECFA specifica-
tions are meant to be mninumrequirenents for the safe use of
additives, and not every conponent of commercially nanufactured

chemi cal substances is subject to an inpurity test (11). Test
requirements in JECFA specifications are sufficient to ensure
the safe use of conmmercially manufactured food additives. Sub-
stances of higher chemical purity (e.g., analytical grade
reagents) are not excluded from use in food, even though such
subst ances may devi ate sonewhat fromthe identification tests in
the specifications, provided that they neet the stated require-
ments for specified purity tests and are otherw se suitable for
use as food additives (18).

Si nce 1956, the neetings of JECFA have designated specifi-
cations as either full or tentative. Specifications were given
the tentative designation from the third to twenty-second
neetings because either the chemistry data needed to prepare
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specificati ons were not adequate or a tenporary ADl was assignhed
to the additive. At, and since, the twenty-third neeting of
JECFA, the tentative designation has been assigned only when the
data necessary for preparing specifications were insufficient.

JECFA policy has been to prepare specifications for sub-
stances added to food, whenever constituents of the substance
had the potential to be present in food. Initially, specifica-
tions were prepared only for intentional food additives that
were added directly, to acconplish a functional effect in food.
The fourteenth JECFA (30) evaluated extraction solvents, the
first group of "processing aids" that had been reviewed by
JECFA. This Committee concluded that, although extraction sol -
vents are substantially removed fromfood, evaluation of the
conditions of safe use of these solvents depends on the identity
and purity of the solvents. Ther ef ore, JECFA specifications
were prepared. Since then, specifications have been reported
for other processing aids such as anti-foam ng/ def oam ng agents,
clarifying agents, decolourizing agents, enzyne preparations,
filtering aids, packing gases, propellants, lubricants/release
agents, odour/taste-renoving agents, and yeast "food" (yeast
nutrients). The twenty-seventh JECFA (24) decided that chenica
reagents used in the preparation of food additives or processing
aids (such as glutaral dehyde in the preparation of immobilized
enzynme preparations or acetic anhydride in the manufacture of
nodi fi ed starches) do not usually need specifications. Carry-
over of these reagents or their contamnants into food may be
controlled in the specifications for purity of the additive or
processing aid.

Food additives nmay be marketed as fornul ated preparations,
such as a mixture of a main ingredient with a solvent vehicle
and emul sifier. Specifications refer only to each ingredient in
the fornulated preparation as individual conmercially-nmanufac-
tured food additive substances. M xtures should not be fornu-
lated in such a way that the absorption or nmetabolism of any
ingredient is altered so that the biological data are invali-
dated (12, 42). Added substances such as anticaking agents,
antioxidants, and stabilizers may also influence the results of
tests given in specifications. Therefore, inits nineteenth
report, JECFA recommended that manufacturers of food additives
shoul d i ndi cate the presence of such added substances (18).

I n considering whether specifications apply to food additive
quality as manufactured or as received, JECFA has decided to
prepare specifications to cover the normal shelf-life of the
pr oduct . Limts are set for deconmposition products that may
form during nornal storage. Manuf acturers and users of food
additives should ensure good packaging and storage conditions
and wuse good handling practices to mnimze del eterious changes
in quality and purity (18). Information on changes in the
composition of food additives during storage should be submitted
for evaluation by the Conmittee.

In addition to periodic reviews to exanine the consistency
of specifications wthin classes of sinmlar additives, JECFA
periodically reviews specification test methods to update the
anal yti cal methodology of specifications. Two sunmmaries of
specification test methods have been published (43, 44), which
provide guidelines for the application and interpretation of
specification requirenents and test nethods. JECFA has nmde
consi derabl e progress in adopting nodern anal yti cal nethodol ogy
for specification tests, whenever equi pnent and other supplies
needed to perform the tests are accessible on a world-wde
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basis. However, because JECFA specifications are el aborated for
wor |l d-wi de use, certain analytical nmethods involving recently-
devel oped techni ques or equi pnent cannot be included until such
techni ques are available on an international scale. Alternative
nmet hods of analysis can be used to test products for confornity
with specifications, provided that the nethods and procedures
used produce results of equival ent accuracy and specificity.

In order to foster international agreenment on specifications
for food-grade substances, JECFA seeks conments from nenber
countries and international organizations. The Codex Al inent-
arius Conmission systematically provides comments on JECFA
specifications through the Codex Conmittee on Food Additives
(CCFA) and endorses certain JECFA specifications as "Codex
Advi sory Speci fications". The systematic review of JECFA
specifications by the CCFA has provided JECFA with val uabl e data
on novel nanufacturing processes, previously unknown inpurities,
updat ed nethodol ogy, and advice on the fornmat of JECFA speci-
fications.

Al though JECFA specifications and those of the  Codex
Alinentarius Conmission are elaborated for nmany of the sane
purposes, the interpretation of these purposes may result in
differences in specific requirenents or test nethods for the
same food-grade substance. |In replying to suggested changes in
JECFA specifications fromthe CCFA or other interested parties,
it may be decided to anend existing specifications, providing
that the requested changes do not significantly [|essen the
assurance of food-grade quality enbodied within the JECFA
specifications and that the requested change conforns wth the
principles for elaboration of specifications established at
previous neetings. A requested change in an existing full JECFA
speci fication nust be supported by scientific data.

5. TEST PROCEDURES AND EVALUATI ON
5.1. End-Points in Experinental Toxicity Studies

There are virtually no findings in experinental toxicology
that can be sinply extrapolated to man wi thout careful thought.

During the past two decades, there has been an increasing enph-
asis on carcinogenesis as a manifestation of chemical toxicity.

Most of the other manifestations of chemical intoxication, for
exanpl e, i munosuppressi on, have, by conparison, received rel a-
tively little attention. This has resulted in an unbal anced

approach by the toxicologist in which the enphasis on end-points
bears a |l ess and | ess obvious relationship with di sease patterns
in man. For exanple, a survey of the recommendations for the
evaluation of food additives has revealed that Ilittle or no
attention is paid to the detection of cardiovascul ar | esions,
even though these |esions are the nbst comon cause of fatal-
ities in the human population in developed countries. In
addition, certain |esions conmonly found in rodents that are the
primary targets of the toxicol ogist do not have any counterpart

in man. It seems reasonable that an effort should be nmade to
relate toxicological findings nore carefully to the hunman situ-
ation, recognizing that this will be a long-term project. In

the meantime, when conducting experinmental animal tests, special
attention should be paid to alterations that indicate a poten-
tial for the test compound to adversely affect the cardio-
vascul ar, i mmunol ogi cal, reproductive, or central nervous
syst ens. If such alterations are detected, they should be
investigated further using special studies ained at clarifying
their significance.
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The end-points discussed in this section have been grouped
for convenience into effects with:

(a) functional manifestations only;

(b) non-neopl asti c norphol ogi cal characteristics;

(c) neoplastic manifestations; and

(d) reproduction/devel opnental manifestations.
In view of the large nunber of effects encountered, it is
possible to sunmarize only sone of the specific observations.
However, situations that have becone controversial are dealt
with in nore detail

Finally, this section concludes with a short discussion on
the role of short-term in vitro tests in the safety assessnent

of food additives.

5.1.1. Effects with functional manifestations

General i zed wei ght | oss, although having causes that are not
solely physiological (section 5.5.3), does not necessarily
involve any particular pathological lesions (section 5.5.3).

Reduced wei ght gain has played a major role as an end-point in
toxicological determnations in various ways. |In a sense, it
has often been used for determ ning various enpirical indices in
the absence of other nmanifestations. The procedures foll owed by
JECFA for determining an ADH denand that a no-observed-effect
| evel should be established. For this |level to be established,
it is necessary to establish an effect |evel and, when all else
has failed, a generalized decrenent in weight gain has been used
for this purpose, provided reduced food intake is not the
obvi ous cause. The other nmmjor use of a decrease in weight gain
has been in establishing a maximumtol erated dose (MID) (for a
definition of the MID, see Annex 1).

Among the commonest effects observed in studies on food
additives is a laxative effect; the physiological reasons for
this are usually quite apparent and can be taken into account
when considering the appropriate levels of use of additives
causing this effect. In nost instances, additives have been
permtted that cause laxation at high levels in man when they
have been otherwi se non-toxic and can be wused effectively at
| evel s at which | axation does not occur

Although a great deal has been said about the need to
evaluate food additives and contam nants for the induction of
possi bl e behavi oural changes, JECFA has hitherto devoted little
time to evaluating such changes. Since it has been suggested
that certain food constituents can produce behavi oural changes
in man, JECFAwll, in the future, undoubtedly have to consider
such effects. Unfortunately, good ani nal nodels have not been
devel oped, and objective human data are difficult to obtain. It
is not possible to reconmend a sinple series of tests at this
time, primarily because there is no clear consensus on the kinds
of studies that should be perforned nor on the interpretation of
the results.

Intol erance to food additives should al ways be considered a
possibility, even though tests for reactions to food additives
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are not part of the nornmal data package that JECFA considers
when assessing new food additives. Even when evidence of
wi despread intolerance to a food additive appears, it may stil
be very difficult to determ ne a cause-and-effect relationship.
Problems include the often-anecdotal nature of nmuch of the
evi dence, psychol ogical factors, and problens w th devel opi ng an
adequate «central data collection system These points are
di scussed in nore detail in section 5.4.

5.1.2. Non-neoplastic | esions wth norphol ogi cal manifestations

A nunber of lesions are relatively frequently observed in in
Vi vo studies, particularly in rodents, that often give rise to
controversy.

Non-specific liver enlargenent or hypertrophy has been
di scussed by a WHO scientific group (2, pp. 18-19). In the
past, this occurrence has been considered to be a manifestation
of toxicity. More recently, it has been realized that this can

often be a physiological response involving the induction of
m crosomal enzymes in the detoxification process that is
reversi bl e on renoval of the test conpound.

The formation of calculi in the wurinary bladder is a
frequent finding in rodent studies. Oten, the formation of
calculi may be followed by the formation of bladder tunours. It

is not uncommon to find calculus formation in one rodent species
and not in another. Under these circunstances, the nature of
the <calculi can sonetimes be associated with specific netabolic
changes that have led to their formation. This, in turn, may
allow for a scientifically-based extrapolation to man, providing
that human clinical studies are possible.

Caecal enlargerment, a common finding in rodent studies, is a
normal finding in rodents maintained on standard |aboratory
diets wunder germfree conditions. It is also a conmon response
of rodents, especially rats, to diets that include non-nutrient
substances (e.g., certain permtted food col ours and saccharin)
or certain nutrients in excessive concentrations (e.g., nodified
starches, plant gunms, |actose, and various polyols).

Most of the enlargenment is attributable to increased |um na

contents; in addition, the weight of the caecal wall after
washi ng out the luminal contents is usually marginally nore than
normal . I n haematoxylin- and eosin-stained sections, the caeca

wal | shows no renarkabl e features, and there is no evidence that
caecal enlargenment predi sposes to any form of neoplasmof the
caecum Caecal enlargenent may be due to osnmotic effects, but
its mechanismis not well understood. In sone cases, caeca
enlargenment is an incidental finding, with the primary effect
bei ng nephrocalcinosis (23, pp. 11-12). Various forms of
m neral deposition occur in the kidneys of |aboratory rodents,
nore commonly in rats than in mce or hansters. Unl ess
appropriate diagnostic staining or chenical analysis is carried
out, it is not strictly justifiable to refer to these changes as
renal "cal cinosis", though nost of the mineral deposits do, in
fact, contain calcium in one form or anot her . M ner al
deposition can take place in alnost any part of the nephron and
deposition may predominate in one or nore areas of the kidney.
The main forms of renal mneralization are basenent nmenbrane
m neralization, corticomedullary nephrocal cinosis, pelvic neph-
rocal ci nosi s, and nephrocal ci nosi s associated with acute tubul ar
nephrosi s. Al these forns of nephrocal cinosis nmay co-exist,
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and one and the sanme agent may cause nore than one form of neph-
rocal ci nosi s.

Magnesi um deficiency in standard | aboratory diets undoubt -
edly contributes to the high incidence of corticomedul | ary neph-
rocalcinosis in rats. Excessive dietary phosphate and possibly
excessive dietary calciummay predispose to pelvic nephrocal-
ci nosi s. Such observations lead to the conclusion that nore
attention needs to be paid in the future to the fornulation of
diets for rodents wth respect to physiologically-relevant
| evel s of cal cium nmagnesium and phosphorus.

Testicular atrophy, which is sonetines observed in rodents,
may occur as a result of reduced caloric intake, frequently as a
result of the addition of an wunpalatable chenical to the
animal's food or drinking-water. This should be distinguished
from testicular atrophy resulting fromthe direct action of the
chem cal on the testicular cells. This distinction can be
achi eved by undertaking paired feeding studies. It is inportant
that the function of the testes be investigated in reproduction
studi es when atrophy is detected.

Mani festations of vitam n deficiencies, notably of the fat-
soluble vitamns, are sonetinmes observed in studies on agents
that may be fat solvents and are only partly absorbed in the
gastrointestinal tract; an exanple of such a substance is
mneral oil. Another effect that is sonetines observed is dis-
col ouration of nmesenteric |ynph nodes after feeding a coloured
substance. This is a normal physiol ogical response and should
not be considered a toxic end-point, as long as it is not asso-
ciated with proliferative reactions.

Hor monal | y-associ ated effects occur with certain additives
and require special endocrinological evaluations. Recently,
JECFA has been faced with the task of evaluating the use of
certain anabolic agents used in the raising of meat-producing
animals (22, 23). These agents result in the presence of [|ow
| evel residues of hornonally-active conmpounds in neat. The
evaluation of the potential toxic effects of such conpounds
requires knowl edge of the levels of naturally-occurring com
pounds with simlar effects (Annex I11).

5.1.3. Neopl asns

The nost difficult decisions facing the toxicologist arise
from the varied end-points found in long-term in vivo carcino-
genesis studies. These problens have existed for a long tineg,
but they have been greatly exacerbated by the large nunber of
effects observed in the many rote tests now perfornmed on
chemi cal s including many that nay be present in the food supply.
These chemicals include certain direct food additives, sone
processi ng and carrier solvents, conponents of packagi ng
materials, and a variety of contam nants.

Oncol ogists now generally recognize that different nmech-
anisns of carcinogenesis exist with different chemicals acting
on different tissues in the body (45, 46). Many believe that it
may be possible to determine tol erance |levels for some carcino-
gens, though this is still not possible with any degree of cer-
tainty with the nagjority of them The view that a tol erance nay
be set for carcinogens giving rise to tunmours through either a
hormonal nechani smor by the formation of bladder calculi has
been expressed by a WHO scientific working group (3, p. 11).
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The perception that a chenical for which there is evidence
of "carcinogenicity" in any system should not be permtted for
use as a food additive at any dose whatsoever has becone wide-
spr ead. Al t hough this phil osophy has never been pronul gated or

officially adopted by JECFA, it has, in practice, influenced the
Conmittee's approach to decision nmaking. Probably nore experi -
nmental work has been undertaken in cancer research over the past
two decades, since this view was first established, than in al
the preceding years, and clearly there is a great need to
clarify the issue in terns of practical interpretation

The assessnent of the evidence for the carcinogenicity of
chemicals is a major issue to be resolved by JECFA. Not only
have many chemicals been tested by a variety of routes of
admi nistration that may not be relevant to food additive use
(such as the repeated injection of food col ours and ot her addi -
tives inrats and mce wth consequent devel opnent of subcut-
aneous sarcomas at the site of injection (27)), but, in addi-
tion, new end-points are continually reveal ed and interpretation
becones nore confusing as studi es becone nore and nore detail ed.
Positive results may be obtained due, for exanple, to a carcino-
genic inmpurity. The extrapolation of such data has becone very
conplex. One possibility, to nake the term "carcinogen" nor e
generalized, clearly would not solve the problem of how best to
interpret these data.

Much of this issue centres around the neaning of the various
types of enhancenent of the tunoburs that occur in the rodents

used for in vivo bioassays, since the rodents in common use, the

nouse and the rat, develop extrenely high incidences of a
variety of tunours in the untreated state. Many reports indi-
cate that one or nore of these tumours has an increased inci-
dence or has appeared earlier (or both) in treated, conpared
with untreated animals. One problemin interpreting the signi-
ficance of these tunmours is the difficulty in deciding whether
these naturally-occurring tunours are spontaneously induced or
whet her the agent is able to induce them The problem is fur-
ther confounded by the fact that the incidence of tunours in the

untreated control aninmals varies considerably with tine. As a
result, there is now a debate as to the inportance of historica
as well as concurrent control animals. |t appears without doubt

that both such controls are of inportance (especially when the
hi storical control data cone fromthe sanme | aboratory, using the
sane standardi zed diet, and do not go back in history beyond 5
years of the study under consideration) and that, if the chem
ical in question has only enhanced the incidence of a conmonly-
seen tumour to a level seen in historical controls, then the
| evel of concern will be much | ess than would otherwi se be the
case.

The evaluation of studies in which these comonl y-occurring
tumours are a conplicating factor need careful individua
assessment . The tumpurs that have given rise to the nost
controversy in recent years are hepatonmas (particularly in the
nouse), pheochronocytonmas in the rat (see bel ow), |ynphonas and
lung adenomas in the nmouse, pancreatic adenomas and gastric
papillomas in the rat, and certain endocrine-associ ated tunours,
including pituitary, manmary, and thyroid tunours, in both rats
and mce. Sonme of these tunours, such as hepatomas and |ung
adenomas, may occur in the majority of untreated ani nals.

Wth the exception of |ynphomas, sonme of which are virally
associ ated, the endocrine-associated tunours, and possi bl y
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hepat omas in hi gh-incidence strains of mce, which may involve
oncogenes (47), there is no clue as to the origin of tunours
that occur comonly in experinentally-used rodents. |ndeed,
there is not even any cogent specul ation as to the mechani snms by
whi ch these tumour incidences are increased.

Adrenal nmedullary lesions in rats provide a good exanpl e of
the problens encountered in interpreting the significance of
hi gh tumour incidences. An overview of the literature indicates
that untreated rats of various strains may exhibit wdely dif-
fering incidences of |lesions described as "pheochronocytonas"
(24, 48, 49). There are no clear criteria for distinguishing
between prom nent foci of hyperplasia and beni gn neopl asns, and
pat hol ogi sts differ in the criteria that they use for disting-
ui shi ng between benign and nalignant adrenal mnedullary tunours.

Rats fed ad libitum on highly nutritious diets tend to

develop a wde variety of neoplasns, particularly of the
endocrine glands, in nuch higher incidences than ani mal s
provided w th enough food to neet their nutritional needs but
not enough to render them obese. The adrenal nedulla is just
one of the sites affected by overfeeding. Controll ed feeding,
especially early in life, reduces the life-time expectation of
developing either hyperplasia or neoplasia of the adrena
medulla in rats.

A conplicating factor in assessing carcinogenicity studies
is the question of how to consider benign tunours. I f benign
and malignant tunours are observed in an aninmal tissue and there
is evidence of progression from the benign to the malignant
state, then it is appropriate to conbine the tunour types before
performing statistical analysis. Assessnent of the relative
nunbers of benign and malignant tunours at the various dose
levels in the study can help deternine the dose response of the
animal to the compound under test. On the other hand, if only
beni gn tunmours are observed and there is no indication that they
progress to malignancy, then, in nost cases, it is not appro-
priate to consider the conmpound to be a frank carci nogen, under
the conditions of the test (this finding may suggest further
study). Oten, how benign tunours should be considered is nuch
|l ess clear. Sone clarification can be achieved by classifying
and anal ysing tumours on the basis of their histogenic origin.
This is helpful, not only for determning the significance of
benign tunours, but also for preventing different nalignant
tumours occurring in the same organ from bei ng grouped together
for statistical analysis. For further discussion of these
poi nts, see (50), pp. 226-230.

The results of statistical analyses are often mi sunderstood
and msused. An effect may be statistically significant but not
be of any biological significance, because the aninmal's well-
being is not affected by its occurrence. On the other hand, an
event that is of biological significance, such as the occurrence
of one or two tunours of a very rare type in treated ani nal s,

may not be significant by the usual battery of statistica
tests. This difference between biological and statistica
significance underscores the need for critical analysis of
statistical results rather than the blind acceptance of the
nunbers obtained. The statistical aspects of the design and
interpretation of toxicity studies are discussed in Annex |l

CGenerally, it is becoming increasingly difficult to identify
a substance as a carcinogen with confidence. In particular
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when animals with a high background incidence of tunours are
involved, it is extrenely difficult to know when to draw the
line between a result that indicates that a conpound that is
potentially hazardous for man has been di scovered conpared wth
a compound that is nerely an experinental «curiosity. The
International Agency for Research on Cancer (IARC) reviews
evidence for the carcinogenicity of chenmcals on a continuous
basis and drafts nonographs on nany groups of substances.
However, faced wth the difficulty of separating different
| evel s of "carcinogenicity", [|ARC working groups on the
Eval uation of the Carcinogenic Risk of Chemicals to Hunans
desi gnate conmpounds as being possessed of either "linmited" or
"sufficient" evidence for carcinogenicity. G ven the natura

desire of the food additive toxicologist to be as cautious as
possible, this termnology is not very practical. After a
compound has been designated as possessing "limited carcino-
genicity", it is very difficult froma regulatory point of view
to approve it as a food additive, even if extensive further work
on the conpound shows it to be safe at expected levels of con-
sunmption with no other evidence of carcinogenicity.

The decisions that are being nade on the basis of the
present state of knowl edge of carcinogenesis, nmay, in the
future, prove to have been excessively conservative. However,
it is now possible to nake certain reasoned decisions, provided
that each instance where carcinogenicity is the problem is
examined individually and all relevant factors are taken into
account .

5.1.4. Reproduction/devel opnental toxicity

Most food additives are consumed by nen and wonen during the
reproductive stages of their lives and by pregnant and | actating
worren. Sone food additives are al so consuned by infants. Thus,
a thorough safety evaluation requires that the effects of the
substance on reproductive performance and developnent from
fertilization through weaning be studied. JECFA recogni zes,
however, that it is unrealistic to expect that such studies be
performed in all cases (sections 5.3.1 and 5.3.4).

Adverse effects on reproduction may be expressed through
reduced fertility or sterility in either the parents or off-
spring due to norphol ogical, biochem cal, or physiological dis-
t ur bances. Adverse effects on devel opnent nmay be expressed
through structural or functional abnornalities due to either
mutations or to biochemical or physiological disturbances.
Mut ati ons may occur in either somatic or germcells. Mitations

in male or fenale germ cells represent potentially the nost
| ong-l asting and severe effects on the human population that a
chem cal coul d cause

Adverse effects on reproduction or devel oprment induced by
chemicals may be expressed imediately or they nmay be del ayed,
sonetines for many vyears, as exenplified by transplacental
carci nogens (section 5.3.1.2).

Structural or functional abnornalities are nost likely to
devel op during enbryogenesis, the period of devel opnent during
which cells differentiate into the various organ systens.
Typical teratogenicity studies investigate the effects of expo-
sure to test substances during this period. Effects due to
exposure during fetogenesis, the devel opnental period after the
organ systens have formed, generally involve growh retardation

Page 33 of 125



Food additives and contaminants in food, principles for the safety assessment of (EHC 70, 1987)

and functional disorders, though the external genitalia and the
central nervous systemare also susceptible to injury during
this period (51, 52). Such structural or functional abnorm
alities often do not become obvious until some time after birth
and, in sonme cases, not until adulthood.

Neonat al devel opnment may be influenced by the consunption of
mlk containing chemicals (or their netabolites) that were
consumed by the nother. Agents nmay also affect neonatal
devel opment by influenci ng maternal behavi our, hornonal bal ance,
or nutrition. Direct neonatal exposure to xenobiotic conpounds
al so occurs, but is | ess comon, since JECFA considers it pru-
dent that food intended for infants younger than 12 weeks of age
shoul d not contain any additives (42).

GQuidelines for reproductive toxicity investigations have
been devel oped by various |legislative and international organi-
zations, including the US Food and Drug Administration (US FDA),
US Environmental Protection Agency (US EPA), the United Ki ngdom
Conmittee on Safety of Medicines (CSM, Conmittee on Toxicity
(Cor), and Pesticides Safety Precautions Schene (PSPS), the
Japan Mnistry of Agriculture, Forestry and Fisheries (MAFF)
and Mnistry of Health and Wlfare (MHW, the Wrld Health
Organi zation (WHO), the Organization for Econom c Cooperation
and Devel opnent (OECD) (all listed in (51)) and the Inter-
nati onal Programre on Chenical Safety (IPCS) (53). A review of
the net hodol ogy for assessing the effects of chenicals on repro-
ductive function has been published under the auspices of the
| PCS and the Scientific Comrittee on Problens of the Environnent
(SCOPE) of the International Council of Scientific Unions (54).
The procedures described in these publications are designed to
assess the reproductive and devel opnental toxicity potential of
test conmpounds using | ower nmanmmal s as nodel systens. These pro-
cedures generally involve conbining various stages of the life
cycle in one test, as it is usually not practicable to examnne
the effects of a chemical in each separate stage of the repro-
ductive cycle. An exception is the so-called "teratogenicity"
study, where exposure is limted to the period of organogenesis
(see bel ow).

The goal of reproduction/devel opmental toxicity studies is
to assess whether the organism is nore sensitive to the agent
under test during its reproductive and devel opnental stages than
during its adult phase. Therefore, the highest dose of food
chemical that is admnistered is generally the anount that woul d
be expected to cause slight maternal toxicity, and the | owest
dose is the amount that is not expected to cause an effect in
either the nother or the conceptus. |f profound toxicity is
observed in the offspring at the high dose (the dose that causes
only slight maternal toxicity), then the conclusion would be
that the substance is nore toxic for offspring than for adults.
Thi s concl usi on woul d be reinforced by the appearance of adverse
effects in the conceptus at the md- and/or | ow dose levels. n
the other hand, if the test substance injures reproduction or
devel opnment at | evels conparable with [ evels that cause toxicity
in adults, then no special concern should be attached to the
results of the reproduction/devel opnmental toxicity studies.

Si ngl e-generation and nulti-generation reproduction studies
are wuseful for assessing potentially deleterious effects on
reproduction and devel oprment through parturition and |actation
However, because of the |ong-term exposure inherent in these
studies, detoxifying enzymes may be induced in nothers before
enbryogenesis takes place. Under these circunstances, the
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observed toxicity would be understated. Studies in which
nothers are exposed to the test substance only during organo-
genesis, as in teratogenicity studies, reduce the possibility of
the nmot her adapting to the test conpound.

The range of effects arising fromnaternal exposure to
chemi cal s during organogenesis incl udes:

(a) death and resorption of the enbryo

(b) teratogenic defects (nalformations of a structura
nature);

(c) growmh retardation or specific developnental del ays;
and

(d) decreased postnatal functional capabilities (55).

VWhich of these effects will be expressed depends on the |eve
and gestational timng of the dosage of the food chenical, and
the duration of the period of treatnment (56). Thus, a substance
given at one dose level may result in growh retardation, while,
at a higher level, it may result in death and resorption of the
enbryo. Sonetines, the slope of the dose-response curve of, and
between, these effects is very steep, making the interpretation
of the studies very difficult. Because all of these outcones
are unacceptable, the nost inportant consideration when eval u-
ating these studies should not be which effect is observed, but
rather, at what dose |level the adverse effect becane evident.
Thi s dosage information can then be used to set exposure linits.
Because teratogenic effects are only one part of the total

spectrum of the enbryotoxic effects that should be investigated
in such studies, a better termfor "teratogenic studies" mght
be "enbryotoxicity studies". 1In those rare situations when the
studies are perforned during the period of fetal devel opnent,
the term"fetotoxicity studies" should be used.

The appropriate role of studies involving in utero and
neonatal exposure in the evaluation of food additives is
di scussed in section 5. 3.

5.1.5. In vitro studies

In recent years, a great deal of effort has gone into the
devel opment of in vitro test systems. Generally, these systens
are segregated according to two kinds of functions: (a) to
reveal whether a particular kind of toxicity is produced by the
agent under study; or (b) to help elucidate the nechanism of
toxicity displayed by a chenical. The forner tests are being
developed to serve both as predictors of toxicity (section
3.1.2) and as substitutes for complex, lengthy in vivo pro-
cedur es. The latter are nmore directly focused than the forner
and their value has been clearly denonstrated as a neans of
establ i shing the netabolic nechanisns at the organ, tissue, or
cellular level (section 5.2).

Much effort has been devoted to the developrment of in vitro
test systems based on isolated cells, tissues, and organs. Some
of these systens are reported to be related to specific toxic
end-points such as nmutagenicity and carcinogenicity (e.g., DNA
damage and repair in mammalian cells, covalent binding to DNA
cell transformation, mtotic reconbination, and gene conversion
in yeast (57)) and to enbryotoxicity (e.g., whole enbryo
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cultures, cultures of enbryonic tissues, teratocarci noma cells,
and enbyronated eggs (58)).

The nunber, diversity, and use of these tests have increased
rapidly in the past decade and are likely to continue to
increase in the future. However, correlations anong results of
various in vitro tests and reported correlations between the
results of batteries of short-term in vitro tests and in vivo
carci nogenesi s bioassays (which have been the primary thrust of
these assays) are not high. Such short-term in vitro tests are
generally effective at neasuring their intended genetic end-
point, i.e., mutagenicity in the particular system under study.
However, the relevance of nutagenic effects to food additive
toxicity has not been established, and the results of many
current in vitro test procedures do not relate to genetic
effects in manmmalian reproductive tissues. Neither is it clear
how wel | these tests identify chem cal carcinogens or how they
should be used in the absence of corroborative data on carcino-
genicity.

In a simlar fashion, culture techniques designed to neasure
prenatal toxicity are extrenely wuseful for research purposes,
but, at their present stage of devel opnent, they are not very
suitable for screening (58). By excluding the mat er nal -

pl acental -fetal relationship, such dissected systens pernit the
compound to reach the target directly (nmenbrane systens that
provide biological barriers are mssing) wthout pernitting the
potential noderating or activating influences of the materna
tissues.

Attention should be paid to scientific developnments in in
vitro test systens. However, because of the many experinental
uncertainties and controversial issues surrounding the efficacy
of these tests as predictors of specific toxic end-points, it
would be inappropriate for JECFA to request that all food
addi tives brought before it should be subjected to such tests on
a systematic basis. On the other hand, data obtained wth in
vitro systens sonetines help to clarify the nechani smof action
of chemcals observed in in vivo systens. Therefore, JECFA
should continue to determne the relevance of available in
vitro data on an ad hoc basis when assessing the safety of
speci fic conpounds.

5.2. The Use of Metabolic and Pharmacokinetic Studies in Safety Assessnent

Chemi cal toxicity results from reactions bet ween the
ingested toxic chemical, or its metabolites, with constituents
of the body. Therefore, the conplete safety evaluation of a
substance such as a food additive nust consider its netabolism
and pharmacokinetics. Unfortunately, a great deal nore has been
said and recomended in this area than has been done in
practi ce. The i nportance of metabolic and pharnmacoki netic data
in the proper planning and interpretation of in vivo toxicity
testing of chemicals is obvious, but the fact is that such data
are either inadequate or unavailable to aid in the interpreta-
tion of the majority of |long-term studi es undertaken with chem
icals, including food additives.

Detail ed netabolic studies have gained added inportance in
determining the extent of appropriate toxicological testing
since the advent of novel and nodified foods. This is con-
sidered in detail in section 6.2. However, it is necessary to
repeat some general aspects of the subject here.
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Bi ochemi cal studies play two separate roles in the safety
eval uati on of chenicals. These are:

(a) to design aninmal studies by identifying the appropriate
species for, and helping to determ ne the appropriate
| evel of, testing; and

(b) to extrapolate experinental aninmal toxicity data to
human bei ngs, by elucidating the mechani smof toxicity
of the chenmical, thus facilitating the establishnent of
a no-observed-effect |level; a conparison of biochemnical
dat a bet ween experinental animals and man hel ps
determne the relevance of any toxicity observed in
ani mal s.

The ingested chenical itself nay exert a toxic effect, or a

net abol i t e(s) may be the toxic agent. Many polar, non-
lipophilic chemicals are rapidly netabolized and/ or excreted,
while lipophilic conpounds nmay be stored, excreted into the

bile, or netabolized into nore polar, water-soluble conpounds,
which are elimnated fromthe body, in the urine, nore rapidly
than the ingested additive.

Absorbed substances, except those that enter the |ynphatic
system are transported directly to the liver via the porta

vei n. Many substances that are netabolized in the liver are
transported via the hepatic vein to the kidneys to be excreted
in the urine. Thr ough enterohepatic «circulation, sonme sub-

stances that are conjugated in the liver are excreted wth the
bile, reabsorbed, and then excreted once again in either the
bile or the urine.

Met abolism primarily involving enzymatic reactions, nay:

(a) convert the additive into a body constituent or a
source of energy;

(b) lead to the detoxification of the ingested chemical and
the excretion of its netabolites; or

(c) result in activation of the chenical into reactive
intermediates that then react nost inportantly with
gl utat hi one, tissue proteins, RNA or DNA

Bi otransformati on reactions are catalysed by intra- and extra-
cellular enzymes and by enzymes of the microflora of the gastro-
intestinal tract. Know edge of the rates of formation, reaction
with tissue conmponents, and excretion of various netabolites is
essential for full understanding of the disposition and elinin-
ation of the chemical fromthe body and of the nmechanism and
extent of its toxicity.

This section contains a general discussion of the role of
net abol i sm and pharnmacoki netic data in the safety assessnent of
food additives. Sinple guidelines have not been generated, as
it is doubtful that such guidelines are feasible or desirable.
Several food additives that have been extensively studied bio-
chemically are discussed in Annex IV These exanples are
designed to provide an appreciation of the value and problens
involved with investigating the netabolic bases for the bio-
| ogi cal responses to food additives.

5.2.1. ldentifying relevant ani mal species
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The occurrence of interspecies differences in response to
foreign compounds conplicates the extrapolation of aninal
toxicity data to human beings. The resolution of this problem
depends on an understandi ng of such interspecies variations in
the disposition of ingested conpounds. In this cont ext,
disposition is neant to enconpass netabolism and pharnaco-
ki neti cs.

The rates of absorption, rates and sites of distribution
and rates and routes of excretion deternmine the concentration-
time profiles of the parent nolecule and netabolites in the
various tissues and organs of the body. The overall biologica
response is thus the product of the fluxes of the unchanged
nolecule and its nmetabolites occurring in the animl under
exam nation. Definition of the pharmacokinetic properties of a
food additive may require various routes of adnministration. The
i nfluence of any vehicle to be used in |long-term studi es should
be determ ned, because the vehicle may influence the absorption
met abolism or toxicity of the test compound.

In order to extrapolate reliably fromaninmals to man, the
i deal situation would be one in which the tissues of the aninals
and of man woul d be exposed to identical fluxes of the conpound
and its netabolites. This requires that the qualitative
quantitative, and kinetic aspects of the disposition of the
conpound be the sane in animals and man. This ideal situation
i s probably never achi eved because of species variations.

The goal should be to select a species for testing that is
the nost closely related to man in terns of the netabolism of
the conmpound wunder study, wusing a route of admnistration
simlar to the anticipated human exposure. However, the list of
species that may realistically be used in a toxicity test is

very limted because of problens of availability, lack of
backgr ound pat hol ogi cal and physi ol ogi cal know edge, and
experinental convenience. Thus, it is unlikely that a suitable
netabolic nodel species will fulfill other inportant «criteria
used to select test species. G ven these facts, netabolic

studies wused for species selection should be prospectively
performed only on species suitable for toxicity testing. The
species is then selected that is closest to the hunan being in

terns of the netabolismof the conpound. This, of course,
requires know edge about its nmetabolismin the human being. In
many cases, in vivo human studies are not possible.

In general, the required nmetabolic and kinetic information

can best be obtained from in vivo studies. Pharnmacoki netics can

obviously only be examined in vivo, since these studies dea

with whol e ani mal phenonena. In vitro studies, such as organ

perfusions and tissue cell incubations, provide useful inform
ation in sone cases, but they do not provide information on the
absorption, distribution, and excretion of chemicals. The use
of isolated cells of human tissues nmay prove acceptable in sone
cases, because, even considering their inherent linitations,
these systens may be the only ones available for exanmning the
met abol i sm of conpounds that cannot be administered to human
subj ect s.

In a long-termtoxicity test, the attainnent of a steady
state depends on the relationship between the kinetic variables
of the conmpound and the dose interval. When a conmpound is
adm ni stered continuously in the diet, an approxi mte "steady
state" will sonetines be established. Therefore, narked differ-
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ences seen in aninals in single-dose pharnacoki netic studi es may

change, or even disappear with [|ong-term adm nistration. How
ever, a steady state w Il never truly be achieved because of
diurnal patterns of dietary intake by common | aboratory ani nal s.
On the other hand, conpounds that are rapidly absorbed and have
a short half-life will show wi de tenporal variations in plasna
concentrations, as wll conpounds that are administered by
gavage or capsul e.

In many cases, the nmetabolic profile of a conpound is
determ ned by the anpunt adm nistered, as well as the species in
question. The use of very high doses in toxicity testing may
give netabolic patterns, and therefore biological responses,
that are patently wunrepresentative of the situation to be
expected wth actual levels of exposure. Thus, data on the
i nfluence of dose |level on netabolismin the test animal shoul d
be generated to deternine whether absorptive, netabolic, or
excretory processes nmay have a threshold. An aninml nodel
apparently suitable at one level of exposure, may be |ess
suitable at a different |evel

Consi deration should be given to the possibility that the
net abol i sm of the conpound will differ between long-term tests
and short-term netabolic studies. This could be because of
adaptation by gut mcroflora, which is discussed in section
5.2.4, or because of the induction of enzyne systens that
nmet abol i ze t he substance.

An aimof toxicity testing should be to exam ne the possible
activities in animals of all of the human netabolites of a
compound that may induce toxicity. |In many cases, this is best
achieved by conbining data from several aninmal species, to
include all the metabolites of interest. 1In interpreting such
data, the closest attention should be paid to the sinilarities
of the mechanisnms of toxicity in the various ani mal species, and
also to the possibility that toxicity may involve interactions
bet ween the parent conmpound and its netabolite(s), which nay not
be the sane in all species and may be irrel evant for nan.

5.2.2. Determning the mechani sms of toxicity

A great deal of research has been perforned in an attenpt to
explain the mechanism(s) by which certain test chenicals have
given rise to particular lesions. In the majority of cases,
these studies have concerned the devel opnent of t unour s.
Clearly, it is likely to be nost difficult to find any sinple
mechani stic answer to carcinogenesis. However, it is usually
possible to determine factors of inportance for a safety
eval uation, which are not necessarily conplete solutions to the
mechani sm of acti on.

If an additive has been determned to be an ani ma
carcinogen, it is extrenely difficult to showthat it is safe
for human beings. It is not easy to establish its safety, with
retrospective netabolic and pharnmacokinetic studies, that an
excl usi vel y secondary nechanism is operative and that a
threshold exists below which the use of the additive is safe.

If a carcinogenic inpurity is present in an additive, the
impurity should be either renoved or linmted to such an extent
that consunption of the additive does not pose a carcinogenic
risk for consuners. The level of the inpurity in the food
additive should be controlled within specifications.
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In sone cases, toxicity may occur as a result of the test
compound or a metabolite displacing endogenous substrates from
carrier proteins or receptor sites. \Where such nechanisnms are

i ndicated, ad hoc studies of relative binding affinities can

form a useful adjunct to routine pharnmacokinetic studies and

assist in establishing safe | evel s of exposure. In vitro

studies are useful for determ ning the mechanism of toxicity,
especially when covalent binding to cellular macronolecules is
i nvol ved. In such cases, conparative binding studies using
preparati ons of netabolizing enzynes from various ani mal species
are desirabl e.

5.2.3. Metabolisminto normal body constituents

The nmetabolism of an ingested conpound into normal body
constituents does not provide assurance that the substance is
safe. Not only are many netabolites toxic (e.g., nobst excretory
products), but there are limts to the body's ability to process

even relatively non-toxic netabolites. These limts should be
known, and, if a toxic threshold for a substance has been
identified, its acceptance as a food additive wll depend on

controlling intake so that toxic levels are not ingested by
human bei ngs.

Know edge that a substance is a natural netabolite or is
net abolized into nornmal body constituents is of great help in
evaluating its safety. However, w thout conconitant information
on the kinetics of the production and di sappear ance of
nmetabolites, the extent to which such information can be used is
[imted.

Whien the additive provides only a snall increment in |levels
of nmetabolites conpared with the ordinary consunption of food,
then the questions about safety are greatly sinplified. The

report of the WHO Scientific Goup on Procedures for Invest-
igating Intentional and Unintentional Food Additives (2, p. 7)
considered this situation and concluded that:

"if the biochem cal evidence shows that the additive
makes only a small contribution to existing netabolic
pool s fromfood conmponents or in the tissues, there nmay
be no need for detailed toxicological studies onit,
provided that it conforns to adequate specifications."

JECFA has also considered this situation in some detail (29
pp. 12-13) and has suggested that:

"any food additive that is conpletely broken down in
the food or in the gastrointestinal tract to substances

that are conmon dietary or body constituents mght be
satisfactorily evaluated. . . on the basis of appro-
priate bi ochenmi cal and netabolic studies alone. . .".

This report summarizes the evidence required in such cases as
foll ows:

(a) "evidence that the substance is readily broken down in
the food or in the gastrointestinal tract to conmon
food constituents under the conditions of use;

(b) evidence to indicate the main factors concerned in this
breakdown, e.g, pH and enzynes;
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(c) evidence, preferably including studies on human sub-

jects, that the material, when given in nopderate
anounts and under conditions simlar to those that will
prevail if used as a food additive, is absorbed to the

sanme extent as the food materials to which it gives
rise, and does not interfere with the absorption of
other nutrients;

(d) evidence that wunhydrolysed or partly hydrolysed mat-
erial does not occur in significant anounts in the
stools, and that it does not cunulate in body tissues;
and

(e) evidence that the nost inportant food conmponents in the
additive are metabolized and utilized as effectively
when admnistered in conposite form as when given
separately, and that overl oadi ng does not occur."

As long as adequate evidence along the above lines is
presented, the Conmittee concluded that:

"the food additive is handled in the body in a way
that is not significantly different fromthat required
for the conponent food materials. |If so, no toxico-
| ogi cal studies need be denmanded, since the probl em now
becones one involving the toxicology of foods them
sel ves rather than the toxicology of a food additive."

The Committee allocated ADIs to such substances, calculated on
the basis that the food additive would not increase the food
component into which it is converted by nore than about 5% of
the quantity in an average diet (29, p. 13).

These general principles have been accepted by the el eventh
and seventeenth neetings of JECFA (41, pp. 8-9; 16, p. 31), the
second of which confirmed that, if biochem cal evidence shows
that the sole effect of the additive is to make a small
contribution to existing netabolic |oads fromfood conponents,

there is no need for detailed toxicological studies. Exanpl es
cited in the various reports include sucrose esters of fatty
acids, lactic and fatty acid ester of glycerol, and sone esters

used as food fl avours.

These principles are still wvalid. However, in sone JECFA
reports, the conbi ned evidence of breakdown in food and in the
gastrointestinal tract was considered. 1In contrast, studies on

the stability/breakdown pathways of the additive in food, under
the proposed conditions of use, may be needed to ensure that
significant quantities of toxic products are not forned during
food processing or storage, either through transformation of the
additive or through its reaction with food constituents. All
procedures designed to neasure netabolites nust be accurate and
they nust have a high level of sensitivity for the conpounds
under consideration, to draw the conclusion that further
toxicity studies are not necessary.

5.2.4. Influence of the gut nmicroflora in safety assessnent

The gut microflora may influence the outcome of toxicity
tests in a nunber of ways, reflecting their inportance in
relation to the nutritional status of the host animal, to the
nmet aboli sm of xenobiotics prior to absorption, and to the
hydrolysis of biliary conjugation products. JECFA has recog-
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ni zed this, and has drawn attention to the useful ness of studies
on netabolism involving the intestinal mcroflora, in toxico-
| ogi cal evaluation (30, p. 7; 18, p. 10).

Interactions that may occur between food additives and the
bacterial flora of the gastrointestinal tract should be con-
sidered both in terns of the effects of the gut microflora on
the chemical and the effects of the chemical on the gut micro-
flora. Because the gut microflora are inportant in the neta-
bolic fate and toxicological activity of some food additives,
the safety assessnent of food additives should include the
possibility that gut microflora nodify the host response to the
food additive and/or that the food additive is affecting the
host m crofl ora.

5.2.4.1 Effects of the gut microflora on the chenica

The spectrum of netabolic activity shown by the gut flora
contrasts markedly with that of the host tissues. While hepatic
met abol i sm of foreign conmpounds is predoninantly by oxidation
and conjugation reactions, the gut bacteria performlargely
reductive and hydrol ytic reactions, sone of which appear to be
unique to the gut flora. Typical reactions include:

(a) the hydrolysis of glycosides (including glucuronide
conj ugates), am des, sulfates, and sul famates

(b) the reduction of double bonds and functional groups;
and

(c) the renoval of functional groups such as phenol and
carboxylic acid noieties.

Thus, froma structural point of view, many food additives are
potential substrates for m crobial metabolism

The gut bacteria are situated principally in the termna
parts of the intestinal tract, and thus highly [Iipid-soluble
conmpounds that are absorbed in the upper intestine will not
undergo bacterial netabolism However, tissue netabolism may
give rise to conjugates that are excreted into the bile and thus
avail able for bacterial hydrolysis. Cearly, then, the design
of appropriate investigations with the gut microflora nust be
linked closely to in vivo studies on absorption and netabolism

In vitro incubation of the food additive and/or its netabolites
with the bacteria of the caecumor faeces is a useful but diffi-
cult technique, with considerable potential for the generation
of spurious data. Sonme of the pitfalls of prolonged incubations
are that:

(a) the wuse of a nutrient nediummay allow the growth of a
non-representative bacterial population; while

(b) the wuse of a non-nutrient nmediumnay act as a powerful
sel ective force for organisns able to use the additive
as a source of carbon and energy.

There are three primary in vivo nmethods for studying the
role of the gut microflora in the nmetabolismof a conpound:

(a) parenteral admnistration of the conpound, which should
result in decreased nicrobial netabolism of poorly
absor bed pol ar conpounds, conpared with oral dosing;
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(b) studies on animals in which the bacterial flora are
reduced by the use of antibiotics or by surgica
renoval of the caecum and

(c) studies on germfree animals and on (fornerly) germ
free animals contamnated with known strains of
bacteri a.

A number of factors may influence the nmetabolic activation
of foreign chenmicals by the host nmicroflora (see reference 59
for an expansi on of these points):

(a) Host species

Speci es differences exist in the nunber and type of bacteria
found in the gut and in their distribution along the gut. 1In
this respect, the rat is a poor nodel for nman, since significant
nunbers of bacteria occur in the upper intestinal tract of the
rat, whereas this region is alnost sterile in man.

(b) Individual variations

There is a great deal of variability anbng individuals
within a species in the extent to which sone conpounds undergo
met abolism by the gut flora. Many of these variations probably
arise fromdifferences in the enzymatic capacity of the gut
flora rather than in the delivery of the chemical to the |ower
i ntestine. Thus, if, in animal studies, a food additive is

shown to be netabolized by the gut flora to an entity of toxico-
| ogi cal significance, it is essential that its metabolic fate be
characterized in the human bei ng.

(c) Det

The conmposition of the gut flora depends on the diet, which
may influence the extent of microbial netabolism of a food
addi ti ve.

(d) Medication

The widespread oral administration of nedications, such as
antibiotics and antacids, in the human popul ation, is a cause of
variations in netabolismby the gut microflora.

(e) Metabolic adaptation

The netabolic capacity of the gut flora is far nore flexible
than that of the host. Thus, |ong-term adm nstration of foreign
chemicals can lead to changes in both the pattern and extent of
m crobi al netabolismof the chemi cal. Because prior exposure to
the conmpound under test may significantly alter the netabolic
potential of the gut mnicroflora, nmetabolic studies should be
performed not only on previously unexposed aninmals but also on
animals that have been exposed to the test conpound for sone
time. For the same reason, any in vitro studies should be per-
formed with caecal contents that have been collected both prior
to and during long-term ani mal feeding studies.

5.2.4.2 Ef fects of the chem cal on the gut nicroflora

During high-dose aninal feeding studies, the gut nmicroflora
may be affected in two ways:
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(a) Devel opnent of antibacterial activity

A weak antibacterial activity may becone significant after
| ong-termintake of near-toxic doses of a food additive. Thi s
may nanifest itself either as an alteration in the nunber of
bacteria present, which can be neasured directly, or as an
abnormal mcrobial netabolic pattern. The latter can be studied
by neasurenent of certain endogenous netabolites produced only
by the gut flora, such as phenol and p-cresol, which provide
indirect evidence of alterations in the gut flora. Such
information may also be of value in the interpretation of other
vari abl es such as nitrogen bal ance

(b) Increased substrate for gut mcroflora

The food additive may act directly as a substrate for bac-
terial growh. This can be readily illustrated by appropriate
hi gh- dose pharnmacoki netic studies, coupled with invitro neta-
bolic studies on the gut flora. Alternatively, the food addi-
tive may inhibit digestion or absorption of other dietary conpo-
nents so that these becone available to the bacteria in the
| ower intestine in increased anounts.

I ncreased anpunts of substrates in the |ower intestine pro-
vide an increased osnotic effect in the caecum which may be
detectable as caecal enlargenment (section 5.1.2). The reason
for caecal enlargenent nust be studied before the significance
of the | esion can be assessed since it may indicative of:

(1) abnormal osnotic bal ance with consequent changes in
pernmeability to mnerals in the caecum which could
| ead to nephrocal ci nosi s;

(ii) m crobi al metabolismof nutrients, which could result
in the formation of potentially toxic netabolites and
abnormalities in the nitrogen bal ance; or

(iii) mcrobial netabolism of the food additive, which
could lead to the formation of toxic products.

5.3.
and Interpretation of Studies

Animal toxicity studies are generally perfornmed with healthy
animal populations that are in a state of over-nutrition in a
protected environnent. This basic procedure is altered only
when there is a specific reason for doing so, for exanple, when
nutritional factors are being studied.

In order to establish the safety of food additives, experi-
nental protocols have tended towards nore universal designs
enconpassing populations during all stages of the life cycle,
e.g., reproduction studies are often included in long-term
studies. Such protocols are intended to nimc the type of expo-
sure in the bulk of the human popul ation. Margins of safety and
nedi cal advice are used to protect subpopulations at special
risk for one reason or another

5.3.1. Age

It is well known that the age of a test aninmal can influence
the toxic response to a substance being tested. For exanple, an
enzynme activity that is involved in the netabolismof a sub-
stance in an adult may be virtually absent in an i muature ani ma

I nfl uence of Age, Nutritional Status, and Health Status in the Design
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or vice versa. Thus, a conpound that is netabolized to a |ess

toxic nmetabolite in an adult animal would be nore toxic for
young animals |acking the appropriate enzyme activity; obvi-
ously, the reverse would be true for a substance netabolized to
a nore toxic metabolite. Differences in sensitivity between
mature and young aninmals nmay also result fromdifferences in
intestinal flora as observed, for exanple, in the growh of
distinctive flora in the upper intestine in human infants that
render themsensitive to nitrate. Geater sensitivity may al so
arise in young ani mals, because of the inconplete formation of
intestinal, blood-brain, or other tissue barriers, which |eads
to the passage of potentially harnful substances through the
barri ers.

5.3.1.1 Hi story

The WHO Scientific G oup on Procedures for Investigating
Intentional and Unintentional Food Additives discussed the
effects of age on toxicity (2, pp. 10-12) and found that "in
general, the young animal is nore sensitive to the toxic effects
of exposure to chemicals". Anobng the reasons cited for the
i ncreased sensitivity in neonates were differences in the dis-
tinctive flora of the upper bowel and differences in the |evels
of the "drug-netabolizing enzynes", which are frequently lowin
the neonate. Attention was drawn to interspecies differences in
the neonatal |evels and in age-related changes in the |evels of
these enzynes. The Scientific Goup stated that "pertinent
i nformation derived fromreproduction (nulti-generation) studies
provi des sonme assurance on the safety of conpounds that m ght be
present in the diet of babies" but felt that "since babies con-
stitute a special population, close observation of epiden ol ogy
in this group is an inportant practical aspect of the evaluation
of the effects of exposure.” The Scientific Goup also saw the
need for "further information on the devel opnment of enzyne sys-
tems in the human young, wth particular enphasis on those
enzynmes responsible for dealing with foreign conpounds." The
report concluded (2, p. 23) that "useful information nay be
obtai ned from studi es in newborn or young animals, from repro-
duction studies, and from biochem cal studies" and called for
further research on "the devel opnent of enzyne systens in the
human young, with particul ar enphasis on those enzynes respon-
sible for dealing with foreign chenmicals" (2, p. 25). Wth
respect to the latter research, the Scientific Goup concluded
that "this information is essential in assessing the safety of
addi tives in baby food."

Subsequently, the tenth Report of JECFA (29, p. 24) recom
mended that a special subcommittee of JECFA should be estab-
lished to study the special problens arising fromexposure of
infants and young children to food additives. |In response to
this recomendati on, an FAOWHO neeting on Additives in Baby
Foods was convened in 1971, and the report of this neeting was
i ncluded as Annex 3 to the fifteenth JECFA Report (42, pp. 29-
37). A distinction was made, on devel opnental grounds, between
children up to 12 weeks of age and children over 12 weeks. The
Subcommittee considered it prudent that food intended for
i nfants under 12 weeks of age should not contain any additives
at all. However, if it were deemed necessary to use additives
in food intended for young infants, the Subconmittee concluded
that "particularly for infants under 12 weeks, toxicologica
i nvestigations should be nore extensive and include evidence of
safety to young aninals.”

Wth respect to contaminants, the Subcommittee concluded
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that "the establishnent of acceptable residue |levels of pesti-
cides or other contaminants |ikely to be present in nmlk and
cereals for infant foods shoul d be based on toxicol ogical eval -
uation in very young animals" (42, p. 31). The report also nmade
observations on particular classes of food additives (42,

pp. 32-33). The vulnerability of very young infants was recog-
ni zed, and guidelines on toxicological testing were fornulated
(42, p. 34). These include the foll ow ng:

(a) Before a food additive is regarded as safe for use in
food intended for infants up to 12 weeks of age, the
toxi col ogi cal studies should be extended to include
animals in the corresponding period of life.

(b) It is difficult to recommend precise toxicologica
testing procedures until nore basic research has been
undert aken. There are also difficulties in selecting
appropri ate species. In these circunstances, short-
term studi es shoul d be conducted in several species and
should include the oral adm nistration of the additive
under test, at suitable dose levels, to newy born
animals up to and including the end of the weaning
peri od.

(d) Wen life-span studies and multi-generation studies are
carried out, they should be extended to include ora
adm nstration of the food additive at suitable dose
|l evels to a proportion of animals fromthe day of birth
t hroughout the pre-weani ng period.

The practical difficulties and cost of inplenenting these
recomendati ons on a routine basis would be i mense, involving,
as it would, artificial feeding of litters of newborn | aboratory
ani mal s. However, in situations in which young infants are a
target population for an additive, it seens reasonable that
studi es such as these shoul d be perforned.

When considering glutamate, the fourteenth report of JECFA
(30, p. 8) noted that:

"any attenpt to interpret these data in terns of hunman
neonates and infants involves the problemof how far
devel opnmental stages in aninal species and in nman can
be considered equivalent in relation to vulnerability
to possible effects of food additives. Relevant infor-
mati on woul d be of considerable value.”

The sixteenth (60) and twentieth neetings (19, p. 22) of
JECFA recomended that a review should be nmade of the special
problenms arising fromthe exposure of infants and children to
contamnants in food. This review was conducted at the twenty-
first nmeeting (20, pp. 9-12), which also considered food
additives. The Conmittee stated that:

"scientific evidence indicates that newborn and very
young children are particularly sensitive to the harm

ful effects of foreign chemicals" due to, inter alia,
"immturity of enzymatic detoxifying nmechani snms, incom
plete function of excretory organs, Ilow levels of

pl asma proteins capabl e of binding toxic chenicals, and

i nconpl ete devel opment of physiological barriers such
as the blood-brain barrier. Moreover, there appears to
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be a general vulnerability of rapidly growi ng tissues,
which is particularly inportant with regard to the
devel opi ng nervous system"”

The Committee reiterated that food intended for infants
under 12 weeks of age should (with certain exceptions) not
contain any additives but that "in assessing food additive
safety, the question of potential special hazards for the
newborn and infants should be kept in mnd* and "toxicol ogica
and nmetabolic studies of food additives should always include
investigations that permt the evaluation of safety for the
newborn and the infant." The Committee stated further that "in
order to gain nore information about the long-termeffects of
exposure in utero and in the post-natal period, appropriate
nmet hodol ogy nust be developed,” and the Comittee enphasized
that "short- and long-termeffects of exposure in utero and
during lactation should be taken into account for food additives
and contam nants evaluated by the Committee" and "this evalua-
tion mght include a request for appropriate ani nmal studies.”

Inplicit in these statenents is a call for netabolic studies
on neonates and for toxicological studies involving in utero
exposure followed by |ong-term studies. | ndeed, the twenty-
second report of JECFA (32, p. 30) reaffirmed the need for
testing the effects of exposure to food additives and contam
inants in utero and on neonates during suckling. However ,

"in view of the conplexity of the testing procedures,"
the Committee recommended that "WHO should convene a
nmeeting of experts to assess: (a) the degree of any in-
crease in the sensitivity of toxicological testing
afforded by exposure in utero through Ilactation; and
(b) the need to include such expo-sure in toxicologica
tests as a neans of increasing public health protec-
tion."

Criteria for determining whether in utero exposure is to be
included in such studies should include such information that
the chem cal crosses the placental barrier and/or is secreted in
breast mlk. The Committee recommended further that:

"the experts should al so propose the npbst appropriate
gui delines for experinentation, taking into account:
(a) the dosages used and the relative exposure of
not her and fetus to the agent under study; (b) the pos-
sibility of conbining this nodified long-termtest with
reproduction studies; (c) the length of the studies re-
quired; and (d) the nobst appropriate species to use."

A neeting of experts has not yet been convened to consider these
i ssues.

A docunent of potential benefit to JECFA is one that has
recently been devel oped by the |PCS and the Commission of the

European Comunities concerning the principles for evaluating
health risks fromchenicals during infancy and chil dhood. Anobng
the objectives of this activity were to:

(a) "investigate whether and when there is a need for
specific approaches when evaluating the health risk
associated wth exposure to chenmicals . . . during
infancy and childhood"; and (b) "identify further
devel opnments in nethodol ogy that are necessary for the
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assessnent of health risks associated with exposure to
chemicals during the early period of life" (61).

5.3.1.2 Useful ness of studies involving in utero exposure

In order to evaluate the usefulness of in utero studies, it
is important to review the available toxicity data relating to
this issue. Most studies including in utero exposure have
i nvolved the wuse of known carcinogens. The |ARC nonograph
"Transpl acental Carcinogenesis" (62) provides information on
much of the earlier research on these substances. In general
the reports indicate that, although transplacental carcino-
genesis could occur, there have been no instances in which
compounds that were carcinogenic for the offspring were not al so
carcinogenic for the adult and vice versa. However,

(a) the <carcinogenic effects in the offspring can occur at
sites different from those observed in the parent
(e.g., in transplacental rat studies, ethylnitrosourea
shows striking neuro-oncosel ectivity, not observed in
the parent, and the induction of unique tunours of the
vagi na in young worren has been observed with
di ethyl stil boestrol treatnment of nothers given the drug
for pregnancy maintenance); and

(b) the fetus nay be nore susceptible to tunour devel opnent
than the adult rat (observed with ethylnitrosourea).

On the other hand, in sonme cases, adults are nore sensitive
than young offspring, as wth certain nitrosamnes (62, 63),
suggesting that enzyne systens capable of converting these
conpounds into their ultimately carcinogenic fornms are not fully
devel oped in fetal tissue.

Al t hough transplacental carcinogenesis has been the major
interest of in utero studies, evidence is accunul ating that non-
carcinogenic substances nmay be the cause of a variety of
bi ochemical and other toxic effects in the developing fetus.
Some of this information has come from studies of the toxic
effects of environnental contami nants such as nethyl nercury and
PCBs. Poi soni ng epi sodes of nethylnercury in Japan and Iraq
indicate that the developing fetus shows toxic synptons at
| evels at which the nother is asynptomatic. This appears to be
because of sel ective localization of nmethylnercury in the brains
of exposed fetuses rather than a higher sensitivity of the fetus
itself (64). |In the case of PCBs, nobnkeys with body burdens of
PCBs derived from previous exposure produced offspring that

showed behavioural and |learning deficiencies; it was estinated
that approximately 40% of the body burden of PCBs in the
of fspring was derived from placental transfer (65). A finding of
equal or greater interest in this study was that 60% of the body
burden of PCBs was transferred postnatally in the mlKk. Thi s
result is consistent with the finding that the only route of
excretion of certain chemicals fromthe human body, particularly
the hal ogenated hydrocarbons that accurmulate in fat, nmay be via
breast mlk. Breast-fed infants, therefore, nmay be exposed to
very high levels of these compounds, far exceeding the accep-
table daily intake (ADI) or the provisional tolerable weekly
intake (PTW) (66), pointing to the critical need for obtaining
data during the neonatal phase for these types of conpounds.

The results of transplacental rat studies have also shown
the possibility that the course of enzynme developnent in the
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fetus may be markedly altered by exposure to foreign substances.
This so-called programming may alter the tinme of devel opnent of
specific enzynes or change the pattern of devel opnent of sex-
dependent enzymes, i.e., male offspring may devel op enzyne pro-
files nore characteristic of female offspring (67). Studies
designed so that the progeny of exposed parents are used in the
| ong-term phase serve as a fitness test to detect subtle effects
of this type.

Possible differences in the placenta structure in human
beings and experinental aninmals should be considered in the

interpretation of in utero studies. Structural differences may

result in significantly different rates of transfer of chemcals
across the placental nmenbrane in experinental animals conpared
with human beings. This should be considered when selecting
appropriate dose levels during the in utero phase of anina
st udi es.

5.3.1.3 Conpl i cations of aging

The Scientific Goup on Procedures for Investigating
Intentional and Unintentional Food Additives (2) concluded that
it is "better to carry out toxicity studies before t he
conplications of senescence arise" but, nevertheless, called for
"more basic information . . . on toxicity in aged as well as in
young ani nmals. "

Oder animals may be especially sensitive to certain
subst ances, because of reduced functioning of vital organs such
as the kidney or liver. The ability to netabolize certain
substances in the liver may decrease in aged aninals (68-71),
resulting in an accumul ation of toxic substances and consequent
effects that would not be seen in young aninals. Nor nal | y-
occurring lesions of old age such as tunours or kidney |esions
may mask subtle conpound-rel ated pathol ogy and may render aged
ani mal s a poor nodel system for assessing sonme |esions.
Conversely, sonme |esions may require |ong exposure to devel op or
may only be manifested in older aninmals. Such old aninals are
used routinely, and nore research and docunentation are needed
inthis area.

5.3.2. Nutritional status

JECFA has not directly addressed the issue of over-nutrition

in laboratory aninals. Excessive food intake and, in parti-
cular, ad libitum feeding of animals can conplicate the inter-
pretation of studies. Consi derabl e research indicates that

altered caloric intake and qualitative changes in diet can have
a profound effect on various disease processes, particularly on
the occurrence of neoplasns (72, 73). Additional research is
needed leading to better nutritional designs of experinental
nodel s for safety eval uation.

In considering the effects of nutritional status on toxi-
city, the WHO Scientific Goup on Procedures for |Investigating
Intentional and Unintentional Food Additives (2, pp. 12-13)
recogni zed that nutritional status can influence toxicity, posi-
tively or negatively, depending on the substance, but felt that
"it is wise to nmaintain all the animals on a diet that is nutri-
tionally adequate in every way, unless there is some specific
reason for doing otherwise." Wile noting that "further work is
needed on the effects of various states of malnutrition or
undernutrition on the toxicity manifested by chenmical com
pounds," the Scientific Goup concluded that "an effort to
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simulate conditions of nmalnutrition in man . . . is not
considered advisable in routine toxicological investigations
i ntended for the evaluation of safety"” and "the evaluation of
safety is best carried out by using healthy aninmals on adequate,
bal anced diets."

In the seventeenth JECFA report (16, p. 31), it is noted
that reactions of food additives wth food constituents may
affect the nutritional value of the food and that this
possibility can be studied by chemical or biological assay
net hods (section 4.2). However, it is further reported that "it
may be necessary to undertake a toxicological investigation of
treated food materials; here, a nmargin of safety my be
introduced by conducting the test with food that has been
deliberately over-treated to a nmeasured extent." |In addressing
this problem of interaction between additives and food
constituents in the twenty-fourth report of JECFA (21, pp. 10-
11), it is pointed out that such reactions may occur during food
manuf acture, storage, and cooking, and it is re-enphasized

"that a better perspective of the safety of food addi-
tives would be gained if information on their nmanufac-
ture and technol ogi cal use were nore readily avail abl e.
Such information should cover . . . any available data
on the chemcal fate of each additive in those foods
and on the effects of additives on nutrients . . . ."
It "may even be necessary sonetinmes to carry out a
study on the technol ogical versus nutritional effects
of certain additives and to present this information to
the Conmittee."

Simlar conclusions were reached by the twenty-fifth neeting of
JECFA (22, pp. 11-12).

In the twenty-fourth report of JECFA (21, p. 10), increasing
concern is also expressed wth "the devel opment of nmaterials
desi gned as substitutes for normal conponents of food" and noted
that "questions of nutritional adequacy arise in such instances
and must not be overlooked." The Comrittee believed that "the
probl enms associated with the designing of tests to assess toxi-
city of these substances and wth their interpretation and
extrapol ation to nman require special consideration”

In considering the particular case of acceptable daily
intakes (ADIs) with regard to nutrients such as ascorbic acid
used as food additives, it is noted in the eighteenth report of
JECFA that the lower linits corresponding to the requirenents
for such nutrients are determ ned by expert comittees "con-
cerned with adjusting the AD if a food additive is shown to
interfere wth nutritional requirenents in one formor another"
(17, footnote p. 9).

Interference with nutritional requirenents can occur by
antagoni zing the normal physiological function of a vitanin,
trace netal, or other micronutrient, either through destruction
of the mcronutrient before ingestion (such as thiamne
destruction by sulfur dioxide) or t hrough antagonism or
inactivation in the body after ingestion. Testing reginmes wth
both nutritionally-supplemented and unsuppl enrented animals wll
show whether the antagonismis reversible and will separate the
toxic potential of the agent under study fromits effects on
nouriture. Such studies will aid in an ultimte assessnment of
safety in that normal levels of the mcronutrient in human
popul ati ons may be so in excess of absolute requirenments as to
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nake this effect of the agent of |little consequence. On the
other hand, if the nutrient is often at marginal levels in human
diets, then clearly its evaluation will have to take this effect
into account.

QO her specific nutritional problens have been considered in
relation to phosphates (23, p. 13) and netals occurring in food
(23, p. 14). The problens of the fornmer include alteration of
di etary cal ci um phosphorus (Ca: P) ratios w th consequent conpli -
cations of, for exanple, nephrocal cinosis, and the Committee
recommrended that "further studies should be carried out on the
consequences of high dietary intakes of phosphate, wth parti-
cular reference to the Ca:Pratio." The association between
caecal enlargenent and nephrocal ci nosis al so indicates that fur-
ther conplications may arise in relation to calciumand phos-
phorus absorption due to other food additives.

Wth respect to the presence of netals in foods, the
Conmittee noted that:

"t oxi col ogi cal evaluation of netals in food calls for
carefully bal anced consideration of. . . ( inter alia)

nutritional requirenents, including nutritiona
interactions with other constituents of food in res-
pect of . . . absorption, storage in the body and
elimnation" and in the case of essential elenents,

tentative tolerable daily intakes "should not be con-
strued as an indication of any change in recommended
daily requirenents, but as reflecting permnissible
human exposure. . . ." (23, pp. 14-15).

5.3.3. Health status

Health status of test animals is of key inportance in
assessing the results of any toxicity study. Health of animals
shoul d be routinely nonitored during testing. Aninmals in poor
health froma viral or bacterial infection my be especially
sensitive to the test substance. Early deaths from infectious
di seases nay | eave insufficient time for chronic toxicity of the
test conmpound such as carcinogenicity to manifest itself. Path-
ol ogical lesions frominfectious disease may al so mask conpound-
rel ated pathology. For exanple, lung toxicity could be nasked
by a respiratory infection. The reverse can also occur. Cer -
tain respiratory infections in the rat predispose the rat |ung
to Ilynphoreticul ar neoplasns (74: acesul fame potassium pp. 22-
23). Antibiotics and other drugs should not be used unless
absolutely necessary to control infections because their use
conplicates the interpretation of the study.

5.3.4. Study design

When designing toxicity studies on food chenicals where
factors of age, nutritional status, and animal health are |ikely
to affect the results, the investigator should design the study
appropriately wth foreknow edge of these factors, bearing in
m nd the population likely to be exposed. For exanple, if the
substance is to be wused in infant fornulas or baby foods, an
appropriate animal nodel to mmc the human infant should be
used. The miniature pig may be a useful nodel in this regard,
because it can be bottle-fed and many aspects of its netabolism
are simlar to those of man.

Most food additives are al so consunmed by pregnant women, so
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the factors discussed above with respect to in utero exposure

should be considered when assessing their safety. Ani mal
studi es designed to parallel human exposure should include the
i mportant phases of exposure that occur during fetal devel opnent
and suckling of the infant. Exposure of the test animal can
then involve both the parent conpound and maternal netabolites
that can either cross the placental barrier or enter the
nother's mlk; it will also permt the assessnment of netabolites
formed in the developing enbryo, which may differ from those
fornmed in the maternal system

The need for guidelines, as recomended by the twenty-second
JECFA (32, p. 30), continues (section 5.3.1.1). The exposure
level and its relationship to the no-observed-effect Ilevel in
animal studies, the type of additive (e.g., nutritive versus
non-nutritive), information about whether the additive crosses
the placental barrier or is secreted in nilk, and other data
relating to the reproductive or developnental toxicity of
sim | ar compounds should be considered in determning the need
for in utero studies.

The age of test animals is an inportant factor to consider
when desi gning carcinogenicity studies (75, pp. 57-107). |If the
study is termnated too soon, the possibility of detecting
carcinogenicity that manifests itself late in the animal's life

span is |lessened. Conversely, in studies with |ong exposure
times (nore than 104 weeks in rats and mce), the background
i nci dence of naturally-occurring tunours nay "swanp out"

conpound-rel ated tunmpurs occurring at sonme sites. One way to
resolve this problemis to add additional groups of animals for
interim sacrifice. However, this increases the cost and
complexity of the study. Know edge of the test strain wth
regard to longevity and tunour incidence is necessary in the
design and interpretation of carcinogenicity studies. 1In any
case, final termination should take place while there are stil
enough survivors ampong the exposed aninmals and concomitant
controls to make a statistical evaluation

It generally is not feasible to test all food additives for
their effects on all age groups and di sease states. In cases
where certain popul ati ons, such as phenyl ketonuric patients, are
known to be sensitive to a food additive, warning | abels or edu-

cation through other neans nmay be necessary. When subst ances
are included in special nedical foods used in treating certain
di seases, it would be prudent to exanine closely any reported

physi ol ogi cal or toxicological effects of the substances, to
determ ne whether they can be safety ingested by the intended

popul ati on. Speci al i zed testing on animal nodels may be neces-
sary. If the additiveis to be wusedin infant fornmulae or
"junior foods", this fact should be kept in nmnd at the tinme of
the safety assessnment. This point is often overlooked. Large

amounts of such a food additive may be consuned, because the
formula may constitute the entire diet of the infant and because
infants take in much nore food than an adult on a kg body wei ght
basi s. | f specific subpopulations are identified as being at
hi gher risk than the general population, these groups can be
protected by adjusting the ADI to take their special needs into
account .

In general, the safety of a food additive, as far as limted
special populations not readily identified are concerned, nust
rely on the conservatisms built into the safety assessnent
process, the analysis of the data, and the safety factors used
in setting an ADI.
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5.4. Use of Human Studies in Safety Eval uation

Human studies are not normally included in the data packages
that JECFA reviews in its evaluation of new food additives.
However, the Commttee recogni zes the value of human data, has
sonetinmes requested such data, and has always wused it in its
eval uati ons when available. Data fromcontrolled hunman exposure
studies are useful in confirmng the safety indicated by ani mal
studies after the establishment of ADIs. Such data are also
useful in subsequent periodic reviews, and nmight facilitate a
re-eval uati on of the safety factors that are applied in
cal culating ADl s.

I nvestigation in human subjects was addressed by the WHO
Scientific Group on Procedures for Investigating Intentional and
Uni ntentional Food Additives (2, pp. 9-10). The Goup felt that

"prediction and prevention of possible toxic hazards to
the community that might arise fromthe introduction of

a chemcal into the environment can be nmade nore cer-
tain if information from nmeaningful studies in hunman
subjects is available." Three particular aspects of

toxicology were identified in this connection, "the
choice of the npost appropriate ani mal species for

the prediction of human responses; secondly, the inves-
tigation of a reversible specific effect observed in
the nost sensitive aninmal species to deterni ne whether
it represents a significant hazard to man; thirdly, the
study of effects specific to man."

The Group pointed to:

"the need, at a relatively early stage, to obtain in-
formation on the absorption, distribution, netab-
olism and elimnation of the chemical in human sub-
jects, since this nakes it possible to conpare this
information wth that obtained in various animal spe-
cies and to choose the species that are nost likely to
have a high predictive value for human responses.”

This need has been reiterated by subsequent neetings of JECFA
(27, p. 23; 16, p. 31; 32, p. 13) and in WHO Environnental
Health Criteria 6 (76). However, the WHO Scientific G oup
acknow edged that "it is necessary to have adequate short-term
toxicological information in several species before even | ow
doses of a new chem cal are administered to human subjects" (2,

p. 9).

In relation to ascertaining whether the safety nargin
predicted fromanimal data is valid, the WHO Scientific G oup
decided that it might be helpful to admnister a chemical to
human vol unteers, but enphasized the conditions that should be
fulfilled with regard to such a study (2, p. 10). Inter alia,
t hese conditions incl ude:

(a) The effect or effects studied should be reversible.

(b) The dose levels used should be based on full inform
ation of the toxicological properties of the substance
in animals.

(c) The investigation should be term nated i medi ately the
ef fect has been unequivocal | y denonstrat ed.
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Wth regard to effects specific to man, the WHO Scientific
Goup (2, p. 10) considered it wunacceptable to study such
effects by means of volunteers (in an analogous manner to
clinical trials wth drugs) but thought that toxicologica
studi es could be nade on those who are occupationally exposed to

the chemical or in patients suffering fromacci dental poisoning.
A need was identified for "nore critical epidemniological and
toxi col ogi cal investigations in such situations.” Such studies
could be of particular value in relation to hypersensitivity or
ot her idiosyncratic reactions since no suitable ani nal nodel has
yet been devel oped. In relation to hypersensitivity, the
seventeenth and eighteenth nmeetings of JECFA (16; 17, p. 10)
stated that "no approval would be given for the use of a sub-
stance causing serious or w despread hypersensitivity reac-
tions". However, such information can be derived only from
studi es on human bei ngs.

The WHO Scientific Goup has raised an apparent contra-
diction inits different recommendations with regard to con-
firmng aninmal studies and investigating effects specific to
nan. As stated above, the G oup recommended that controlled
human studi es be perfornmed to confirmani mal studies, but that
it is inappropriate to study effects specific to man by the use
of human volunteers. This is all the nore perplexing, because
controlled human studies, despite their lintations, are the
only neans available, at present, for studying effects in nman
that are not observed in aninmals. JECFA may w sh to reconsi der
the question of using human volunteers to identify specific
responses, which would be done only after the usual battery of
toxi col ogi cal investigations had been conpl et ed. The words of
Paget (77) are cogent in this regard:

"The question is not whether or not human subjects
should be wused in toxicity experinents but rather
whet her such chemicals, deenmed fromaninal toxicity
studies to be relatively safe, should be rel eased first
to controlled, carefully nonitored groups of human sub-
jects, instead of being released indiscrimnately to
| arge popul ations with no nonitoring and with little or
no opportunity to observe adverse effects.”

The ethical problens associated with toxicological studies
on human bei ngs have been reviewed succinctly in WHO Envi ron-
mental Health Criteria No. 6 (76, pp. 41-42).

Information relating to human exposure to a food additive
during its pre-narketing stage can be obtained through the
health nonitoring of enployees comng into contact wthit,
either in the |laboratory or the manufacturing plant. Because
the route of exposure in such a situation is through either
contact with the skin or vapour in the lungs, inmunol ogica
sensitivity and anaphyl actoid reactions (nediator-release ana-
phyl axi s-1i ke reactions), often involving histanm ne rel ease, are
the adverse effects nost likely to occur. Thus, any observa-
tions indicating the potential for these effects should be
recorded at the tine they are observed.

5.4.1. Epideniol ogical studies

Most studies of the effects of food additives on hunman
popul ations are perforned after the additive has been placed on
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the market. 1In nearly all cases, the inpetus for the perfor-
mance of human studies on a food additive is that the safety of
its use has been brought into question for one reason or ano-
t her. For exanple, retrospective investigations have reveal ed
effects such as "beer drinkers cardiomyopathy", resulting from
exposure to cobalt salts. Adverse findings in these studies nmay
be used for bringing an additive back to JECFA for re-eval uation
of its safety.

Epi demi ol ogi cal studies designed to assess the safety of
food additives have been perforned in several instances, but,
generally, definitive results have not been obtai ned because of
the lack of sensitivity of such studies and problens in ident-
ifying control populations. For exanple, long-termlowleve
nitrite exposure has been very difficult to study epidem ol og-
ically because of its ubiquitous nature and the consequent dif-
ficulty of finding subpopulations with little or no exposure to
nitrite. Wth saccharin, an extensive data base involving
retrospective epidemnm ol ogical studies and case-control studies
has been devel oped. This data base has been generated using
di fferent subpopulations located in different geogr aphi ca
areas, and the results for hunan bl adder cancer have usually
been negative (78).

In many cases, the purpose of an epidem ol ogical study is to
confirm in human beings a positive finding observed in animals.
Thus, when food additives are used extensively and when exposed
or unexposed popul ations cannot be identified, negative results
are usually deened not to be of nuch value for regulatory
pur poses. This is because epidem ol ogi cal studies, are, on the
whol e, less sensitive than well-designed ani nal feeding studies.
However, when the nunber of individuals studied becones very
large, this lack of sensitivity is sonewhat aneliorated, and
safety decisions can be nade on the basis of the human studi es.
For exanple, in the case of saccharin, negative results in
epi dem ol ogi cal studi es have been considered inportant by JECFA
for deciding that its continued use is acceptable (1).

O course, nmuch nore can be said about a positive result
than a negative one, especially with epidemological studies,
which are wusually relatively insensitive. An undet ectabl e
adverse effect in a study involving a few thousand individuals
could affect a very large nunber of people in a population of
hundreds of mllions.

5.4.2. Food intol erance

For the purposes of this discussion, food intolerance is
defined as a reproduci bl e, unpl easant reaction to a food or food
ingredient, including reactions due to inmunological effects,
bi ochemical factors such as enzyne deficiencies, and anaphy-
lactoid reactions, which often include histam ne rel ease. Food
al l ergy, sometines used synonynously with food sensitivity, is a
form of food intolerance in which there is evidence of abnornal
i munol ogi cal reaction to the food. |munol ogical reactions nay
be further characterized on the basis of the tinng of the onset

of synptons foll ow ng ingestion of the offending food and on the
type of response involved. Reactions occurring within mnutes
to hours of food ingestion are characterized as i mediate aller-
gic reactions, which are nediated by Imunoglobulin E (1gE)
whi | e reactions begi nning several hours to days after food expo-
sure are characterized as delayed allergic, or cell-nediated,
reactions.
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Various dietary factors nmay be responsible for food intol-
erance. These may be naturally-occurring dietary constituents
or, in sone cases, food additives. Two notable exanples of food
additives that have been inplicated are tartrazine, which may
i nduce wurticaria and bronchoconstriction in asthmatic patients,
and sodium netabisulfite, which has been associated wth
bronchospasm flushing, hypotension, and even death due to
anaphal axis after ingestion by some asthmatic patients. Mbono-
sodium glutamate (MSG gives rise to "Chinese Rest aur ant
Syndrone", nanifested largely by violent headache. Certain
subpopul ati ons appear to be sensitive to MSG but the nechani sm
is unknown. Despite these exanples, there is little to suggest
that food additives are likely to cause nore problens of food
i ntol erance than are conponents naturally present in food.

Satisfactory aninmal nodels to predict food intolerance in
human bei ngs have not been developed. At the sanme tine, nany
difficulties are associated with human studies, and interpret-
ation is difficult at least partly because of the anecdotal
nature of much of the evidence. Any interpretation of food
intolerance is conplicated by psychol ogical factors, naking it
extrenely inportant that blind trials be perforned to assess the
nature of the problem

The nost unanbi guous nethod of denonstrating food intol -
erance is to use challenge feeding in a double-blind study; the
di agnosis of food intolerance can only be established if the
synptons di sappear with an elimnation diet and if a controlled
chal  enge then |l eads to either recurrence of synptons or to some
other clearly identified change associated with the intol erance.
If delayed allergic reactions are being studied, such effects
nmay take several weeks to disappear and then redevelop after
chal l enge feeding. Challenge feeding is nost reliable when the
ingestion of food is associated with devel opment of synptons
within one to two hours.

No oral food challenge, even if blind, can be perfect for a
nunber of reasons. Presentation of food in capsules my avoid
the possibility of reactions in the nouth, pharynx, and oeso-
phagus and nmay decrease early digestion of the food by salivary
enzynes. Small anounts of food may be regurgitated or eructated
and identified by taste and snell. Unknown relationships nmay
exi st between suspected foods and periods of abstinence from
that food before challenge. The presence of other foods eaten
with a suspected food may have facilitated or inhibited diges-
tion and absorption (79).

The sinplest and nbst comonly used test for denobnstrating
| gE antibodies is the direct skin test. However, this test is
unrel i able as used, because standard dosages of food extracts
have not been developed, and, wth sufficiently concentrated
food extracts, it 1is possible to evoke positive skin test
results in any person tested. Therefore, skin testing results
should be verified by testing the extract on non-sensitive
i ndi vi dual s (80).

O her methods for testing IgE antibodies to food include the
in vitro radioi munoassay and the | eukocyte histanine rel ease
assay (81). The former assay is limted by an i nadequate stan-
dardi zed reporting procedure, making a conparison of results
bet ween investigators very difficult (82). The latter has found
only limted application, because it requires fresh blood, and
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only a linmted nunber of allergens can be tested from a single
bl ood al i quot.

Publ i shed studies concerning the usefulness of either skin
testing or i munoassay to diagnose clinical adverse reactions to
food have shown a nmarked discrepancy in results. |In nost of
these studies, the investigators have relied on the <clinica
history for determining the false-positive or fal se-negative
rates for skin tests or immunoassays. Such reports are unreli -
able. Negative results obtained in skin tests or inmmunoassays
should be treated with nore confidence than positive results
(83, 84).

If evidence of wi despread intolerance to a food additive
appears in a country that permts its use, procedures should be
established for the centralized reporting of such information
if one is not already in place. Medical professionals should be
alerted, and appropriate nedical tests perfornmed on affected
individuals to determine the nature of intolerance. If the
problem arises with an additive previously considered and given
an ADI by JECFA, ideally the results wll be relayed to the
Conmittee so that the safety of the additive can be recon-
si der ed. Renedi es may range fromno action to a recommendati on
that the additive be renpoved fromthe market. Factors, such as
its natural occurrence in food, should be taken into account in
such deliberations. Because food intolerance is not spread
throughout the general population, but is restricted to small
subpopul ati ons or individuals, one of the usual renedies is to
| abel the food containing the additive prominently, so that
sensitive individuals can avoid it.

5.5. Setting the AD

Al nost any substance at a high enough test level wll pro-
duce sonme adverse effect in aninmals. Evaluation of safety
requires that this potential adverse effect be identified and
that adequate toxicological data be available to determne the
| evel at whi ch hurman exposure to the substance can be consi dered
saf e.

At the time of its first neeting, JECFA recognized that the
amount of an additive used in food should be established with
due attention to "an adequate nargin of safety to reduce to a
m ni mum any hazard to health in all groups of consuners" (9, pp
14- 15). The second JECFA, in outlining procedures for the
testing of intentional food additives to establish their safety
for wuse, concluded that the results of aninal studies can be
extrapol ated to man, and that

"some margin of safety is desirable to allow for any
species difference in susceptibility, the nunerica

di fferences between the test aninmals and the human pop-
ul ation exposed to the hazard, the greater variety of
conplicating disease processes in the human popul ation

the difficulty of estimating the human intake, and the
possibility of synergistic action anong food additives”
(10, p. 17).

This conclusion forned the basis for establishing the "accept-
able daily intake", or AD, whichis the end-point of JECFA
eval uations for intentional food additives. |In the context in
which JECFA uses it, the AD is defined as an estimate (by
JECFA) of the anpbunt of a food additive, expressed on a body
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wei ght basis, that can be ingested daily over a lifetinme wthout
appreci able health risk.

The ADI is expressed in a range, fromO to an wupper linit,
which is considered to be the zone of acceptability of the
subst ance. JECFA expresses the ADI in this way to enphasize
that the acceptable level it establishes is an upper limt and
to encourage the | owest |levels of use that are technologically
feasi bl e.

Substances that accunulate in the body are not suitable for
use as food additives (39, p. 8). Therefore, ADIs are estab-
lished only for those conpounds that are substantially cleared
fromthe body within 24 h. Data packages should include neta-
bolism and excretion studies designed to provide information on
the cunul ative properties of food additives.

JECFA generally sets the ADI of a food additive on the basis
of the highest no-observed-effect level in aninmal studies. In
calculating the ADI, a "safety factor” is applied to the no-
observed-effect level to provide a conservative margin of safety
on account of the inherent uncertainties in extrapolating ani nal
toxicity data to potential effects in the human being and for

variation wthin the hunman speci es. When results fromtwo or
nore aninmal studies are available, the AD is based on the nost
sensitive animal species, i.e., the species that displayed the

toxic effect at the | owest dose, unless netabolic or pharnaco-
kinetic data are available establishing that the test in the
ot her species is nore appropriate for nan (section 5.5.1).

Generally, the ADI is established on the basis of toxico-
| ogi cal information and provides a useful assessnment of safety
without the need for data on intended or actual use and con-
sunption. However, in setting ADIs, an attenpt is nade to take

account of special subpopul ations that may be exposed. Ther e-
fore, general information about exposure patterns should be
known at the tine of the safety assessnent (section 5.5.6). For
exanple, if a food additive is to be used in infant formul ae,
the safety assessnent is not conplete without |ooking carefully
at safety studies involving exposure to very young ani nal s.

JECFA uses the risk assessnment process when setting the ADI,
i.e., the level of "no apparent risk" is set on the basis of
quantitative extrapolation from animal data to hunman beings.
CGeneral ly, JECFA does not undertake risk managenent, in that it
leaves it to national governments to use the quantitative
assessments in a manner appropriate to their own situations.
However, this has not always been the case, in that sonetines
JECFA has taken into consideration, in peripheral ways, benefits
(e.g., hydrogen peroxide as an alternative to pasteurization in
devel opi ng countries (12; 21)) and econonmic need (e.g, polyner
packaging materials that contain potentially hazardous m grants
should be limted to situations where no satisfactory alter-
natives exist (1)). 1In this context, risk assessnent and risk
managenent are nore broadly used than, e.g., they are often used
in the context of carcinogenesis.

5.5.1. Determnation of the no-observed-effect |eve

A determnation of a no-observed-effect level for a study
depends primarily on the proper selection of doses, such that
the hi ghest dose produces an adverse effect that is not observed
at the | owest dose. Several dose levels are used to deternmine
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the dose-effect relationship. Knowing the nature of the toxic
response to a conpound at the high level, a nore confident
assessment of a no-observed-effect level at the |lower test
levels can be made by focusing nore clearly on the target
ti ssues. G eat care nust be taken in dose selection, because
the no-observed-effect |evel nmust be one of the experinental
doses; it is not an inherent property of the animl system For
a discussion of itenms to consider when selecting doses, see
reference 75, pp. 9-49

The follow ng discussion concerns the performance of |ong-
term studies, because these studies are the type nost often
performed in support of intentional food additives, and they
give rise to much controversy. However, 90-day studies are
sonetines sufficient for establishing safety, as, for exanple,
with substances that are closely related to food additives of
known low toxicity (section 5.5.4). Many of the points
di scussed below in relation to long-term studies are also
appropriate for shorter studies when such studies serve as the
basis for safety determ nations

Wen long-term studies are indicated, short-term range-
finding studies should first be perforned to ensure the proper
sel ection of dosage regi nen. Care nmust be taken in applying
this approach to dose Ilevel selection, because doses that
produce signs of toxicity in short-termtesting may be rever-
sible on nore long-term exposure. In such situations, the

hi ghest dose sel ected fromrange-finding studies may not produce
an adverse effect with [ ong-term exposure, precluding a deter-
m nation of the no-observed-effect Ilevel in the |longer study
(the significance of this transient effect should be taken into
account when evaluating the data). A situation of perhaps
greater frequency is one in which the dosages in the long-term
study are too high, so that, even the |owest dose results in
adverse effects, and a no-observed-effect |I|evel cannot be
est abl i shed.

Ideally, in a long-term study, the high-dose | evel should be
sufficiently high to elicit signs of toxicity wthout causing
excessive nortality or some exaggerated pharmacol ogi cal effect,
such as sedation. Although doses of non-nutritive additives as
high as 5% of the total diet do not always produce adverse
effects, higher doses should not be tested, because they nmay

produce a significant nutritional inbalance. Therefore, if no
adverse effects are observed at 5% of the diet, this dose should
be considered the no-observed-effect level. On the other hand,

nutritive additives may be fed at higher doses as Ilong as the
nutritional balance is effectively preserved in both the test
animal and controls (section 6.2.3).

Odinarily, the mddle dose should be selected to be
sufficiently high to elicit mnimal toxic effects or it should
be set midway between the high and |ow doses. However, if
significant di fferences exist in the pharnmacokinetic or
netabolic profile of the test substance between the high and | ow
doses, then an additional dose should be included in the study
to provide nore assessnent points.

The |owest dose should not interfere wth norphol ogy,
devel opment, normal growth, or longevity or produce adverse
functional alterations.

The determ nation of an adverse effect in a particular study
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depends on the doses tested, the types of paraneters neasured,
and the ability to distinguish between real adverse effects and
false positives. |If, for exanple, only a slight change in a
particular parameter is noted at the highest dose that is not
observed at the | ower doses, then it is difficult to distinguish
between a real adverse effect and a spurious positive finding.
In addition, a reduction in body-weight gain coupled with
decreased food consunptionis difficult to interpret as an
adverse effect, because palatability of the chow mght be
affected by the presence of high levels of the test conpound.
However, as noted in section 5.1.1, generalized decrenent in
wei ght gain has sonetinmes been used for setting an effect |eve

in the absence of other toxic manifestations.

Wen two or nore studies are perforned on an additive in
different aninal species, no-observed-effect levels are calcu-
lated from each study. The overall no-observed-effect |eve
used for calculating the AD is the no-observed-effect |eve
from the animal study that displayed a toxic effect at the
| owest dose. The species on which this study was perforned is

then considered to be the nost sensitive species. This approach
is reasonable when the aninmal studies are of simlar length (in
relation to the expected |ife span of the species) and quality,
and no other data relating to this issue are available. How
ever, if the quality of one study is obviously superior to the
others and/or the studies differ with respect to length (Ilong-
term versus short-term, extra weight should be given to the
| onger better-quality studies when determining the overall no-

observed-effect |evel. If metabolic and pharmacokinetic data
are avail able, the species nost simlar to man with respect to
the toxic effect should be used in calculating the overall no-

observed-effect level, rather than the nost sensitive species.

5.5.2. Use of the safety factor

The safety factor has been used by JECFA, since its
i nception. It is intended to provide an adequate nmargin of
safety for the consumer by assuming that the human being is 10
times nore sensitive than the test animal and that the differ-
ence of sensitivity within the human population is in a 10-fold
range. In deternmining an ADI, a safety factor is applied to the
no- observed-effect level determned in an appropriate aninal
st udy.

JECFA traditionally uses a safety factor of 100 (10 x 10) in
setting ADIs based on long-term animal studies, i.e., the no-
observed-effect level is divided by 100 to calculate the AD for
an additive. The no-observed-effect level is usually expressed
in terns of ng conpound per kg body weight per day, and the ADI
is expressed in the sane units. A food additive is considered
safe for its intended use if its human exposure is less than, or
is approximately, the same as the AD. The ADI generally
includes both its natural occurrence and deliberate addition to
food (17, pp. 8-10), except when the substance occurs naturally
in a chemcal formdifferent fromthat enployed as a food addi -
tive, or when its natural occurrence was not considered when
setting the AD and the substance naturally present in the diet
contributes significantly to its total intake (as wth nit-
rates). Because in nost cases, data are extrapolated fromlife-
time animal studies, the ADl relates to life-tine use and pro-
vides a margin of safety large enough for toxicologists not to
be particularly concerned about short-term use at exposure
| evel s exceeding the ADI, providing the average intake over
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| onger periods of tinme does not exceed it.

Nati onal governments are responsible for regulating food
additives in such a way that consunption from natural occurrence
and deliberate addition to food does not exceed the ADI for each
additive that is permtted. As stated by the WHO Scientific
Group on Procedures for Investigating Intentional and Uninten-
tional Food Additives (2, p. 6), "it is desirable that nationa
governnents should maintain a check on the total intake of each
food additive, based on national dietary surveys, to determne
whether the total load in the diet approaches the acceptable
daily intake." Individual governnments have the discretion of

determ ni ng whether they will base their regulatory decisions on
the "average" consuner or the "high" consuner of f ood
addi tives.

A safety factor of 100 should not be considered inmutable.
When setting the ADI, various test data and judgenental factors
shoul d be considered. These include:

(a) Inadequate data base

In this case, a larger safety factor nmy be appropriate
(section 5.5.5).

(b) Reversibility of the observed effect in
enbryotoxicity studies

If irreversible developmental effects, such as skeletal
abnormalities (as opposed to retarded skeletal growh), are seen
in the fetuses of animals adm nistered the substance in utero,
study on a second species is indicated. |If sinmlar irreversible
effects are not confirned in the second animal species, pharm
acokinetic studies would be wuseful to determine relevance to
human bei ngs. Judgenent woul d then be needed to set an appro-
priate safety factor. |If frank teratogenic effects are observed
in both studies, judgenent would be needed to decide whether
either a larger safety factor should be considered or it should
be recogni zed that the use of the substance as a food additive
is not appropriate. |If only reversible developnental effects
are seen, such as retarded skeletal and soft tissue devel opnent
or decreased fetal weight, the usual safety factor of 100 may be
appl i ed.

(c) Age-related effects in reproduction studies

Such studies may denonstrate different toxic responses in
young ani mal s conpared with ol der ones. Metabolic studies nay
denponstrate that the differences in sensitivity are due to such
factors as inconplete devel opnent of enzynme systens used for
met abol i zing xenobi otic compounds or differences in intestina
flora. Safety factors should be set on the basis of the target
popul ation. If young children are likely to consune the addi-
tive, the AD should be based on the no-observed-effect |eve
fromthe phase of the study in which young ani nals were exposed,
if the no-observed-effect level was lower than in the adult
phase. If, on the other hand, it is showmn that children wll
not be exposed to the additive, it may be appropriate to set the
ADI  on the basis of the no-observed-effect |evel established in
the adult phase of the study.

(d) Finding of carcinogenicity
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Carcinogens vary in the magnitude of risk they present for
man, because they act via different nmechani sns. Even though no
basi s exists for the exact extrapol ation of risk from
experinental animals to man, the degrees of risk fromdifferent
carcinogens can often be inferred fromthe data. However, wth

the present state of know edge, it would be appropriate to
consi der the use of a carcinogenic substance as an intentiona
food additive only wunder very restricted circunstances. For
example, if cancer is shown to be a secondary effect, such as
bl adder tunours occurring secondary to the induction of bl adder
stones, and there is evidence of a threshold bel ow which the
additive is safe, then it would be appropriate to use a safety
factor for determning the safe |level of use of the additive
Under extenuating circunstances, such as an unanbi guous denon-
stration that the health benefits exceed the risk, it may also
be possible to use a carcinogenic additive.

(e) If reasons exist for setting a | ower safety factor

If toxicity and dose-response effects in hunan beings are
known, such data should take precedence over extrapolation from
animal studies; a 10-fold safety factor woul d be appropriate if
there is no evidence that human sensitivity to the agent varies
nmore than 10-fold anong individuals. A lower safety factor may
al so be appropriate when the additive is sinmlar to traditiona
foods, is netabolized into normal body constituents, and/or
| acks overt toxicity. Also, a 100-fold safety factor often
woul d not provide a high enough level of nutrients required to
satisfy nutritional needs and to maintain health (toxicity for
some essential nutrients such as Vitamin A Vitanmin D, certain
essential anmino acids, and iron nmay be reached at |levels |ess
than 10 tinmes higher than those recommended for optinal nutri-
tion). A substance that serves as a significant source of
energy in the human diet obviously cannot fit into the con-
straints of a 100-fold safety factor

The use of standardi zed safety factors based on no-observed-
effect levels for establishing the acceptable |evel of use of
food additives is a crude procedure, given the known wide
variability in toxic responses. For exanple, the nature of the
dose response usually is not used. |In part, thisis a reflec-
tion of the fact that good dose-response data are not avail able
for many conpounds. Attenpts to use the dose-response behavi our
of conpounds in establishing quantitative end-points nust con-
tend with this limtation.

In the broadest sense, the procedures used by JECFA take
into account the nature of the biological effects observed in
ani mal bi oassays only to the extent that a distinction is nade
bet ween carci nogens and non-carcinogens, i.e., AD's are estab-
lished for non-carcinogens, while npbst carcinogens are con-
sidered to unacceptable for use as intentional food additives.
QO herwi se, the nature of the observed effect is not an explicit
conponent of the quantitative assessnent of food additives.
However, the nature of the effect and a determination of its
significance are often inplicitly considered by scientists, when
revi ewi ng the data.

JECFA shoul d take these and other factors into account when
det erm ni ng acceptabl e daily intakes of food additives.
However, in situations in which little is known beyond the

enpirical finding of toxicity in animl studies, the traditiona
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approach for <calculating ADls would seemto be appropriate.
This may be an issue for future consideration by JECFA

5.5.3. Toxicol ogi cal versus physiol ogi cal responses

When analysing a toxicological study and setting a no-
observed-effect level, a distinction nust be drawn between
reversi bl e changes that are due entirely to nornal physiol ogica
processes or honeostasis-maintaining mechani sms, and to toxic
responses thenselves (section 5.1). Exanples of the forner
i ncl ude: | axative effects fromosnotic or faecal overl oad,
liver hypertrophy and microsonmal enzyne induction from high
doses of substances netabolized by the liver, decreased body
wei ght gain or caecal enlargement fromhigh Ilevels of non-
nutritive substances, alteration in renal weight that is
directly related to the amount of water being processed by the
ki dney, and decreased growh rate and food consunption related
to the dietary admnistration of an unpalatable substance.
However, care nust be taken in interpreting these changes, and
they should not automatically be dism ssed as bei ng uni nportant
from a toxicological point of view For exanple, nicrosona
enzyne induction in the liver nmay result in alterations in the
net abol i sm of conpounds unrelated to the admi ni stered substance,
which could result in a toxic effect. A decrease in the rate of
body-wei ght gain coupled with a correspondi ng reduction of food
intake could be due to toxic anorexia, rather than a palat-
ability defect.

The dose at which the effect occurs should be conpared with
the amount of the substance consuned by human beings. Thus, it
would ordinarily be acceptable to pernit the use of a substance
that causes diarrhoea only at very high levels of consunption in
rats, but the wuse of such a substance should be severely
restricted or not permtted if it causes diarrhoea at nornal
| evel s of consunption in human beings. Sonetinmes, physiol ogica
adaptation may progress through overload to frank toxicity.

Further studies are indicated in situations in which it is
difficult to drawa clear distinction between a toxic and a
physi ol ogi cal response. Special studies such as paired feeding,
caloric bal ance conpari sons between food consunption and body-
wei ght gain, or, in the case of reproduction studies, cross
fostering, can be perfornmed to decide issues such as reduced
food intake and reduced body-wei ght gain related to unpal atable
test substances. Metabolic and pharnacokinetic studies nay be
of wuse in providing information on the distribution of the test
compound and its netabolites or the dose at which a change in
nmet abol i sm occurs.

5.5.4. Goup AD's

If several conpounds that display simlar toxic effects are
to be considered for use as food additives, it nay be appro-
priate in establishing an ADI to consider the group of conpounds
in order to limt their cunulative intake. For this procedure

to be feasible, the additives must be in the same range of toxic

pot ency. Flexibility should be wused in determ ning which no-
observed-effect level is to be used in calculating the ADI. In
sonme cases, the average no-observed-effect level for all the
conpounds in the group may be used for calculating the group
ADI. A nore conservative approach is to base the group AD on
the compound wth the |owest no-observed-effect Ievel. The

relative quality and length of studies on the various conpounds
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shoul d be consi dered when setting the group ADI. Wen the no-
observed-effect I|evel for one of the conpounds is out of line
with the others in the group, it should be treated separately.

When considering the use of a substance that is a nenber of
a series of conmpounds that are very closely related chenically
(e.g., fatty acids), but for which toxicological information is
limted, it nay be possible to base its evaluation on the group
ADI established for the series of compounds. This procedure can
only be followed if a great deal of toxicological information is
avail able on at |east one nenber of the series and if the known
toxic properties of the wvarious conpounds fall along a well-
defined continuum Interpolation, but not extrapol ation, can be
performed by this procedure. The use of this procedure by JECFA
represents one of the few situations in which the Committee has
used structure/activity relationships inits safety assess-
ment s.

In some instances, group ADIs can be established primrily
on the basis of netabolic information. For exanple, the safety
of esters used as food flavours could be assessed on the basis
of toxicological information on their constituent acids and
al cohols, provided that it is shown that they are quantitatively
hydrol ysed in the gut.

The <calculation of a group AD is also appropriate for
conmpounds that cause additive physiological or toxic effects,
even if they are not closely related chemcally. For exanpl e,
it may be appropriate to establish a group ADI for additives
such as bulk sweeteners that are poorly absorbed and cause
| axati on.

5.5.5. Special situations

There are occasi ons when JECFA considers the use of an ADI
in nunerical ternms not to be appropriate. This situation arises
when the estimted consunption of the additive is expected to be
wel | bel ow any nunerical value that would ordinarily be assigned
to it. Under such circunstances, JECFA uses the term "AD not

speci fied". The Conmttee defines this termto nmean that, on
the basis of available data (chemical, biochem cal, toxico-
logical, and other), the total daily intake of the substance,

arising from its use at the levels necessary to achieve the
desired effect and fromits acceptabl e background in food, does
not, in the opinion of the Committee, represent a hazard to
heal t h. For that reason, and for the reasons stated in the
i ndi vi dual eval uations, the establishment of an ADl in nunerica
formis not deemed necessary (e.g., 1, Annex I1). An additive

neeting this criterion nust be wused within the bounds of good
manufacturing practice, i.e., it should be technologically
ef ficacious and should be used at the | owest |evel necessary to
achieve this effect, it should not conceal inferior food quality
or adulteration, and it should not create a nutritional inbal-
ance (16, pp. 10-11). That the background occurrence of the
chem cal nust be taken into account in the evaluation of its
safety was articulated by the WHO Scientific G oup on Procedures
for Investigating Intentional and Unintentional Food Additives

(2, p. 7).

JECFA has encountered several situations in which either the
body of data before it on a new additive was limted, or the
safety of a food additive for which the Committee previously
assigned an ADI was brought into question by the generation of
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new data. Wen the Committee feels confident that the use of
the substance is safe over the relatively short period of tine
required to generate and evaluate further safety data, but is
not confident that its use is safe over alifetime, it often
establishes a "tenporary" ADI, pending the subnission of appro-
priate data to resolve the safety issue on a tinetable estab-
lished by JECFA When establishing a tenporary AD, the
Conmittee often uses a higher-than-usual safety factor, usually
increasing it by a factor of 2. The additional biochenical and
toxicological data required for the establishnment of an ADI are
clearly stated, and a review of these new data is conducted
before the expiration of the provisional period.

This approach seens to have worked reasonably well in
practice in that it has encouraged necessary research wthout
creating any known safety problens. |In many cases, long-term

studies are requested, but tinetables are not net, which neans
that JECFA has had to extend tenporary ADIs for |ong periods of
time. JECFA has withdrawn ADIs, in instances where data were
not forthcom ng, as a safety precaution

5.5.6. Conparing the ADIl with potential exposure

When establishing ADI's, collateral exposure information is
often wuseful for determining the relationship between the two
val ues. The agreenent between exposure and acceptable daily in-
take hel ps to deternine whether an "AD not specified" should be
established. Exposure information is also indispensabl e when

(a) performng risk assessnents for food contaninants and
processi ng aids; and

(b) assessing the safety of added substances that nmay be
naturally present in food to determine their relative
contributions to the diet (17, pp. 8-10).

In order to accurately conpare exposure and acceptable
intake, simlar assunptions should be wused for naking each
estimate or, at least, the differences and sinmlarities in the
estimates should be understood. For exanple, if an AD is
computed fromlifetime dosage, then the estimted human exposure

should represent lifetine exposure to the additive. Sonetines,
acceptabl e intakes are conputed for specific age groups or for
certain dosage conditions when short-term exposure should be
l[imted, such as with certain food additives that cause |axative

effects at high dose |evels. Under such circunstances, the
estimated human exposure should represent the sane age group or
dosage conditions. |In practice, however, estinmates of exposure

do not represent exposure for individual consuners in the sane
way that toxicological data represent dosages for individua
animals. Data bases on food and food additive intakes provide
conposite data for subpopul ations, such as the average dietary
habits of a particular nation's popul ation.

For effective conparison of exposure estinates with accept-
abl e i ntakes, the assunptions used to conpute exposure estinates
should always be stated. Data on the functional use(s) of
i ntentional food additives and information on approaches used to
conpute intake estimates, such as analytical studies on food
constituents or nmigration (carry-over) nodels for certain con-
tam nant situations, should be provided if possible.

Each estimate of exposure represents a facet of actual human
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exposure and, thus, each estinate represents useful scientific
dat a. However, it is not possible to describe specific pro-
cedures for estimating exposure for all food additive and con-
tam nant situations. However, JECFA is able to provide guidance
by describing the types of estinmation procedures that have been
accepted by previous Committees, which are discussed in section
3.1.1

6. PRI NCI PLES RELATED TO SPECI FI C GROUPS OF SUBSTANCES
6.1. Substances Consuned in Small Amounts

Many of the substances that cone before JECFA for its eval -

uation are present in food in only trace anpunts. Testi ng
requirenents generally take these |ow exposures into account
(section 3.1). However, as discussed below, special safety

concerns are raised by the use of nany of these substances,
despite the | ow exposures to both the parent conpounds and their
resi dues.

In some cases, these substances have no technol ogi cal func-
tionin the food itself. Sonme are used in food processing. For

exanple, residues fromextraction solvents used inter alia in

extracting fats and oils, in defatting fish and other neals, and
in decaffeinating coffee and tea may be present in the fina
food product because of inconplete renoval. The sane is true
for enzynes and i nmobilizing agents (and their residues) used
in immbilized enzyne preparations. Residues arising fromthe
use of xenobiotic anabolic agents and fromthe use of packaging
materials may al so occur in food.

Resi dues belonging to all these classes of substances have
been evaluated by JECFA, and the Conmittee has devel oped gui de-
| ines concerning their safety evaluation. The guidelines, which

are reproduced in Annex IIl, are intended to serve as exanples
of gui dance by JECFA for evaluating these specific categories of
subst ances. Further discussion of such substances and others

follows in section 6.1.1

Fl avouring agents constitute a category of substances that
have a functional effect in food, but are generally added in
smal |l amounts. The safety evaluation of flavours has presented
speci al problens for JECFA, and these are discussed in detail in
section 6.1.2.

6.1.1. Food contam nants

JECFA has considered the presence of food contam nants on
nmany occasions since 1972, when nercury, |ead, and cadm um were
first assessed (60, pp. 11-24). These food contam nants have
included, in addition to heavy netals, environnmental contam
i nants such as nycotoxins, inpurities arising in food additives,
solvents wused in food processing, packaging naterial migrants,
and residues arising fromthe use of animal feed additives
and/or veterinary drugs. Each of these classes of food contam
inants possesses its own unique characteristics and eval uation
requi renents. Thus, JECFA has recogni zed t hrough the years that
eval uation principles should pertain to classes or groups of

contanm nants rather than to food contamnants in toto. JECFA
has published gui delines, which are reproduced in Annex II1, for
the evaluation of various classes of contani nants; t hese
gui delines are still wvalid.

At the tine that JECFA considered nercury, cadnium and
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lead, in 1972, it established the concept of "provisiona
tol erable weekly intake" (PTW), which is a departure from the
traditional AD concept (60, pp. 9-11). JECFA has continued to
use this concept, with sone nodifications, ever since.

ADls are intended to be wused in allocating the acceptable
amounts of an additive for necessary technol ogi cal purposes.
Qovi ously, trace contam nants have no intended function, so the
term "tolerable" was seen as a nore appropriate term than
"acceptable", which signifies permssibility rather than accep-
tability for the intake of contam nants unavoi dably associ at ed
with the consunption of otherwise wholesone and nutritious
f oods.

In this convention, tolerable intakes are expressed on a
weekly basis, because the contaminants given this designation
may accumul ate within the body over a period of tinme. On any
particular day, consunption of food containing above-average
| evel s of the contam nant may exceed the proportionate share of
its weekly tolerable intake. JECFA's assessnment takes into
account such daily variations, its real concern being prol onged
exposure to the contam nant, because of its ability to accunu-
late within the body over a period of tine.

The wuse of the term"provisional" expresses the tentative
nature of the evaluation, in viewof the paucity of reliable
data on the consequences of hunan exposure at |evels approaching
those with which JECFA i s concer ned.

A tolerable intake, as defined above, represents the naxinmm
acceptabl e level of a contaminant in the diet; the goal should
be to limt exposure to the maxi num feasi ble extent, consistent
with the PTW. However, potent carcinogens, such as certain
nycot oxi ns, cannot be made to fit within the confines of a PTW
because, using the traditional approach, safe |levels cannot be
set. JECFA addressed this issue in 1978 and introduced the
concept of an "irreducible level", which it defined as "that
concentration of a substance which cannot be elinmnated from a
food without involving the discarding of that food altogether
severely conpromising the ultimate availability of major food
supplies" (32, pp. 14-15).

Anot her JECFA end-point, the "provisional nmaxi mumtolerable
daily intake" (PMIDI) has been established for food contam
inants that are not known to accunulate in the body, such as tin
(23), arsenic (24), and styrene (1). The value assigned to the
PMIDI represents perm ssible human exposure as a result of the
natural occurrence of the substance in food and in drinking-
wat er .

In 1982, JECFA decided to change the nethodology of
assessnment for trace elenents that are both essential nutrients
and unavoi dabl e constituents of food, such as copper and zinc.
The Comm ttee concluded that, in such situations, the use of one

nunber for expression of the tolerable intake was not suffi-
ciently informative, so expression in a range was instituted
(23, Annex Il). The lower value represents the |level of essen-
tiality and the upper value the PMIDI. Thus, the upper val ue
should not be <construed as representing its nornal daily
requirenent.

Wth the wuse of increasingly sensitive analytical tech-
niques, it is beconming clear that many food additives al so con-
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tain trace | evels of carcinogenic contam nants. JECFA addressed
this issue in 1984 when it considered the |owlevel mgration of
carcinogenic contamnants from food packaging materials (1).
The Conmittee did not consider it appropriate to allocate ADIs
on the basis of the information available. For further eval-
uation, the twenty-eighth JECFA stated that it would need the
following information:

(a) the lowest levels of potential mgrants fromwthin the
pol ymeric systen(s) that are technologically attainable
with inproved manufacturing processes for food-contact
mat eri al s;

(b) the resulting levels of the mgrants in foods;
(c) the intake of the foods; and
(d) the nobst appropriate statistical design that will
enable the inplications for health to be interpreted
from adequat e and rel evant toxicol ogi cal data.
In the neantinme, the Conmittee recomended that "human exposure
to mgrants fromfood-contact materials be restricted to the
| owest | evels technologically attainable" (1, p. 23).

6.1.2. Food flavouring agents

The special problens associated with the safety eval uation
of food flavouring agents have been apparent to JECFA for a
considerable time and the tenth neeting of the Committee
recommended that "further neetings of JECFA should be convened

to draw up specifications for flavouring substances, . . . used
as food additives, and to evaluate the toxicological hazards
involved in their use" (29). The Committee referred to the

extent and rmagnitude of these problens in the report of the
el eventh nmeeting (41) but, despite the tine that has el apsed,
the problens remain |argely unresolved. Mich of the difficulty
arises fromthe fact that a very | arge nunber of substances are
used as food flavouring agents, many of which occur in natura
products, but their level of use is generally |ow and self-
[imting. The compounds and other materials (extracts,
ol eoresins, essential oils) used to inpart flavour to foods can
be classified into four groups (19), viz:

(a) artificial substances unlikely to occur naturally in
f ood;

(b) natural mterials not normally consunmed as food, their
derived products, and the equivalent nature-identica
fl avouri ngs;

(c) herbs and spices, their derived products, and the
equi val ent nature-identical flavourings; and

(d) natural flavouring substances obtained fromvegetable
and animal products and normally consumed as food
whet her processed or not, and their synthetic equi-
val ent s.

Most of these food flavouring naterials have not been
subjected to detailed and conprehensive toxicity tests, though
with the flavouring agents in classes (c¢) and (d) above there
may be a long history of use and Iimted evidence of safety-in-
use. In some cases, there may al so be evidence of adverse con-
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sequences of human exposure such as hypersensitivity and idio-
syncratic intol erance, which have been observed w th capsaicin,
zingi berin, and nenthol. However, the natural origin of a food
flavouring agent is no guarantee of safety, nor does traditiona
use of a material constitute unequivocal evidence of safety; the
flavour saffrole is of natural origin (oil of sassafras) and
had a long history of use before it was denonstrated to be hepa-
toxic and carcinogenic (22). Consequently, natural flavouring
compounds cannot be exenpted from the toxicological evaluation
applicable to food flavouring agents in general. Conversely,
there is no basis for assum ng that conpounds that interact with
gustatory or olfactory receptors are nore likely to interact
with other physiological receptor sites than non-flavoured com
pounds. In principle, therefore, the safety evaluation of food
flavouring conpounds is sinmilar to that for other food addi-
tives, and this fact was recognized in the twentieth report of
JECFA (19). However, this Conmittee concluded that eval uation
should be flexible and "may require extensive toxicologica
testing or be made sinply from available data". In the eval ua-
tion process, the work of other bodies, such as national govern-
nments and the Council of Europe, should be considered.

In view of the very |arge nunber of substances used as food
flavouring agents and the fact that they are generally applied
inlowand self-timng concentrations in foods, it is considered
i mpractical and unreasonable to require that each food fl avour-
ing nmaterial be subjected to the same and extensive toxico-
| ogi cal evaluation within a reasonable period (32). Furt her -
nore, human data nmay be available that have a bearing on the
extent of toxicity testing required and the urgency wth which
data fromsuch tests are needed. Thus, thereis a need to
develop a rational basis for allocating priorities for the
testing and safety evaluation of food flavouring agents and for
determining the extent of the testing required. Pr evi ous
Conmittees have drawn attention to this need on several occa-
sions (19, 32, 31, 24). Several of the factors that influence
the allocation of priorities are also relevant to the extent of
testing required and sone of these are discussed in genera

terns elsewhere in this report (sections 3, 5.2, and 5.4). The
foll owi ng discussion is specifically concerned with food
flavouri ng conmpounds.

Factors that should be considered in the allocation of
priorities and the determnation of the extent of testing
requi red include:

(a) nature and source of the nmaterial

(b) data on usage and on the extent and frequency of
exposure of the average consunmer and of subpopul ations,
who may be highly exposed (including exposure from
natural sources such as herbs and spices but excluding
bi zarre eating behaviour);

(c) structure/activity relationships and the sinilarity of
compounds of known toxicol ogi cal and bi ochemi cal prop-
erties;

(d) simlarity to conmpounds of known bi ol ogical activity in
net abol i sm and phar nacoki neti cs;

(e) information fromshort-termtests for nutagenicity and
cl astogenicity;
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(f) prior experience of human use; and

(h) toxicological status/regulatory status previously det-
ermned by national regulatory agencies or supra-
nati onal organizations such as the European Econonic
Conmunity (EEC) Scientific Committee for Foods and the
I nternational Agency for Research on Cancer (IARC

Information on the nature and source of the flavouring
material is clearly necessary in order to assess overal
exposure to its conponents, and such information may assist in
the allocation of priorities and |l|evel of testing required.
Dat a obtai ned on synthetic conpounds may assist in the evalua-
tion of limted data on extracts or essential oils that contain
the conpounds naturally. For exanple, know edge of the conpo-
sition of an extract or essential oil may indicate that no
further testing is necessary; conversely, the presence of a
known toxic conpound as a nmjor conponent in an extract or
essential oil (e.g., saffrole in oil of sassafras, thujone in

oil of wormwod, tansy, etc.) nmay alter the priority given to
that extract or essential oil and determine the nature of
specific toxicity tests required. It nust be stressed that any
assessment of priorities will depend on the availability of
adequat e specifications which, in the case of conplex mxtures
such as spice extracts, may include maximum limts for known

toxi ¢ constituents.

In considering the extent of exposure, the el eventh neeting
of JECFA (41) suggested that flavouring conpounds with an esti -
mated per capita consunption exceeding 3.65 ng per annum (Ssus-
tained intake exceeding 10 pg per day), and/or use in food at a

| evel higher than 10 ng/ kg food, should be given priority. How
ever, exposure nust be considered in the Iight of other avail-
able information and it is inappropriate to classify flavouring
compounds for priority evaluation solely on the basis of expo-
sure | evel s.

In the absence of other data or considerations, a conbina-
tion of exposure |levels and structure/activity relationships can
be wused to establish both priorities and requirements for the
| evel of testing. A number of schemes that take these factors
i nto account have been proposed to acconplish this (34 - 38).

The general principles regarding structure/activity rela-
tionships are discussed in section 3.1.2. Wth particular ref-
erence to food flavouring conmpounds, these principles have been
applied already by JECFA in a limted nunber of cases, both in
relation to high levels of concern (flavouring conpounds

structurally-related to saffrole) and acceptance of Ilinited
toxi col ogical data (sinple structural anal ogues, honol ogues, or
derivatives such as esters). In the latter case, detailed

t oxi col ogi cal data on one nenber of a group of related conmpounds
together with netabolic and pharnmacoki netic data can be used to
allocate an ADI or group ADI to structurally related conpounds
without the need for further testing. On this basis, a sub-
stantial nunber of esters used as food flavouring agents would
warrant the allocation of a low priority for testing and
acceptance for an ADI on the basis of netabolic studies alone

This would be true in cases in which flavouring conpounds are
shown to be rapidly and quantitatively hydrolysed to toxico-
logically known al cohols and acids, the safety of which have
been establ i shed.
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The use of short-termtests for nutagenicity/clastogenicity
cannot at present be considered a substitute for carcinogenicity
bi oassays and hence negative results in such tests need to be
considered in the light of the total toxicol ogical data base in
allocating priorities. |In general, such negative results would
not justify waiving the requirenent for |ong-term carcino-
genicity studies on food flavouring conpounds, but they nmay be
useful supplenentary information to that di scussed above. Con-
versely, positive results in a suitable battery of short-term
nmut ageni city/clastogenicity tests would indicate a higher
priority for nore detailed testing.

Prior experience of human use will influence the allocation
of priorities, as indicated earlier, and even the linited
evi dence of safety-in-use nmay support judgenents based on the
other «criteria discussed above, to allocate a low priority to
testing or to accept linited toxicological data. Conversely,
observations of human idiosyncratic intolerance and/or allergies
woul d indicate a need for adequate information relating to the
extent and severity of the probl em

Systematic treatnent of the above data (structure/activity
rel ati onshi ps, exposure, and human data) and the application of
reasonable criteria for the adequacy of existing data, could

provide a useful approach in focusing effort on substances that
should receive priority froma scientific point of view O her
criteria that influence the priority that JECFA allocates to
food flavours include requests from or previous eval uation by,
nati onal governnents, the European Economic Community Scientific
Commttee for Foods, the Codex Alimentarius Conmittee on Food
Additives, and the need to re-evaluate previously established
temporary ADIs. Earlier JECFAs have recommended the setting up
of a working group of experts specifically to consider the
allocation of priorities for the testing and eval uati on of food
flavours, and this reconmendation still appears to be appro-
priate. There is an inplicit need for adequate resources to
performthis task and cooperation with other interested groups
to avoid wasteful duplication of effort.

6.2. Substances Consuned in Large Anobunts

The safety assessnent of substances that are consunmed in
relatively |large anounts presents a nunber of special problens.
Such materials include defined chenical substances such as
sorbitol and xylitol (23, 24), nodified food ingredients such as
nodi fi ed starches (23), and foods from novel sources.

The safety assessnment of such substances should differ from
that of other food additives, such as colouring and flavouring
agents, and antioxidants, for the follow ng reasons:

(a) Many will have a high daily intake and, thus, minor
constituents and processing inpurities assune greater-
t han-usual significance

(b) Even though they are often structurally simlar or even
i dentical to natural products used as food and thus nmay
appear to be of low toxicity, nmany nmay require
extensive toxicity testing, because of their high daily
i nt ake.

(c) Sone may be netabolized into norrmal body constituents.
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(d) Sone substances, particularly foods from novel sources,
may replace traditional foods of nutritional inportance
in the diet.

(e) Many are conplex nixtures rather than defined chem cal
subst ances.

(f) The difference between the quantity that can be fed to
animals in feeding tests and the amobunt consuned by
human beings is often relatively small

6.2.1. Chemical conposition, specifications, and inpurities

Thorough chemical analysis should be performed on high-
consunption substances to neasure potential inpurities and to
provide information on nutritional adequacy, especially when
such substances replace traditional food.

It is not possible to provide a checklist of necessary
chemi cal studies to cover all high-consunption conmpounds.
However, the substance should be subjected to a full proximte
anal ysis and particular attention should be paid to the points
di scussed in the foll ow ng paragraphs.

Because the intake of undesirable inpurities concomtant
with the intake of high-consunption materials is potentially
hi gh, special effort should be nade to identify the inpurities.

Information on the production process, including the materials
and procedures involved, will point to the types of contam nants
for which limts may need to be specified. The specifications

shoul d be acconpani ed by details of product variability and of
the analytical nethods used to check the specifications and
details of the sanpling protocols. If the substance is so
conplex that conprehensive product specifications on chem ca
composition are inpracticable (as it might be for a microbial
protein), the description of the substance in the specifications
may include rel evant aspects of its manufacturing process. | f
manuf acturing data are based on production on a pilot scale, the
manuf acturer shoul d denonstrate that, when produced in a | arge-
scal e plant, the substance will neet the specifications estab-
lished on the basis of pilot data.

The permissible limts for inpurities may in sonme cases
correspond to the levels accepted for natural foods that have
simlar structure or function, or that are intended to be
replaced by the new material. |If the substance is prepared by a
bi ol ogi cal process, special attention should be paid to the
possi bl e occurrence of natural toxins (e.g., mycotoxins).

The substance should be anal ysed for the presence of toxic
netals. Depending on the intended use, analysis for netals of
nutritional significance may al so be appropriate.

If the nature of the substance or nmanufacturing process
i ndi cates the possible presence of naturally-occurring or adven-
titious antinutritional factors (phytate, trypsin inhibitors,
etc.), or toxins (haenmagglutinins, mycotoxins, nicotine, etc.),
the product shoul d be anal ysed for them specifically. Bi ol og-
ical tests, either as part of the nutritional evaluation in the
case of enzyne inhibitors or nore specifically as part of a
nycot oxi n screening programme, wll provide useful back-up evi-
dence concerning the presence or absence of these contani nants.

Finally, if under the intended conditions of use the sub-
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stance may be unstable or is likely to interact chenmically with
ot her food components (e.g., degradation or rearrangenent of the
substance during heat processing), data should be provided on

its stability and reactivity. The various tests should be
conducted under conditions relevant to the use of the substance
(e.g., at the acidity and tenperature of the environnent and in

the presence of other conpounds that may react).

6.2.2. Nutritional studies

Wth sone substances, particularly with novel foods, nutri-
tional studies may be necessary to forecast the likely inpact of
their introduction on the nutritional status of consuners. In
addition to affecting the nutritional content of the diet, such
subst ances may i nfluence the bi ol ogi cal availability of
nutrients in the diet. The nutritional consequences of the
i ntroduction of such a substance in the diet can only be judged
in the light of information about its intended use. As nuch
information as possible should therefore be obtained about
potential markets and uses, and the likely nmaxi mum consunption
by particul ar subpopul ati ons shoul d be esti mat ed.

6.2.3. Toxicity studies

When testing high-consunption additives, aninmals should
generally be fed the highest |evels possible consistent wth
palatability and nutritional status. Therefore, before begin-
ning such studies, it is desirable to investigate the palat-
ability of the test diet in the test aninals. |If a palatability
problem is encountered, it may be necessary to increase the
amount of the test substance to the required |evel gradually.
Pai r ed-f eedi ng techniques should be used, if the problem cannot
be overcone. It should always be borne in mind that there are
practical limts to the anmounts of certain foods that can be
added to aninal diets without adversely affecting the aninmal's
nutrition and heal th.

To ensure that the nutritional status of the test animal is
not distorted, the test and control diets should have the sane
nutritive value in terns of both macronutrients (e.g., protein,
fat, carbohydrate, and total calories) and mcronutrients (e.g.
vitami ns and mnerals). Wen feeding substances at high |evels,
it is wusually advisable to fornulate diets from individua
ingredients (rather than adding the test naterial to a standard
| aboratory diet) to provide the same nutrient levels in the
control and test diets. Conprehensive nutrient analyses of the
test and control diets should be perforned to ensure that they
are conparable nutritionally. Sonetinmes nutritional studies are
advi sabl e before toxicological studies are perforned to ensure
that test diets are correctly balanced. Wthout due regard to
nutritional balance, excessive exposure nmay investigate the
toxi col ogi cal end-points of long-termdietary inbalance rather
than the toxic effects of the substance.

The establishment of a precise no-observed-effect level wll
not usually be feasible on account of the relative non-toxicity
of hi gh- consunption additives and the inpracticability of
achieving an adequate safety margin between the no-observed-
effect level in animals and the expected consunption of such
substances by human beings. Therefore, it is particularly
important that the variables for assessing the safety of the
substance, such as body weight, food and water consunption
haemat ol ogi cal parameters, ophthal nol ogy, bl ood chem stry, urine
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anal ysis, faecal analysis, mneral and vitam n excretory |evels,
etc., are chosen carefully to include nonitoring of all its
possi bl e toxic effects.

Met abol i ¢ studies are useful and necessary for assessing the
safety of high-consunption additives. Wth conpl ex m xtures,
studies on the netabolic fate of every constituent would be
i npracticable. However, if contam nants or mnor conponents are
suspected as the cause of toxicity, their metabolism should be
investigated. Consideration should also be given to the effects
that the new constituents nay have on the ability of the host to
withstand other toxic agents, for exanple, effects on the

net abol i sm of xenobi otic conpounds. If the material, or a nmjor
component of it, consists of a new chenical conpound that does
not normally occur in the diet (e.g., a novel carbohydrate),

studies of the netabolic fate of the new conmpound would be
appropri ate.

If biochemical and netabolic studies show that the test
material is conpletely broken down in the food or in the gastro-
intestinal tract to substances that are conmon dietary or body
constituents, then other toxicity studies nay not be necessary.
The results of metabolic studies can stand on their own if it is
shown: that breakdown into these comon constituents occurs
under the conditions of normal consunption of the material, that
the material contributes only a snmall proportion of these comon
constituents in the daily diet, and that side reactions giving
rise to toxic products do not occur

Anal ysis of urine and faeces may provide inportant inform
ation relating to changes in normal excretory functions caused
by the test substance. For exanple, the gut flora nmay be
altered, or preferential loss of a mineral or vitanm n nmay occur
resulting in detrinmental effects on the health of the test
ani mal s. If the substance is incompletely or not degraded by
the digestive enzynes of the stomach or the small intestine,
appreci able concentrations nay be found in the faeces or in the
distal gut conpartnents. As a result, changes in the absorption
of dietary constituents or changes in the conposition and neta-
bolic activity of the intestinal flora may be observed. Because
of speci es-dependent anatomical differences in the digestive
tract and because of considerable differences in the conposition
of the basal diet, such effects may occur only in man but not in
rodents, or vice versa. Therefore, short-term biochenica
studies should be perforned in animals and man (if possible) in
whi ch variables likely to be affected by the test conpound are
examined in detail. It is especially inportant to investigate
questions relating to whether the eventual effects are progres-
sive or transient and whether they occur in subjects exposed to
the conmpound for the first time and/or in subjects adapted to a
daily intake of the substance. Cearly, no standard design for
such studies can be devised. Only a thorough know edge of the
nutritional and biochemcal literature can serve as a guide-
line.

When establishing an ADI, the traditional concept of a 100-
fold safety factor cannot operate when the human consunption
l evel is high and feeding studies do not produce adverse effects
(except for effects arising fromthe physical properties of the
additive, such as its bulk and hydrophilicity), even when the
substance is added to the diet in the naxi num possible propor-
tion, consistent with reasonable nutrition. 1In such cases, new
approaches are indicated, including setting the ADI on the basis
of a snmaller safety factor, which may be permissible when fac-
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tors such as simlarity to traditional foods, netabolisminto
normal body constituents, lack of overt toxicity, etc., are
consi dered. For a conmpound, such as a bul king agent, that may
i nfluence the nutritional bal ance or the digestive physiol ogy by
its nere bulk and which may be absorbed fromthe gut only i ncom
pletely or not at all, it nmay be nore appropriate to express the
dosage level in terns of the percentage inclusion in the diet.
In wusing this approach, a direct conparison between the propor-
tion in the human diet, with a snmall safety factor, can be nmade

If several simlar types of compounds are likely to be consuned,
a group ADI (limting the cunulative intake) should be allo-
cat ed.

The results of human studies, which are discussed in rela-
tion to novel foods in section 6.2.4, may pernit the use of a
| ower safety factor than that obtained from ani nal studies.

Separate toxicological tests should be perforned on toxico-
logically suspect inmpurities or mnor conponents present in the
test material. |If any observed toxicity can be attributed to
one of the inpurities or mnor conmponents, its level should be
controll ed by use of specifications and manufacturing controls.

6.2.4. Foods from novel sources

Over the past 25 years, a series of developnments has nade
possible the production of foods from unconventional sources
(e.g., fungal nycelia and yeast cells) and foods produced by
genetic techniques. These foods are intended for consunption
either directly, or after sinple physical nodification to pro-
vide a nore acceptable product. They may be consuned in |large
anmounts, even by infants and children, particularly if they are
permitted for use as protein supplenents in otherw se protein-
deficient diets.

Conpl ete chemcal identification of such materials may not
be feasible, but specifications are necessary to ensure that
| evel s of potentially hazardous contam nants, such as nycotoxins
and heavy nmetals, and other substances of concern, such as
nucl eic acids, are kept to a mninmum Toxicol ogi cal eval uations
must be closely related to well-defined materials, and evalua-
tions may not be valid for all preparations fromthe sane source
material, if different processing nethods are used.

Wen a novel food is intended to replace a significant por-
tion of traditional food in the diet, its likely inpact on the
nutritional status of consumers requires special consideration

The influence of the introduction of the new substance on the
nutrient conposition of the diet as a whole should be identi-
fied, wparticularly with respect to groups such as children, the
el derly, and "captive popul ations", e.g., hospital patients and
school children. 1In order not to adversely affect the nutri-
tional quality of the diet, it may be necessary to fortify the
substance with vitamins, minerals, or other nutrients.

The nutritional value of the novel food should be assessed
initially fromits chem cal conposition with respect to both
macronutrients and mcronutrients, taking into account the

effects of any further processing and storage. The possible
i nfluence of conmponents in the novel food, such as antinutri-
tional factors (e.g., inhibitors of enzyne activity or minera

nmetabolism, on the nutritional value or keeping quality of the
remai nder of the diet should also be established.
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Dependi ng on the nature and intended uses of the novel food,
studies in animals rmay be needed to supplenent the chem ca

st udi es. If the novel food is intended to be an alternative
significant supply of protein, tests onits protein quality wll
be necessary. |In vivo studies will also be needed when it is

appropriate to determine (a) the availability of vitam ns and
mnerals in the novel food in conparison with the food it would
replace; and (b) any interaction the novel food m ght have with
other itens of the diet that would reduce the whole diet's
nutritional value. |If the novel food is expected to play an
inmportant role in the diet, it nay be necessary to verify that
the results of animal studies can be extrapolated to hunman
beings by neasuring the availability of nutrients to human
subj ect s.

In nost cases, novel foods constitute a | arge percentage of
the daily diet in animl studies because they are of a non-toxic
nat ur e. Therefore, the considerations discussed in section
6.2.3 apply to the toxicological testing and eval uati on of foods
fromnovel sources. The sixteenth and seventeenth neetings of
the FAQ WHO UNI CEF Protein Advisory Goup (PAG and the United
Ki ngdom Departnent of Health and Social Security (DHSS) have
devel oped guidelines on the developnent and testing of foods
from novel sources, which should be consulted for a detailed
di scussion (85 - 87).

Wth certain classes of substances, such as foods that are
nodi fied by reconbi nant DNA or hybridi zation techni ques to pro-
duce what effectively are new cultivars or nodified traditiona
foods, the use of the AD is not appropriate. However, wth
many foods produced from novel sources, the use of the AD is
appropriate, because these foods bear little relationship to
foods that have been consuned traditionally. The allocation of
an ADlI is useful to permt the establishment of specifications
to ensure mcrobiological purity and to control chem cal contam
i nants.

After the appropriate aninmal tests have been perforned and a
tentative ADI has been established, human volunteer studies to

test for specific human effects should be undertaken. The first

human study should involve the feeding of a single neal con-

taining the novel food at a known dose | evel to one volunteer at

a time. |If no harnful effects are observed with several vol un-

teers, studies involving the feeding of the novel food for a
short period (initially about four weeks with foll ow up studies
of longer duration) should be perfornmed. Different diets incor-

porating different |levels of the novel food should be related to
the anticipated | evels of human exposure. The closest attention
shoul d be paid to matching groups with respect to age, height,

wei ght, sex, al cohol intake, and snoking habits. In addition to
having normal control groups, it my be wuseful to organize
studies in which the test groups are fed diets incorporating and
not incorporating the novel food in sequential periods, so that

each volunteer acts as his own control; blind crossover trials
are the nost satisfactory. Once it has been determ ned that the
novel food is tolerated well by volunteers at fixed dietary
levels, it may be useful to feed it ad libitum for a short
period of tine, in order to assess its acceptability.

If the novel food is intended for use by a certain conmunity
or section of the community (e.g., anbng a particular ethnic
group or by diabetic patients), at |least one study should be
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conducted in the group of people for whomthe food is intended.

It may be necessary to conduct allergenicity studies on the
novel food because of its conposition (e.g., if it is highly
pr ot ei naceous) or because the results of aninmal or human feeding
studi es suggest that the food might produce hypersensitivity in
sonme people. Inportant information can be gai ned by nonitoring
the health of workers conming into contact with the novel food,
such as laboratory staff and enployees in the nmanufacturing
plant. In order to detect possible allergenicity of the nove
food in the general population, it will generally be essential
to nonitor a | arge nunber of people.

Large-scale acceptability and marketing trials should be
undertaken only after the novel food' s safety has been denon-
strated by the studies indicated above. It may be nost usefu
to restrict the trial to a defined geographical area. The |oca
nedi cal services responsible for the area in which the substance
is tested should be alerted so that they may take it into
account when eval uating any unusual disease patterns that may
appear during or after the test period. Because large nunbers
of people will be involved in the trials, it nay be possible to
obtain information about rare food intolerance (e.g., allergic
reactions) that may not have been observed in earlier hunan
studies. The extent to which health nmonitoring should be per-
formed will depend on the nature of the substance and the
results of previous toxicological investigations.
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ANNEX | . GLOSSARY

.1 Abbreviations Used in this Docunent

ADI : Acceptable Daily Intake (see definition)

CCFA: Codex Committee on Food Additives (see definition of

Codex Alinentarius Comm ssion)

COrT: Conmittee on Toxicity (United Kingdon

CsSm Conmittee on Safety of Medicines (United Kingdom

EEC. Eur opean Econoni ¢ Comunity

EPA: Envi ronnmental Protection Agency (USA)

FAOC Food and Agriculture O ganization of the United Nations

FDA: Food and Drug Administration (USA)

FSC. Food Safety Council, Washington, DC, USA

GEME: A obal Environnmental Monitoring System

GLP: Good Laboratory Practice

| ARC: I nternati onal Agency for Research on Cancer

| PCS I nternational Programme on Chenical Safety

JECFA: Joint FAQ WHO Expert Conmittee on Food Additives (see

def i ni ti on)
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LDsg Let hal Dose, nedi an

MAFF: M nistry of Agriculture, Forestry and Fisheries (Japan)
VHW Mnistry of Health and Wl fare (Japan)

MTD: Maxi mum Tol er at ed Dose (see definition)

CECD: Organi sation for Econom ¢ Cooperation and Devel opnent

PMIDI : Provi si onal Maxi mum Tol erable Daily Intake (see definition)
PSPS: Pestici des Safety Precautions Schene (United Ki ngdom

PTW : Provi si onal Tol erabl e Wekly Intake (see definition)

SCOPE: Scientific Commttee on Problens of the Environnent of

the International Council of Scientific Unions
UNI CEF: United Nations Childrens' Fund

VWHO. Worl d Health Organization

|.2 Definitions of Terns Used in this Docunent

Acceptable daily intake: An estimate by JECFA of the anount of
a food additive, expressed on a body weight basis, that can be
ingested daily over a lifetime wi thout appreciable health risk
(standard man = 60 kgQ).

Acceptable daily intake not allocated: See no AD all ocat ed.

Acceptabl e daily intake not specified: A termapplicable to a
food substance of very low toxicity which, on the basis of the
avail abl e data (chenmical, biochemncal, toxi col ogical, and
other), the total dietary intake of the substance arising from
its wuse at the levels necessary to achieve the desired effect
and from its acceptable background in food does not, in the
opinion of JECFA, represent a hazard to health. For that
reason, and for reasons stated in individual evaluations, the
establishnent of an acceptable daily intake expressed in
nunerical formis not deened necessary. An additive neeting
this criterion must be wused wthin the bounds of good
manuf acturing practice, i.e., it should be technologically
ef fi cacious and should be used at the | owest |evel necessary to
achieve this effect, it should not conceal inferior food quality
or adulteration, and it should not <create a nutritiona

i mbal ance.

Codex Alinentarius Comr ssion: The Conmi ssion was formed in
1962 to inplenent the Joint FAQ WHO Food Standards Progranme.
The Conmmi ssion is an intergovernnental body nmade up of nore than
120 Menber Nations, the del egates of whomrepresent their own
countries. The Conmi ssion's work of harnoni zi ng food standards
is carried out through various conmttees, one of which is the
Codex Committee on Food Additives (CCFA). JECFA serves as the
advisory body to the Codex Alinentarius Conmission on all
scientific matters concerning food additives.

Concept us: Al products of conception derived from and
including the fertilized ovum at any time during pregnancy,
including the enbryo or fetus and enbryoni c nenbranes.
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Devel opnental toxicity: Any adverse effects induced prior to
att ai nnent of adult life, including effects induced or
mani fested in the enbryonic or fetal period and those induced or
mani f ested postnatally (before sexual maturity).

Effect: A biological change in an organi sm organ, or tissue.

Elimnation (in netabolisn): The expelling of a substance or
other material from the body (or a defined part thereof),
usually by a process of extrusion or exclusion, but sonetines
t hrough netabolic transformation.

Enbryo/fetotoxicity: Any toxic effect on the conceptus resul -
ting from prenatal exposure, including structural or functiona
abnormalities or postnatal manifestation of such effects.

Enbryonic period: The period from conception to the end of
maj or organogenesis. GCenerally, the organ systens are identi-
fiable at the end of this period.

Ent erohepatic circulation: Intestinal reabsorption of materi al
that has been excreted through the bile followed by transfer
back to the liver, mmking it available for biliary excretion
agai n.

Fetal period: The period fromthe end of enbryogenesis to the
conpl eti on of pregnancy.

Food allergy: A form of food intolerance in which there is
evi dence of an abnormal imrunol ogical reaction to the food.
"Inmediate allergic reactions" are those which occur within
mnutes to hours after ingestion of the offending food, while
reactions beginning several hours to days after food exposure
are characterized as "del ayed allergic reactions"

Food intol erance: A reproducible, unpleasant reaction to a food
or food ingredient, including reactions due to inmmunol ogica
effects, biochemical factors such as enzyne deficiencies, and
anaphyl actoi d reactions that often include histam ne rel ease.

Group acceptable daily intake: An acceptable daily intake
established for a group of conpounds that display simlar toxic
effects, thus limting their cumul ative intake.

Irreducible level (of a food contamnant): That concentration
of a substance which cannot be elimnated froma food w thout
involving the discarding of that food altogether, severely
conprom sing the ultimate availability of major food supplies.

JECFA: JECFA is a technical committee of specialists acting in
their individual capacities. Each JECFA is a separately-
constituted committee, and when either the term"JECFA" or "the
Commttee" s used, it is meant to inply the comon policy or
conbi ned output of the separate neetings over the years.

Long-termtoxicity study: A study in which aninals are observed
during the whole life span (or the major part of the life span)
and in which exposure to the test material takes place over the
whol e observation tine or a substantial part thereof. The term
chronic toxicity study is used sonetinmes as a synonym for "l ong-
termtoxicity study".

Maxi mumtol erated dose: A termin comon use in carcinogenicity
testing meaning a dose that does not shorten |ife expectancy nor
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produce signs of toxicity other than those due to cancer
(operationally, the MID has been set as the maxi mum dose |evel
at which a substance induces a decrenent in weight gain of no
greater than 10%in a subchronic toxicity test).

No ADI allocated: Terminology used by JECFA in situations where
an ADI is not established for a substance under consideration
because (a) insufficient safety information is available; (b) no
information is available on its food use; or (c) specifications
for identity and purity have not been devel oped.

No- observed-effect |level: The greatest concentration or anmount
of an agent, found by study or observation, that causes no det-
ectable, wusually adverse, alteration of norphol ogy, functiona
capacity, growh, developnent, or lifespan of the target.

Novel food: A food or food ingredient produced from raw
materials not normally used for human consunption or food that
is severely nodified by the introduction of new processes not
previously used in the production of food.

Processing aid: A substance added to food during processing,
but subsequently renoved. Traces of a processing aid may renain
with the food.

Provisional nmaximumtolerable daily intake: The end-point used
by JECFA for contaminants wth no cunulative properties. |Its
val ue represents perm ssible human exposure as a result of the
natural occurrence of the substance in food and in drinking

wat er . In the case of trace elements that are both essential
nutrients and unavoidable constituents of food, a range is
expressed, the | ower val ue representing t he | evel of

essentiality and the upper val ue the PMIDI.

Provisional tolerable weekly intake: The end-point used by
JECFA for food contam nants such as heavy nmetals with cunul ative
properties. Its value represents pernissible human weekly
exposure to those contam nants unavoi dably associated with the
consunption of otherw se whol esone and nutritious foods.

Reproductive effects: To test for the effects of exposure to

low levels of chem cals exceeding the life span of one gener-

ation, tests have been devel oped covering several reproductive
cycles. In the three-generation test, the aninals are exposed
through three conplete reproductive cycles (starting with the FO
generation at weaning). These tests, which include exposure in

utero and through the mlk, have been used in particular for
assessing toxic effects related to reproduction.

Safety factor: A factor applied by JECFA to the no-observed-
effect level to derive an acceptable daily intake (the no-
observed-effect level is divided by the safety factor to
calculate the ADI). The value of the safety factor depends on
the nature of the toxic effect, the size and type of popul ation
to be protected, and the quality of the toxicol ogica
i nformation avail abl e.

Short-term toxicity study: An animal study (sonetines called a
subacut e or subchronic study) in which the effects produced by
the test naterial, when admnistered in repeated doses (or
continuously in food or drinking-water) over a period of about
90 days, are studied.

Tenporary acceptable daily intake: Used by JECFA when data are
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sufficient to conclude that use of the substance is safe over
the relatively short period of time required to generate and
eval uate further safety data, but are insufficient to conclude
that wuse of the substance is safe over a lifetine. A higher-
than-normal safety factor is used when establishing a tenporary
ADI and an expiration date is established by which tine
appropriate data to resolve the safety issue should be submitted
to JECFA.

Ter at ogen: An agent which, when administered prenatally,
i nduces permanent abnormalities in structure.

Teratogenicity: The property (or potential) to produce struc-
tural mal formations or defects in an enmbryo or fetus.

Transpl acental carcinogenesis: The appearance of neoplasia in
the progeny of fenales exposed to chemcal agents during
pr egnancy.

ANNEX 11.  STATI STI CAL ASPECTS OF TOXICI TY STUDI ES
1.1 Summary

Statistical design and analysis should aimat elimninating
sources of potential bias and mnimzing the role of chance.
The application of these principles in the experinmental design
and conduct of toxicological studies is discussed under 10
headi ngs: choice of species, dose |levels, nunmber of animals,
duration of the study, accuracy of determinations, stratifica-
tion, random zation, adequacy of control groups, aninal place-
nment, and data recording. A nunber of general considerations to
be borne in m nd when conducting statistical anal yses are also
di scussed: experinmental and observational units, types of res-
ponse variable, types of between-group conparisons, stratifica-
tion, age adjustment, multiple observations per aninal, hypo-
thesis testing and probability values, and nultiple conparisons.
Finally, sonme recommended nethods of statistical analysis are
summari zed.

I1.2 Introduction

These guidelines are intended primarily to provide the
experinmental scientist without statistical qualifications with
some insight into statistical aspects of toxicological studies.
Consi derations relating to the design and conduct of studies and
to the analysis and interpretation of results are discussed,
enphasi zing the principles involved rather than the mat henatica
detail s. Wiile the experinmentalist should have sufficient
information to deal with many standard situations, the need for
the advice of an expert statistician, when dealing with toxico-
| ogi cal data, cannot be overenphasized. Scientific journals
frequently contain papers describing studies in which the con-
clusions of the author(s) cannot be supported because of defi-
ciencies in statistical nethodology, which could have been
avoi ded had the advice of a qualified statistician been avail-
able to the researcher.

1.3 Sources of Difference Between Treated and Control G oups
An objective of many toxicity studies is to deternine

whet her a treatnment elicits a response. However, the observa-
tion of a difference in response between a treated and a contro
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group does not necessarily nmean that the difference is a result
of the treatnment. There are two other potential causes of dif-
ference, bias and chance.

Bias inplies systematic differences other than treatnent
bet ween the groups, in other words, failure to conpare like with
like. Properly conducted studies analysed appropriately can
el im nate bias.

Chance factors cannot be wholly excluded, because identi-
cally-treated aninmals will not all respond identically, however
carefully the study is conducted. Wile it is inpossible to be

absolutely certain that even very extrene differences in res-
ponse are not due to chance, appropriate statistical analysis
will allow the experinmentalist to assess the probability of a
"false positive", that is, the probability of the observed
di fference having occurred had there been no effect of treatnent
at all. The smaller the probability, the greater the confidence
of having found a real effect. To inprove the likelihood of
detecting a true effect with confidence, it is necessary to try
to minimze the role of chance by seeking to ensure that the
"signal" can be recogni zed above the "noise"

1.4 Experimental Design and Conduct

Ten aspects of the experinental design and conduct of toxi-
city studies are considered below, the first six being involved
primarily with minimzing the role of chance and the |last four
being particularly relevant to the avoidance of bias. For con-
veni ence, the principles are illustrated with reference to a
| ong-term carci nogenicity study.

I1.4.1 Choice of species

While maximzing the "signal” neans avoiding a species in
whi ch the response of interest is very rare, the use of an over-
responsi ve speci es al so has problens. Thus, to achieve the sane
| evel of statistical significance in conparing a treated group
with a 5% response and a control group with a 0%response
requires only one tenth as nmany aninmals as when the responses
are 55 and 50% respectively. Furthernmore, it is not «certain
that an increased incidence of a lesion that is a conmon spon-
taneous finding in the aninmal species used (such as pituitary
tumours in Wstar rats) provides biological evidence of an
effect that can be extrapolated to other species. Oher con-
siderations related to the choice of species, whether they be
practical (short life span, small size, availability, existence
of detailed know edge of the species) or nore theoretical (bio-
chem cal, physiological, or anatomical sinlarity to man), do
not really pose statistical problens.

I1.4.2 Dose |evels

Dose selection is an inportant and controversial element in
the devel opnent of a protocol for a toxicity bioassay. On bio-
| ogi cal grounds, it would be ideal to test only at dose Ilevels
conparable wth those to which human beings are exposed. On
statistical and economc grounds, this is not wusually practic-
abl e because the effect will be too small to detect w thout very
| arge nunbers of animals. To avoid the possibility of mssing
an effect that would occur in a small proportion of millions of
exposed human beings in a study on hundreds or even thousands of
animals, it is nornally appropriate to test animals at dose
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| evel s many tines higher than the maxi num human exposure | evel

Then, assuming any effect that exists is dose-related, the dem
onstration of a non-significant increase in response at a high
dose |l evel, though not providing evidence of absolute safety (an

i mpossi bl e goal), can give reasonable grounds for believing that
any effects that mght occur at a very nuch |ower dose |eve
woul d be, at nost, very slight.

A particular problemwith this procedure is to decide how
high the dose level should be. 1In long-term carcinogenicity
studies, the dose should clearly be one that is not so great
that the animals die from toxic effects before they have a
chance to get cancer. On the basis of these principles, the
International Agency for Research on Cancer (1) has recommended
that the high dose should be one expected on the basis of an
adequate short-term study to produce sone toxicity when adnin-
istered for the duration of the study, but should not induce:
(a) overt toxicity, i.e., appreciable death of cells or organ
di sfunction, as determ ned by appropriate methods; (b) toxic
mani festations that are predicted materially to reduce the life
span of the animals, except as a result of the devel opnent of
neopl asns; or (c) 10%or greater retardation of body-weight gain
conpared with that in control aninals.

I f the substance seens conpletely non-toxic, the high dose
may represent about 5% of the diet, or even nore for substances
such as sone nutritive food ingredients.

It is inportant to have nore than one dose level for a
nunber of reasons. One is to conpensate for the possibility
that a m sjudgnment has occurred and that the highest dose nmay
prove to be toxic. A second is that the netabolic pathways may
differ at the various dose levels. A third reason is that the
whol e point of the study may be to obtain dose-response inform
ation. Finally, it may be necessary to ensure that an effect
does not occur at dose levels in the range to be used by nan

I1.4.3 Nunber of animals

The nunber of animals to be used is clearly an inportant
determi nant of the precision of the findings. The cal cul ation
of the appropriate nunber depends on

(a) The critical difference, i.e., the size of the effect
to be detected,;

(b) the false positive rate, i.e., the probability of an
effect being detected when none exists (known as the
"type | error" or the " alpha level"); and

(c) the false negative rate, i.e., the probability of no
effect being detected when one of exactly the critica
size exists (known as the "type Il error” or the " B
| evel ).

A reduction in any of these factors neans an increase in the
nunber of aninmals required.

The nmethod of cal cul ati on of the nunber depends on the exp-
erinmental design and the type of statistical analysis envisaged.
Tables are available for a nunmber of standard situations. To
give an idea how the nunbers depend on the «critical difference

and on the alpha and B levels, Tables 1 and 2 give exanples of two
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common situations, both of which are related to a study in which
there is a control and a treated group. The first is related to
a continuous variable assunmed to be normally distributed, wth
the critical difference expressed in terms of the nunber of

standard deviations () by which the treated group differs from

the control group. Thus, given a control response known from
past experience to have a nmean value of 50 units with a standard
deviation of 20 units, two groups of 36 aninmals each would be
needed to have a 90% chance (B = 0.10) of detecting a differ-

ence in response of 10 wunits (delta = 10/20 = 0.5) at the 95%
confidence | evel (alpha = 0.05).

In the second situation, two proportions are conpared. Here
the nunbers of animals depend not only on the ratio of propor-
tions, but also on the assuned proportion in the controls. Thus,
when the control response is expected to be 10% the nunbers of
animals required in each group to detect an increased response
by a factor of 1.5 (r) is 920, assumi ng again an al pha | evel of
0.05 and a B level of 0.1, whereas if the control response is
expected to be 50% the nunbers required would be 79 per group

For nore conplex situations, the advice of a professiona
statistician should be sought, though a general rule is that to
increase precision (i.e., decrease the size of the critica
difference) by a factor n, the nunber of animals required will
have to be increased by a factor of approximately n squared.
Table 1. Nunmber of aninmals required in each of a control and treated
group in order to have a probability (1 - B) of picking up a difference
of delta standard deviations as significant at the 100 (1 - al pha) percent
confidence level for a normally distributed variable

Singl e-side test 2 al pha = 0. 005 al pha = 0.025 al pha = 0.05

Doubl e-sided test # alpha = 0.01 al pha = 0.05 alpha = 0.1

R = 0.01 0.1 0.5 0.01 0.1 0.5 0.01 0.1 0.5

delta = 0.5 100 63 30 76 44 18 65 36 13
0.75 47 30 16 35 21 9 30 17 7
1.0 28 19 10 21 13 6 18 11 5
1.5 15 11 7 11 7 9 6
2.0 10 8 5 7 5 6

& See section I1.5.7 for definitions of single-sided and double-sided

tests.

Table 2. Nunber of aninmals required in each of a control and treated
group in order to have a probability (1 - B) of picking up a

proportional increase by a factor r as significant at the 100 (1 - al pha)
percent confidence level for a binomally distributed variable

Singl e-side test 2 al pha = 0. 005 al pha = 0.025 al pha = 0.05

Doubl e-sided test 2 alpha = 0.01 al pha = 0.05 alpha = 0.1

R = 0.01 0.1 0.5 0.01 0.1 0.5 0.01 0.1 0.5

Control level = 10%

r = 1.25 7679 4754 2120 5871 3358 1228 5039 2737 865
1.5 2103 1302 581 1608 920 337 1380 750 237
2.0 613 380 170 469 268 98 403 219 69

Control |evel = 20%

r = 1.25 3353 2076 926 2563 1466 536 2200 1195 378
1.5 902 558 249 689 395 145 592 322 102
2.0 253 157 70 193 111 41 166 90 29
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Control |evel = 50%

r = 1.25 757 469 209 579 331 122 497 270 86
1.5 181 112 50 138 79 29 119 65 21
2.0 37 23 10 28 16 6 24 13 5
& See section I11.5.7 for definitions of single-sided and double-sided

tests.

When a nunber of treatnents are to be tested in a study,
each to be conpared with a single untreated control group, it is
advisable that nore aninmals be included in the control group
than in each of the treated groups, because the precision of the
control group results is relatively nore inportant. When al |
groups are of equal interest, it is appropriate to have approx-
imately the square root of k times as many animals in the con-
trol group as in each of the k treated groups.

One point frequently misunderstood by the experinental
scientist is related to the nunber of aninals required in
studies in which nore than one treatnment is investigated in a
crossed design. |If, for exanple, conpounds A and B are being
conpared, and each is dissolved in tw different solvents, in a
2 x 2 design with 4 groups, calculations of sanple size to gain
an overall verdict on the difference between the two conpounds
should generally be based on the overall nunbers of aninals
treated wth each conpound for both solvents conbined, unless
there is reason to expect compound-solvent interaction, i.e.
that the conpound A/ conpound B difference depends on which
solvent is wused. Conversely, if it has been decided that 2
groups of 100 aninals each are sufficient for attaining a given
| evel of precision concerning the differences in effects of a
treat nent, additional information and another factor (or
factors) of interest can be obtained without requiring any
addi tional aninals.

I1.4.4 Duration of the study

The duration of the study can also markedly affect the
sensitivity of tests. This is particularly so in long-term
carcinogenicity studies in which the great majority of cancers
are seen inthe latter half of an animal's lifetine. Thus,
while studies should not be termnated too early, it is also
inmportant that they do not go on too long. This is because the
| ast few weeks or nonths may produce relatively little data at a
di sproportionate cost, and di seases of extreme old age nmay be of
little interest in thenselves but may render it nore difficult
to detect tunours and other conditions that are of interest.
VWere the study is of the prevalence of an age-related non-
| ethal condition observable only at death that ultimately occurs
in all or nearly all of the aninmals, early termination is
required. In this situation the greatest sensitivity is
obt ai ned when the average preval ence i s about 50%

I1.4.5 Accuracy of determinations

Accuracy of observations is clearly inportant in mnimzing

error. The advent of good |aboratory practice and quality
control units has done nmuch to inprove the quality of recording
observations, but the quality of the study still depends on

interested and diligent personnel

I1.4.6 Stratification
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To detect a treatnent difference with accuracy, the groups
bei ng conpared shoul d be as honpbgeneous as possible with respect
to other known causes of the response of interest. Consi der
for exanple, a set of animals thought to be honbgenous (but
which, in fact, consist of two genetically different substrains)
in which the foll owi ng neasurenents of body wei ght were obtained
in groups of 10 treated and 10 control animals, the underlined
readings relating to the first of the two substrains:

Control : 181 192 217 290 321 292 307 347 276 256

Treated: 222 249 232 284 270 215 265 378 328 391

If the substrain is ignored, the variability of the data
increases so that nore controls are required to detect a
treatnment effect and, if unequal nunmbers of each substrain are
present in each group, nmay bias the conparison. |In the exanple
given the neans are as follows:

Substrain 1 Substrain 2 Tot a
Contr ol 196. 7 298. 4 267.9
Tr eat ed 248. 1 365. 7 283. 4
Di fference 51.5 67.2 15.5

Al'though in each substrain the treatnent results in an increase
in body weight of over 50 units, the greater nunber of the
| ower-weight strain in the treated groups neans that the
di fference observed is much | ess.

There are two ways to take account of the substrain differ-
ence and to achieve a nore precise answer. One is to use sub-
strain as a "stratifying variable" at the analysis stage. This
i nvol ves carrying out separate analyses at each level of the
variabl e considered and conbining the results for an overal
conclusion about the treatnent effect. However, it does not
preclude the possibility that the proportions of each substrain
in each group are so different that the data provide substan-
tially less conparative information than night otherw se be
achieved. In the extrene case, if all control animals were of
substrain 1 and all treated animals were of substrain 2, the
study woul d be worthless to determ ne whether differences were
due to treatnment or substrain. To obviate this possibility,

substrain can be used as a "blocking factor"” in the design. In
this case, animals in each substrain are allocated equally to
control and treated groups. Although this renoves bias, it is
still necessary to treat strain as a stratifying variable in

statistical analysis to increase precision.

Wen nore than one known factor affects the response, al
can be taken into account sinultaneously. Both at the design
stage, or retrospectively in the analysis, the results are
treated at each conbination of levels of the factors. Thus, to
bl ock for substrain, sex, and roomwhere 3 experinental roons
were needed to house the animals, 12 nini-studies, one for each
of the 2 (substrains) X 2 (sexes) x 3 (roons) conbinations
woul d be set up.

I1.4.7 Random zation

Random al | ocati on, or random zation, of animals in treatnent
groups is an essential of good experinental design. If not
carried out, it is not strictly possible to tell whether a
difference between groups is a result of differences in the
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treatnent applied or is due to sonme other relevant factor. A
fundanental on which statistical nethodology is based is that
the probability of a particular response occurring is equal for
each animal, regardless of group. The ability to random ze
easily is a mmjor advantage that animal studies have over
epi dem ol ogi cal studi es.

The process of randomization elinmnates bias, so that
statistical analysis is concerned only wth assessing the
probability of an observed difference happening by chance. The
smal l er the probability, the nore it suggests a true treatnent
ef fect. The procedure used for random zation should genuinely
ensure that all possible assignnents of animals to treatnent
groups are equally probable. Such equal probabilities are best
achieved with pseudorandom numbers, as found in tables or
pr oduced by computer, it being difficult to ensure that
apparently random devi ces such as dice or playing cards really
are random Random zation should never be based on a system of
testing ani mal s haphazardly, as they cone, and assigning themto
successive treatment groups. Not only do human beings find it
virtually inpossible to generate random sequences unai ded, but

it is well knowmn that the first animals selected may differ
markedly from the last, who are nore active and avoid being
caught .

In many experinental situations it is adequate to randomy
allocate all the aninmals to treatnment groups, but, in sone, the
techni que of stratified randomsanpling is preferred. In this
t echni que, the animals are first divided into subgroups
("strata"), according to factors known or believed to be
strongly related to the response, wth random allocation to
treatnent groups then being carried out within each stratum
Sex is normally treated as a stratifying variable. In a large
study in which animals are delivered in batches, batch could
al so be treated in this way, each batch formng a smaller study,
the results fromwhich can be conbined in the analysis.

The above di scussion on randomi zation and stratification has
been concerned primarily with the allocation of animals to
treatment groups. The sane principles apply to anything that
can affect the recorded response. Thus, in a two-group study,
nmeasurenents of some biochemical paraneter should not be nade
for the first group in the norning and for the second group in
the afternoon. Wile the major part of such potential bias can
be averted fairly easily by various sinple procedures, such as
doing alternate neasurenents on treated and control aninals,
random zation is preferable. Al though nany different procedures
throughout a study (feeding, weighing, observation, clinica
chemi stry, and pathol ogi cal exam nations) require consideration
in this way, the same random nunber can usually be applied to
all the procedures. Thus, if the cage position of the animals
is randomy allocated and does not depend on treatnent, the
ani mal s can always be handled in the same cage sequence.

I1.4.8 Adequacy of control groups

The principle of conparing like with like inplies that con-
trol groups should be randonly allocated fromthe sane contro
source as the treatnent groups. Wile historical control data
can be of value in the interpretation of rarer findings in
treated animals, there is so nuch evidence of quite |arge syste-
matic differences in response between apparently identical un-
treated control groups tested at different tines that it is
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often inpossible to be sure whether a difference seen between a
treated group and a historic group is really due to treatnent at
all.

It is also essential to be sure that the treated group
differs from the control group only wth respect to the
treatment of interest. Thus, if atreatnent is appliedin a
solvent, an wuntreated control is not a proper basis for
compari son, as one cannot be sure whether observed differences
are a result of the treatnent or the solvent. 1In this case, the
appropriate control group would be one in which animals are
given only the solvent.

[1.4.9 Aninmal placenent

The general underlying requirenent to avoid systematic dif-
ferences between groups other than their treatnent al so demands
that attention be given to the question of aninmal placenent. |If
all treated animals are placed on the highest racks or are at
one end of the room differences in heating, lighting, or venti-
[ation nmay produce effects that are erroneously attributed to
treat nent. Such systematic di fferences should be avoi ded, and,
in nmany cases, random zation of cage positions is desirable.
This nmay not be possible in sone circunstances, such as wth
studies involving volatile agents where cross-contamn nati on can
occur.

I1.4.10 Data recording

The application of the principle of conparing like with |ike
nmeans the avoi dance of systematic bias in data recording prac-
tices. Two distinctly different types of bias can occur. The
first is a systematic shift in the standard of neasurenent with
time, coupled with a tendency for the tine of nmeasurenents to
vary fromtreatnent to treatnent. The second is that awareness
of the treatnment may affect the val ues recorded by the neasurer
consciously or subconsciously. The second bias is circunvented
by the aninmals' treatnent not being known to the neasurer, i.e.
the readings being carried out "blind". Although not always
practical (that an animal is treated may be obvious from its
appear ance), |aboratories should organize their data recording
practices so that, at |least for subjective neasurenents, the
observations are made "blind"

The problem of avoidance of bias due to differences in tine
of observation is a particularly inmportant one in histopatho-
| ogi cal assessment, especially for the recording of |esions of a
graded severity, and in large studies in which the slides may
take the pathologist nore than a year to read. Wen nore than
one pathologist reads the slides, there should be discussion
between them as to standardi zati on of term nology and data to be
recorded, and each should read a randomor a stratified set of
the slides to avoid bias.

1.5 Statistical Analysis - General Considerations

In the sinplest situation, animals are randomly assigned to
a treated, or a control, group and one observation is nade on
each aninmal, the objective of the statistical analysis being to
determ ne whether the distribution of responses in the treated
group differs fromthat in the control group. Before sunmar-
izing sone of the appropriate techniques for analysis, a nunber
of nore general points underlying the choice of the correct
method and interpretation of the results will be discussed.
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I1.5.1 Experinental and observational units

In the sinple exanple cited above, the animal is both the
"experinental unit" and the "observational unit". This is not

always so. |In the case of feeding studies, the cage, rather
than the animal, is usually the experinental unit in that it is
the cage, rather than the aninmal, that is assigned to the treat-
nment . In the case of histopathol ogy, observations are often
nmade fromnultiple sections per aninmal in which case the section
rather than the animal is the observational unit. For the pur-
pose of determ ning treatnent effects by the nethods described
below, it is inmportant that each experinmental unit provides only

one itemof data for analysis, as the nethods are all based on
the assunption that individual data itenms are statistically
i ndependent. |If nultiple observations per experinental unit are

made, these observations should be conbined in sone suitabl e way
into an overall observation for that experinmental unit before
analysis. Thus, in a study in which 20 animals were assigned to
two treatment groups of 10 aninmals each and in which neasure-
nents of the weight of both kidneys were nmade individually, it
would be wong to carry out an analysis in which the 20 wei ghts
in group 1 were conpared with the 20 weights in group 2, because
the individual kidney weights are not independent observations.
A valid nethod would be to carry out an analysis conparing the
10 average kidney weights in group 1 with the 10 average ki dney
wei ghts in group 2.

I1.5.2 Types of response variabl e

Responses nmeasured in toxicological studies can nornally be
classified as being one of three types:

(a) Presencel/absence: A response either occurs or it does
not .

(b) Ranked: A response may be present in various degrees.
Thus, severity nmay be classed as ninimal, slight,
noder ate, severe, or very severe

(c) Continuous: A response may take any value, at |east
within a given range

Each type of response demands a different sort of statis-
tical technique. While analysis of presence/ absence data, often
referred to as "contingency table analysis", can be applied to
ranked or continuous data by defining val ues above a given cut-
off point as "present", this is not generally recomended,
because it wastes information

Cont i nuous data are wusually analysed by "paranetric”
met hods, which assune that the statistical distribution under-
lying the response variable (or sone transformation of it, e.g.,
its logarithn) has a specific form traditionally the well-known
bel | -shaped Nornmal or Gaussian distribution. Wile such nethods
are best when the distribution assumed is correct, they can give
m sl eadi ng concl usi ons when the assunption is grossly incorrect.
For this reason, when there is doubt about the underlying dist-
ribution, it is often preferable to analyse continuous data by
net hods appropriate for ranked data, since these "non-para-
metric" rmethods make no such underlying assunption and their
concl usi ons are generally nore valid.
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I1.5.3 Types of between-group conparisons

Wiile in the two-group study only one conparison is pos-
sible, this is not the case when nore than two groups are being
conpar ed. Two particularly inportant types of test nmade in the
k (> 2) group situation are the test for heterogeneity and the
test for dose-related trend.

The test for heterogeneity determ nes whether, taken as a
whole, there is significant evidence of departure from the
(null) hypothesis that the groups do not differ in their effect.
It is generally applicable but is not very informative, because
it does not specifically take into account the likely pattern of
response.

The test for dose-related trend is applicable only in
studies in which the groups receive different doses of the same
substance (or have sone other natural ordering). It determ nes
whether there is a tendency for response to rise in relation to
the dose of the test substance. Gaphically, the test for trend

can be seen as determning whether a sloped straight Iline
through the dose (x-axis)/response (y-axis) relationship fits
the data significantly better than a horizontal straight 1ine.

That the trend statistic is signhificantly positive does not
necessarily inply that the treatnent increases response at al
dose levels, though it is a particularly good test if the true

situation is a linear non-threshold nodel. A trend test often
detects a significant true effect when individual comparisons of
treated groups with the control group fail to give signifi-
cance.

Sonetinmes, there is significant departure fromtrend, e.g.
when there is significant heterogeneity but no evidence of
trend. This may arise because a response increases with dose at
| ower dose levels and then reduces at hi gh dose |evels, perhaps
due to conpeting risks. In this situation, it nmay be appro-
priate to test for trend using only the data fromthe contro
and | ower - dose groups.

I1.5.4 Stratification

In the sinplest situation all the aninals in the study
differ systematically only wth respect to the t reat ment
appl i ed. However, often there are a nunber of sets of animals,
each of which differs systematically only in respect to treat-
ment, but where the characteristics of sets differ. The
commonest situation relates to nmale and fenale aninals, but
there are many other possibilities, such as different conditions
under which the response variable is neasured. VWile it is
often useful to | ook within each set of aninmals or "stratuni, as
it is often called, to determine the effects of treatnment in
each situation, it is also useful to determine whether, on the
basis of the data from all the strata, an effect of treatnent
can be seen overall. In sone situations, a relatively snal
nunber of animals in each stratumcan nmake it difficult to pick

up an effect of treatment as significant wthin individua
strata, and a clear result can be seen only when results are
conmbi ned over the strata. The essence of stratification lies in
maki ng conparisons within strata and then accumul ating treatnent
differences over strata. Pooling data over strata and then
maki ng a single conparison can lead to erroneous concl usions.
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To illustrate this, consider a hypothetical study in which, in
one batch of animals, 5/10 controls and 12/30 test aninals
responded, while in a second batch, 6/30 controls and 1/10 test

animals responded. |If batch were ignored, it would be noted
that 11/40 controls conpared with 13/40 test aninmals responded,

leading to the erroneous conclusion that treatment tended to
i ncrease response. An appropriate anal ysis would consi der batch
as a stratifying factor and note that within both batch 1 (50%
versus 40% and batch 2 (20% versus 10% the response in the
control group was higher than that in the test group so that,

conbi ning these two differences, a conclusion would be reached
that treatnment tended to decrease response

I1.5.5 Age adjustnent

For many conditions, such as tunour incidence, frequency
increases markedly with age (and conconmitantly with [|ength of
exposure to the agent), and the overall frequency in a treatnent
group can depend as rmuch on the proportion of animals surviving
along tine as on the actual ability of the treatnent to cause
the condition. To adjust for differential survival, ageis
usually treated as a stratifying variable so that between-group
conparisons are nade of animals at sinmlar ages, results of the
conpari sons being conbined over the different age strata. Age
adjustrment is normally applied to presence/ absence conditions
and, as discussed at length by Peto et al. (2), the correct
net hod depends on the context of observation of the condition
There are three different situations:

(a) Conditions visible in-life: Here conparisons are nade
of the nunber of aninals developing the condition in
the time period as a proportion of those w thout the
condition at the begi nning of the period.

(b) Conditions visible only at death and assumed to cause
death (fatal): Here conparisons are made of the nunber
of animals dying fromthe condition in the tine period
as a proportion of those alive at the beginning of the
peri od.

(c) Conditions visible only at death and assumed not to
cause death (incidental): Here conparisons are nade of
the nunber of animals dying with the condition in the
time period as a proportion of all those dying in the
time period.

I1.5.6 Miltiple observations per ani nal

When nultiple observations are nade on one aninmal there are
a nunber of additional types of statistical analysis, depending

on the experimental situation and the objectives. It is
i mpossible to cover all the possibilities in this summary, but
the following situations are of reasonable frequency:

(a) Association bet ween vari abl es: Here two or nore
different variables are recorded on an aninmal and the
objective is to determine whether the values are
i ndependent or are correl ated.

(b) Variation in association between variables by treat-
ment: For each treatment group an indicator of asso-
ciation between variables is calculated and the statis-
tical problemis to test whether this indicator varies
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significantly by treatnent group

(c) Miltiple observations of the same variable: For body
wei ght and clinical chemstry data it is common to take
nmeasurenments on the sane animals at regular intervals
throughout a Ilong-term study. Whil e between-group
conparisons can be carried out on the basis of data at
any specific point intine, this limts the anount of
information in any one analysis. Statistical tech-
ni ques are also available to conpare groups wth res-
pect to change in response between two points in tine
or, nore generally, with respect to the general pattern
of response over a period of tine.

(d) Wthin-animal conparisons: In nost toxicol ogical stud-
ies, different animals receive the different treatments
and conpari sons are nmade on a between-animal basis. In
sone studies, the sane aninmal receives nore than one
treat nent. In such studies, it is inportant to use
appropriate statistical nethods based on within-animal
compari sons.

I1.5.7 Hypothesis testing and probability val ues

Reports of toxicity studies often include statenents such as
"the rel ationship between treatnment and bl ood gl ucose | evel s was
statistically significant (P = 0.02)". What does this actually
nean? Three points nust be nade.

First, there is a difference in nmeaning between biologica
and statistical significance. It is quite possible to have a
relationship that is unlikely to have happened by chance and
therefore statistically significant but of no bi ol ogica
consequence at all, the animals' well-being being unaffected.
On the other hand an observation may be biologically, but not
statistically, significant, such as when one or two tunours of
an extrenely rare type are seen in treated aninals. Overal |
j udgenent of the evidence nust take into account both biol ogica
and statistical significance.

Second, "P_ = 0.02" does not nean that the probability that
there is no treatment effect is 0.02. The true neaning is that
given the treatnent actually had no effect whatsoever (or to

phrase it nore technically, wunder the null hypothesis) the
probability of observing a difference as great or greater than
that actually seen is 0.02

Third, there are two types of probability (P)-value. A
"one-sided" (or one-tailed) P-value is the probability of
getting, by chance alone, a treatnent effect in a specified
direction as great or greater than that observed. A "two-sided"
(two-tailed) P-value is the probability of obtaining by chance
alone, a treatnent difference in either direction, positive or
negative, as great or greater than that observed. Wenever a P-
value is quoted, it should be nade clear which is being used.
Normally, two-tailed P-values are appropriate. However, when
there is prior reason to expect a treatnent effect 1in one
direction only, a one-tailed P-value is nornally wused. If a
one-tail ed P-value is wused, differences in the opposite
direction to that assuned shoul d be ignored.

Wile a P-value of 0.001 or less can, on its own, provide
very convincing evidence of a true treatnment effect, |ess
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extreme P-values such as P = 0.05 should be viewed as providing
indicative evidence of a possible treatnent effect, to be
rei nforced or supported by other evidence. |If the difference is
simlar to one found in a previous study, or if the response,
based on bi ocheni cal considerations, is expected, a | ess extrene
P-val ue woul d suffice than if the response was unexpected or not
found at other dose |evels.

Sone | aboratories, when presenting results of statistica

anal yses, assign an alnost mmgical relevance to the 95%
confidence level (P > 0.05), sinmply marking results significant
or not significant at this level. This is very poor practice,

because it gives insufficient information and does not enable
the distinction between an wundeniable effect and one that
requires other confirmatory evidence. Wile it is not necessary
to give P-values exactly, it is essential to give some idea of
the degree of confidence. A useful nethod is to use plus signs
to indicate positive differences (and mnus signs to indicate
negative differences), with ++++ nmeaning P < 0.001, +++ neaning
0.001 < P <0.01, ++ neaning 0.01 < P < 0.05, and + neani ng 0.05
< P<0.1 This makes it easier to assinilate findings when
results for many variabl es are presented.

I1.5.8 Miltiple conparisons

Toxi col ogi cal studies frequently involve making treatnent/
control conparisons for large nunbers of variables. |If no true
treatnment effect exists, it is possible that, purely by chance,
one or nore variables will show differences significant at the
95% confidence |evel. For exanple, wth 100 i ndependent
vari abl es, at |east one variable would show significance 99.4%
of the time. Because of this, it has been suggested that the
critical value required to achieve significance should be nade
nore stringent with increasing nunbers of variables studied, so
that, in testing at the 95%confidence level, 19 tinmes out of
20, all the variables in the test show non-significance. Thi s

approach is not recomended, because frequently in toxicologica
studi es a conpound has only one or two real effects and has no

effect on a |l|arge nunber of other variables studied. Such
mul tiple comparison tests would make it much nore difficult to
demonstrate statistical significance for the real effects. 1In

any case, there is sonmething unsatisfactory about a situation in
which the relationship between a treatnent and a particular
response arbitrarily depends on which other response happens to
be investigated at the sane tine. For this reason, no reference
is made below to any such procedures.

1.6 Statistical Analysis - Sone Recommended Met hods

A nunber of recommended net hods of statistical analysis are
listed below. For mathematical details the reader is referred
to Peto et al. (2) and to Breslow & Day (3) for analysis of
presence/ absence data, to Siegel (4) and to Conover (5) for non-
paranetric analysis, and to Johnson & Leone (6) and Bennett &
Franklin (7) for analysis of continuous data. Wen details are
not found in these volunes, specific references are given

I1.6.1 Presence/ absence data

I1.6.1.1 Bet ween- ani mal conpari sons
I ndi vi dual group Fi sher exact test (unstratified data) 2 x 2
compari sons corrected chi-squared test (stratified or
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unstratified data)

Het er ogenei ty 2 x k chi-squared test (stratified or
unstratified data)

Dose-rel at ed Armtage test (stratified or unstratified
trend dat a).

See reference 3 for details of stratified tests and for tests of
constancy of association over strata. See reference 2 for age-
adj usted tests.

[1.6.1.2 Wt hi n-ani mal conpari sons

I ndi vi dual group McNemar test or sign test
compari sons

Het er ogeneity Cochran test
Associ ati on Fi sher exact test
bet ween vari abl es 2 x 2 corrected chi-squared test

I1.6.2 Ranked data

11.6.2.1 Bet ween- ani mal conpari sons

| ndi vi dual group Mann Wi tney U test

conpari sons

Het er ogenei ty Kruskal -Vl I is one-way anal ysis of variance
Dose-rel at ed See reference 8

trend

[1.6.2.2 W t hi n-ani mal conpari sons

I ndi vi dual group W | coxon matched pairs signed-rank test

conpari sons

Het er ogeneity Fri edman two-way anal ysis of variance
Dose-rel ated Page test

trend

Associ ati on Spearman's rank correl ation coefficients

bet ween vari abl es

I1.6.3 Continuous data

Met hods assume nornmality and honbgeneity of variance between
groups.

Bef ore using the methods:
Test for outliers See reference 9
Test for Bartlett test
honogenei ty

of vari ance

Consider transformation of data by |ogarithns and/or square
roots if untransformed data show heterogeneity of variance.

If variance is still heterogeneous after transformation, use
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nmet hods of ranked dat a.
11.6.3.1 Bet ween- ani mal conpari sons

I ndi vi dual group Students t-test
conpari sons

Het er ogeneity One-way anal ysis of variance
Dose-rel at ed Li near regression analysis
trend

11.6.3.2 Wt hi n-ani mal conpari sons

I ndi vi dual group Paired t-test

compari sons

Het erogeneity Two-way anal ysis of variance
Dose-rel ated Li near regression analysis
trend

11.6.3.3 Associ ati on between vari abl es

Variation in Pear son correl ation coefficient
associ ati on Anal ysi s of convari ance

bet ween vari abl es
over groups

Change in Anal ysis of variance to assess difference at
vari abl e second time-point after adjusting for first.
over time
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ANNEX 1'11. GU DELI NES FOR THE EVALUATI ON CF VARI QUS GROUPS OF
FOOD ADDI TI VES AND CONTAM NANTS

These guidelines have been established by JECFA and are
reproduced here for easy reference. They are valid wthin the
context in which they were generated, and are intended to serve
as exanples of guidance by JECFA for evaluating specific
cat egori es of substances.

1. Enzyne Preparations Used in Food Processing (adapted from
1, p. 49; 2)

(a) Toxi col ogi cal eval uation

For the pur pose of toxi col ogi cal evaluation, enzyne
preparations used in food processing can be grouped into 5 major
cl asses:

(i) Enzynmes obtained fromedible tissues of aninals com
monly used as foods. These are regarded as foods and,
consequently, considered acceptable, provided that
satisfactory chenical and m crobiol ogi cal specifica-
tions can be established.

(ii) Enzymes obtained from edible portions of plants.
These are also regarded as foods and, consequently,
consi der ed acceptable, provided that satisfactory
chemical and microbiological specifications can be
est abl i shed.

(iii) Enzymes derived frommcroorganisns that are tradi-
tionally accepted as constituents of foods or are nor-
mal |y used in the preparation of foods. These products
are regarded as foods and, consequently, considered
acceptable, provided that satisfactory chenical and
m cr obi ol ogi cal specifications can be established.

(iv) Enzymes derived from non-pathogenic microorganisns
comonl y found as contam nants of foods. These
materials are not considered as foods. It is neces-
sary to establish chenical and m crobiol ogical speci-
fications and to conduct short-term toxicity studies
to ensure the absence of toxicity. Each preparation
must be evaluated individually and an ADI nust be
est abl i shed.

(v) Enzymes derived from nmcroorgani sns that are | ess well
known. These materials also require chenmical and
m cr obi ol ogi cal specifications and nore extensive

toxi col ogi cal studies, including a long-termstudy in
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a rodent speci es.

Saf ety assessments for enzynes belonging to classes i - iii
will be the sane regardless of whether the enzyme is added
directly to food or is wused in an imobilized form Separate

situations should be considered with respect to the enzynes
described in classes iv and v:

(i) Enzyne preparations added directly to food but not
removed.

(ii) Enzyme preparations added to food but renpved fromthe

final product according to good manufacturing prac-
tice.

(iii) Imobilized enzynme preparations that are in contact
with food only during processing.

For (i) above, an ADI should be established to ensure that
levels of the enzynme product present in food are safe. The
studies indicated in these guidelines are appropriate for
establishing ADIs (the guidelines were originally drafted for
this situation). For (ii), an AD "not specified" nay be
established, provided that a large margin of safety exists
between possible residues and their acceptable intake. For
(iii), it may not be necessary to set an ADI for residues that
could occur in food as a result of using the inmobilized form of
the enzynme. It is acceptable to performthe toxicity studies
relating to the safety of the enzyme on the immbilized enzyne
preparation, provided that information is given on the enzyne
content in the preparation

(b) Specifications for identity and purity

Prior to revising existing specifications and devel opi ng new
specifications for enzyne preparations for food processing, the
foll owi ng data are necessary:

(1) A conprehensive description of the main enzynatic act-
ivity (or activities), including the Enzyne Conm ssion
nunber (s) if any.

(ii) A list of the subsidiary enzymatic activities, whether
they performa useful function or not.

(iii) A clear description of the source.

(iv) A list of non-enzymatic substances derived from the
source material (s), with limts where appropriate.

(v) A list of added co-factors, with linits where appro-
priate.

(vi) A list of carriers and diluents, with linmts where

appropri at e.

(vii) A list of preservatives present from manufacture or
deliberately added, with Iimts where appropriate.

(c) | mobi | i zi ng agents

A nunmber of procedures involving different chem cal sub-
stances are wused for inmobilizing enzynes. These processes
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i nclude mcroencapsulation (e.g., entrapnent in gelatin to form
an imobilized conplex), imobilization by direct addition of

gl ut aral dehyde, imuobilization by entrapnent in porous ceramc
carrier, and conplexation with agents such as DEAE-cel | ul ose or
pol yet hyl eni m ne. Several agents nay be used in the inmobil -

izing process. Substances derived fromthe inmobilizing nat-
erial may be in the final product due to either the physica
breakdown of the inmobilized enzyme systemor to inpurities
contained in the system The anount of data necessary to
establish the safety of the immuobilizing agent depends on its
chemical nature. The levels of residues in the final product
are expected to be extrenely | ow

Sone of the substances used in the preparation of imobil-
izing systens are extrenely toxic. The levels of these sub-
stances or their contam nants permtted in the final product
should be at the lowest Ilevels that are technologically feas-
ible, provided that these |levels are bel ow those of any toxico-
| ogi cal concern. An ADI will not be established.

2. Natural and Synthetic Food Col ours (Adapted from Reference
1, Annex 6, p. 50)

For toxicological evaluation, natural colours should be
considered as falling within three main groups:

(a) A colour isolated in a chemcally unnodified formfrom
a recogni zed foodstuff and used in the foodstuff from
which it is extracted at levels normally found in that
f ood. This product could be accepted in the sane
manner as the food itself wth no requirement for
t oxi col ogi cal dat a.

(b) A colour isolated in a chemcally unnodified formfrom
a recognized foodstuff but used at |evels in excess of
those normally found in that food or wused in foods
other than that from which it is extracted. Thi s
product might require the toxicological data usually
demanded for assessing the toxicity of synthetic
col ours.

(c) A colour isolated from a food source and chemically
nodified during its production or a natural colour
isolated froma non-food source. These products woul d
al so require a toxicological evaluation simlar to that
carried out for a synthetic col our

It is recognized that natural colours may be reproduced by
chemical synthesis but it is noted that "nature-identical"
col ours produced by chemical synthesis nmay contain inpurities
warranting toxicol ogical evaluation simlar to that required for
a synthetically produced food col our

The toxi col ogi cal eval uation of synthetic food col ours woul d
require the follow ng mininum dat a:

(a) Metabolic studies in several species, preferably inclu-
ding man. These should include studies on absorption,
di stribution, biotransformation, and elimnation, and
an attenpt should be nmde to identify the netabolic
products in each of these steps.

(b) Short-term feeding studies in a non-rodent mamal i an
speci es.
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(c) Multi-generation reproduction/teratogenicity studies.

(d) Long-term carcinogenicity/toxicity studies in t wo
speci es.

3. Solvents Used in Food Processing (Adapted from Reference 1
Annex 6, pp. 50-51)

Extraction solvents are used inter alia in the extraction of

fats and oils, defatting fish and other neals, and in decaf-
feinating coffee and tea. They are chosen nmainly for their
ability to dissolve the desired food constituents selectively
and for their volatility, which enables themto separate easily
from the extracted material wth m ninum danage. The points
rai sed by their use relate to:

(a) toxicity of their residues;
(b) toxicity of any inmpurities in them

(c) toxicity of substances such as solvent stabilizers and
impurities that may be left behind after the solvent is
renmoved; and

(d) toxicity of any substances produced as a result of a
reacti on between the solvent and food ingredients.

Before any extraction solvent can be eval uated, information
is required on

(a) identity and amount of inpurities in the solvent
(including those that are forned, acquired, or concen-
trated owing to continuous reuse of the solvent);

(b) identity and anmount of stabilizers and other additives;
and

(c) toxicity of residues of solvents, additives, and
impurities.

Impurities are particularly inportant because there are w de
differences in the purities of food grade and industrial grade
sol vents. The food use of extraction solvents is frequently
much less than the industrial wuse, and hence their food-grade

requirenents may receive insufficient consideration, both in
food wuse and in toxicological testing. Furthernore, the inpur-
ities or stabilizers may not have the sane volatility as the
solvent itself, and as a result, these may be left behind in the
food after the solvent is renoved. Finally, the possibility of
any solvent, inmpurity, stabilizer, or additive reacting with
food ingredients should be checked.

When biol ogi cal and toxicol ogi cal data rai se doubts about a
substance's safety, two approaches are possible: (a) to set an
ADI for the substance or (b) to discourage its wuse altogether
Even when data indicate a wide nmargin of safety for a substance
or when there is a paucity of toxicological data on the sub-
stance, but no problens concerning the inpurities, residues, and
any chemical reaction with food ingredients, it would be appro-
priate to limt the use of the substance to the m ni nrum possi bl e
| evel .
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When the data on a substance indicate the presence of cer-
tain inpurities in the tested material, considerable problens
arise inits evaluation. This is especially true if industrial-
grade rather than food-grade material has been wused in the
toxi col ogi cal study. For example, when eval uating the solvents
1,1,1-trichl oroet hane, trichl oroet hyl ene, and tetrachl oro-
ethylene, it was noted that the toxicological data indicated the
presence of certain known toxic and carcinogenic substances.
The interpretation of these data becanme extrenely difficult
because industrial-grade material had been used in the studies.
Only food-grade material should be used in toxicological studies
and the inpurities in the material should be fully identified.

Carrier solvents raise somewhat different issues. They are
used for dissolving and dispersing nutrients, flavours, anti-
oxi dants, enulsifiers, and a wide variety of other food ingred-
ients and additives. Wth the exception of carrier solvents for
flavours, they tend to occur at higher Ilevels in food than
extraction solvents, muinly because frequently no attenpt is
made to rempove them and because some of themare relatively
nonvol atil e. Since carrier solvents are intentional additives
and are often not renmoved fromthe processed food, it is inpor-
tant to evaluate their safety together with the safety of any
additives or stabilizers in them

4. Residues Arising fromUse of Xenobiotic Anabolic Agents in
Animal Feed (Adapted from Reference 1, p. 13 and reference
3, p. 15)

Many studi es have established the inportance and efficacy of
anabolic agents for meat production. Two categories of com
pounds are used - namely:

(a) hornones t hat are identical to those occurring
naturally in food-producing aninmals and hunman bei ngs,
including the esters of these hornones; and

(b) xenobiotic conmpounds, such as derivatives of hornones,
synthetic conmpounds with hornonal activity, natural -
product hornonally active agents that are not identica
wi t h human endogenous hornmones, and derivatives of such
compounds.

The toxicol ogical evaluation of residues of anabolic agents
that are present in hunan food obtained fromaninmals treated
with these agents nust take into account whether the residue is
identical to a human endocrine hornone. |In the latter case, the
possi bl e endocrinol ogi cal effects and carcinogenic potential of
the residue nust be cl osely exam ned.

Chemically nodified hornones, hornonally active agents from
plants, and synthetic anabolic agents present the follow ng
speci fic problens:

(a) extrene potency and consequently the need to ensure
m ni mal residues;

(b) potential tunorigenic activity; and
(c) the presence of their netabolites in animal products
that mght be of endocrinological or toxicologica

consequence.

The evaluation for acceptance of the use of xenobiotic

Page 107 of 125



Food additives and contaminants in food, principles for the safety assessment of (EHC 70, 1987)

anabolic agents in animal food production resenbles in nmany
respects the eval uation of pesticides, since the two essential
el ements required are:

(a) adequate, relevant toxicological data, and

(b) conprehensive data about the kinds and Ilevels of
residues when the substances are wused in accordance
with good animal husbandry practice, which requires
evidence as to the efficacy of the anabolic agent, the
anmbunts used to produce the effect, the residue |levels
based on field trials, and informati on about methods of
analysis of residue levels that could be used for
control or nonitoring purposes.

5. Metals in Food (Adapted from Reference 1, pp. 14-15)

Toxi col ogical evaluation of netals in foods calls for
careful ly bal anced consi deration of the follow ng factors:

(a) nutritional requirenents, including nutritional inter-
actions with other constituents of food (including
other netals when the interactions are nutritionally or
toxicologically relevant) in respect of, for instance,
absorption, storage in the body, and elimnation;

(b) the results of epidem ol ogi cal surveys and formal toxi-
cological studies, including interactions wth other
constituents of food (including other netals when the

interactions are nutritionally or toxicologically rele-
vant), information about pharnaceutical and other nedi-
cinal uses, and clinical observations on acute and
chronic toxicity in human experience and veterinary
practi ce;

(c) total intake on an appropriate tine basis (e.g., daily,
weekly, vyearly or lifetine) from all sources (food
water, air) of netals as normal constituents of the
environnment, as environnental contam nants, and as food
additives of an adventitious or deliberate nature.

The tentative tolerable daily intakes proposed for certain
netal s by the Committee provide a guideline for maxi num
tolerable exposure. |In the case of essential elenents, these
| evel s exceed the normal daily requirenments, but this should not
be construed as an indication of any change in the reconmended

daily requirenents. In the case of both essential and non-
essenti al metals, the tentative tolerable intake reflects
perm ssi bl e human exposures to these substances as a result of
nat ur al occurrence in foods or various food processi ng

practices, as well as exposure from drinking-water

It is inportant that the proposed tol erable intakes are not
used as guidelines for fortifying processed food, since the
currently accepted values for required daily intake are
sufficient to neet the known nutritional requirenents.

6. Packaging Materials (Adapted from Reference 4, pp. 22-23)

Many substances may becone food contaminants as a result of
the use of food-contact materials. The Conmittee considered
that the general principles governing the use of food additives
established by the WO Scientific Goup on Procedures for
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Investigating Intentional and Unintentional Food Additives, and
the WHO Scientific Goup on the Assessnent of the Carcino-
genicity and Miutagenicity of Chem cals, should be applied in the
overall evaluation of substances migrating into food from food-
contact materials.

Many such materials are nade of polyner systens and the
polyners thenselves are usually inert, non-toxic, and do not
mgrate into food. However, nononers, which are inevitably
present in the polyneric materials, residual reactants, inter-
nedi ates, manufacturing aids, solvents, and plastic additives,
as well as the products of side reactions and chenical degra-
dation, nay be present. These substances nmay nigrate into food
and may be toxic. M gration fromfood-contact nmaterials may
arise during processing, storage, and preparation operations
such as heating, microwave cooking, or treatment with ionizing
radi ati on. For eval uati on purposes, information on the
following is required

(a) the chemcal identity and toxicol ogical status of the
subst ances that enter food;

(b) the possible exposure, details of which can be derived
from mgration studies using suitable extraction
procedures, and/or the analysis of food sanples; and

(c) the nature and anobunt of food in contact wth the
packagi ng materials, and the intake of such food.

It is necessary, in many instances, to recomend that human
exposure to migrants fromfood-contact nmaterials be restricted
to the lowest levels technologically attainable. One way to
achieve this is to draw up strict specifications linmting the
quantities in the materials. It is also necessary to deternine
whet her food processing has an effect in generating the poten-
tially toxic substances in food-contact materials.

CGeneral ly, evaluation will require the foll ow ng:

(a) the lowest levels of potential mgrants fromwthin the
pol yneric systen(s) that are technol ogically attainable
with inmproved manufacturing processes for food-contact
mat eri al s;

(b) the resulting levels of the mgrants in food;
(c) the intake of the foods; and

(d) the nopst appropriate statistical design that will
enable the inplications for health to be interpreted
from adequat e and rel evant toxicol ogi cal data.

A nonitoring programe should be established, with a view to
suppl enenting the existing data on hunan exposure and providi ng
a nmeans of denonstrating a reduction in such exposure as
techni ques inprove. Priority in the programe should be given
to the substances with the (greatest potential for adversely
af fecting human heal t h.
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ANNEX 1'V. EXAMPLES OF THE USE OF METABOLI C STUDI ES I N THE
SAFETY ASSESSMENT OF FOOD ADDI Tl VES

As indicated in section 5.2, it is not feasible or desirable
to develop sinple guidelines for pharmacokinetic and netabolic
studies. In view of this, the exanples given below of severa
food additives and contam nants on which a great deal of
bi ochem cal work has been done will serve to highlight the val ue
and many of the problens associated with the use of these
studies for determ ning nechanisns. Cearly, further research
wi Il be needed to solve these problens.

1. Sodium Cycl amat e

Thi s conmpound represents a unique situation in toxicology in
that it has been generally agreed that levels of a netabolite
rather than the parent conpound should be wused for the usua
safety determnations. The twenty-sixth Conmittee allocated an
ADI of 0 - 11 ng/kg body weight to cyclamate, cal ciumand sodi um
salts, expressed as cyclanmic acid (1).

It has been shown that a netabolite of cycl anat e,
cycl ohexylam ne (an active pressor amne), appears in the urine
in variable anounts after variable tinme intervals from the
admi ni stration of cyclamate in rats (2, 3). This netabolite has
been found to be produced by bacterial action in the intestine
(3, 4), but only after intestinal flora have undergone undefi ned
adaptive changes (2). Therefore, it nornally appears only after
a latent period. However, in certain human subjects, sone
i medi at e converters have been found to be present (2, 5). In
both animals and man, the ability of intestinal flora to convert
cyclamate to cycl ohexyl ami ne varies widely with time in the sanme
i ndividual. The nunber of individuals able to convert cyclamate
to cycl ohexylam ne and the | evel at which this conversion occurs
have been factored into ADI determi nations using averages from

some studies (6). However, it is difficult to obtain really
consi stent figures, and those in use represent conproni ses. The
ADI is based on subsequent studies, which denonstrated that

cycl ohexyl am ne, adm nistered orally, induced testicular atrophy
inrats (7, 8).

The primary reason for the decision by JECFA and various
nati onal regulatory bodies to agree to the use of the |evels of
this netabolite rather than the parent conpound for toxico-
| ogi cal eval uation purposes appears to have been the nature of
the metabolite, in this instance, a compound that is pharmaco-
| ogically-active relative to the parent compound and is capable
of inducing testicular atrophy in rats (9). However, it is
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questionable that the readiness of all these bodies to accept
this unique approach in this situation is, in fact, appropriate.
The presence of the metabolite certainly cannot be ignored;
however, it would seemnore |logical to demand that the effects
in question (testicular atrophy) be denonstrated follow ng
feeding the parent conpound (cyclanate). This approach is
conplicated by the inconsistent nature of the appearance of the
met abol i te.

The individuality of the response has necessitated a nost
conservative attitude that has raised the inportant genera
question of how the toxicologist can best protect vulnerable
i ndi vi dual s. In addition, this exanple has pointed to the
i mportance of studying metabolismby gut flora in toxicol ogica
eval uati ons. Unquestionably, variations in gut flora are one of
the nore inportant determ nants of species differences, and the
exanple of cyclanate has pointed the way to studies in which
this factor has been reduced to a m ninmm

2. Sodi um Saccharin

JECFA has reviewed the safety of saccharin nany tines. In
1984, the twenty-eighth Committee allocated a tenporary group
ADI of 0 - 2.5 ng/kg body weight to saccharin, including its
cal cium potassium and sodium salts (10). Subsequent to the
demonstration in some long-termtoxicity studies that sodium
saccharin could induce tunours of the urinary bladder in nale
rats at high dose levels, nmuch work was undertaken in an effort
to explain this phenonmenon. Only two of the nany reported
findings wll be discussed in this section, as illustrations of
certain general principles.

On the basis of the first series of studies, it would seem
unquestionabl e that sodium saccharin is not netabolized in the
rat; this seems to be generally applicable to human beings and
other species (11). There is no postulated theoretical nech-
anism of chem cal carcinogenesis that could fit this picture.
The second series of studies have established the nost inter-
esting finding that, although saccharin is not netabolized, it
can nodify the nmetabolic pathway of certain normal constituents
in the diet. A dose-related increase in certain tryptophan
netabolites - notably indoxyl sulfate - was found in the wurine

of saccharin-treated rats (12). 1In contrast, these effects
could not be denpbnstrated in human beings consum ng saccharin
(13). In view of previous interest in the association of

tryptophan and its netabolites with bl adder tunour induction and
its occurrence in man, this observation was of great interest.
Al'though the further steps in this series of investigations have
not succeeded in establishing a convincing relationship between
the carcinogenicity finding and the netabolismof tryptophan

nevert hel ess, a nost inportant general principle in toxicology
has been denonstrated that remains to be exploited. The fact
that a conpound that is not netabolized could change the
net abol i sm of other conpounds provides a basis for studies of
mechani sm of action not considered in the past. It seened
likely, initially, that the possible bacteriostatic action of
saccharin mght be affecting the gut flora; although this seens
to be a possible practical explanation, further study is needed
to explain the whol e picture.

3. 0 - Phenyl phenol (OPP)

Thi s compound is a fungicide wi dely used on oranges, the use
of which results in low residue |levels as a food contam nant.
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The Joint Meeting on Pesticide Residues (JMPR) has allocated a

temporary ADI to OPP (and its sodiumsalt) of 0 - 0.02 ng/kg
body weight (14). It has been chosen as an exanple of a situ-
ation in which extensive netabolic studies have been correl ated
wi t h toxicol ogi cal findings.

OPP has been found to give rise to tunours of the urinary
bl adder when fed to rats at relatively high levels in the diet
(15). Two netabolites, the glucuronide conjugate of OPP and the
sul fate ester conjugate of OPP, have been identified in the
urine of rats after administration of different levels of OPP
A third netabolite, tentatively postulated to be a conjugated
di hydr oxybi phenyl conmpound, has been reported after the adm nis-
tration of a high level of OPP, the sane level required to
i nduce bl adder tumours, but not after the adninistration of
| ower levels of OPP (16). Fromthis observation, sonme invest-
igators have concluded that, at |lower |evels of admnistration,
carcinogenicity does not occur, because the "proximte carcin-
ogen" (i.e., the high-level nmetabolite) has not been forned.
This fascinating study is, unfortunately, inconplete. There are
disputes as to the absence of the "active" netabolite (the
conj ugat ed di hydr oxybi phenyl conpound) at the |lower dose
levels; the detection limts of the various netabolites, which
are not clearly delineated in the available literature, are a
matter of considerable concern. In addition, the "active"
netabolite has no special chenmical characteristics to suggest
that it would conformto any of the current theories of action
of chem cal carcinogens. These results showthe difficulties of
proving the nechani smof a tumourigen so that a safe dose can be
establ i shed, even though the avail abl e evidence points in that
di rection. It is clear that much nore information is needed
before the postulated change in netabolismcan be related to
car ci nogenesi s.

4. Methyl ene Chloride

Thi s compound, which is used as a food extraction solvent in
some countries, has been the subject of intensive carcino-
genicity, nutagenicity, netabolism pharnmacokinetic, and epi-
dem ol ogi cal studies, but questions still exist about its safety
of use. Because of the inadequacies of the studies avail able at
that tine, the twenty-sixth Coomittee w thdrew the previously-
al l ocated ADI for methylene chloride (17).

The safety of nethylene chloride was brought into question
by a long-terminhal ation study that produced very rare salivary
gland sarcomas in nmale rats in an apparent dose-response rela-
tionship at 1500 and 3500 ng/kg air; an increased incidence of
tumours was not observed in female rats or in hansters in a
paral |l el study (unpublished studies by the Dow Chem cal Conpany,
M dl and, M chigan, USA, 1980). Also, prelimnary results froma
nouse inhalation study indicate an increased incidence of |iver
and | ung neopl asns at 1000 and 4000 ng net hyl ene chl oride/ kg air
(18). However, argunents have been nade on the basis of neta-
bolic studies that the nmaximumtol erated dose (MID) was exceeded
in these long-terminhalation studies in rats and mice (19).
Bi oassays in which nethylene chloride was adnini stered at | ower

| evel s by inhalation or in drinking-water have not resulted in a
significant increase in nmalignant tumours (unpublished studies
by the Dow Chemi cal Conpany, M dland, M chigan, USA, 1982 and by
the National Coffee Association, USA, 1982).
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Met hyl ene chloride is netabolized via two pathways. The
principle site of netabolismis the liver in all species
studied, including man. One pathway involves gl utathione,
giving rise to formal dehyde, which is oxidized to formc acid
and then carbon di oxi de. The other pathway is nediated by cyto-
chrone P-450 and invol ves dehydrochlorination to carbon nonoxi de
and hydrogen chloride. ©One of the internediates in the first
pat hway, a glutathione conjugate, has been inplicated as the
DNA-reactive species responsible for the apparent nutagenicity
of nmethylene chloride in some tests. However, there is no evi-
dence of alkylation in aninmals (20, 21, 22).

There is a linear discontinuity in netabolite fornation
(carbon dioxide and carbon nonoxide) as exposure to nethyl ene
chloride increases. For exanple, it has been shown that, on

inhal ation of 174 ng methylene chloride/n? (50 ppm, 95% is
met abol i zed, while at 1750 ng/n? air (500 ppm), only 69% is
met abol i zed and at 5200 ng met hyl ene chloride/n? air (1500 ppn),
only 45%is netabolized to carbon dioxide and carbon nonoxide.
Both oral and inhal ation studies show that saturation of neta-
bolism occurs in all species exam ned (rat, nouse, hanster, and
man) (19).

Greater anmobunts of nethylene chloride are netabolized when
the conmpound is presented in drinking water than when the sane
daily dose is gavaged in a single dose, either in corn oil or in
wat er . Admi ni stration of a large nunber of doses in snal
amounts, such as when nethylene chloride is adnmnistered in the
drinking-water, vyields greater anmounts of netabolites than when
the total anbunt is given at one tinme, such as by gavage. The
vehicl e used in gavage studies also plays a role in the clear-
ance of nethylene chloride fromvarious tissues; for exanple,
the conpound is dissipated fromboth blood and liver in |ess
than 2 h after administration by gavage in water conpared with a
residence tine of about 8 h in venous blood and over 25 h in the
liver after administration by gavage in corn oil (19).

Despite trenmendous efforts to study this conpound bi ochem
ically, a clear picture of the nechanism of its biologica
effects has not energed. This shows the difficulties of devel -
opi ng sufficient biochemcal data to set a safe dose level for a
substance that causes cancer at high dose levels. The satur-
ation effect and the occurrence of tunours at high dose |levels
nmay be related. An encouraging point is that prinates neta-
bolize chlorinated solvents to a |esser extent than rats or
m ce; thus, less of the glutathione reactive internedi ate, which
has been postulated as being responsible for the genotoxic
effects of nmethylene chloride, should be present in man than in
the animals exhibiting the deleterious effects. Finally, the

differences in rates of netabolism of nethylene chloride,
depending on the route of administration, point to the need for
very careful assessnment of the appropriate route of adm nistra-
tion to mimc exposure in man.

5. Trichl oroethyl ene

This chemical is an extraction solvent. It has been
reviewed by JECFA, but an ADI has not been allocated (17).
Tri chl or oet hyl ene has been found to cause an increased incidence
of hepatocellular carcinomas in mce, but not in rats (23,24).
The earlier bioassays were perfornmed wth industrial-grade
trichl oroet hyl ene, which contai ned epoxi de stabilizers, at |east
one of which is a potent nutagen (section 3 in Annex I11). How
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ever, the results of |ater studies using non-epoxide stabilized
material confirned the results of the earlier studies, indi-
cating that the stabilizers were not responsible for the hepato-
carci nogenicity observed in nice.

Trichl oroethyl ene has been subjected to a great deal of
net abolic and pharnacoki netic research on nmce and rats, and an
interesting story is energing, which could explain the differ-
ence in response between these species and the rel evance to nan
of the rodent bioassays.

El ectron mcrographs of liver tissue fromnice that had been
dosed with a high level of trichloroethylene for 10 days showed
a proliferation of peroxisones; significant proliferation was
not observed in rats after the adninistration of the same anount
of trichloroethylene (25). Biochenical studies have shown that
cyani de-insensitive acyl CoA oxidase, an enzyne present within

the peroxisone that ultimately produces hydrogen peroxide, is
enhanced 5 - 16-fold in the peroxisone-proliferated state
compared wthin the control. However, only a small increase in

catal ase activity, which catalyses the conversion of hydrogen
peroxide to water, has been observed in the proliferated cel
(25, 26, 27). 1t has been postulated that the large increase in
acyl CoA oxidase activity coupled with the narginal increase in
catal ase activity leads to an increased steady-state concentra-
tion of hydrogen peroxide within the liver cell, which results
in cytotoxicity and DNA damage and eventually cancer in mce
(28).

Tri chl or oet hyl ene appears to be nmet abolized via the
cytochrome P-450 system in both the rat and nouse (29, 30).
The nmajor metabolite, which is ultinmtely converted to carbon
dioxide, 1is trichloroacetic acid. Apparently, the enzynmes in
this pathway are not induced to the sane extent in rats as in
mce, as shown by gavage studies with trichloroethylene; mce
show linear kinetics with respect to netabolite formation over a
wi de dose range, while rats show saturation kinetics; saturation
is observed at lowlevels relative to anounts required to
observed peroxisone proliferation and the induction of hepato-
cellular carcinomas in mce. |In contrast, when trichloroacetic
acid is administered to rats and mce, a sinilar dose-dependent
| arge increase in peroxi somes is observed in both species. This

suggests that trichloroacetic acid is the proximate peroxisone
proliferator, and the reason that proliferation is not observed
after the admnistration of trichloroethylene to rats is that
not enough of the acid is produced to cause the effect. |If
peroxi some proliferation (and a consequent increased steady-
state concentration of hydrogen peroxide in the cell) is res-
ponsi bl e for hepatocel |l ular carcinoma induction, then trichloro-
acetic acid should be a hepatocellular carcinogen in both
species. This hypothesis is at presently being tested (28).

Where does nman fit into the picture? Prelinmnary work with
hepatocytes isolated from mice, rats, and nan show that the
human hepatocyte is nmuch nore |ike that of the rat than that of
the mouse in terns of its ability to convert trichloroethylene
to trichloroacetic acid; in fact, the human hepatocyte is even
less active in converting trichloroethylene to trichloroacetic
acid than that of the rat (28). |In addition, when trichloro-
acetic acid is adm nistered to cultured human hepat ocytes, there
is no evidence of peroxisome proliferation, as neasured by
cyani de-insensitive acyl CoA oxidase activity. In contrast,
studies on nouse and rat hepatocytes have registered |arge,
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dose-related increases in this enzyne activity. These data
suggest that the nouse bioassay data showing an increase in
hepat ocel | ul ar carci nomas after the admnistration of trichloro-
et hyl ene are not appropriate for human bei ngs because:

(a) trichloroethylene is not converted into trichloroacetic
acid at a high enough rate in man to cause peroxisone
proliferation; and

(b) trichloroacetic acid does not appear to cause perox-
isome proliferation in man at the levels at which it
causes the effect in rats and mice.

Further data are needed to obtain a firmconclusion that could
wi t hstand regul atory scrutiny.

6. Estragole

This chemical is a naturally-occurring anisole derivative
that is used as a flavouring agent. Estragole has been revi ened
by JECFA, but an ADI has not been allocated (31). It has been
found to be a nouse carcinogen at a dose |evel of approxinately
500 nmg/kg body weight per day (32, 33). In contrast, the
estimated human daily intake of estragole in the diet is
approximately 1 pg/ kg body wei ght (349).

One of the routes of netabolismof estragole is through a
hydroxyl ated i nternediate, 1'-hydroxyestragole (35). This "act-
ivated" internmediate is likely to undergo esterification reac-
tions wth cellular constituents to formelectrophilic conju-
gates. It has been postulated that the carcinogenic effect seen
with estragole is due to the formation of the "proxi nate carcin-
ogen", 1'-hydroxyestragole, which reacts to formthe "ultinate
carci nogen”, the electrophilic conjugate (32, 33).

Studies have been performed in which the level of 1'-
hydr oxyestragol e has been nmeasured in the urine of nice exposed
to various |levels of estragole. At the |ow dose, 0.5 ng/kg body
weight, 1 - 2%of the dose was excreted as 1'-hydroxyestragol e,
whil e, at the high dose, 1000 ng/ kg body wei ght, 10 - 15% of the
ingested dose of estragole was excreted as the hydroxyl ated
conpound. In studies on human volunteers, fed 1 pg estragole,
0.3% of the dose was excreted as 1'-hydroxyestragole (34).

These and other data suggest that only at very high and
overwhel mng |evels of estragole are significant anounts of the
activated intermediate formed, and that there appear to be over
6 orders of nmagnitude difference between I|evels of t he
intermediate in the high-dose nouse study and the |evel present
in man at normal |evels of consunption. This hypothesis, if it
hol ds, Ileads to the conclusion that the human carcinogenic risk
fromthe ingestion of normal |evels of estragole is negligible.
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ANNEX V.  APPROXI MATE RELATI ON OF PARTS PER M LLION IN THE DI ET

TO MZ KG BODY VEI GHT PER DAY @

Ani mal Wei ght Food con- Type of 1 ppmin 1 ny/ kg body

(kg) sumed per di et food = wei ght per
day (9) (ng/ kg body day = (ppm
(l'iquids body wei ght of diet)
omtted) per day)

Mouse 0.02 3 0. 150 7

Chi ck 0.40 50 0.125 8

Rat (young) 0.10 10 Dry 0. 100 10

| abor -

Rat (ol d) 0. 40 20 atory 0. 050 20

chow

Qui nea-pi g 0.75 30 diets 0. 040 25

Rabbi t 2.0 60 0. 030 33

Dog 10.0 250 0. 025 40

Cat 2 100 0. 050 20

Moi st ,

Monkey 5 250 sem - 0. 050 20

solid

Dog 10 750 diets 0. 075 13

Man 60 1500 0. 025 40

Pig or sheep 60 2400 0. 040 25

Rel a-
Cow 500 7500 tively 0. 015 65
(mai nt enance) dry
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grain
Cow 500 15 000 forage 0. 030
(fattening) m x-

tures
Hor se 500 10 000 0. 020

Lehman, A.J. (1954) Association of Food and Drug Oficials

Quarterly Bulletin, 18: 66. The values in this table are
average figures, derived from nunerous sources.

Exampl e: What is the value in ppmand ng/ kg body wei ght per day

substance X mixed in the diet of a rat?

Solution: 1. 0.5%corresponds to 5000 ppm

of 0.5%

I[1. From the table, 1 ppmin the diet of a rat is equivalent to
0. 050 ny/ kg body wei ght per day. Consequently, 5000 ppmis
equi val ent to 250 ng/ kg body wei ght per day (5000 x 0.050).

ANNEX VI. REPORTS AND OTHER DOCUMENTS RESULTI NG FROM MEETI NGS
OF THE JO NT FAQ WHO EXPERT COWM TTEE ON FOOD ADDI Tl VES

1.

FAQ WHO  (1957) General principles governing the use of
food additives. First report of the Joint FAQ WHO Expert
Conmttee on Food Additives (FAO Nutrition Meetings Report
Series No. 15; WHO Technical Report Series No. 129) (out of
print).

FAO VWO (1958) Procedures for the testing of intentional
food additives to establish their safety for use. Second
report of the Joint FAOQ WO Expert Commttee on Food
Additives (FAO Nutrition Meetings Report Series No. 17; WHO
Techni cal Report Series No. 144) (out of print).

FAOVWHO (1962) Specifications for identity and purity of
food additives (mcrobial preservatives and antioxidants).
Third report of the Joint FAQ WHO Expert Commttee on Food
Additives. These specifications were subsequently revised
and published as Specifications for identity and purity of
f ood addi tives. | . Anti nmi crobi al preservatives and
antioxidants, Rone, Food and Agricultural Organization of
the United Nations (out of print).

FAQ WHO  (1963) Specifications for identity and purity of
food additives (food colours). Fourth report of the Joint
FAOQ VHO  Expert Conmittee on Food Addi tives. These
specifications were subsequently revised and published as
Specifications for identity and purity of food additives.
I1. Food col ours, Rone, Food and Agricultural Organization
of the United Nations (out of print).

FAOVWHO (1961) Evaluation of the carcinogenic hazards of
food additives. Fifth report of the Joint FAQ WHO Expert
Conmittee on Food Additives (FAO Nutrition Meetings Report
Series No. 29; WHO Technical Report Series No. 220) (out of
print).

FAO VWHO (1962) Evaluation of the toxicity of a nunber of
antinmcrobials and antioxidants. Sixth report of the Joint
FAQ WHO Expert Conmittee on Food Additives (FAO Nutrition
Meetings Report Series No. 31; WHO Technical Report Series
No. 228) (out of print).

FAOWHO (1964) Specifications for the identity and purity
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10.

11.

12.

13.

14.

15.

16.

17.

of food additives and their toxicological evaluation:

emul sifiers, stabilizers, bleaching and nmaturing agents.

Seventh report of the Joint FAQ VWHO Expert Committee on Food
Additives (FAO Nutrition Meetings Report Series No. 35; WHO
Techni cal Report Series No. 281) (out of print).

FAO WHO (1965) Specifications for the identity and purity
of food additives and their toxicological evaluation: food
colours and some antimicrobials and antioxidants. Eighth
report of the Joint FAOQOWO Expert Committee on Food
Additives (FAO Nutrition Meetings Report Series No. 38; VWHO
Techni cal Report Series No. 309) (out of print).

FAO WHO (1965) Specifications for identity and purity and
t oxi col ogi cal eval uati on of sonme antimnicrobials and
anti oxidants (FAO Nutrition Meetings Report Series No. 38A;
WHO' Food Add/ 24. 65 (out of print).

FAO WHO (1966) Specifications for identity and purity and
toxi col ogical evaluation of food colours (FAO Nutrition
Meetings Report Series No. 38B; WHO Food Add/ 66. 25).

FAO WHO (1966) Specifications for the identity and purity
of food additives and their toxicological evaluation: sone
antinmcrobial s, anti oxi dant s, enul sifiers, stabilizers,

flour-treatnent agents, acids, and bases. Ninth report of

the Joint FAO VWHO Expert Committee on Food Additives (FAO
Nutrition Meetings Report Series No. 40; WHO Techni cal

Report Series No. 339) (out of print).

FAQ WHO (1967) Toxi col ogi cal eval uati on of sone
antincrobials, anti oxi dant s, enul sifiers, stabilizers,
flour-treatnent agents, acids, and bases (FAO Nutrition
Meetings Report Series No. 40A B, C, WHO Food Add/ 67.29).

FAO WHO (1967) Specifications for the identity and purity
of food additives and their toxicological evaluation: sone
emul sifiers and stabilizers and certain other substances.
Tenth report of the Joint FAQ WHO Expert Committee on Food
Additives (FAO Nutrition Meetings Report Series No. 43; WHO
Techni cal Report Series No. 373).

FAOVWHO (1968) Specifications for the identity and purity
of food additives and their toxicological evaluation: sone
flavouring substances and non-nutritive sweetening agents.
El eventh report of the Joint FAQ VWHO Expert Comittee on
Food Additives (FAO Nutrition Meetings Report Series No. 44;
VWHO Techni cal Report Series No. 383).

FAQ WHO (1968) Toxicol ogical eval uation of sone flavouring
subst ances and non-nutritive sweet eni ng agents (FAO
Nutrition Meet i ngs Report Series No. 44A;  WHQ Food
Add/ 68. 33) .

FAO VHO  (1969) Specifications and criteria for identity
and purity of sone flavouring substances and non-nutritive
sweetening agents (FAO Nutrition Meetings Report Series No.
44B; WHO Food Add/ 69. 31).

FAOVWHO (1969) Specifications for the identity and purity
of food additives and their toxicological evaluation: sone
antibiotics. Twelfth report of the Joint FAQ WHO Expert
Conmittee on Food Additives (FAO Nutrition Meetings Report
Series No. 45; WHO Techni cal Report Series No. 430).
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

FAOWHO (1969) Specifications for the identity and purity
of sone antibiotics (FAO MNutrition Meetings Report Series
No. 45A; WHO Food Add/ 69. 34).

FAOVWHO (1970) Specifications for the identity and purity
of food additives and their toxicological evaluation: sone
food colours, emulsifiers, stabilizers, anticaking agents,
and certain other substances. Thirteenth report of the Joint
FAQ WHO Expert Conmittee on Food Additives (FAO Nutrition
Meetings Report Series No. 46; WHO Technical Report Series
No. 445).

FAO VHO (1970) Toxi col ogi cal evaluation of sone food
colours, emulsifiers, stabilizers, anticaking agents, and
certain other substances (FAO Nutrition Meetings Report
Series No. 46A; VWHO Food Add/ 70. 36).

FAO WHO (1970) Specifications for the identity and purity
of sone food colours, emulsifiers, stabilizers, anticaking
agents, and certain other food additives (FAO Nutrition
Meetings Report Series No. 46B; WHQO Food Add/ 70. 37).

FAOVWHO (1971) Evaluation of food additives: specifica-
tions for the identity and purity of food additives and
their toxicological evaluation: sone extraction solvents and
certain other substances; and a review of the technol ogical
ef ficacy of sone antimcrobial agents. Fourteenth report of
the Joint FAO VWHO Expert Commttee on Food Additives (FAO
Nutrition Meetings Report Series No. 48, WHO Technical
Report Series No. 462).

FAOQ VWHO (1971) Toxicol ogical evaluation of sone extraction
sol vents and certain other substances (FAO Nutrition
Meetings Report Series No. 48A; VWHO Food Add/ 70. 39).

FAQ WHO  (1971) Specifications for the identity and purity
of sone extraction solvents and certain other substances
(FAO Nutrition Meetings Report Series No. 48B; WHO Food
Add/ 70. 40) .

FAQ WHO (1971) A review of the technological efficacy of
sonme mcrobial agents (FAO Nutrition Meetings Report Series
No. 48C;, WHO Food Add/ 70.41).

FAQ VWHO (1972) Evaluation of food additives: sonme enzynes,

nodi fi ed st arches, and certain ot her subst ances:

t oxi col ogi cal eval uati ons and specifications and a revi ew of

the technological efficacy of sone antioxidants. Fifteenth
report of the Joint FAOQ WO Expert Committee on Food
Additives (FAO Nutrition Meetings Report Series No. 50; WHO
Techni cal Report Series No. 488).

FAO VWHO (1972) Toxicol ogi cal evaluation of sone enzynes,

nodi fi ed starches, and certain other subst ances (FAO
Nutrition Meetings Report Series No. 50A; WHO Food Additive
Series No. 1).

FAQ WHO  (1972) Specifications for the identity and purity
of sone enzynmes and certain other substances (FAO Nutrition
Meetings Report Series No. 50B; WHO Food Additive Series No.
2).

FAQ WHO (1972) A review of the technological efficacy of
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

sone antioxidants and synergists (FAO Nutrition Meetings
Report Series No. 50C, WHO Food Additive Series No. 3).

FAOWHO (1972) Evaluation of certain food additives and
the contaminants nercury, lead, and cadmium Sixteenth
report of the Joint FAOQ WO Expert Comittee on Food
Additives (FAO Nutrition Meetings Report Series No. 51; WHO
Techni cal Report Series No. 505 and corrigendun).

FAOVWHO (1972) Evaluation of mercury, |ead, cadnmium and
the food additives amaranth, diethyl pyrocarbanate, and octyl
gallate (FAO Nutrition Meetings Report Series No. 51A; WHO
Food Additives Series No. 4).

FAQ WHO  (1974) Toxi col ogi cal evaluation of certain food
additives with a review of general principles and of
specifications. Seventeenth report of the Joint FAQ VWO
Expert Commttee on Food Additives (FAO Nutrition Meetings
Report Series No. 53; WHO Technical Report Series No. 539
and corrigendun) (out of print).

FAO VHO (1974) Toxi col ogi cal evaluation of certain food
addi tives including anticaking agents, antinicrobials,

anti oxi dants, emul sifiers, and thickening agents (FAO
Nutrition Meetings Report Series No. 53A; WHO Food Additives
Series No. 5).

FAOVWHO (1978) Specifications for the identity and purity
of thickening agents, anticaking agents, antimcrobials,
anti oxidants, and enulsifiers (FAO Food and Nutrition Paper
No. 4).

FAO VHO (1974) Evaluation of «certain food additives.
Ei ghteenth report of the Joint FAO WHO Expert Committee on
Food Additives (FAO Nutrition Meetings Report Series No. 54;
WHO Techni cal Report Series No. 557 and corrigendunj.

FAO VWHO  (1975) Toxi col ogi cal evaluation of sonme food
col ours, enzynes, flavour enhancers, thickening agents, and
certain other food additives (FAO Nutrition Meetings Report
Series No. 54A; WHO Food Additive Series No. 6).

FAOVWHO (1975) Specifications for the identity and purity
of sone food colours, flavour enhancers, thickening agents,
and certain food additives (FAO Nutrition Meetings Report
Series No. 54B; WHO Food Additives Series No. 7).

FAQ WHO  (1975) Evaluation of certain food additives: sone
food colours, thickening agents, snoke condensates, and
certain other substances. N neteenth report of the Joint
FAO VWVHO Expert Commttee on Food Additives (FAO Nutrition
Meetings Report Series No. 55; WHO Technical Report Series
No. 576).

FAO VHO  (1975) Toxi col ogi cal evaluation of sone food
colours, thickening agents, and certain other substances
(FAO Nutrition Meetings Report Series No. 55A; WHO Food
Additive Series No. 8).

FAOVWHO (1976) Specifications for the identity and purity
of certain food additives (FAO Nutrition Meetings Report
Series No. 55B; WHO Food Additive Series No. 9).

FAQ WHO  (1976) Eval uation of <certain food additives.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Twentieth report of the Joint FAQ WHO Expert Committee on
Food Additives (FAO Food and Nutrition Series No. 1; WO
Techni cal Report Series No. 599).

FAQ WHO  (1976) Toxi col ogi cal evaluation of certain food
addi tives (WHO Food Additives Series No. 10).

FAOWHO (1977) Specifications for the identity and purity
of sone food additives (FAO Food and Nutrition Series No.
1B; VWHO Food Additive Series No. 11).

FAO VWHO (1978) Evaluation of «certain food additives.
Twenty-first report of the Joint FAQ VWHO Expert Conmittee on
Food Additives (WHO Techni cal Report Series No. 617).

FAOVWHO (1977) Summary of toxicological data of certain
food additives (WHO Food Additives Series No. 12).

FAOWHO (1977) Specifications for the identity and purity
of some food additives, including anti oxi dants, food
colours, thickeners, and others (FAO Nutrition Meetings
Report Series No. 57).

FAOWHO (1978) Evaluation of certain food additives and
contam nants. Twenty-second report of the Joint FAQ VWHO
Expert Committee on Food Additives (WHO Technical Report
Series No. 631).

FAOWHO (1978) Summary of toxicological data of certain
food additives and contam nants (WHO Food Additive Series
No. 13).

FAOVWHO (1978) Specifications for the identity and purity
of certain food additives (FAO Food and Nutrition Paper No.
7).

FAQ WHO  (1980) Eval uation of «certain food additives.
Twenty-third report of the Joint FAQ VWHO Expert Committee on
Food Additives (WHO Technical Report Series No. 648 and
corrigenda).

FAQ WHO  (1980) Toxi col ogi cal evaluation of certain food
addi tives (WHO Food Additive Series No. 14).

FAOWHO (1979) Specifications for the identity and purity
of food colours, flavouring agents, and other food additives
(FAO Food and Nutrition Paper No. 12).

FAO VHO  (1980) Evaluation of «certain food additives.
Twenty-fourth report of the Joint FAQ WHO Expert Committee
on Food Additives (WHO Techni cal Report Series No. 653).

FAQ WHO  (1980) Toxi col ogi cal evaluation of certain food
addi tives (WHO Food Additives Series No. 15).

FAO WHO (1980) Specifications for the identity and purity
of food additives (sweetening agents, emulsifying agents,
and other food additives) (FAO Food and Nutrition Paper No.
17).

FAO VHO  (1981) Evaluation of certain food additives.
Twenty-fifth report of the Joint FAQ WHO Expert Committee on
Food Additives (WHO Techni cal Report Series No. 669).
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57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

FAO VHO  (1981) Toxi col ogi cal evaluation of certain food
addi tives (WHO Food Additives Series No. 16).

FAOWHO (1981) Specifications for the identity and purity
of food additives (carrier solvents, emulsifiers and
stabilizers, enzyne preparations, flavouring agents, food
col ours, sweetening agents, and other food additives (FAO
Food and Nutrition Paper No. 19).

FAQ WHO  (1982) Evaluation of certain food additives and
contam nants. Twenty-sixth report of the Joint FAQ VWO
Expert Commttee on Food Additives (WHO Technical Report
Series No. 683).

FAQ WHO  (1982) Toxi col ogi cal evaluation of certain food
addi tives (WHO Food Additives Series No. 17).

FAOWHO (1982) Specifications for the identity and purity
of certain food additives (FAO Food and Nutrition Paper No.
25).

FAOVWHO (1983) Evaluation of certain food additives and
contam nants. Twenty-seventh report of the Joint FAQ VWHO
Expert Commttee on Food Additives (WHO Technical Report
Series No. 696 and corrigenda).

FAO VHO  (1983) Toxi col ogi cal evaluation of certain food
additives and contam nants (WHO Food Additives Series No.
18).

FAQ WHO  (1983) Specifications for the identity and purity
of certain food additives (FAO Food and Nutrition Paper No.
28) .

FAOWHO (1983) Cuide to specifications - Ceneral notices,
general nethods, identification tests, test solutions, and
other reference materials (FAO Food and Nutrition Paper No.
5, Rev. 1).

FAOWHO (1984) Evaluation of certain food additives and
contam nants. Twenty-eighth report of the Joint FAQ VWHO
Expert Conmmittee on Food Additives (WHO Technical Report
Series No. 710).

FAO VHO (1984) Toxi col ogi cal evaluation of certain food
additives and contam nants (WHO Food Additives Series No.
19).

FAOVWHO (1984) Specifications for the identity and purity
of food col ours (FAO Food and Nutrition Paper No. 31/1).

FAOWHO (1984) Specifications for the identity and purity
of food additives (FAO Food and Nutrition Paper No. 31/2).

FAOVWHO (1986) Evaluation of certain food additives and
contam nants. Twenty-ninth report of the Joint FAQ VWO
Expert Conmittee on Food Additives (WHO Technical Report
Series No. 733).

FAO VHO  (1986) Toxi col ogi cal evaluation of certain food
additives and contam nants (WHO Food Additives Series No.
20) .

FAQ WHO (1986) Specifications for the identity and purity
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of certain food additives (FAO Food and Nutrition Paper No.
34).

See Al so:
Toxi col ogi cal Abbreviations
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