INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY

l \ f \ P‘(Q‘ \\

(N N <X
A L

w H 0 ILO UNEP

Environmental Health Criteria 240

Principles and Methods
for the Risk Assessment

&

O

Chapter 1
INTRODUCTION

oy

N

of Chemicals in Food

A joint publication of the Food and Agriculture Organization

Food and Agriculture
Organization of {[‘
the United Nations

NS

of the United Nations and the World Health Organization

@v World Health
Yy ¥ Organization



This report contains the collective views of an international group of experts and
does not necessarily represent the decisions or the stated policy of the United
Nations Environment Programme, the International Labour Organization or the
World Health Organization.

Environmental Health Criteria 240

PRINCIPLES AND METHODS
FOR THE RISK ASSESSMENT OF
CHEMICALS IN FOOD

A joint publication of the Food and Agriculture Organization of
the United Nations and the World Health Organization

Published under the joint sponsorship of the United Nations
Environment Programme, the International Labour Organization
and the World Health Organization, and produced within the
framework of the Inter-Organization Programme for the Sound
Management of Chemicals.

\W Food and Agriculture
Organization of the

Q United Nations

=

orld Health
rganization




The International Programme on Chemical Safety (IPCS), established in 1980, is a joint venture of
the United Nations Environment Programme (UNEP), the International Labour Organization (ILO) and
the World Health Organization (WHO). The overall objectives of the IPCS are to establish the scientific
basis for assessment of the risk to human health and the environment from exposure to chemicals, through
international peer review processes, as a prerequisite for the promotion of chemical safety, and to provide
technical assistance in strengthening national capacities for the sound management of chemicals.

The Inter-Organization Programme for the Sound Manag t of Chemicals (IOMC) was
established in 1995 by UNEP, ILO, the Food and Agriculture Organization of the United Nations, WHO,
the United Nations Industrial Development Organization, the United Nations Institute for Training
and Research and the Organisation for Economic Co-operation and Development (Participating
Organizations), following recommendations made by the 1992 UN Conference on Environment and
Development to strengthen cooperation and increase coordination in the field of chemical safety. The
purpose of the IOMC is to promote coordination of the policies and activities pursued by the Participating
Organizations, jointly or separately, to achieve the sound management of chemicals in relation to human
health and the environment.

WHO Library Cataloguing-in-Publication Data
Principles and methods for the risk assessment of chemicals in food.

(Environmental health criteria ; 240)

1. Risk assessment. 2. Hazard assessment. 3. Exposure assessment. 4. Dose-response assessment. 5.
Chemicals. 6. Food safety. 7. Food additives. 8. Contaminants. 9. Pesticide residues. 10. Veterinary drug
residues. . World Health Organization. II.Food and Agriculture Organization of the United Nations.

ISBN 978 92 4 157240 8 (NLM classification: WA 712)
ISSN 0250-863X

© World Health Organization 2009

All rights reserved. Publications of the World Health Organization can be obtained from WHO
Press, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791
3264; fax: +41 22 791 4857; e-mail: [pookorders@who.inf). Requests for permission to reproduce or
translate WHO publications — whether for sale or for noncommercial distribution — should be addressed
to WHO Press, at the above address (fax: +41 22 791 4806; e-mail: permissions@whoani).

The designations employed and the presentation of the material in this publication do not imply
the expression of any opinion whatsoever on the part of the World Health Organization concerning the
legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there may
not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they
are endorsed or recommended by the World Health Organization in preference to others of a similar
nature that are not mentioned. Errors and omissions excepted, the names of proprietary products are
distinguished by initial capital letters.

All reasonable precautions have been taken by the World Health Organization to verify the
information contained in this publication. However, the published material is being distributed without
warranty of any kind, either expressed or implied. The responsibility for the interpretation and use of
the material lies with the reader. In no event shall the World Health Organization be liable for damages
arising from its use.

This document was technically and linguistically edited by Marla Sheffer, Ottawa, Canada.

Printed by Wissenchaftliche Verlagsgesellschaft mbH, Stuttgart, Germany.


mailto:bookorders@who.int
mailto:permissions@who.int

1.1

1. INTRODUCTION

1.1 The need for updated guidance on risk assessment 1-1
1.2 Development of the monograph 1-2
1.3 Purpose, scope and outline of the monograph 1-3
1.3.1 Purpose 1-3
1.3.2 Scope 1-4
1.3.3 Outline 1-4
1.4 Historical background to the work of JECFA and JMPR 1-6
1.4.1 JECFA 1-6
142 JMPR 1-8
1.4.3 Relevant activities since the publication of EHC 70 and
EHC 104 1-10
1.4.3.1  Evaluation of veterinary drug residues 1-1
1.4.3.2 Dietary exposure assessments 1-1
1.4.3.3 Assessment of acute toxicity 1-15
1.4.3.4 Evaluation of flavouring agents 1-16
1.5 Framework for identification, evaluation, development and
incorporation of new principles and methods 1-17
1.6 References 1-17

The need for updated guidance on risk assessment

The Food and Agriculture Organization of the United Nations
(FAO) and World Health Organization (WHO) have a long history
of collaboration in the safety evaluation of chemicals in food. This
activity began in 1956, when the first meeting of the Joint FAO/WHO
Expert Committee on Food Additives (JECFA) was convened by the
two organizations, and was strengthened in the early 1960s, when the
Joint FAO/WHO Meeting on Pesticide Residues (JMPR) first met.

JECFA and JMPR follow the same general principles and meth-
ods for chemical risk assessments, which have been published in
the reports of both committees. In response to recommendations
made by JECFA and JMPR in the early to mid 1980s to review the
validity of the evaluation procedures then in place, the International

For acronyms and abbreviations used in the text, the reader may refer to the list
of acronyms and abbreviations at the front of this monograph. Definitions of
select terms may be found in the glossary at the end of the monograph.
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Programme on Chemical Safety (IPCS) sponsored the preparation of
Environmental Health Criteria monographs (EHCs) on Principles for
the Safety Assessment of Food Additives and Contaminants in Food,
EHC 70 (IPCS, 1987), and Principles for the Toxicological Assessment
of Pesticide Residues in Food, EHC 104 (IPCS, 1990). These mono-
graphs and the principles laid out in subsequent reports have served as
the basis for the assessments that have been performed by JECFA and
JMPR, respectively, since they were published.

Although much of the guidance set out in EHC 70 and EHC 104
remains valid today, considerable development has taken place in the
procedures for and complexity of assessments of chemicals in food
since these monographs were prepared. There have been significant
advances in chemical analysis, toxicological assessment and risk
assessment procedures. JECFA and JMPR have developed many new
general principles, and other international organizations and national
governments have developed or are developing food safety risk assess-
ment approaches and criteria. In addition, since the publication of
these monographs, JECFA has also been charged with the evaluation
of the safety of veterinary drug residues.

A conference on international food trade that was held in Melbourne
in 1999 (FAO, 2000) recognized these developments and the fact that the
evaluations performed by JECFA and JMPR serve as the scientific foun-
dation for international food standards, which are of increasing impor-
tance within the Codex Alimentarius Commission (CAC) and the World
Trade Organization. The conference recommended that WHO should
consider updating and harmonizing all the common principles used by
JECFA and JMPR in the toxicological evaluation of food chemicals and
publish the information in a single consolidated document.

Following this recommendation, FAO and WHO initiated a project
to update, harmonize and consolidate principles and methods for the
risk assessment of food additives, food contaminants, natural toxicants
and residues of pesticides and veterinary drugs. This monograph is the
outcome of that project.

Development of the monograph

To develop this monograph, the principles and procedures used
by JECFA and JMPR, including those in EHC 70 (IPCS, 1987) and
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EHC 104 (IPCS, 1990) and those subsequently adopted by meetings
of JECFA and JMPR, were reviewed. Those principles and methods
that remain valid in view of current scientific knowledge have been
reaffirmed. In addition, where possible, risk assessment procedures
for different classes of chemicals in food (e.g. additives, contaminants,
pesticide residues, veterinary drug residues and natural toxicants) have
been harmonized. For those aspects that could not be harmonized, the
reasons for the differences are elaborated.

FAO, WHO and other organizations have recognized the impor-
tance of the harmonization of risk assessment procedures to enhance
the quality of risk assessments, achieve greater consistency when
evaluating the risks from different sources of exposure, improve the
transparency of the risk assessment process and facilitate risk com-
munication. Therefore, approaches to risk assessment by other sci-
entific groups (including national, regional, other public health and
environmental organizations) were reviewed for these harmonization
efforts. In particular, the outcomes of the IPCS Harmonization Project
(http://www.who.int/ipcs/methods/harmonization/en]) and the Food
Safety in Europe project of the European Commission (Barlow et al.,
2002; Renwick et al., 2003) have been used in the development of this
monograph.

Purpose, scope and outline of the monograph
Purpose

The primary purpose of this monograph is to provide descriptive
guidance for JECFA and JMPR to ensure the continuation of trans-
parent and sound expert evaluations of scientific data for risk assess-
ments of chemicals in food. The principles and methods described are
focused on meeting the needs of JECFA and JMPR for their provision
of scientific advice to FAO and WHO, particularly in the context of
CAC. This monograph is also intended to be informative for users of
the outputs from JECFA and JMPR, such as risk managers and other
risk assessment bodies in Member countries and regional authorities.

Another purpose of this document is to facilitate the incorporation

of new scientific tools, approaches and knowledge in the implementa-
tion of risk assessment of food chemicals, as discussed in section 1.5
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below. In order to allow rapid incorporation of useful new information
and guidance, this monograph will be available via the Internet, with
each chapter published as a “stand-alone module”.

The principles and methods in this document are presented as
descriptive guidance. In the final analysis, expert risk assessment bod-
ies, including JECFA and JMPR, must decide on the most appropriate
approaches for the available scientific data in order to address the risk
assessment and risk management questions that have been formulated
for each food chemical considered.

Scope

This document describes general principles and methods for the
risk assessment of additives, contaminants, pesticide residues, veteri-
nary drug residues and natural constituents in foods. It also includes
general guidance on the risk assessment of novel and non-traditional
whole foods.

For some food and food ingredient terms, such as “novel”, “foods
for special dietary uses” and “nutrient”, there are differences in the
definitions used by national and regional authorities. In this docu-
ment, the definitions given are those developed by JECFA and JMPR
or CAC.

Some general guidance is also given on risk assessment related to
upper levels for nutrients and other potentially beneficial food com-
ponents (see also FAO/WHO, 2006a). Nutrient requirements and the
determination of the efficacy of potentially beneficial dietary compo-
nents are not addressed.

Outline

This document is organized to support risk assessment in the frame-
work of the risk analysis paradigm, with considerations of risk profil-
ing and problem formulation and the necessary interactions between
the risk assessors and risk managers. The risk analysis paradigm is
only briefly reviewed, as other publications have covered that topic in
more detail (see, for example, FAO/WHO, 2006b).

Chapter 2 describes the role of risk assessment in risk analysis.
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Chapter 3 describes the importance of and varying requirements
for chemical characterization and analytical methods in risk assess-
ment and risk management.

Chapter 4 covers the general principles of toxicological testing meth-
ods and studies required for hazard identification and characterization.
These areas were covered extensively in EHC 70 and EHC 104.

Chapter 5 on dose-response assessment continues the theme of
hazard characterization. It discusses the derivation of health-based
guidance values and dose-response modelling.

Chapter 6 provides a summary of approaches to estimating dietary
exposure (intake), with consideration of the concentration and food
consumption data sets that may be used to derive these estimates.
Dietary exposure assessments were not covered extensively in either
EHC 70 or EHC 104. Subsequently, guidance was developed at several
consultations, and EHC 214 (IPCS, 2000) was devoted to the topic of
human exposure assessment.

Chapter 7 describes the considerations for risk characterization,
including the provision of advice to risk managers and for risk com-
munication.

Chapter 8 reviews the JMPR and JECFA approaches to maximum
residue limit (MRL) recommendations for pesticides and veterinary
drug residues. Historically, the approaches for the determination of
MRLs for pesticides and veterinary drug residues have differed in a
number of respects, and this chapter presents those for which harmo-
nization has been agreed and explains those for which harmonization
is not currently possible.

Chapter 9 describes some principles of risk assessment related to
specific groups of substances consumed in small amounts, such as fla-
vouring agents, substances used in food contact materials and residues
of products used in the processing of foods; and substances consumed
in large amounts, such as nutrients and novel foods. It is recognized
that different national and regional regulatory authorities may have
differing regulatory definitions of and requirements related to some
of these substance groups. The terms used in this document are those
used by JECFA and JMPR.
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Finally, the glossary includes definitions of terms used in this
report.

Historical background to the work of JECFA and JMPR

JECFA

JECFA was established following recommendations made to the
Directors-General of FAO and WHO by the Joint FAO/WHO Expert
Committee on Nutrition at its fourth session (FAO/WHO, 1955), and
the subsequent first Joint FAO/WHO Conference on Food Additives
was held in September 1955 (FAO/WHO, 1956). The first meeting
of JECFA (FAO/WHO, 1957) was held in 1956, and acceptable daily
intakes (ADIs) for some food additives were first established at the
sixth meeting in 1961 (FAO/WHO, 1962a). The terms of reference of
the earlier meetings of JECFA related to the formulation of general
principles governing the use of food additives and consideration of
suitable uniform methods for evaluating their safety. For these pur-
poses, food additives were defined by the Conference as “non-nutritive
substances added intentionally to food, generally in small quantities, to
improve its appearance, flavour, texture, or storage properties” (FAO/
WHO, 1955). From a practical standpoint, the “food additive” defini-
tion has been expanded since then, because a variety of compounds,
including nutritive substances, have applications as food additives.

Following recommendations of the third Joint FAO/WHO
Conference on Food Additives and Contaminants (FAO/WHO, 1974)
and requests from Codex committees, these terms of reference were
broadened to include substances unintentionally introduced into
human food, such as veterinary drug residues, components of packag-
ing materials, solvents used in food processing, aerosol propellants,
enzymes used in food processing, contaminants, including metals
in foods, and naturally occurring toxicants. Compounds that may be
incorporated into foods as ingredients, at levels higher than those pre-
viously envisaged for food additives, have also been evaluated.

The first (FAO/WHO, 1957), second (FAO/WHO, 1958) and fifth
(FAO/WHO, 1961) meetings of JECFA established principles for the
use of food additives and made recommendations on methods for
establishing their safety in use and for the evaluation of carcinogenic
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hazards. From the outset, the Committee recognized that “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 establishment of a uniform set of experimental proce-
dures that would be standardized and obligatory is therefore undesir-
able” (FAO/WHO, 1958).

The Committee at its second meeting (FAO/WHO, 1958) concluded
that “it was only possible to formulate general recommendations with
regard to testing procedures”. Subsequent meetings of JECFA have
consistently avoided the adoption of rigid protocols for the testing and
evaluation of food additives. This allows the Committee to respond to
new problems as they arise and to encompass non-routine and ad hoc
studies in the safety evaluation.

In recognition of the fact that many features of toxicity testing and
evaluation are relevant to both JECFA and JMPR, the twenty-fifth
meeting of JECFA (FAO/WHO, 1981) recommended that a group of
experts should be convened to study the application of advances in
methodology to evaluation of food additives and contaminants, and
also of pesticide residues. The urgency of the need to implement this
recommendation was stressed by the twenty-sixth (FAO/WHO, 1982)
and twenty-seventh (FAO/WHO, 1983) meetings of JECFA.

In response to the Committee’s repeated recommendations, IPCS
sponsored a project to formulate specific recommendations in order
to bring up to date:

e the principles set out in earlier reports of JECFA concerning
safety evaluation in relation to specific toxicological problems
or specific chemical entities or groups;

e the test methods used in the toxicological evaluation of chemi-
cals in food; and

e the assessment procedures adopted by JECFA in determining
quantitative end-points, including the use of “safety factors” for
extrapolating animal data to humans and to allow for variability
within the human population.

A unified document on these issues was drafted and reviewed at the
twenty-eighth (FAO/WHO, 1984), twenty-ninth (FAO/WHO, 1986a)
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and thirtieth (FAO/WHO, 1987a) meetings of the Committee. The
final monograph was published as EHC 70 (IPCS, 1987).

JECFA meetings on food additives and contaminants provide an
evaluation of food additives, novel foods and nutrients used as food
additives to the Codex Committee on Food Additives (CCFA) and
an evaluation of contaminants and natural toxicants to the Codex
Committee on Contaminants in Food (CCCF) for risk management
decisions by these committees. Prior to 2007, these two commit-
tees were joined as the Codex Committee on Food Additives and
Contaminants (CCFAC). JECFA does not recommend maximum lev-
els (MLs) for food additives and contaminants to these Codex com-
mittees. In contrast, MRLs for veterinary drugs are recommended by
JECFA meetings on veterinary drugs, but their final recommendation
and adoption as Codex MRLs are risk management decisions taken
by the Codex Committee on Residues of Veterinary Drugs in Foods
(CCRVDF) and CAC.

JVPR

The concept of IMPR was first proposed in 1959, when an FAO
Panel of Experts on the Use of Pesticides in Agriculture (FAO, 1959)
recommended that FAO and WHO should jointly study:

e  the hazard to consumers arising from pesticide residues in and
on food and feedstuffs;

e the establishment of principles governing the setting up of pesti-
cide tolerances; and

e the feasibility of preparing an international code for toxico-
logical and residue data required in achieving the safe use of a
pesticide.

Consequently, in 1961, a Joint Meeting of the FAO Panel of
Experts on the Use of Pesticides in Agriculture and the WHO Expert
Committee on Pesticide Residues was convened. The report of the
1961 meeting (FAO/WHO, 1962b) recommended that “toxicological
and other pertinent data ... on those pesticides known to leave residues
in food when used according to good agricultural practice” should be
evaluated. The evaluations would include the estimate of an ADI and
an explanation of its derivation.
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To implement this recommendation, the first Joint Meeting of the
FAO Committee on Pesticide Residues in Agriculture and the WHO
Expert Committee on Pesticide Residues was convened in 1963 (FAO/
WHO, 1964). This meeting adopted the concept of the ADI, which
was based on:

the chemical nature of the residue;
the toxicity of the chemical based on data from acute, short-term
and long-term toxicity studies and knowledge of metabolism,
mechanism of action and possible carcinogenicity of residue
chemicals (usually determined in animals);

e  knowledge of the effects of these chemicals on humans; and

e the use of “safety factors” for extrapolating animal data to
humans and to allow for variability within the human popula-
tion.

The 1963 and 1965 meetings (FAO/WHO, 1964, 1965) were con-
cerned solely with ADIs and did not consider tolerances (a term later
replaced by MRLs). Separate meetings of an FAO Working Party on
Pesticide Residues examined the issue of tolerances approximately 2
months after the 1963 and 1965 meetings and issued separate reports.
The first report considered principles (FAO, 1964), and the second
proposed tolerances for pesticides on raw cereals (FAO, 1966).

The 1966 IMPR (FAO/WHO, 1967) was the first to consider both
ADIs and tolerances. Since then, JMPR has met yearly, with reports
and evaluations published subsequently. The products of the meetings,
which include ADIs, temporary ADIs, MRLs, temporary MRLs and
extraneous residue limits, have remained essentially unchanged.

Principles and methods of toxicological and residue assessments
have evolved continuously as new data have been evaluated by JMPR.
In view of this, the 1985 JMPR (FAO/WHO, 1986b) recognized the
need to consider the quality of data and provide general guidance on
the methods used for toxicological evaluations. The Meeting recom-
mended that an international meeting consider the toxicological basis
and data requirements for the estimation of an ADI or temporary ADI
and to provide general guidance on relevant toxicological method-
ology. The 1987 JMPR (FAO/WHO, 1987b) and 1988 JMPR (FAO/
WHO, 1988b) noted the progress that had been made in preparation of
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a monograph covering these issues, and the 1989 JIMPR (FAO/WHO,
1989b) reviewed the draft monograph, which was published in 1990
as EHC 104 (IPCS, 1990).

Maximum residue levels for pesticide residues can be estimated and
recommended by JMPR for use as MRLs by the Codex Committee on
Pesticide Residues (CCPR), but their final recommendation and adop-
tion as Codex MRLs are risk management decisions taken by CCPR
and CAC.!

Relevant activities since the publication of EHC 70 and EHC 104

New activities not considered in the preparation of the earlier mon-
ographs include:

the evaluation of residues of veterinary drugs in food;

the development and refinement of methods for estimating the
dietary exposure to chemicals in food;

safety evaluation related to acute exposure; and

the development of the Procedure for the Safety Evaluation of
Flavouring Agents.

These activities are described in more detail below (see sections
1.4.3.1-1.4.3.4). Another new activity not considered previously is the
formalization of the risk analysis framework by FAO, WHO and CAC.

An FAO/WHO Conference on Food Standards, Chemicals in Food
and Food Trade (in cooperation with the General Agreement on Tariffs
and Trade) was held in Rome in March 1991 (FAO/WHO, 1991). This
Conference recognized the importance of JECFA and JMPR in pro-
viding evaluations based on sound science and risk assessment prin-
ciples. The Conference recommended that FAO and WHO review the
terms of reference of JECFA to ensure that it has the authority and
responsibility to review food products derived from contemporary
biotechnology. It also recommended that WHO should seek to develop

! JMPR distinguishes between a “maximum residue level”, which is a sci-
entific estimate with its attendant uncertainty, and a “maximum residue limit”
(MRL), which is equivalent to a legal limit.
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internationally agreed principles for risk assessment of substances that
had been shown to be carcinogenic in animal studies.

Evaluation of veterinary drug residues

Several antibiotics used as veterinary drugs were evaluated at the
twelfth meeting of JECFA (FAO/WHO, 1969), and the two agents pro-
posed for use as growth promoters were considered at the twenty-sixth
(FAO/WHO, 1982) and twenty-seventh (FAO/WHO, 1983) meetings.
However, the extensive efforts that FAO and WHO have put into the
evaluation of residues of veterinary drugs in food did not really begin
until 1987 with the thirty-second meeting of JECFA (FAO/WHO, 1988a),
which was the first meeting dedicated exclusively to veterinary drugs.

A Joint FAO/WHO Expert Consultation was held in Rome in 1984
(FAO/WHO, 1985) to consider various issues relating to the presence
in food of chemicals used in animal husbandry and veterinary medi-
cine. The Consultation recommended inter alia that immediate consid-
eration should be given by CAC to the establishment of CCRVDEF. It
also recommended that the Directors-General of FAO and WHO con-
vene an appropriate scientific body to advise Member governments
and CCRVDF on questions pertaining to residues of veterinary drugs
in foods of animal origin, in terms of both potential public health haz-
ards and barriers to international trade. FAO and WHO gave this task
to JECFA and set up separate meetings for this purpose.

The development of principles governing the safety evaluation of
residues of veterinary drugs in food was begun at the thirty-second
meeting (FAO/WHO, 1988a) and has continued since. At its thirty-
second meeting, the Committee considered it appropriate and helpful
to outline these general principles, but believed that it was desirable
to encourage innovation and further developments in such areas as
toxicology and residue analysis and did not wish to be unduly rigid in
its requirements for data and their interpretation.

Although similar procedures for toxicological assessments are
used by JECFA and JMPR, differences in assessment methods exist
between JECFA in its assessment of residues of veterinary drugs
and JMPR in its assessment of pesticide residues. This became
apparent when JECFA and JMPR began evaluating residues of the
same chemicals but from different sources. A meeting to harmonize
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the work of JECFA and JMPR was therefore held in 1999 (FAO/
WHO, 1999a), at which issues relating to the evaluation of chemi-
cals used as both pesticides and veterinary drugs were discussed.
It was noted that differences in the evaluation procedures used by
the two scientific committees had led to different approaches to the
definition of residues, estimation of dietary exposure, description of
commodities for analysis and recommendations for MRLs. Other
topics discussed at the meeting included risk assessment and tissue
matrices used for the analysis of residues in meat/muscle, fat, milk
and eggs.

The recommendations of this meeting were reviewed by the 1999
JMPR (FAO/WHO, 1999c¢) and the fifty-fourth meeting of JECFA
(FAO/WHO, 2001a), the responses of which are included in the
respective reports. Both scientific committees agreed to implement the
recommendations to the extent feasible. Two issues were the different
ways in which dietary exposure was estimated (see section 1.4.3.2)
and differences in the way in which MRLs are derived by JECFA
and JMPR. The MRLs for veterinary drug residues recommended by
JECFA are based on the approved conditions of use in accordance
with Good Practice in the Use of Veterinary Drugs (GPVD) and in
compliance with the ADI, whereas the MRLs for pesticide residues
established by JMPR are based on Good Agricultural Practice (GAP).
This aspect is explained further in chapter 8. In order to bring its defi-
nitions more closely in line with those of JMPR, the fifty-fourth meet-
ing of JECFA (FAO/WHO, 2001a) proposed revised definitions for
egg and meat and a new definition for fat, foods included in the “food
basket” used to estimate dietary exposure to veterinary drug residues
(see chapter 8, section 8.2.2).

The Committees agreed that when JECFA and JMPR have recom-
mended MRLs for the same chemical with the same residue/marker
definition for the same commodity, the higher MRL will prevail.

Dietary exposure assessments
The procedures used for estimating dietary exposure to various types
of chemicals in food have to some extent been developed separately by

JECFA and JMPR. An FAO/WHO Consultation on Food Consumption
and Exposure Assessment of Chemicals was held in 1997 (FAO/WHO,
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1997b) to collate information on different approaches used for differ-
ent food chemicals, followed by a joint workshop of risk assessors and
risk managers (JECFA/CCFAC) on approaches to dietary exposure
for contaminants and natural toxicants (FAO/WHO, 2000a). A more
recent expert consultation on dietary exposure assessment was held
in 2005 to harmonize approaches for the different types of chemicals
considered by JECFA and JMPR, where possible. The outcome of that
workshop (FAO/WHO, 2008) forms the basis of chapter 6 on dietary
exposure assessment, with the history of consideration of dietary
exposure estimates for different food chemicals outlined below.

Pesticide residues

JMPR has been publishing chronic dietary exposure assessments
as an integral component of its dietary risk assessments since 1998.
The CCPR, at its eighteenth and nineteenth sessions in 1986 and 1987
(FAO/WHO, 1986c¢c, 1987¢c), recommended that guidelines be devel-
oped for estimating the intake of pesticide residues, which would pro-
vide a procedure to ensure that MRLs adopted by Codex would be
such that total dietary exposure to the residue did not exceed the ADI.
Guidelines for predicting dietary intake of pesticide residues were
published in 1989 (WHO, 1989) and revised in 1995 (WHO, 1997).

The original approach outlined in the 1989 guidelines (WHO,
1989) was a stepwise one, which first calculated a theoretical maxi-
mum daily intake (TMDI) as a screening step, assuming residue con-
centrations at the MRL for the pesticide and a hypothetical global
diet. If the estimated dietary exposure exceeded the ADI on the basis
of this worst-case calculation, a refined estimate was undertaken, the
estimated maximum daily intake (EMDI), which included corrections
for edible portion and losses on storage, processing and cooking. If
dietary exposure exceeded the ADI on the basis of this calculation, an
estimated daily intake (EDI) could be undertaken at a national level
based on national diets and including information on the known resi-
due level, corrections for edible portion and losses on storage, process-
ing and cooking, national diets and known uses of the pesticide.

The revised guidelines of 1995 (WHO, 1997) moved away from a

screening approach and recommended use of the best available data to
calculate an international estimated daily intake (IEDI), based on the

1-13



(b)

()

EHC 240: Principles for Risk Assessment of Chemicals in Food

WHO Global Environment Monitoring System — Food Contamination
Monitoring and Assessment Programme (GEMS/Food) diets for dif-
ferent regions in the world (discussed in chapter 6, section 6.2.2.5)
and the supervised trials median residue (STMR) level with plausible
correction factors for edible portion and processing (see chapter 8).
These guidelines also considered the calculation of acute or short-
term dietary exposure for comparison with reference values for acute
toxicity (see section 1.4.3.3 below; also chapter 6, section 6.3.6.2,
appendix 6.1).

Veterinary drug residues

From the beginning of its work on veterinary drug residues, JECFA
used a “food basket” or model diet combined with residue levels at
the MRL to estimate the maximum dietary exposure to veterinary
drug residues (TMDI), ensuring that MRLs consistent with good vet-
erinary practice would not result in chronic dietary exposures higher
than the ADI (FAO/WHO, 1989a, 2001a). Since 2006, the median vet-
erinary drug residue level for foods in the model diet has been used
to estimate potential dietary exposure as an EDI to better align with
the JMPR approach (FAO/WHO, 2006¢) (see also chapter 6, section
6.3.4.1; chapter 8).

Food additives and contaminants

CCFAC developed guidelines for the simple evaluation of contami-
nant intake (WHO, 2000) and food additive intake (FAO/WHO, 1989c,
Annex IV). With the development of the General Standard for Food
Additives and the General Standard for Contaminants and Toxins in
Foods, CCFAC recognized the need to ensure that the acceptance of a
standard would not result in dietary exposures exceeding the ADI for
food additives or the tolerable intake for contaminants. In recognition
of this need, JECFA further developed principles for dietary expo-
sure assessments, which have been used on a routine basis since the
fifty-first meeting of JECFA in 1998 (FAO/WHO, 2000b). In general,
the GEMS/Food diets are used by JECFA in the estimation of dietary
exposure to contaminants and natural toxicants, but these diets are
not suitable for an assessment of food chemicals added to processed
foods, such as food additives. JECFA evaluates dietary exposure esti-
mates for food additives, novel foods and nutrients used as additives
submitted by individual countries, which are usually based on national
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food consumption data. Since 2008, JECFA has also had access to
summary food consumption data for processed food categories for
various European countries (EFSA, 2008) for use in its evaluations.

Assessment of acute toxicity

Most work in this area was instigated by JMPR when it was recog-
nized that some pesticide residue—crop combinations could give rise
to wide unit-to-unit (e.g. carrot-to-carrot) variation in residue levels,
which could result in sporadic high dietary exposures to the pesticide
residue. In response to observations by CCPR that the traditional ADI
was probably not an appropriate toxicological benchmark to be used in
assessing risks due to short-term exposure to acutely toxic pesticides,
the assessment of acute toxicity has been a regular item on the agenda
of JMPR since 1994. The 1995 JMPR (FAO/WHO, 1996) developed
and defined the acute reference dose (ARfD) and established ARfDs
for several pesticides. The 1998 JMPR (FAO/WHO, 1999b) published
procedures for estimating an ARfD and concluded that, in future, the
possibility of establishing an ARfD would be considered for all pesti-
cides, unless, on the basis of its toxicological profile, a pesticide was
considered unlikely to present an acute hazard.

The 2000 JMPR (FAO/WHO, 2001b) provided further guid-
ance on the establishment of the ARfD, and additional guidance
on the derivation of the ARfD was published in the 2002 and 2004
JMPR reports (FAO/WHO, 2002, 2004b). All the guidance to date
on ARfDs has been collated into one publication (Solecki et al.,
2005). JECFA has also adopted the principles of establishing ARfDs
when needed. Further details on ARfD setting are given in chapter 5
(section 5.2.9).

It has been clear from the beginning of JMPR’s consideration of
acute toxicity that it was not appropriate to use chronic dietary exposure
estimates to compare with the ARfD as part of the risk characterization
of acutely toxic pesticide residues. The FAO/WHO Consultation on
Food Consumption and Exposure Assessment of Chemicals that was
held in 1997 (FAO/WHO, 1997b) developed procedures for estimating
short-term or acute dietary exposure, termed the international esti-
mated short-term intake (IESTI), which have been used by JMPR
since 1999. A number of different cases were developed for different
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commodities that were blended (e.g. grains, milk) or consumed as a
single entity (e.g. fruit, vegetables), which have been refined by JMPR
at subsequent meetings (FAO/WHO, 2002, 2004a,b); these are dis-
cussed in more detail in chapter 6, appendix 6.1.

Evaluation of flavouring agents

EHC 70 (IPCS, 1987) recognized that there were special issues
associated with the safety evaluation of flavouring agents related to the
very large number of substances used as food flavouring agents, many
of which occur in natural products, and to the generally low and self-
limiting levels of use. Most flavouring agents have not been subjected
to detailed and comprehensive toxicity tests.

A paper outlining a procedure for the safety evaluation of flavour-
ing agents in a consistent and timely manner was considered at the
forty-fourth meeting of JECFA (FAO/WHO, 1995). It incorporated a
series of criteria that took account of available information on annual
production data for flavouring agents, structure—activity relationships,
metabolism and toxicity data and is a form of risk characterization
that relates dietary exposure estimates to the potential for toxicity. The
production data for the flavouring agents were used to derive a pop-
ulation-based estimate of chronic dietary exposure to each flavouring
agent for use in the procedure.

The procedure was developed further at the forty-sixth meeting of
the Committee (FAO/WHO, 1997a), at which time 46 flavouring agents
in three chemical groups were evaluated. The procedure was refined
at the forty-ninth meeting (FAO/WHO, 1999d) and formally adopted
as the Procedure for the Safety Evaluation of Flavouring Agents; 224
flavouring agents in seven chemical groups were evaluated. Between
100 and more than 200 flavouring agents have been evaluated at each
of several subsequent meetings of JECFA. At the sixty-ninth meet-
ing of JECFA (FAO/WHO, 2009), the Procedure was again revised
to include an additional dietary exposure estimate based on added
use levels for flavouring agents in foods and typical food portions, to
account for consumers who regularly consume a certain food contain-
ing a flavouring agent and the potential for an uneven distribution of
dietary exposures to that agent. The procedure for flavouring agents is
discussed in detail in chapter 9.
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Framework for identification, evaluation, development and
incorporation of new principles and methods

The development of new principles and methods and the re-evalua-
tion of existing principles and methods are conducted at regular meet-
ings of JECFA. Special meetings or working groups are convened as
appropriate.

Historically, new general principles have been developed for issues
relative to the deliberations of the meeting at hand. The conclusions of
the meeting with regard to general principles and methods will con-
tinue to be published as part of the report of the meeting.
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