
Pesticide residues
in food - 2004
Joint FAO/WHO Meeting on
Pesticide Residues

EVALUATIONS
2004

Part II—Toxicological

IPCS
International Programme on Chemical Safety

WORLD
HEALTH

ORGANIZATION

WHO/PCS/06.1

This volume contains toxicological monographs that were prepared
by the 2004 Joint FAO/WHO Meeting on Pesticide Residues (JMPR),
which met in Rome from 20–29 September, 2004.

The monographs in this volume summarize the safety data on 14
pesticides that could leave residues in food commodities. These
pesticides are bentazone, captan, dimethipin, fenpropimorph,
fenpyroximate, fludioxinil, folpet, glyphosate, phorate, pirimicarb,
propiconazole, triademefon/triademenol and trifloxystrobin. The data
summarized in the toxicological monographs served as the basis for
the acceptable daily intakes and acute reference doses that were
established by the Meeting.

This volume and previous volumes of JMPR toxicological
evaluations, many of which were published in the FAO Plant
Production and Protection Paper series, contain information that
is useful to companies that produce pesticides, government regulatory
officers, industrial testing laboratories, toxicological laboratories
and universities.

9 789241 665209

ISBN 92 4 166520 3

P
esticid

e resid
u

es in
 fo

o
d

 - 2004

55629 2004 jmpr cover  28/9/06  4:45 pm  Page 1

    



Pesticide residues
in food—2004
Toxicological evaluations

Sponsored jointly by FAO and WHO
With the support of the International Programme
on Chemical Safety (IPCS)

Joint Meeting of the
FAO Panel of Experts on Pesticide Residues
in Food and the Environment
and the
WHO Core Assessment Group

Rome, Italy, 20–29 September 2004

The summaries and evaluations contained in this book are, in most cases, based
on unpublished proprietary data submitted for the purpose of the JMPR assess-
ment. A registration authority should not grant a registration on the basis of an
evaluation unless it has first received authorization for such use from the owner
who submitted the data for JMPR review or has received the data on which the
summaries are based, either from the owner of the data or from a second party
that has obtained permission from the owner of the data for this purpose.

WHO/PCS/06.1

WORLD
HEALTH

ORGANIZATION

pespr.qxd  27/9/06  3:16 pm  Page i

           



WHO Library Cataloguing-in-Publication Data

Joint Meeting of the FAO Panel of Experts on Pesticides Residues in Food and the Environment and the WHO Core
Assessment Group (2004 : Rome, Italy) Pesticide residues in food : 2004 : toxicological evaluations : part II / Joint
Meeting of the FAO Panel of Experts on Pesticides Residues in Food and the Environment and the WHO Core
Assessment Group, Rome, Italy 20–29 September 2004.

1.Pesticide residues—toxicity. 2.Food contamination. 3.No-observed-adverse-effect level. I.FAO Panel of
Experts on Pesticide Residues in Food and the Environment. II.WHO Core Assessment Group on Pesticide
Residues. III.Title. IV.Pesticide residues in food : evaluations : 2004 : part II—toxicological.

ISBN 92 4 166520 3 (NLM classification: WA 240)
ISBN 978 92 4 166520 9

This report contains the collective views of two international groups of experts and does not nec-
essarily represent the decisions nor the stated policy of the Food and Agriculture Organization of
the United Nations or the World Health Organization.

D

The preparatory work for the toxicological evaluations of pesticide residues carried out by the WHO Expert
Group on Pesticide Residues for consideration by the FAO/WHO Joint Meeting on Pesticide Residues in
Food and the Environment is actively supported by the International Programme on Chemical Safety
within the framework of the Inter-Organization Programme for the Sound Management of Chemicals.
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 assessing the risk to human health and the environment to exposure from chemicals, through inter-
national peer-review processes as a prerequisite for the promotion of chemical safety, and to provide tech-
nical assistance in strengthening national capacities for the sound management of chemicals.
The Inter-Organization Programme for the Sound Management of Chemicals (IOMC) was established in
1995 by UNEP, the Food and Agriculture Organization of the United Nations, WHO, the United Nations
Industrial Development Organization, and the Organisation for Economic Co-operation and Development
(Participating Organizations), following recommendations made by the 1992 United Nations Conference
on the 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.

© World Health Organization 2006

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; email: bookorders@who.int). 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; email:
permissions@who.int).

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 WHO to verify the information contained in this
publication. However, the published material is being distributed without warranty of any kind,
either express 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.

Typeset in Hong Kong
Printed in Malta

pespr.qxd  27/9/06  3:16 pm  Page ii

                 



TABLE OF CONTENTS

Page

List of participants ............................................................................................................. v
Abbreviations ..................................................................................................................... vii

Introduction........................................................................................................................ ix

Toxicological evaluations................................................................................................... 1
Bentazone................................................................................................................. 3
Captan ...................................................................................................................... 13
Dimethipin ............................................................................................................... 23
Fenpropimorph......................................................................................................... 27
Fenpyroximate.......................................................................................................... 35
Fludioxonil*............................................................................................................. 47
Folpet ....................................................................................................................... 85
Glyphosate** ........................................................................................................... 95
Phorate** ................................................................................................................. 171
Pirimicarb**............................................................................................................. 207
Propiconazole**....................................................................................................... 281
Triademefon and triademenol**.............................................................................. 325
Trifloxystrobin* ....................................................................................................... 387

Annex 1. Reports and other documents resulting from previous Joint Meetings 
of the FAO Panel of Experts on Pesticide Residues in Food and the 
Environment and the WHO Expert Groups on Pesticide Residues ............... 451

D
*First full evaluation
**Evaluated within the periodic review programme of the Codex Committee on Pesticide Residues

pespr.qxd  27/9/06  3:16 pm  Page iii

   



D

pespr.qxd  27/9/06  3:16 pm  Page iv

  



2004 Joint Meeting of the FAO Panel of Experts on
Pesticide Residues in Food and the Environment

and the WHO Core Assessment Group

Rome, 20–29 September 2004

PARTICIPANTS

Toxicological Core Assessment Group

Professor Alan R. Boobis, Experimental Medicine & Toxicology, Division of Medicine,
Faculty of Medicine, Imperial College London, London, England (WHO Chairman)

Dr Les Davies, Science Strategy and Policy, Office of Chemical Safety, Australian Gov-
ernment Department of Health and Ageing, Woden, ACT, Australia

Dr Vicki L. Dellarco, United States Environmental Protection Agency, Office of Pesticide
Programs, Health Effects Division, Washington, DC, USA (WHO Rapporteur)

Dr Helen Hakansson, Institute of Environmental Medicine, Karolinska Institutet, Unit of
Environmental Health Risk Assessment, Stockholm, Sweden

Dr Angelo Moretto, Dipartimento Medicina Ambientale e Sanità Pubblica, Università di
Padova, Padova, Italy

Dr Roland Solecki, Pesticides and Biocides Division, Federal Institute for Risk Assessment,
Berlin, Germany

Dr Maria Tasheva, Laboratory of Toxicology, National Center of Hygiene, Medical Ecology
and Nutrition, Sofia, Bulgaria

FAO Panel of Experts on Pesticide Residues in Food and the Environment

Dr Ursula Banasiak, Federal Institute for Risk Assessment, Berlin, Germany
Dr Eloisa Dutra Caldas, University of Brasilia, College of Health Sciences, Pharmaceuti-

cal Sciences Department, Brasília/DF, Brazil
Dr Stephen Funk, Health Effects Division, United States Environmental Protection Agency,

Washington, DC, USA (Chairman)
Mr Denis J. Hamilton, Biosecurity, Department of Primary Industries and Fisheries, 

Brisbane, Australia (Rapporteur)
Dr Bernadette C. Ossendorp, Centre for Substances and Integrated Risk Assessment (SIR),

National Institute of Public Health and the Environment (RIVM), Bilthoven, Netherlands
Dr Yukiko Yamada, Research Planning and Coordination Division, National Food Research

Institute, Tsukuba, Japan

Secretariat

Dr Arpàd Ambrus, Central Service for Plant Protection and Soil Conservation, Plant and
Soil Protection Directorate, Budapest, Hungary (FAO Consultant)

Dr Andrew Bartholomaeus, Therapeutic Goods Administration, Commonwealth Depart-
ment of Health and Ageing, Woden, ACT, Australia (WHO Temporary Adviser)

Dr Lourdes Costarrica, Food and Nutrition Division, Food and Agriculture Organization of
the United Nations, Rome, Italy (FAO Staff Member)

Mr Bernard Declercq, Epinay sur Orge, France (FAO Consultant)

– v –

D

pespr.qxd  27/9/06  3:16 pm  Page v

                        



Dr Ghazi Dannan, Office of Pesticide Programs, United States Environmental Protection
Agency, Washington, DC, USA (WHO Temporary Adviser)

Dr Ian C. Dewhurst, Pesticides Safety Directorate, Mallard House, King’s Pool, 3 Peasholme
Green, York YO1 7PX, England (WHO Temporary Adviser)

Dr Salwa Dogheim, Central Laboratory of Residue Analysis of Pesticides and Heavy Metals
in Food, Agriculture Research Center, Ministry of Agriculture, Heliopolis, Cairo, Egypt
(FAO Consultant)

Professor P.K. Gupta, Toxicology Consulting Services Inc., Bareilly, UP, India (WHO 
Temporary Adviser)

Dr Yibing He, Pesticide Residue Division, Institute for the Control of Agrochemicals, 
Ministry of Agriculture, Cheoyang District, Beijing, China (FAO Consultant)

Dr H. Jeuring, Chairman, Codex Committee on Pesticide Residues, Senior Public Health
Officer, Food and Consumer Product Safety Authority, The Hague, Netherlands (WHO
Temporary Adviser)

Mr David Lunn, Programme Manager (Residues-Plants), Dairy and Plant Products Group,
New Zealand Food Safety Authority, Wellington, New Zealand (FAO Consultant)

Mr Antony F. Machin, London, England (FAO Editor)
Dr Dugald MacLachlan, Australian Quarantine and Inspection Service, Australian Depart-

ment of Agriculture, Fisheries and Forestry, Kingston, ACT, Australia (FAO Consultant)
Dr Timothy C. Marrs, Food Standards Agency, Aviation House, London, England (WHO

Temporary Adviser)
Dr Jeronimas Maskeliunas, Joint FAO/WHO Food Standards Programme, Food and Nutri-

tion Division, Food and Agriculture Organization of the United Nations, Rome, Italy
(FAO Staff Member)

Dr Heidi Mattock, Illkirch-Graffenstaden, France (WHO Editor)
Dr Douglas B. McGregor, Aberdour, Scotland (WHO Temporary Adviser)
Dr Rudolf Pfeil, Pesticides and Biocides Division, Federal Institute for Risk Assessment,

Berlin (WHO Temporary Adviser)
Mr Tsuyoshi Sakamoto, Agricultural Chemicals Inspection Station, Kodaira, Tokyo, Japan

(FAO Consultant)
Dr Atsuya Takagi, Division of Toxicology, Biological Safety Research Centre, National

Institute of Health Sciences, Setagaya-ku, Tokyo, Japan (WHO Temporary Adviser)
Dr Amelia Tejada, Pesticide Management Group, Plant Protection Service, Plant Produc-

tion and Protection Division, Food and Agriculture Organization of the United Nations,
Rome, Italy (FAO Joint Secretary)

Dr Angelika Tritscher, International Programme on Chemical Safety, World Health Orga-
nization, Geneva, Switzerland (WHO Joint Secretary)

Dr Gero Vaagt, Pesticide Management Group, Food and Agriculture Organization of the
United Nations, Rome, Italy (FAO Staff Member)

Dr Gerrit Wolterink, Centre for Substances & Risk Assessment, National Institute for Public
Health and the Environment (RIVM), Bilthoven, Netherlands (WHO Temporary Adviser)

Dr Jürg Zarn, Swiss Federal Office of Public Health, Food Toxicology Section, Zurich,
Switzerland (WHO Temporary Adviser)

D

– vi –

pespr.qxd  27/9/06  3:16 pm  Page vi

                                            



Abbreviations used

ADI acceptable daily intake
ARfD acute reference dose
AUC area under the curve of concentration–time
bw body weight
DMSO dimethylsulfoxide
ECG electrocardiogram
F0 parental generation
F1 first filial generation
F2 second filial generation
FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
FOB functional observational battery
GLP good laboratory practice
HDW haemoglobin concentration distribution width
HPLC high-performance liquid chromatography
IPCS International Programme on Chemical Safety
ISO International Organization for Standardization
IUPAC International Union of Pure and Applied Chemistry
LC50 median lethal concentration
LD50 median lethal dose
LOAEL lowest-observed-adverse-effect level
MS mass spectrometry
MCV mean cell volume
MCH mean corpuscular haemoglobin
MCHC mean corpuscular haemoglobin concentration
MRL maximum residue level
NOAEC no-observed-adverse-effect concentration
NOAEL no-observed-adverse-effect level
NMR nuclear magnetic resonance
OECD Organisation for Economic Co-operation and Development
ppm parts per million
TLC thin-layer chromatography
TMDI theoretical maximum daily intake
QA quality assurance
WHO World Health Organization
w/v weight for volume
w/w weight for weight
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