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PESTICIDE RESIDUES IN FOOD

Report of the 1973 Joint FAO/WHO Meeting

A Joint Meeting of the FAO Working Party of Experts on Pesticide
Residues and the WHO Expert Committee on Pesticide Residues was held
in Geneva from 26 November to 5 December 1973. The Meeting was
opened by Dr A. S. Pavlov, Assistant Director-General of the World
Health Organization on behalf of the Directors-General of the Food and
Agriculture Organization of the United Nations and the World Health
Organization. The FAO Working Party of Experts on Pesticide Residues
had already met from 21 to 24 November 1973 in Geneva in preparation
for the Joint Meeting.

Dr Pavlov stressed the increasing concern over contamination of man’s
environment, pointing out that food is a major source of intake of chemical
contaminants, particularly pesticides. The toxicological evaluation of their
potential hazards is aimed at estimating acceptable daily intakes for man;
these also form the basis for recommending tolerances in various food
items. The recommendations will provide guidance for countries attempting
to control the agricultural use of pesticides, and for the Codex Alimentarius
Commission and its subsidiary body, the Codex Committee on Pesticide
Residues, when recommending international tolerances. Moreover, evalu-
ation of the hazards of pesticides will contribute towards the health pro-
tection of mankind from the pollution of the general environment by
chemicals.

1. INTRODUCTION

The annual Joint Meeting was held in pursuance of the recommendations
made in 1961, at a meeting of a WHO Expert Committee on Pesticide
Residues held jointly with the FAO Panel of Experts on the Use of Pesticides
in Agriculture, that studies be undertaken to evaluate possible hazardsto man
arising from the acceptance of residues of pesticides in foods.

The reports of previous meetings contain information on acceptable daily
intakes (ADIs) established, on residue limits recommended, and on the
methods of analysis suggested for the various pesticides considered. The
supporting documents contain detailed monographs on these pesticides and
include comments on analytical methods.

The present Joint Meeting was convened to consider a further number
of pesticides, together with requests of both a general and specific nature
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contained in the report of the Sixth Session of the Codex Committee on
Pesticide Residues held in October 1972.

During the present Joint Meeting the FAO Working Party was primarily
responsible for:

(@) reviewing data on certain pesticides and their residues;

(b) proposing pesticide residue limits and recommending methods for
their analysis. ’ '

The WHO Expert Committee was primarily responsible for: -

(a) reviewing toxic@logical and other relevant data on certain pesticides
and their residues;

(b) establishing, where possible, ADIs for man for those pesticides
Furthermore each of these groups of experts made recommendations
designed to indicate, stimulate, and coordinate necessary research.

2. GENERAL CONSIDERATIONS

2.1 Principles and scope

Like its predecessors the Meeting took account of the principles enu-
merated in the first and second reports of the Joint Meeting of the FAO
Committee on Pesticides in Agriculture and the WHO Expert Committee
on Pesticide Residues, in the second and fifth reports of the Joint FAO/WHO
Expert Committee on Food Additives (FAO/WHO 1958, 1961), in the
report of the WHO Scientific Group on Procedures for Investigating
Intentional and Unintentional Food Additives (WHO, 1967) and in reports
of previous Joint Meetings (FAO/WHO 1967a, 1968a, 1969a, 1970a, 1971a,
1972a, 1973a). , )

The Meeting discussed a number of principles, some of which had been
adopted in the past by various Meetings and felt that in relation to the
substances considered at this Meeting they should be either clarified or
rephrased, reaffirmed, and extended. ’

2.1.1 Animal feeds : ,
Further to the decision of the 1972 Meeting (FAO/WHO 1973a,
section 2.8) to consider data and to make recommendations on residues
in certain animal feeds, recommendations were made at the present Meeting
for residues on crops especially grown as animal feed (e.g., alfalfa, pasture
grass) and for waste from crops primarily grown for human food fed to
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livestock animals (e.g., sugarbeet tops, pea and bean vines, etc.). However
insufficient data were available to enable recommendations to be made with
regard to residues in oilcake and compound feeds : the position concerning
such products should be considered at a future meeting.

2.2 Considerations on certain testing procedures

2.2.1 The need for long-term tests to establish acceptable daily intakes

A number of substances that were not found to be toxic in laboratory
animals in short-term tests have subsequently shown toxic effects in long-
term studies. The Meeting therefore agreed that as a general rule ADIs
should be established only when data showed that the possibility of a long-
term toxic hazard had been substantially excluded. This will normally be
the case only where data from long-term studies are available.

2.2.2 Data obtained by gavage administration versus feeding

The Meeting examined the results of short-term and reproduction
studies on several pesticides in which similar dosage levels of particular
compounds had been administered daily to groups of experimental animals
by gavage and to other groups by incorporating the compounds in the diet:

The Meeting discussed the need to expose experimental animals in a
way that parallels human exposure. Species such as the rat normally feed
more or less continuously during the night. When such species are used
for testing substances that act only briefly and that do not accumulate or
produce cumulative effects, it is to be expected that dietary administration
will cause less pronounced biological effects than administration by gavage,
which permits the total daily intake to enter the body in a single dose.
In almost every instance administration by gavage produces higher peak
levels in blood and tissue than does incorporation in the diet.

In order to facilitate the interpretation of both feeding and gavage
studies, attempts should be made to determine concentrations of pesticides
and their metabolites in blood and tissue.

2.2.3 Investigations in man

The hazard to man from the introduction of a chemical such as a
pesticide into the environment can be more reliably predicted if information
from carefully planned studies in man is available. Useful information may
sometimes be derived from studies on persons who are occupationally
exposed to the chemical or who have been accidentally poisoned by it.
In these circumstances special efforts should be made to arrange for clinical
investigations, including the analysis of samples of blood and tissue from

9



the affected persons. Arrangements should also be made for the follow-up
of exposed persons and for the collation of the data obtained. In some
cases the exposed population may be large enough and sufficiently well
defined to render appropriate epidemiological studies worth while. If effects
that are apparently specific to man are observed, evidence obtained earlier
from animal studies should be reassessed to see whether information has been
overlooked or whether some different method of study might have been of
greater predictive value. '

Although there may be. ethical and legal problems in carrying out
investigations designed to establish safety or to detect toxicity in man, the
use of volunteers may be justifiable -when the administration of trace
amounts can help in identifying metabolites. For instance, trials in man of
those pesticides for which there is known to be a sensitive index of exposure
(e.g., cholinesterase inhibition) might be acceptable: -

2.2.4 Data obtained from the use of new methods

The Meeting considered how the development of new methods for
toxicological assessment or chemical analysis might be taken into account
in relation to pesticides for which ADIs and/or residue limits had already
been recommended. Recommendations are necessarily conditioned by the
methods available at the time they are made. The Meeting recognized that
the development of a new method might, at any time, make it desirable to
review existing recommendations, whether or not they had been made on a
temporary basis. A need for re-evaluation may stem from new information
concerning residues or the identity of metabolites. Re-evaluation may
result in either raising or lowering ADIs or residue limits.

The use of new methods may resolve anomalies and uncertainties in data
on particular pesticides and thereby provide greater assurance concerning
their safety, and may also provide information of value in the toxicological
evaluation of other pesticides and of other environmental chemicals.

2.3 Modifications and clarifications of certain terms

2.3.1 Discontinuation of the use of the term * tentative negligible daily
intake >

At a previous Meeting (FAO/WHO 1970a) the term * tentative negligible
daily intake ” was adopted. Since data that are not adequate for estimating
an acceptable daily intake are also not adequate for classing an intake level
as negligible, the present Meeting recommended that the term be discontinued,
and that the Glossary (FAO/WHO 1970a, Appendix IV) be amended
accordingly. :
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2.3.2 Temporary acceptable daily intake

In the case of some of the pesticides previously given temporary ADIs,
data required for the present Meeting were not available.

Where some of the data required were available and it was clear that
an effort had been made to provide most of the data required, the Meeting
agreed that it would be reasonable to extend the period of the temporary
ADI. In other cases concern was expressed at the continued lack of response
to requests for data and the Meeting reaffirmed the principle established
in 1972 (FAO/WHO 1973a) that temporary ADIs should be withdrawn in
such circumstances (see also FAO/WHO 1973a).

2.3.3 “ Desirable” studies

In Appendix IV of the report of the 1969 Joint Meeting (FAO/WHO
1970a) terms * further work required ”” and “further work desirable” were
defined. With regard to “desirable”” work it was stated that results from
such studies would be expected to provide additional assurance that the
acceptable intakes established were adequate to protect the health of the
consumer. When discussing a number of pesticides at this Meeting, it was
felt that in some cases, even where the Meeting had enough toxicological
data to establish acceptable daily intakes in man, further information and
studies would be desirable.

Such studies may clarify points of uncertainty about a particular pesticide
and also provide basic knowledge and information about methods of testing
relevant to the toxicological evaluation of pesticides in general.

- Moreover, since figures expressing acceptable daily intakes stem from
the evaluation of experimental studies and observations, the ADIs may be
raised if data that warrant such action become available.

2.3.4 Guidelines

In the absence of ADIs the Meeting felt it necessary as an interim
measure to recommend guideline levels for certain pesticides to assist
regulatory authorities. The levels recommended would be those that need
not be exceeded if good practices are followed. In the interest of the
protection of the health of the consumer, proper toxicological evaluation
of these pesticides should be carried out as soon as possible in order that
tolerances and/or practical residue limits can be recommended. These
guideline levels will be recorded as temporary and will be reassessed as soon
as toxicological data are sufficient to establish an ADI.
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2.4 Significance of figures for ADIs

The Meeting discussed the accuracy with which ADIs or temporary
ADIs or conditional ADIs of pesticides can be estimated. The Meeting
recommended that ADIs should be expressed numerically -using only one
significant figure. The use of more than one significant figure might be
taken to imply a degree of accuracy that cannot be achieved when assessing
the hazard from the many factors that influence toxicity. 4

2.5 Expression of residue limits

From time to time the Meeting had received requests to consider
changing a recommended tolerance by a small amount, for example, from
3 mg/kg to 2 mg/kg, from 0.5 mg/kg to 0.7 mg/kg. Extensive data from
many sources reveal that the frequency with which residue levels in food
approach the tolerance level is very low. It is also important to recognize
that, on statistical grounds, chemical analysis can never determine the *“true”
content of the residue in a given lot of a food commodity but can only
provide an approximation to the true value. This is due partly to systematic
errors (both human and technical) in analytical procedures and partly to
the heterogeneous distribution of the residue in the lot being sampled.
The “ true > value would be approached only if the entire sample lot were
analysed. Since this is impracticable, samples are taken for analysis and
every effort is made to obtain them in such a way that they represent as
closely as possible the mean value of the residue in the lot. However, if
the same commercial lot is sampled and analysed by different persons or
laboratories, different results will usually be obtained. In analyses of the
same sample, the coefficient of variation can easily exceed 20%.

In view of these variabilities, there is little significance in recommending
new, or changing old, tolerance figures in a way that would suggest a greater
accuracy than that with which the original tolerances were established.
It is also more logical to propose tolerances that are based on a geometrical
progression (e.g., 0.1, 0.2, 0.5, 1, 2, 5, 10 mg/kg), than on an arithmetical
one (e.g.,0.2,0.3,0.4.0r:3, 5,7, 10 mg/kg). The percentage error involved
in residue analysis is not constant but decreases as the concentration of
residue increases. The proposed scale is useful over the range of about
0.01 to 10 mg/kg. Concentrations below- 0.01 mg/kg approach the
current limits of determination of most pesticides in foods. Above 10 mg/kg
the accuracy improves and figures such as 10, 15, 20, 25 mg/kg (or even
closer) have greater statistical significance. Fortunately the scale encom-
passes the vast majority of situations that require consideration. In making
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new recommendations and in revising several recommendations made
previously, the present Meeting has adhered to this scale to the extent
possible and permitted by the data.l

2.6 Residue limits for groups of foods

The Meeting discussed the need for, and possibility of, making recom-
mendations for residue limits for groups of foods. It was noted that some
such recommendations had already been made, e.g., for “ fruit ”, “ vege-
tables 7, ““ leafy vegetables ”, and that certain principles for this practice
had been established at the 1970 Meeting (FAO/WHO, 1970a, section 2. 10).
Some unpublished studies on the possibilities and implications of the use
of ““ group tolerances ” have been conducted in the USA. The Meeting
accepted that grouping would enable a larger number of foods in commerce
to be covered by the recommendations. Furthermore, provided that critical
safeguards were used such recommendations could be employed without any
increased risk to consumers.

In amplification of the principles set out in section 2.10 of the 1970
Report and with a view to recommending limits on a group basis, it was
accepted that special efforts should be made in future to obtain and study
data concerning: (1) crops generally accepted as staple food; and (2) crops
generally accepted as constituting a group in their tendency to retain residues.
Preferably, the crops studied should be those that are expected to show
residues at levels above the mean for the group in which they fall.

These concepts should be studied at future meetings when considering
data on individual pesticides and when developing general principles for
future research.

It was suggested that this question be reconsidered at the 1974 Meeting.
As a background, the Meeting asked that a draft text be prepared, clearly
defining the commodities for which recommendations have so far been made.

3. SPECIFIC PROBLEMS

3.1 The significance of the development of liver-cell tumours in mice

In a previous report (FAO/WHO, 1971a) attention was drawn to the
need for more information on the development of liver tumours in mice.
The present Meeting considered the problem of interpreting data in respect

1 See also FAO/WHO' 1971a, section 2.13 ; 1972a, section 2.6 ; and 1973a, section 2.6.
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of carcinogenicity where exposure of mice to a pesticide in food is associated
with evidence of increased risk of development of liver tumours. Several
organochlorine pesticides increase the risk of development of nodules in the
livers of mice. It is not clear what proportion of the nodules are neoplasms
but there is unequivocal evidence, in the case of some of the compounds,
that they increase the incidence of neoplasms that metastasize to the lungs.

A feature of many substances (e.g., phenobarbital) that increases the
risk of liver tumour development in mice is that they induce microsomal
drug-metabolizing enzymes and hypertrophy of the smooth endoplasmic
reticulum of mouse liver cells. These biochemical.and histological changes
occur in the liver cells of other species but without associated tumour
development. When tumours develop in the livers of mice-that show these
liver-cell changes, the biochemical and histological changes just referred to
tend to be present in the tumour cells as well as in *“ normal ” liver cells.
Apart from this, the tumours that arise in response to exposure to chlorinated
hydrocarbons are very similar in appearance and behaviour to those that
arise in untreated mice. It is known that in several strains of mice liver
tumours, including some that metastasize to the lungs, may-arise in untreated
animals and that the rate may be as high as 100 %. The Meeting agreed
that there is a serious lack of knowledge regarding the processes involved
in the development of liver tumours by mice and that it would be unwise
to classify a substance as a carcinogen solely on the basis of evidence of an
increased incidence of tumours of a kind that may occur spontaneously
with such a high frequency.

In general it was felt that if the exposure of mice to a pesticide was
associated with an increased risk of the development of liver tumours, long-
term feeding studies on at least one other species should be required.
Carcinogenicity tests in two species other than the mouse would be regarded
as appropriate where it was evident that man might be exposed through
food to a dose level close to one that increased the incidence of liver tumour
in mice.

The Meeting agreed that, although the above considerations might be
useful for general guidance, it would be essential for each pesticide to be
considered and assessed individually. '

3.2 Toxicity of cholinesterase-inhibiting substances

For animals exposed to organophosphorus compounds that inhibit
cholinesterase, depression of cholinesterase activity in plasma, erythrocytes
and various other tissues is usually the most sensitive measure of toxicity.
However, a few organophosphorus compounds with low acute toxicity and
certain carbamates produce reversible inhibition of cholinesterase. Measure-
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