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PREFACE

These Guidelines are designed to assist countries in initiating studies of the dietary
jintake of contaminants at the national level by providing detailed procedures and methods by
which such studies may be conducted. National authorities are urged to review the basic
approaches to the determination of contaminant intakes set forth in this book in the light of
their national needs and resources, and to adopt one of the approaches for estimating dietary
exposures of their country's consumers to chemical contaminants of concern. The Guidelines
should be considered in conjunction with the FAO/WHO Guidelines for establishing or
strengthening national food contamination monitoring programmes (1) also prepared under the
Joint FAO/WHO Food Contamination Monitoring Programme. This Programme forms part of the
Global Environmental Monitoring System which was established by the United Nations
Environment Programme.

The present text has been prepared under the Joint FAO/WHO Food Contamination Monitoring
Programme, in collaboration with the Joint FAO/WHO Food Standards Programme and the relevant
committees of the Codex Alimentarius Commission.

The first draft was prepared by Dr C. F. Jelinek, Bureau of Foods, Food and Drug
Administration, Department of Health and Human Services, Washington, DC, USA, and
Dr D. G. Lindsay, Food Science Division, Ministry of Agriculture, Fisheries and Food, London,
England. A joint FAQ/WHO meeting of a working group was subsequently held in Rome,
16-21 December 1982, to review and finalize that first draft. The participants are listed in
Annex 1. In addition, valuable comments were received on the first draft from the Joint
FAO/WHO Collaborating Centres for Food Contamination Monitoring, a list of which is given in
Annex 2. The collaboration of the Centres in this work, as well as in a variety of other
work related to the occurrence of chemical contaminants in food, is gratefully acknowledged.

The Joint FAO/WHO Secretariat wishes to thank, in particular, Dr Jelinek and Dr Lindsay
for their continued help in all phases of the preparation of this book.
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1. INTRODUCTION

National authorities have the responsibility and obligation to ensure that toxic
chemicals, such as pesticides, heavy metals, polychlorinated biphenyls, aflatoxins and other
contaminants, are not present in food at levels that may adversely affect the health of
consumers. Countries may set legal limits for food contaminants and monitor compliance with
such limits. This type of monitoring and food control is essential for consumer protection
and facilitation of trade. At the same time, governments need to assess public health risks
arising from the presence of toxic chemicals in foods consumed in their countries.

To ascertain whether a consumer is at risk or not, it is necessary to estimate the
actual dietary intake of a contaminant for comparison with acceptable daily intakes (ADIs) or
provisional tolerable weekly intakes (PTWIs). Obtaining such an estimate is also important
in determining whether there is a relationship between any observed effects in humans and the
intake of a particular contaminant. The estimation of the actual dietary intake of
contaminants as a measure of exposure is thus indispensable for risk assessment.

Contaminant intake estimates are equally critical for making sound decisions in the
regulation of chemicals and food safety. If the actual intake of a chemical is found to
approach or exceed the ADI or PTWI, national authorities should evaluate whether the use of
the chemical may need to be restricted or eliminated. Dietary intake studies will provide
the information that will indicate whether existing limits for contaminants in foods should
be reviewed. If periodic estimates of actual exposures to chemicals are found to be well
below ADIs or PTWIs, health authorities and the citizens of the country are assured of the
safety of the current food supply with respect to these substances,

Three basic, practical approaches for carrying out dietary intake studies are described
and the strengths and limitations of each approach are indicated. Although a preferred or
recommended approach for governments to adopt is not specified, the total diet (market
basket) study (see section 5) would, in general, provide a more accurate estimate of dietary
intakes of contaminants for a country as a whole than either of the other methods. It is,
however, a more complex and more costly approach to follow. The selective studies of
individual foodstuffs (see section 6) and the duplicate portion studies (see section 7) may
represent a minimum programme where resources and technical capabilities are limited.

1.1 Joint FAO/WHO Food Contamination Monitoring Programme

l1.1.1 Objectives

The Joint FAO/WHO Food Contamination Monitoring Programme, initiated in 1976, is one of
the major health-related activities of the Global Environmental Monitoring System, which was
established by the United Nations Environment Programme. The main objectives of the Joint
FAO/WHO Programme are:

(a) to collect data on levels of certain chemicals in individual foods and in total
diet samples and to evaluate these data, review trends and produce and disseminate summaries,
thus encouraging appropriate food control and resource management measures;

(b) to obtain estimates of the intake via food of specific chemicals, with a view to
combining these data with those on intake from other sources and thus enabling the total
intake of the contaminant to be estimated;

(c¢) to provide technical cooperation with the governments of countries wishing to
initiate or strengthen food contamination monitoring programmes; and

(d) to provide the joint FAO/WHO Codex Alimentarius Commission with information on the
levels of contaminants in food to support and accelerate its work on international standards

for contaminants in foods.

1.1.2 Dietary intake of contaminants and risk assessment

In order to assess potential health problems from the presence of toxic contaminants in
the food supply, the extent to which actual dietary intakes approach or exceed a
toxicologically acceptable daily intake (ADI) or provisional tolerable weekly intake (PTWI)
should be determined.
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The acceptable daily intake of a chemical is the daily intake which, during an entire
lifetime, appears to be without appreciable risk on the basis of all the known facts at the
time. It is expressed in milligrams of the chemical per kilogram of body weight (mg/kg).
For this purpose "without appreciable risk" is taken to mean the practical certainty that
injury will not result even after a lifetime of exposure (2).

The Joint FAO/WHO Meeting on Pesticide Residues (JMPR) has established ADIs for a number
of pesticides used in food production. Similarly the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) has established ADIs for food additives. Since 1972, JECFA has also
evaluated several food contaminants, such as cadmium, lead and mercury, and has allocated
PTWIs rather than ADIs for these contaminants. The basis for adopting this approach has been
described as follows (3):

"(1) The contaminants are able to accumulate within the body at a rate and to an extent
determined by the level of intake and by the chemical form of the heavy metal present in
food. Consequently, the basis on which intake is expressed should be more than the amount
corresponding to a single day. Moreover, individual foods may contain above-average levels
of heavy metal contaminant, so that consumption of such foods on any particular day greatly
enhances that day's intake. Accordingly the provisional tolerable intake is expressed om a
weekly basis.

(2) The term "tolerable'", signifying permissibility rather than acceptability, is used
in those cases where intake of a contaminant is unavoidably associated with the consumption
of otherwise wholesome and nutritious foods, or with inhalation in air.

(3) The use of the term "provisional' expresses the tentative nature of the evaluation,
in view of the paucity of reliable data on the consequences of human exposure at levels
approaching those with which the Committee is concerned."

For the protection of the health of the individual, the amount of a chemical residue
consumed by that individual should generally not exceed the ADI or PTWI over a prolonged
period of time. To ascertain whether a comsumer is at risk or not, therefore, it is
important to compare the estimated intake, as assessed by dietary intake studies, with the
ADI or PIWI.

The estimation of the dietary intake of a chemical residue can rarely completely reflect
the long-term exposure of a population (or individual) to that residue because of the
difficulties inherent in determining long-term food consumption patterns. Nonetheless an
initial approximate assessment of dietary intake is essential: to indicate whether current
regulatory practices for a contaminant are adequate; to provide a triggering mechanism for
deciding whether further, more detailed assessments of intake are required; and, ultimately,
to determine whether further comtrols over the use of a toxic substance should be considered.

It should be recognized that a population (or individual) may also be exposed to certain
contaminants from sources other than the diet. In such circumstances, the estimation of
exposure to a contaminant in food should be combined with an assessment of the total exposure
to that contaminant from all sources. This includes inhalation of airborne contaminants and
ingestion of contaminants in drinking water, e.g., lead is both an air and a drinking-water
pollutant. An objective assessment of the overall risk, in comparison to the ADI, must take
into account such sources.

Since 1978, collaborating centres have submitted information, under the Joint FAOQ/WHO
Food Contamination Monitoring Programme, on estimated daily dietary intakes of the DDT
complex, total hexachlorocyclohexane (HCH) isomers, the sum of aldrin and dieldrin, the sum
of heptachlor and heptachlor epoxide, hexachlorobenzene (HCB), polychlorinated
biphenyls (PCBs), lead, cadmium and aflatoxins. These data have been evaluated to determine
the potential risk to human health from such exposure.1

1 Summary and assessment of data received from the FAO/WHO Collaborating Centres for
Food Contamination Monitoring, Global Environmental Monitoring System, 1982 (unpublished
UNEP/FAO/WHO document).
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1.1.3 Guidelines for conducting intake studies for contaminants

In making the above evaluation, it was recognized that, in order to further the
objectives of the Joint FAO/WHO Food Contamination Monitoring Programme, guidelines were
needed to encourage the submission of such data and be of assistance to collaborating centres
and national regulatory authorities w1sh1ng to initiate dietary intake studies for
contaminants. Therefore, under the auspices of the Programme a publication entitled Chemical
contaminants in food - approaches for estimation of intake has been prepared, in a A
provisional edition by FAO (4). This publication describes broad approaches, whereas the
present Guidelines have been developed for the purpose of describing methods and procedures
by which estimates of dietary intake of contaminants may be obtained.

It is believed that these Guidelines will assist in the work of the Codex Committee on
Pesticide Residues (CCPR) and the Codex Committee on Food Additives (CCFA). The prime
objective of CCPR is to secure the agreement of Member States on internationally acceptable
maximum residue limits (MRLs) for food commodities moving in international trade. An
essential consideration in reaching such agreement is the acceptability of MRLs from a
consumer safety point of view, i.e., will the use of pesticides covered by the MRLs result in
dietary exposures to pesticide residues that do not exceed the ADI recommended by JMPR. CCPR.
therefore believes it useful to have guidelines to stimulate and assist governments in :
conducting pesticide residue intake studies in their countries.

CCFA also has an active interest in developing guidelines to assist governments to
determine the intake of specific food additives and contaminants. This interest stems from
the need to determine that the dietary intake of certain additives and contaminants does not
exceed acceptable levels; to assist CCFA in endorsing maximum levels for food additives and
contaminants; and to enable them to determine whether the dietary intakes are within
toxicologically acceptable limits.2

Although the approaches to the assessment of residue intakes have primarily been
developed to determine the intake of food contaminants, methods that involve the analysis of
whole diets or individual foods for which consumption data are available are also applicable
to food additives. Whole diets can be -analysed provided that they comprise representative
foods containing such additives. Since additives are utilized in the production of
manufactured foods, which may be consumed irregularly by some consumers but frequently and in
large quantities by others, it is most important that the emphasis is placed on an assessment
of the exposure of the frequent consumers. The undertak1ng of selective studies of ‘
individual foods (section 6) is a suitable apptoach when it is known, or can be reasonably
estlmated which additives are likely to be used in which foods.

1 Guidelines on pesticide residue intake studies (unpublished working paper (XPR 82/6)
prepared by the delegations of the United Kingdom and the USA for the fourteenth session of
the Codex Committee on Pesticide Re31dues)

2 Report of the sixteenth session of the Codex Committee on Food Additives, The Hague,
16-21 March 1982. Guidelines for food additive intake studies (unpublished FAO document
ALINORM 83/12, appendix VII).
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2. OBJECTIVES AND SCOPE OF THE GUIDELINES

The basic objective of these Guidelines is to aid countries with varying resources to
assess the risk of possible exposure to chemical contaminants in the food supply and to aid
countries in reviewing and amending current regulatory practices. This is achieved through
the process of determining the estimated exposure of a population to chemical residues in the
diet and comparing these dietary intakes with those that have been judged as acceptable
through the work of JMPR and the Joint FAO/WHO Expert Committee on Food Additives in setting
ADIs or PTWIs.

Other objectives of the Guidelines are as follows:

(a) to utilize existing monitoring data effectively in the prediction of potential
exposures to toxic substances in food;

(b) to identify the criteria that may be used to decide which dietary intake assessment
studies are appropriate;

(¢) to provide methods for predicting likely intakes in the absence of extensive data;

(d) to assist in determining whether regulation of the use of certain chemicals is
necessary and in facilitating the process of setting or accepting tolerances and residue
limits;

(e) to enable more objective assessments to be made of the effects the ingestion of
such toxic substances may have in man, by combining dietary intake studies with a study of
the indices of clinical effect in individuals and other appropriate epidemiological
information;

(f) to facilitate a comparison between the estimated daily dietary intakes of
contaminants amongst the Member States participating in the Joint FAO/WHO Food Contamination
Monitoring Programme.

The approach adoﬁted in these Guidelines to meet these objectives has been:

(i) to propose certain methods that can be used to estimate average dietary intakes of
contaminants in the population as a whole;

(ii) to interpret the data from such methods to decide whether more detailed studies
should be undertaken; and

(iii) to identify ways of calculating potential maximum intakes of individual
foodstuffs and of foodstuffs in general.

There is no single method that can be proposed for estimating the dietary intakes of
toxic substances present in food, since no one method is suitable for application to the
problems facing countries with widely differing resources, lifestyles and the diversity or
homogeneity of food supply and food distribution networks. The relative advantages,
disadvantages and overall limitations of the various approaches must be taken into account
once the overall policy of a country's food safety programme has been determined.

Methods are available for broad and general estimates of food contamination risks, which
may be used to determine whether more detailed and accurate assessments of risk should be
applied. However, food contamination monitoring programmes may already have identified a
source of contamination which is likely to comprise a substantial portion of the dietary
intake of a certain contaminant. Under such circumstances the initial average assessment of
intake may be unnecessary and detailed studies of individual intakes may be most appropriate.
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3. FOOD CONSUMPTION DATA

3.1 1Introduction

The collection of valid data on the food consumption habits of a population is the most
difficult problem to be overcome before any assessment can be made of the dietary intake of a
contaminant., Patterns of food consumption vary considerably within individuals and groups of
individuals. This variability must not be forgotten in the choice of the method of dietary
intake assessment and the interpretation to be placed on the data obtained. Some groups
within the population will show patterns of food consumption that are widely different from
those of the population as a whole, and include, for example:

(a) ethnic and cultural minority groups within.a community;
(b) people living on subsistence diets;

(c) people whose employment or situation provides them with free food or who produce
their own;

(d) members of the general population with extreme eating or drinking habits;
(e)r infants and young children, the elderly;

(f) pregnant or lactating women;

(g) the sick (e.g., diabetics);

(h) people on restricted diets (low-calorie, low-sodium, Qegetarian, etc.);

(i) people who live in a geographical area where the levels of a contaminant in food
are unusually high.

Methods for the assessment of patterns of food consumption will provide data that may
not be representative of the population as a whole but only of specific groups within the
population. In utilizing data from any one approach, such limitations should be borne in
mind. Too rigid an interpretation of such data as to the actual level of intake of a
contaminant over a long period of time by an individual or group within the population is
unjustified, since long-term food consumption habits are difficult to obtain. Once the
overall objectives of the programme have been defined, the limitations of each approach
should be carefully considered before any one type of approach is adopted.

This section of the Guidelines is not an attempt to review in detail all the different
methods that have been utilized in determining food consumption, since this has been done
already (5-9). Rather, it is to discuss in general terms the methods that are available for
obtaining the food consumption data felt to be of principal benefit in estimating the dietary
intake of contaminants, and their advantages and limitations.

3.2 Approaches for determining food consumption data

There are two general approaches to obtaining information on the dietary habits of a
population or of individuals: (a) involving the collection of inferred data on the movement
and disappearance of foodstuffs in a region or home; and (b) involving the collection of
direct personal data on the actual amounts of food consumed by an individual or household. A
summary of the methods that have been used generally is given in Table 1. The selection of
any one method over another will depend on such factors as age, educational level and
motivation of the target population, as well as the costs and resources available,

The food consumption data used to determine the dietary intake of a contaminant for a
population group should reflect typical food consumption patterns of the population of
concern., Ideally the data will be derived from current national food consumption surveys
which use acceptable sampling techniques and methods for determining food consumption.
However, surveys designed to obtain information about the food consumption habits of a group
do not always identify above-optimal intakes for individuals, or allow associations between
intake and effects in the individual to be determined.
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Table 1. Methods for collecting food consumption data
from population groups and individuals

Assessment Method

Individual Food diary, weighed intakes
Duplicate portion studies
Dietary recall
Food frequency

Population - Food diary, weighed intakes
Dietary recall
Food frequency
Food disappearance method - household
- national

Nationwide programmes for the collection of food consumption data at the household level
have been used to a greater extent than those based on an individual's food consumption.
The collection of nationally-representative data on household purchase and consumption of
foodstuffs has been necessary for many governments wishing to study the overall level of
nutrition of a community and the effect that social and economic factors have had on the
consumption of individual foods and food in general. Provided that the data are truly
representative of social class and regional differences, they are likely to reflect the
long-term trends of food purchasing habits throughout the community as a whole.

The use of household budget surveys that record expenditure on food to derive the
quantities consumed can lead to an under-estimation of the intake of food by some groups
within the population and an over-estimation of the intake of others. Household food
consumption surveys that record the movement or disappearance of food in a household provide
more accurate results, but none of them is able to provide information on the distribution of
the foods among the members of the families. This aspect is discussed further in
section 3.6.1.

However, if such data are used in combination with data on the average levels of a
contaminant found in the consumed food, and the calculated intakes are found to be well below
the toxicologically-determined acceptable intake, then the fact that the intake of some
individuals of the population has been under-estimated can usually be ignored. This is not
the case when monitoring programmes have established that contaminants may be present at high
levels in certain foods and the patterns of consumption or purchase of such foods in the
community as a whole show wide fluctuations. If there is any evidence for the coincidence of
these two factors, then food consumption studies based on the direct measurement of the food
intake of an individual are essential.

Difficulties arise when the use of inferred methods (i.e., food disappearance methods)
indicates that intakes are not substantially below an acceptable level. It must then be
decided whether direct studies would be appropriate, taking into account any realistic
individual consumption data already available, and any physiological constraints that will
determine the total amount of food likely to be consumed on a regular basis by any one group
of individuals (section 3.7).

3.3 Selection of a sample of the population for study

The sampling technique used in a food consumption survey should be based on available
demographic data of the population group, area, region or country to be evaluated. Selection
of the households or individuals within a population to be surveyed must take account of the
following variables: age, sex, race or ethnic group, income, urbanization, geographical

1 Review of national practices and methods of food consumption surveys. 1977
(unpublished FAO document FAO/ECELCFS: AG5/77-2).
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location, pregnancy or lactation, and housing within an institution, such as a hospital,
convalescent home or boarding school. The religion of the participants may also be of
concern if there are several religions (with different diétary prohibitions) within a
population. Other variables (occupation, water source, use of drugs or tobacco, etc.) may
also be of concern depending upon the contaminants to be evaluated in the diet.

If the objective is to compare the variation in intakes between population groups and to
study time trends in these variations, then the choice of an appropriate sample population
must be based on available census-type information. The sample must be stratified according
to the number of individuals or households within each of these distinct populations.
Approaches that have been adopted for sample selection in nationwide household or individual
food consumption surveys carried out in a number of countries, have been
published (10,11).% The sampling must ensure that the dietary data are typical of the
population. There should be a sufficient number of individuals within the various subcells
(e.g., age, sex, race, income groups, etc.) that are to be evaluated in order to ensure that
the data are valid. It must be noted that "averages'" can be very misleading if a country's
wealth is unevenly distributed. Thus it is important to evaluate standard deviations for
mean values, means versus medians, and percentile distribution of food intakes for a
population group and its subgroups.

If the objective is solely to make a once-and-for-all assessment of maximum potential
risk amongst a particular population group in one specific region of the country, then biased
sampling is adopted. The criteria for the selection of an appropriate sample will depend
largely on the minimum sample size that has been judged ‘to include the top percentiles .of
consumers within the group. 1In order that these can be achieved, a minimum random sample of
at least 100 individuals must be selected, based on general observation of eating habits and
localized knowledge of the incidence of food contamination.

3.4 Validity of food consumption estimates .

A determination of the absolute validity of a set of dietary survey data is rarely
possible. However, validation can be undertaken by relating the total excretion of a given-
component of the diet by an individual to the intake, as determined by a food-intake study,
provided such a component is not stored or synthesized in vivo (12). As far as is known,
this has never been evaluated for a food contaminant. The data can only usually be evaluated
for convergent validity, i.e., the data on food intake obtained by one approach are compared
with those obtained by a different approach.

For data representative of an entire population or large group, it is important, within
the limit of available resources, to validate both the selection of the population sample-as
well as the method utilized for collecting the consumption data. Where the objective is-
solely to identify individuals at greatest risk and estimate their food consumption, !
confirmation that the data obtained are representative of such consumers should be undertaken .
by means of a further study on a separate sample of these consumers and the results compared.

3.4.1 Validation of representative data

The characteristics of the sample from which data have been obtained should be compared
with census data. In Table 2 population data from the US Department of Agriculture (USDA)
Household Food Survey and the US Census are compared for age (13). Similar comparisons
should be made for sex, race, geographical area and degree of urbanization.

3.4.2 Validation of methods utilized for coilecting consumption data

The inherent variability in food intakes by individuals, depending on age, sex, economic
status and season, is such that all approaches to an estimation of food intake can only be a
rough estimate of the real long-term food intake of an individual. Nonetheless, some methods
are considerably more accurate than others. The determination of the variation between
methods .or the reliability of a single method is important in ensuring that the data are
consistent.  Consequently, whenever resources allow, compatible methods for the estimate of
dietary consumption should be combined or compared. If only one approach is used then :
estimates should be made over spaced intervals, taking seasonal variations into account, and
compared. :

1 gee also Review of national practices and methods of food consumption surveys. 1977
(unpublished FAO document FAO/ECELCFS: AG5/77-2).
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Table 2. A comparison of the age of survey populations from the
US Department of Agriculture (USDA) Household Survey (1965) and the US Census

USDA survey % of US population

Age
(years) No. in selected No. in weighted As selected for As found in
sample sampled USDA survey US census
<5 +2 126 2 126 11.2 8.4
5-13 : 3 937 3 937 20.8 18.0
14 - 17 1,517 1 517 - 8.0 7.8
18 - 21 694 906 4.8 7.0
22 - 24 306 612 3.2 4,8
25 - 34 1 081 2 162 11.4 12.3
35 - 44 1 223 2 446 12.9 11.3
45 - 54 1 035 2 070 10.9 11.4
55 - 64 812 624 8.6 9.2
> 65 1 563 1 563 8.2 9.9
Total 14 294 17 963 100.0 100.0

2 The population of those aged 20-64 was doubled, since the USDA survey was conducted
on only one-half of those aged 20-64 years in each household.

3.5 Methods most suitable for individual food intake assessments

The methods most suitable for the assessment of the intake of food by individuals are:
food diaries, weighed intakes; duplicate portion studies; dietary recall; and food
frequency. The methods, their advantages and limitations and their validity are briefly
discussed in the following sections. -

3.5.1 Food diaries, weighed intakes

This method requires the individual to write down in a diary the type and amount of
foods consumed over a period of time. Records of a 24-hour period have been undertaken but a
record of intake over 4-10 days should give a reasomable record of actual intake. A balance
must be made between the accuracy of the data and the likely degree of cooperation by the
participant, since a high degree of cooperation and intelligence is required. It is not
suitable for participants who regularly eat away from home. Parents or guardians must keep
records for young children. This method also requires a trained supervisor who can recognize
the accuracy of the subject's ability to estimate portion sizes.

The food diary approach can be used advantageously to determine food consumption for
either individuals or large populations. For large survey populations in developed
countries, a one-day record is felt to be sufficient to obtain reasonable data on the average
consumption of foods. A sample food diary form used in the USA is shown in Annex 3. Diaries
of varying degrees of complexity may be developed, and the choice of which type of diary to
use will depend on local circumstances. Diaries of up to 1 month in length have been used
when one or two specific items of foods in the diet are of interest. However, in some
countries, where food is consumed communally and where literacy may be limited, difficulties
might be encountered unless the study is under comstant supervision.

The weighed food intake approach is similar to the food diary method, but requires that
the foods be weighed prior to consumption. Each subject or family must be supplied with a
food scale and instructed in its use. This method is not suitable for large-scale population
studies because of its cost. The weighed intake method has a higher respondent burden and a
lower response rate than the food diary method.
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Validation of approach

These studies can be validated by comparing the intake as estimated with that determined
by actual weighing of the food eaten by an individual or by other methods for the assessment
of individual food intakes. The reliability can be assessed by repeating the study at
intervals throughout a year, taking into account seasonal variations. The accuracy of
weighing by the participant can be checked for certain items by the credibility of the
weights given for certain foods, for example, eggs, bananas, soft drinks and other branded
foods. Careful scrutiny of the records will highlight errors.

3.5.2 Duplicate portion studies

This approach to determining food consumption patterns is to organize the purchase and
preparation of twice the usual portions of food that would be consumed by an individual
within the home or institution. This duplicate is weighed and saved in a freezer or’
refrigerated container for the investigator.

It is of value to obtain data on the consumption of individual foods as part of a
duplicate portion study. Individual foods of interest would have to be provided as a
separate duplicate sample and stored as such. However, these studies may provide such data
if food diaries are kept or if weighed intakes of individual foods form part of the study
(see section 3.5.1).

In duplicate portion studies, the duplicate of a 24-hour food intake is homogenized and
analysed. The collection of food can be undertaken for any period of time but a minimum
period should be chosen that reflects the average dietary pattern. When done in a home
setting, the duplicate portion technique requires reimbursement of the participant for the
cost of the extra food. Account should be taken of any food consumed outside the home that
has not been prepared by the householder. Ideally the participant should be provided with
suitable containers in which to store a duplicate portion of the food.

Residential homes, schools, rural communities consuming food from a kitchen, and other
communities contained within an institution provide an ideal base through which to organize
duplicate portion studies. A representative sample of food can be obtained from the communal
kitchen and the study simplified to a weighed food diary record (section 3.5.1). Usually, no
participation of the individual is required since a dietitian can supervise the weighing of a
portion at serving and any food that remains at the end of the meal. In addition the
consumption of foods outside such institutions is often more limited than is the case with
other individuals.

This method is suitable for institutional groups and for small surveys but, because of
the cost and time involved, it is not appropriate for large-scale food consumption studies.
Because foods are often collected and mixed together in large containers, it is not always
possible to analyse for individual foods or food commodity groups with this method. Also,
unless a food diary is kept in conjunction with the sample collection, there will be no
written record of what foods were eaten or collected.

Since the householder must be charged with the responsibility of food purchase and
duplication of the consumed portion, much closer supervision by trained personnel is
essential for duplicate portion studies in the home. If individuals often consume food away
from the home in restaurants, canteens, etc., the application of duplicate portion studies
will be often impracticable. However, occasional consumption of such meals during the study
period can be accommodated.

Validation of approach

Duplicate portion studies can be validated as described in the previous section. Food
intake data from duplicate portion studies can be compared with data available from a food
diary or weighed intake study.

3.5.3 Dietary recall

In the recall method, individuals are asked to recollect the types and amounts of food
they have consumed at some time in the past. Recalls usually cover intake of the actual food
consumed during the previous 24-hour period. The services of a trained interviewer are
required.
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To record a 24-hour recall, a private interview between the participant and a dietitian
of approximately 20 minutes is required. The interviewer helps the subject to remember in
detail the preceding day's food consumption, and records the foods and the amounts consumed.
The recall may also be conducted by telephone. Parents or caretakers usually respond for
children of less than five years of age. Some studies have utilized a 7-day recall method.
This method can be applied to the study of food consumption for individuals in communities
where the diet is monotonous (14) but poses considerable difficulties where diets are more
varied. The method requires a trained interviewer who can recognize the accuracy of a
respondent's recall. The 24-hour recall is the dietary survey techmique with the least
subject burden and the best response rate for large-scale studies. However, it requires
considerable staff interviewer time.

Validation of approach

Dietary studies have shown that the 24-hour recall method does not accurately reflect
the usual diet of an individual consuming a varied diet over a period of time, as individual
day-to-day variations in intakes are very large. For this reason the study is only suitable
for studies on populations, unless several 24-hour recalls per person are undertaken. The
use of a single 24-hour recall within a large population may give a reasonable reflection of
average long-term intakes of foodstuffs amongst the group as a whole, since the group mean
values obtained by this approach do not appear to vary significantly on a day-to-day
basis (5). The validity of the approach can also be confirmed by comparing this method with
data obtained by another method suitable for large-scale studies, such as the food diary
method. The resource demands are very high since it is important that both sample
populations are representative of the total population with regard to the demographic
variables of age, sex, income, etc. Approaches that have been used to validate the use of
dietary recall studies have been reviewed (7).

3.5.4 Food frequency

This method attempts to obtain a reflection of the usual patterns of consumption for
individual types of food.

The food frequency form is a list of commonly consumed foods to be completed by the
subject, indicating the number of times per day, week, or month that each food is usually
consumed. Each country or region may develop its own food frequency form to reflect the
primary foods and food recipes in common use either nationally or regionally. Information on
the quantity of food consumed is not usually requested on a food frequency form. Data on
average serving sizes, obtained from previous diary or recall surveys, are used with the
frequency data to produce the desired information on dietary intake. Parents or guardians
must usually help young children to complete food frequency forms.

The method, which was developed by Burke (15), has been subject to various adaptatioms.
In one of these, a specially trained interviewer uses two separate forms, filling them out in
consultation with the individual or housekeeper, by help of food models, household measures
and serving dishes for quantifying and expressing the usual daily or weekly food
consumption. After a cross check of the data for agreement, a further check is made by
enquiring about food purchases for the family. The forms must be planned to suit the
population under study, and carefully pretested and evaluated.

The food frequency method does not require a high educational level of the respondent
and is not a great burden. However, it should be mentioned that the recall may be subject to
error as regards the consumption of foods which the respondents think they should or should
not eat.

The food frequency approach is particularly useful in the collection of retrospective
data on intakes of certain foods for epidemiological studies. It may also be applied to
obtain information about the consumption of specific food types that are known to be
contaminated and that are likely to dominate the overall contribution to intake.
Unfortunately this information is often lacking and may well be the reason why a dietary
study is required in the first place.
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Validation of approach
Several convergent validity tests have been carried out with different results depending
on the number of individual foodstuffs that have made up the recall study (6). The greater

the number of foods involved, the less valid is the use of this approach.

3.6 Methods suitable primarily for population food intake assessments

The food diary, dietary recall and food frequency methods described previously can all
be applied to obtain data representative of the food consumption of a population. However,
additional but less suitable approaches through household or national food disappearance
studies can also be used and may give an estimate of per-caput food consumption.

3.6.1 Household food disappearance method

Household food consumption data generally represent the amount of food that disappears
from a home kitchen in a given time period divided by the number of persons in the home. The
householder is asked to take an inventory of all the foods in the kitchen and to keep track
of all food purchases for a set time period (usually one week). Another kitchen inventory is
taken at the end of the time period. The food that has disappeared is assumed to reflect the
food consumption of the family. The household food disappearance data are divided by the
number of people in the family and the number of days of the time period to estimate the
intake per person per day. A model of the questionnaire used in one such study in Tunisia is
reproduced in Annex 4.

To obtain more accurate estimates of the food intakes using household data, the
methodology may be modified to correct for: food waste, food fed to pets, food given away or
received as gifts, food consumed away from home (restaurants and other people's homes) and
food consumed by guests. A mathematical model may be developed for population groups to
estimate the amount of foods consumed by individual family members. The model would be based
on the typical food consumption of age-sex groups (e.g., teenage boys and adult men would get
a greater percentage of the household food supply than young children, teenage girls, or
older persons) (16).

In order to refine data on household food disappearance, corrections for inedible matter
should be made. Some nutrient food composition tables invariably include details on the
edible matter of a food as a proportion of the weight purchased (17-20). A bibliography
listing sources of data on food composition on a worldwide basis, has been prepared (21).

In a number of instances food composition tables provide data on the change in weight of
foods during cooking, and appropriate correction factors may be applied to provide data of

most relevance to the food actually consumed in households.

3.6.2 National food disappearance method

When there are insufficient resources to conduct national food consumption surveys, data
on national food availability can be estimated from food balance sheets (22). The data are
calculated in the following way:

national food balance = food production

+ food imported

+ food taken from stocks

- food added to stocks

- food exported

- food used for seed

- food used for non—edible purposes
- food loés from hafvest to kitchen

- animal feed.
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For each food and food group the per caput food supply .for human consumption is obtained by
dividing the results of this calculation by the number of people living in the country.

The food disappearance method is not a real measure of food consumption since there is
no correction for wastage and it is not a useful method for any population where food 1is
grown, prepared and consumed by individuals, as home production data are generally not
incorporated into national food production data. As food balance sheets represent an annual
average, they do not account for seasonal variation or for the distribution of food within
the population on a geographic, social or economic basis. For all these reasons the method
should only be used when all other approaches have been considered to be unfeasible under the
circumstances.

3.7 Consumption data for "extreme'" eaters

In the assessment of risk a distinction must be drawn between average consumers and
consumers who have above-average intakes of individual foods — or who consume an
above-average amount of food in general. Because of physiological limitations, it is likely
that the percentile variation of overall food consumption within a population is narrower
than the observed percentile of variation for individual foods. Since certain contaminants
are often limited primarily to a small number of food types in the diet, information on the
extreme intakes of individual foods within a population is one important part of the process
of risk-assessment.

Although it is possible to determine extreme intakes within a sample of the population
directly through the use of nationally-representative food consumption surveys, a very large
sample would need to be selected to obtain a true reflection of extreme intake, and the
necessary resources may not be available. This can be overcome by deliberately seeking out
people who are likely to have greater consumptions of the contaminant of concern and
jinterviewing a group of such people to obtain data. An alternative option is to calculate
likely extreme intakes knowing average intakes. The ways in which this can be achieved are
outlined in section 9.3.

3.8 Procedures to be adopted for obtaining data on food consumption

The following procedures should be considered when adopting and developing an
appropriate method for obtaining data on the consumption of foods:

(1) select a method consistent with the type of information required - for the
development of nationally-representative food consumption data, food diaries, dietary
recalls, food frequencies or food disappearance methods may best be used.

In the case of an interest in determining individual food intakes, duplicate portionm,
food diary and/or weighed intake studies are suitable if data are required on current intakes
of many foods; the food frequency method is of benefit, on the other hand, if data are
required on past or usual intakes of foods.

A comparison of the characteristics, advantages and disadvantages of the different
methods of determining food consumption data is shown in Table 3.

(2) Assess the range of economic and personnel resources available for implementation
of the method chosen.

(3) Develop preliminary data collection forms and training instructions for
interviewers and participants.

(4) Train and test interviewers in the method and test for 1lnterviewer variation.

(5) Test approach by means of a pilot study of a sub-sample from the proposed target
population.

(6) Revise data collection forms and instructions as necessary and, if possible,
monitor cooperation rates.

(7) Develop the necessary data management and analysis facilities.
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None of the dietary methods discussed in Table 3 are strictly defined. They may be

adapted to suit the research objectives of the investigators and the characteristics of the
population being investigated. Of primary concern is that the investigators be intimately
familiar with the typical foods consumed and methods of food preparation. The method
selected for obtaining information for a nationally representative study of dietary intake of
contaminants must be within the resource constraints and should be of a large enough scale to
be representative of the population as a whole. The sampling of the participants must be
valid, and the interpretation of the data from the study must take account of the limitations

of the methods used.



Table 3.

Methods for obtaining food consumption data:

Comparison of approaches used

Suitability of approach

Respondent Data for Individual Respondent Field staff Pro-
Method literacy validity consumption burden burden/cost cessing Comments
required ranking2 data dietary
large-scale small-scale provided data
studiesb studiesS
National food no 6 suitable unsuitable no none none; assume none crude estimate; disappearance
disappearance data already rather than consumption; waste and
(food balance available home-grown foods not usually
sheets) considered
Household food yes 5 suitable suitable no heavy heavy; 2 home heavyﬂ food waste not usually corrected
disappearance visits for; not applicable to age-sex
groups; participation required for
householder only
Food diary yes 3 suitable suitable yes heavy medium; heavyﬂ record keeping may cause subject to
home visit eat differently; one of the more
and instruction reliable methods especially when
carried out over 7 days; literate
participants or enumerators
necessary
Weighed intake yes 2 unsuitable  suitable yes heavy heavy; home visits heavyd  same as food diaries; experience
with food balances necessary
Dietary recall no 3 suitable suitable yes light heavy; individual heavyd honesty and memory of subject
interview critical; skill of interviewer
important factor; response rate
for 24-hour recall good
Food frequency no 3 suitable suitable yes medium medium; individual heavyd food models for quantifying intakes
: interview or self- are useful; honesty and memory of
administered the respondent critical; skill of
questionnaire interviewer important factor;
response rate good
Duplicate portion no 1 unsuitable  suitable yes heavy heavy; 2 or more none subjects must be paid for cost of
home visits; food extra food; special modification
storage necessary to collect data on

instructions

individual foods or food commodity
groups

[o m

les |6

Validity:

how closely the method measures daily intake (1 = most valid;

Large-scale - representative of the entire population.

Computerized analysis will greatly facilitate staff burden.

6 = least valid).

Small scale - representative of individuals or groups of individuals including households.

- 61 -
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4. USE OF FOOD CONSUMPTION DATA TO DERIVE INTAKES OF CONTAMINANTS

4.1 Introduction

There are three approaches that can be adopted in estimating the daily intake of a
contaminant, based on the food consumption data obtained by the methods described in
section 3: L '

(a) Total diet (i.e., market basket) studies. The sample for this type of study
consists of a market basket of food reflecting a defined total diet of a consumer for a
specific period of time. The foods are prepared for table-ready consumption and are analysed
either individually or combined in one or more food-group composites (e.g., cereals, meat,
root vegetables, etc.) in proportions based on available consumption data. Residue levels
measured in the total diet samples are used in calculating the average daily intake for each
composite and for the diet as a whole. A total-diet study is particularly valuable in
initially determining whether residues are widely distributed amongst all the broad classes
of major foods, or are confined to a few general classes of foods, e.g., fruit, vegetables.

(b) Selective studies of individual foodstuffs. This approach involves measurement of
residue levels in representative samples of staple foods, either raw or cooked, which,
together with food consumption data, enables average daily intakes to be calculated. Such an
approach is particularly useful if the -intake of a contaminant is predominantly influenced by
one or two commodities and/or when food contamination monitoring programmes have established
average residue levels in the commodities. In combination with food consumption surveys, it
is possible to obtain a reasonable assessment of exposure in selected consumer groups.

(¢) Duplicate portion studies. Representative diets of individuals can be collected
over a period of days by requesting that institutions or an individual provide, for residue
analysis, a duplicate sample of the meals consumed. Duplicate portion studies may be part of
the food diary and weighed intake studies mentioned earlier (section 3). Such an approach
has been successfully used in residue intake studies in well-defined populations (23,24).

The choice of which method to adopt will depend on the objectives of the assessment and
the resources available. The strengths and limitations of each approach will be discussed in
sections 5, 6 and 7.

4.2 Development of a food list

Before the details of approaches 4.1(a) and 4.1(b) can be carried out as described in

. sections 5 and 6, it is necessary to process and select the food consumption data in order to
be able to decide which foods should be purchased and analysed. This is best achieved
through the development of a food list, the objective of which is to select 'a limited group
of foods that are representative of those normally consumed by a population. This list is
then used to estimate daily contaminant intakes by multiplying the content of a contaminant
in the foods listed by the amount usually consumed. '

The number of foods to bé included in a food list will reflect the detail of the
consumption data that have been obtained. Food lists derived from national food
disappearance data will be necessarily ‘short because they primarily reflect raw, agricultural
commodities. Lists for household consumption data (intermediate in length) will probably
contain items purchased in retail stores and markets, and will reflect unprepared food items
unless specific correction factors are .applied. Lists for individual consumption data will
indicate foods as consumed and will contain prepared foods, mixed dishes and restaurant
foods, in addition to the more traditional food items. The actual number of household
records or individual food records available from national food consumption surveys may vary
considerably from country to country. )

The specific foods to be included in the studies described in sections 5 and 6 will
depend primarily on the results from food consumption data. However, other factors such as
analytical resources, the contaminants to be evaluated and the population group(s) to be
studied will also influence the number and types of foods collected and analysed.

For food monitoring programmes that have generated data on the mean levels of a
contaminant in a wide range of foodstuffs, a suitable approach which might be adopted in the
selection of a food list is described in section 6.2.
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4,2,1 Analytical resources constraints

The number of foods selected for the food list will depend largely on the number of
analyses that can be completed. If only a few foods (20-40) can be analysed, the selection
process becomes relatively simple as only the most commonly consumed foods are chosen.
However, if, for example, 200 or more foods can be included, more complex evaluations of the
population's food consumption data are needed for the selection of the foods to be included
in the study.

4,2,2 Influence of the contaminants to be evaluated on the selection of foods

Interest in certain contaminants will also influence the choice of food to a degree.
For example, if one of the contaminants is found primarily in animal fat, the food selection
must include appropriate foods such as meats, butter, whole milk, etc. The influence of food
processing on the level of a contaminant should also be considered. For example, if a
substance such as lead is of concern, then it is important that the food list contains a
representative number of canned foods, spices, etc. If the contaminant is known to be stored
in certain tissues (e.g., liver, molluscs, etc.) it will be necessary to include some of
these foods in the food list.

4.2,3 Population group(s) to be studied

The foods to be selected must be representative of those typically eaten by the
population group(s) to be investigated. Representative foods may be selected for the whole
population or for individual age-sex groups (e.g., young children, the elderly, teenage boys
or girls, women of child-bearing age, etc,) within this population. The relative importance
of some foods to specific age-sex groups may be diluted when the whole population is
studied. It is also necessary to determine the average body weight in kilograms in the
selected age~sex groups because contaminant intakes are usually expressed both in terms of
amount per person per day and amount per kilogram of body weight per day.

4,2,4 Ranking within groups according to daily consumption

The next step in the preparation of a food list is to group the foods according to major
food types, and to rank individual foods within these types according to decreasing order of
daily consumption, For a list derived from national food disappearance data, categories such
as cereal grains, vegetables, fruits, meat, milk and milk products, fish, and poultry
products are likely to. be sufficient. The Codex Alimentarius Commission's food groups used
for pesticide residues (Annex 5) and food groups utilized in Thailand and Guatemala
(Annexes 6a and 6b) are examples of such groups of foods. If individual agricultural
products are to be selected from_ these broad categories, the Codex detailed classification
system may be further consulted.l Food lists derived from household and individual data
may also require such additional categories as_processed grains, sugars, mixed dishes, fats,
oils, soups, salads, beverages and condiments,

4.2,5 First-level aggregation of similar foods

The next step (which is generally not applicable to national food disappearance data)
would be to group items of the same "kind” under each category. For example, under fruits,
one might find: peaches, fresh; peaches, frozen; peaches, canned; peaches, jam; and
peaches, dried. One could combine the daily intakes of these items to get “peach”
consumption. One might also wish to separate canned from fresh and frozen peaches. This
first-level grouping or aggregation will help to reduce the number of food items with little
loss in the accuracy of the food consumption data.

4,2.6 Second-level aggregation (items of low consumption)

The next step might be to aggregate foods that are similar in type but are consumed in
small amounts. For example, consumption data may be available on various types of berries

1 Guide to Codex maximum limits for pesticide residues, Rome, 1978 (unpublished
FAO/WHD Codex Alimentarius Commission document, lst issue, CAC/PR-1-1978).

2 FAD/WHO draft food classification system for food contamination monitoring programme
1977 (unpublished FAO document FAO-ESN:; MON/77,10; unpublished WHO document
WHO-FAD/FCM/77,10).
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(gooseberries, raspberries, strawberries, etc.). Aggregation of these berries would result
in a single berry group. It could be left to the discretion of the purchaser of the food to
decide which fruit to purchase; the major berry fruit such as strawberries could be
specified for purchase; or the purchaser could be given first, second, etc., choice,
depending on which items are available. This second-level aggregation further reduces the
size of a food list without loss in terms of total food intake, and it may be continued until
the desired number of foods for a particular study is achieved. The goal is to obtain a list
which is as close as possible to 100% of the weight and energy intakes of the average diet
and which includes all major food types.

4.,2.7 Third-level aggregation (mixed dishes)

A particular difficulty in the aggregation process concerns the use of data that reflect
prepared meals and mixed dishes such as sandwiches, or soups. These foods may be aggregated
with the use of standard meal formulae. The item with the highest consumption, e.g.,
spaghetti and meat sauce could represent an aggregate of all mixed dishes with the formula
"macaroni products or grain with meat or fish in tomato sauce". The consumption figure
applied to spahgetti and meat sauce would reflect consumption of all foods within this
formula group. Alternatively, in some dietary studies the food purchaser would be free to
choose any item of food falling within the generic description 'pasta dishes" as long as it
was included in an amount that reflected total pasta consumption.

4.2.8 Aggregation for age—sex groups

If more than one age-sex group is to be studied then these aggregation steps must be
carried out for each age-sex group of concern, in order to estimate the daily intake of each
representative food for each age-sex proup to be studied. The aggregation data should be
fully documented.

Application of procedures such as those described above enabled the US Food and Drug
Administration to produce a practical food list for the analysis of food contaminants in the
current US Total Diet Study and for the analysis of individual foods. Without aggregation it
would have required 500-550 foods to comprise 907 by weight of the diet; 900 foods to
constitute 95%; and 3000 foods to constitute 99% of the average diet (25).

4.3 Development of preparation guides

The next step in the organization of these studies is to develop preparation
instructions for each of the foods on the food list. Some instructions are relatively simple
(e.g., "use directly from container", "wash and peel", or 'prepare according to package
instructions'). Other foods will require detailed recipes (e.g., lasagna or chicken soup).
Any item requiring the addition of two or more items should have a standardized recipe to
ensure that the food will be prepared in the same way each time it is to be analysed. Food
lists developed from disappearance or household purchase data may contain raw commodity items
(such as flour or shortening) that require no preparation. Other items such as dry beans,
dry rice, etc., should be prepared prior to analysis even if the disappearance or household
purchase data indicates that these are raw commodities.

4.3.1 Use of water as a beverage and in cooking of foods

Many food consumption surveys do not include drinking water as an item in the data
base. Drinking water should always be included in a dietary intake study. In some cases it
will be necessary to find alternative sources of information to estimate daily consumption of
drinking water per se. For some data, primarily those obtained from national food
disappearance and household consumption studies, it will be necessary to estimate not only
the quantity of water consumed per se, but that used for cooking (rice, oatmeal, etc.) and
for making beverages (tea, coffee, lemonade, etc.). Drinking-water samples should be
obtained for analysis and the consumption and analytical data included in the overall
assessment of intake. Wherever possible, the water used in the reconstitution of dehydrated
foods and in the cooking of food should be typical of that used by the population group under
study.

Because large quantities of water are required for food preparation, its transport may
present difficulties. In such circumstances preparation instructions should detail the type
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of water to be used (distilled water or laboratory or household tap water). For many
contaminants, if a realistic assessment of dietary intake is to be made, a local sample of
drinking water must be collected and analysed. All beverages that require dilution or
infusion before consumption should be prepared with appropriate samples and quantities of
drinking water, and instructions should be included as guidance to the field staff laboratory.

For a discussion of the instructions to be included in the preparation guide concerning
the use of water in the preparation of foods, see section 5.4.2.

4.4 Preparation of a shopping list

The shopping list is developed from the food 1ist and recipe ingredients. Appropriate
care must be given to the seasonal nature of the foods, to the recording of manufacturers'
food codes, brand names etc., to the purchase and packaging of foods, and to food transport
and storage prior to kitchen preparation. Enough of each food item must be purchased to
allow for sample analysis and for reserve portioms. If food composites rather than
individual foods are to be analysed, it is necessary to purchase quantities sufficient for
the composite mixture (section 5.2.3).

4.5 Selection of representative samples of food

Food samples collected should be representative of the food supply in the geographical
area of concern. It is desirable to obtain food at regular intervals over a period of a year
to reflect seasonal factors. It might be advisable to develop a composite sampling scheme
(e.g., purchasing the same item from three different sites in a collection area and combining
the three items to represent one analytical sample) for more representative samples.

However, composite sampling has the disadvantage that the opportunity to highlight food
contamination problems may be lost because of the averaging effect of combining the samples.
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5. TOTAL DIET (MARKET BASKET) STUDIES

A previous report (1) has described, in general terms, the concept of estimating dietary
intake of contaminants through so-called "total diet" or "market basket" studies. Briefly,
such studies entail the analysis of a "standard" set of prepared foods or food groups that
have been chosen, using one or more of the approaches described in the previous sections, to
reflect the average dietary habits of the general population, or of a particular sub-set of
the population, e.g., infants. Results of these analyses are then used to calculate an
approximate dietary intake for a contaminant.

The following paragraphs describe in detail the practical aspects of implementing this
type of study. The procedures and examples cited below may be useful as guidelines for those
Member States wishing to establish a total diet study. Of course, each total diet study will
differ markedly, depending upon such factors as the degree of urbanization, cultural ‘
homogeneity, population group studied, etc. Therefore, each section below must be adjusted
and modified to conform to the needs, goals and resources of the individual nation.

5.1 Selection of sampling sites

Sampling of total diet market basket foods is most often performed at retail markets to
ensure that the sampled products represent the foods available to the public. The nature and
location of the retail outlets (urban and rural) to be sampled are dependent upon the
objective of the study. :

Ideally, the total diet study would encompass all geographical regions within a
country. Foods representing the diets of various ethnic or socioeconomic groups within the
country would be collected periodically from each geographical region. From a practical
standpoint, however, it is seldom possible at the beginning of a total diet study to
comprehensively sample all geographical areas of a country. Selective sampling of a few
urban and rural centres within a country is a more realistic initial approach.

Alternatively, sampling may be directed toward selected segments of the population
(e.g., ethnic or geographical) if necessary. Such directed sampling, however, is often not
the purpose of total diet studies, which are usually carried out to determine intakes of
contaminants in a "nationally-representative" diet.

5.2 Development of a standard collection procedure - the shopping guide

In order to ensure that the total diet study accurately reflects any change in
contaminant intake over long time periods, the food collection procedure should be consistent
from year to year. Modifications can be carried out as necessary to conform to the
individual nation's dietary habits and requirements. The foods that comprise the "standard"
total diet should be collected in an identical manner each time at carefully planned time
intervals. To facilitate this process, it is necessary to establish a standard ""shopping
guide'" for use by persomnel in collecting the foods which comprise the total diet (the
"market basket'). Such shopping guides may simply be lists of the type and quantities of
each food to be collected. More appropriately, however, they may be standardized forms that
make provision for relevant details concerning sampling locationm, type of retail outlet, etc.

5.2.1 Describing the foods to be collected

To ensure consistency in the collection procedure, it is important to clearly define the
food item to be sampled. This is particularly true where the same basic food product is
available in retail markets in various forms. An example of this is described in
section 4.2.5, where different forms of peaches are discussed. If a shopping guide specifies
only that "peaches" be collected, it is probable that each different type of the product
could be sampled randomly. Such inconsistent sampling could have a significant effect on
apparent contaminant levels, resulting in, for example, higher lead consumption figures when
canned peaches are collected instead of the fresh product, or in higher pesticide residue
levels when fresh peaches are collected instead of processed peaches. The importance of
these effects in a given nation's diet, coupled with the analytical resources available,
determines whether, for example, "peaches" or more precise descriptions of several different
types of 'peach" foods should be listed. Attention to detail in product description will
obviate the need for re-collection caused by the collection of an "improper" item.
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5.2.2 Ensuring efficient collection

To minimize the collection time required for each market basket, the shopping guide
should group similar food classes together such as dairy products, meats, cereal products,
vegetables, fruits, etc. This operation applies both in industrialized nations, where the
retail requirements are common, and in the developing countries, where food is often retailed
at a central market place, or at a series of smaller specialized outlets, e.g., bakery, meat
market, etc.

With a shopping guide having food items grouped according to food class, the purchasers
are able to plan the collection route in advance, ensuring the fewest number of stops at
retail outlets to acquire the complete market basket. This is particularly important when
large quantities of perishable products are to be collected, packaged, and shipped to the
analysing laboratory.

5.2.3 Specifying the amount of food to be collected

In order to ensure that enough of a food commodity is collected to allow for all the
necessary analyses and food preparations to be performed, careful planning must be done well
in advance of the collection. It is necessary to conmsider: (1) the weight loss, if any,
during preparation, e.g., in order to obtain 500 g of fresh fruit pulp for analysis, it may
be necessary to collect 1000 g of the raw product to account for the inedible portions;

(2) the amount of analytical reserve sample to be retained if repeat or future analyses are
to be performed; (3) the quantity of so-called "ingredient" items that may be analysed
alone, or in combination with prepared '"recipe" foods - for example, butter or vegetable oil
may be analysed separately but they may also be used to fry other foods such as meats or
vegetables, so that sufficient quantities of the butter or 0il should be acquired at the time
of collection for both.

The shopping guide should clearly specify the quantity of food to be collected, e.g.,
"2 kg of oranges, fresh", "4 x l-pound cans spinach, canned", or "2 x 5-pound bags flour,
whole wheat", etc. It is obvious that the shopping guide must accurately reflect the degree
of processing and the package sizes commonly available at the retail level. It is therefore
imperative that the quantities and descriptions of foods in the shopping guide be developed
carefully in accordance with the nature of retail outlet to be sampled.

5.2.4 Examples of a shopping guide

A shopping guide should be prepared for the benefit of the purchasers of total diet
foods, with all items arranged according to food class, and with a complete description of
the products and the amount to be collected. Important directives to the collection
personnel should be prominently placed. The numbered sequence of food items allows the
collector a simple means of checking that the foods are collected.

As examples, shopping lists used in total diet studies in Australia and Guatemala are
shown in Annexes 7a and 7b respectively, but modifications of such formats can be performed

as necessary to conform to the individual nation's dietary habits and requirements.

5.3 Collecting and transporting total diet samples

Depending upon the scope and design of the total diet study, the collection and
transporting of a market basket can vary from a simple process to a very complex procedure.
For a basic total diet study where relatively few food samples are analysed, the collection
procedure may require little personnel time. However, as the number of foods chosen to
represent the total diet and the number of collection sites are increased, the amount of
resources (personnel time and funding) required for collection and shipment increases
markedly. In addition, the experience and skill of the collection personnel become more
important.

5.3.1 Collection

For a single total diet market basket, the collection should be performed within a
relatively short time period, e.g., within a few days for a small market basket and within
one month for a very large one. Rapid sampling enables the analytical laboratory to receive
and prepare samples efficiently without the delays associated with the sporadic influx of
samples.
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Careful control of sample integrity during the collection process is essential. Obvious
precautions such as the prevention of spoilage or breakage during packing/shipping should be
taken. 1In addition, precautions against less obvious sources of post-collection
contamination are very important, e.g., using contamination-free containers (1) and avoiding
exposure to local sources of environmental contamination, such as agricultural chemicals or
automobile exhausts. Such factors may easily be overlooked by inexperienced or untrained
collection personnel.

It is essential to provide collection personnel with special total diet training to
ensure that they are familiar with the purpose of the sampling, the necessary precautions
that must be taken, and the importance of their role in the success of the study. Factors to
be considered in the collection of water are discussed in section 4.3.1.

5.3.2 Transportiﬁg total diet samples to the laboratory

Close coordination between the collection personnel and the receiving laboratory (or
laboratories, see section 8.1) is essential. This is also true in connection with selective
studies of individual foods (section 6) and duplicate portion studies (section 7).  All
samples sent to the analysing laboratory (and to the kitchen facility) should be clearly
identified as to (a) commodity, (b) place of collection, (¢) date of collection, (d) purpose
of collection, e.g., "total diet", to avoid confusion with other concurrent sampling
programmes, and (e) identification codes to ensure a unique code for that sample. (See
Annex 8 for additional information that might be required for the proper identification of
total diet samples.) :

Total diet samples should be transported to the laboratory by the fastest available
transportation. This may be a significant problem in some sectiomns of a country where air
and ground transportation may be relatively slow. Priority transport, where available,
should be used. 1In rural areas, mobile simple laboratories equipped with refrigeration can
overcome such problems.

Timing of the shipment to the laboratory is critical for the smooth operation of the
laboratory. The laboratory should know exactly when collection and shipment are to occur.
This ensures that laboratory and kitchen staffs are ready to receive the incoming market
basket for processing. Delays in shipment can result in idle laboratory staff, while early
or unscheduled deliveries may inundate laboratory staff with samples that cannot be
adequately stored or processed.

5.4 The total diet laboratory and kitchen

The total diet laboratory may serve both as an analytical facility and as a diet kitchen
to cook or otherwise prepare foods for chemical analysis. In such a case, it must be staffed
and equipped both for kitchen preparation and for analysis of foods. Preparation of total
diet foods may range from simple rinsing to remove soil from vegetables, to the preparation
of meal items such as fried meats or fish, boiled vegetables or mixed foods such as stews.
The nature and complexity of the diet preparation is dependent upon the scope of the study,
e.g., basic staple foods for "small" total diet studies, to more complex preparations for
larger studies. In addition, the diet laboratory/kitchen must have facilities for mixing and
blending prepared foods into analytical samples prior to analysis (see sections 5.5.1 and
8.2). The following sections describe the typical operations of the total diet
laboratory/kitchen. :

5.4.1 Receiving an incoming total diet dispatch

Upon receipt of a total diet dispatch, the laboratory/kitchen staff should record an
inventory of items to ensure that all foods specified in the shopping guide have been
collected. Any missing or damaged items should immediately be re-collected and shipped by
the original collection official. Items that were not available at the time of collection
should be noted and collected at a later date, or at an alternative sampling site. If this
is not feasible, instruction should be given for the collection of a similar food item that
is available. It may be important with canned food items to collect information on
production codes and can types, if analyses of lead or other toxic elements are to be carried
out.
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Food items should first be separated according to the amount of kitchen preparation
required. Items that are consumed as received, or after minimal preparation, e.g., fresh
fruit, canned fruit, milk, cheeses, etc., are separated from those items requiring
substantial kitchen preparation, e.g., raw meats or fish, raw vegetables, and ingredient
jitems (if any) for kitchen prepared "recipe items' such as egg noodles or tomato paste for
soups, etc. These latter items are sent to the kitchen facility and prepared in a manner
that reflects typical household preparations.

Once this initial treatment of the total diet market basket has been completed, foods
may be refrigerated or frozen while awaiting analysis or further preparation.

5.4.2 Kitchen preparation of total diet foods

To ensure consistency in the preparation of total diet samples, it is desirable to
establish and maintain a single total diet kitchen facility. Such a facility, once
established, will ensure minimal processing variability between the total diet samples.

In cases where this is not feasible, an alternative is to make arrangements with an
existing food preparation kitchen near the laboratory, e.g., college, hospital, etc., for the
preparation of total diet samples. The operations should be closely supervised by the
laboratory staff to ensure proper preparation and minimal extraneous contamination of foods
during preparation. Another approach is to prepare foods in the analytical laboratory
itself. This is the least expensive approach, but the similarity to actual kitchen
preparation may be sacrificed.

Food preparation should, wherever possible, be performed by experienced kitchen
personnel under the guidance of laboratory staff. As with the collection staff, the kitchen
personnel should be informed of the importance of the total diet samples. Special training
should be given as necessary to ensure avoiding extraneous contamination of foods during
preparation, e.g., from insecticides, kitchen apparatus, etc.

It should be re-emphasized here that the purpose of the total diet study is to estimate
the consumption of selected chemical contaminants in prepared, ready-to-consume foods. The
kitchen preparation process may alter the concentration of certain contaminants from that
which might be encountered in uncooked foods, e.g., pesticide residue losses through
dissolution, volatilization or degradation, or heavy metal increases due to contact with
certain metal kitchen-ware. The total diet study is designed to reflect such changes in
contaminant levels provided they are representative of changes that occur in "typical
household" food preparations. However, undue contamination of foods from the kitchen
environment or from utensils should be avoided. For the best representation of "typical
household" preparations, food should be prepared in a manner comsistent with cultural habits,
e.g., use of stainless steel or aluminium cookware may be typical in some countries, while
use of cast iron or copper may be prevalent in others. Some countries may wish to
"normalize" the somewhat variable effect of cookware by using only special glass materials.
Such an approach is acceptable, although there will be a built-in under-estimation of the
intake of certain metals.

To assist kitchen personnel in the consistent preparation of total diet foods, it is
convenient to provide them with a standard 'preparation guide' which provides detailed
instructions. 1Its function is similar to that of the shopping guide in that it ensures
consistent preparation of foods from year to year. The preparation guide is essentially a
"cookbook", but with additional instructions and precautions specifically for total diet
foods. For example, clear and specific instructions on whether to use tap water or distilled
water for boiling vegetables, etc. should be given. Annex 9 shows examples of preparation
guides that describe simple procedures, such as how to prepare fresh fruits and vegetables
(which may be performed in the total diet laboratory) and also provide detailed recipes for
more complex meal items.

Following the actual kitchen preparation of the food, all operations such as the
blending and storing of samples are potential sources of extraneous contamination., This type
of post-preparation contamination must be avoided by careful choice of contamination-free
blending equipment and storage containers. This is not a trivial consideration, since severe
contamination can occur if proper precautions are not taken (see section 8.2.1). Such
precautions are also important where kitchen-prepared foods are analysed using the selected
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studies of individual foods approach or the duplicate portion studies approach (sections 6
and 7). Once prepared, food should be refrigerated or frozen, as appropriate, to await
analysis or further processing.

5.5 The total diet analytical sample: food group composites or individual foods-

The two basic approaches to obtaining analytical data for total diet studies are:
(1) the analysis of composites of similar kitchen-prepared food types; and (2) the analysis
of individual kitchen-prepared foods. The second is the simpler procedure. However, because
many samples are analysed, it requires more.resources than the first, in which compositing
into relatively few food categories reduces the number of samples for analysis.

Although the total diet approach has certain similarities to the selected studies of
individual foods (sectiom 6), the same individual foods are obtained on a continuing basis as
a market basket collection reflecting "typical" consumption of foods representative of the
total diet., In selective studies. of individual foods, use may be made of data obtained from
analysis of foods obtained in various monitoring programmes on an irregular, even a
one-time-only basis, Also, the foods analysed in the total diet approach described here are
cooked or otherwise prepared as in the kitchen, whereas the samples used in the selective
studies of individual foods approach are usually analysed as the uncooked commodities or as.
processed foods. ‘

5.5.1 The composite approach

If the composite, or "mixed total diet", approach to formulating total diet samples is
adopted, one or a series of composites of food groups are prepared from the collected/cooked
foods to approximate the consumption of a "typical" segment of the population. The
composites are prepared by mixing similar foods, e.g., whole milk, cheese, butter, cream,
etc., into a single analytical composite, dairy products. The relative proportion of each of
the individual foods that make up the composite is determined from food consumption data, as
described in sections 3 and 4. As an example, if evaluation of the dietary habits of a
segment of the population indicates that whole milk represents 75% by weight of the average
daily consumption of dairy products, with lesser amounts of cheese, butter, cream, etc., then
the total diet analytical dairy composité would be prepared to contain, by weight, 75% whole
milk and, perhaps, 8% cheese, 6% cream, 2% butter and 9% other dairy products. The dairy
composite would therefore be correctly proportioned to represent the average daily
consumption of individual dairy products for the segment of the population under study.

Analysis of such a dairy composite allows a direct calculation to be made of average
daily contaminant intake from dairy products. That is, multiplying the contaminant
concentration (in pg/kg) of the composite by the average daily weight of all dairy products
consumed (in kg) gives the average daily contaminant intake resulting from dairy products in
that market basket. The total dietary intake of a particular contaminant is then determined
by summing the daily contaminant intakes from all of the food composites chosen to represent
the total diet, e.g., dairy, meats, grains and cereal products, leafy vegetables, beverages
(including drinking water) etc. Annexes 10 and 11 show examples of the types of total diet
composites that could be used to establish a total diet study based on the composite
approach. The sample composites shown vary from country to country. An example of the
compositing scheme used to prepare two of the composites shown in Annex 11 is given in
Annex 12. The form shown in Annex 12 is both a collection and a compositing guide.

Advantages

The principal advantage of the composite approach to total diet analyses is the ability
to determine the approximate daily intake of contaminants by analysis of a relatively small
number of samples. By analysis of perhaps 6-14 representative composites, carefully prepared
to represent the national, socioeconomic, regional or ethnic dietary habits of a population,
an accurate approximation of contaminant intake can be obtained. Further, the small number
of food composites required to represent the total diet allows larger numbers of market
baskets to be collected and analysed than would be the case if individual foods were ‘
analysed, This increased sampling ability allows greater flexibility when choosing the
number and location of total diet sampling sites - which would be an important advantage when
geographical or cultural diversity within a nation contribute to very different dietary
habits, - 1 ‘ '
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Disadvantages

The principal disadvantage of the composite approach is the so-called "dilution effect"
inherent in the use of composites. In the composite method certain food items, consumed at a
low rate by the population group upon which the composites are based, are included as a small
fraction of the composite. The dietary contribution of contaminants from this food may
therefore be diluted by other components of the mixture to a point where it is below the
detection limit of the analytical method. This dilution effect can lead to estimates of
dietary daily intakes of contaminants that are lower than is the actual case. In addition,
this effect could mask an unusual source of contaminatiom.

Another disadvantage is the inability of a single set of total diet composites to
represent the varied diets of different segments of a population, e.g., various age/sex
groups, ethnic groups, etc. The use of data collected on total diet composites is restricted
to calculating contaminant intakes for that segment of the population represented by that
diet. That is, if the total diet (a series of total diet composites) is designed around the
perceived diet of an adult male (through methods described in sections 3 and 4), data from:
analysis of the diet can, in a strict sense, only be used to calculate the contaminant intake
of an adult male. The contaminant intake of an adolescent or adult female can only be
roughly approximated using these data, since the types of foods and proportions of each
consumed by them may differ substantially from that of the adult male.

The disadvantage of the rigid nature of composites is more pronounced with young
children and adults, whose diets are often substantially different from the "average' or
Ytypical” diets used to construct total diet composites. This problem can be circumvented to
some extent by developing separate total diet schemes for various segments of the
population. The US Food and Drug Administration, for example, has used both an "adult" and
an “infant/toddler" scheme for several years to adequately reflect the intakes of
contaminants for young adult males (perceived to consume the largest amount of food each day)
and of infants. Such a division is important, since the very young may also be more
susceptible to health risks associated with food-borne contaminants. While it is possible to
develop total diet compositing schemes for different segments of the population, the
practical number of diets that can be studied by this approach is very limited.

Examples of total diet studies based on the composite approach

Several countries have used the composite approach for estimating dietary intake of
contaminants, including Australia, Canada, Japan, the Netherlands, the United Kingdom and the
USA. The type of total diets and the number of composites within each diet vary between
countries. In several, but not all cases, the studies are based on the perceived diet of an
"adult" or "teenage" male. Contaminant intakes for this segment of the population are :
frequently assumed to represent a 'maximum' daily intake of contaminant because of the higher
food consumption of the adult or teenage male. Other segments of the "general' population
are assumed to consume less contaminant on the whole. The contaminant intakes by "high-risk"
groups (pregnant or lactating females, the elderly, infants, etc.) are not assessed in the
majority of ongoing total diet studies.

5.5.2 The individual food approach

As mentioned at the start of section 5.5, an alternative approach to total diet analyses
of food groups is the use of individual prepared foods instead of consumption-weighted food
composites. In this procedure, total diet market baskets are collected and prepared in the
same manner as with the composite approach. Here, however, instead of mixing the individual
food items into groups of similar foods, each prepared food is analysed separately.

Advantages

There are two major advantages of this approach over the composite method of total diet
analyses: (a) much greater flexibility in calculating dietary contaminant intakes for
various segments of the population, provided appropriate consumption data are available; and
(b) elimination of the "dilution effect" inherent in the composite method.

The individual food approach to total diet analysis depends upon the analysis of a
relatively large number of different food types, which have been chosen (again by methods
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outlined in sections 3 and 4) to represent the bulk of all the foods consumed by all segments
of the population. By analysis of all of these foods, it is possible to calculate, using
relevant national food consumption data, the average intake of contaminants by any sub-set of
the population. For example, it has been determined that in the USA approximately

240 different foods can be chosen to represent the dietary habits of essentially 100% of the
population. From such a list of foods, it is possible to construct a representative diet of
most segments of the population, e.g,, children, adult males, adult females, adolescent
males, adolescent females, the elderly, ethnic groups. Analysis of all 240 food items
therefore allows calculation of contaminant intake by simply multiplying the contaminant
concentration (in ug/kg) by the average daily consumption (in kg) of that food by that
segment of the population. Total contaminant intake is the sum of the contributions from all
individual foods consumed.

A second advantage of the individual food method is the elimination of the dilution
effect inherent in the composite approach, as discussed in section 5.5.1. In the individual
food approach, all foods included in the total diet will be analysed at essentially the same
limit of detection for a given contaminant. Therefore, some contaminants that might be
totally undetectable in, for example, a meat, fish and poultry composite because molluses
represent only 1% by weight of this composite, would be adequately detectable if molluscs
alone were analysed. The contribution of contaminants from molluscs could then be accurately
calculated in any diet, regardless of whether the relative consumption is high or low.

Disadvantages

The major disadvantage of this method is the large number of samples that need to be
analysed in order to adequately represent all foods consumed by the population. Whereas in
the composite approach a series of perhaps 6-14 composite samples could be used to represent
national food consumption, the individual food approach requires analysis of perhaps
100-200 individual foods. This increased analytical burden is partially offset by the
increased accuracy of the intake calculations and the increased flexibility of enabling the
calculation of dietary intakes of other groups in the population to be made. However, the
individual food method does require much greater analytical resources than does the composite
approach, unless the dietary intakes of several population groups are to be studied.

Examples of total diet studies based on the individual food approach

Reference is made above to a version of the individual food approach used in the USA
that includes approximately 240 different food items.

Recent Australian market-basket surveys have been based on an individual food approach
utilizing a much more limited range of foods. A total of approximately 40 food items,
including those indicated by national statistics for apparent consumption as being consumed
in the greatest amounts and those with potentially high concentrations of contaminants, are
selected for analysis throughout the year. A typical shopping list for one season of the
year is given in Annex 7a. The results of the analyses of the individual foods are then used
to calculate the total intake of certain contaminants for a number of hypothetical diets for
selected groups in the community.

5.6 Advantages and disadvantages of the total diet (market-basket) method

The principal advantages of the total diet (market—basket) approach for estimating
dietary intake of contaminants are:

(a) it takes into account the effect of kitchen preparation on the levels of
contaminants in foods;

(b) it provides a continuous means of checking the effectiveness of regulatory systems
that have been established to control the levels of the different contaminants in the food
supply;

(c¢) it furnishes readily understandable information on the dietary intakes of
contaminants for the use of regulatory agencies, lawmakers and the public;

(d) it provides information on which food groups are the chief dietary sources of the
different contaminants;
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(e) where analyses are carried out on individual foods collected in the market basket,
it permits the assessment of the dietary intakes of either the entire population or of
selected population groups on a continuing basis, as long as food consumption data are
available for such groups.

The principal disadvantages of this approach are:

(a) it cannot be used to obtain contaminant intakes of individuals or of small groups
who are at a particularly high risk, since the studies are based on average food consumption
data;

(b) with the composite approach, it is of limited usefulness in estimating the intakes
of contaminants present in very low levels, because of the "dilution effect” discussed in
section 5.5.1;

(c) it requires the continuous expenditure of comparatively large resources for the
analysis of comparatively few samples of a given food; these resources are required to
obtain nationally-representative data on dietary intake of chemical contaminants.
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6.‘ SELECTIVE STUDIES OF INDIVIDUAL FOODS

This approach involves the measurement of contaminants in representative samples of
staple foods, either unprocessed or processed with or without cooking, which together with
food consumption data (section 3) enables average daily intakes to be calculated. The method
is particularly useful if it is known that the intake of a contaminant is determined by a
limited number of foods; when only a restricted number of staple foods are consumed by a
population; and where monitoring data on these individual foods are already available.

The purpose of such studies is to obtain data about average dietary exposure to a
contaminant in order to estimate average population risk. If food consumption data are not
available for the community, data obtained in other countries, where patterns of consumption
are judged to be reasonably similar, can be used, together with localized data on levels of
contamination, to make a preliminary assessment of likely exposure. Similarly it may be
possible to fill gaps in knowledge of the levels of a contaminant present in a foodstuff, by
utilizing data available through the Joint FAO/WHO Food Contamination Monitoring Programme or
other sources, to enable some assessment of likely exposure to be made.

6.1 Selection of population group(s)

Although this approach is most easily applied to the estimate of the intakes of
contaminants of those communities with simple diets consisting of staple foods, it can also
be utilized to estimate the intakes of consumers of more complex diets provided certain
conditions are satisfied (see section 6.3). The approach is of particular value in the
estimation of the intakes of infants and young children.

6.2 Selection of food items

Although staple items of the diet may or may not contain significant residues of a
contaminant, the fact that they are consumed regularly in large amounts means that they could
make an important contribution to the overall intake. For this reason, it is important that
all dietary staples are included in studies of this kind. In addition, foods that are not
consumed as regularly but nonetheless potentially contain high residues of a contaminant
should be included.

In the case of European countries, household food disappearance studies have shown that
out of a total of 120 food items in common consumption throughout the year, only bread,
potatoes and milk exceed a consumption level of over 100 kg per person per annum,

19 foodstuffs were consumed in the range 10-50 kg per annum, whereas all the 98 other foods
were consumed in amounts of less than 10 kg per year (26).

If, for instance, a reference level of consumption of 1 g per day is assumed, then all
foods should be included in the calculation of residue intake if:

(a) they are consumed in amounts 100-1000 times or more of this reference consumption
rate;

(b) they are consumed at 10-100 times the reference consumption rate and contain levels
of contamination known to be 10-100 times the levels found in foodstuffs included under (a);
and

(c) they are consumed at the reference rate of consumption but contain levels of
contamination 100-1000 times the levels present in the foodstuffs included under (a).

Thus residue data from food monitoring programmes are an essential prerequisite for the
choice of appropriate foods to include in selective studies of this type.

The assessment of realistic intakes of a contaminant must be based on the level of
residues that will be present in foodstuffs when they are consumed and, therefore, if
possible, should take into account the effects of food preparation and processing on residue
levels. This is particularly important when it is known that:

(1) processing methods substantially change the level of a residue over those present
in the basic commodity, e.g., the contamination of canned food by lead during the canning
process; or
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(ii) the removal of inedible parts of a foodstuff and its preparation for consumption
by cooking substantially reduce the level of residues present.

6.3 Selection of a representative number of samples from selected food items

The selection of a representative number of samples of a foodstuff for residue analysis
will be determined by whether the objective of the exercise is to obtain data that are
representative of the population as a whole or of specific population sub-groups.

For nationally-representative data, samples must be taken from as wide a range of
production or retail outléts as possible, covering all the large centres of population, and
reflecting any seasonal variation in residue levels. In the selection of foodstuffs
representative of the exposure of a specific population group within the community, samples
should be taken from appropriate localized sources and should also cover seasonal variationms,
if any.

Tnitially a minimum number of ten nationally-representative samples should be obtained
for each foodstuff to be individually analysed, in order to determine the potential range of
residue levels. Where standard deviations about the mean residue limit are found to be
large, further samples should be obtained, in order that the accuracy of the mean or median
residue levels to be used in calculating intakes can be refined. As discussed in
section 4.5, samples can be composited to cut down the number of analyses and/or provide an
opportunity to increase the size of the sampling frame.

Wherever possible, statistically valid approaches should be adopted in the selection of
any one sample.

6.4 TUtilization of data on contaminant levels in food items from surveys undertaken in other
countries

Data received from the FAO/WHO Collaborating Centres for Food Contamination Monitoring
in some 22 countries have been processed and evaluated. Data are available on certain
chlorinated pesticides (DDT-complex, HCH-isomers, heptachlor and heptachlor epoxide, aldrin
and dieldrin, HCB), polychlorinated biphenyls, lead, cadmium and aflatoxins in a variety of
foods and in the diet. These data are soon to be supplemented by data on malathion,
parathion, methyl parathion and diazinon in grains, vegetables and fruits of major
importance. In addition, there is a wealth of monitoring data available in many
countries, as well as in the scientific literature, all of which may be used to supplement
any gaps that may exist in the data available for foodstuffs in circulation within a
country. In the case of pesticide residues, where insufficient data are available from these
sources, it is possible to use figures such as maximum residue limits (MRLs) recommended by
the Codex Committee on Pesticide Residues for certain pesticides and foodstuffs, even though
the theoretical exposure calculated on this basis will be exaggerated. The use of such data
will assist in deciding whether or not more detailed monitoring and individual dietary survey
work are required.

6.5 Collection of food items not previously studied

Where it is desired to obtain national information on the levels of a contaminant in
foodstuffs circulating within a country, a choice must be made of foods that are
representative of those actually consumed by the population group under study. For
foodstuffs distributed nationally, random samples can be taken at widely differing retail
outlets. In studies on the dietary intake of contaminants by a specific population group,
the samples should be chosen from sites where maximum contamination is likely to occur and
have the potential to be consumed by any one family unit. This could represent samples taken

1 Summary and assessment of data received from the FAO/WHO Collaborating Centres for
Food Contamination Monitoring. Global Environmental Monitoring System, 1982 (unpublished
UNEP/FAO/WHO document).

2 Report of the second session of the Technical Advisory Committee Meeting on the
Joint FAO/WHO Food and Animal Feed Contamination Monitoring Programme. Geneva, 1981
(unpublished FAO document FAO-ESN/MON/TAC-2/81/5; unpublished WHO document WHO/EFP/81.15).




