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Report on the 2nd International Workshop on Total Diet Studies
February 4-15 2002, Brisbane, Australia

1. INTRODUCTION

Research over the past number of years shows that toxic and nutritionally important
chemicals exert a far greater influence over human health than previously thought.  Toxic
chemicals may affect all major organs of the body, causing serious health outcomes like
cancer, birth defects, and brain damage.  The relationship between nutrients, especially
micronutrients, and health is well established.

Despite this, little attention has been given to assessing the actual dietary intake of these
chemicals by humans.  One  reason is that most of the potential effects of these chemicals are
chronic in nature, appearing often years after exposure, and thus cannot be traced to
individual foods or food companies.  In many cases, some of these effects are caused by
exposure to groups of different chemicals.  In such situations, the concentrations of each
individual chemical in the group may be quite low and within current safety limits.  However,
when the group as a whole is assessed, exposure may be significant.  Thus, it is becoming
increasingly important to assess human exposure to background concentrations of a large
number of chemicals.  The responsibility and obligation to make these assessments usually
rests with national health authorities. 

For national authorities to ensure that toxic chemicals, such as pesticides, heavy metals,
environmental contaminants and naturally occurring toxins, are not present in foods at levels
that adversely affect the health of consumers, two complementary approaches are used.  The
first is to monitor individual foods for compliance with national and international regulatory
standards.  However, monitoring data of this type are focused on individual chemicals in raw
commodities, and may not provide a direct link to the health assessment of the population.

The second approach is to measure the actual dietary consumption of these chemicals by the
population, and compare these intakes with toxicological reference points, such as the
Acceptable Daily Intake (ADI) or Provisional Tolerable Weekly Intake (PTWI).  These
comparisons provide a direct link to the health of the population, and total diet studies are the
most reliable way to estimate the dietary intake of toxicants by large population groups. 
Therefore, total diet studies are essential to answer the fundamental question of whether or
not the national diet is safe.

A total diet study consists of purchasing foods commonly consumed, processing them as for
consumption, combining the foods into food composites or aggregates, homogenizing them,
and analyzing them for toxic chemicals.  The analytical results are then combined with food
intake information for different population groups, and the dietary intakes of the chemicals
by the groups are estimated.

Thus, the accuracy of total diet studies depends on two fundamental data components: the
quantity of each prepared food consumed by individuals, usually collected in national
surveys, and the background concentration of toxic chemicals in the foods as ready for
consumption.  In order to not overestimate the dietary intakes, the analytical methods used
to measure toxicant levels should have appropriately low detection limits.  Often, such
methods are complex and require advanced instrumentation.  Thus, total diet studies are
expensive, particularly for developing countries.  However, the cost of total diet studies and
the laboratory infrastructure built around them is minuscule compared with their value in
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supporting good health and active trade.  For example, dioxin contamination of food in
Belgium is estimated to have cost over US$2 billion.

The Agreement on the Application of Sanitary and Phytosanitary Measures (SPS Agreement)
of the World Trade Organization (WTO) requires that health and safety requirements related
to food be based on scientific risk assessments.  Risk assessments are based on both
toxicological information and estimates of exposure of the population to the chemical.  As
mentioned above, the latter is most accurately obtained for large population groups using
total diet studies.  The SPS Agreement has referenced the standards, guidelines and other
recommendations of the FAO/WHO Codex Alimentarius Commission as representing the
international benchmark for health and safety requirements.  However, countries may
implement stricter standards if the need for such standards can be demonstrated based on
sound scientific risk assessment.  Thus, at a minimum, total diet studies in developing and
industrialized countries are necessary to perform risk assessments and ensure that their food
safety systems are effective in protecting the public health.

Internationally, the importance of conducting total diet studies is gradually being recognized,
and more and more countries are initiating and expanding their total diet studies.  However,
the organization of these studies is complex and many different areas of expertise are
required.  Consequently, there is a need for a periodic forum to exchange information and
experiences in conducting total diet studies.

2. THE WORKSHOP

The workshop was sponsored by the Australia New Zealand Food Authority, the New
Zealand Ministry of Health and the World Health Organization (WHO) in cooperation with
the Asia Pacific Food Analysis Network (APFAN) and the Food and Agricultural
Organization of the United Nations (FAO).  Over 60 representatives from 27 countries were
present (see Annex II for a list of participants).  The first week of the workshop consisted of
presentations by experts on total diet studies that had been conducted in different countries.
The second week focused on detailed training of national representatives in order to initiate
or expand total diet studies in these countries.  The agenda for the two week workshop is
given in Annex I.  The objectives of the workshop were to:

� promote and support total diet studies in all member countries;
� help prepare new people to conduct total diet studies;
� update recent developments in the field of total diet studies;
� promote reliable and comparable total diet studies through harmonized approaches and

exchange of international best practices and expertise;
� establish a network of national counterparts for undertaking regional total diet study

projects; and
� promote electronic submission to and use of total diet study data from the WHO Global

Environmental Monitoring System/Food Contamination Monitoring and Assessment
Programme (GEMS/Food).

The workshop participants elected Dr Richard Vannoort, ESR, Christchurch, New Zealand
to be the Chairman of the workshop and appointed Dr Robert Dabeka, Health Canada,
Ottawa, Canada and Ms Tracy Hambridge, ANZFA, Canberra, Australia to be the
Rapporteurs. 
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Opening Remarks
On behalf of Dr Gro Harlem Brundtland, Director-General of the World Health Organization,
Dr Gerald Moy welcomed the participants to the workshop and expressed his appreciation
to the Australia New Zealand Food Authority and the New Zealand Ministry of Health for
cosponsoring the workshop with WHO.  He also commended the Food and Agriculture
Organization of the United Nations and the Asia Pacific Food Analysis Network for their
cooperation.  He also thanked the Queensland Health Scientific Services (QHSS) for
providing the excellent facilities and local support.  He took the opportunity to again thank
the US Food and Drug Administration for hosting the First International Total Diet Study,
which many of the participants had attended and which had set the stage for the present
workshop.

Welcome Address
Pieter Scheelings, QHSS, Brisbane, Australia stated that as the host agency for the workshop,
and on behalf of the Director Professor Michael Moore and staff at Queensland Health
Scientific Services (QHSS), it was a privilege and pleasure to welcome participants to
Brisbane and to their laboratory campus at Coopers Plains.  He noted that QHSS has
important linkages with universities and organizations, such as the Asia Pacific Food
Analysis Network (APFAN), which is cooperating in this workshop.  APFAN provides a
valuable link between food scientists in the Asia-Pacific region and can assist in the
promotion and development of total diet study programmes particularly through its training
workshops on analytical methods and quality control.  He hoped that WHO and APFAN can
work in partnership to improve the technical knowledge and skills of food scientists and
assist in the development of total diet studies in the region.

Chairman’s Opening Address
Dr Richard Vannoort noted that in an age where the risks in life are increasingly highlighted,
food also has associated risks to public health and trade, and may become major political,
legal and financial issues.  To get a more sound, objective and transparent picture of the risks,
the risk analysis approach is being used by international bodies such as WHO, FAO, Codex
Alimentarius Commission, government agencies (such as Ministries of Health, Agriculture,
Food Safety and Environment) and food producers/companies.

Total diet studies are a key public health risk assessment tool.  They provide a snapshot of
the safety and quality of the food supply.  A key characteristic of such studies is that foods
are prepared ‘table ready’, so this provides the best means of assessing the risk to consumers
in contrast to commodity based surveys, which analyse agricultural products as produced
e.g. whole unpeeled bananas.  Total diet studies help to monitor pesticides, contaminants (and
nutrients) present in food, and to estimate dietary exposures and characterize any associated
risk to public health.  Total diet studies can also help identify possible risk management and
risk communication options.

Workshop Overview
Various topics were presented by participants over the two week workshop.  Summaries of
many of these are presented in Annex III.  During the intensive discussions, the workshop
addressed many of methodological and technical issues related to total diet studies.  Among
its activities, the workshop:

� reviewed the status of ongoing total diet studies in different countries;
� addressed technical points associated with them;
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� reached consensus on issues of harmonization;
� focused on the urgent need for conducting total diet studies in all countries, especially

developing countries;
� illustrated that even with cooperatively sharing of resources among countries, there is a

world-wide shortage of laboratories capable of performing the technically demanding
analyses.  This impacts on food safety, trade and ability to react to food safety
emergencies, including terrorist threats;

� promoted the reporting of monitoring data and total diet study results using GEMS/Food
OPAL I, II, and III to the WHO SIGHT databases;

� promoted the importance of such studies for assessment of nutrient intakes;
� presented the inherent linkages of the studies with the assessment, management and

communication of risks; and
� recommended actions for national and international health authorities.

Chairman’s Closing Remarks
The Chairman noted that 27 countries were represented at the total diet studies workshop, and
its international status was thus well justified.  The cost of undertaking a total diet studies is,
however, such that there are generally only a few experts per country.  With 60 delegates
present, the workshop provided a real opportunity to get to know everyone, and to help foster
a warm, friendly, relaxed and supportive environment of learning and information exchange.

He drew particular attention to France, which had completed its first total diet studies since
the inaugural international total diet studies workshop two years ago, South Africa, which
had nearly completed its food consumption survey, and Ireland, which had committed to
undertake its first total diet studies and was well advanced with its planning.  The challenge
for participants, especially those from developing countries, is to be in a position for the next
total diet studies workshop to present progress on planning a total diet studies in their own
country, or better, to be able to report their preliminary results.

He felt that all objectives of the workshop had been achieved, and that the critical next stages
were the development of a Regional total diet studies proposal and securing funding, initially
for a pilot Regional total diet studies.

Closing Remarks
On behalf of WHO, Dr Moy thanked the participants for their enthusiasm and contributions
during the two week workshop.  In recognizing the excellent local arrangements, he
acknowledged the efforts of Dr Pieter Scheelings and the staff of the Queensland Health
Scientific Services in making the workshop run smoothly, efficiently and pleasantly.  He also
gave a special note of thanks to Dr Richard Vannoort for his tireless and capable leadership
as Chair of the workshop and looked forward to working with ESR in the follow-up to the
workshop.  He expressed the hope that the workshop had established a strong foundation for
future collaboration among all of the organizations present as well as among participants.

3. CONCLUSIONS AND RECOMMENDATIONS

Toxic chemicals and nutritional imbalances may affect every aspect of human health, causing
birth deformities, mental deficiencies, renal and reproductive dysfunction and cancer.  The
economic, trade and health burden in the world from these effects totals many billions of
dollars annually.  For this reason, it is essential to have realistic background information on
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actual dietary exposure of humans to these chemicals to assess the safety of the food supply.
Total diet studies are the primary sources of information on the residue status of foods as
prepared for consumption rather than on agricultural commodities.  In addition, total diet
study results can be an indicator of environmental contamination by certain chemicals, such
as Persistent Organic Pollutants (POPs), and can be used over time to assess the effectiveness
of specific risk management measures over time.

Workshop participants, after intensive discussion adopted the following recommendations
for consideration by national and international health authorities:

3.1 Total diet studies in each country.
Scientific risk assessments are the fundamental basis of decisions dealing with both health
and trade aspects of food.  For scientific risk assessment it is essential to know background
concentrations of chemicals in foods so that the actual dietary exposure to these chemicals
can be assessed.  In every country, the diet and dietary customs are different.

Thus, it is recommended that all countries conduct total diet studies to assess
actual dietary intake of toxic and nutritionally important chemicals.  This is
particularly relevant for institutions already participating in GEMS/Food (see
Annex IV).  In addition, it is recommended that the WHO prepare a booklet
describing and promoting total diet studies.

3.2 Support for total diet studies in developing countries.
For various reasons, in many developing countries, there is little or no monitoring of the food
supply for toxic chemicals.  As a result, information about the safety of foods is, more often
than not, non-existent.  With global trade, however, a food safety problem in one country
may become a trade and health problem for many countries.

Thus, it is recommended that each developing country be given international
assistance to conduct its own total diet study.  This may be considered on a
regional basis to reduce costs and promote regional cooperation.

3.3 Laboratory capacity.
Knowledge of background levels of toxic chemicals in foods is critical for knowing whether
or not foods are safe.  The number of laboratories capable of measuring background
concentrations of toxic chemicals in foods are few and the costs of these analyses are
relatively high.  As a result, there is a paucity of background monitoring data.  The costs for
building up laboratory capacity, however, are minor compared with the health and economic
consequences of not being able to deal with crises.  For example, the economic consequences
of the Belgium dioxin incident totalled $2 billion, most of which was borne by the food
industry, both in Belgium and internationally.  Obviously, consumer confidence in the food
supply also suffered.

It is recommended that all countries provide additional funding to health
departments to substantially strengthen laboratory capacity to establish and
monitor baseline levels of toxic chemicals in foods.

3.4 Emergency preparedness.
Food safety emergencies have occurred periodically, often with enormous health and
economic costs.  In addition, the food supply is a key target for terrorism, and without the
ability to monitor for chemical toxicants, the populations of countries and world trade are at
risk.

It is recommended that an inventory of laboratory capacities by chemical,
matrix and detection limit be prepared by GEMS/Food.  In addition, WHO
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Collaborating Centres for Food Contamination Monitoring should consider
expanding their terms of reference to address this issue.

3.5 WHO food safety databases.
With the globalization of trade and harmonization of food safety standards, it is critical that
global food safety databases be maintained.  These should include background concentration
data for chemicals in individual foods and food groups, and dietary intake estimates from
total diet studies conducted in individual countries.

It is recommended that:

1. existing GEMS/Food databases OPAL I, II and III, and SIGHT should
continue to be supported and refined; and

2. individual countries should support GEMS/Food databases by regularly
submitting data in the OPAL format.

3.6 Analytical training.
The chemical analyses required for total diet studies are among the most difficult of all food
analyses because of the low detection limits which must be obtained.

It is recommended that, wherever possible, training be provided by more
experienced laboratories for those analysts with less experience.  Special
emphasis should be placed on providing support and training to analysts in
developing countries.

3.7 Persistent organic pollutants in breast milk.
Humans accumulate persistent organic pollutants in their stores of fat.  Some of these are
transferred into the fat portion of breast milk of mothers.  Thus, breast milk is one of the few
and least expensive mechanisms of assessing human exposure to these chemicals and
monitoring this exposure with time can provide information on trends.  Breast milk surveys
can also be used to identify environmental sources of these chemicals and to monitor the
effectiveness of risk management measures.

It is recommended that:

1. in light of the Stockholm Convention on POPs, countries should
endeavour to participate in the ongoing 3rd WHO coordinated study of
PCBs, PCDDs and PCDFs in breast milk; and

2. countries should as a matter of balanced risk communication strongly
emphasize the benefits of breast feeding whenever reporting the results
 of studies of this type.

3.8 Risk assessment.
The primary user of total diet study results is the risk assessor.  Internationally and in
individual countries, there is an urgent need for risk assessments on many chemicals.  For
example, the Codex Committee on Food Additives and Contaminants had requested data to
decide whether to set the maximum limit for patulin in apple juice at 50 or 25 ppm.

It is recommended that risk assessors and statisticians be consulted when a total
diet study is designed so that the study results can be directly used in making
scientifically valid risk assessments for at-risk population groups.  Thus, it is
important to be able to, as a minimum, estimate both average and upper
percentile intakes of chemicals for each target population group.  For nutrients,
the ability to estimate lower percentile intakes is also critical.
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3.9 Design and structure of total diet studies.
Numerous aspects of total diet studies can and should be harmonized if the results are to be
comparable.  However, it is important to also recognize that each study should reflect the
health concerns and resources of the country in which it is conducted.  The following
recommendations deal with these aspects:

1. All countries should cooperate and coordinate their activities in the
development and harmonization of standard protocols for total diet
studies.

2. A team approach should be used when conducting total diet studies, with
all team members, including those recognizable for sample collection,
sample processing, risk assessment, statistics and laboratory analysis,
involved at the planning stage.

3. Each total diet study should be documented in detail when it is reported.
As a result of resource limitations or for strategic reasons, there will
always be differences, such as analytical detection limits or choice of
samples, in the design of studies in each country.  These can have a major
impact on the dietary intake results obtained for the survey and their
interpretation.

4. When comparing results of total diet studies from different countries, due
care should be taken to ensure that the most recent data are used and to
consider potential impact of individual differences in the design and
implementation of the compared studies.  Factors, such as different
foods, age-sex groups, climates, agricultural practices, limits of detection
/ reporting and quality assurance and control practices, can affect results.

5. Drinking water, taken as water, should be included in each total diet
study except where resources do not allow for this.  This should include
bottled water and tap water taken from the sample pick-up areas.  Thus,
it is important that drinking water be included when food intake surveys
are conducted.

6. Where possible, distilled water should be used for sample preparation.
Otherwise, the water used should be separately analyzed.

7. There are some chemicals which, because of their nature, limited
distribution or homogeneity, are better assessed in commodity surveys
rather than total diet studies.  Some mycotoxins, for example, are not
homogeneously distributed in foods, and it would take a very large
sample size to obtain a reasonable estimate of their concentration.

8. Analytes for total diet studies should focus on those recommended for in
the GEMS/Food Core, Intermediate and Comprehensive Lists of
Contaminant / Commodity Combinations (see Annex V).  Countries
should consider including in their own total diet studies the following
groups of chemicals: persistent organic pollutants (PCBs, dioxins,
dibenzofurans); toxic elements (Pb, Hg, Cd, As, Cr); mycotoxins (such as
aflatoxin, patulin and deoxynivalenol); specific chemical species (such as
organotin compounds, methylmercury, nitrate, nitrite and nitrosamines),
volatile organic compounds and nutrients such as vitamins, minerals and
essential fatty acids.

9. Prioritization when selecting analytes should be based on a) information
available (has the analyte been included recently in a total diet study), b)
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toxicity (could the analyte act by itself or additively with other toxic
chemicals to cause harm at low concentrations), c) susceptibility to
technology changes, and d) potential for adventitious or deliberate
contamination.  Among the chemicals considered important enough for
monitoring with every total diet study are pesticides, dioxins, PCBs, and
the heavy metals Pb, Hg and Cd.

10. When selecting chemicals for total diet studies, countries should consider
less common chemicals which may pose a significant health risk to their
population.

11. Managers of total diet studies should define the limit of reporting
required of the laboratory performing the analyses so that the exposure
results will be meaningful and cost-effective.

12. Dietary exposures can vary widely depending on how results at or below
the limit of reporting are handled.  Regardless of the approach taken, it
should be clearly described when the total diet study results are reported.
Managers of total diet studies should define how results below the limit
of reporting are to be used in risk assessment.  The technique used should
be practical, logical, scientifically valid and consistently applied.  While
there is still no general agreement about how this should be done, the
workshop drew attention to the GEMS/Food EURO workshop
recommendations that appear as Appendix V to the GEMS/Food
Instructions for Electronic Submission of Data on Chemical
Contaminants in Food, available at the WHO Website www.who.int/fsf.

13. Food consumption data used for total diet studies should be as recent as
possible and maintained current.  Because local dietary patterns may
change quickly, the date and basis of the consumption data should be
defined in each study.

14. While national consumption data are critical for the highest accuracy of
total diet study results, GEMS/Food Regional Diets are a useful starting
alternative for countries without their own food intake information.

15. Appropriate quality assurance and control at all stages of a total diet
study are critical and cannot be overemphasized.

16. In addition to estimating exposure for adults or the general population,
it is critical to estimate dietary intakes for infants and children who face
the greatest risk due to their high consumption/body weight ratio.  In
addition, countries should conduct exposure estimates on other
population sub-groups, such as ethnic populations, if their diet patterns
are expected to be different.

17. Foods should be prepared “as normally consumed” and concentration
data recorded as such.  If not so, moisture content should be included in
the data submitted.

18. Total diet studies should be planned so that food composites are analyzed
shortly after they are prepared.  Even if the foods are kept frozen, some
chemicals may gradually decompose over time or become bound to the
food matrix.

19. When dealing with the possibility of terrorist threats or other food safety
emergency, each total diet study should contain an annex to deal with
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highly contaminated samples quickly, so that the source of contamination
can be identified and managed.

3.10 Risk communication.
It is recognized that information on concentrations of chemicals in foods and the dietary
intake of these chemicals can be misinterpreted by the public, and thus discourage the public
from eating foods which are nutritionally beneficial.

It is recommended that:

1. total diet study results be fully and openly reported immediately after
they are analytically validated;

2. individuals reporting these results be scientists from government and
academia with closest knowledge of the study;

3. total diet study results be reported in a way that is easily understood by
the public, such as providing a direct comparison of the intake with the
PTWI or ADI of the chemical; and

4. when reporting results to the public, emphasis be on the risk rather than
the hazard, and putting the risk into perspective and that it be presented
in a format easily understandable to the public.

3.11 International total diet workshops.
Total diet studies are complex and require expertise from many different areas, including
management, analytical chemistry, nutrition, food consumption patterns, food preparation,
and statistics.  Transfer of this expertise to countries starting their own total diet studies,
exchange of information among scientists already conducting studies, and sharing of
resources are critical.

It is recommended that another international total diet workshop be held
focusing on:

1. progress of total diet studies, particularly in developing countries;

2. results of new total diet studies;

3. international dietary risk assessment issues;

4. techniques of food analysis, consumption studies, and exposure estimates;
and

5. training for less developed countries.

It is also recommended that regional total diet workshops be held, especially
where groups of developing countries are interested in initiating new total diet
studies.
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Annex I

Second International Total Diet Workshop
4 – 15 February 2002, Brisbane, Australia

Cosponsored by the Australia New Zealand Food Authority, the New Zealand Ministry of
Health and the World Health Organization in cooperation with the Asia Pacific Food
Analysis Network and the Food and Agriculture Organization of the United Nations

Agenda for Week 1 (4 – 8 February 2002)

Monday, 4 February

09:00 – 10:00 Registration

10:00 – 10:30 Welcome and Opening

  Australia New Zealand Food Authority
Dr Marion Healy

  New Zealand Ministry of Health
Ms Jenny Reid

  Asia Pacific Food Analysis Network
Dr Pieter Scheelings

  Food and Agriculture Organization of the United Nations
Dr Barbara Burlingame

  World Health Organization
Dr Gerald Moy

10:30 – 10:40 Appointment of Chair, Vice-Chair and Rapporteur

10:40 – 11:00 Objectives and Structure of Workshop
Chair – Dr Richard Vannoort

11:00 – 11:30 Risk Analysis Framework in Protecting Human Health
Dr Marion Healy

11:30 – 12:00 International Risk Assessment for Contaminants
Ms Katie Egan

12:00 – 14:00 Lunch

14:00 – 14:45 Emerging Issues in Exposure Assessment Related to Codex
Dr Luba Tomaska
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14:45 – 15:15 Current Status of GEMS/Food
Dr Gerald Moy

15:15 – 15:45 Break

15:45 – 16:15 GEMS/Food-EURO
Dr Cristina Tirado

16:15 – 16:45 Environmental Issues and Food Contamination Monitoring:
Dioxins
Dr Piet van Zoonen

16:45 – 17:15 Linking Nutrition Surveys with Total Diet Studies
Dr Chen Junshi

17:15 – 17:30 General Discussion

Tuesday, 5 February

09:00 – 12:00 National experiences with studies on chemical contaminants in
food and total diet

  Australia – Mr Steve Crossley
  Canada – Dr Bob Dabeka
  China – Dr Junshi Chen
  Czech Republic – Dr Jiri Ruprich
  Finland – Dr Jorma Kumpulainen

12:00 – 13:30 Lunch

13:30 – 17.00 National experiences with studies on chemical contaminants in
food and total diet (continued)

  France – Dr Jean-Charles Leblanc
  New Zealand – Dr Richard Vannoort
  Pacific Islands – Prof. Bill Aalbersberg
  South Africa – Ms Annette Casey
  United States of America – Ms Katie Egan

Wednesday, 6 February

09:00 – 09:30 Food Systems
Dr Barbara Burlingame
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09:30 – 10:00 GEMS/Food International Dietary Consumption Patterns
Dr Barbara Petersen

10:00 – 10:30 Generating, Compiling and Using Food Composition Data in
Developing Countries
Dr Barbara Burlingame

10:30 – 11:00 Break

11:00 – 11:30 Development of Food Lists, Diets and Design in New Zealand
Total Diet Survey
Ms Jenny Reid

11:30 – 12:30 FAO’s Risk Activities: Food Consumption Surveys
Dr Barbara Burlingame

12:30 – 13:30 Lunch

Food Consumption Survey Protocol for Developing Countries -
ad hoc Working Group

Field Visit

Thursday, 7 February

09:00 – 09:30 Analytical Issues Related to Organics
Mr Chris Sack

09:30 – 10:00 Analytical Issues Related to Elements
Mr Duane Hughes

10:00 – 10:30 An Expert System for the Evaluation of Quality of Analytical
Results
Dr Pieter Scheelings

10:30 – 11:00 Break

11:00 – 11:30 Questionnaire to Assess Quality Assurance and Control of
Sampling and Analysis of Submitted Data
Dr Samuel Page (presented by Dr Gerald Moy)

11:30 – 12:00 Electronic Reporting of Data to GEMS/Food
Mr Peter Cressey

12:00 – 13:30 Lunch
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13:30 – 14:30 GEMS/Food Global Databases
Mr Lawrence Grant

14:30 – 15:00 Data Structure for Individual Contaminant/Commodity
Database (OPAL III)
Mr Lawrence Grant

1500 – 15:30 WHO SIGHT (Summary Information on Global Health
Trends)
Mr Lawrence Grant

15:30 – 16:00 Break

16:00 – 16:30 Dietary Intake Assessment Modelling
Ms Tracy Hambridge

16:30 – 17:15 Risk Communication Issues Related to Total Diet Studies
Prof. Ian Shaw

Friday, 8 February

09:00 – 09:30 Development of a Food Consumption Survey Protocol for
Developing Countries

09:30 – 10:00 Manual for Total Diet Studies

10:00 – 10:30 Proposal for a Regional Total Diet Study

10:30 – 11:00 Break

11:00 – 12:00 Summary and Conclusions
Dr Richard Vannoort

12:00 – 12:30 Closing Remarks
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Second International Total Diet Workshop
4 – 15 February 2002, Brisbane, Australia

Cosponsored by the Australia New Zealand Food Authority, the New Zealand Ministry of
Health and the World Health Organization in cooperation with the Asia Pacific Food
Analysis Network and the Food and Agriculture Organization of the United Nations

Training Agenda for Week 2 (11 – 15 February 2002)

Monday, 11 February

09:00 – 09:15 Welcome & Introductions 
Dr Pieter Scheelings

09:15 – 10:15 Planning a Total Diet Study
Dr Richard Vannoort

10:15 – 10:30 Discussion

10:30 – 11:00 Morning break

11:00 – 11.30 The Decision-making Process in Starting a Total Diet Study in Ireland
Ms Christina Tlustos

11.30 – 12.15 Preparing a Total Diet Study Project Timeline (Tutorial)
Dr Richard Vannoort

12.15 – 12:30 Discussion

12:30 – 13:45 Lunch

13:45 – 14:45 Standard Operation Procedures for a Total Diet Study
Dr Richard Vannoort

14:45 –15:00 Discussion

15:00 – 15:30 Afternoon break

15:30 – 16:30 US FDA Standard Operating Procedures for a Total Diet Study
Messrs Chris Sack and Duane Hughes

16:30 – 17:00 Discussion

Tuesday, 12 February

08:30 – 09:15 Assessing the Food Supply
Dr Barbara Burlingame
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09:15 – 09:30 Discussion

09:30 – 10:15 Food Consumption Data Using WHO GEMS/Food Diets
Dr Gerald Moy

10:15 – 10:30 Discussion

10:30 – 11.00 Morning break

11:00 – 11:45 Developing a Food List for a Total Diet Study
Mr Rob Keane

11:45 – 12:15 Food List Exercise
Mr Rob Keane

12:15 – 12:30 Panel Discussion
Mr Rob Keane
Dr Barbara Burlingame
Dr Gerald Moy

12.30 – 13.45 Lunch
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Friday, 15 February

08.30 – 10.30 Data Collection and Collation Using the GEMS/Food Programs
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Mr Lawrence Grant
Dr Jean-Charles Leblanc
Mr Peter Cressey
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12.00 – 13.00 Review of Further Recommendations
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SUMMARY OF SELECTED PRESENTATIONS

1. The Risk Analysis Framework in Protecting Human Health
Dr Marion J. Healy, ANZFA, Canberra, Australia

The most important objective in regulating the food supply is the protection of human health.  Regulatory
decisions about the safety and nutritional adequacy of the food supply utilize a risk and evidence based
approach that is embodied within the risk analysis framework.  This framework has been adopted by the
Codex Alimentarius Commission, which has responsibility for developing international benchmarks for food
safety and nutritional adequacy.

The risk analysis is defined as having three components: risk assessment, risk management and risk
communication.  Risk assessment draws on scientific information to determine the risk to human health posed
by a defined food hazard; it draws together information about the likely exposure to the hazard via the diet
and likely health impact at various levels of exposure.  Total diet surveys provide the most accurate
information on the dietary exposure of the population to food hazards, particularly chemical hazards.

The risk management measures implemented to address risks associated with the food supply should be based
on the outcome of the risk assessment.  However, the measures chosen to mitigate identified risks may be
influenced by a number of factors including the level of safety demanded by the community, the severity and
frequency of the adverse health outcome, national government policies, enforceability and feasibility.  The
most effective application of the risk analysis framework also utilizes risk communication strategies to
explain the decision making process, the decision taken and the underpinning evidence.

The risk analysis framework therefore provides the regulatory context in which total diet surveys should be
designed and implemented.  The information from such surveys is critical to accurately characterize the risks
from food hazards and, conversely, the surveys also provide a mechanism to evaluate the effectiveness of risk
mitigation measures.

2. International Risk Assessment for Contaminants
Ms Katie Egan, US FDA, Washington D.C., USA

With the tremendous increase in international trade, there is a greater need for establishing international food
safety standards.  The Codex Alimentarius Commission has a pivotal role in this process and Codex standards
are the references used by the WTO in resolving trade disputes.  The SPS Agreement specifies that these
standards must be based on an appropriate assessment of risks to human health.  The Codex Committees
elaborate standards based on the risk assessments conducted by two independent scientific bodies – Joint
Expert Committee on Food Additives (JECFA) and Joint Meeting on Pesticide Residues (JMPR).  JECFA
conducts risk assessments for food additives, contaminants and residues of veterinary drugs in food.  The
outcome of these risk assessments are used by the Codex Committee on Food Additives and Contaminants
to determine whether risk management options should be considered for specific commodities.  These risk
assessments rely on data submitted by member countries.  In order to conduct reliable assessments for
contaminants at the international level, it is critical that the data be representative of contamination world
wide and that the data be of high quality.  Data quality criteria proposed by a Joint FAO/WHO workshop on
estimating dietary exposure to contaminants suggest that data are to be generated by an accredited laboratory
or equivalent using validated analytical methods, and that the samples be selected using a statistically based
sampling technique.  In addition, it was recommended that the data be fully documented, recent (within the
last 10 years), random vs. targeted, and reported as individual values rather than aggregated.
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3. Emerging issues in Exposure Assessment Related to Codex
Dr Luba Tomaska, ANZFA, Canberra, Australia

International standard setting process performed by the Codex Alimentarius Commission uses a risk and
evidence based approach.  Health-based Codex standards may only be developed on the basis of a sound risk
assessment and serve to protect public health and safety.  World Trade Organization agreement binds its
members to the application of food standards that need to be justified on basis of protecting public health,
thereby prevent non-tariff trade barriers. 

The risk assessment therefore has become the underpinning tool in a health-based standard setting process,
both at the national and international levels.  Exposure assessment is often the neglected component in a risk
assessment process, because national and global data is very limited for specific chemicals or microbiological
agents in food.  Adequate data about food consumption and concentrations of chemical and microbiological
agents in food at the national level is vital in obtaining the best estimate of exposure for a population.  Sound
scientific exposure estimates resulting in accurate risk assessments provide defensible basis for the setting
and enforcement of food standards that protect health of people.  National dietary intake  and food
contamination data also inform regional and global risk assessment done by JECFA and used by Codex to
set international standards. 

Countries that lack this exposure data are unable to prioritize risks posed by contaminants in food, may not
be able to set realistic and defensible food standards for imported and domestic food and may be
disadvantaged when international food standards don’t represent their needs.

4. Current Status of GEMS/Food
Dr Gerald Moy, WHO, Geneva, Switzerland

The current status of GEMS/Food, including recent developments, was presented.  GEMS/Food was
established in 1976 to compile data on food contamination and human exposure for global synthesis,
evaluation and presentation.  The focus of GEMS/Food is on health-oriented population-based dietary
exposure to major food contaminants rather than trade-oriented targeted sampling and analysis programmes.
GEMS/Food currently includes institutions located in over 70 countries around the world.  GEMS/Food is
interested in levels of contaminants in individual foods and in the total diet as reflected in the software
programs OPAL I and II, which have been developed expressly to collect and manage such data.  More
recently, SIGHT (Summary Information on Global Health Trends) was developed as a dissemination tool that
offers the public and other specified users access to the GEMS/Food database.  Among the users, JECFA and
JMPR receive GEMS/Food data on chemicals that are scheduled for evaluation by these bodies.  GEMS/Food
is also involved in the collection and evaluation of chemicals in breast milk and is sponsoring countries to
participate in the Third Round of WHO Coordinated Studies of Dioxins, Dibenzofurans and Polychlorinated
Biphenyls in Breast Milk.  As a result of the signing of the Stockholm Convention on Persistent Organic
Pollutants (POPs) in May 2001, GEMS/Food is supporting the analyses of breast milk samples to include
other POPs in order to establish baselines, which will be used to assess the effectiveness of the treaty in
reducing emissions of POPs.  Countries interested in participating in the breast milk study should contact the
GEMS/Food Manager for further details.  Finally, GEMS/Food is responding to the potential terrorist threats
by collaborating in the preparation of an annex on potential sabotage of water, food and other products, which
will be attached to the WHO publication “Health Aspects of Biological and Chemical Weapons”. 
GEMS/Food is also considering the development of an inventory of monitoring capabilities of GEMS/Food
and other food laboratories in order to provide support in the event of terrorists incidents or other food safety
emergencies.
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5. Environmental Issues and Food Contamination Monitoring: Dioxins
Dr Piet van Zoonen, RIVM, Bilthoven, The Netherlands

A survey was carried out in 1998/1999 to estimate the dietary intake of dioxins and dioxin-like PCBs in
foodstuffs in The Netherlands.  In this programme dioxins (PCDDs and PCDFs) and dioxin-like PCBs (non-
ortho PCBs and mono-ortho PCBs) were analysed in composite food samples.  The dietary intake was
estimated taking into account the food consumption patterns in the population as obtained in the 1998 food
consumption survey.  Dioxins and dioxin-like PCBs tend to accumulate in the body, hence evaluation of the
data was focused on long-term intake.

The database of food consumption from the Dutch National Food Consumption Survey (DNFCS) performed
in 1998 was consulted for the selection of foods based on their relative importance in the total fat
consumption, resulting in a sample plan covering 98% of the fat-intake.  The dioxin levels found in these
samples were used as input in the database of the DNFCS.

A two-step approach was used to estimate the long-term intake in the population.  First, for 6 250 individuals
personal daily-averaged intake was calculated for two consecutive days, using the food consumption data and
concentrations in consumed products (12500 data points).  Next, the relationship of long-term intake with
age in the population was determined using regression analysis and nested variance analysis.  The regression
analysis was used to quantify the intake as a function of age.  From this relationship the lifelong-averaged
(70 yrs.) intake was calculated.  Nested variance analysis served to unravel the between-subject and the
within-subject components of the total variation of daily-averaged intake in the population.

The estimated median lifelong-averaged intake of dioxins in the population is 0.65 pg WHO-TEQ/kg bw per
day.  The estimate for the sum of dioxins and dioxin-like PCBs is 1.2 pg WHO-TEQ per/kg bw per day.  The
90th percentile of intake in the population is 1.6 times higher than the median intake.  The contribution of
different food groups to the total intake of TEQ (dioxins and dioxin-like PCBs) is fairly uniformly distributed
over the foods consumed: meat products (23%), dairy products (27%), fish (16%), eggs (4%), vegetable
products (13%), and industrial oils and fats (17%).  A comparison was made between these results and those
of the 1990/91 survey.  An average reduction in intake of 50% for dioxins and 60% for non-ortho PCBs was
estimated.  This substantial reduction is related to the decrease in the concentrations of dioxins and dioxin-
like PCBs in the majority of foodstuffs.  Nevertheless, 8% of the population is exposed to intake levels above
the Tolerable Daily Intake of 2 pg TEQ/kg bw per day, as recently derived by the Scientific Committee on
Food (SCF) of the European Commission.

6. Linking Nutrition Surveys with Total Diet Studies in China
Dr Junshi Chen, INFH, Beijing, China

Three national total diet studies have been conducted in China by the Institute of Nutrition and Food Hygiene
(INFH), Chinese Academy of Preventive Medicine, in 1990, 1992 and 2000.  This paper reports on the
nutritional assessment of the Chinese diet in the 1990 and 1992 total diet studies.

The total diet studies was carried out in 12 provinces using the food composite approach.  Based on
geographical distribution, each regional market basket was comprised of 12 cooked food group composites,
e.g., cereals, meats, vegetables, etc. from each of the 3 closest provinces.  Macronutrients, micronutrients fatty
acids and amino acides were analyzed.  Some of the results are reported below.

− Comparing the nutrient intakes between the conventional dietary survey (weighing and recording) and
the total diet studies, the intakes energy, protein, fat and carbohydrates and minerals were comparable
between the two types of study.  However, the intakes of ascorbic acid, which is heat-labile, were
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significantly lower in the total diet studies (4.7 mg/person/day) than in the conventional dietary survey
(86.6 mg/person/day).

− Dietary fat and cholesterol intakes were significantly lower in rural areas than in urban areas.

− Dietary fatty acid profiles were significantly different between the 2 southern regions and the 2 northern
regions, characterized by the high proportion of monounsaturated fatty acid in the southern regions. 
Palmitic acid (16:0), oleic acid (18:1) and linoleic acid (18:2) were the 3 predominant fatty acids in the
Chinese diet.

− The analysis of food sources of fat showed that meats (about 90%) and vegetables (about 30%) were the
major source of dietary fat.  The increased use of cooking oil in the preparation of vegetable dishes
accounted for the high fat contribution by vegetables.

− Only 30% of the dietary iron intake was heme iron, and the bioavailable iron in the Chinese diet was only
about 10% of the total dietary iron intake.

In conclusion, nutritional assessment of the diet using the total diet studies provides important information
on nutrient intake that is not available in conventional dietary surveys.

7. The 19th Australian Total Diet Survey
Mr Steve J. Crossley, ANZFA, Canberra, Australia

Australia has been conducting total diet surveys, formerly known as market basket surveys, since 1970.  The
aim of Australia’s total diet surveys is to monitor pesticide residues and contaminants in the food supply and
to estimate the overall dietary exposure of these chemicals to the Australian consumer.  Retail samples are
taken from Australia’s States and Territories and these are prepared to a ‘table ready’ state prior to analysis,
for example, potatoes were cooked.

Australian total diet surveys have used the representative food approach, whereby individual foods are
analysed and the results extrapolated to other similar foods e.g. peaches are taken to be representative of all
stone fruit.  Dietary exposure assessments are then conducted using Australia’s own dietary modelling
software, known as DIAMOND.  This software utilizes detailed food consumption data, taken from a large
nationwide nutritional survey conducted in 1995, to estimate exposure for six population sub-groups: men,
women, boys, girls, toddlers and infants.

The 19th total diet survey1 was published in March 2001 and a full report can be found at www.anzfa.gov.au.
The results of the 19th survey, demonstrate that the levels of pesticide residues and contaminants in the
Australian food supply are very low, and in all cases they were within acceptable safety limits (e.g. acceptable
daily intake – ADI) where reliable dietary exposure assessments could be calculated.  The survey did though
highlight the need to obtain lower levels of reporting for mercury and antimony in food and to refine the
dietary exposure models for dithiocarbamate fungicides.

In undertaking total diet surveys, Australia recognizes that they have inherent limitations.  In particular, they
are expensive, are not generally truly statistically representative of the food chosen, and do not take into
account the potential acute dietary risk arising from residue variability between individual commodity units.
Nevertheless, total diet surveys provide useful information for risk managers and the wider community, in
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that they represent the most realistic estimate of dietary exposure to chemical residues and contaminants in
the food supply.

8. Canadian Total Diet Study
Dr Robert Dabeka, Health Canada, Ottawa, Canada

The total diet study programme in Canada has been ongoing for over 25 years.  It currently involves
collection of 850 foods from one city each year.  The foods are processed as for consumption at Kemptville
Community College, combined into 140 different food composites, and homogenized.  The bottled
composites are analysed for dioxins, 60 pesticides, PCB congeners and trace elements.  Recently, nitrate,
nitrite, nitrosamines, brominated diphenyl ethers (fire retardants) and mercury have been added to the list of
analytes.  Past targeted cities include Toronto (1992), Montreal (1993), Halifax and Winnipeg (1994),
Vancouver and Ottawa (1995), Toronto (1996), Whitehorse (1998), Calgary (1999), Ottawa (2000), and
St. Johns (2001).

The key focus of the analytical methods used was obtaining detection limits low enough so that the results
would be valid for risk assessments.  Details of the methods can be obtained from the following
sources: trace elements: (Ref. Bob_Dabeka@HC-SC.GC.CA); dioxins, furans, brominated diphenyl
ethers: (Ref. Jake_Ryan@HC-SC.GC.CA); pesticides: (Ref. Thea_Rawn@hc-sc.gc.ca), PCBs:
(Ref. Sheryl_Tittlemier@hc-sc.gc.ca); and iodine (Ref. Mary_L’Abbe@HC-SC.GC.CA.  Analyses for
pesticides and PCBs are several years behind schedule due to loss of technical staff.  As some pesticides
decompose with storage, the results will be less useful in making risk assessments.

Food intakes used were obtained by the Nutrition Research Division in a Nutrition Canada Survey in 1970.
New food intake information for adults has recently been collected and will be incorporated into the study
this coming year.  No new Canadian food intake information exists for infants and younger children.  Such
information is important because the dietary intake of chemicals by infants can vary significantly between
birth and 1 year old, and because the developing body of infants is more susceptible to the toxic effects of
many chemicals.

Total diet study results for recent years have revealed that only one of the samples (strawberries) contained
a level of pesticide (6.9 ppm captan) higher than the maximum residue limit of 5 ppm.  The greatest dietary
source of ingested PCBs was fish.  For two cities, Whitehorse and Calgary, fish contributed 51% and 95%,
respectively, to the dietary intake of PCBs.  The freshwater fish composites generally contained the highest
concentrations of PCBs.  For the saltwater fish composite, there appeared to be a gradual decrease in total
PCB concentrations between 1992 and 1999.

9. The 2000 Chinese Total Diet Study - Methodology and Preliminary Results
Dr Junshi Chen, INFH, Beijing, China

The Chinese total diet studies has undergone gradual improvements.  The first total diet study conducted in
1990 used the food composite approach for a single population group - adult males.  There were 4 regional
market baskets and about 100 contaminants and nutrients were analysed.  The total diet studies in 1992
increased the number of age/sex groups to 5.  The 3rd total diet study in 2002 increased the number of age/sex
groups to 12.  In addition, in order to fully take advantage of individual food samples without giving up the
food composite approach, all 662 individual food samples collected from each of the 12 provinces were
stored, in addition to preparing these into composites for each of 4 regions.  This new method has the
advantage of the food composite approach (fewer samples for laboratory analysis), while the individual
samples are available to trace any contamination to its source.  Some examples are presented.
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− A high cadmium concentration (149 µg/kg) was found in the aquatic food composite from the North 1
Region.  Further analysis revealed a high cadmium level (594 µg/kg) in the aquatic food composite from
Liashing province (one of the 3 provinces that comprised the North 1 Region).  Analysis of the 7
individual samples from the province revealed 1498 µg/kg cadmium in one sea crab sample.

− High hexachlorohexane (HCH) in the fish composites of North 1 and South 2 regions were found. 
Analysis of HCH isomers found that gamma-HCH was the residue of concern.  The gamma-HCH was
traced to a carp fish from Heilongjiang Province containing about 300 µg/kg, and to a Wu-Chang fish
from Hubei Province with a level of about 500 µg/kg.

− The ratio of inorganic to total arsenic was studied in the 12 food group composites in the 4 regions, and
found to vary in the food groups with a range of 15-50%.

10. Total Diet Study in the Czech Republic
Dr Jiri Ruprich, NIPH, Brno, Czech Republic

One of the realized changes in food safety strategy in the Czech Republic during 90’s – an independent total
diet study – has been organized by the National Institute of Public Health since 1994.  Total diet studies is
not involved in the food inspection system and it is conducted as a part of Environment and Health
Monitoring System in the health sector.  QA/QC system has been introduced as the condition for funding of
total diet studies by the government.  All important procedures are described in SOPs.  QA/QC system is
assessed by two independent bodies – the Czech Institute for Accreditation and the QA/QC team of the
monitoring system. Quality is regularly checked externally by proficiency testing (FAPAS, WEPAL, etc.)
and internally (QA/QC manager, repeated sample analyses, etc.).  Based on the national food consumption
survey (HBS) – 196 food items were selected which represent more than 95 % of weight of the typical Czech
diet.  Additional selections have been done for specific chemical substances (e.g. mycotoxins, minerals, etc.).
Selection of agents is influenced by the government, by NGOs and by food producers.  Usually there is a
good agreement with national and international recommendations; sometimes the selection is not a very high
priority (problem of risk communication).  If possible, all samples are analyzed for one analyte in one
laboratory.  Substances analyzed from 1994 until 2002 include organochlorine pesticides, indicator congener
PCBs, substances with TCDD effects, polycyclic aromatic hydrocarbons, carbamate pesticides, mycotoxins,
elements, anions and vitamins.  Exposure assessment is based on the calculation exposure doses for non-
cancer effects and for cancer effects.  Cost of the total diet study programme depends on the cost of the main
components – food consumption and analytical data.  Solution is a tiered approach.  Risk characterization for
non-nutrients and non-cancer effects is done by comparison with ADI/RfD (PTWI, PMTDI, TDI, etc.), for
cancer effect, when OSF is known (probability of cancer attributed to one year exposure), for macronutrients
by comparison with RDA/RDI, for micronutrients by comparison with Basal Population Minimum /
Normative Population Minimum.  Risk Communication strategy and tactics used for presentation of total diet
study results have been discussed also.

It is concluded that total diet studies shall be an integral part of the more complex monitoring system –
possibility to validate results.  Total diet studies can be realized with different levels of precision – the tiered
approach.  QA/QC system is the basic condition for realization of the long-time total diet study programme.
Risk communication strategy has to be an integral part of the total diet studies management.  Results from
the total diet studies shall be comparable internationally.
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11. Finnish Experiences in Total Diet Studies of Contaminants
Dr Jorma T. Kumpulainen, ARF, Jokioinen, Finland

The present paper summarizes results of nationwide average dietary intake studies conducted in Finland over
a period of 1997 – 1998.  The present study was the second nationally representative market basket study
(MBS).  The composed diet was based on the so called Finndiet food consumption survey carried out by the
Finnish Public Health Institute in 1997.  This comprehensive survey provided the necessary basic information
upon which the collection of foods and preparation of the second market basket diet was based.  Additional
information was needed, however, to obtain data on market shares of the most important brands and certain
special foods.  Food items used for the MBS were aggregates of 1,087 food samples made of 3,988
subsamples collected from various sources in a representative way.  Total weight of the collected subsamples
was 2 529 kg.  In addition, the alcoholic beverage group contained 16 alcoholic beverage types being
aggregates of 54 samples and 156 sub-samples.  Samples were collected and the diet composed during 1997-
1999.  The market basket was divided into 10 food  groups and a separate alcohol group.  The total diet
prepared included 228 food items, i.e. all foods whose average consumption was more than 0.5 g/d/person.
The results include toxic heavy metals lead and cadmium, polycyclic aromatic hydrocarbons (PAHs), PCBs
and organochlorine pesticide residues, polychlorinated dibenzo-p-dioxins and -furans.  In addition, many
nutrient were also analyzed.  The second national hospital diet study was conducted in 1996-1997 comprising
the weekly diets of all 19 central or university hospitals.  The results included essential mineral and trace
elements, toxic heavy metals lead and cadmium and PCBs and PAH-compounds.  The results of the project
have demonstrated that average intakes of chemical contaminants studied are low.  In particular, the total
dietary intake of heavy metals, polychlorinated dibenzo-p-dioxins/furans, PCBs, organochlorine pesticide
residues and PAH compounds were either very or relatively low when compared with the tolerance limits.
The dietary pattern of the Finns has changed dramatically over the ten year period between the first and the
second MBS.  Finland joined the European Union in 1995 which has influenced the dietary pattern, number
and type of foods on the market and origin of raw materials.  Furthermore, the improved environmental
control systems established in Finland over the past ten years have reduced the average intakes of lead, PCBs
and PAH compound very significantly.  Thus, the above two diet sets provide a useful way to make time-
trend estimations of intakes of contaminants.

12. French Studies on Chemical Contaminants in Food and Total Diet
Dr Jean-Charles Leblanc, INRA, Paris, France

The presentation gave a brief overview of French monitoring and control plan for contaminants and toxins,
which are addressed on a raw commodity basis by the Ministry of Agriculture and Fisheries and by the
Ministry of Economy, Finances and Industry for animal and vegetable products.  It also presented an
overview of research basis conducted in the field of food risk analysis by the National Institute of
Agronomical Research (INRA).  INRA undertook in the frame of it’s missions several studies on risk
assessment of nutrients, chemicals and toxins in food and actually was responsible for conducting the first
French Total Diet Study on exposure assessment to contaminants and toxins in food which is founded by the
Ministry of Agriculture and has been implemented after the first international total diet study workshop held
in Kansas City in 1999.

Food consumption data for total population and vegetarians was used to develop the food list of the total diet
survey.  The total diet was based on the last national survey on individuals food consumption for the total
population (INRA, 1999) and another food consumption survey for vegetarians (Leblanc et al., 2000).  The
total diet included 342 foods items where all foods consumed on average more than 1g/day/person were taken
into account in the food list.  These criteria covered more than 90 percent of the total diet.  Additional
information concerning the mode of purchase and supply by household as a function of the percentage of the
market share was obtain from national household database (SECODIP, 1996) to get the best
representativeness in food list sampling.  After sampling, foods were mixed and prepared as consumed by
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a cook in a special kitchen at the French superior school of culinary arts.  1 132 composites samples will be
analysed for 18 trace elements/sample including lead, cadmium, arsenic, mercury, aluminium, tin, selenium,
calcium and iron with a ICP-MS  at the National Laboratory of Reference for Traces Elements.  Furthermore
456 composites samples will be analysed for different mycotoxins of interest (aflatoxin B, G, and M,
ochratoxin A, patulin, zearalenone, fumonisins and about 10 tricothecenes of group A and B) with
immunoaffinity HPLC and GC-MS by the laboratory of the National Institute of Beverages and Brewery
Industry.

At this stage, sampling is completed and the analysis of trace elements has begun.  Preliminary results of
estimated intakes to ochratoxin A and deoxynivalenol from various foods in the French diet have given a best
estimate of the total dietary exposure in the same range as other previous studies conducted on a ‘not as
consumed’ basis (e.g. for ochratoxin A, estimate exposure in total diet studies is 3.3 ng/kg b.w/day vs. 3.6
ng/kg b.w/day in SCOOP task 3.2.7 1999.).  Results will also be used to try to estimate exposure of at-risk
groups like vegetarians.

This observation shows that the implementation of a total diet study provides a useful way to obtain best
exposure estimates of a population to chemicals and toxins present in food.  Total diet studies could confirm
that the use of food consumption and monitoring data, even if analytical results are on a raw basis, can
provide a good approach to get a preliminary picture of exposure of the population to some contaminants
present in food.

13. New Zealand Total Diet Survey – A Public Health Risk Assessment Tool
Dr Richard Vannoort, ESR, Christchurch, New Zealand

There have been five New Zealand Total Diet Surveys thus far, and that these have been carried out on a
periodic basis dating back to 1974.  In the latest NZ total diet study, there were 114 foods, of which 48 were
‘Regional’ foods and 66 ‘National’ foods.  All were sampled over two seasons, with regional foods sampled
from four regional sites, and national foods from one nationally representative site.  In total some 2 440 food
samples were purchased, and these were then prepared ‘table ready’ before analysis of 90 pesticide residues
and metabolites, five contaminant elements (lead, cadmium, arsenic, mercury and tin) and three selected
nutrients of relevance to NZ (iodine, selenium and zinc).  In the 1997/98 NZ total diet study individual food
types were analysed separately (i.e. white bread, wheatmeal bread, rice etc) although resource constraints
meant that some of the multiple purchases of each food type were composited before analysis.  Wherever
possible, regional and/or seasonal sample information was retained.  In total 460 samples were analysed for
pesticides, and 530 for elements.

By combining the mean concentration data found in each of the individual foods with median consumption
information from simulated fortnightly ‘typical’ diets for six different age–sex groups in the population,
dietary exposures were estimated.  Any potential risk to average consumers was characterized by comparing
these dietary estimates to international health standards such as the acceptable daily intake (ADI) for
pesticides, provisional tolerable weekly intake (PTWI) for contaminants or recommended dietary intake
(RDI) for nutrient elements.

For pesticides, 94% of estimated dietary exposures were less than 1% of the ADI.  Most pesticides dietary
exposure estimates were trending down, and all were well within internationally established health standards.

For the five contaminant elements, the estimated dietary exposures were all well within the PTWI.  Since the
PTWI represents a level of tolerable risk for lifetime exposure, the contaminant dietary exposure in the
1997/98 NZ total diet studies were considered to be unlikely to have any adverse health implications for the
general NZ population.  The effectiveness of risk management strategies, such as discouraging use of lead
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solder in canned foods, and phasing out of lead in petroleum products, was clearly evident in the downward
trend of estimated lead dietary exposures found over successive NZ total diet studies.

For iodine, intakes are below the Australian RDI and the US RDA, but discretionary salt was not considered
in the NZ total diet study, so intakes may be underestimated.  Continued monitoring of iodine intake and
status is considered imperative.  Selenium intakes had increased since the last NZ total diet study and do not
represent a risk to public health.

NZ total diet study reports can be found at: http://www.moh.govt.nz, then go to Online Publications, then to
March 2000, then to 1997/98 New Zealand Total Diet Survey

14. Update on US FDA’s Total Diet Study
Ms Katie Egan, US FDA, Washington D.C., USA

The US FDA has conducted its total diet study continuously since 1961.  The current programme consists
of 4 regional market baskets each year.  In each market basket, samples of about 280 foods are collected in
3 cities within the region and 3 individual samples of each food are composited for analysis.  The foods are
analysed for a wide range of analytes: pesticide residues, industrial chemicals, radionuclides, elements, folate
and dioxins. Dietary intakes are calculated for 14 age-gender groups based upon food consumption data
collected by the US Departments of Agriculture and Health and Human Services.  Results of the analyses are
available on the total diet study website at www.cfsan.fda.gov (go to Programme Areas / Pesticides and
Chemical Contaminants and Total Diet Study).  Dietary intakes for elements have recently been published
in “Food Additives and Contaminants” Vol. 19, No. 2, pp 103-125 (2002).

15. Food Classification Systems
Dr Barbara Burlingame, FAO, Rome, Italy

An important first step in ensuring that food data of all types can be compared is to have a common food
classification and descriptor system.  Several different and incompatible classification systems are in use.
These include Codex classifications for additives, another for pesticide residues, the system used in Food
Balance Sheets and the other agriculture statistical databases, various systems used by national and regional
food composition database developers, and other systems for use with food intake surveys.  Standards to
facilitate international comparisons of food data sets have been developed and proposed to the international
community.  Among those systems are INFOODS Guidelines, Eurocode, Langual and others.  No single
system has received universal acceptance.  FAO and United Nations University will convene an expert
consultation involving experts from a number of speciality areas including total diet surveys, to re-examine
the needs of data generators, data compilers and data users, and make recommendations on a single system
or minimum set of guidelines which can be adopted by all. 
Reference: www.fao.org/infoods/tech/nomen.htm

16. GEMS/FOODS International Dietary Consumption Patterns
Dr Barbara J Petersen2, Novigen Sciences, Washington D.C., USA

The WHO GEMS/Food Regional Diets (WHO, 1989) are being revised as a result of recommendations of
an FAO/WHO expert consultation (FAO/WHO, 1995) in order to develop more comparable food
consumption data for countries throughout the world.  Available data were reviewed and the FAOSTAT Food
Balance Sheets (FBS) were determined to be the most widely available and comparable data on a worldwide
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basis (more than 125 countries provide information using similar methods).  The FBS are based on the
amount of food utilized and allow estimates, on a national basis, of per capita daily intake.  However, intake
by subgroups cannot be estimated.

New regional diets were created through a 3-step process.  A standard statistical tool, (cluster analysis) was
used to group countries according to the contribution of staples to their population’s diets.  Examples include
countries with high fish, high corn, or high wheat intakes.  The cluster analysis identified 9 major dietary
patterns, based on the staple foods; the dietary patterns were not as similar when other chief components were
evaluated.  Therefore, the groups were further sub-divided based on geographical region, e.g. high corn Africa
and high corn Latin America.  Thirteen dietary patterns (cultural/regional groups) were identified at this stage.

The next step was to derive estimates of intake of the different food groups in each of the 13 cultural/regions
diets based on a weighted average of the intakes of each food groups as reported in the FBS.  These estimates
were created by weighting each country’s contribution by its population so that countries with the largest
population have the largest contribution to the cultural/regional diet.

The revised diets were reviewed by national governments under the auspices of the Codex Committee on
Pesticide Residues.  The 13 cluster consumption diets provide an international tool for evaluating consumer
intakes of nutrients, contaminants, pesticides, mycotoxins and other components of food.

17. Generating, Compiling and Using Food Composition Data in Developing Countries
Dr Barbara Burlingame, FAO, Rome, Italy

Reliable data on the composition of foods consumed are critical in many areas – health assessment, the
formulation of appropriate institutional and therapeutic diets, nutrition labelling, food regulations, food safety,
consumer protection and many other areas.

International Network of Food Data Systems (INFOODS) was established in 1984 on the basis of the
recommendations of an international group convened under the auspices of the United Nations University
(UNU).  Its goal was to stimulate and coordinate efforts to improve the quality and availability of food
analysis data worldwide and to ensure that anyone any where would be able to obtain adequate and reliable
food composition data.  In furtherance of these purposes INFOODS, now operating its secretariat from FAO,
has provided leadership and administrative framework for the development of standards and guidelines for
collection, compilation, and reporting of food component data.  It is establishing and coordinating a global
network of regional data centres directed toward the generation, compilation and dissemination of accurate
and complete data on food composition.  It is also the generator and repository of special international data
bases and serves as a general and specific resource for persons and organizations interested in food
composition data on a worldwide basis.  The INFOODS effort is intrinsically interdisciplinary, depending
on the efforts of food scientists, analytical chemists, and nutritionists working together with computer and
information scientists.  Reference: www.fao.org/infoods

18. Development of Food Lists, Diets and Design in the New Zealand Total Diet Survey.
Ms Jenny Reid, MoH, Wellington, New Zealand

New Zealand has undertaken periodic total diet surveys since the mid 1970’s.  A total of 5 surveys have been
completed, with the sixth survey in its planning stages.  The total diet study has been an essential component
of monitoring the safety and adequacy of the average New Zealand diet.

Over the life of the total diet study a number of improvements have been made.  These include:
− a move from composite foods to individual foods;
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− increased number of foods and food groups;
− increased number of population groups evaluated; and
− combinations of common foods as well as high-risk foods.

Many of the improvements to the total diet studies have resulted from improvements in other data sets feeding
into the total diet studies.  These include robust food consumption data which enable the development of
representative food lists (currently 114 foods) and food groups (currently 11 groups).  The development of
14-day simulated diets for each of the population groups has provided a more realistic range of food intakes.
These data have been based on national food consumption data wherever possible.  The sixth total diet study
is in its planning stages which will include a review of the food list and simulated diets to reflect the most
recent food consumption data.

19. Food Consumption Surveys
Dr Barbara Burlingame, FAO, Rome, Italy

There are many reasons for conducting a food consumption survey, including:
− to assess the adequacy and safety of the food supply;
− to assess the intakes and exposures of groups or individuals;
− to establish policies in agriculture, trade and health; and
− to examine the relationship between diet and disease.

The same survey results can be used for more that one assessment, and multiple databases (e.g. nutrients,
contaminants, pesticide residue) can be linked to the survey data.  Choice of method is dictated by quality
of the data required, and the available resources.  FAO Statistical Databases (e.g. Food Supply and Food
Balance Sheets), allow for a quick assessment of the consumption patterns and food intakes at the national
level.  In addition to providing a quick assessment, they are also useful in establishing food lists for more
detailed surveys, such as Food Frequency Questionnaires (FFQ), and for establishing the key foods for
chemical analysis.  FFQ is an example of a retrospective survey method, and is among the least costly.  The
other common retrospective survey method is the 24-hour recall.  Prospective surveys can also be used, but
are typically more expensive.  Diet histories, weighed inventory and duplicate diet involve recording intake
quantitatively at the time of intake, and in the case of duplicate diet, the subsequent chemical analysis of the
foods actually consumed.

20. Analytical Issues Related to Organics
Mr Chris A. Sack, US FDA, Sawnee Mission, Kansas, USA

Many issues surround the emerging development of international total diet studies.  In this presentation three
specific issues are targeted for consideration: scope of analytes, choice of analytical technology, and quality
assurance procedures and controls.  A total diet study analytical programme should include, at minimum, the
analysis of Stockholm Convention’s 12 persistent organic pollutants (POPs).  Immediate analyte expansion
would best include organohalogen and organophosphate pesticides by multiresidue methods.  Organonitrogen
pesticides might also be analyzed with minimal effort.  Once multiresidue methods have been implemented
selective residue methods may be employed including carbamates, volatile organic compounds,
chlorophenoxy acid herbicides, phenylurea herbicides, sulfonylurea herbicides, benzimidizole fungicides,
paraquat/diquat, glyphosate, volatile organic compounds, and new water-soluble pesticides.  Additional
analyses might include mycotoxins, radionuclides, vitamins, food additives, polybrominated diphenyl ethers,
PAHs, fatty acids and total fat.

Technology is quickly evolving from selective detection on gas chromatographs (GCs) and high-pressure
liquid chromatographs (HPLCs) hyphenated mass spectrometry (MS) determination.  Currently, gas
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chromatographers are using capillary columns with efficiencies upwards of 106 theoretical plates.  Selective
detectors are used to screen for specific heteroatoms included in analyte structures such a halogens for
organohalogen compounds.  Similarly, liquid chromatographers are using more efficient columns with
selective detection, such as UV/Vis, fluorescence, and post-column derivitization.  Multiple determinations
using different chromatographic parameters are required for positive identification.  Because MS detection
includes spectral identification, analytes can be identified and quantitated in a single determination. 
However, a disadvantage of MS detection is its universal nature.  At levels less than about 1 ppm, sample
matrices interfere with the detection of targeted analytes.  Programmed selective ion monitoring (SIM) is
effective to eliminate undesirable matrix responses, but with the trade-off of selecting specific analytes for
analysis.  Using hyphenated MS techniques (GC/MS, GC/MS/MS, HPLC/MS, and HPLC/MS/MS) is more
expensive and requires considerably greater operator skill.

ISO 17025 “General Requirements for the Competence of Testing and Calibration Laboratories” is the new
quality standard required for laboratory accreditation.  Two important issues addressed by the standard
include method validation and the new “Uncertainty of Measurement” reporting requirement.  The Joint
FAO/WHO Codex Committee on Methods of Analysis and Sampling (CCMAS) agreed in March, 2001 that
while collaborated methods are preferred, in light of the difficulty of collaboration of quickly advancing
technology, within-laboratory validated and performance based procedures with QC charts (as required by
ISO 17025) are acceptable.  As written in ISO 17025 uncertainty of measurement must be calculated based
upon the summed uncertainties of each component of a procedure (component approach).  However, the
CCMAS agreed in March 2001 that statistical evaluation of quality control data (QC approach) would be
acceptable.  Currently, accrediting bodies are devising acceptable procedures for determination and reporting
of uncertainty of measurement by both approaches.  Other QA issues include the selection of appropriate
QCs, participation in proficiency samples testing programmes, international analyst training, and total diet
studies data publication.

21. Analytical Issues Related to Elements
Mr Duane Hughes. US FDA, Sawnee Mission, Kansas, USA

Mr Hughes’ presentation was designed to assist scientists from developing countries with decisions relevant
to initiating a total diet elemental analysis programme.  Areas discussed included costs, maintenance
expenditures, ancillary equipment purchases, and training considerations.  Also presented were discussions
relating to contamination control in the laboratory, difficulties encountered in sample homogenization, and
sample mineralization.

A number of limitations and problems with differing instrument types were presented, along with suggestions
for alleviation of the problems, most notably, those of interferences in GFAAS operations.

22. An Expert System for the Evaluation of Quality of Analytical Data
Mr Pieter Scheelings, QHSS, Brisbane, Australia

Analytical measurements not only underpin quality control in manufacture and industry but the analytical data
often support an array of decisions relating to public health, international trade, environmental land and water
remediation and occupational health and safety.  At times these decisions are made by programme managers
unaware of the scientific limitations of these measurements or are too far removed from laboratory operations
to question the appropriateness of the technology.  Consequently, analytical results are often accepted on trust
or with only a sketchy understanding of the analytical processes or quality controls.

External accreditation schemes which measure laboratory compliance against international standards such
as ISO/IEC 17025 and ISO 9000 Quality Systems have set benchmark operational standards for laboratories
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whilst the increasing support for participation in inter-laboratory trials and proficiency studies provide
objective performance measures for specific areas of analyses.  It is generally acknowledged however that
performance in external audits and proficiency studies is likely to represent the optimal performance of a
laboratory or analyst.  There is no guarantee however that this level of performance is maintained consistently
by laboratories during routine operations.  The submission of monitors, blind duplicates or split samples to
several laboratories can provide clients with some additional assurance on laboratory reliability or analyst
competence.  Consistent and competent  performance are therefore key indicators to a laboratory’s quality
reputation.  This reputation together with price, capability range and responsiveness are the primary
considerations for clients in the selecting of contract laboratories.  There is however an inverse relationship
between quality, price and sample turn-around time as, in most cases, the commercial laboratory needs to
balance its financial performance with client expectations.  Customers will use laboratories based on their
quality perceptions of the laboratory and their understanding of the reliability of analytical data.

To ensure that only data of acceptable reliability is collated, compilers of food composition data at the US
Department of Agriculture have addressed this ‘tension’ by developing an expert system to evaluate the
quality of analytical data on nutrients in foods generated and supplied by different laboratories.  This expert
system is based on the application of a numerical rating system for each of the five key activities which make
up the analytical process, viz., the analytical method, analytical quality control, number of samples, sample
handling and the sampling plan.  This presentation explores the potential for more general application of this
system to analytical chemistry and specifically to programmes such as total diet studies where data may be
provided by a number of laboratories with uncertain or unknown reputation.

23. Questionnaire to Assess Quality Assurance and Control of Sampling and Analysis of Submitted Data
Dr Samuel Page, WHO, Geneva, Switzerland (presented by Dr Gerald Moy)

The recognition by the World Trade Organization and its Agreement on the Application of Sanitary and
Phytosanitary Measures (SPS Agreement) of the health and safety requirements of the Codex Alimentarius
Commission is based on the scientific risk assessments carried out by FAO/WHO expert advisory bodies,
such as JECFA and JMPR.  Recently, JECFA has evaluated the safety of certain mycotoxins, including risk
assessment of various exposure scenarios.  During this process, the reliability and comparability of data used
by JECFA raised questions about the variability and uncertainty of the evaluations.  In order to provide a
better basis for considering the data used by JECFA, a questionnaire was developed, which attempts to
ascertains details on both sampling procedures and analytical methods used to generate the data.  The
questionnaire, which is attached as an annex to the GEMS/Food document “Manual for the Electronic
Reporting of Data on the Chemical Contamination of Food”, is available on the WHO Web site
(http://who.int/fsf/).  The questionnaire will be used by JECFA experts to assess both aggregate and
individual data submitted to JECFA.

24. Electronic Reporting of Data to GEMS/Food
Mr Peter J Cressey, ESR, Christchurch, New Zealand

Electronic media provide a convenient means for submitting data on contaminants in foods (OPAL I) and
dietary exposure to contaminants (OPAL II).  Submitted data in electronic form offers advantages with
respect to accuracy, flexibility, consistency and convenience of the submission process.

OPAL data fields represent basic data which would normally be identified during food surveillance or total
diet studies.  However, some further clarification/discussion around fields related to representativity of
samples, quality control, LOD/LOQ and study types appears desirable.
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Data can by submitted through generation of export files from a local version of OPAL or in the form of
spreadsheets or ASCII files.

25. GEMS/Food Global Databases
Mr Lawrence Grant, WHO Consultant, Geneva, Switzerland

Mr Grant presented the GEMS/Food global databases and the procedures and software to enable data
collection and dissemination.  GEMS/Food collects (a) aggregate data on contaminants in individual food
commodities, (b) dietary intakes of contaminants from total diet studies, and (c) individual measurements of
contaminants in food commodities.  The structure and definition of these data collections were given. 
Emphasis was given to the harmonization between existing national databases and GEMS/Food to facilitate
data transfer and promote data quality.  Formal procedures for data transfer were presented and are given in
the document GEMS/Food Data Collections Including Instructions for the Electronic Submission of Data.
The OPAL (Operating Programmes for Analytical Laboratories) software was presented.  This software
provides a means for countries that have not automated their monitoring data systems to collect, collate,
analyze and disseminate data at the national level.  The suite of OPAL programmes consists of OPAL I for
aggregate data on contaminants in foods, OPAL II for total diet studies and OPAL III, which is a prototype
system for individual measurements of contaminants in foods.  Mr Grant stressed the compatibility and inter-
relationships of the three systems.  Contributions from national databases are stored in a global GEMS/Food
database at WHO, Geneva.  Dissemination of these data is enabled through the Internet based tool
WHO/SIGHT, which allows navigation over statistical databases and document collections.  Several
examples of accessing GEMS/Food data by WHO/SIGHT were given.

26. Dietary Exposure Assessment Modelling
Tracy Hambridge, ANZFA, Canberra, Australia

Dietary modelling is the process of combining food consumption data and food chemical concentration data
to estimate dietary exposure to food chemicals.  Estimated dietary exposures are compared to reference health
standards to determine the risk to health of a population.  Dietary modelling is used for a variety of areas at
ANZFA, including food regulatory measures, monitoring and surveillance e.g. the Australian Total Diet
Survey, food consumption data, and provision of information and dietary exposure assessments for
international bodies, such as Codex and JECFA.

Dietary modelling is used for total diet surveys to estimate dietary exposure to food chemicals for the
population, from table ready foods.  A lot of data are required to conduct dietary modelling, and a lot of
planning and manipulation of that data must be done before dietary modelling commences.  For example,
population groups to be assessed (based on age, gender, geographical region or dietary pattern) must be
selected.

Representative food chemical concentrations for each commodity/chemical combination are determined from
analytical results.  The treatment of “not detected” results will affect the estimated dietary exposures.  Model
diets need to be prepared; the Australian total diet study uses individual dietary records from the 1995
National Nutrition Survey (NNS).  Foods consumed in the nutrition survey are ‘mapped’ or matched to foods
analysed for the total diet survey.  NNS foods are given ‘food adjustment factors’ to convert them to the
equivalent amount of the total diet study food analysed, e.g. raw rice to cooked.  For NNS foods that cannot
be directly mapped to an Australian total diet study food, such as mixed foods, recipes are developed. 
Estimated dietary exposures are compared to reference health standards.  Results reported (e.g. all
respondents versus consumers only, means, medians, high percentiles, and percent of total exposures for each
food group) depend on the objectives of the survey.
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DIAMOND (DIetAry Modelling Of Nutritional Data) is a computer programme, developed by ANZFA, to
conduct dietary exposure assessments.  DIAMOND can run models for a range of food chemicals, including
food additives, pesticide residues, contaminants, nutrients and food ingredients.  There are a number of
different models, based on different assumptions (budget method, high consumer, individual dietary records)
that can be run, depending on the outcome required for the dietary exposure assessment.

The assumptions made during the process, and the limitations of the data and methodologies used must be
considered when interpreting the estimated dietary exposure results.

27. Overview of Queensland Health Scientific Services (QHSS)
Dr Pieter Scheelings, QHSS, Brisbane, Australia

As the host for the Workshop, Director Professor Michael Moore and staff of Queensland Health Scientific
Services (QHSS) are pleased to welcome participants to its Coopers Plain laboratory.  QHSS operates within
the Health portfolio of the state of Queensland.  Its’ primary role is to provide analytical, research and
advisory support services in public health and forensic science.  These services cover the broad range of
scientific disciplines of chemistry, microbiology, virology, toxicology, forensic biology and pathology.  A
co-tenant of the laboratory is the National Research Centre for Environmental Toxicology which undertakes
complementary research activities.  QHSS has several links with WHO as a WHO/FAO/OIE Collaborating
Centre for Leptospirosis and a WHO Centre for Arbovirus Reference and Research.

QHSS also has important linkages with universities and organizations such as the Asia Pacific Food Analysis
Network (APFAN) which is a minor sponsor of this workshop.  APFAN is a network of food analysts and
scientists from the Asia-Pacific region although it has a number of members from the African continent.  Its’
objective is to promote reliable food analysis in developing countries thereby supporting food safety and good
nutrition.  APFAN provides a valuable link between food scientists in the asia-pacific region and can assist
in the promotion and development of total diet study programmes particularly through its training workshops
on analytical methods and quality control.  It is hoped that WHO and APFAN can work in partnership to
improve the technical knowledge and skills of food scientists and assist in the development of total diet
studies in the region.

28. Planning a Total Diet Study
Dr Richard Vannoort, ESR, Christchurch, New Zealand

A basic approach to planning a total diet study was outlined.  The presentation focused on three key aspects:
objectives, management and components of a total diet study.

The objectives of a total diet study need to be clear and unambiguous, while also being realistic and
achievable in the timeframe, with the resources and expertise available.  The primary objective is to estimate
dietary exposure to selected pesticides residues, contaminants and nutrients, and thus assess any associated
health implications. Other objectives relate to use of food concentration data and exposure estimates, whether
considering trends over time, between countries, or submitting them to WHO GEMS/Food, stakeholders,
Codex or using them in the setting of food standards.

To manage a total diet study effectively, there should be one overall coordinator.  All members should have
their roles clearly defined, and lines of communication should be well understood.  A total diet study is a
large and complex project with many components.  It very much involves a team approach, with the success
of the overall project only being as good as the weakest link in the chain.
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The many components of a total diet study were discussed, namely: planning, indicative budget, scoping the
food list, scoping the organic and inorganic analyses and specific analytical considerations, such as the limit
of detection being adequate to provide meaningful exposure estimates.  The paramount importance of quality
assurance and quality control was emphasized as another key component of a total diet study,  as were the
analytical plan (which foods for which analyses, which individually analysed and which composited), the
sampling plan, sampling, sample preparation, sample containers and sample analyses.  With such a large
project, an effective risk minimization strategy suggested was to do a small pre-test of all systems for 2-3
foods for sampling, preparation, and analyses.  Other key components of a total diet study identified were data
evaluation, statistics, the possible need for re-analysis, consumption data, exposure/intake estimates, and risk
characterization.  Of course, interpretative reports need to be written, peer reviewed, and then effective risk
communication (and possibly risk management) undertaken.  Standard operating procedures were seen as an
important and fundamental component of a successful total diet study.

29. Preparing a Total Diet Study Project Timeline (Tutorial)
Dr Richard Vannoort, ESR, Christchurch, New Zealand

While appreciating that the planning the component parts of a total diet study is important, its implementation
must be coordinated to assure the overall project functions smoothly.  The inter-dependence of components
must be recognized (one cannot prepare samples until after they have been sampled, obviously).  A total diet
stuy timeline was organized in the form of a spreadsheet with the help of workshop participants.

A copy of the NZ total diet study procedures manual was provided to participants, and its key aspects
highlighted.  This is an invaluable resource for starting out in planning a total diet study.  An example of a
complete NZ total diet study timeline is contained on page 68 & 69 of the NZ total diet study procedures
manual.

30. Sampling Introduction to General Issues
Dr Richard Vannoort, ESR, Christchurch, New Zealand

The varying components of sampling in a total diet study were considered in regards to the questions; which
foods?; who samples?; when?; where?; how?; and budget?  In regard to which foods to sample, it was pointed
out that the food list should identify the most important foods to the general population, foods relevant to
population sub groups, and those of specific concern for contaminant content (e.g. liver, shellfish).  The
numbers of foods in the list and whether the total diet study was based on an individual foods approach or
food groups composite approach were discussed for New Zealand, Czech Republic, Australia, UK and USA.
 Possible food groupings/subgroupings were also detailed.

Sampling can be carried out by sampling officers or private contractors, but it is important they know how
important they are to the success of the total diet studies project, and that they do their job effectively. 
Standard Operating Procedures (SOPs) are seen as an important part of helping all concerned fulfil their roles.

Sampling should be coordinated with sample preparation and analyses.  It was suggested that sampling occurs
over a number of weeks, as this is usually most effective for managing large volumes of food.  Sampling
should ideally be at the beginning of the week to allow sample preparation to occur later that same week. 
Sampling should consider regionally as well as nationally produced and distributed food.

Sampling should be as representative as possible.  Weights of food samples to be purchased are worked back
from amounts needed for analyses, whether foods are to be analysed individually or composited, and also
considering extra amounts needed for duplicates, reserve samples, and processing losses.  Sample details to
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record were suggested, as were sample identification labels and purchasing check lists.  Procedures for
purchasing amounts, sample handling and transportation were also described.

The total diet studies budget must, of course, include purchase costs of foods and equipment, such as payment
for samples, insulated containers and coolants and transportation costs.  Sampling is a critical part of a
successful total diet study and it must be planned and managed effectively.

31. Sampling Plan Tutorial
Dr Richard Vannoort, ESR, Christchurch, New Zealand

The previous lecture on sampling in a total diet study was put into practice when workshop delegates were
given a food list and asked to identify which foods would need cooking or special analyses.  They were then
asked to organize a 4 week sampling schedule.  They had to try to keep foods of a similar group together as
much a possible, while also bearing in mind the need to keep a relatively uniform distribution of weights of
foods to be sampled and transported each week.  In addition, they had to also consider keeping the amount
of subsequent food preparation relatively constant each week.  It proved a thought provoking and useful
exercise.

32. FAO’s Role and Activities: Assessing the Food Supply
Dr Barbara Burlingame, FAO, Rome, Italy

The Food and Agriculture Organization of the United Nations (FAO) has a history of activities in assessing
the food supply that goes back to its founding constitution.  Article 1.1 says: “The Organization shall collect,
analyse, interpret and disseminate information relating to nutrition, food and agriculture.”  This includes
information on nutrients, additives, contaminants and pesticide residues, among other data sets.  The roles
and responsibilities of WHO and FAO are complementary.  Important activities for effectively assessing the
food supply include FAO’s work in food consumption surveys, food composition under the auspices of
INFOODS (International Network of Food Data Systems), and Food Supply and Food Balance Sheet
databases.  Enhancing collaboration between FAO and WHO will be important for the international
community, and will ensure that standards are developed and all types of food data can be put to their most
effective use to improve food security in the world.  Further information is available at: www.fao.org

33. Food Consumption Data Using GEMS/Food Diets
Dr Gerald Moy, WHO, Geneva, Switzerland

Estimates of food consumption based on GEMS/Food diets are used at the international level by JECFA and
JMPR in assessing exposure to contaminants and pesticide residues, respectively.  GEMS/Food Regional
Diets were initially developed to assess exposure to radionuclides following the Chernobyl disaster and have
been used since 1989 to estimate long-term exposure to residues of pesticides that are considered by the
Codex Alimentarius Commission.  More recently, the JECFA and the Codex Committee on Food Additives
and Contaminants have used GEMS/Food Regional Diets to assess exposure to selected mycotoxins and
contaminants. 

The five Regional Diets include Africa, Europe (including North America, Australia and New Zealand), Far
East, Latin America and Middle East.  The diets include about 350 primary and semi-processed agricultural
commodities which are coded according to the Codex Classification System for Food and Animal Feed.  In
order to more accurately represent consumption patterns in Member States, GEMS/Food has undertaken the
develop of 13 Consumption Cluster Diets based on a statistical approach for grouping countries based on
consumption of 36 basic foods and food groups.  The refinement of these diets is being undertaken to
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included the approximately 350 foods in the current diets.  These diets may be useful to countries which do
not have detailed food consumption data for their countries.

In addition, GEMS/Food maintains a large portion food consumption database, which is comprised of the
highest reported 97.5th percentile consumption (eaters only) of various food items for the general population
and children ages 6 and under.  This data is used to calculated the International Estimated Short-Term Intake
(IESTI) for pesticide residues.  To date, such data have only been reported from France, Japan, the
Netherlands, United Kingdom and United States.  All countries in possession of such data are requested to
submit such data if the consumption of a food (expressed on a gram per kilogram body weight basis) exceeds
the amount currently listed in the database.  The database can be seen at http://who.int/fsf.

34. Sample Preparation – General Issues
Dr Richard Vannoort, ESR, Christchurch, New Zealand

The point was reiterated that total diet studies are set apart from agricultural commodity surveys, in that foods
are prepared ready for consumption.  Sample preparation is thus another critical link in the chain of success
of a total diet study.  To ensure consistency, Standard Operating Procedures (SOPs) are considered essential.

SOPs should address such issues as sample receipt procedures, sample receipt check lists, appropriate
documentation that needs to be undertaken, pre-sorting samples and prioritizing foods on receipt for sample
preparation.  SOPs need to explain suitable equipment to be used for sample preparation, acceptable
containers and labels for prepared samples, the need for reserve samples, contamination control and whether
an individual foods or food group composite approach is being undertaken.  SOPs should provide explicit
instructions on how to prepare each food, whether to keep brands/regions/seasons separate or to composite
them, and which foods are to go for which analyses.  Prepared foods should be checked off when dispatched,
and their receipt at the analytical laboratory confirmed.

35. Internet and Other Information Resources
Dr Jorma T. Kumpulainen, ARF, Jokioinen, Finland

Previously, scientific research databases have been available mainly as CD-ROM versions that a research
centre must order from database providers.  Recently, however, there has been a very rapid change towards
Internet databases and scientific Web-publications.  Furthermore, the so-called “selective dissemination of
information” feature, lets an authorized user save a search and have it rerun automatically, with the results
e-mailed to that user.  Moreover, some of these information sources  are available free of charge, such as titles
and in some cases even abstracts of publications.  In addition, the Web- editions of publications typically
appear 1-2 months earlier than the same paper versions.  This trend is going to increase in the future, thus
making it faster and easier for scientists to obtain information on research results.  The paper described the
most important providers of Web-based databases and journals and gave examples on how to use them in the
field of total diet research and food analytical chemistry.
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ANNEX IV

LIST OF INSTITUTIONS PARTICIPATING

IN THE GEMS/FOOD PROGRAMME

CC: Collaborating Centre
NC: National Contact Point
PI: Participating Institution

Albania 
(NC) Dr Afrim Tabaku

Head of Analytical Service
The Research Institute of Hygiene
  and Epidemiology
Tirana
Tel: +355 42 28379
Fax: +355 42 27924

Argentina
(PI) Mrs Mirtha Nassetta

Ceprocor
Alvarez de Arenales 230 Barrio
Juniors 5000 Cordoba
Tel: +54 351 433 2401
Fax: +54 351 433 2400
E-mail: nassetta@ceprocor.uncor.edu

(PI) Secretaria de Agricultura, Ganaderia
  y Pesca
Officina 230
Paseo Colon 992, Segundo piso
Buenos Aires 1063

Armenia
(NC) Dr Marietta Basilisyan

Chief Specialist, Department of Hygiene
  and Antiepidemiological Surveillance
Ministry of Health
Toumanyan Str. 8
375001 Yerevan
Tel.: +374 1 582413
Fax: +374 1 562783
E-mail: WHOLO@ARMHEALTH.AM

Australia
(CC) Mr Steve Crossley

National Food Authority
P.O. Box 7186
Canberra Mail Centre ACT 2610
Tel: +61 6 271 2251

Fax: +61 6271 2278
E-mail: steve.crossley@anzfa.gov.au

Austria
(NC) Dr Franz Vojir

Federal Institute for Food Control
  and Research
Kinderspitalgasse 15
A-1090 Vienna
Tel: +43 1 40490 27825
Fax: +43 1 40490 9278
E-mail: fvojir@baluf.gv.at

Belarus
(NC) Professor Valery Ivanovich Murokh

Director,
Republican Scientific and Practical Centre
  for Expert Assessment of Food Quality
  and Safety
P. Brovki Street, 3
220713 Minsk
Tel.: +375 17 2323093
Fax: +375 17 2325421
E-mail: FDCENTER@NSYS.MINSK.BY

Belgium
(PI) Ms Christine Vinkx

Food Inspection Service
Rac Esplanade 11th Floor
Pachecolaan 19/5
1010 Brussels
Tel: +32 22 104 837
Fax: +32 22 104 816
E-mail: christine.vinkx@health.fgov.be

Bolivia
(PI) Dr Victoriano C. Tolosa

Chief Technical Adviser
Project DP/BOL/83/012
United Nations Industrial Development
  Organization (UNIDO)
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Sucre
Tel: +591 64 31755 (same as fax)
Fax: +591 64 31755

Brazil
(CC) Dr Mirna Sabino

Instituto Adolfo Lutz
Avenida Dr Arnaldo 355
Caixa Postal 7027
01246-Sao Paulo, S.P.

Bulgaria
(NC) Professor Nikolay Rizov

Director
National Centre of Hygiene, Medical
  Ecology and Nutrition
15 Dimitar Nestorov
Sofia 1000
Tel: +359 2 958 1894
Fax: +359 2 958 1277
E-mail: n.rizov@nch.aster.net

Canada
(CC) Dr H. B. S. Conacher

Acting Director
Bureau of Chemical Safety
Health Protection Branch
Health Canada
Sir F. Banting Building
Tunney’s Pasture
Postal locator: 2203 D
Ottawa, Ontario K1A OL2
Tel: +1 613 957 0944
Fax: +1 613 941 4775

Chile
(PI)  Dr Jorge Sanchez Vega

Director
Instituto de Salud Publica de Chile
Avenida Marathon 1000 - Casilla 48
Santiago de Chile

(PI) Prof Roberto Gonzalez
Faculty of Agricultural Sciences
University of Chile
P.O. Box 1004
Santiago de Chile
Tel: +56 2 6785714
Fax: +56 2 5417055

China
(CC) Dr Chen Junshi

Deputy Director
Institute of Nutrition and Food Hygiene
Chinese Academy of Preventive Medicine

29 Nan Wei Road
Beijing 100050
Tel: +86 1 338 761 ext. 227
Fax: +86 1 701 5342
E-mail: jschen@95777.com

Costa Rica
(PI) Mr Jesus Gomez

Instituto Costarricense de Investigacion
  y Ensenanza en Nutricion y Salud -
  INCIENSA
Apartado 4
Tres Rios

Croatia
(NC) Dr Krunoslav Capak

Head,
Environmental Health Ecology Service
National Institute of Public Health
Rockfellerova 7
10000 Zagreb
Tel.: +385 1 4683007
Fax: +385 1 4683007
E-mail: krunoslav.capak@hzjz.hr

Cuba
(NC) Dr Arnoldo Castro

Director
Direccion de Higiene de los Alimentos
  y Epidemiologia
Ministerio de Salud Publica de Cuba
La Habana

(PI) Dr H.F. Garcia
Vice-Chairman
Comarna
Ave 17 No. 5008 entre 50 y 52
Playa
11300 Ciudad de La Habana
Tel: +53 7 625 604

Cyprus
(NC) Dr Stella Canna-Michaelidou

State General Laboratory
44 Kimonos Street
Nicosia 138
Tel: +357 2 305061-63
Fax: +357 2 316434

Czech Republic
(NC) Dr Jana Hajslova

Institute of Chemical Technology
Department of Food Chemistry
  and Analysis
Technicka 3
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16628 Prague 6
Tel: +42 2 3323 185
Fax: +42 2 3119990
E-mail: jana.hajslova@vscht.cz

(PI) Dr Jiri Ruprich
Centre for the Hygiene of Food Chains
National Institute of Public Health
Palackeho 1-3
Brno 61242
Tel: +42 5 4121 1764
Fax: +42 5 4121 1764
E-mail: jruprich@chpr.cz

Denmark
(NC/CC)Dr Bodil Bilde

Head, Division of Chemical Contaminants
Danish Veterinary and Food
  Administration
Mørkhøj Bygade 19
DK-2860 Søborg
Tel.: +45 33 95 60 00
Fax: +45 33 95 60 01
E-mail: bob@fdir.dk

Dominica (West Indies)
(PI) Mrs Claudia Bellot

Produce Chemist Laboratory
Ministry of Agriculture
Roseau

Egypt
(CC) Dr A. Mohieldin Zaki

Central Public Health Laboratories
Ministry of Health
19 Sheikh Rihan Street
Falaky, Cairo

(PI) Dr Salwa Dogheim
Central Agricultural Pesticide Laboratory
Ministry of Agriculture
Dokki, Cairo
Tel: +202 361 1282
Fax: +202 361 1216

Estonia
(PI) Dr Ott Roots

Councillor
Environmental Management and
  Technology Department
Ministry of Environment
8 Rävala pst.
10143 Tallinn
Estonia
Tel: +372 660 4629
Fax: +372 660 4522
E-mail: oliver.roots@neti.ee

Ethiopia
(PI) Director

Ethiopian Health and Nutrition Research
  Institution
P.O. Box 1242
Addis Ababa
Fax: +251 1 752533
E-mail: elsk@eth.healthnet.org

Fiji
(NC) Dr William Aalbersburg

Director
Chemistry Department
University of the South Pacific
P.O. Box 1168
Suva
Tel: +679 312 952
Fax: +679 300 373
E-mail: aalbersberg@usp.ac.fj

Finland
(PI) Dr Jorma Kumpulainen

Head
Central Laboratory
Agricultural Research Centre
SF-31600 Jokioinen
Tel: +358 40 740 6032
Fax: +358 3 4188 3266
E-mail: jorma.kumpulainen@mtt.fi

(PI) Professor Timo Hirvi
Head, Department of Chemistry
National Veterinary and Food
  Research Institute
P.O. Box 45
FIN-00581 Helsinki
Tel.: +358 9 3931912
Fax: +358 9 3931920
E-mail: timo.hirvi@eela.fi
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France
(NC) M. Gildas Le Bozec

Sous-directeur de la recherche, de la
  réglementation et de la coordination
  des contrôles
Ministère de l’Agriculture, de la Pêche
  et de l’Alimentation
Direction Générale de l’Alimentation
251, rue de Vaugirard
F-75732 Paris Cedex 15
Tel: +33 1 49 55 58 72
Fax: +33 1 49 55 49 48
E-mail: gildas.le-bozec@agriculture.gouv.ef

(PI) Dr Jean-Charles Leblanc
Research Engineer on Nutrition and
  Food Safety
Institut National de la Recherche
  Agronomique (INRA)
Scientific Directorate for Human Nutrition
  and Food Safety
16, Rue Claude Bernard
Paris 75005
Tel: +33 1 4408 7279
Fax: +33 1 4408 7276
E-mail: jleblanc@inapg.inra.fr

Gambia
(PI) Mr Dawda Ceesay

Public Health Officer
Ministry of Principal Health, Social Welfare
  and Women’s Affairs
22 The Quadrangle
Banjul
Tel: +220 55 10

Georgia
(NC) Ms Gulnara Dvali

Leading Research Officer
Department of Food Hygiene
Institute for Sanitation and Hygiene
D. Uznadze Str. 78
380002 Tbilisi
Tel.: +995 32 389802
Fax: +995 32 389802
E-mail: kurkhulinehap@hotmail.com

Germany
(CC) Dr Dieter Arnold

Head, Centre for Surveillance and Health
  Evaluation of Environmental Chemicals
  (ZEBS)
Bundesinstitut für gesundheitlichen
  Verbraucherschutz und Veterinärnedizin
  (BgVV)
Postfach 33 00 13
D 14191 Berlin
Tel: +49 30 8412 3590
Fax: +49 30 8412 2957
E-mail: d.arnold@bgvv.de

(PI) Dr Rainer Malisch
Chemishes und Veterinäruntersuchungamt
  Freiburg
Bissierstrasse 5
D-79114 Freiburg
Germany

Greece
(NC) Mr Andreas Kobos (until new Director

  General is appointed)
Head,
Division of Personnel and Technical
  Support
General Chemical State Laboratory
16, An. Tsocha Str.
11521 Athens
Tel.: +30 1 6479214
Fax: +30 1 6438766
E-mail: gxk-d34@ath.forthnet.gr

Guatemala
(CC) Lic. Elsa Reyes

Laboratorio Unificado de Control
  de Alimentos y medicamentos (LUCAM)
c/o INCAP, Box 1188
Guatemala City

Hungary
(NC/CC)Dr Judit Sohár

Head of Department
Dept. of Toxicological Chemistry
National Institute of Food Hygiene
  and Nutrition
Gyali ut 3/a
P.O. Box 52
H-1476 Budapest
Tel: +36 1 215 5293
Fax: +36 1 215 1545
E-mail: h13114soh@ella.hu
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India
(PI) Dr B.N. Saxena

Senior Deputy Director-General
Indian Council of Medical Research
Ansari Nagar
Post Box 4508
New Dehli 100 029

(PI) Dr Ramesh Baht
Deputy Director
National Institute of Nutrition
Indian Council of Medical Research
Hyderabad 50007
Tel: +91 842 868 810
Fax: +91 842 869074

Indonesia
(PI) Ms Sri Endreswari

Pharmaceutical Research Centre NIHRD
Ministry of Health
JL Percetakan Negara 29
Jakarta 10560
Tel: +62 21 42610 88
Fax. +62 21 42439 33

Iran (Islamic Republic of)
(PI) Dr S. Haghighi

Director General
Food, Drug and Control Laboratories
  (FDCL)
Ministry of Health and Medical Education
No.31 Eman Khomeni Avenue
11136 Tehran
Tel: +98 21 640 6174
Fax: +98 21 640 4330
E-mail: fdcl@dci.iran.com

Ireland
(CC) Dr Dan O’Sullivan

Senior Agricultural Inspector
Pesticide Control Service
Department of Agriculture, Food
  and Rural Development
Abbotstown - Castleknock
Dublin, 15
Tel: +353 1 607 2614
Fax: +353 1 820 4260
E-mail: dan.osullivan@daff.irlgov.ie

(NC)   Dr Alan Reilly
Director for Operations
Food Safety Authority of Ireland
Abbey Court
Lower Abbey Street

Dublin
Tel: +353 1 817 3150
Fax: +353 1 817 1301
E-mail: areilly@fsai.ie

Israel
(NC) Mr Abraham Ziv

Food Engineer
Food Control Administration
Ministry of Health
14 Haarba'ah Street
Tel Aviv
Tel: +972 3 563 4782
Fax: +972 3 5619549

Italy
(NC) Dr Adriana Piccioli Bocca

Reparto Sostanze Lipidiche
Instituto Superiore di Sanita
Villa Regina Elena 299
00161 Rome
Tel: +39 6 592 5331
Fax: +39 6 592 5936
E-mail: a.bocca@iss.it

Japan
(CC) Dr Tadao Terao

National Institute of Health Sciences
1-18-1 Kamiyoga, 1 Chome
Setagaya-ku, Tokyo 158
Tel: +813 3700 1141
Fax: +813 3707 6950

Jordan
(PI) Dr Jawad A. Anani

President
Industrial Chemistry
Royal Scientific Society
P.O. Box 925819
Amman

Kenya
(CC) Dr N.J. Kaviti

Director
National Public Health Laboratory
Ministry of Health
P.O. Box 20750
Nairobi
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Korea (Republic of) 
(PI) Dr Chang-Min Kim

Chief, Section on Natural Contaminants
Division of Food Analysis
Food and Drug Administration
Ministry of Health and Social Affairs
5 Nokbun-Dong, Eunpyung-Ju
P.O. Box Sodaimun-Ku
Seoul 122-020
Tel: +82 2 380 1743
Fax: +82 2 382 4892
E-mail: changkim@kfda.go.kr

Kuwait
(PI) Dr Baheeja Al-Tahou

Manager
Central Analytical Laboratory
Kuwait Institute for Scientific Research
P.O. Box 24885
Safat 13109

Kyrgyzstan
(NC) Dr Ludmila Davidova

Head, Department of Sanitarian
  Surveillance
State Department of San. Epid. Surveillance
535 Frunze Str.,
Bishkek
Tel.: +996 312 660768
Fax: +996 312 660538

Lao PDR
(PI) Mr Bounlonh Ketsouvannasane

Chief, Food Control Division
Food and Drug Department
Ministry of Health
Sieuang Road
Vientiane
Tel: +856 214013
Fax: +856 214015

Latvia
(NC) Mr Olafs Stengrevics

Director, Latvian Food Centre
Ministry of Welfare
38 Kr. Valdemara Str
LV-1010 Riga
Tel.: +371 7021713
Fax: +371 7021755
E-mail: foodcenter@parks.lv

Lithuania
(NC) Dr Almantas Kranauskas

Deputy Director

National Nutrition Center
Ministry of Health
Kalvariju 153,
LT-2600 Vilnius,
Tel: +370 2 300022 (direct); 778919 (sec)
Mobile: +370 85 85893
Fax: +370 2 778713
E-mail: almantas@rmc.lt

Macedonia
(PI) Prim Dr. Lence Kolevska

Section of Food Hygiene and Nutrition
National Institute of Public Health
Skopje,
The Former Yugoslav Republic
  of Macedonia
E-mail: jrama@unet.com.mk

Malaysia
(PI) Dr Harrison Aziz

Director, Food Quality Control Division
Ministry of Health Malaysia
Tingkat 4 Blok E
Kompleks Pejabat-Pejabat
Jalan Dungun, Bukit Damansara
50490 Kuala Lumpur
Tel: +60 3 254 0088
Fax: +60 3 253 7804

(PI) Mr Cheah Uan Boh
Malaysian Agricultural Research and
  Development Institute (MARDI)
P.O. Box 12301, Pejabat Pos Besar
50700 Kuala Lumpur
Tel: +60 3 943 7528

Malta
(NC) Dr Michael Sammut

Department of Health
Palazzo Catellania
15 Merchants Street
Valetta
Tel: +356 221019
Fax: +356 235638

Mauritania
(PI) Dr Mika Diop Samba

Directeur Adjoint
Centre National de Recherches
  Oceanographiques et des Peches
B.P. 22 Nouadhibou
Tel: 2222 45124
Fax: +2222 45081
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Mexico
(PI) Dr Ofelia Salate Castaneda

DirectorLaboratorio Nacional de Salud
  PublicaSubsecretaria de Regulacion
  y Fomento Sanitario
Sec. de Salubridad y Asistencia
Calz. Tlalpan # 4492
Col. T. Guerra 14050
Mexico City

(PI) Ms Teresa Velediaz
Secretaria de Salud Laboratorio Nacional
Calz. Tlalpan 4492
Col. Toriello Guerra Deleg Tlalpan
CP 14050
Mexico City
Tel: +52 5 655 18 30 ext. 143
Fax: +52 5 573 42 62
E-mail: labnal@internet.com.mx

(PI) Mr Adolfo Bolanos
Direccion General de Calidad Sanitaria
  de Bienes y Servicios
Secretaria de Salud
Donceles 39, Centro Historico
Pitagoras 205, CP 03020
DF 06010
Tel: +52 1 55101005 ext. 233 or 206
Fax: +52 1 55129628
E-mail: dgcsbysmex@iserve.net.mx

Moldova (Republic of)
(NC) Dr Nicolae I. Opopol

Chair of Hygiene and Epidemiology
State Medical University
67 A Gh. Asaki Str.
277028 Kishinev
Tel: +373 2 735 822
Fax: +373 2 729 725

Monaco
Dr Alexandre Bordero
Vétérinaire Sanitaire Inspecteur
Service Municipal d’hygiène
Mairie de Monaco
Place de Mairie
98000 Monaco
Tel.: +377 93 15 2863

Mongolia
(NC) Dr Nagniin Saijaa

Director
Regulatory Agency of Inspection for
  Hygiene and Epidemiology
Jamyan Avenue-1
P.O. Box 21-06-48
Ulaanbaatar
Tel: +976 1 323047
Fax: +976 1 323047
Mobile: +976 1 99194482

Morocco
(PI) Mr Tarhy Mostafa

Chef de Service Pesticides
Ministere de L’Agriculture et de La Mise
  en Valeur Agricole
25 rue Nichakra Rahal
Casablanca
Tel: +212 30 21 96
Fax: +212 30 19 72

Mozambique
(PI) Dr Evaristo Baquete

Director
National Laboratory for Water and Food
  Hygiene
Ministry of Health
P.O. Box 264
Maputo

Nepal
(PI) Mr Sandhya Karmachrya

Chief
Central Food Laboratory
Department of Agricultural Development
Kathmandu
Tel: +9771 21 38 40

Netherlands
(NC/CC)Dr Pieter van Zoonen

Department of Pesticide Residue Analysis
National Institute of Public Health and
  Environmental Protection (RIVM)
P.O. Box 1
3720 BA Bilthoven
Tel: +31 30 2742 576
Fax: +31 30 274 4424
E-mail: piet.van.zoonen@rivm.nl
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New Zealand
(CC) Mr Jim Sim

The Manager
Food Administration
Ministry of Health
P.O. Box 5013
Wellington
Tel: +64 4 496 2000
Fax: +64 4 496 2340

(PI) Dr Richard Vannoort
Institute of Environmental Science and
  Research Limited
Christchurch Science Centre
27 Creyke Road
P.O. Box 29-181
Christchurch
Tel: +64 3 351 0038
Fax: +64 3 351 0010
E-mail: richard.vannoort@esr.cri.nz

Nigeria
(PI) Director General

National Agency for Food and Drug
  Administration and Control
Federal Ministry of Health
P.O. Box 56453 Falomo
Ikoyi, Lagos
Tel: +234 1 269 3105
Fax: +234 1 269 3104

Norway
(NC) Director

Norwegian Food Control Authority
P.O. Box 8187 Dep.
N-0034 Oslo 1
Tel: +47 2 67 15 85
Fax: +47 2 19 95 31

Pakistan
(PI) Chief

Nutrition Division
National Institute of Health
Islamabad

Peru
(PI) Dr T.J. Aliaga Osorio

Instituto Nacional de Desarrolo
  Agroindustrial, INDDA
Av. La Universidad 595
La Molina Apartado 14 - 0294
Lima 14

Philippines
(NC) Dr Quintin Kintanar

Director
Bureau of Food and Drugs
Department of Health
Alabang Compound
Muntinglupa - Metro Manila
Tel: +63 2 842 4583/5606
Fax: +63 2 842 4603

(PI) Ms Paz Austria
Department of Agriculture/Bureau of
  Plant Industry
National Pesticide Analytical Laboratory
BPI Nursery
Visayas Avenue
Diliman, Quezon City
Tel: +63 2 924 7761/ 454 1526
Fax: +63 2 924 7761

Poland
(NC/CC)Dr Lucjan Szponar

Director
National Food and Nutrition Institute
Powinska Str. 61/63
PL-00 923 Warsaw 55
Tel: +48 22 42 3721
Fax: +48 22 42 1103
E-mail: l.szponar@izz.waw.pl

Portugal
(NC) Dr Maria Antónia Calhau

Head, Food Chemistry Department
National Institute of Health
Avenida Padre Cruz
1699-016 Lisbon
Tel: +351 1 7577070
Fax: +351 1 7590441
E-mail: csan@insa.min-saude.pt

Qatar
(CC) Dr A.R. Kotb

Food Control Laboratory
Ministry of Public Health
P.O. Box 42
Doha
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Romania
(NC) Ms Ana Telniceanu

Senior Researcher Chemist
Ministry of Health
Department of Public Health
Institute of Public Health
Str. Dr Leonte 1-3
79636 Bucharest
Tel: +40 1) 638 4010
Fax: +40 1 312 3429
E-mail: cparvan@ispb.ro

Russian Federation
(CC) Dr A.V. Tutelyan

Institute of Nutrition
Academy of Medical Sciences
Ustinsky Pr. 2/14
Moscow 109240
Tel: +7 095 917 8120
Fax: +7 095 917 5672
E-mail: tutelyan@ion.ru

Seychelles
(PI) Mr P. Palmer

Director
Public Health Laboratory
Ministry of Health
P.O. Box 52
Botanical Gardens
Tel: +248 388000
Fax: +248 224792

Sierra Leone
(PI) Dr Felixina Jonsyn

University of Sierra Leone
Freetown
Fax: +232 2222 4439

Singapore
(CC) Dr Bosco C. Bloodworth

Head, Food Laboratory
Institute of Science and Forensic Medicine
Outram Road
Singapore 0316
Tel: +65 221 6800
Fax: +65 229 0749

Slovak Republic
(NC) Dr Jana Kovacicova

Institute of Preventive and Clinical
  Medicine
Limbova 14
83301 Bratislava
Tel: +421 7 373560

Fax: +421 7 373906
E-mail: kovaci@enigma.upkm.sanet.sk

(PI) Ing. Danka Salgovikova
Head, Centre for Partial Monitoring
  System of Food and Feed Contaminants
Food Research Institute
Priemyselna 4
P. O. Box 25
82106 Bratislava
Tel: +421 7 5437225
Fax: +421 7 5261417
E-mail: salgovikova@vup.sk

Slovenia
(NC) Dr Marusa Adamic

University Institute of Health and
  Social Welfare
Trubardeva 2
61000 Ljubljana
Tel: +38 61 123245
Fax: +38 61 323 955

South Africa
(PI) Dr F.W.J. van Rijssen

Deputy Director
Directorate of Food and Chemicals
Department of Health
Private Bag X828
0001 Pretoria
Tel: +27 12 312 0509
Fax: +27 12 312 0811

Spain
(NC) Dr José Ignacio Arranz Recio

Subdirector General de Securidad
  Alimentaria
Ministerio Sanidad y Consumo
Pasoo Prado 18-20
28071 Madrid
Tel.: +34 91 5962070
Fax: +34 91 5964487
E-mail: JARRANZ@MSC.ES

(NC) Dr Amparo Carbajo Sánchez
Jefe Servicio Normativa Técnica
Subdirección General Segurdidad
  Alimentaria
Ministerio Sanidad y Consumo
Paseo Prado 18-20
28071 Madrid
Tel.: +34 91 5961976
Fax. +34 91 5964487

(PI) Mrs Ines Urieta
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Health Department Basque Government
Maria Diaz de Haro 60
48010 Bilbao
Bizkaia
Tel: +4 94 436 7017
Fax: +4 94 436 7152
E-mail: inesurieta@teleline.es

Sudan
(PI) Dr A.H. Ibrahim

National Chemical Laboratories
Ministry of Health
P.O. Box 287
Khartoum
Tel: +49 11 72991, 79789

Sweden
(NC/CC)Dr Stuart A. Slorach

Deputy Director-General
The National Food Administration
P.O. Box 622
S-75126 Uppsala
Tel: +46 18 17 5594
Fax: +46 18 10 5848
E-mail: stsl@slv.se

Switzerland
(NC) Dr Vincent Dudler

Food Safety Unit
Swiss Federal Office of Public Health
CH-3003 Bern
Tel.: +41 31 3229568
Fax: +41 31 3229574
E-mail: vincent.dudler@bag.admin.ch

Tanzania
(PI) Mr R.M. Kekula

Principal Health Officer
Ministry of Health
P.O. Box 9083
Dar es Salaam
Tel: +255 51 552 0261

(PI) Mr Judicate Ndossi
National Food Control Commission
P. O. Box 62622
Dar es Salaam
Tel: +255 51 114039 / 450054
E-mail: who-tz@twiga.com

Thailand
(PI) Director-General

Department of Medical Sciences
693 Bumrungmuang Road
Bangkok 10100

(PI) Ms Somjit Surapat
Food Science and Technology
Faculty of Agro-Industry
Kasetsart University
Paholyotin Road
Jatuchak, Bangkok
Tel: +66 2 579 5325 7
Fax: +66 2 579 2773
E-mail: fagisjr@nontri.ku.ac.th
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Tunisia
(PI) Dr Zouhair Kallal

Institut National de Nutrition et Technologie
Tunis

Turkey
(NC) Ms Sevim Kilicbay

Acting Director
Food Control, Nutrition and
  Laboratories Department
Ministry of Health
Sihhiye, Ankara
Tel: +90 4 433 7132
Fax: +90 4 434 4449

United Arab Emirates
(NC) Dr Abdul Wahab K. Ahmed

Head,
Central Food Control and Consultancy
  Laboratory
P.O. Box 22
Sharjah
Tel: +971 6 524017
Fax: +971 6 523612
E-mail: cfood@emirates.net.ae

United Kingdom
(NC) Mr Steve Wearne

Food Standards Agency
Chemical Contaminants and Animal
  Feed Division
Aviation House
125 Kingsway
London WC2B 6NH
Tel.: +44 20 72768783
Fax: +44 20 72768717
E-mail:
steve.wearne@foodstandards.gsi.gov.uk

(NC/CC)Dr John Gilbert
Research Director
Central Science Laboratory
Department of Environment, Food
  and Rural Affairs (DEFRA)
Sand Hutton,
York YO41 1LZ
Tel: +44 1904 452100
Fax: +44 1904 462111
E-mail: j.gilbert@csl.gov.uk

United States of America
(CC) Ms Katie Egan

Division of Risk Assessment
Office of Plant Dairy Foods & Beverages
Centre for Foods Safety and; Nutrition
US FDA
HFS 308
5100 Paint Branch Parkway
College Park MD 20740
USA
Tel: +1 301 436 1946
Fax: +1 301 436 2632
E-mail: kegan@cfsan.fda.gov

Uruguay
(PI) Dr Eugenio Perdomo

Centro de Investigaciones Veterinarias
  “Miguel C. Rubino”
Ministerio de Agricultura y Pesca
Brigadier Gral. Juan A. Lavalleja
Km 29 - Pando

(PI) Dr Maya Pineiro
Technological Laboratory of
  Uruguay (LATU)
Avenida Italia 6201
Montevideo
Tel: +598 2 61 37 32
Fax: +598 2 618554

(PI) Dr Maria Elena Masoller
Directora Adjunta
Direccion de Laboratorios de Analisis
Ministerio de Ganaderia, Agricultura
  y Pesca
Avda Millan 4703
Montevideo

Uzbekistan
(NC) Dr Svetlana I. Lazaareva

Ministry of Health
Navoi Str. 12
700011 Tashkent
Uzbekistan
Tel.: +998 71 2681312/2632
Fax: +998 71 2411641

former CP: Mr Shakhobiddin Bakhritdinov
Head, Chair of Nutrition Hygiene
Second State Medical Institute
2, Farobyi Street
700019 Tashkent
Tel.: +998 71
Fax: +998 71 1441040
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Viet Nam
(PI) Dr Le The Thu

Vice-Director
Institute of Hygiene and Public Health
159 Hungphu Street
8th District
Ho Chi Minh City

(PI) Ms Nga Hong Huynh
Food Administration
Ministry of Health
138A Giangvo
Hanoi
Tel: +84 4 846 3702
Fax: +84 4 846 3739

(PI) Dr Viet Hung Pham
Centre of Environmental Chemistry
Vietnam National University, Hanoi
334 Nguyen Trai Streeet
Hanoi
Tel: +84 4 858 7964
Fax: +84 4 858 8152
E-mail: cec@fpt.vn

Yugoslavia
(PI) Dr Danica Djarmati

Chief, Ecotoxicological Diagnostic Center
Institute of Public Health of Serbia
5, Dr Subotića Street
11000 Belgrade
Tel: +381 11 684 566
Fax: +381 11 685 735
E-mail: info@batut.org.yu
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Annex V

GEMS/FOOD-EURO LISTS OF PRIORITY CONTAMINANTS AND FOODS
(AS REVISED AUGUST 2001)

GEMS Core List

Contaminants Food

aldrin, dieldrin, DDT (p,p'- and o,p'-), TDE (p,
p'-), DDE (p,p'- and p,o'-), endosulfan (�, ß and
sulfate), endrin, hexachlorocyclohexane (� and ß
and �), hexachlorobenzene, heptachlor, heptachlor
epoxide and polychlorinated biphenyls

whole milk, butter, animal fats and oils, fish, cereals*,
human milk

lead milk, canned/fresh meat, kidney, cereals*,
canned/fresh fruit, fruit juice, spices, infant food,
drinking water

cadmium kidney, molluscs, crustaceans, cereals*

mercury fish

aflatoxins milk, maize, groundnuts, other nuts, dried figs

diazinon, fenitrothion, malathion, parathion,
methyl parathion, methyl pirimiphos

cereals*, fruit, vegetables

inorganic arsenic drinking water

* or other staple foods
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GEMS Intermediate List

Contaminants Food

aldrin, dieldrin, DDT (p,p'- and o,p'-), TDE (p,
p'-), DDE (p,p'- and p,o'-) endosulfan (�, ß and
sulfate), endrin, hexachlorocyclohexane (� and ß
and �), hexachlorobenzene, heptachlor, heptachlor
epoxide, chlordane and polychlorinated biphenyls
(congeners No. 28, 52, 77, 101, 105, 114, 118,
123, 126, 138, 153, 156, 167, 169, 180 and 189)

whole milk, dried milk, butter, eggs, animal fats and
oils, fish, cereals*, vegetable fats and oils, human
milk, total diet

lead milk, canned/fresh meat, kidney, fish, molluscs,
crustaceans, cereals*, pulses, legumes, canned/fresh
fruit, fruit juice, spices, infant food, total diet,
drinking water

cadmium kidney, molluscs, crustaceans, cereals*, flour,
vegetables, total diet

mercury fish, fish products, total diet

aflatoxins milk, milk products, maize, cereals*, groundnuts,
other nuts, spices, dried figs

diazinon, fenitrothion, malathion, parathion,
methyl parathion, methyl pirimiphos, chlorpyrifos

cereals*, vegetables, fruit, total diet

aldicarb, captan, dimethoate, folpet, phosalone cereals*, vegetables, fruit, total diet, 

radionuclides (Cs-137, Sr-90, I-131, Pu-239) cereals*, vegetables, milk, drinking water

nitrate/nitrite leafy vegetables, drinking water

inorganic arsenic drinking water

* or other staple foods
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GEMS Comprehensive List

Contaminant Food

aldrin, dieldrin, DDT (p,p'- and o,p'-), TDE (p, p'-),
DDE (p,p'- and p,o'-) endosulfan (�, ß and sulfate),
endrin, hexachlorocyclohexane (� and ß and �),
hexachlorobenzene, heptachlor, heptachlor epoxide,
chlordane, polychlorinated biphenyls (congeners
No. 28, 52, 77, 101, 105, 114, 118, 123, 126, 138,
153, 156, 167, 169, 180 and 189), and dioxins
(PCDDs and PCDFs)

whole milk, dried milk, butter, eggs, animal fats
and oils, fish, cereals*, vegetable fats and oils,
human milk, total diet

lead milk, canned/fresh meat, kidney, fish, molluscs,
crustaceans, cereals*, pulses, legumes,
canned/fresh fruit, fruit juice, spices, infant food,
total diet, drinking water

cadmium kidney, molluscs, crustaceans, cereals*, flour,
vegetables, total diet

mercury fish, fish products, mushrooms, total diet

Aflatoxins milk, milk products, maize, cereals*,
groundnuts, other nuts, spices, dried figs

Ochratoxin A wheat, cereals, wine

Dioxynivalenol wheat, cereals

Patulin apple juice

Fumonisins maize, wheat

diazinon, fenitrothion, malathion, parathion, methyl
parathion, methyl pirimiphos, chlorpyrifos

cereals*, vegetables, fruit, total diet

aldicarb, captan,  dimethoate, folpet, phosalone cereals*, vegetables, fruit, total diet

Dithiocarbamates cereals*, vegetables, fruit, total diet, drinking
water

Radionuclides (Cs-137, Sr-90, I-131, Pu-239) cereals*, vegetables, fruit, total diet, drinking
water

nitrate/nitrite leafy vegetables, drinking water

inorganic arsenic drinking water

*or other staple food


