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FOREWORD

The International Consultative Group on Food Irradiation (ICGFI) was
established on 9 May 1984 under the aegis of FAO, IAEA and WHO. ICGFI is
composed of experts and other representatives designated by governments
which have accepted the terms of the "Declaration" establishing ICGFI and
have pledged to make voluntary contributions, in cash or in kind, to carry
out the activities of ICGFI.

The functions of ICGFI are as follows:

a) to evaluate global developments in the field of food irradiation,
b) to provide a focal point of advice on the application of food

irradiation to Member States and the Organizations; and
c) to furnish information as required, through the Organizations, to the

Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of
Irradiated Food, and the Codex Alimentarius Commission.

When the Inter-American Meeting on Harmonization of Regulations
Related to Trade in Irradiated Foods was organized, the following
countries had become members of ICGFI:

Argentina, Australia, Bangladesh, Belgium, Brazil, Canada, Chile,
Côte d'Ivoire, Ecuador, Egypt, France, Germany, Ghana, Hungary,
India, Indonesia, Iraq, Israel, Italy, Malaysia, Mexico, Netherlands,
New Zealand, Pakistan, Philippines, Poland, Syria, Thailand, Turkey,
United Kingdom, United States of America, and Yugoslavia.

Regional and international trade in irradiated foods appears to be
likely in the 1990's. The need to harmonize national regulations appears
to be highest in the Pan-American region where the use of irradiation as a
quarantine treatment and a method to enhance hygienic quality of certain
food commodities may soon be practiced.

ICGFI agreed at its 5th Annual Meeting held in Vienna, September
1988, to sponsor an Inter-American Meeting on Harmonization of Regulations
Related to Trade in Irradiated Foods. This Meeting was not concerned with
trade in irradiated food per se but to serve as a forum for senior
officials involved in regulatory control on food trade to exchange views
on possible harmonization of national regulations pertaining to trade in
irradiated foods.

In cooperation with the USDA Food Safety and Inspection Service, the
meeting was organized by ICGFI at the Las Palmas Inn, Orlando, Florida,
from 27 November to 1 December 1989. The meeting was attended by 47
participants from 16 countries including 14 in the Americas. In addition,
representatives of the International Trade Centre, Pan American Health
Organization and International Association of Industrial Irradiators also
attended the meeting.



The meeting considered matters related to:

a) status of food trade in the Americas,
b) the implication of consumer acceptance on trade,
c) irradiation as a quarantine treatment of fruits and vegetables, and
d) process control of food irradiation.

A report covering these matters together with conclusions and
recommendations are given below.

EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted by the authors and given some attention
to the presentation.

The views expressed in the papers, the statements made and the general style adopted are the
responsibility of the named authors. The views do not necessarily reflect those of the governments of
the Member States or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.

Authors are themselves responsible for obtaining the necessary permission to reproduce copyright
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SUMMARY OF THE INTER-AMERICAN MEETING ON
HARMONIZATION OF REGULATIONS RELATED TO TRADE IN IRRADIATED FOODS

INTRODUCTION

1. In 1980, a Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of
Irradiated Foods concluded that the irradiation of any food to an overall
average dose of 10 kGy causes no toxicological hazard and introduces no special
nutritional or microbiological problems.
2. Some concerns about the effects of irradiation on microorganisms in food
had been raised earlier at a meeting of the Codex Committee on Food Hygiene in
1979. Therefore the microbiological safety of irradiated food was further
considered at a meeting of the Board of the International Committee on Food
Microbiology and Hygiene of the International Union of Microbiological
Societies in Copenhagen in December 1982 in order to provide a second opinion.
In its conclusions, the Board was satisfied that there was no cause for
concern. Food irradiation was said to be an important addition to the methods
of control of food-borne pathogens and not to present any additional hazards to
health.

3. Following these expert meetings, the Codex Alimentarius Commission, then
representing 122 countries , in 1983 adopted the Codex General Standard for
Irradiated Foods and the Recommended International Code of Practice for the
Operation of Radiation Facilities for the Treatment of Foods.

4. Following the adoption of the Codex General Standard for Irradiated Foods
and its associated Code of Practice by the Codex Alimentarius Commission in
1983, food irradiation has been approved as a method for processing and
preserving one or more food items in 37 countries including eight countries in
the Pan-American region, i.e., Argentina, Brazil, Canada, Chile, Cuba, Mexico,
U.S.A., and Uruguay. Twenty-four of these countries are applying the
technology on a practical scale; eight others have plans to do so while the
rest remain undecided.

5. The Commission of the European Communities (CEC), Brussels, has identified
food irradiation as one of the main areas where harmonisation of legislation is
required to enable the free movement of goods throughout the twelve Member
States of the European Community (EC). The Commission introduced a draft
Directive for Control of Irradiated Foodstuffs in December 1988. This proposal
has met with considerable opposition in the European Parliament. It is still
under discussion in each Member State and in the Commission. It is possible
that a more restricted list of food items approved for irradiation will be
negotiated before the proposal is submitted to the Council of Ministers for
their approval.

6. An "International Document on Food Irradiation" was adopted by consensus
at the International Conference on the Acceptance, Control of and Trade in
Irradiated Food, jointly convened by PAO, IAEA, WHO and ITC-UNCTAD/GATT in
Geneva (Switzerland), 12-16 December 1988. The Conference was attended by some
250 experts designated by 57 governments and 14 inter-governmental and
non-governmental organizations. The Conference proceedings, which include the
International Document on Food Irradiation, were published by the IAEA in
1989. The adoption of the Document provided an endorsement of food irradiation
technology as a method which can reduce post-harvest food losses and make
available a larger quantity and a wider variety of foodstuffs to consumers.
Since a good percentage of the economies of countries in the Pan American
region depend on the exportation of agricultural products, irradiation presents
a viable alternative as a quarantine treatment for fresh agricultural products



to facilitate international trade. Food irradiation has also the potential to
reduce the incidence of food-borne diseases through the reduction of pathogen
contamination in foods, especially in solid foods. .Specific recommendations
related to the application of food irradiation, control of and trade in
irradiated food, as well as information dissemination, are included in the
Document (Annex I).

STATUS OF FOOD TRADE IN THE INTER-AMERICAN REGION

7. The Latin American and Caribbean (LAC) countries as a group is a major
supplier of foods to the world. This is evidenced by the fact that out of
world food imports amounting to about U.S. $ 200,000 million in 1987, the LAC
region supplied U.S. $ 26,000 million worth of produce. For many LAC countries
food exports represent more than half of their total exports. The region is
therefore highly dependent on food exports for their foreign exchange earnings
and economic development.

8. Taking into consideration the pattern of food trade with the EC, the
U.S.A., Canada and Japan as the most important trading partners for LAC
countries and the fact that food supplied by the region represent a substantial
share of food imports for each of the trading partners, every effort should be
made to facilitate the development of this trade. In this respect, exports
from LAC countries to the U.S. and Canada represented 38.7% of total exports
from the region while 41.6% of food products imported into USA and 14.4% of
Canadian food imports in 1987 was supplied by LAC countries.

9. The Uruguay Round of multilateral trade negotiations, under the auspices
of GATT, provide the opportunity to eliminate non-tariff trade barriers to
agricultural trade by harmonizing national sanitary and phytosanitary
regulations on the basis of the international recommendations of bodies such as
FAO/WHO Codex Alimentarius Commission (CAC) and the International Plant
Protection Convention. In this respect, many of the foods exported from the
LAC region could be considered to benefit from irradiation: (a) as a treatment
to reduce the incidence of food-borne diseases, (b) as an alternative
quarantine treatment, and (c) as a shelf-life extender. Items to be considered
included products such as fresh fruit, nuts vegetables, coffee, cocoa, fish,
crustaceans and molluscs, meat and meat products including poultry and the
offals of such products, and spices.

THE IMPLICATIONS OF CONSUMER ACCEPTANCE OF TRADE

10. Crucial to the potential commercial success of food irradiation is
consumer acceptance. Food irradiation is regarded as a safe and effective
technology by most experts; but to many consumers it is still the subject of
suspicion, confusion and uncertainty. For consumers, there are several over
riding principles relating to food irradiation. In developed countries these
are safety, information and choice. In developing countries these may be
preceeded by food availability and price. For the food industry, the most
important requirement is an indication that a sufficient proportion of
consumers is likely to buy irradiated foods. Without that, no enterprise would
be willing to embark on the implementation of the technology.

a.
All consumers expect their food to be safe. This means that both the

product and the process should meet required standards of safety.
Majority expert opinion has confirmed that food irradiation is a safe
treatment when properly applied at the recommended doses. Consumers will
want to be reassured however that the safety and nutritional implications



of food irradiation will continue to be carefully monitored. They will
also want to be convinced that the technology is being correctly applied
and not subject to misuse in any way.
b. Information

Consumers are still relatively unaware of food irradiation issues.
Information about irradiated food products and processing should therefore
be made available to consumers in a clear, comprehensive and objective
manner. The need for balanced and accurate information is particularly
important to enable consumers to come to their own conclusions and make
their own decisions about food irradiation.

c. Choice

Consumers clearly have the right to choose between irradiated and
non-irradiated food, but this should be an informed choice. This can only
be achieved by the clear labelling of food that has been treated.
d- Industry Requirements

For the food industry there will have to be a reliable indicator of
the likely degree of consumer acceptance. This requirement will not be
met by consumer opinion polls alone. Consumer reaction can only be
measured accurately once consumers have had some experience with buying
and eating irradiated food products. There has already been sufficient
evidence from various preliminary test market surveys to indicate a
potential positive reaction. More substantive test marketing still needs
to be undertaken so that consumers attitudes and opinions can be properly
established and evaluated. This information thus obtained will enable
food companies to manage the introduction of food irradiation.

IRRADIATION AS A QUARANTINE TREATMENT

11. International trade in food and agricultural commodities from
tropical/subtropical and temperate zones, that are known to host certain insect
pests, often require an approved disinfestation treatment either within the
country of origin or at the ports of entry of the importing country. For
example, the U.S. Department of Agriculture (APHIS-PPQ) has very specific
treatment requirements for such commodities entering from various countries of
the Region, as well as other countries outside the region. On the other hand,
because climatic conditions throughout Canada do not support the survival of
tropical pests, in such cases Agriculture Canada does not impose a
disinfestation treatment as a condition of entry. In cases in which two or
more countries have similar climatic conditions, harmonization of quarantine
regulations must be considered to facilitate trade. There are, of course,
mechanisms in existence for this and related purposes (eg., the Caribbean Plant
Protection Commission, North American Plant Protection Organization and similar
organizations which convene periodically).

12. In the specific context of irradiation disinfestation of agricultural
commodities, several countries of the Inter-American hemisphere including
Canada and the U.S. already have in place regulations permitting this trade but
those regulations should be in harmony with the regulations adopted for the
region. In Canada, the food irradiation regulations encompass radiation
disinfestation but with few exceptions (eg., temperate zone stone fruits) it is
not necessary. In contrast, in the U.S., where climatic conditions and
agricultural crops in much of the country necessitate considerably greater
quarantine restrictions and treatment requirements, radiation disinfestation of
only two commodity-sources, i.e. Hawaiian papaya and Florida grapefruit, are
approved by the USDA. These approvals are based on specific data, although



the US-FDA food irradiation regulation permits radiation disinfestation
unconditionally in terras of proven safety and efficacy. Thus putting aside
other factors {public awareness and acceptance, lack of in-place commodity
irradiators, etc.)» from the purely regulatory standpoint, with these
exceptions, irradiation will require further research, development and
standardization as a phytosanitary treatment method for specific agricultural
commodities. Given the enormous markets that are potentially available and
largely untapped for the more "exotic" tropical and subtropical fruits and
vegetables, this state of affairs takes on special inter-regional trade
significance for industry initiatives for full regulatory approval.

13. The International Consultative Group on Food Irradiation (ICGFI) - an
inter-governmental body established under the aegis of FAO, IAEA and WHO and of
which 32 governments were members in 1989 (including Argentina, Brazil, Canada,
Chile, Ecuador, Mexico and U.S.A.) had convened a Task Force in Chiang Mai,
Thailand, in 1986, to consider the use of irradiation as a quarantine
treatment. The Task Force recognized that there was little data on the
response of pest species other than fruit flies (Tephritidae), to irradiation
at doses that will satisfy quarantine security. Required security levels
reflect the quarantine risk perceived by an importing country and vary
accordingly from market to market. They are best defined in terms of
non-emergence of adults capable of flight or reproduction following irradiation
of eggs or larvae. Therefore, the Task Force adopted a generic dose of 300 Gy
as the minimum dose required to treat any insect stage. Similarly, on the
basis of data available for fruit flies, of the family Tephritidae, it adopted
a dose of 150 Gy as the minimum dose required to treat eggs or larvae to
prevent emergence of such adults. Further research is needed specific to this
region to more accurately define the irradiation dose required to prevent
emergence of such adults, allowing treatment protocols based these data to be
incorporated in the Quarantine Treatment Manual. Consequently, the Task Force
recommended the following treatment schedules by irradiation:

a. Fresh plant products subject to infestation by insect eggs, larvae,
pupae or adults, except those listed in the following sections:

Exposure of any insect stage present to a minimum dose of 300 Gy
in order to prevent emergence of normal adults from treated
eggs, larvae or pupae or to sterilize any treated adults present
or emerging from treated larvae or pupae.

b. Fresh plant products subject to infestation by Tephritidae eggs or
larvae:

Exposure of any eggs or larvae present to a minimum dose of 150
Gy in order to prevent emergence of normal adults from pre-adult
stages.

c. Fresh plant products subject to infestation by eggs or larvae of
Queensland fruit fly, Dacus trvoni;

Exposure of any eggs or larvae present to minimum dose of 75 Gy
in order to prevent emergence of normal adults from treated
forms.

d. Mangoes subject to infestation by any stage of mango seed weevil,
Sternochaetus (Cryptorhvnchus) mangiferae;

Exposure of any pre—adult insect stage present to a minimum dose
of 300 Gy in order to prevent emergency of normal adults from
pre-adult stages or to sterilize any treated adults present or
emerging from treated larvae or pupae.
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e. Deciduous fruit and other hosts of codling moth, Cvdia (Laspeyresia)
pomonella;

Exposure of any stages present to a minimum dose of 250 Gy in
order to prevent emergence of normal adults.

The Treatment Schedules mentioned above have been incorporated in the
revised version of the FAQ International Plant Quarantine Treatment Manual.

14. Since the banning of ethylene dibromide (EDB) for post-harvest quarantine
treatment and other purposes by the U.S. Environmental Protection Agency in
1987, the only commodities for which the USDA felt it had adequate data
(largely through its own prior research) upon which to base an irradiation
treatment schedules were Hawaiian papaya and Florida grapefruit.
Since there is no Federal quarantine on Florida grapefruit, Federal Register
publication was not required for this treatment. Thus the final treatment
schedule for the former that appears in the January 6, 1989 FEDERAL REGISTER,
prescribes a 15 kilorad (0.15 kiloGray) minimum dose to prevent the possibility
of emergence of melon fly, Mediterranean/or oriental fruit flies capable of
reproduction or flight (note that this criteria is a departure from the
traditional Probit-9 lethality requirement applied to other methods, in
recognition of the uniqueness of ionizing radiation in satisfying quarantine
requirements short of causing insect death). Since the banning of EDB as a
post-harvest fumigant the USDA Agricultural Research Service has conducted some
preliminary research on gamma irradiation to control Anastrepha species with
Mexican mangoes, and it has developed a hot water immersion method for fruit
fly control with mangoes that can now be used with all mangoes from Mexico
except from Chiapas State, and with the "Francis" and "Carrot" mangoes of
Haiti. As greater experience is gained and new experimental data are available
for a treatment method already in limited use, an Agency is able to broaden its
use to other varieties of a given commodity and to additional growing areas.

15. It would seem that expediting the approved application of an existing
method to additional varieties and growing areas should be simplest and most
straight forward with irradiation, among the physical alternatives to
post-harvest chemical quarantine treatment methods. That is, unlike other
treatments which are specific to certain commodities, irradiation is effective
and applicable to a wide variety of fruits and vegetables. In addition,
irradiation can be used as a continuous and rapid process and can be applied to
pre-packaged fruit.
IRRADIATION TO ENSURE HYGIENIC QUALITY OF FOOD

16. The incidence of food-borne disease continues to adversely affect the
health and productivity of populations in most countries. Quite often foods
produced in accordance with good manufacturing practices may still harbor low
levels of disease-causing microorganisms. Such microorganisms may lead to
outbreaks of food-borne diseases, especially among groups such as the very
young, the elderly, and those with compromised immune systems. The report of a
Joint FAO/WHO Expert Committee on Food Safety (WHO-TRS 750, 1984) stated that
"Illness due to contaminated food is perhaps the most widespread health problem
in the contemporary world and an important cause of reduced economic
productivity". Human suffering from these diseases cannot be measured, but
economic losses are enormous. In the U.S. alone, the FDA estimated that up to
81 million cases of foodborne diarrhoeal diseases occurred annually . A
similar study in Canada estimated an annual cost of Canadian $ 1.3 billion to
the Canadian economy .
Young, F. Weighing food safety risks. FDA Consumer. September 1989.

2 Todd, E.C.D. Preliminary Estimates of Costs of Food-borne Disease in Canada
and Costs to Reduce Salmonellosis. J. Food Protection. Vol. 52, No. 8,
p586-594 (August 1989).
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17. In 1985, the U.S. National Academy of Sciences convened an Inter-American
Conference on Food Protection in Washington, D.C. to review the status of food
protection measures in the Americas with the objective of improving the public
health and promoting international trade in food. The Conference placed major
emphasis on risks from microbiological hazards compared to risks arising from
naturally occuring toxicants, environmental contaminants, and improper use of
pesticides and food additives.
18. In 1986, ICGFI convened a Task Force on the Use of Irradiation to Ensure
Hygienic Quality of Food to assess the potential role of irradiation in this
field. The Task Force recognized that while thermal pasteurization of liquid
foods is a well established and satisfactory means of ensuring hygienic quality
of such commodities, its use is not well suited for solid foods and dry
ingredients. Alternative chemical treatments may have regulatory limitations,
may pose public health concerns, may leave toxic residues, or may contribute to
environmental pollution. The Task Force concluded that, at the present and in
the foreseeable future, no known technology can guarantee the production of
pathogen free raw foods of animal origin, particularly poultry and pork. Such
pathogens include Salmonella, Campylobacter, Toxoplasma and Trichinella. Foods
contaminated with these pathogens pose a significant threat to public health.
The Task Force stated that, where such foods are important in the epidemiology
of food-borne diseases, irradiation must be seriously considered as a valid
option for pathogen control. The Task Force stated that the most apparent
health benefit from the use of food irradiation would be the treatment of
chilled or frozen poultry for reduction of Salmonella and Campylobacter and the
treatment of beef and pork to inactivate infective stages of tapeworm,
Toxoplasma and Trichinella parasites. They further stated that treatment of
frozen shrimps and frog legs offers considerable potential for reducing public
health risks as does decontamination of spices and other food ingredients.

The conclusions referred to in the preceding paragraph were concerned
primarily with disease-causing organisms in poultry and pork. In the past few
years, there have been significant increases in diseases from other organisms
(eg., Listeria, E. coli. Vibrio, hepatitis virus) in these and other
animal-origin products such as seafoods. Irradiation has significant potential
for controlling most disease-causing parasites, microorganisms and viruses in
all foods and should be considered as another alternative control method in all
such instances.

19. In June 1989, ICGFI convened an Expert Consultation on Microbiological
Criteria for Foods to be Further Processed Including by Irradiation. The
objective of this Consultation was to define microbiological indicators for
good manufacturing practices of food to be processed by various techniques
including irradiation. The World Health Organization (WHO), which convened the
Consultation on behalf of ICGFI, recognized that international guidelines in
this field are necessary to ensure that food treatments are not used as a
substitute for proper hygienic practices. It was suggested that foods to be
further processed should be of such microbiological quality that, except for
the possible presence of potential pathogens, they would be considered
wholesome and microbiologically acceptable. Microbiological criteria to ensure
this should be based on tests which demonstrate that the hygienic aspects of
good manufacturing practices have been followed. Consequently, the
Consultation recommended microbiological guidelines based on these criteria for
the following foods to be further processed: red meats (beef, pork, lamb);
poultry; fish and crustaceans; and cooked, peeled, frozen shrimps and prawns.
Provisional microbiological guidelines were recommended for spices, herbs and
vegetable seasonings. The report of the Consultation (WHO/EHE/FOS/89.5) was
published by WHO in 1989.
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PROCESS CONTROL

20. The International Document on Food Irradiation contains a chapter on
process control for food irradiation. To assist in the implementation of
process control activities, ICGFI has prepared the following documents and
training programmes;

a. Food Irradiation Process Control School (FIPCOS)

FIPCOS has been established by ICGFI to train two specific groups of
individuals, i.e.

a.l Operators/plant managers of irradiation facilities being used for
treating food on a practical scale. An international training
curriculum was developed and used for this training, which put
emphasis on GMP of food before, during and after irradiation; proper
dosimetry techniques; record keeping and lot identification.

a.2. Food inspectors/control officials. They are trained on proper
inspection procedures for irradiation processing of food, including
dosimetry, to ensure compliance with regulations, labelling, record
keeping, etc.

b. International Register of Licensed Food Irradiators.

A central data bank on food irradiation facilities licensed by
competent national authorities, operated under governmental control and
staffed by adequately trained and competent personnel, has been
established by ICGFI. Information on such licensed irradiators for food
processing have been provided to ICGFI Secretariat by many governments.
These information will be made available to ICGFI member governments and
other national authorities upon request.

c. ICGFI Provisional Guidelines on Specific Applications of Food
Irradiation.

Guidelines on proper irradiation of specific major food groups have
been developed by ICGFI according to the following:

- Guideline for the Irradiation of Cereal Grains for Insect
Dislnfestation.

- Guideline for the Irradiation of Fresh Fruits for Insect
Disinfestation (As a Quarantine Treatment).

- Guideline for the Irradiation of Bananas, Mangoes and Papayas for
Shelf-life Extension (By Delay of Ripening).

- Guideline for Irradiation of Bulb and Tuber Crops to Inhibit
Sprouting.

- Guideline for the Irradiation of Spices and Vegetable Seasonings (To
Control Microflora).
Guideline for the Irradiation of Fresh Fish and Shrimps Stored Under
Refrigeration, and for Frozen Frog Legs and Shrimps (To Control
Microflora).

- Guidelines for the Irradiation of Dried Fish, and Dried and Salted
Fish for Insect Disinfestation.

- Guideline for the Irradiation of Fresh and Frozen Red Meats and
Poultry (To Control Pathogens).

These guidelines are available to national authorities and food
irradiation facilities, upon request.
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CONCLUSIONS

21. Food trade within and from the Inter-American region represents
significant economic importance to the region and the world. Every effort
should be made to facilitate this trade and overcome tariff and non-tariff
trade barriers. Irradiation of food can play an important role in overcoming
some of these barriers, especially as a quarantine treatment method for fruits
and vegetables and as a method to ensure hygienic quality of a variety of
foods. While hygienic quality is always the primary consideration in
irradiation of certain foods, especially those of animal origin, the economic
value of possible shelf-life extension of these food items is also important.

RECOMMENDATIONS

A. Regulation and Control

22. The International Document on Food Irradiation, adopted by consensus by
designated experts from 57 governments and 14 inter-governmental and
non-governmental organizations at the International Conference held in Geneva
in December 1988, contains a number of recommendations on the acceptance and
control of irradiated food. Inter-American governments are encouraged to
implement these recommendations in their regulations at the earliest possible
date to ensure effective control of the process in the trade. These
governments should inform the Secretariat of ICGFI of any actions taken.

23. Member nations of the Inter-American region that do not yet have
legislation and regulations regarding food irradiation should follow the
principles of the Codex Alimentarius General Standard for Irradiated Foods in
developing same; and those member nations that already have such legislation
and regulations should harmonize them with the Codex Standard. This includes
labelling of prepackaged foods containing irradiated products and/or
ingredients following finalization of the Codex prepackaged food labelling
standard. FAO, WHO and their regional agencies should assist the countries of
the region in the implementation of regulatory aspects of food irradiation.

24. The Codex Coordinating Committee for Latin America and the Caribbean
should act to harmonize the implementation of the recommendations related to
regulations and control at its next meeting, and transmit the results of its
actions to all countries of the Inter-American region. National authorities
concerned with food irradiation legislation and regulations within each of
these countries should coordinate so as to share a single, uniform food
irradiation policy.
25. Inter-American governments are encouraged to nominate suitable
operators/plant managers of irradiation facilities being used for treating
foods on a practical scale, and food inspectors/control officials, to attend
the annual Food Irradiation Process Control School (FIPCOS), organized by
ICGFI, or similar training courses for food inspectors organized by individual
governments.
26. In order to assist countries in controlling the food irradiation process,
Inter-American governments are requested to ensure that irradiation facilities
used to treat foods comply with international registry procedures established
by ICGFI.

B. Irradiation as a Quarantine Treatment

27. Agricultural exports, including fresh tropical fruits and vegetables, are
important sources of foreign exchange for many developing countries.
Governments are encouraged to accept the use of irradiation as a quarantine
treatment which has been recommended by the international expert group convened
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by ICGFI. They are encouraged to accept treatment schedules at the minimum
absorbed doses recommended by FAO in the Plant Quarantine Treatment Manual to
prevent emergence of adult insects capable of reproduction or flight.
Such acceptance should be restricted to fruits and vegetables grown under good
agronomic practice to ensure minimum infestation from the field, and treated in
accordance with good irradiation practice and in compliance with national
regulations.

28. All governments in the region are encouraged to adopt standard regulations
to allow fresh fruits and vegetables susceptible to plant pest infestation to
be imported from any region as scientific sound data are available. Data
complementary to existing information should be developed in a coordinated
manner by countries representative of the region. These data should be
developed using a standard research protocol developed by an ad hoc work group
with USDA participation. The ICGFI should convene such a working group at the
earliest possible date.

29. Quarantine irradiation recommendations now published are based on the
inability of insects to reproduce, fly, or move to a host. Methods presently
available to positively identify irradiated pests as being properly treated are
not well developed and, therefore, need further research. Quarantine
authorities make final decisions on product disposition when a pest is found
alive. Therefore, treatments should be made in such a way that they reduce the
probability of live larvae be present on importation. Treatments may be
modified as the ability to identify irradiated pests is available for practical
application.

C. Irradiation to Ensure Hygienic Quality of Food

30. In view of the world wide increase in the incidence of food-borne diseases
attributable to consumption of foods of animal origin, governments are
encouraged to adopt the use of irradiation of such foods in order to help
protect the public health. Governmental health and regulatory authorities are
further encouraged to continue their efforts toward harmonization of hygienic
requirements so as to avoid undue restrictions to international trade.

D. Trade in Irradiated Foods

31. In the interest of free trade, equivalency of irradiation process control
and equivalency in individual commodity requirements for either quarantine
treatment or pathogen control should be established on a country to country
basis. Once equivalency is established, reciprocity should be developed to
allow free trade.

32. Concerted efforts should be made by food importing and exporting countries
to devote more resources to conducting the necessary research required to gain
appropriate and timely approvals for irradiated food. It is recommended that
international and inter-regional organizations provide financial and
professional assistance.
33. Inter-American governments are urged to accept importation of irradiated
foods which have already been approved in their own countries provided these
foods are treated in accordance with the principles of Codex General Standard
for Irradiated Foods and its associated Code of Practice.

34. Obstacles to trade, such as insect quarantine restrictions and food-borne
disease agents should be closely monitored. Food irradiation as a method to
overcome these barriers should be researched and effectively supported by
concerned authorities both in exporting and importing countries.
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35. As the International Consultative Group on Food Irradiation (ICGFI) plays
an important role in assisting member countries of the region in the
implementation of practical aspects of industrial food irradiation, governments
which have not yet joined ICGFI should do so urgently to expedite the exchange
of information pertaining to food irradiation.

36. The Meeting recognized that balanced and accurate information on food
irradiation is essential to consumers in order to encourage informed choice.
The active participation of all interested parties, including consumers, is
encouraged whenever this technology is introduced.
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Annex I
INTERNATIONAL DOCUMENT ON FOOD IRRADIATION

Adopted by consensus on 16 December 1988 by the

FAO/IAEA/WHO/ITC-UNCTAD/GATT
INTERNATIONAL CONFERENCE ON THE ACCEPTANCE,

CONTROL OF AND TRADE IN IRRADIATED FOOD

12-16 December 1988
Geneva, Switzerland

INTRODUCTION

1. All governments bear a responsibility to ensure sufficient supplies of safe,
nutritious and acceptable food to meet the needs of their people. Such supplies
should be of high quality and should comprise a wide variety of foodstuffs.
Governments should also feel responsible towards contributing to the improve-
ment of global food supply.

2. In no country can these objectives be achieved without dependence on food
processing and preservation technology to a greater or lesser degree. The
problems of achievement are compounded by differing agro-climatic condi-
tions, levels of technology, seasonality of production and the perishable nature
of many food items. The application of food processing technology is therefore
necessary for two important reasons. One is to prolong the availability of
seasonally produced crops and to minimize food losses; the other is to reduce
the incidence of illness caused by foodborne pathogens. Each country will have
differing requirements in these two areas, but the overall trend towards
increasing urbanization of the world's population results in an increasing need
for processed food, and for the development of appropriate processing and
preservation technologies.

3. In the case of certain food imports, additional specialized treatment may be
applied to satisfy quarantine requirements necessary to exclude insect pests of
economic or environmental significance from the importing country. Lack of
acceptable quarantine treatments can result in the loss of foreign exchange
earnings, which in turn could affect the ability of an exporting country to
provide basic food supplies and socio-economic development for its own popu-
lation. Irradiation, as a process to ensure that a pest is unable to become estab-
lished in the importing country, can be an alternative to chemical fumigation
and other physical methods.

4. No treatment of food can be employed in the long term unless it has the accep-
tance of the consumer. In many cases, acceptance can be expected because the
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palatability of the original food is maintained or because the choice is between
the treated food and no food at all (because untreated food would be spoiled).
Given the choice, many consumers would generally prefer that food should be
unprocessed if at all possible, but such an ideal is not a practicable possibility
in many cases, nor is it always desirable.

5. The foregoing requirements for treatment or preservation of food are currently
being addressed by a variety of processes, some of which such as drying
and salting are of considerable antiquity, while others such as fumigation,
canning and freezing are of more recent origin. Treatment by ionizing radia-
tion is now beginning to be used to supplement existing technologies for certain
applications. One of these applications, which has potential for beneficial
public health effects, is the reduction of pathogenic microorganisms in solid
foods.

6. The Conference therefore devoted itself to a careful consideration of the partic-
ular conditions under which food irradiation should be allowed to play a part
in ensuring the supply of wholesome food in association with existing and
already widely used food preservation and food quarantine treatments. In this
context, the Conference recognized the Codex General Standard for Irradiated
Foods and the Recommended International Code of Practice for the Operation
of Radiation Facilities Used for the Treatment of Foods. The Conference also
considered consumer attitudes, inter-governmental and governmental activity,
process control and trade.

CONSUMER ATTITUDES TO IRRADIATED FOOD

7. The potential for food irradiation to help maintain a safe and adequate food
supply cannot be attained unless irradiated foods are accepted by consumers.
On one level of acceptance, the final food product must be of satisfactory
quality at a reasonable cost. On a deeper level, however, a consumer who is
satisfied with the food currently available should not be expected to be enthu-
siastic about any change in the current food production system, especially if
that change is perceived to be significant.

8. A consumer has a right to expect that food available in commerce is safe and
wholesome; that is, the food promotes health because it is nutritionally ade-
quate, microbiologically safe, and does not contribute to toxic effects due to
chemicals either produced in the food during processing or added to food by
some other means. The terminology used for food irradiation is sometimes
confused with that used to describe radioactive contamination. This confusion
can best be addressed by proper information. Consumers may also be con-
cerned that introduction of ionizing radiation technology into food processing
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may lead to an increased probability of accidents leading to environmental con-
tamination or worker hazards.

9. Although wholesomeness of the food is a necessity, it is difficult for a con-
sumer to determine when the criterion of wholesomeness is met. Food is a
complex mixture of components and its safety and nutritional adequacy cannot
be judged outside the context of the diet of which it is a part. As with any other
food processing technique, the matters of safety and nutrition related to food
irradiation must continue to be monitored, inter alia through further interna-
tional co-operation and research. As new information becomes available, it
should be considered by authorities concerned.

10. Illness due to foodborne microorganisms is often difficult to trace to a particu-
lar food. Its usual incidence is often underestimated by consumers. If the facts
on illness resulting from foodborne microorganisms are not understood by con-
sumers, they may not be able to understand the potential impact of food irradia-
tion and other methods for microbial control.

11. As part of the control of the irradiation process, consumers need to be con-
vinced that the potential accomplishments of food irradiation are not negated
by a misuse of technology. Although irradiation cannot reverse the effects of
spoilage, consumers need reasons for confidence that irradiation will not be
used to mask deficiencies of an inferior product. Such confidence can result
from a better understanding of the capabilities and limitations of the various
individual uses of irradiation and knowledge that irradiation is not being used
as a substitute for otherwise achievable good manufacturing practices (GMPs).
Furthermore, like any other process, food irradiation must in no way be used
to mislead consumers, and in this respect governments have a major role to
play.

12. Information about irradiated food products and processing should be presented
to consumers in an objective and clear manner on a continuous basis. The need
for such information is particularly important at the time of introduction of
irradiated food products, when consumer interest and curiosity are expected to
be greatest. If necessary, such information should include any special instruc-
tions on handling, storage and preparation of irradiated food at home.

13. In cases where irradiated foods are permitted, consumers should be able to
make their own choice between irradiated and non-irradiated food. To enable
them to make this choice, there must be clear and unambiguous labelling.
It is for individual governments to meet this need in their own countries.
International standards for labelling are being developed by the Codex Alimen-
tarius Commission1. Documentation must be sufficient to ensure transfer of

1 Codex General Standard for the Labelling of Prepackaged Food (CODEX STAN. 1-1985).
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information through international trade so that national labelling requirements
can be met.

14. It is well known that the changes associated with food irradiation are difficult
to detect. However, it is recognized that detection methods, if available, would
augment standard regulatory procedures and would thereby help assure con-
sumers that processors and distributors are adhering to government control
procedures. Research on detection methodology should be continued.

15. Consumer confidence can be bolstered when there is clear evidence that the
food irradiation process is being effectively controlled by a responsible indus-
try and a governmental regulatory process. Because the factors needed to con-
trol the irradiation process effectively are the same everywhere, it is
reasonable to expect substantial harmonization of national approaches.

INTER-GOVERNMENTAL AND GOVERNMENTAL ACTIVITY

16. In 1980, a Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness
of Irradiated Foods declared that the irradiation of any food to an overall
average dose of 10 kGy causes no toxicological hazard and introduces no
special nutritional or microbiological problems.

17. Some concerns about the effects of irradiation on microorganisms in food had
been raised earlier at a meeting of the Codex Committee on Food Hygiene in
1979. Therefore the microbiological safety of irradiated food was further
considered at a meeting of the Board of the International Committee on Food
Microbiology and Hygiene of the International Union of Microbiological
Societies in Copenhagen in December 1982 in order to provide a second
opinion. In its conclusions, the Board was satisfied that there was no cause for
concern. Food irradiation was said to be an important addition to the methods
of control of foodborne pathogens and not to present any additional hazards
to health.

18. Following these expert meetings, the Codex Alimentarius Commission, then
representing 122 countries, in 1983 adopted the Codex General Standard for
Irradiated Foods and the Recommended International Code of Practice for the
Operation of Radiation Facilities for the Treatment of Foods. There was broad
consensus among the representatives for this adoption, except for two coun-
tries which expressed their reservations.

19. The Codex General Standard for the Labelling of Prepackaged Food contains
provisions on the labelling of irradiated foods (CODEX STAN. 1-1985, Sec-
tion 5.2). However, as many countries have not yet taken a final position as
to how the fact of irradiation should be declared, this section remains under
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review until the next session of the Codex Committee on Food Labelling and
of the Codex Alimentarius Commission in 1989.

20. At the request of over 60 Member States to continue a forum of international
co-operation with emphasis on harmonization of national regulations based on
the principles of the Codex General Standard for Irradiated Foods and its
associated Code of Practice, an International Consultative Group on Food
Irradiation was established under the aegis of the Food and Agriculture Organi-
zation of the United Nations, the International Atomic Energy Agency and the
World Health Organization in May 1984. The main functions of the Group are
to evaluate global development, provide a focal point of advice and furnish
information on food irradiation as required to Member States and the Organi-
zations. The Group now has 28 member countries contributing either in cash
or in kind to its activities, which include the maintenance of international
inventories of food irradiation facilities, product clearances and national legis-
lations and regulations as well as the organization of workshops and task
forces, and the preparation of technical guidelines for irradiation processing of
various food groups. At its fifth meeting the Group noted that 20 countries are
using irradiation for processing food and food ingredients; commercial and
demonstration irradiators for treating food are being constructed or are in the
advanced planning stages in fourteen countries. The Secretariat of the Group
anticipated that some 25 countries will be applying the technology on a com-
mercial scale by 1990.

21. The attitudes of governments towards irradiation of food range from those
which have accepted and are applying the technology to those which are
interested and exploring it, to those which have decided not to permit the tech-
nology at the present time, and to those which have no definite opinion. Some
governments consider that there is no need for the technology in their coun-
tries. In general, however, those countries which express reservations, such as
potential misuse of the technology, have not disagreed in principle on the safety
of food treated in accordance with adequate standards, such as the Codex
General Standard for Irradiated Foods.

22. To a large extent the attitude of governments is influenced by consumer accep-
tance. If there is widespread opposition among consumers, this may be taken
as a reason not to accept the method. Governments share the view that if the
sale of irradiated foods is permitted in their countries, the foods have to be
labelled to inform consumers about the irradiation. Adequate regulatory con-
trol is generally regarded as the basic responsibility of governments to
engender consumer confidence in the process.

23. Governments share the view that all food irradiation facilities should conform
to internationally agreed standards of radiation protection, including worker
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and public safety, transport and disposal of source material and environmental
protection.

PROCESS CONTROL

24. Facilities which are intended to carry out irradiation of food should meet
appropriate standards of safety and good hygiene conditions for processing.
Therefore, such facilities should be operated in accordance with the principles
of the Codex General Standard for Irradiated Foods and associated Code of
Practice; operational control of such facilities should be subject to inspection
by competent authorities.

25. Facilities irradiating food should be properly designed and constructed. Opera-
tion should be by appropriately trained personnel. It is necessary to have an
infrastructure that includes support facilities and equipment, and a well estab-
lished regulatory system.

26. Food intended for treatment by irradiation should be of a quality acceptable for
GMPs. Hygienic practices which are needed in GMPs for other processes are
also necessary in the process of irradiation, but irradiation should not be used
as a substitute for such practices. Wherever necessary, pre-treatment of food
such as cooling, chilling and freezing should be carried out in such a manner
as to achieve effective treatment. Suitable packaging materials are currently
available for use when pre-packaging is required to prevent recontamination
after irradiation.

27. The effectiveness of the irradiation process depends on proper application of
dose, and its measurement. Initial dose distribution measurements should be
carried out to characterize the process for each product, and thereafter
dosimeters should be used routinely to monitor correct execution of the process
in accordance with internationally accepted procedures. The dosimetry should
be traceable to national or international standards and thus provide an indepen-
dent control of the process.

28. Simple radiation indicators which can help the processor in identifying the food
which is treated, applied to the product pack prior to treatment, are available
for certain dose ranges.

29. As with all food processing, it is important to apply effective quality control,
not only at the irradiation process level but also in production, storage, trans-
port and retail sales. It is also necessary to identify critical control points and
methods for monitoring by operators and regulatory authorities. The regula-
tory personnel and those responsible for food irradiation should be trained in
quality control. The personnel responsible for controlling the plant should have

22



proper training in operation of the facilities as well as in handling of the foods
concerned. The quality control system would also include proper packaging
suitable for the product and appropriate temperature control in storage and
handling. Products which could become infested by insects or contaminated by
microorganisms after treatment should be packed and stored in such a way that
reinfestation or recontamination is prevented. Food should be handled, stored
and transported according to GMP before, during and after irradiation.

TRADE

30. Control of food in trade by public authorities is essential, whether or not the
food is treated by any process, to ensure that any treatment, if applied, is done
in a safe and proper manner, and with adequate safeguards against abuse.
Proper controls are particularly relevant to both national and international
trade in irradiated food. Control should be exercised at all stages of handling
up to the point of sale to consumers.

31. Because of the nature of the process, which makes it difficult at present to
determine the circumstances of irradiation by examination of the food, control
of irradiated food has to be established through legally based administrative
procedures. These procedures, whether the product is intended for domestic
use or export, should include on the one hand a system of documentation allow-
ing each batch of irradiated food to be identified with the irradiation facility
and with the treatment given, and on the other hand a system of labelling.
Other methods of control and compliance should be considered as technology
progresses, therefore research on analytical methods for identification of radia-
tion processed food in trade should be encouraged.

32. The purpose of labelling need not merely be to inform the consumer of the fact
of irradiation, but may also be to indicate the purpose for which treatment has
been given (see also paragraph 19). The additional use of a logo to identify
irradiated food should be encouraged.

33. The system of control should apply to both domestically produced and
imported foods. Internationally recognized standards of control which allow
adequate account to be taken of the needs and policies of individual countries
would help to avoid the creation of unnecessary obstacles to trade.

34. The harmonization of Standards and Codes of Practice for regulating irradiated
food and irradiation facilities by public authorities, and for the training of
inspectors, plant operators and food control officials according to an interna-
tionally accepted and certified curriculum, would also help to achieve accep-
tance of irradiated foodstuffs by consumers in the importing country. The
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principles embodied in the Codex General Standard for Irradiated Foods and
associated Code of Practice are considered to form a suitable basis for the
harmonization of national procedures.

CONCLUSIONS

35. The Conference recognized that:

35.1. Food irradiation has the potential to reduce the incidence of foodborne diseases
through the reduction of pathogen contamination in foods, especially in solid
foods.

35.2. Food irradiation can reduce post-harvest food losses and make available a
larger quantity and a wider variety of foodstuffs for consumers. It can also be
an effective quarantine treatment for certain foods and thus contribute to inter-
national trade.

35.3. Regulatory control by competent authorities is a necessary prerequisite for
introduction of the process in accordance with the principles of the Codex
General Standard for Irradiated Foods and the Recommended International
Code of Practice for the Operation of Radiation Facilities Used for the Treat-
ment of Foods. Food irradiation is not to be used as a substitute for GMPs.

35.4. International trade in irradiated foods would be facilitated by harmonization of
national procedures based on internationally recognized standards for the con-
trol of food irradiation.

35.5. Acceptance of irradiated food by the consumer is a vital factor in the successful
commercialization of the irradiation process, and information dissemination
can contribute to this acceptance.

RECOMMENDATIONS

36. The Conference recommended that:

36.1. Consideration should be given to the application of food irradiation technology
for public health benefits, especially for products where this process would
seem advantageous.

36.2. Consideration should be given to the application of food irradiation technology
where it can, in appropriate cases, reduce post-harvest losses of food and serve
as a quarantine treatment.
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36.3. Governments should ensure that, as a prerequisite to any processing of food
by irradiation or sale of irradiated food, regulatory procedures for control
are introduced. Key principles which should be incorporated are the registra-
tion/licensing, regulation and inspection of food irradiation facilities,
documentation and labelling of irradiated food, training of control officials,
and employment of GMPs.

36.4. Regulatory procedures for the control of the food irradiation process should
be consistent with internationally agreed principles as embodied in the Codex
General Standard for Irradiated Foods and associated Code of Practice.
Dosimetry traceable to national or international standards should be applied
during the irradiation process, providing a means of independent verification.

36.5. Governments should encourage research into methods of detection of irradi-
ated food so that administrative control of irradiated food once it leaves the
facility can be supplemented by an additional means of enforcement, thus
facilitating international trade and reinforcing consumer confidence in the
overall control system.

36.6. Labelling of irradiated food for international trade should be in line with the
provisions as adopted by the Codex Alimentarius Commission.

36.7. Governments should ensure that all phases of the planning and operation of
food irradiation facilities are subject to a regulatory structure consistent with
relevant internationally accepted standards for human health, safety and
environmental protection.

36.8. Governments, especially those that envisage authorization of food irradiation,
are encouraged to provide clear and adequate information about food irradia-
tion to the public. The active participation of all interested parties, including
consumers, should be encouraged.
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THE IMPACT OF CONSUMER ACCEPTANCE ON
TRADE IN IRRADIATED FOOD

A. FOSTER
National Consumer Council,
London, United Kingdom

Abstract

Most consumer organisations are opposed to the introduction of
irradiated food. The National Consumer Council, however,
having accepted the conclusions of the UK expert committee that
the process is safe when correctly applied, is neither for nor
against, but is firmly of the opinion that consumers should
have the right to choose between irradiated and non-irradiated
food. It follows that all irradiated food must be labelled and
effective enforcement of labelling claims must be exercised by
a reliable range of detection tests. Consumers already have
great difficulty in deciding on the pros and cons of food
irradiation, and do not know who to believe among the many
sources of information - governments, scientists, retailers,
the media, and so on. Efforts to inform consumers about food
irradiation are not enough; there is a need for more research
into consumer attitudes and how these are formed.

When I first received my invitation, I did wonder why I, a UK citizen,
should be asked to address an inter-American meeting. But the answer is
obvious. I am a European, and a representative of what will soon be the
largest potential single market in the industrialised world.

Many people will already be familiar with the concept of 1992 and a
Europe without frontiers. It is the intention that by the end of 1992,
many of the barriers to free trade within the European Community will have
been removed to create one internal market. By 1993, the population of
the single market of the European Community is expected to total 320
million, compared withh 244 million in the USA and 122 million in Japan.
Its total Gross Domestic Product of ECU (European Currency Unit) 4200
billion in 1988 is close to that of the USA (ECU 4300 billion) and exceeds
that of Japan (ECU 2600 billion).

The completion of the internal market is designed to benefit industry
by the removal of technical barriers to the free movement of goods within
the twelve member states. For everyone involved in the food industry - in
whatever capacity - the completion of the internal market will mean much
easier access to an enlarged market. It is essential, therefore, that the
American trading block is familiar with the views about food irradiation
in the European Community. I shall therefore discuss the most recent
developments relating to food irradiation in Europe as well as my more
general title, "The impact of consumer acceptance on trade in irradiated
foods." It is a daunting task. The subject of food irradiation has
provoked more reaction, more debate, more polarised positions among
consumer organisations than any other recent issue in food policy.

I shall begin by setting out the views of my own organisation about
food irradiation. The National Consumer Council was set up in 1975 to
ensure that the interests of consumers are taken into proper account in
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relevant policies and proposals. Today we are financed almost exclusively
by a grant from the Department of Trade and Industry. So we are financed
by Government, but we are completely independent of it. We are free to
make whatever recommendations we believe to be in the consumer interest.

It is important here to distinguish between representing consumer
views and representing the consumer interest. There are occasions, and
food irradiation is one of them, where these two concepts are not
necessarily compatible. Were we to represent consumer views about food
irradiation, we would have to reflect the current majority view, which is
clearly opposed to the introduction of the process. But we do also
believe in the consumer's right to choose, provided that basic safety
requirements are met. NCC has therefore adopted a position which is
somewhat different from some other consumer organisations. For example,
IOCU (the International Organisation of Consumer Unions) has issued a
position statement on food irradiation and a Final Document was published
by the Consensus Conference on Food Irradiation, which took place in
Denmark in May 1989. The conclusions of both of these documents are
firmly against any further developments in the introduction of food
irradiation.

We are not experts. We have to rely on the evidence from other,
expert sources. Having assessed the evidence about the safety of the
process, we have decided to accept the conclusions of our own UK expert
committee, that the process is safe when correctly applied at the
recommended doses. This conclusion is compatible with those contained in
various other international reports on the safety of food irradiation.
But all scientific conclusions are there to be challenged and we will
always retain an open mind in relation to any new information.

In our view, consumers should have the right to choose between
irradiated and non-irradiated food. This means that all food which has
been irradiated will have to be clearly labelled and a reliable range of
detection tests must exist so that the labelling claims can be effectively
enforced. The entire process must be very strictly controlled so that
consumers are in no way deceived, misled or exploited. If malpractice
were allowed to occur, then there will never be anything approaching
consumer acceptance of irradiated food. It will take only one report of
serious abuse to undermine consumer confidence in the ability of the
authorities to control the process.

I must emphasise that NCC's policy about food irradiation does not
mean that we are in favour of the process. We are neither for it nor
against it. Individual consumers must decide whether they are for it or
against it. We simply regard food irradiation as an alternative method of
food preservation, which may have some merits over existing methods for
certain products. We would not encourage consumers to buy irradiated
foods, no more than we would consider trying to organise a boycott
campaign. Consumers must be free to make their own decisions about food
irradiation. It is our task to ensure that the appropriate consumer
safeguards are in place and that consumers are able to make an informed
choice.

Whether food irradiation ever becomes a commercial success will depend
entirely on the degree of consumer acceptance. It may well be scientific
knowledge which drives the rate of progress in the food industry, but it
will be the consumer who determines the success or failure of that
progress. The technology of food irradiation has been available for
years. Had there been widespread consumer demand for the process years
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ago, it would no doubt be commonplace by now. Given the current climate
of consumer opinion, I very much doubt if food irradiation will ever be
widely accepted now, whatever its merits and alleged advantages.

All over the industrialised world, consumers are going green. The
elections for the European Parliament earlier this year demonstrated quite
clearly the outstanding rate of growth in support for the various green
parties of Europe. This has been paralleled by increasing concern about
the environment in general, and about the damage being done to the
environment by the pursuit of profit in particular. Consumers have now
realised the high price that subsequent generations will have to pay for
our convenience, our plenty and our exploitation of the earth's finite
resources.

Without doubt, we are all having to reconsider the consequences of the
increasing use of high technology applications. Some observers would
argue that the reaction against high-tech living has gone too far and that
we are in danger of becoming an anti-science society, spurning the
advantages that science and technology can bring to society. Certainly,
the application of science will only be accepted if it can be seen to be
done in a way which will benefit society as a whole.

When this concept is applied to the food industry, it means that
consumers are much more likely to be in favour of methods of food
production which reduce the need for the present levels of pesticides. It
means that they are much more likely to accept food production techniques
which reduce the need for unnecessary food additives. There is a growing
demand for fruit, vegetables and cereals which have been produced without
the use of chemicals; for meat from animals which have been reared without
the use of veterinary drugs as growth promoters.

Put simply, this means that consumers want food which they perceive to
be safe, wholesome, natural and traditional. Food irradiation does not
appear to fit that perception. And it must be remembered that it is the
perception which counts, not necessarily the reality. It seems to me
infinitely preferable to have irradiated herbs and spices, than have them
treated with ethylene oxide. But few consumers have the alternatives
outlined to them when they are asked for their reaction to irradiation.

Food irradiation is seen as the ultimate high technology interference
with our food. The very process is synonymous with the atomic energy
industry which is becoming increasingly unpopular. Even in the United
Kingdom there has been a reversal of the policy of commitment to nuclear
energy. At a time when everyone throughout the food chain is stressing
the need for much higher standards of hygiene and safety, food irradiation
is seen by some as a means of covering up substandard food. The
Scientific Director of one of the UK's leading food retailers (Tesco pic)
has put it more plainly: "Irradiation could become an excuse for relaxing
good manufacturing standards and a crutch to sloppy manufacturers." Worse
still, it is claimed by one professor of microbiology in the UK, that
irradiation is counter-productive because useful micro-organisms are
destroyed, making irradiated food more prone to contamination.

This claim, like many other opposing scientific views, will no doubt
be brushed aside or discredited by those in favour of food irradiation.
As one UK observer put it, "We are, I believe, in a position where the
experts have spoken and said it is safe; the inexperts have raised a lot
of fuss, none of which has any substance." For a non-expert, but
relatively well-informed observer like myself, this is the one aspect of
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the debate which I find deeply disturbing. What should be constructive
scientific debate has become a vitriolic slanging match, a "hidden war
between qualified scientists". It does not help consumers to come to
anything approaching an independent judgement on the issues involved. It
is all very well to say that consumers should listen to the facts and make
up their own minds. Whose "facts" are they to believe?

There will always be controversy about the safety of irradiation, in
fact it is right that there should be controversy. No scientific
conclusion should ever go unchallenged, but the tenor of the irradiation
debate has gone far beyond the accepted norms of scientific argument and
disagreement. Politics, commercial pressures and powerful vested
interests have tainted the debate, making it very difficult for the
innocent observer to identify the real points at issue. It is hardly
surprising that the consumer is confused.

From the consumer's point of view, the main arguments for and against
irradiation which have been advanced by experts, opponents, (and last, but
not least, the media) are set out in Table I. I am not sure of much in
the irradiation debate, but I am absolutely sure that there are many
scientists who will be able to go through the "against" list and assure me
that there is no foundation for these concerns. I am equally convinced
that, sadly, it is no longer a question of facts. It has become a
question of tactics to persuade consumers one way or another. In the
absence of any positive message from a truly respected source, the message
from the opposition - political, environmental, ethical, medical,
consumer - has caused consumer attitudes to harden.

It really has come down to the simple question of "Whose views and
opinions can I trust?" In the UK, the major enthusiasts for food
irradiation are, without doubt, the Government, who have already announced
their intention to lift the existing ban on the process. The necessary
legislation for this to be done will be embodied in Regulations made under
a new Food Safety Act, which it is proposed will come into force before
the end of 1990. The problem is that few people appear to feel that they
can trust the assurances of the Government, even when the Minister of
Agriculture, Fisheries and Food can announce with confidence that he has
"not a scintilla of doubt" about the process.

A much more trusted source of advice and information appears to be the
retail food sector. In the UK, food retailing is a highly concentrated
business. The majority of the turnover is concentrated in the hands of a
few companies. Curiously, this has not led to a lack of confidence in the
retailers' ability to safeguard the consumer interest. If anything, they
are emerging as the most respected opinion formers. It is a relationship
that few retailers are willing to risk. The attitudes of the major retail
groups - and the main food manufacturers - are still somewhat cautious and
divided. Their reaction has been likened amusingly to that of bathers in
a Jacuzzi to the appearance among them of a frog; all get out of the
water, but none leave the room for fear of being stuck outside when the
others get back in the tub.

No major retailer wants to be the first to come out in favour of food
irradiation. That could lose them a few valuable percentage points in the
competitive battle. The retailers are worried that any kind of favourable
reaction to food irradiation will be mis-interpreted. A senior chemist at
Marks and Spencer pic, a much respected UK retail company, has recently
said, "Irradiation would create the possibility that high standards (of
hygiene and safe food production) may slacken. We don't want to be part
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TABLE I. THE ARGUMENTS FOR AND AGAINST IRRADIATION

A The Arguments For
* Kills most of the bacteria in treated foods, including

certain salmonella, listeria, and campylobacter
* Can replace potentially carcinogenic chemical fumigation to

preserve food and destroy insect infestation of herbs and
spices

* Can increase the shelf life of many foods, including
vegetables, shellfish and poultry

* Reduces sprouting in stored potatoes and onions
* Can delay ripening in some fruit and possibly introduce

greater choice over a wider season
* Could provide extra safety for pre-prepared meals
* Could improve the taste and texture of certain foods

B The Arguments Against
* Bacterial toxins formed pre-irradiation will not be

destroyed and could still cause food poisoning
* Botulinum will not be eliminated
* Viruses, including the carcinogen, aflotoxin, will not be

destroyed
* Vitamin loss during processing occurs in addition to the

normal storage and cooking losses. Extended shelf life
will mean greater losses

* Some foods, such as chicken, may suffer a loss of fatty
acids - this can occur in sterilisation processes such as
pasteurisation

* Old, dirty or previously unacceptably contaminated food
could be disguised

* Despite claims to the contrary, pre-harvest pesticides will
continue to be necessary and could become harmful in combin-
ation with irradiation

* With no test to determine whether or not foods have been
irradiated, consumers will have to rely entirely on accurate
documentation and labelling of foodstuffs

* Sterilising by irradiation does not address the problems of
unhygienic food handling and processing which cause some of
the contamination
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of that. We have no desire and no plans to sell irradiated food. Our
interest is to sell good quality, fresh, perishable food of short
shelf-life, so irradiation, as a means of extending shelf-life, is at odds
with our philosophy."

One high profile food producer, Ken Bell, is less restrained in his
opposition to food irradiation. A recent advertisement by his Company in
a Sunday newspaper implied that irradiation would be used to treat
"contaminated, filthy food, infested with salmonella, disease and
parasites" and that irradiated food was "rejected, stale dirty and
dangerous food, deodorised and embalmed using radioactive nuclear waste to
reduce the bacteria of putrefaction."

It is not surprising that this advertisement has aroused considerable
controversy. The reader must draw his own conclusions, but the
advertisement illustrates the kind of information which is influencing
consumer opinion through the pages of a national Sunday newspaper.

Ken Bell is clearly radically opposed to food irradiation, and he is
entitled to his views. A much more restrained article about food
irradiation appeared in a new magazine called "Good Food", published by
the BBC (British Broadcasting Corporation), generally judged to be an
authoritative source. What is worrying about this article is the basic
inaccuracy in the explanatory opening paragraph, namely that "Food is
irradiated by zapping it with X-rays, gamma rays or electron beams to
sterilise it".

This article set out to inform consumers about the facts and the
issues involved with food irradiation. For the most part it was well
researched, yet it still stated that the purpose of food irradiation was
to sterilise food. Yet again, these two recent media examples show just
how difficult it is to get the correct facts across to consumers in a
reasonably balanced way.

It is interesting that few objections about food irradiation relate to
the taste of the treated product. Everyone has now heard about those
products which are not suitable candidates for irradiation. That
beautifully expressive term, the "wet dog" taste, says it alll There is,
however, considerable agreement that irradiation can improve the taste of
some products. I recently took part in a television programme with a
studio audience. Almost all the audience was vehemently opposed to food
irradiation. When the bowls of strawberries were produced, everyone
wanted to taste to compare the treated with the untreated fruit. Again,
there was almost universal agreement that the irradiated strawberries
tasted better - "less mushy", "firmer", "sweeter". Yet still no-one
wanted to see irradiation permitted. One of the UK's most distinguished
food writers and former restaurant critic, Egon Ronay, has conceded that,
in blind tastings, the irradiated version often has superior taste
properties - yet still he remains implacably opposed to food irradiation
and he persuades all his readers through the pages of the influential
"Sunday Times" to support his opposition.

So will food irradiation ever become acceptable for consumers? I have
argued that, in the present climate of opinion, the current attempts to
introduce food irradiation have all the characteristics of technology
trying to drive the market. That approach, as any marketing person will
tell you, is doomed to failure. It must be the consumer who drives the
market. The pro-irradiation lobby has convinced itself of the
contribution that food irradiation can make to a safer food supply. But
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it has failed to convince those on whose acceptance it depends - the
consumers. The opposition lobby has been much more successful in
influencing popular opinion. To explain this success by criticising the
tactics of the opposition lobby would be over-simplistic.

An opinion poll was commissioned in the United Kingdom recently on
consumer attitudes to food irradiation, by the makers of a BBC programme
on countryside and agricultural affairs, "Countryfile"; the results are
summarised in Table II.

TABLE II

SJummary of results of a telephone omnibus survey by BMRB* on
food irradiation, June 1989, among 514 telephone available
adults

Question 1 - Have you heard of the term 'food irradiation?'
TOTAL MEN WOMEN

Yes 77% 74% 79%
No 23% 25% 21%
Don't know/ 1% 1% 0%
not stated

Question 2 - In general, would you say that irradlateed food is
less safe to eat or more safe to eat than similar foods not
treated by this process?(NB This question put only to those
who answered "Yes1 to Question 1)

TOTAL MEN WOMEN
Less safe 39% 35% 43%
More safe 16% 20% 12%
No difference/
about the same 7% 9% 4%
Don't know 38% 35% 41%

Question 3 - If irradiated foods do appear in the shops, do you
think you will buy them?

TOTAL MEN WOMEN
Yes 29% 33% 25%
No 52% 45% 59%
Don't know 19% 22% 16%

*British Market Research Bureau, Paramount House, 71-77
Uxbridge Road, Baling, London W5 5SI. Any enquiries about the
survey should be addressed to BMRB quoting the following
reference: BMRB/RHD/1181-567.
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The Consumers' Association in the UK has also recently undertaken a
survey among a representative sample of 1,918 adults, which repeated a
survey conducted three years previously. Over one third of those
questioned thought that irradiation should definitely not be permitted in
the UK - a small increase in the opposition compared with the 1986
survey. When given a choice between irradiated food and food treated with
preservatives (defined as mainly chemical additives), only 13% expressed a
preference for the irradiated product.

Other results showed a certain inconsistency of knowledge about food
irradiation. Only two per cent of respondents said that the process made
the food radioactive (which is encouraging), whereas fewer than 20% agreed
with the statement that "food irradiation prevents food poisoning." It is
clear that consumer awareness of the effect of irradiation on
microbiological safety is divided.

The CA survey also showed overwhelming support for compulsory
labelling, not only for single products (86% thought it was essential),
but also for ingredients (81%), food sold loose (80%) and food sold in
restaurants (71%). There is a unanimous view in the UK that labelling
means labelling in words, not symbols, using clear, unambiguous language.
There is no turning back on this policy. I once had a discussion with a
UK microbiologist about the problems of language, in particular the use of
terms such as "irradiated" andd "genetically manipulated", which tend to
take on a pejorative meaning. He told me about reaction by hospital
patients to the diagnostic imaging system known as "nuclear magnetic
resonance". This was greatly resisted by patients because of the presence
of the word "nuclear", which has now been discreetly dropped to everyone's
satisfaction. There can be no such discreet user-friendly developments
with the labelling of food irradiation1

The current (November 1989) position in the European Community is that
a draft Directive has already been introduced by the Commission. Food
irradiation will be one of the key areas to obtain harmonised regulations
to permit the free movement of goods in the Community. This draft
Directive has met with strong opposition in many member states. It was
also heavily defeated in the European Parliament in the first reading
debate in October, 1989. The Parliament voted 263 to 66 with 10
abstentions to reject Commission plans to allow food irradiation Europe
wide. It heavily amended the Commission's proposals with the result that
the proposal, as it now stands, would only authorise the process for
spices, condiments and dried aromatic plants. The Commission will now
revise their original proposal but would still like to include the
following items in the permitted list: dried fruits, pulses, dehydrated
vegetables, cereal flakes, herbs, spices and certain types of prawns and
poultry.

The debate focused on the potential dangers of food irradiation such
as unknown or unresearched health hazards, nutritional losses and possible
misuse of the technology to clean up unfit food. The consumers' view was
summarised by a UK MEP, Pauline Green. She claimed that in view of the
contradictory scientific viewpoints, the role of the European Parliament
was to listen to the concerns of consumers and traders. In her view,
there was no dobut that many people were uneasy about its authorisation,
and as there now seemed to be a preference for fresh, additive-free food,
Parliament's duty was to err on the side of caution and allay consumers'
fears.
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I have attempted to set out what I believe to be are contemporary
consumer attitudes towards food irradiation. In spite of the importance
which is always given to the need to inform consumers, virtually no
extensive, publicly-available research has been undertaken into how
consumer attitudes are formed. We must find out more, not only about
their views and opinions, but also how these views and opinions are
formed, and under what circumstances they might be changed. If the
pro-irradiation lobby persist in the naive view that all that is required
is a good information campaign to convince consumers of the benefits,
then, they will continue to be sadly disappointed.
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INTER-AMERICAN TRADE DEVELOPMENT OF
IRRADIATED FOOD: THE ARGENTINE POSITION

N. KAUPERT
Comisiön Nacional de Energïa Atömica,
Buenos Aires, Argentina

Abstract

Only eight countries of the inter-American region have defined
their legal rules for the control of food irradiation, and/or
have given commercial approval for some foods to be irradiated
for human consumption. Legal controls are not harmonized
either within the countries of the region, or in accordance
with the Codex Standard for irradiated foods and its associated
Code of Practice. This has contributed to the difficulty of
establishing interregional trade in irradiated foodstuffs.
Harmonization of legal controls would facilitate such trade.
Harmonized controls should provide for the licencing of
irradiation facilities (covering aspects of design, operation,
and record keeping), and specification both of the labelling
requirements for irradiated foods, and of the documentation to
accompany irradiated foods at national and international level.
It is also proposed that a minimum dose appropriate to each
objective of irradiation be specified, to be applied in
association with GMP (Good Manufacturing Practice).
Specification also of the dose uniformity ratio (Dmax/Dmin)
would enforce the use of GIP (Good Irradiation Practice) and
assist in assessing the suitability of individual irradiation
facilities for particular tasks. All the above data would be
of great interest to the national authorities of importing
countries, since irradiated foods cannot at present be
identified or characterized through technical methods. The
data will also be needed when clearances are being considered
at national or international level. The proposed International
Register of Food Irradiation Facilities would provide a
suitable means of making the information available, but it is
essential that only those facilities which can fulfill the
requirements for GMP and GIP are listed.

1. INTRODUCTION

A substantial part of the economy at the South and Central American
countries is based on the production of and trade in foods. Many of the
food are produced in very large volumes and are highly perishable. It
follows that they have very short periods of trade and consumption in good
fresh quality condition, resulting in losses and national economic
problems to the involved countries.

So food radiopreservation would appear to be an important working
tool through which losses could be diminished, and a great enhancement
could be achieved in quantity and quality of local and foreign markets, of
both traditional and non-traditional food products.

However, in spite of the practical benefits provided by this
technology in the areas of public health and the economy, only Argentina,
Brazil, Canada, Chile, Cuba, Mexico, Uruguay, and U.S.A. have so far
defined their legal rules and/or given commercial approval of some
irradiated foods for human consumption.
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Obviously in the region there are more countries without food
irradiation legislation than those that have it, and furthermore, the
existing national laws are not all harmonized either within themselves or
with the Standards and Recommendations of Codex. Because of that, it is
very difficult to establish an international trade in irradiated
foodstuffs.

It is necessary to remember that up to the moment there are no
available technical methods to detect an irradiated food. So the Health
Authorities can give clearances to import them based only on consideration
of the Good Irradiation Practices established by law in the exporting
country. Likewise, the national irradiated food market will be
established only after the local regulations are accepted. Up to the
moment and from a practical point of view, there is no uniformity in the
legislative situation anywhere in the world, and the Irradiation Practices
considered as good in one country might not be so in another.

In those countries in which the irradiation of food is not allowed,
the national governments should consider the possibility of permitting the
importation of irradiated foodstuffs for local consumption, or at least
the transit of irradiated food commercialized by other countries, provided
the normal international food trade requirements are fulfilled.

At the International Conference on the Acceptance, Control of and
Trade in Irradiated Food (Geneva, December 1988) it was pointed out that
harmonization of international law is essential in order to accelerate the
practical implementation of this technology.

If international agreement could be reached, the establishment of an
International Irradiation Facilities Register would be possible. Its
function should be that of giving the information relating to national
facilities, and processing rules required by the Authorities of those
countries importing irradiated food.

2. ARGENTINE SITUATION

Argentine food irradiation legal rules agree with the General
Directives of Codex and also with the International Conference Document
objective (Geneva, December 1988). The Argentine food irradiation
legislation is composed by the Art. 174, Annex I (Code of practice) and
Appendix A (dosimetry). Among the more important points included in it,
it is possible to remark those which refer to the acceptance of food
irradiated up to 10 kGy; the need for National Public Health Authorities'
approval of each irradiated food, in particular in order to fulfil good
manufacturing practices; the definition of the national authority
responsibilities for licensing and control; the profiles of the
operational and supervisory irradiation plant personnel; and the labelling
requirements, which include the adoption of the logotype and a statement
that the food was treated with ionizing energy.

Regarding the first point about irradiated foods which will be
licensed, when the applied dose is up to 10 kGy, the National Public
Health Authority will not request additional wholesomeness tests. But if
higher doses are needed to fulfil specific technical requirements, it must
be taken into account that the National Public Health Authority will
accept such treatment only after examination of proper national or
international wholesomeness assays.
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The Argentine Atomic Energy Commission, which shares responsibility
with the National Public Health Authority for the licensing and operating
control of Industrial Irradiation Facilities, has approved in July 1987
the Rules of Procedures for the Operation of Radiation Facilities.
Together with the National Public Health Authorities commitment, they have
to fulfil the tasks of licensing and control of the irradiated foods and
facilities, and are also in charge of the establishment of the National
Irradiation Facilities Register.

Concerning Argentine regional activities on the subject, it is
possible to point out that Argentina has taken part in the Inter-American
Special Judicial Committee Meeting (CIEN-OEA) held in Santiago (Chile) in
1988.

During this meeting, Argentina proposed a Project for a Latin
American Convention about uniform legislation on irradiated foods. The
objective of this document was to obtain rapid harmonization of the Latin
American legal aspects of food irradiation, with the purpose of hastening
an active trade in these products within the region. For that reason, the
document was based on adequate licensing criteria of irradiation
facilities and on the establishment of a regional irradiation facilities
register.

Argentina considers that the CIEN-OEA is an important forum in which
this theme could be developed; but it is very important that other
authorities such as National Public Health and Panamerican Health
Authorities should participate in the discussions.

Because of this, Argentina through its Codex Alimentarius
representative emphasized the necessity of harmonizing the regional food
irradiation legal rules in order to enhance the regional trade in these
products, at the last Latin American meeting concerned with national food
legislation harmonization in accordance with CODEX (Rio de Janeiro,
Brazil, April 1989).

Based on all these actions, Argentina suggests that the following
proposal be adopted by national and regional Institutions in order to
unify inter-regional criteria in accordance with the conclusions reached
at the Geneva Conference (December 1988).

3. ARGENTINE PROPOSAL TO ACHIEVE TRADE DEVELOPMENT
IN THE INTER-AMERICAN REGION

The region's governments should consider the public health and
economic benefits that the practical implementation of this technology
could afford to their countries. So, national, regional and international
organizations in the fields of Public Health, Agronomic Affairs and Atomic
Energy (including ICGFI), should integrate their activities to give the
right orientation to the national governments' efforts.

With this objective, some orientative models of legal rules will be
presented which could be considered by the national authorities of the
regional countries to define their own proper food irradiation law. All
these considerations are based on existing documents such as
References 1, 2, 4, 6, and 7.
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The irradiation facilities licensing rules should cover:

a) Radiological safety of the irradiation facility, and its operation.
b) Type and energy of the employed source or machine.
c) The facility's capacity to fulfil the dose requirements applied to

foods to be irradiated in it. (Those appropriate to the treatment
objective.)

Max. D
Min. D = Dose uniformity ratio

d) Warehouses with physical separation between the irradiated and
unirradiated products areas.

e) The operators and supervisors certification rules.
f) Facility documentation in which should be recorded:

Irradiation lot number
Irradiation date
Irradiated products
Quantity of units or total weight of irradiated product.
Absorbed doses (verified through dosimetry, specifying the
employed dosimeter).
Other special irradiation conditions being used.
Operator name
Producer name

g) Facility control documentation in which must be recorded:
Inspection date
Name of competent National Inspection Authority
Results of inspection.

All these requirements will allow the National Public Health
Authorities to establish a National Facilities Register.

Proposal for an International Register:

a) Each country should be identified by a number.
b) Each facility should be identified by a letter or a Roman number

placed as subindex of the number which identifies the country.
c) The facilities identification should be exclusive and unique for each

one, either at national or international level.
d) The number and its identifying subindex should be written on the bulk

labels, and on the commercial documentation.
e) The content of the national registers should be communicated by each

country to the international register, whenever a new incorporation
or modification takes place, no more than (x) days after it occurs.

f) The International Register of Food Irradiation Facilities should
publish an international communication about every new piece of
information supplied to it, no more than (x) days after it has been
received.

g) Every communication should be made in accordance with previously
established guidelines.

The International Register should be co-ordinated by members of
Public Health, Agronomic Affairs, and International Trade Organizations.
In addition. International Atomic Energy Agency representation should be
considered.

To facilitate the organization and performance of its tasks, the
International Register should be divided into geographic areas; so, for
the Pan American region, the following are proposed as representatives at
the Co-ordination Groups PAHO, Regional Codex Commission, FAO (America),
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Pan American members of the UNCTAD-GATT and CIEN-OEA (Interamerican
Nuclear Energy Commission - Organization of American States). In
addition, IAEA representation is advisable, through ICGFI members located
within the area.

The authorized national offices of the different countries in the
region should send to the above mentioned organizations, at predetermined
intervals, the national information relating to the details compiled in
the National Registers of Food Irradiation Facilities.

The Co-ordination Committee of the Regional Facilities Register
should also inform the governments in the area about every event taking
place in it.

Another activity which the Regional Committee could perform would be
to receive and analyze any information that the countries of the region
might bring concerning allegations of bad practices in irradiation
technology within the region. In the same way, it should dedicate itself
to analyzing and defining whatever new information may arise about
technical data relating to wholesomeness or the identification of
irradiated food (6,7).

It should also keep a close relationship with each national register
located within the region, and with extra-regional and international food
irradiation facilities Registers.

Topics which should be considered by the National Public Health
Authorities at the time of approval of an irradiated food for human
consumption:
a) Objective of the treatment.
b) Technical justification.
c) Assessment of a minimum dose.
d) Specification of the dose uniformity ratio.
e) Type of packaging material used.
f) Labelling conditions.
g) Irradiation conditions.

National and international trade documents to be used at each step in
the distribution chain up to the point of sale to the consumer should
include the following information:
a) Facility identification.
b) Irradiation objective.
c) Absorbed dose.
d) Employed dosimetric control.
e) Irradiation date.
f) Irradiation lot number.
g) Quantity of irradiated food.
h) Packaging
i) Trade authorization given by a competent National Authority carrying

out the practical inspections.
j) Supplementary information.

Each government must define its Competent National Authorities
responsible for licensing food irradiation facilities.

In Argentina, the National Atomic Energy Commission is responsible
for initial licensing of food irradiation facilities from the point of
view of radiological safety (design and operational control), following
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which, the National Public Health Authority, taking account of the initial
license conditions and its own requirements for proper controls, is
responsible for granting the definitive license (2).

Food Irradiation Facilities Licensing Rules:

a) Name and address of the licensed facilities.
b) Name of the person in charge of the facility operation.
c) Type and energy of the employed irradiation source.
d) National Authorities who are in charge of licensing food irradiation

facilities.
e) Date of licensing and registration.
f) Foods that can be irradiated at that facility.
g) Type of packaging material used on each type of food,
h) Labelling requirements,
i) Dose limits.
j) National Authorities who are responsible for inspecting the

irradiation facility operations.

Taking into consideration all the information which should be provided and
held on the Food Irradiation Facilities Register, a practical example of a
registration form is given in Table I.

TABLE I. Example of Registration Form for a Food Irradiation Facility

Country and Facility Identification

(Country) ———— N°x ———— (Irradiation Facility)
Irradiation Facility; name

address
operator name
facility design model
national licensing authority
date of license
working source activity (at date of

registration)
source activity modifications (with dates)

i) new incorporations
ii) replacements

Facility design model; - type of source
- working conditions; lot, batch:

. No. of bulk containers

. Bulk container volume (with
specification of its spatial
dimensions)

- maximum source capacity (nominal)
Product ; Description

Objective of irradiation
Packaging material
Dose (kGy)
Dose uniformity ratio
Dosimetry
National licensing authority
Date of license
Requirements for labelling
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FEASIBILITY OF COBALT-60 IRRADIATION OF
PERISHABLE FOOD PRODUCTS

S.M. SHANE
Department of Epidemiology and Community Health,
School of Veterinary Medicine,
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Abstract

A commercially available cobalt-6O, mechanized carrier-type plant
was evaluated, which would be capable of processing 15,000 metric tons
annually. The facility would operate for 50 consecutive weeks on a
continuous 3-shift basis. This small-scale irradiation plant would
require a capital investment of $3 million and could function with an
operating cost of 9/kg. Allowing a realistic revenue of 15/kg, a 15%
return on investment was projected with a 42% return on owner's equity,
represented by 30% of the estimated fixed and working capital.
Irradiation plants are sensitive both to volume of throughput and revenue,
but with appropriate selection of operating parameters and realistic
design, an acceptable return on investment can be attained. Food
irradiation is well suited to the situation in developing and tropical
countries to enhance the production potential of food producing units by
improving consumer health and satisfaction.

1. INTRODUCTION

Food irradiation is a process of exposing selected products to
ionizing radiation to improve quality and wholesomeness (Fraser, 1981).
Cobalt-60 is most frequently used as the gamma source in commercial food
irradiators (Ley, 1983). Ionizing radiation produces specific cellular
effects resulting from the breakdown of constituent molecules into
electrically charged particles. Cellular changes are dependent on the
dose and type of ionizing radiation, and the biophysical qualities of the
target cell. Commercial food irradiation is designed to eliminate
spoilage organisms and disease-causing bacteria at doses which are too low
to affect either the nutritional or organoleptic quality of food
products. The 1960 Symposium on Food Irradiation (Goresline, 1961)
recognized the following applications for food irradiation:

Radappertization. The use of sterilizing doses of radiation in excess
of 15 kGy to destroy all spoilage and pathogenic
microorganisms.

Radicidation. The treatment of food products with pasteurizing
doses of radiation in the range of 5 to 8 kGy to
inactivate or destroy non-spore forming pathogenic
bacteria. Pasteurized food products require
refrigerated storage subsequent to irradiation.

Radurization. Exposure of food products to doses ranging from
0.5 kGy to 5 kGy to extend shelf life by destroying
spoilage flora.
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Subjecting poultry products to radappertizing doses ranging from
20 kGy to 50 kGy, at the temperature of liquid nitrogen in the absence of
oxygen, will sterilize the products without any detectable change in odor
or appearance in contrast to conventional thermo-mechanical treatment
which reduces the stability of complex proteins (Josephson et al., 1978).
Chicken products subjected to moderate doses of radiation (2 kGy to 5 kGy)
will undergo significant reduction in bacterial contaminants responsible
for spoilage, in addition to elimination of Salmonella spp. and
Campylobacter spp., which are significant foodborne pathogens
(Licciardello et al., 1968; Loaharanu and Urbain, 1982). Radiation is
regarded as a process to enhance the quality and wholesomeness of chicken,
seafood, meat, and other perishable food products. It is not a substitute
for good manufacturing practice, and only products of high initial quality
should be processed.

The Joint Expert Committee on Wholesomeness of Irradiated Foods has
concluded that irradiation to a dose of 10 kGy can be effected without any
potential toxicological hazard to consumers (WHO 1981).

2. JUSTIFICATION FOR IRRADIATION

During the past 20 years, the prevalence of human salmonellosis in
the United States has increased five-fold from 4 to 19 cases per 100,000
population. Similar trends have been recorded in Europe and are
attributed to both improved diagnostic procedures and intensification in
the animal production industry (Wasserman, 1985). It is estimated that
50% of all poultry meat is contaminated with Salmonella spp. and a higher
proportion with Campylobacter iejuni (Bryan, 1980).

Epidemiologie evidence suggests that at least 100 mild cases of
food-borne enterocolitis occur for each case requiring medical
intervention. Economists of the United States Department of Agriculture
have calculated that salmonellosis contracted from chicken meat is
responsible for annual losses of $150 million, and that campylobacteriosis
imposes a cost of $700 million each year, attributed to death, treatment,
and indirect losses (Morrison and Roberts, 1985).

The impact of salmonellosis and campylobacteriosis in developing
countries has not been quantified but it is assumed that the prevalence of
infection is high, although the economic consequences of infection may not
be as severe as in developed countries. Of greater importance to the
population and the economy is the impact on export markets, the local
tourist industry, and from deterioration of valuable products following
inadequate refrigeration during storage.

3. CONSUMER RESPONSE TO IRRADIATED FOOD PRODUCTS

It is widely held by the manufacturing and distribution industries
in developed countries that consumers will not voluntarily purchase
irradiated food products. Structured studies of consumer attitudes show a
considerable degree of ignorance and erroneous perceptions concerning
irradiation. A 1985 study commissioned by the Food Marketing Institute
demonstrated that only one third of approximately 1,000 shoppers were
aware of irradiation as a method of preserving food. When presented with
alternatives such as chemical preservation, consumers were almost equally
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divided as to their preference among irradiation and other methods of
achieving acceptable shelflife quality (Marketing Institute, Washington,
1985).

Future economic trends and an awareness of the technical superiority
of irradiation for specific food products, including processed seafood
poultry and meat, will ultimately lead to the acceptance of the process.
Commercial acceptability will be facilitated by the following advances:

Approval of irradiation as a process by the US Food and Drug
Administration and other regulatory authorities.

Confirmation of the wholesomeness of products which have been
subjected to pasteurization levels of irradiation.
Demonstration of quantifiable economic advantages over existing
alternative methods of preservation.

Acceptance that mass treatment of high-value food products extends
shelf-life and preserves quality.

4. LEGISLATIVE ASPECTS OF FOOD IRRADIATION

Various countries have cleared the use of irradiation in accordance
with recommendations made by the Joint Expert Committee of the World
Health Organization, which comprises specialists from the U.N. Food and
Agriculture Organization and the International Atomic Energy Agency (WHO,
1984). Currently 12 countries allow irradiation of meat and seafood
products at doses ranging from 3 to 10 kGy to decontaminate and extend
shelf life. Canada has amended relevant Food and Drug Regulations to
permit food irradiation as a "process" at dose levels up to 10 kGy. The
US Food and Drug Administration is at present reviewing a petition to
permit irradiation of poultry products to a level of 3 kGy. In terms of
existing U.S. Federal legislation, irradiation is regarded an "additive,"
and therefore exhaustive tests to demonstrate the absence of toxic
components are mandated. At present, pork products can be irradiated to 1
kGy to eliminate Trichinella spiralis. and spices are processed at levels
not to exceed 30 kGy. An extension of clearances to other products is
anticipated within the next 2 years.

5. DESIGN OF IRRADIATION UNITS

The components incorporated into the design of panoramic, wet-source
storage food irradiators generally comprise the following components (Gay,
1985):

Storage and assembly area for products before irradiation.
oIrradiation chamber of at least 50m constructed of concrete

2m thick; an entry maze to prevent stray emission; storage pool
7m deep to accommodate the isotopic source array.

Irradiation installation comprising the isotopic source array.
Mechanical or manually operated conveyor system to handle products.
Ancillary installations including ventilation, de-ionizer, and a
filtration system for the storage pool; control modules; safety
interlocks and radiation detection units.
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Storage area for irradiated products.

The design of irradiation units is conditioned by the volume and
type of product to be irradiated. It is noted that the viability of any
irradiation plant will be influenced by the intended volume of production
in relation to capacity, since fixed costs generally represent 75% of the
total cost of operation (Morrison and Roberts, 1985). The design of units
is influenced by the nature of the product to be irradiated. Most
differences relate to the mechanical components required to permit
efficient and rapid exposure of product, which may be handled in tote-
boxes or enclosed in suspended carriers. General-purpose and
small-product irradiators generally represent a significant compromise
between capital and operating costs (Oosterheert, 1987).

A large plant with a projected annual throughput of 80,000 metric
tons would require up to a 3 MCi source and installations to permit a
production capacity of 10 metric tons/hour. Assuming a product density of
0.5 g/cm3 and a dose level of 5 kGy, a capital cost of $5.7 million is
estimated. In contrast, a smaller plant with an annual throughput of
15,000 metric tons could operate at 2 metric tons per hour, assuming a
product density of 0.5 g/cm3 and a dose level of 3 kGy. A current US
capital cost of $3.25 million is estimated for this unit (Table 1). The
estimate includes provisions for land, improvements, buildings,
installations, and a cobalt source rated at 500 kCi.

Table 1. Capital Cost of Facility

Land $ 200,000

Improvements and buildings 700,000

Mechanical installations 1,300,000

Cobalt, purchase and handling 800.OOP

Fixed capital investment 3,000,000

Working capital provision
25% of annual fixed and
variable cost, excluding cobalt
and depreciation $ 250,000

TOTAL CAPITAL COST $3.250.000

6. OPERATING COSTS

Provisional estimates for operation of a large plant suggest a unit
cost of 4.0C/kg. This includes provisions for depreciation, salaries and
overhead, interest payments, replenishment of source, labor, and general
operational expenses. The relatively lower throughput of the small plant
would be reflected in a unit cost of 10.0C/kg (Table 2). Significant cost
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Table 2. Projected Operating Costs of Facility

Annual fixed costs
overhead 75,000
salaries 250,000
depreciation 325,000
cobalt replenishment 85,000
fixed maintenance 10,000
insurance 55,000
interest 250,000

Subtotal $1,050,000

Annual variable costs
labor 320,000
utilities 20,000
maintenance 20,000
consumables 30,000
documentry Si records 10,000

Subtotal $ 400,000

Annual operation costs $1,450,000

Annual throughput 14,400 tons

Unit cost 10*/kg

components included salaries for a general manager, an administrator, a
radiation quality control technician, three shift supervisors, and
maintenance personnel. An allowance of 10% per annum was allowed for
depreciation of facilities and fixed installations, and 20% for mechanical
equipment. Decay of Cobalt-60 requires annual replenishment of cobalt
isotope equivalent to 12.5% of the required source strength.

7. FINANCIAL VIABILITY

Assuming a gross revenue of 15.0C/kg, the small plant would generate
pre-tax earnings of $710,000/annum and, after payment of taxes at a 34%
rate, would yield a 14.7% return on investment and a 49% return on equity
(Table 3). If the plant were operated at 80% of rated capacity, the
return on investment would decline to 5.0% and the return on equity to
18%, illustrating the sensitivity of irradiation plants to a decline in
utilization. The small plant is also sensitive to unit revenue, as a 2C
reduction (to 13.0C/kg) will result in a return on investment of only 9.0%
and a return on equity of 24%.
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Table 3. Projected Financial Performance of Facility

Total capital investment $3,250,000

Annual throughput (metric tons) 14,400
Gross revenue at 15$/kg $2,160,000

Less variable costs S 400,000

Gross margin $1,760,000

Fixed costs $1,050,000

Earnings before tax $ 710,000

Tax at 34% S 241,400

Income after tax $ 478,600
1 2Return on investment ' 14.7%

Return on equity 49%

Assumes 100% of rated capacity
Income after interest and taxes/fixed and working capital
Income after interest taxes/30% of fixed and working capital

8. EVALUATING ECONOMIC IMPACT OF IRRADIATION PLANTS

The economic impact of an irradiation facility should be calculated
using an input-output model which quantifies transactions among the
various interrelated industries producing goods and services related to
the plant. Applying an output modifier of approximately 1.9 to gross
revenue, an earnings multiplier of 0.8, and an employment multiplier of
50, it is possible to project the contribution of an irradiation facility
to the economy of a region. A unit which improves the quality of
perishable products and prevents spoilage will stimulate consumption.
This in turn will create opportunities for agricultural expansion, provide
additional work opportunity, and enhance dietary quality.

Implementation of an irradiation facility to process seafood and
meat products requires a detailed study to determine technical and
economic feasibility, projected volume of production, appraisal of the
market, availability of finance, and an evaluation of legislative
restrictions. Sound financial projections, including estimates of capital
and operating costs and profitability and a forecast of economic benefits,
are critical to assessing the viability of any unit.
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Abstract

Feed used to rear farm animals for human consumption has often
been implicated as a vehicle for dissemination of microbial pathogens that
can adversely affect both animals or birds, and humans. Radiation pasteur-
ization of animal feed to improve its microbiological quality should reduce
the incidence of feed-borne infection (both clinical and subclinical) in
the herd or flock. This would result in safer food for the consumer, and
improved economic performance of the production unit. This latter benefit
is particularly important because it could directly offset the cost of
treating the feed. The likelihood of occurrence, as well as the magnitude,
of any improved economic performance in the herd or flock consuming the
irradiated feed must be determined experimentally. Accordingly, short term
feeding tests were carried out to determine the effect of radiation pas-
teurization of poultry feed on growth performance of young chicks.

Newly hatched White Leghorn cockerels were used in the present
studies to examine the effects of (i) control vs irradiated feed; and (ii)
control vs stressed (transient chilled) birds. Feed consumption and pen
weight were monitored for 21 days. Three experiments were conducted in the
summer of 1989, using separate lots of commercially obtained feed ingredi-
ents for each experiment.

In two of the three feeding tests there was a highly significant
(p <.01) increase in feed conversion efficiency in the birds fed the irra-
diated feed. The magnitude of the increased efficiency was 2.4% and 2.8%
in the two positive experiments. In one of the two positive experiments
the feed contained antibiotics (Penicillin and Streptomycin) while the feed
in the other was antibiotic-free. These results suggest that radiation
pasteurization of poultry feed may have a beneficial effect on the feed
conversion efficiency of the birds consuming that feed.

1. INTRODUCTION

Modern production facilities for swine and poultry tend to be
large and specialized. Very large numbers of birds or animals are reared
or maintained in each production unit. Under these conditions disease
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prevention and control is a critical concern. Towards that end, most pro-
ducers start with disease-free stock and isolate their production units as
completely as is practicable, to minimize the risk of introducing disease
via stock or from the environment. At the present time the feed route
represents a major remaining avenue through which disease organisms can be
introduced into such a facility [1-5]. The potential for dissemination of
disease via the feed is compounded by the structure of the feed industry
where large central feed mills supply feed or ingredients to many indivi-
dual producers, and where inedible parts of birds or animals are rendered
and recycled as high protein feed supplement. Addition of antibiotics to
the feed to control feed-borne disease is helpful but is not always effec-
tive and in addition has raised a variety of public-health concerns [6, 7].
In these circumstances it seems both timely and worthwhile to examine the
use of radurization as a means of improving the microbiological quality of
feed and to thereby reduce or eliminate the risk of feed-borne disease.

Reduction of the risk of feed-borne disease should result in
healthier animals or birds in the primary production unit. This in turn
should give rise to two distinct classes of benefits. The first is improv-
ed safety for the consumer of foods derived from animals or birds. The
second is an improved economic performance of the herd or flock, directly
benefit ting the farmer who has to pay for the feed. This study was design-
ed to examine the second type of benefit.

2. THEORETICAL BACKGROUND

2.1 Proposition

"Pasteurization of animal feed nil/ improve the overall health status of the
herd or flock consuming that feed, leading to improved economic performance of the
production unit and higher returns to t!ie producer. "

2.2 Assumptions

The above proposition is based on the following assumptions:

( i ) Animal feed frequently is contaminated with microorganisms which c.\crt a
deleterious effect on the overall health of the birds or animals which consume that feed.
Depending on many factors , such deleterious e f f ec t s may be manifested as
overt disease or, perhaps more f requent ly , they may be sub-clinical.

(ii) Infections, both clinical and sub-clinical, have adverse effects on the overall
performance of the herd or flock. The extent of lowering of performance
depends on many factors such as the nature of the infecting organisms, the
age and overall conditions of the individual animals, the physical
conditions in the facili ty, etc.

( i i i ) Improvement of the microbiological quality of the feed by pasteurization will
reduce the frequency and perhaps severity of feed-borne infections in the herd or flock.
This will reduce the adverse effects associated with such infections and will result in
improved overall economic performance of the production unit. The likelihood and
extent of improvement in economic performance will depend on the frequency
with which harmful organisms contaminate lots of feed, as well as on the
virulence of the specific organism(s) involved.
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2.3 What is Required
To test the validity of the above proposition requires that an

experimental feeding program be carried out wherein the overall performance
of the test herd or flock consuming pasteurized feed is compared with that
of a control herd or flock consuming identical, but unpasteurized, feed.

It would be advantageous to conduct the test using more than one
test species. It is most logical to use those species which are of the
greatest economic significance.

2.4 Statistical Considerations
Based on the above assumptions, benefits of pasteurization would

be expected whenever feed is contaminated with some harmful organism. In
the absence of such contamination pasteurization would have no effect. It
is most likely that the occurrence of economically significant contamina-
tion in feed is a random phenomenon. Thus the occurrence of benefits
following pasteurization of feed must also be random, reflecting the fre-
quency of occurrence of contamination. For any particular situation the
actual frequency of occurrence of such contamination of feed is unknown
(although there are indications that it can be quite high). Thus, any test
feeding program intended to test the validity of the above proposition must
take into account the stochastic nature of the occurrence of benefits. In
practice this would mean repeating the test a number of times using differ-
ent lots of feed each time.
2.5 Which Performance Parameters Should be Measured?

In principle the ideal test of the above proposition would
involve a long term feeding test with direct comparison of the profitabil-
ity of the control and test operations. Such a test is impractical at this
stage and suitable small-scale and short-term feeding tests must be used
instead. This raises the question of which performance parameters of the
herd or flock should be monitored to permit reliable prediction of the
economic benefits of the treatment. Each type of production operation has
associated with it a different set of performance parameters (average daily
gain, feed conversion ratio, days to market, litter size, etc.). An im-
provement in the overall performance of a herd or flock could be reflected
in an improvement in any or all of the performance parameters associated
with that particular operation. Logic dictates that the performance para-
meters having the greatest impact on the overall economic performance of
the production enterprise are the ones that should be monitored.

3. MATERIALS AND METHODS

3.1 Test Species
Young male chickens of the White Leghorn strain were used in

these studies. Birds were housed 10 to a pen in Petersime batteries (2
batteries, each with 24 pens). The newly hatched chicks were randomly
allocated to pens and the pens were randomly allocated into different
treatment groups.
3.2 Feed Preparation

Feed ingredients were purchased from commercial suppliers. The
diet for an entire experiment was formulated and made up in one batch by
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personnel at the University of Manitoba poultry department, using their
regular mixing equipment. The composition of the feed is given in Table I.
The feed was stored in closed plastic bags, at ambient temperature.

TABLE I
Basal Diet Composition

Ground wheat 76.50
Soybean oil meal 6.00
Meat meal 15.00
Fat 1.00
Vitamin premix 1.00
Mineral premix 0.35
DL Methionine 0.15
Antibiotic mix trace
(penicillin and (when present)
streptomycin)
Calculated Analysis
Crude protein (%) 20.45
Metabolizable Energy
(Kcal/kg) 2957
Lysine (%) 1.11
Cystine and Methionine (%) 0.303
Calcium (2) 1.20
Phosphorus (%) 0.55

3.3 Irradiation
Feed in sealed plastic bags (10 kg per bag) was irradiated with

10 MeV electrons using AECL's 1-10/1 electron accelerator located at
Whiteshell Research in Pinawa. Doses were either 5 or 10 kGy, as speci-
fied, and were monitored by means of FUT dosimeters [8].
3.4 Experimental Design

In the first experiment (89-1) there were three treatment groups,
comparing feed irradiated to different doses (0,5,10 kGy). Each treatment
group contained 16 pens of 10 birds each. A total of 480 birds were used
in each experiment. The feed in experiment 89-1 was supplemented with
penicillin and streptomycin (P+S).

In the second and third experiments (89-2 and 89-3) there were
four treatment groups, comparing the effects of control (0 kGy) vs
irradiated (10 kGy) feed and stressed vs non-stressed birds. In the "non-
stressed" group the birds were maintained in a constant temperature
environment of 35°C throughout the experiment. In the "stressed" group the
birds (<24 hours old) were subjected to a 16 hour period of lowered temper-
ature (35°C at start of 16 hour "stress" period, declining to 24°C at end)
followed by a constant temperature of 35°C for the rest of the experiment.
The feed in experiment 89-2 contained P+S, while feed in experiment 89-3
was antibiotic-free.
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In the experiments, growth and feed consumption of the young
chicks, reared in the different treatment groups, were monitored over the
21 day duration of the test. The feed to gain ratio was taken as an indi-
cator of growth performance in the birds raised on the different feeds.

4. RESULTS

4.1 Experiment 89-1
Table II presents the analysis of variance (AOV) results for

experiment 89-1. The data demonstrate that the birds eating the feed
treated at 10 kGy consumed significantly more feed and gained significantly
more weight than those eating the feed treated at 0 or 5 kGy, in the 21
days of the experiment. However, the feed: gain ratio was not signifi-
cantly different among the three treatment groups.

TABLE II
Effect of radiation pasteurized feed on the growth performance

of White Leghorn cockerels.3

Dose
(kGy)

0

5

10

Feed Consumed
(g per bird)

283.2 bb

284.5 b

294.1 a

Weight Gain
(g per bird)

142.0 b

143.9 ab

147.6 a

Feed : Gain

2.00 a

1.98 a

1.99 a

a Results of experiment 89-1.
b Means with same suffix letter are not significantly different at 5%

level of confidence (p = 0.05)

4.2 Experiment 89-2
Table III, IV and V present the AOV results for experiment 89-2.

Tables III and IV present the main treatment effects for pasteurization and
overnight temperature stress, respectively, while Table V presents interac-
tion effects between the two main treatments. The results demonstrate that
the feed:gain ratio was not affected by initial overnight temperature
stress (Table III), but was significantly improved (p=0.004) by radiation
pasteurization of the feed (Table IV). The lack of significant interaction
effects (Table V) indicates that the beneficial effect of radiation pas-
teurized feed on the feedrgain ratio was not affected significantly by the
presence or absence of initial overnight temperature stress.

Experiment 89-2 utilized feed supplemented with penicillin and
streptomycin.
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TABLE III

Effect of initial overnight temperature stress
on the growth performancea of White Leghorn cockerels.b

Temp.
°C
24

35

Feed Consumed
(g per bird)

322.1

311.0

(p = 0.007)

Weight Gain
(g per bird)

156.1
149.6

(p = 0.01)

Feed : Gain

2.06

2.08
(p = 0.32)

a Averaged over control and pasteurized feed groups.
b Results for experiment 89-2.

TABLE IV

Effect of radiation pasteurized feed
on the growth performance3 of White Leghorn cockerels.13

Dose
(kGy)
0

10

Feed Consumed
(g per bird)

319.2

313.9
(p = 0.18)

Weight Gain
(g per bird)

152.6

153.2
(p = 0.80)

Feed : Gain

2.10

2.05
(p = 0.004)

a Averaged over stressed and non-stressed groups.
b Results for experiment 89-2.

TABLE V
Effect of radiation pasteurized feed and initial overnight

temperature stress on the growth performance of White Leghorn cockerels.'

Temp_. Dose
°C (kGy)
24 0

10
35 0

10

Feed Consumed
(g/bird)
323.7
320.5
314.7
307.2

p( interact ion) =.57

Weight Gain
(g/bird)
155.6
156.6
149.5
149.7

p( in t er act ion) =.87

Feed : Gain

2.08
2.05
2.11
2.05

p( interact ion) = .54
a Results for experiment 89-2
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4.3 Experiment 89-3
Tables VI, VII and VIII present the AOV results for experiment

89-3. Tables VI and VII present the main treatment effects for pasteuriza-
tion and overnight temperature stress, respectively, while Table VIII
presents interaction effects between the two treatments. Table VI demon-
strates clearly that in this experiment radiation pasteurization signifi-
cantly improved feed consumption, weight gain and the feedrgain ratio.
Table VII demonstrates that initial overnight temperature stress had no
effect on growth performance. Table VIII indicates that there were no
significant interaction effects, revealing that the beneficial effect of
radiation pasteurized feed on any of the growth performance indicators was
not significantly altered by the presence or absence of initial overnight
temperature stress.

The feed used in experiment 89-3 was antibiotic-free.

TABLE VI
Effect of radiation pasteurized feed

on the growth performancea of White Leghorn cockerels.15

Dose
(kGy)
0
10

Feed Consumed
(g/bird)
295.1
305.3

(p = 0.03)

Weight Gain
(g/bird)
136.8
145.5

(p = 0.001)

Feed : Gain

2.16
2.10

(p = 0.0001)

a Averaged over stressed and non-stressed groups
b Results for experiment 89-3.

TABLE VII
Effect of intial overnight temperature stress

on the growth performance3 of White Leghorn cockerels.b

Temp.
°C
24
35

Feed Consumed
(g/bird)
298.6
301.7

(p = 0.51)

Weight Gain
(g/bird)
140.7
141.7

(p = 0.69)

Feed : Gain

2.13
2.13

(p = 0.65)

a Averaged over control and pasteurized feed groups.
b Results for experiment 89-3.

59



TABLE VIII

Effect of radiation pasteurized feed and initial overnight
temperature stress on the growth performance of White Leghorn cockerels.'

Temp.
°C

24

35

Dose
(k.Gy)

0
10
0
10

Feed Consumed
(g per bird)

295.2
302.1
295.0
308.4

p (interact ion) =.49

Weight Gain
(g per bird)

137.2
144.1
136.4
147.0

p (interact ion) = .46

Feed : Gain

2.15
2.10
2.16
2.10

p( interact ion) =.74
a Results for experiment 89-3.

5. SUMMARY AND CONCLUSIONS

The data presented above reveal that in two out of three short-
term feeding tests with White Leghorn cockerels, the birds consuming
radiation pasteurized feed showed significantly improved growth performance
compared to birds consuming identical, but untreated, control feed. The
magnitude of the improvement in feedrgain ratio was 2.4% and 2.8% in the
two positive experiments. In addition, in experiment 89-3, where
antibiotic-free feed was used, pasteurization of feed resulted in signifi-
cantly greater weight gain and feed consumption relative to that observed
with untreated, control feed. In the remaining experiment, 89-1, the birds
reared on irradiated feed consumed more feed and gained more weight than
did the control group, but the feedtgain ratio was not significantly dif-
ferent among the treatment groups. These findings are consistent with the
suggestion that benefits of radiation pasteurization of feed are stochastic
in nature, reflecting the probability that a particular batch of feed con-
tains pathogens at a level sufficient to adversely affect the performance
of the birds or animals consuming that feed. A larger series of feeding
tests is required to better define the range of both the magnitude and the
probability of occurrence of benefit from radiation pasteurized animal
feed. Beyond that, it is necessary to conduct feeding tests under commer-
cial conditions for rearing animals or poultry to ascertain whether the
benefits demonstrated in our short-term feeding tests are attainable in
commercial practice. In this regard it is interesting to note that Cox et
al [9] and Adler et al [10] working with small test flocks reported no
differences in performance between flocks reared on control or irradiated
feed. At this time it is premature to speculate on the possible reasons
why our results differ from theirs.

From the regulatory point of view these results are significant
because they raise the possibility that industry may want to use radiation
pasteurized feed or feed constituents. Thus feed or feed ingredients
should be included in any harmonization of regulations pertaining to trade
in irradiated food.
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EFFECTS OF GAMMA RADIATION AT NORMAL
PROCESSING TEMPERATURES ON THE B VITAMINS OF
PORK CHOPS AND CHICKEN BREASTS
AND ON THE SURVIVAL OF SALMONELLAE

D.W. THAYER, J.B. FOX, Jr., G. BO YD
Eastern Regional Research Center,
Agricultural Research Service,
United States Department of Agriculture,
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Abstract

The effects of 0 to 6.65 kGy of gamma radiation on the
percentage of thiamin, riboflavin, niacin, pyridoxine, and
cobalamin in pork chops and chicken breasts at -20° to +20°C were
determined. Pork chops irradiated at 0°C and then cooked lost
5.6 and 17.6% thiamin at 0.3 and 1.0 kGy, respectively. The
approved gamma radiation dose range for trichina control in the
United States of America is 0.3 to 1.0 kGy. Much greater thiamin
losses occurred in pork at radiation doses exceeding 3 kGy. The
loss of thiamin was temperature dependent. Other vitamin losses
were small or non-existent in both pork and chicken. Cooked
chicken irradiated at 0°C lost 9.05% thiamin at 3.34 kGy and
25.8% at 6.65 kGy. Treating chicken meat with gamma radiation
greatly increased the sensitivity of surviving cells of
Salmonella typhimurium to the effects of cooking. An irradiation
temperature between -20°C to +20°C significantly affected the
survival of salmonellae in mechanically deboned chicken meat.

I. INTRODUCTION

The use of gamma radiation treatment at an absorbed dose
between 0.30 and 1.0 kGy to control Trichinella spiralis in pork
carcasses and fresh non-heat-processed cuts of pork carcasses was
approved by the U.S. Food and Drug Administration in 1985 and by
the U.S. Department of Agriculture's Food Safety and Inspection
Service (FSIS) in 1986 [1-2]. In 1987 FSIS filed a food additive
petition with the U.S. Food and Drug Administration, "proposing
that the food additive regulations be amended to provide for the
safe use of sources of ionizing-radiation for reduction of food-
borne pathogens in poultry products" [3]. In 1986 FSIS requested
that the Agricultural Research Service study the effects of low-
and medium-dose ionizing radiation at refrigerator temperatures
on the vitamins of pork and poultry. The effects of sterilizing
doses of ionizing radiation on the vitamins of meats generally at
temperatures below -30°C had been studied but little information
existed on low- to medium-dose effects on vitamins in meats at
refrigeration temperatures [4-8]. The most relevant reference
was that of Wilson [9] in which minced beef was irradiated at
room temperature with X-rays at doses up to 3 kGy; in that study
Wilson reported a loss of thiamin equivalent to 19.1% in air or
II.2% in nitrogen after a dose of 1 kGy. Both Thomas [8] and
Wilson [9] reported smaller losses when the meat was frozen at
the time of irradiation. The following report summarizes the
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results of studies of the stability of vitamins and the survival
of salmonellae in meats that were irradiated at refrigerationtemperatures.

2. RADIATION EFFECTS ON PORK CHOP AND CHICKEN BREAST VITAMINS
2.1 Methods

Details of the methods and results of this study were
reported by Fox et al. in 1989 [10]. A central composite
response surface design was used for the study as illustrated in
Table 1. Each replicate sample consisted of seven center cut 2
cm-thick pork chops or five chicken breasts. There were six
replicates for each dose and temperature except at 0°C at 0 and
3.5 kGy doses. The samples were gamma (Cs-137) irradiated in
oxygen- permeable packaging at 0.12 kGy per min. One-half of the
irradiated replicate samples were cooked to an internal
temperature of 76°C.

TABLE I. STATISTICAL DESIGN AND IRRADIATION TREATMENT PARAMETERS
FOR PORK CHOPS AND CHICKEN BREASTS

Number of Replicate* Samples
Irradiation _______________________________________
Temperature

°C 0 0.50** 1.75 3.50 5.25 7.00 kGy

-20

-10

0

10

20

6

6

10 6

6

6

6

6

10

6

6

6

Adapted from Fox et al., [10].
* Each replicate sample contained seven pork chops or five

chicken breasts.
** Chicken was not irradiated at 0.50 kGy.

2.2 Results, pork chops
Of the five vitamins examined, thiamin was the most

significantly affected. The response surface showing the
predicted effects on the thiamin content of pork chops irradiated
at the various temperatures and then cooked is presented in Fig.
1. The equation for the response surface is p.g thiamin = 12.17 -
2.30XKGY - 0.000279XTEMP - 0.0283xKGYxTEMP + 0.1659xKGY2 +
0.000222xTEMP2. As is evident from the response surface, there
are significant effects due to both radiation dose and
temperature. The R-square value for the response surface
equation is 0.92 indicating good agreement between predicted and
experimental values. More detail can be obtained by examining
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+10

RADIATION DOSE kGy

Fig. 1. Predicted thiamin content of cooked irradiated pork
chops at various irradiation temperatures and absorbed gamma
radiation doses. The concentrations are presented in micrograms
thiamin per g of meat. Adapted from Fox et al., [10].

the predicted values in Table II for the effects of irradiation
at 0 C. The loss of thiamin from pork chops after irradiating to
a dose of 1.0 kGy and cooking is predicted to be 17.6%. The loss
of thiamin, however, is far more significant at doses of 3.0 kGy
or greater. Much smaller, though statistically significant,
dose-related effects were observed on riboflavin and niacin in
irradiated and cooked pork chops (Table II): a 4 . 4 % loss of
riboflavin and a 10.4% loss of niacin at a radiation dose of 1.0
kGy. Significant radiation effects were not observed on either
pyridoxine or cobalamin in pork chops. Fox et al., [10]
estimated that the net loss of thiamin from the American diet
would be 1.5% if all pork were to be irradiated to the maximum
permitted dose of 1.0 kGy.
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TABLE II. PREDICTED VITAMIN LEVELS IN COOKED PORK CHOPS
AND CHICKEN BREASTS IRRADIATED AT 0°C

kGy THIAMIN RIBOFLAVINMg/g NIACIN

Pork Chicken Pork Pork Chicken

0

0.5

1.0

1.5

3.0

5.0

7.0

12.17

11.06
(9.12%)

10.03
(17.6%)

9.09
(25 .3%)

6.76
( 4 4 . 4 % )

4.82
(60..4%)

4 .20
(65.5%)

0.70

0.70

0.69
(1.4%)

0.68
( 2 . 9 % )

0.64
(8 .6%)

0.55
(21.4%)

0.42
(40 .0%)

2.72

2.66
( 2 . 2 % )

2.60
( 4 . 4 % )

2.56
(5.9%)

2.46
(9.6%)

2.44
(10.3%)

2.55
(6 .2%)

113.9

107.5
(5.6%)

102.1
(10.4%)

97.8
(14.1%)

90.8
(20.3%)

95.6
(16.1%)

116.8
( + 2 .5%)

110.3

112.4

114.2

115.6

117.8

115.8

111.2

Adapted from Fox et al., [10]
Values listed within ( ) are percentage loss or gain if preceeded
by a +.

2.3 Results, chicken breasts
The effects of different irradiation temperatures and doses

on the thiamin in the chicken breast meat, though statistically
significant, were minimal. In Fig. 2 the response surface for
the predicted thiamin values for irradiated and cooked chicken
breast meat is essentially flat. The same scale was used for
this figure as for pork chop thiamin in Fig. 1. The equation for
the response surface is ng thiamin = 0.702 - 0.0039XKGY +
0.000282XTEMP - 0.000262xKGYxTEMP - 0.00527xKGYZ -
0.000079xTEMP2. Though the effects of the gamma radiation dose
are less, they are present, as may be seen in Table II. The
thiamin loss was 8.6% at 3.0 kGy, the maximum dose for which FSIS
has requested approval. Though significant shifts were observed
in the amount of niacin in chicken breasts subjected to different
radiation doses, they were all apparent increases. One can only
speculate that the irradiation treatment may have made the niacin
slightly more extractable. This effect was much more apparent in
the raw products for both niacin and riboflavin. There was no
significant change in the percentage of riboflavin in irradiated
cooked chicken breast meat.
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Fig. 2. Predicted thiamin levels in cooked chicken breast meatat various irradiation temperature and absorbed gamma radiation
doses. The concentrations are presented in micrograms thiamin
per g of meat. Adapted from Fox et al., [10],

3.
3.1

RADIATION RESISTANCE OF SALMONELLA
Methods
Details of the methods and results were reported by Thayer

et al., in 1989 [11]. Salmonella anatum ATCC 9270, S_. arizonae
ATCC 29933, S. dub lin ATCC 15480, S_. enteritidis ATCC 9186, S.
newport ATCC 6962, and S. typhimurium ATCC 14028 were used for
these studies with mechanically deboned chicken as the suspending
medium. The mechanically deboned chicken meat, consisting of
approximately 90% rib and 10% back meat, contained 63.1%
moisture, 25.7% fat, and 11.4% protein. It was sterilized at -
50°C, in vacuof by gamma irradiation to an absorbed dose of 42kGy. This was done to eliminate competition factors and to allow
for accurate estimates of the surviving colony forming units by
standard pour plate counts with a non-selective culture medium.
The mechanically deboned chicken meat provided a very uniform and
stable substrate for the studies. Thayer et al., [12]
demonstrated that sterilizing chicken meat under these conditions
produced no significant changes in its properties. Each sample
of meat was inoculated with approximately 109 cells per gram of
the appropriate organism. Nine radiation dose levels at 2°C were
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used in each study, and the D-values were computed from the
slopes obtained from least squares regression analysis of the
data. The linear portion of each curve was selected for
analysis, and the 0 kGy dose was not included to eliminate
possible shoulder effects.
3.2 Results, D-value determinations

The D-values for these organisms ranged from a low of 0.44
kGy for S_. arizonae to a high of 0.77 kGy for S. enteritidis
(Table III). The D-value for S. enteritidis was significantly
different from D-values for S. arizonae. £3. newport. and S.
typhimurium. With the exception of the starred values, the D-
values reported in this table were computed for the dose range of
0.30 to 1.20 kGy. The starred values for S. enteritidis and S.
typhimurium were computed for a greater dose range of 0.30 to
2.70 kGy and were significantly different from those computed
using the shorter dose range. Fig. 3 illustrates the differences
in these survival curves. Thus, care should be exercised in the
extrapolation of D-values to include dose ranges beyond those
studied.

TABLE III. SURVIVAL OF SALMONELLAE IRRADIATED IN
MECHANICALLY DEBONED CHICKEN

STRAIN D-VALUE

N D'(kGy) + SE

S.

s.
s.
s.
s.
s.
s.
s.

anatum
arizonae
dublin
enteritidis
enteritidis*
newport
typhimurium
typhiraurium*

48
24
24
48
66
35
72

99

0.520
0.444
0.532
0.773

0.561
0:378
0.514

0.390

0.114
0.057
0.107
O.O95

0.095
0.030
0.034

0.010

Adapted from Thayer et al., [11].
* D-value calculated for 0.30 to 2.70 kGy? all other values
calculated for 0.30 to 1.20 kGy.

The survival of salmonellae serotypes is greatly influenced
by the temperature of irradiation even over the range of
temperatures encountered in normal processing of poultry in the
U.S.A. This is illustrated in Fig. 4, which presents the
survival curves for £5. enteritidis and £. typhimurium exposed to
an absorbed radiation dose of 1.80 kGy in mechanically deboned
chicken meat. Both the differences in resistance between the two
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Fig. 3. Survivor (N/N0) plots for g. typhimurium with associated95% confidence limits plotted between 0.30 and 1.20 kGy (- - -)
and 0.30 and 2.70 kGy (—— ) in mechanically deboned chicken meat.
Source Thayer et al., [11].

eno
-3

-4

-5

-40 -20 0

Temp°C
20

Fig. 4. The effect of irradiation temperature on the survival of£3. typhimurium ( * ) and S, enteritidis ( O ) at an absorbed dose
of 1.80 kGy in mechanically deboned chicken meat. Source Thayer
et al., [11].
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serotypes and the very sharp differences in resistance to
radiation over the range of -20°C to +20°C are evident. The
presence or absence of air also may influence the results [11].

The results reported here indicate that the minimum
radiation dose of 1.5 kGy proposed by FSIS would produce roughly
a 2.8-decimal reduction of S. enteritidis when irradiated in
mechanically deboned chicken meat at a temperature of 2°C, which
should provide adequate protection from salmonellae. Even when
all salmonellae are not eliminated by the irradiation treatment
sublethal radiation injury may make them more sensitive to other
types of processing or cooking effects. Preliminary results have
indicated that irradiated salmonellae in mechanically deboned
meat are also more sensitive to heat when the meat is cooked than
are non-irradiated salmonellae.
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IRRADIATION AS A POSSIBLE MEANS TO ASSURE THE
HYGIENIC QUALITY OF CHICKEN AND MEAT PRODUCTS
IN LATIN AMERICA

J.A. LASTA
Institute Nacional de Tecnologîa Agropecuaria,
Buenos Aires, Argentina

Abstract

Meat and meat products are important foodstuffs in Latin American
countries, both for internal consumption and for export. Even though
produced and handled in accordance with Good Manufacturing Practice, meat
may carry pathogenic agents (viruses, bacteria, parasites) and spoilage
organisms. Irradiation could be of value in reducing the risk from
pathogens, and the economic losses due to spoilage; assurance of hygienic
quality would facilitate international trade in meat and meat products.
The effectiveness of irradiation against a wide range of bacteria,
parasites and viruses in meat and meat products is reviewed, and various
actions are recommended to encourage the use of irradiation and secure
consumer acceptance of irradiated meat.

1. INTRODUCTION

Meat and meat products are foods specially asked for by the consumers
due to their nutritive qualities and organoleptic properties. The general
consumption of meat in Latin America has kept up steady and its projection
over the next years defines a similar situation inspite of their
variations according to countries and the different meat products consumed
(Table I).

Marketing of meats and meat products obtained under good manufacturing
practices faces issues related to hygiene.

On the one hand, meat can carry different pathogenic agents (viruses,
bacteria and parasites) or toxins of some of them (Table II).

Growing international trade is posing the penetration of exotic agents
through meat products. This being the case, there are included man's and
animal's diseases which may cause damage due to their introduction into
the country and expenses for their control and eradication, as well as
other large economic losses, such as further sanitary requirements to be
met by exports, or just the plain loss of the markets.

Spoilage of meat has to be considered too, for this product is a
highly appropriate substrate to bear microbial development, being usually
contaminated with bacteria which develop at low temperatures, such as
Pseudomonas, Maraxella, Acinetobacter.

It may be concluded that it is necessary to eradicate or make lesser
the number of pathogenic and spoilage agents to:

a) Reduce the food-borne diseases carried by meat and meat products.
b) Assure there is no risk of exotic agents being carried by meat and

meat products.
c) Increase the shelf life of meat.
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Table I
Consumption of Beef, Poultry and Pork in Selected Countries

(Based on

Country

Argentina
Brazil

Canada * '
Colombia

Chile
U.S.A.

Guatemala

Mexico

Uruguay ' '

Venezuela

Average :

(Kg per Capita)

information from

1980-82
(ave.)

93.1

37.1

76.1

27.4

34.3

114.9

14.7

29.9

91.6

46.3

56.54

USDA, 1987)

Y e a

1985

96.9

33.9

82.4

21.8

28.1

123.5

15.3

30.2

80.0

50.8

56.29

r

1988-89*
(ave.)

103.3

38.0

85.0

20.9

30.6

131.1

17.5

30.0

80.0

53.9

59.05

* Estimate.

' ' Does not include poultry.

* ' Only
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Table II
Some Pathogenic Agents Isolated from Meat Products and Chicken

and Officially Reported in Latin America

FOOD BACTERIA PARASITE

Chicken (including
turkey and wild
duck)

Meat F. aftosa

Horse

Sheep

Pork

F. aftosa

F. aftosa
P. porcina
clasica

Salamines

Sausages

Ham

Pork sausages

Mortadella

Liver

Canvpylobacter
Salmonellae
Cl. perfrinqens
S_. au r eu s
E. coli
B. cereus
Yersinia

Salmonellae
Cl. perfrinqens
S. aureus
Campylobacter
E. coli
Tuberculosis
Streptococci
B. cereus

Salmonellae
E. coli

Salmonellae

Salmonellae
S_. aureus
Cl. perfrinqens
Campylobacter
E. coli
Yersinia
enterocolitica

Tuberculosis

Salmonella
S_. aureus

Salmonellae

S., aureus
Salmonellae

Cl. botulinum
Streptococci
Campylobacter

Salmonella

B. cereus

T. gondii

Cvsticercus bovis
T. gondii
Hidatidosis

Hidatidosis

Hidatidosis
T. qondii

T. spiralis
Cyaticercus
celluloseae

T. qondii
Hidatidosis

T. spiralis

T. spiralis

T. spiralis
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Table III
Exotic Diseases in Some or All Countries in America

Transmitted by Meat and Meat Products

VIRUS Foot and mouth disease
Infectious bovine encephalomyelitis
Scrapie
Porcine cholera
African porcine pest
Vesicular disease of pig
Avian influenza
Newcastle disease

BACTERIA Salmonellosis
Some serotypes

PARASITE Trichinella

Therefore the processes applied to meat and meat products should not
only be effective against microorganisms and parasites but affect the
nutritive and organoleptic properties the least possible, imply no
toxicological risk and be low cost-effective as to application too.

A treatment including these qualities is the use of ionizing energy as
gamma-rays by Co or Cs, accelerated electrons

( E < 10 MeV ) X-rays ( E < 5 MeV).

It is important here to emphasize the findings of the Technical Report
659 by the World Health Organization (WHO)(1): "The Committee therefore
concluded that the irradiation of any food commodity up to an overall
average dose of 10 kGy presents no toxicological hazard; hence,
toxicological testing of foods so treated is no longer required."

2. APPLICATION OF GAMMA RADIATION

2.1 Increased hygienic quality of meat and meat products
Reduction of food-borne diseases

2.1.1 Chicken and pork

Among the meat products posing the greatest threat are chickens
(poultry in general) and pork, and the by-products of these, due to their
contamination with pathogens such as Salmonella. Campylobacter, and
Listeria. As to the first, generally 30-40% of poultry or pork carcasses
may be contaminated. The salmonellas are present in numbers ranging
between 10 and 20/100 g of poultry skin * '.

Campylobacter is a microorganism that in some industrialized countries
occurs as frequently as Salmonella * '. The contamination of the
carcasses may amount to 100%; the Campylobacter number being 100 or
less/cm .

74



Listeria monocvtoqenes is a pathogen isolated from 15-80% of poultry
meat and also from pork, and is becoming one of the so called emergent
agents which are causing great anxiety, and over which freezing seems to
produce no significant deletereous effect * '.

These microorganisms have been treated with ionizing energy. Some
variation is reported in the D,Q doses of gamma radiation recommended
for Salmonella, ranging from 0.40 to 0.90 kGy according to the
serovarieties and substrates considered.

The doses indicated will yield reductions higher than 1 log cycle in
the counts of Campvlobacter jejuni, the D^Q for which is between 0.08
and 0.16 kGy * >, and of other enterobacteria, such as E. coli.

Trichinella spiralis and Cysticercus celluloseae, (the latter being a
larval form of Taenia solium, in its adult stage affecting man), and
Toxoplasma gondii are parasites in pork that constitute a serious threat
to the public health.

The United States of America has agreed to the irradiation of pork
carcasses at a maximum dose of 1 kGy (the minimum being 0.30 kGy) so that
trichina larvae can be sterilized. On the other hand, doses between
0.3 and 0.6 kGy are highly effective on larvae of Taenia (Cvsticercus) and
of 0.09 kGy on T. Qondii, so the pathogenic capacity of these organisms is
reduced by irradiation to an even greater extent than for
trichina <6'7>.

2.1.2 Beef and mutton

On beef and mutton there are found Cl. perfrinqens and Staphylococcus
aureus together with the bacterial agents mentioned for poultry.
Reference is made here to Cl. perfrinqens type A causing
infections/intoxications, and to type C, the necrotic enteritis agent. As
to the latter, the disease to morbidity rate is lower than for type A,
while with regard to the death rate, type C's is higher than type A's.

Staphylococcus aureus, a microorganism that produces an alimentary
intoxication, occurs more frequently and in a number slightly higher than
Cl. perfrinqens. Thus in minced meat it can be found in 39% of the— ————— ——— 2 3samples with counts of 10 to 10 /g while on carcasses it is present
in numbers of 10 bacteria/cm or less.

Ionizing energy applied to destroy these pathogenic microorganisms
yielded good results. DIQ values found for Salmonella are between 0.27
and 0.71 kGy, and for Campylobacter range from 0.08 and 0.16 ' '.
Cl. perfrinqens is a spore forming microorganism, and different doses are
required to eliminate the vegetative forms and spores. The first are
eliminated by doses of 2.5 kGy, while for spores doses between 2 and 3 kGy
are necessary. DIQ doses for Staphylococcus are between 0.5 and
0.8 kGy (2).

By means of ionizing energy it is possible to inhibit the infective
capacity of the parasites present in beef and mutton such as Cvsticercus
bovis. larva of T. saqinata. and T. qondii. doses of 0.4 kGy being
required for Cvsticercus and 0.09 kGy for T. qondii <6'7'.
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2.1.3 Processed meat products

Included here are all those meat foods processed by the application of
two or more treatments: heat, modification of water activity (a ),
modification of pH, with packaging and addition of chemical substances.
Two or more treatments are combined to produce a synergistic effect on the
microorganisms.

To illustrate this, let us consider tests with Cl. botulinum in a
media with meat (Table IV) treated with moderate heat (78°C during 20
minutes) and inoculated with doses of 10 spores of Cl. botulinum type
A/g. It was found that overall doses of 15 kGy were large enough to avoid
toxin production for 8 months at least, incubating in anaerobiosis at
37°C. For this test sodium nitrite was added at 50 ppm ^ '. Even
with lower overall doses of gamma radiation, a similar synergistic effect
was observed: toxinogenesis could be neutralized in almost all samples by
applying 7.5 kGy.

Because of the synergistic effect, substance such as nitrites may be
added in very small quantities; thus nitrosamines are less likely to occur
at a dangerous level for health * '.

Table IV
Effects of Combined Treatment on Cl. Botulinum

Toxin Production in Meat Media

TREATMENT CHARACTERISTICS OF SUBSTRATE

aw 0.990 0.990 0.990 0.985 0.975

NaNO2 (PPm) 50 ° 50 50 50

(kGy) 0 7.5 7.5 7.5 7.5

Total samples/
/ positive 24/19 24/18 24/10 24/7 24/1

0 - not applied.

2.1.4 Organs and viscera

These are widely consumed in some Latin American countries, being a
habitual part of the diet in several regions.

Such tissues carry various pathogenic agents such as Salmonella.
E. coli and Cl. perfrinqens, thus constituting additional contamination
sources which may cause food-borne diseases.

Gamma radiation ^ ' applied in doses of up to 6 kGy proved to be
effective in eradicating such microorganisms from parts of the digestive
system (stomachs).
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2.2 Guarantee of non-occurrence of pathogens

We are now interested in assuring that pathogens will be absent from
certain products. This requirement has to be met by foods for particular
populations (children, the old, the sick) or to be purchased by countries
or regions free from these pathogens. Some examples of this are shown on
Table III.

Viruses are highly resistant to radiation; therefore, doses have to be
higher. Trials ' ' demonstrated that in the case of a single
treatment, doses of gamma radiation higher than 20 kGy and even 30 kGy are
required to fully eradicate the viruses.

In countries free from the foot-and-mouth disease virus, requirements
for heat treament may make it necessary to cook at high temperatures and
for long times according to products. The proposed overall dose of gamma
radiation for inactivating types A, C and O of the foot-and-mouth disease
virus in lymph nodes, blood or bone marrow is 20 kGy ' '.

We carried out trials using combined treatments (heat and salts in
addition to gamma radiation) and found that after having applied moderate
heat (78°C for 20 minutes), overall doses of 15 kGy can eliminate types
A, C and O present in lymph nodes, blood or bone marrow. By inoculating
cattle with the samples, we verified that the viruses had been eliminated(12),

2.3 Extension of the shelf life of meat and meat products

Fresh meat without adequate processing is a highly perishable food.
To combat the threat of spoilage, meat has to be kept under strict
chilling or freezing conditions.

The spoilage flora of fresh meat kept in aerobiosis and freezing
conditions includes microorganisms such as Pseudomonas. Moraxella and
Acinetobacter. Under good manufacturing practices these microorganisms
are present in the cuts of meat in numbers between 10 to 10 /cm .
By keeping these cuts in aerobiosis and at 1°C, their shelf life is
about 7 days.

Under the present marketing conditions and without modifying the cold
chain, the shelf life of fresh meat and meat products may be extended by
applying ionizing energy.

The DIQ values for the spoilage microorganisms are about 0.13 kGy
for Pseudomonas and a little higher for Moraxella; 0.8 kGy. By applying
2.5-fold the DIQ dose, that is 2 kGy, we found the shelf life of beef
could be extended by more than 2-fold when compared to non-irradiated
meat, thus remaining in better condition to resist the effect of
temperature increases ' '.

These considerations for beef can be extrapolated for poultry ' '.

3. CONCLUSIONS

* Viruses, bacteria and parasites pathogenic for both man and animals,
as well as spoilage microorganisms, may be carried by meat products
obtained under good manufacturing practices.
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Food-borne diseases carried by meat are likely to remain constant or
even increase due to marketing and consumption requirements and
growing international trade. Therefore, authorities should urgently
consider the application of appropriate treatments so that the
incidence of these diseases is reduced.

The shelf life of meat needs to be extended, to make it easier to
market the product for consumption in regions far from the production
centers, by overcoming transportation difficulties due to the
distances involved, accentuated in some cases by road conditions and
the problem of providing adequate refrigeration.

Doses lower than 10 kGy proved sufficient to assure the hygienic
quality of meat, thus decreasing the risk of food-borne disease.

Some Latin American people and professionals related to the health and
food areas are suspicious of ionizing energy treatments, or just
reject them due to lack of information thereon.

4. RECOMMENDATIONS

It is advisable that the authorities of the Latin American countries
should;

* Support campaigns to make consumers aware of the safety in the usage
of ionizing energy applied to meat, and its inhibiting effect on
pathogenic and spoilage microorganisms.

* Consider favourably ionizing energy applied to meat and meat products,
particularly those items for habitual consumption, according to the
Codex Recommendations for Food Irradiation, including dosimetry
methods for processing control, and using information obtained from
international organizations experienced on the subject such as the
International Consultative Group on Food Irradiation (ICGFI).

* Support the establishment of Regional Reference Centers on the basis
of the National Atomic Energy Institutes or Centers of Specialization
where processing techniques and standards may be adopted and developed
according to the local or regional requirements as to hygiene,
nutrition and economy.

* Check and support trials proposed by companies in the private sector
to gain experience in the use of ionizing energy, and learn about the
consumer's response to food so treated.

It is advisable that entities of private sector should;

* Develop experience to make it possible to support the authorities in
their decision making.

* Develop methodologies leading to the identification of irradiated
foods.

It is advisable that specialists in the field should;

* Promote the training of future professionals in the basic aspects of
the use of ionizing energy.
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FSIS REQUIREMENTS FOR IMPORTING IRRADIATED FOODS
INTO THE UNITED STATES OF AMERICA

R.E. ENGEL
Food Safety and Inspection Service (FSIS),
United States Department of Agriculture,
Washington, D.C.,
United States of America

Abstract

The Federal Meat Inspection Act and the Poultry Products Inspection
Act require foreign countries that export meat and poultry to the United
States to establish and maintain inspection standards and requirements
that are interpreted as being "at least equal to" those of the united
States. Countries must undergo a rigorous review process before they can
become eligible to export meat and poultry to the United States. After a
country is granted eligibility, FSIS relies on the country to carry out
daily inspection. FSIS has established long-standing precedence in
requiring meat and poultry processors to submit their proposed procedures
for review prior to use to assure adherence to regulatory requirements.
The concept of quality control (QC), as used by FSIS, is to control the
production process in order to provide for good sanitary practice in
compliance with FSIS inspection regulations.

1. INTRODUCTION

Extensive research over the last five decades on the preservation of
food using ionizing radiation has shown that this technology has the
potential, if used properly, to reduce pathogens in food. This research
has been done in every industrialized country in the world. International
experts with irreproachable credentials in public health, food technology,
microbiology and toxicology have supported the use of radiation processing
as one of the only technologies we have to improve the safety of certain
foods and to replace chemicals to kill parasites [1].

Safe food is a primary concern for all people throughout the world.
If we can reduce the numbers of bacterial pathogens, we can offer safer
food to the consumer. Although many raw or processed foods are safe for
consumption there are many foods in the market place that have the
potential for producing food-borne disease. Experts in the United States
as well as around the world are attempting to develop procedures to
prevent the contamination of raw foods or foods that are consumed without
thorough cooking. They have yet to find solutions other than using the
best available quality control procedures, public education and
recommending the use of irradiation [2]. In any case, the process of
preservation whether ionizing radiation, canning, freezing, etc. must be
closely controlled to ensure that the food is safe and wholesome. In this
respect the public health regulatory agencies have common issues to
consider before approving the technology. The two U.S. Public Health
Agencies most involved at the present time in food irradiation are the
Food and Drug Administration (FDA) and the Food Safety Inspection Service
(FSIS) [U.S. Department of Agriculture].
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2. REGULATORY RESPONSIBILITIES

The Food and Drug Administration is responsible for determining the
safety of the irradiation of food [3], If a processor wishes to use
radiation processing of a food he/she must petition the PDA to obtain
approval if that approval has not been granted [4]. Once the safety is
approved by FDA, the processor, in the case of meat and poultry, must meet
the requirements of the Food Safety and Inspection Service. FSIS is
responsible for the safety, wholesomeness and accurate labeling of U.S.
meat and poultry in interstate and foreign commerce [5, 6, 7]. Under the
Federal inspection acts covering these products, meat and poultry and
their products are considered adulterated if subjected to radiation,
unless there is a regulation for such use pursuant to the food additives
section of the Federal Food, Drug, and Cosmetic Act (21 U.S.C.
453,601,1033). Thus FSIS cannot authorize the use of irradiation until
FDA has approved its specific uses for meat and/or poultry. The first
approval was in 1986 when FSIS published a final rule permitting the
irradiation of pork for trichina control [8]. Following this approval
FSIS prepared regulations to permit the use of ionizing radiation in
federally inspected meat plants. No one in the meat industry has
approached the Agency to continue the administrative procedure. The
regulation, if published would discuss in detail how the processor must
meet the requirements of the FSIS [9, 10]. There would be flexibility in
the process as there is in other preservation methods. However strict
sanitation principles would be spelled out in order to allow the FSIS
inspection force to verify that the process was done correctly [11].

3. PROCESS CONTROL

Every meat and poultry processor conducts some type of quality
control activity in the production of a product. In addition, FSIS has
regulations which impose specific quality control requirements to be
adhered to and records to be maintained for processors which produce
unique products, produce products using unique processing procedures, or
label products with statements that require verification for accuracy.

FSIS has established long-standing precedence in requiring meat and
poultry processors to submit their proposed procedures for review prior to
use to assure adherence to regulatory requirements. The concept of quality
control (QC), as used by FSIS, is to control the production process in
order to provide for good sanitary practice in compliance with FSIS
inspection regulations. QC can be applied either to the entire food
production system of the establishment (i.e. a total plant QC system) or
limited to a specific process or product (i.e. partial or PQC program).
The QC and PQC programs are currently being used to help assure production
of safe, wholesome, unadulterated, and accurately labeled meat and poultry
products. The Agency is in the process of implementing the Hazard
Analysis Critical Control Point (HACCP) "Systems" approach to food safety
control. HACCP is a system for identifying and prioritizing food "hazards"
so that the maximum attention can be targeted to those "critical control
points" in the process where a hazard can be eliminated. Be it
irradiation or any other processing of meat or poultry FSIS is committed
to the HACCP system because it is the scientifically superior system fully
applicable to the range of critical food protection issues before
FSIS—today and tomorrow.

The National Academy of Sciences of the United States embraced the
HACCP concept as an effective and rational approach to the assurance of
safety and to the prevention or delay of spoilage in foods [12]. In the
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application of HACCP, the use of microbiological criteria is at times the
most effective means of verifying the effectiveness of control measures at
the critical control points. In other instances, verification of critical
control points can best be accomplished through the use of physical and
chemical tests, visual observations and sensory evaluations.

Requiring that a processor use HACCP is the best assurance that food
products have been handled and stored in a manner to preserve their safety
and wholesomeness. If contamination is being controlled at the critical
points during processing, then the processor and the Agency can be
confident that the final product will meet any realistic microbiological
criteria as well. Since there is no method of determining, after the fact
that all these parameters have been met, documentation of the control at
critical control points is the only effective means of making those
determinations. Bacterial pathogens can be effectively controlled by
using ionizing radiation during processing. An irradiation step is
considered a critical control point in the manufacture of raw or cooked
foods prepared according to a HACCP program. Many radiation processors
unfamiliar with food processing technology may feel that HACCP will impede
the implementation of radiation processing for foods. On the contrary,
many public health authorities would like to have irradiation implemented,
but not at the expense of a safe and wholesome food supply. To aid the
processors in determining what foods should be irradiated, the World
Health Organization (WHO), at the request of the International
Consultative Group on Food Irradiation convened a group of experts to
arrive at some definition of microbiological criteria for foods to be
further processed [13].

4. MICROBIOLOGICAL GUIDELINES

End-point testing for microbiological contamination is not the best
use of resources or does it assure that the process was in control.
Microbiological sampling, if appropriate, is most effective at critical
control points. Microbiological guidelines as proposed by WHO were as
defined by the Codex Alimentarius Commission [13]. The proposed WHO
guidelines "do not refer to the acceptability or non-acceptability of the
food and are not intended as maximum manufacturing processes to which the
food has been subjected. If in the course of microbiological testing, a
food fails to meet a guideline, the suggested response would be inspection
of the process for adherence to GMP and initiation of corrective action
where necessary. In this context it should be noted that relatively
little food in trade is accepted or rejected on the basis of
microbiological criteria." GMP (Good Manufacturing Practices) used in
this context is not unlike HACCP.

WHO concluded "foods to be further processed should be of such
microbiological quality that, were it not for the assumed presence of the
target organism, they would be considered wholesome and microbiologically
acceptable. Microbiological criteria to ensure this should be based on
tests which demonstrate that the hygienic aspects of good manufacturing
practices have been observed. The microbiological criteria should be
based on a statistically acceptable sampling plan and take into account
the likely effects of subsequent treatments on the microorganisms."

All of these factors will be addressed when FSIS finalizes the
regulations on the irradiation of pork and poultry, when approved by FDA
[13, 14, 15].

83



5. FSIS IMPORT REQUIREMENTS FOR MEAT AND POULTRY

The Federal Meat Inspection Act and the Poultry Products Inspection
Act require foreign countries that export meat and poultry to the United
States to establish and maintain inspection standards and requirements
that are interpreted as being "at least equal to" those of the United
States. To deal with the diversity of products and inspection approaches
in the various countries exporting to the U.S., FSIS has a complex,
comprehensive system of import controls including two major activities:

—evaluation of the inspection system of each country seeking to
import to the United States to assure it has inspection controls
equal to those of the United States; and
—reinspection of imported products at the port-of-entry.

Countries must undergo a rigorous review process before they can
become eligible to export meat and poultry to the United States. Even
after a country is granted eligibility, FSIS continually reviews its
program to ensure it remains equal to the United States system.
Reinspection of product at the port of entry is a further check on the
effectiveness of the foreign country's inspection system.

5.1 The Systems Approach:

The principle underlying our import inspection activities is the
"systems approach," which focuses on a country's overall inspection system
rather than on individual plants. The FSIS role is one of analysis,
approval and oversight. The Agency does not perform inspection in other
countries, nor does it impose the United States system verbatim on a
foreign country.

The Agency is looking for controls equivalent to those of FSIS—not
necessarily the same. USDA would characterize equivalency as a kind of
filter through which certain United States requirements pass before they
are imposed on "equal to" systems. In some cases, alternative but equally
effective procedures may be more suited to the situation in a given
country, and the USDA is able to accept these equivalent controls in lieu
of insisting on duplication of its own approach. Equivalent treatment is
accepted only after certain critical basic principles are satisfied. Once
that is accomplished, USDA tries to regard equivalence as the reasonable
alternative to replication.

5.2 Granting Country Eligibility:

Before a foreign country can export meat or poultry to the United
States, it must be granted eligibility to do so. FSIS has established
procedures under which foreign countries may attain eligibility to export
to the United States.

The first step is a complete evaluation of the country's inspection
system by FSIS personnel. This evaluation consists of two processes:

—a document review; that is, a review of the laws, regulations,
directives and other written materials used by the country to operate
its inspection program; and
—on-site reviews of the country's inspection system operations.
If the document review and the on-site reviews confirm that an

inspection system applies controls at least equal to those of USDA, a
Federal Register notice is prepared proposing to recognize the country's
inspection system as equal to ours. Following a public comment period,
the country is declared eligible to export to the United States.
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5.3 Continuing Oversight of Eligible Countries:

After a country is granted eligibility, FSIS relies on the country to
carry out daily inspection. Individual establishments desiring to export
to the United States must apply to the country's national inspection
authorities for certification. In turn, the chief inspection official in
the country certifies to FSIS those establishments which meet all
applicable standards and are authorized to export to the United States.

5.4 Port of Entry Reinspection:

FSIS relies on its initial determination of a foreign country's
eligibility coupled with ongoing reviews to provide assurance that
products shipped to the United States are—and continue to be—safe,
wholesome and properly labeled and packaged. As a further check on the
effectiveness of the foreign country's inspection system, FSIS reinspects
meat and poultry products on a sample basis as they enter the United
States.

6. CONCLUSION

The HACCP concept as proposed for use by the United States has been
accepted by the scientific community regarding the radiation processing of
food. FSIS also intends to implement the concept in other processing
technologies of meat and poultry. The FSIS import program will therefore
require countries exporting to the United States to also be "equal to" if
exporting irradiated meat or poultry to the United States. The United
States philosophy is wholly consistent with the FAO/IAEA/WHO/ITC-
UNCTAD/GATT Document on Food Irradiation adopted on 16 December 1988 at
the International Conference on the Acceptance, Control of, and Trade in
Irradiated Food, Geneva, 12-16 December 1988 [1].
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Abstract

Laboratory experiments involved the irradiation of mangoes infested
with third instar larvae of Anastrepha serpentina. A. ludens and Ceratitis
capitata, over a range of doses between 10 and 250 Gy. Irradiation was
carried out using a Co-60 AECL irradiator model JS-7400. The experiments
were designed to achieve a dose distribution equal to or less than 1.025.
Fricke dosimeters were used. Fertility tests were carried out on emerged
adults of A. ludens and C_. capitata; a larval dose of 40 Gy or more
resulted in zero fertility in the case of A. ludens. while the
corresponding figure for C_. capitata was 60 Gy. The adults that emerged
of A. serpentina died before reaching sexual maturity. It was concluded
that i) irradiation at the dose of 60 Gy totally inhibits the emergence of
A. serpentina and A. ludens adults; and ii) the dose of 150 Gy inhibits
the emergence of Ceratitis capitata adults from 99.9% of irradiated
larvae, and those which survive are sterile. The doses of 60 and 150 Gy
exceed the mortality probit 9 threshold, and are within the tolerance
limit of fresh fruit (approximately 1000 Gy).

1. INTRODUCTION

The United States Animal and Plant Health Inspection Service <APHIS)
has established a rigorous quarantine control over purchases of fresh
fruit from tropical countries (1).

In Mexico, export controls are needed specifically for mangoes and
citrus, since they are sensitive to attack by fruit flies of the
Anastrepha genus, specially A. ludens and A. obliqua, and to a lesser
extent A. serpentina.

The Mediterranean fruit fly is established in Guatemala, and sporadic
outbreaks occur in the border region of El Soconusco, State of Chiapas,
Mexico, requiring restrictions for fruit which is transported into other
Mexican states or abroad (2).

After the banning of EDB, citrus for export are treated with methyl
bromide, and mangoes undergo hot-water treatment.

However, the availability of another universal, efficent and economic
method would be highly desirable. A promising alternative is the use of
gamma irradiation.
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In Mexico, studies on the application of irradiation as a quarantine
treatment for mangoes and orange began in 1984, with an economic
assessment that demonstrated the feasibility of such treatment (3).

In a study carried out by the National Nuclear Research Institute
(ININ), the Fruit Growers National Commission (CONAFRUT), and the State
University of Chapingo (UACH), technical feasibility was demonstrated when
it was shown that minimum doses of 450 Gy and 630 Gy were sufficient to
disinfest mango and orange respectively, based on larval mortality.

The quality of fruit irradiated up to 1,000 Gy was evaluated by
chemical, physiological and sensorial testing. Determination of vitamin C
indicated that there was no loss in nutritional value; fruit metabolism
was unaffected, since no significant increase was observed in the rates of
respiration and transpiration; and tasting panels found both treated and
non-treated fruit to be equally acceptable (4).

2. OBJECTIVES

To determine the irradiation doses (Co-60) which when applied to
mangoes infested with A. ludens. A. serpentina and C. capitata third
instar larvae, will either totally prevent the emergence of adults, or
will ensure that adults which do emerge are sterile.

3. METHODOLOGY

This research project was carried out in accordance with the
methodology described in the Protocol for Post-harvest Treatments
published by the Agricultural Research Service (ARS) of the United States
Department of Agriculture.

Figure 1 shows a flow chart of the activities carried out in order to
achieve the objectives of the laboratory study.

3.1 Establishment of the colonies

The A. serpentina colonies were established after collecting 3,500 kg
of mammal apple (Mammea americana L. ) from which 165,650 larvae were
recovered. To allow pupation, the larvae were placed in humid soil at
28 i 1°C and 70 ± 5% R.H. Two or three days before emergence of adults,
the pupae were separated from the soil and placed in the infestation
cages.

To establish the A. ludens and £. capitata colonies, the biological
material in pupal state was obtained from the Mass Rearing Laboratory of
the Moscamed Program (SARH-USDA).

3.2 Fruit infestation

For this study, Ataulfo mango (Francis type) was used, with a weight
of 250 to 300 g each, sizes 12 and 13.

For fruit infestation, wooden cages of 70 x 70 x 70 cm were used,
with a capacity for 2,000 pairs of insects. The insects were fed with a
mixture of sugar and protein (3:1) and water. Cages were equipped with
two metal grills at 30% and 60% of their height, on which the fruit to be
infested was placed.
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FIG. 1. Flow chart of activities developed during the laboratory stage.

In order to obtain at least 20 larvae per fruit, the time of
infestation varied from 6 to 48 hours, depending on the biological
characteristics of the species under study (sexual aggressiveness,
fecundity and fertility). Once the fruit was infested, it was taken out
the cage, placed on plastic trays, and stored at 26 i 2°C and
80 ± 5% R.H. to allow the development of the insects up to the third
larval instar, which is the most radiation resistant. The larval
development was completed at 15 ± 1 day for Anastrepha spp. and at
9 i 1 day for C, capitata.

3.3 Selection of irradiation design and dosimetry

Irradiations were made using an AECL (Nordion) Co-60 irradiator model
JS-7400 with an activity of 8.8756 x 1014 Bq, by October 1st 1988.

89



The absorbed dose was determined using Fricke solution as secondary
dosimeter: vials with 4 ml of solution were placed in the mangoes, the
fruits with dosimeters were placed in a wooden frame (10x30x30 cm), and
this was positioned at 40 cm from the irradiation source, centered with
the Co-60 source rack. The dosimeters with an odd number were put in the
front of the fruit, and those with an even number in the rear, as shown in
Figure 2. Table 1 indicates the position of each dosimeter in each mango
with respect to the center of the rack, which was the point (0,0,0) in the
coordinate system. In the same table, the overall average dose rate (dose
rate, D) for each dosimeter is listed.

BOX WITH MANGOES

15cm .

40cm
SOURCE 1

FIG. 2. Position of dosimeters on each mango for dose rate determination.
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TABLE 1. DOSE RATES FOR EACH DOSIMETER PLACED ON
BOTH SIDES OF MANGOES

DOSEMETER

#

1

1.

5
7
9
11
13
15
17

POSITION

X

40
40
40
40
40
40
40
40
4O

y
10
0
-10
10
0
-10
10
0
-10

2

6
6
6

-11
-11
-11
-2.7

-22
-22

DOSE
RATE

(Gy/min)
16.63
17.39
16.71
17.11
16.92
16.30
16.6O
16.70
16.9O

Dmax = 16.89
Gy/min

2
4
6
8
1O
12
14
16
18 |

45.5
45.5
45.5
45.5
45
46
45
46.5
46.5

10
0
-10
10
o
-10
10
o

6
6
6

-11
-11
-il
_ -*7 -~>

-»Ï. xL

-1C -22

11.12
11.47
11 .34
ï 0 . 96
1 1 . 34
11 .45
1 1 . 39
1 1 . 20
1 1 . 06

Dm in - 11 .25
Gy/min

The maximum to minimum value of dose rate for one side exposure for
each mango is presented in Table 2, and the average of these values was
1.48; in order to reduce this value, it was necessary to rotate the system
180° on the Z-axis, then the average value was near 1.
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TABLE 2. MAXIMUM AND MINIMUM VALUES OF
DOSE RATES FOR EACH MANGO

Mango
#

I
II
III
IV
V
VI
VII
VIII
IX

Dmax/Dmin
Without
rotation

1.49
1.51
1.47
1.56
1.49
1.42
1.45
1.49
1.52
= 1.48

With
rotation
1.01
1 . 00
1.01
1.00
1.01
1 . 00
1.01
1 . 00
1.01
= 1.OO5

!_.__.__. .... ..___...._.. . .

3.4 Irradiation of infested fruit

The mangoes were placed in the same wooden frame used for dosimetry;
each frame was divided into three levels and in each level three mangoes
were placed.

The exposure times were calculated for each dose, so that the applied
doses were: 10, 20, 30, 40, 60, 80, 100, 120, 150, and 250 Gy.

In each irradiation, dosimeters usually were placed in positions:
1, 9 and 17 (see Figure 2) in order to verify the irradiation process.

The frames with mangoes were also rotated 180° on the Z-axiz at the
halfway point of the exposure time.

3.5 Dissection of irradiated fruit and handling of biological material

Dissection of both irradiated and control samples of fruit was made
one day after the irradiation treatment. The number of living larvae was
recorded, and they were placed in containers with moist soil, in order to
allow them to become pupae, in an environment controlled at 26 ± 1C and
80 1 5% R.H. Eight days after pupation, the numbers of normal and
malformed pupae, as well as the number of larvae which did not reach
pupation, were recorded. Only the normal pupae were left in the medium to
allow them to continue their development until the emergence of adult
insects. A target sample size of about 5,000 insects was adopted for each
species at every dose level.
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3.6 Emergence of adults and quality of emerged insects

In treatment lots where adults emerged, they were separated by sex
24 hours after emergence. When they reached sexual maturity (10 days for
the genus Anastrepha. and 3 days for C. capitata, approximately) treated
females were matched with untreated males and vice versa, with the purpose
of measuring the fecundity, fertility and longevity of the adult insects.
Their morphological state and ability to fly was also noted.

4. RESULTS AND DISCUSSION

Tables 3, 4 and 5 show the effect of irradiation at different doses
on larval development, pupation and emergence of adults for A. serpentina,
A. ludens, and C. capitata. respectively, In all three species, an
increase in the number of dead larvae was observed, as well as in the
number of malformed pupae, when doses greater than 100 Gy were applied.

TABLE 3. EMERGENCE OF A. serpentina ADULTS AFTER IRRADIATION OF MANGOES
INFESTED WITH THIRD INSTAR LARVAE AT DIFFERENT DOSES

Dose
(Gy)

Control
1O
2O
30
40
60
9O
1OO
120
15O
25O

Larvae

Living

5106
4719
5255
5841
5537
4O25
4136
4317
4845
464O
6067

Failed
to

Pupate
102
258
296
399
276
393
357
73O
886
831
2632

Pupae
Normal

4842
3964
4176
4715
3964
2429
2666
2383
2517
2065
1277

Mal -formed

162
497
783
727
1297
1203
1113
1204
1442
1744
2158

Adults
#

4526
4O7
174
22
10
O
O
0
O
0
0

Emergence
<%)

88.64
8.62
3.31
0.38
0.18
O
0
0
O
O
0
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TABLE 4. EMERGENCE OF A. ludens ADULTS AFTER IRRADIATION OF MANGOES
INFESTED WITH THIRD INSTAR LARVAE AT DIFFERENT DOSES

Dose
(Gy)

Control
10
20
30
4O
60
9O
100
120
150
250

Larvae

Living

5342
5450
5441
4808
5517
5513
5260
5800
4842
6337
5617

Failed
to

Pupate
51
94
119
122
76
209
12O
219
126
156
2O8

Pupae
Normal

4979
5048
4806
4044
4733
4395
4113
3880
3223
4081
3123 ;

Mal -formed

312
3O8
516
642
708
909
1027
1701
1493
2100
2286

Adults
#

4503
1282
355
53
6
O
0
O
0
O
O

Emergence
("/-)

84.29
23.52
6.52
1.1

0.109
0
O
O
0
0
o

TABLE 5. EMERGENCE OF C. capitata ADULTS AFTER IRRADIATION OF MANGOES
INFESTED WITH THIRD INSTAR LARVAE AT DIFFERENT DOSES

Dose
(Gy)

Control
10
20
30
40
60
SO
100
120
ISO
250

Larvae

Living

6O89
3220
3369
3740
5117
4450
5146
8536
5806
5268
5192

Failed
to

Pupate

49
26
79
79
78
53
63
280
79
242
138

Pup ae
Normal

5797
3037
2726
3358
4781
4030
4872
7630
5171
4343
4426

Mal -formed

243
157
564
303
258
367
211
626
556
683
628

Adults
#

55O4
2417
1270
170
106
15
8
8
6
5
O

Emergence
("/.)

90 . 39
75.06
37.69
4.54
2.O7
0 . 34
0.156
0 . 093
0.103
0 . 095
O.O
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In the case of A. serpentina, emergence of adults occurred in the
range of doses from 10 to 40 Gy (Table 3), but males and females died
before reaching sexual maturity. Emergence of adults from treated
A. ludens larvae also occurred up to 40 Gy (Table 4) and some reached
sexual maturity. The percentage of fertility in adults from larvae
treated at 30 Gy for example, was 45%, but fertility was zero at 40 Gy
(Table 6).

TABLE 6. EMERGENCE AND FERTILITY OF A. serpentina, A. ludens AND C. capitata ADULTS
AFTER IRRADIATION OF MANGOES

Treatment
(By)

Control
1O
20
30
40
60
80
10O
120

•A. serpentina
Emergence

(7.)
79.4
10.3
4.2
O.5
0.25
0
0
O
0

Hatching

("/.)
84.0
O
0
0
0
O
0
o
0

A. ludens
Emergence

C/.)
85.6
25.4
7.4
1.3
0.1
O
o
0
o

Hatching

(%)
92 . 0
51.8
50.6
45.0
0
0
0
0
0

C. capitata
Emergence

C/.)
90 . 39
75 . 06
37.69
4.54
2.07
0.34
O.15
0 . 09
0.1

Hatching

C/.)
95.0
89.0
88.0
73.2
62.4
31.19
10.63
5.76
0 . 0

For C_. capitata, a dose of 250 Gy was required to achieve total
inhibition of the emergence of adults, since at 150 Gy the emergence of
5 adults was observed (Table 5). In the range of doses from 10 to 40 Gy,
a high percentage of fertility was recorded as can be seen in Table 6.

5. CONCLUSIONS

5.1 Irradiation of third instar larvae at a dose of 60 Gy totally
inhibits the emergence of A. serpentina and A. ludens adults.

5.2 A dose of 150 Gy inhibits the emergence of adults in 99.9% of
irradiated C_. capitata larvae, and those which do emerge are
sterile.

5.3 The doses of 60 to 150 kGy:
exceed the mortality probit 9 threshold.
are beneath the tolerance limit for fresh fruit which is
approximately 1000 Gy.
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NEED FOR HARMONIZATION OF LEGISLATIONS
ON FOOD IRRADIATION
(Summary)

E.R. MENDEZ
Mexico City, Mexico

All innovative technologies, which have been developed, have taken at
the beginning a more or less long period of time to be accepted in all
their aspects: scientific, productive, legislative, commercial,
acceptance by consumers, etc. Food irradiation technology is no
exception.

Considering that irradiation has been used by various facilities for
the treatment of food for many years, its acceptance has been slow, given
its diffusion and increasing application. The moment has arrived for the
harmonization of regulations with the objective of protecting the consumer
adequately and of providing food control authorities with the parameters
for control, in order to facilitate both domestic and international trade.

Great progress has been made in defining the basis for harmonizing
regulations in the various countries by the Codex Alimentarius Commission.

It would be useful to recall that the basic aim of Codex, as it is
known to many, is the protection of the health of the consumer and the
promotion of fair practices in domestic and international food trade.

To date 138 countries, representing approximately 97% of world
population, participate in the Commission's work. It should also be
remembered that participation in this programme is intergovernmental,
permitting this organ to make decisions of an official character.

The Joint FAO/WHO Food Standards Programme, through the 12th Session
of the Codex Alimentarius Commission, decided in 1978, to elaborate a
standard for the irradiation of food. This standard was studied and
revised by the Codex Committee on Food Hygiene and Food Additives; it is
based on the recommendations of a FAO/IAEA/WHO Expert Committee which met
in 1976 and recommended that the irradiation of certain products should be
permitted, provided this was carried out under conditions of adequate
control and where this was justified.
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In December 1979, the Commission adopted a General Standard for
Irradiated Foods. The rapidity with which this standard was accepted was
quite unusual. This was due to the naturalness of the process, its safety
and the urgent need for a regulatory basis and need for negotiations at
the international level.

In 1981 and following a second meeting of the FAO/IAEA/WHO Expert
Committee which endorsed an absorbed dose of radiation up to 10 kGy as
adequate and which does not cause toxicological or nutritional effects
which are hazardous to health, the Commission adopted a revision to the
previous standard as well as a code of practice for the operation of food
irradiation facilities.

The Commission has certain reservations concerning this process with
respect to its use as a substitute for good manufacturing practice; as
regards labelling, and the use of this process for foods destined for
lactating infants, the Commission's wish is to consider carefully this
type of food and the additives which are present in them.

On the other hand, the Commission has accepted the conclusions of the
International Commission on Microbiological Specifications in Food in
respect of the selective destruction of micro-organisms and the subsequent
development of micro-organisms resistant to treatment.

This is the basis of a harmonized legislation on the irradiation of
food. It is interesting to observe what has taken place in the field of
food regulations:

In the region of Europe, the Community has in practice reached
agreement to use "Codex" as the basis for the free distribution of food
legally irradiated, following approval by the Council of Ministers. The
Directive for the Control of Irradiated Food places special emphasis on
adequate labelling. Although there is a certain resistance on the part of
certain countries in the region to use the process, it is authorized in
others for preventing sprouting, decontamination of spices, shelf-life
extension and control of insect infestation.

Some of these countries are considering the use of the designation
"ionization", the "radura" logo or terms such as "irradiation" and
"radiation".
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Outside the area of the European Community, various countries also
use food irradiation. African countries have held meetings to prepare
themselves for a future application of this technology. Asian countries
are already using it on a major scale.

In the Latin American region, only Brazil, Argentina, Cuba, and Chile
use the process on any scale for food, while countries like Mexico and
Venezuela have facilities for medical and other products; nonetheless,
there is no harmonized legislation as such.

It can be stated that the areas in which adequate legislation must be
contemplated are:

1. control both of the facility and of the operators, safety features,
including waste,

2. control of the type of product which may be irradiated and specific
uses, and

3. control of labelling so that the consumer will be adeuately informed.

Given the fact that in the Latin American region practically all
countries are involved in the Codex Alimentarius programme, one can hope
that harmonization of regulations will be a closer objective, especially
if one considers the need to provide adequate protection to the consumers
through appropriate national regulations.

The purpose of this presentation is to stimulate discussions avoiding
a repetition of facts already known and arguments already discussed.

It may be that there are countries which, although they do not plan
in the short term to use this technology for the preservation of food for
various purposes, nonetheless could benefit from a collaboration with
others, expressing their views and advancing the basis for a process which
can help to avoid costly losses of food to a significant extent.
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GAMMA IRRADIATION AS A QUARANTINE TREATMENT
FOR APPLES INFESTED WITH CODLING MOTH*

A.K. BURDITT, Jr.**
Agricultural Research Service,
United States Department of Agriculture,
Yakima, Washington,
United States of America

Abstract

The codling moth, Cydla pomonella CIO» la a deciduous
fruit pest of quarantine importance since It does not occur In
Japan and some other Pacific areas. Research has been
conducted to determine if gamma Irradiation would be feasible
as a treatment to meet quarantine requirements Imposed by
regulatory agencies In countries where this pest does not
occur. This research has shown that exposure of eggs or
Immature larvae to radiation limited or prevented their
development to larval maturity, pupation or adult eclosion,
depending upon dose. Research also has shown that treatment of
mature larvae limited or prevented adult eclosion. At some
doses, adults that eclosed were abnormal and unable to
reproduce, or only males eclosed. Larvae that developed more
rapidly were more resistant to radiation effects than larvae
that required a longer period to reach the same developmental
stage. Also, application of gamma Irradiation to codling moth
larvae at a high dose rate was more effective In preventing
eclosion of normal adults than application at a low dose rate.
Problt analysis calculated that a dose of 372 Gray CGy) would
prevent young larvae from reaching maturity and forming a
cocoon. However, a calculated dose of 129 Gy would prevent
eclosion of normal adults or of females and 151 Gy would
prevent eclosion of any adults. For older larvae probit
analysis calculated that a dose of 114 Gy would prevent
eclosion of normal adults, 144 Gy would prevent eclosion of
females, and 187 Gy would prevent eclosion of any adults. In a
large-scale test, no adults eclosed when 79,540 larvae were
treated at an applied dose of 153 Gy. Untreated, these larvae
would have produced 69,450 adults, based on the control
population. Since mature larvae leave the fruit and cocoon
elsewhere, theoretically they would not be present at the time
of export. However, Irradiation at applied doses less than 250
Gy have been shown to prevent emergence of adults from such
larvae If they were present.

1. INTRODUCTION
The codling moth, Cydla pomonella CL.}, Infests apples, pears

and other pome and stone fruit throughout most deciduous fruit
growing areas. However, since codling moth does not occur in

* This paper reports the results of research only. Mention of a commercial or proprietary product does
not constitute a recommendation or endorsement by the USDA.

** Present address: 9068-C S.W. 82 Terrace, Ocala, PL 32676, USA.
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Japan and some other Pacific areas, treatments must be
developed to meet their quarantine regulations In order to
permit import of host fruits [1]. Research Is In progress In
the United States of America and elsewhere to develop
treatments to satisfy these regulations. Such treatments must
be effective against eggs that may be on the surface of host
fruits as well as larvae that may be present In the fruit at
the time of treatment. The concept of quarantine security was
established by Baker [2] for fruit files In Hawaii. He
suggested that the dose required to give problt 9 C99.99683O
mortality be established as that for quarantine security.
Since then this has been applied to other pests, as well as
fruit files.

Gamma Irradiation has been proposed as a possible quarantine
treatment for commodities subject to Infestation by fruit files
[3,4,5] and other pests [6]. Research has demonstrated that
gamma Irradiation Is effective In preventing adults developing
from Immature stages of Insects treated In stored grain as well
as In fruit [7].

2. EXPRESSION OF TREATMENT EFFECTS
The effects of exposing Immature insects to radiation can be

expressed in various ways depending upon the dose and stage of
development of the Insect at the time of treatment. In the
case of codling moth the stages of development present on the
fruit at the time of treatment would be the egg and the larva.
The codling moth larval period consists of five stages or
Instars. When fifth Instars complete their feeding the mature
larvae leave the fruit in order to find a suitable location In
which to spin a cocoon, pupate and eventually emerge as an
adult. Nondlapausing larvae usually pupate within two weeks
after cocoon formation. However diapausing larvae overwinter
In the cocoon prior to pupation In the spring. Subsequently,
adults eclose within a month after pupation.

Ca} Treatment of codling moth eggs with gamma radiation can
result in the following responses depending upon the stage of
development at the time of treatment and the dose applied:

Cl} failure of the egg to hatch - the embryo terminates
its development prior to larval eclosionj

C2) the egg hatches but the resulting larva terminates
development, usually at the time of molting;

C3) the egg hatches and the resulting larva survives to
maturity, forms a cocoon, but does not pupate;

C4) the egg hatches and the resulting larva matures and
pupates, but an adult does not eclose;

C5} the egg hatches and the resulting larva matures,
pupates and an adult ecloses.
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Cb) Treatment of Immature codling moth larvae with gamma
radiation can result In the following responses depending upon
development of the larva at the time of treatment and the dose
applied:

CD the larva does not molt to the next Instar;
C2) the larva matures, forms a cocoon, but does not pupate;

C3) the larva matures, forms a cocoon, pupates, but an
adult does not eclose;

C4) the larva matures, pupates and an adult ecloses.
Cc) Treatment of mature, cocooned, codling moth larvae with

gamma radiation can result In the following responses depending
upon the dose applied:

CD failure of the larva to pupate;
C23 the larva pupates, but an

adult does not eclose;
C3) the larva pupates and an adult ecloses.

Cd) As indicated In the preceding paragraphs, it Is possible
to treat Immature stages of the codling moth and have adults
emerge. Such adults can respond as follows depending upon the
dose applied:

CD adult eclosion takes place but the adult is abnormal,
usually its wings are deformed;

C2) adult eclosion takes place and the adult appears to
be normal, however, It Is sterile or, If viable eggs
are produced, they are unable to produce a succeeding
generation;

C3) adult eclosion takes place and the adult Is able to
produce a viable succeeding generation.

3. EFFECTS OF GAMMA RADIATION ON EGGS
Proverbs and Newton [8] classified codling moth eggs

according to development units. The average egg took a total
of 3864 units to complete Its development. They used a
cobalt-60 therapy unit to treat eggs at the rate of 0.6 Gy/mln.
When newly laid eggs C296 developmental units) were exposed to
46.5 Gy only a few eggs hatched and the larvae died without
further development. When more mature eggs C2200 developmental
units) were treated at this dose 82% hatched and 40% were able
to develop Into adults. However, half of the female moths had
malformed wings. At 93 Gy adult emergence was reduced to 11%,
and 94% of these adults were males compared to 54% males from
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untreated eggs. All of the females and 85% of the males had
malformed wings. At 139.5 Gy no adults developed from treated
eggs.

Hathaway [9] Irradiated blackhead-stage eggs using a
cobalt-60 source at the rate of 4.1 Gy/mln. When 287 eggs were
treated at 50 Gy, they produced 89 pupae. Of these, 11 emerged
as normal males, 34 as abnormal males, 7 as abnormal females
and the remaining 37 died as pupae. When 285 eggs were treated
at 25 Gy, they produced 82 pupae. Of these, 35 emerged as
normal males, 34 as normal females, 8 as ..abnormal females and 5
died as pupae. Concurrently, 300 untreated eggs produced 162
pupae, of which 79 emerged as normal males, 73 as normal
females, one as an abnormal male and 9 died as pupae.

4. EFFECTS OF GAMMA RADIATION ON YOUNGER LARVAE
Burdltt and Hungate [10] determined the effects of gamma

radiation from an AECL-650 cobalt-60 source on first and second
Instars by treating Infested apples within one week of
Infestation at the rate of 9 Gy/mln. Examination of a sample of
fruit at the time of treatment showed that 55, 40 and 5% of the
larvae were first, second and third Instars, respectively. At
doses of 58.7, 78.3, 97.9 and 117.5 Gy they found that 52, 74,
87 and 91% of the larvae, respectively, died before they had
matured and cocooned. Based on the stage of development at the
time of treatment, most of the first Instars died within the
fruit following treatment at 58.7 Gy, and only the third
Instars were able to survive treatment at 117.5 Gy. Examination
of the fruit at the end of the experiment failed to detect the
remains of any dead larvae. As the dose was Increased, the
percentage of treated young larvae that survived to adult
eclosion decreased significantly, and of those that did
survive, a greater percentage were males and abnormal adults.
No adults eclosed from larvae treated at 117.5 Gy, and no
normal adults eclosed from larvae exposed to 97.9 Gy. At 78.3
Gy, 96.9% of the adults were males and 90.1% of the adults were
abnormal. Problt analysis of these data estimated that the
dose required to prevent eclosion of females or of normal
adults would be approximately 129 Gy and a dose of 151 Gy would
be required to prevent eclosion of any adults. A dose of 372
Gy would prevent any of these larvae from reaching maturity and
forming a cocoon.

5. EFFECTS OF GAMMA RADIATION ON OLDER LARVAE
Burdltt and Moffltt [11] treated Infested apples 18 days

after Infestation to determine the effects of radiation from a
cobalt source at the rate of 3 Gy/mln on older larvae. At the
time of treatment, 55% of the larvae were third, and 44% were
fourth Instars. Exposure of these larvae to from 5 to 40 Gy
had no statistically significant effect on development or
survival of larvae. However, exposure to 80 Gy resulted In 15%
mortality of larvae before they reached maturity and normal
adult eclosion was reduced by 96% compared to that from
untreated larvae.
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In a later study, Burdltt and Hungate [10] determined the
effects of radiation from an AECL-650 cobalt-60 source on
third, fourth and fifth Instars by treating Infested apples two
weeks after infestation at the rate of 9 Gy/mln. Examination of
a sample of fruit at the time of treatment showed that 18, 18,
and 65% of the larvae were third, fourth, and fifth Instars,
respectively. At a dose of 58.7 Gy they found that 16% of the
larvae died before they reached maturity and cocooned. Thus,
larvae that required two weeks to reach the third Instar were
susceptible to 58.7 Gy, while those that developed faster and
had reached the third Instar In one week Cas younger larvae)
were able to tolerate 117.5 Gy. When these larvae were exposed
to doses In excess of 39.2 Gy, ecloslon of normal adults was
significantly reduced, and no normal adults survived exposure
to a dose of 117.5 Gy. A few abnormal males survived at 117.5
and 138 Gy. However, over 60 and 80% of the larvae that matured
and formed cocoons were unable to pupate at these doses,
respectively. Problt analysis of these data estimated that a
dose of approximately 114 Gy would prevent ecloslon of normal
adults, while 144 Gy would prevent eclosion of females and 187
Gy would prevent ecloslon of any adults.
Four large scale tests by Burdltt and Hungate [10] were

conducted In which infested apples In fiberboard apple boxes
exposed to radiation from an AECL-650 cobalt-60 source were
treated 15 days after infestation at a dose of 153 Gy applied
at the rate of 4.1 Gy/mln. Based on the distribution of larvae
In a sample of Infested fruit at the time of treatment there
were 921 first, 30,865 second, 24,707 third, 18,817 fourth and
4,230 fifth Instars, for a total of 79,540 larvae treated.
Based on recovery from untreated fruit, the treated fruit
should have produced 78,320 pupae, of which 69,450 should have
eclosed as adults. However, only 256 pupae and no adults
developed from larvae In the treated fruit.

6. EFFECT OF GAMMA RADIATION ON MATURE, NONDIAPAUSING LARVAE
Proverbs and Newton [8] Irradiated mature fifth instar larvae

using a cobalt-60 therapy unit at a dose rate of 0.6 Gy/min. At
232.5 Gy, none of the female and only 12% of the male larvae
were able to pupate. At a dose of 139.5 Gy, 88% of the female
and 86% of the male larvae pupated, but only 12 % of the female
and 52% of the male larvae produced adults and they were unable
to produce a succeeding generation.

Hathaway [9] treated mature larvae using a cobalt-60 source
at a dose rate of 4.1 Gy/min. He found that 31% of male larvae
treated at 100 Gy produced abnormal adults. When males from
irradiated larvae were mated to untreated females, only 4% of
the eggs produced were able to hatch. None of the eggs hatched
that had been laid by females treated as mature larvae.

Burdltt et al. [12] exposed mature, nondiapauslng larvae
cocooned In fiberboard strips, to radiation from an AECL-650
cobalt-60 source at the rate of 9.4 Gy/mln to doses ranging
from approximately 40 to 160 Gy. They showed that ecloslon of
normal adults was significantly reduced at 40 Gy and that none
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eclosed at 160 Gy. At 120 Gy, 16% of the larvae were unable to
pupate, and only 2.7% eclosed as abnormal and 0.2% as normal
adults.
Burditt and Toba [13] used a ceslum-137 source to treat

mature, nondlapauslng, larvae cocooned In flberboard strips at
the rate of approximately 15 Gy/min and doses up to 96 Gy. No
normal females eclosed at 64 Gy and no normal males at 96 Gy.
At doses of 48 Gy and above, most of the surviving adults were
obviously abnormal In their external appearance. At a dose of
80 Gy, 33% of the larvae were unable to pupate, and 44% died as
pupae. At 96 Gy, 64% were unable to pupate, and 33% died as
pupae. There were no differences in the rates of pupation and
adult emergence from larvae treated at 2 deg. C and those
treated at 20 deg. C. However, larvae that matured and
cocooned In three weeks were more susceptible to the effects of
Irradiation than were similar larvae that matured and cocooned
In two weeks CTable 13 •

Table I. Mortality C%} of cocooned, nondlapauslng larvae
of two different ages following irradiation C13}.
Dose
CGy}

0
32
48
64
80
96

Age of larv
14

1.
2.
2.

11.
32.
47.

ae

9
2
8
1
3
8

; at tre

g
g
fg
e
c
b

»atment
21

3.
3.
6.

20.
45.
65.

Cc

1
6
8
0
1
5

lays)

fg
fg
ef
d
b
a

Means followed by the same letter are not significantly
different at the 5% level [16].

Burditt et al. [14] treated mature, nondiapauslng, larvae
that had cocooned in flberboard strips, to radiation from an
AECL 650 cobalt-60 Irradlator at doses up to 98 Gy and at dose
rates ranging from 0.77 to 204 Gy/mln. They found that when a
dose of 63.4 Gy was applied at the rates of 0.77 and 36.6
Gy/mln, ecloslon of normal adults was 45.9% and 20.7%,
respectively. Eclosion of normal adults treated as mature
larvae at doses of 44, 58, 71, 85, and 98 Gy was significantly
higher when the larvae were treated at the rate of 1.0 Gy/mln
than when the larvae were treated at 204 Gy/mln CTable II). The
dose required to prevent 99% ecloslon of normal adults was
122.5 Gy and 85.4 Gy at dose rates of 1.0 and 204 Gy/min,
respectively, and in order to prevent 99% ecloslon of any
adults at these rates, It was 154.1 and 115.6 Gy,
respectively. Unpublished problt analyses of these data
Indicated that the doses required for quarantine security based
on adult ecloslon would have been approximately 214 and 131 Gy
at dose rates of 1.0 and 204 Gy/mln, respectively, for normal
adults and 226 and 184 Gy for all adults, respectively. At an
applied dose of 67.5 Gy, significantly more normal adults
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eclosed from larvae treated at the rate of 1.0 Gy/mln than from
larvae treated at rates of 4.4, 16.5, 52.2, and 201.5 Gy/mln
CTable III). However, differences In dose rate did not affect
mortality of larvae or ecloslon of abnormal adults.

Table II. Ecloslon C%5 of normal adults following
treatment of nondlapauslng, cocooned larvae at two dose
rates C143.
Dose
CGy}
0
44
58
71
85
98

Ecloslon
1.0
88.2
71.2
44.0
25.0
10.2
4.6

C3O at dose rate CGy/mln):
204

a
b
c
d
e
f

86.4
51.3
21.9
4.4
0.7
0.0

a
c
d
f
gg

Means followed by the same letter are not significantly
different at the 5% level [16].

Table III. Development and ecloslon of codling moth
following treatment of nondlapauslng, cocooned larvae In
flberboard strips at a dose of 67.5 Gy and at five dose
rates C14).
Dose
rate
CGy/
mln}
0
1.0
4.4
16.5
52.2
201.5

Mortality C%) as:
Mature
larvae
17.7 a
11.6 a
15.1 a
16.8 a
17.1 a
16.3 a

Pupae

3.9 d
17.9 c
30.5 b
38.4 ab
47.7 a
33.6 b

Abnormal
adults
2.2 b
37. 1 a
36.7 a
34.3 a
27.7 a
35.6 a

Ecloslon
Normal
adults
76.3 a
33.4 b
17.7 c
10.6 cd
7.4 d
14.5 cd

C3Ü
Male

adults
60.0 c
91.4 b
98.9 a
99.5 a
95.5 ab
95.6 ab

Means within columns followed by the same letter are not
significantly different at the 5% level [16].

7. EFFECT OF GAMMA RADIATION ON MATURE DIAPAUSING LARVAE
Burdltt and Moffltt [11] treated mature, dlapauslng larvae In

flberboard strips at the rate of 3 Gy/mln to doses of
approximately 50, 60, 80 and 100 Gy using a cobalt-60 source.
At 100 Gy, no females and no normal males eclosed. Problt
analysis estimated that the dose required for quarantine
security would be 225 Gy for total adult ecloslon, and 145 Gy
for ecloslon of normal adults.
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Burdltt [15] held larvae In diapause at 20 deg. G for 4.6
and 7,0 months before exposure to 93 Gy using an AECL-650
cobalt-60 source at the rate of 10.3 Gy/mln. He found that 23.4
and 42.1% of the larvae failed to pupate, respectively, and
that adult ecloslon was 12.3 and 5.1%, respectively.

Burdltt [15] held larvae In diapause for approximately three
months prior to Irradiation using a ceslum-137 source at the
rate of 15 Gy/mln. One group of larvae was held In diapause at
2 deg. C, and a second group was held at 20 deg. G. Half of
each group was treated at 2 deg. C, and the other half at 20
deg. C. He found that there were no consistent significant
differences In effects of radiation on development of larvae
that had been treated at 2 deg. C and of those treated at 20
deg. G. However, 34% of untreated larvae that had been held In
diapause at 2 deg. C failed to pupate, and those treated at 2
deg. C appeared to be more susceptible to irradiation than
similar larvae that had been held In diapause at 20 deg. C.
8. SUMMARY
Research has demonstrated that gamma radiation from either

cobalt-60 or cesium-137 sources Is effective as a quarantine
treatment to prevent ecloslon of adults from codling moths
treated as eggs or as larvae. The dose required may vary
according to the type of source and dose rate of the source.
Also, the dose required may vary according to the rate of
larval development, and the end point desired for the
treatment. A dose could be selected that would permit larvae
to cocoon and pupate, but prevent ecloslon of females, of
normal adults, or of any adults CTable IV}. However, such a
dose would permit living larvae to be present in the fruit,
which may not be acceptable to some quarantine authorities in
some countries. Such larvae, if they were able to mature,
would leave the fruit and spin cocoons elsewhere. Higher doses
would be required to cause death of eggs or larvae before they
were able to develop to a stage where they could be detected by
the public or by quarantine personnel prior to their death from
the treatment.

Table IV. Dose calculated for quarantine security C99.9968%
mortality} for codling moth in apples, based on prevention of
ecloslon following exposure to gamma radiation.
Developmental Dose (Gy) required to prevent ecloslon of:
stage treated Females Normal Total

adults adults
Eggs
Younger larvae
Older larvae
Gocooned larvae

Nondlapaus Ing
Low dose rate
High dose rate

Dlapauslng

129
144

129
114

214
131
145

140+
151
187

226
184
225
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REGULATIONS ON IRRADIATION AS A QUARANTINE
TREATMENT IN THE UNITED STATES OF AMERICA
(Summary)

J.F. FONS
Animal and Plant Health Inspection Service,
United States Department of Agriculture,
Hyattsville, Maryland,
United States of America

The United States Department of Agriculture, Animal and Plant Health
Inspection Service welcomes all participants to this meeting on
harmonization of regulations related to trade in irradiated foods. We are
pleased to provide current information on the status of irradiation as a
quarantine treatment in this country. APHIS requirements for irradiation
treatments are identical to those for all other treatments using heat or
cold. They are based on APHIS' mission; which is to protect American
agriculture from pests not present or widely distributed in the United
States. The standards are adequate to produce this result but are not
designed to address quality or preservation considerations. The situation
in irradiation treatments has not changed in the past few years. The only
treatment completely through the entire scientific and legal process is
the treatment for Hawaiian papaya for fruit fly control. The final rule
for that treatment was published in the Federal Register on January 6,
1989 and was in effect as of February 6, 1989. It permits the irradiation
of papaya in Hawaii at a minimum absorbed dose of 15 kilorads (150 Gray).
This treatment as will any succeeding irradiation quarantine treatment is
issued in conformity with the Food and Drug Administration rule permitting
the irradiation of foods at doses up to 100 kilorads for control of
insects in food products. No other treatments have been approved to date
and none are formally proposed at this time.

Perhaps a short review of the approval process would be appropriate.
The U.S. Department of Agriculture is divided into several agencies.
APHIS is charged with the exclusion or control of injurious plant and
animal pests new to or not widely distributed within the United States.
As a regulatory agency APHIS is not authorized to conduct research. The
Agricultural Research Service (ARS) is charged with conducting research to
promote the efficiency of American Agriculture. ARS and APHIS have agreed
that ARS will either develop the data necessary to approve a quarantine
treatment or examine the validity of and analyze data developed by other
entities such as private industry, university researchers, or foreign
countries and recommend a treatment to APHIS. We have agreed to accept
their recommendations made on an Agency to Agency basis and to prepare the
instructions and regulations necessary to implement the treatment and to
supervise its use.

ARS has recently reported that research has been completed on:
1. Papaya for fruit flies in Hawaii
2. Grapefruit for Caribbean fruit fly
3. Codling moth in apples,

and limited research has been conducted on:
1. Mangoes and
2. Walnuts.
As noted before APHIS has completed the rulemaking process on papaya.

Since there is no federal quarantine on Caribbean fruit fly, the ARS
treatment recommendation has been transmitted to the state of Florida for
its action on acquiring approval from other citrus producing states.
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Since Japan has accepted cold treatment plus methyl bromide fumigation for
treatment of codling moth, interest is limited for approval of
irradiation. Alternative hot water and hot forced air or methyl bromide
fumigation for mangoes or walnuts has limited interest in irradiation for
those commodities. Other research needs and limited resources have
reduced the ARS irradiation program to a very low level.

One major factor to consider in the present state of irradiation
technology for use in the U.S. quarantine program is the lack of a simple,
inexpensive post treatment method to confirm the irradiation of either the
product or the pest of concern. The purpose of quarantine activity is to
prevent the entry of plant pests. Rendering a specimen incapable of
further development or causing it to be unable to reproduce would satisfy
this requirement. This criterion is accepted by plant quarantine
authorities. However, finding live larvae in irradiated fruits on entry
into the U.S., even if documentation attests to treatment, would cause
concern in both quarantine authorities and the consumer. Some method is
needed to quickly identify those specimens as having been treated to
satisfy these concerns. No practical field method has surfaced so far and
a practical solution will be needed before irradiation will receive
widespread acceptance. In line with this problem it is known that
irradiated pupae receiving sterilizing but sublethal doses may emerge in
the adult state. Finding adult flies in traps in port areas or other
surveillance areas is cause for quarantine action. This action may be
increased trapping, larval surveys or even eradicatory spray programs. To
prevent this activity being triggered by the discovery of an irradiated
fly in a quarantine trap, an additional criterion requiring "the inability
to fly or move to a host" is required of the research data provided to
support an irradiation quarantine treatment. This criterion is designed
to prevent unnecessary quarantine activity and to assure the treatment is
practical.

APHIS policy is to act on recommendations for an irradiation treatment
in the same manner as for other chemical or physical treatments. We
neither favor nor promote a particular treatment but will provide the
maximum number of quarantine effective treatments for the use of industry
and the consumer.
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NEED FOR AND ECONOMIC BENEFITS FROM FRUITS
AND VEGETABLES TRADE WITH LATIN AMERICA

A. WYLIE WALBAUM
Fundaciön Chile,
Santiago, Chile

Presented by F. Sânchez

Abstract

The level of fruit and vegetable trade from Latin America exceeds
6 million metric tons per year, and results in benefits to the Regional
economy work at least US$3 billion. The application of irradiation
technology as a quarantine method could replace traditional methods,
however not enough is known about the relative costs and benefits of these
processes and consequently it is difficult to have a clear appreciation of
the convenience of adopting them. Preliminary economic studies performed
on the commercial operation of food irradiation facilities in Chile
indicate that this may be economically feasible depending on the level of
use that is made of those facilities and the cost of the traditional
methods for quarantine, as well as shelf life extension. A basic
prerequisite for the general acceptance of the irradiation technology by
consumers in industrialized countries is the adoption of standard
regulations indicating at least the doses which can be safety applied. A
first approach has already been made by the FAO/WHO/IAEA Joint Expert
Committee. It remains to make them compatible with consumer acceptance
requirements as expressed by their different advocates and government
agencies, and to incorporate the resulting recommendations into the
health, customs and trade agencies of the countries involved in the trade
of fresh horticultural products. It also remains to conduct the detailed
cost and benefit studies that may demonstrate the advantages of adopting
the irradiation processing.

1. INTRODUCTION

The purpose of this presentation is to review the economic benefits
from Latin American fruit and vegetables trade; to raise the question
whether these benefits could be enhanced by the use of ionizing radiation
as a means of disinfestation and preservation, and finally to outline the
main steps that must be followed in order to provide the necessary
conditions for investment in the provision of fruit and vegetables
irradiation services.

The presentation will be made in the following sequence:

A brief review will first be made of the benefits that international
specialization and trade bring in general to developing countries, in the
form of foreign exchange earnings, capital investment, technology, and the
development of the utilization of their natural and human resources. As
an illustration of the impact of these benefits the evolution of Chilean
fruit and vegetable trade will be highlighted.

Main Latin American fruit and vegetable exports will then be examined
to estimate the benefits from the current level of trade in fruit and
vegetable produce.
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Given the technical feasibility of the application of ionizing
radiation to the preshipment treatment of fresh fruit and vegetables of
export, the convenience of this treatment, and its advantage over
alternative methods now in use will be discussed.

Finally, an outline will be made of the steps that are necessary to
provide the conditions reguired to make the investment in commercial
irradiation facilities feasible. These steps include first, the
evaluation of the cost advantage that this treatment presents with
reference to the treatments it may replace, secondly the clarification of
the legal and administrative status of this treatment by the phytosanitary
and customs authorities in both the exporting and importing countries, and
finally, the development of commercial agreements that assure the flow of
the minimum volumes necessary to justify an investment in a food
irradiation plant.

2. THE IMPORTANCE OF TRADE FOR DEVELOPMENT

Latin America includes a group of countries that can be broadly
classified as being in a "developing" stage, meaning that to varying
degrees, a significant part of their resources (human as well as natural)
remain idle, or not fully utilized.

Manifestations of this condition are, among others, the existence of
great differences in the capability and achievement of individuals, which
lead to substantial differences in their personal incomes, and an
insufficient capacity to save. This, on an aggregated basis, limits the
growth of investment with the resulting stagnation of productivity,
employment and wages, and permits the existence of poverty to a far
greater extent than its incidence in developed countries.

Trade provides the key for developing countries to escape their
poverty cycles, first by allowing them to concentrate in those areas of
production that represent greater comparative advantage for them, secondly
by expanding the markets to which they can efficiently supply their
produce, and thirdly by receiving in exchange for their exports, in
addition to monetary returns, the contribution of new capital and
technology which helps them increase their efficiency and comparative
advantage even more and eventually to diversify into the addition of
greater value to their initial exports.

It has been by this process that Latin American nations have begun to
gradually evolve from their previously underdeveloped condition to one of
development, which hopefully will lead them in the not too distant future
to fully share the benefits of development with the more advanced nations.

In the case of fruits and vegetables, an area of production in which
Latin America has a great deal of comparative advantage, trade has been
the means by which a whole new industry has developed over the past
decades, based on the supply of fresh off season fruits and vegetables to
the developed nations in the northern hemisphere. This process was
initiated by the banana trade but now, with the progress achieved in
transportation and preservation technologies, it encompasses practically
all varieties of fruit, allowing each country to specialize in those
products which afford them greatest advantage.
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3. LATIN AMERICAN FRUIT & VEGETABLES PRODUCTION & TRADE

3.1 Main Fruit and Vegetable Products from Latin America

Mexico, Colombia, Ecuador, Argentina, Brazil, and Chile are the main
producers of fruit and horticultural products in Latin America. Argentina
and Chile are the main producers of deciduous fruit, while Brazil,
Argentina, Uruguay, and Mexico are the main producers of citrus fruit, and
Honduras, Costa Rica, Colombia, and Ecuador the main producers of tropical
fruit.

Altogether, Latin American countries produce more than 3 million tons
of deciduous fruits, one third of which they export, close to another
third goes to domestic fresh fruit consumption, and the remaining third is
processed mainly for exports. Latin American citrus production adds up to
almost 16.5 million metric tons, of which (in an average year)
350 thousand are exported in fresh form, 6 million go to fresh domestic
consumption and some ten million go to processing into juice concentrates
for local consumption and exports.

3.2 Amount and Value of Fruit and Vegetable Exports from Latin America

Latin American exports of fresh fruit and vegetable products go
mainly to the U.S.A., the European Economic Community and the Middle and
Far East markets.

U.S.A. imports of fresh fruit and vegetables during 1987 amounted to
nearly 6 million metric tons; details are given in Table I.

TABLE Is U.S. FRUITS AND VEGETABLE IMPORTS

Froa all countries From Latin America
Quantity Value US$ Quantity Value US$
thousand Millions thousand Millionstons tonsFresh Fruit 1160 638 980 482

Bananas & plant, 3072 819 3068 815
Fresh Vegetables 1715 715 1321 557
Total 5947 2172 5369 1854
Source: Foreign Agricultural Trade of the U.S., Jan. Feb 1989

Imports of fresh horticultural products by the European Economic
Community amounted during the same period to 3.5 million metric tons,
worth nearly US$1.3 billion (Source: EEC, La Situacion de la Agricultura
de la Comunidad: Informe 1988).

Thus, joint USA/EEC horticultural imports during 1987 reached
9.4 million metric tons, with a value of almost US$3.5 billion.

Latin American exports of fresh deciduous fruit during the same
period amounted to nearly one million metric tons, while citrus exports
amounted to 440 thousand meteric tons, tropical horticultural produce
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amounted to three million tons and vegetable produce amounted to
1.6 million metric tons, for a total volume exported of close to six
million metric tons, worth nearly US$3 billion. These exports went mainly
to the US market where they took up almost a 90% share of the F&V imports
(close to 5.3 million metric tons).

Other suppliers of fresh fruits and vegetables to the U.S.A. are the
ECC, and other non Latin American countries of the Caribbean, and southern
hemisphere including South Africa, Australia and New Zealand, which supply
the remaining 10% of the US horticulture imports market.

Latin American horticultural exports to the ECC in 1987 amounted to
700 thousand tons, representing almost a 20% share of the extraregional
ECC market, with the U.S.A. taking up a 15% share, the rest of the
industrialized countries 25%, Eastern European and centrally planned
economies 22%, and the Lome treaty signers (African republics) 15%.

4. ECONOMIC BENEFITS FROM LATIN AMERICAN FRUITS AND VEGETABLE TRADE

The most important benefit that trade brings to a developing country
is economic development, in the form of increased output, employment and
income. It is specially important to bear in mind that unemployment is a
critical factor in all developing countries and that the production of
horticultural crops is labour intensive. The income compensates in part
the scarcity value of some of the factors used in production (classically
capital in the case of developing countries), and in part generates a rent
for resources that were it not for trade would go unutilized, as is the
case with labor and natural resources.

In this sense the contribution of horticultural exports to the Latin
American region's economy can best be measured by its contribution to the
regional gross domestic product, which for 1987, was close to US$930
billion. Thus, the contribution of these exports has been almost 0.35% of
the GDP (one third of one percent). Without trade, this benefit would not
materialize.

Another important benefit of Latin American horticultural exports is
the foreign exchange it generates, in particular with relation to the
region's foreign debt, which at the end of 1987 stood at US$415 billion.
In this sense the US$3.3 billion estimated value of these exports
represent 0.8 of one percent.

The above stated benefits do not reflect the scarcity value of
foreign currency, and for that purpose it may be best to compare the
income generated with the foreign currency needed to service the foreign
debt, which was for 1986 US$22 billion in interests and US$10.7 billion in
amortizations. From this point of view the value of Latin American
horticultural exports represents 10% of the foreign exchange needed to
service the L.A. foreign debt in 1986.

Further important benefit, which is more difficult to quantify, is
the multiplier effect of other non-monetary considerations that are given
in exchange for these exports, such as technical assistance in the
development of products and processes and the transfer of more efficient
technologies for both the pre and post harvest handling of fresh fruit and
vegetables.
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The provision of technology is usually tied to the exporters'
participation in some form of joint-venture to which the foreign partners
are also contributing with fresh money (operating capital), and market
links, both of them factors that take away part of the risk inherent to
the fruit growing activity. Food irradiation technology is a case in
point that will be examined in greater detail in the following section.

A dramatic example of the benefits that can be expected from trade in
fruits and vegetables is provided by the recent Chilean experience, where
over a period of ten to fifteen years a revolution in the structure of
farm production has occurred. A significant portion of the land with an
aptitude for fruit growing was shifted to that use and in this way the
value, export earnings, and associated employment multiplied, while
tremendous improvements were introduced to growing and post harvest
handling technologies, with an impact that can best be summarized in the
figures included in Table II.

TABLE II: VALUE AND QUANTITY OF CHILEAN F&V EXPORTS 1977-1989
F&V INDEX OF F&V F&V USA IIDBX OF

YEAS EXPORTS EXPORTS EXPORTS EXPORTS CONSUME REAL
VALUE VALUE QUANTITY QUANTITY PRICE EXPORTS
USSMILL 1977=100 KILOTONS INDEX INDEX VALUE

1977=100 1977=100 1977=100
1976-7
1977-8
1978-9
1979-80
1980-1
1980-2
1982-3
1983-4
1984-5
1985-6
1986-7
1987-8
1960-9

60
71
112
144
192
221
254
239
315
385
529
599
660

100%
118%
187%
240%
320%
368%
423%
398%
525%
642%
882%
998%
1100%

583
662
816
932
1005
1098
1179
1342
1479
1637
1860

100%
114%
140%
160%
172%
188%
202%
230%
254%
281%
319%

100%
108%
120%
136%
150%
159%
164%
171%
177%
181%
188%
194%
200%

100%
137%
152%
145%
150%
124%
147%
154%
185%
183%
172%

This table shows in the first column how the nominal US$ value of
Chilean fruit and vegetable exports has grown eleven times over the past
twelve years, while their volume has grown 3.2 times and the value of the
US dollar has fallen to one half of its purchasing power in 1977. In sum,
the real unit value of Chilean F&V exports has had a 72% increase over
this period, that is a growth of almost 6% per year, which is recognition
of the significant quality improvements experienced over that period.

Fundacion Chile is proud to have contributed to that achievement, as
it has been in fact the vehicle for much of the technology improvement
that has so successfully come to fruition in this sector of the Chilean
economy. Many others have also contributed towards this achievement, but
the single most outstanding contribution has been Fundaciön's quality
inspection and certification services, now a must for both Chilean
exporters as well as for their counterparts abroad.
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5. FRUIT AND VEGETABLE IRRADIATION: IS IT A WAY TO ENHANCE BENEFITS
FROM TRADE?

For the benefits from fruit and vegetables trade to be enhanced by
the use of a new technological process it is necessary that the cost of
new treatments be lower, and or the benefits from its application be
greater (extended shelf life, less chemical contamination and pollution,
opportunity for new products to be exported, etc.) than those generated by
the technological processes to be replaced.

Most of the fruits and vegetable products that are exported in fresh
form from Latin America are subject to post harvest handling requirements
that include in many cases quarantine treatment to disinfest and sterilize
insects. By the same processes, the shelf life in some cases is extended
by delaying the product's ripening processes and/or by inhibiting their
microbial spoilage. The question we must now ask is whether the
irradiation represents a means by which the benefits from F&V trade can be
significantly enhanced.

In Chile's case, post harvest treatments currently used for the above
mentioned purposes for fruit being shipped to the U.S. include the use of
chemicals such as methyl bromide and other physical treatments that mean
an average cost to the packers/growers between 10 and 20 US cents per 8
kilogram box. The methyl bromide treatment has been increasingly
questioned, as was the use of diethyl bromide (EDB), and the possibility
exists that it may well be banned in the future.

An effective alternative for these treatments is to subject the
produce to ionizing radiation emitted by a source such that the levels
absorbed are sufficient to kill or sterilize insects; irradiation may also
retard the ripening process and reduce microbial spoilage.

Based on the recommendations of the Joint Expert Committee of
FAO/WHO/IAEA, irradiation dose limits have been established for the
inhibition of sprouting in potatoes and onions (0.15 kGy), for the control
of insect infestation in papayas, grains, beans, fish, dates,
mangoes (1 kGy), and also to extend shelf life of strawberries (3 kGy),
and to reduce the microbial load and spoilage of cocoa beans (5 kGy), etc.

The irradiation treatment required to meet both the US and EEC
markets requirements for produce to be exported to those markets, as well
as treatment for the delay of ripening, it seems could be made at a cost
between US 10 and US 20 cents per box, which does not appear significantly
different from the cost of the chemical, cold/chill treatment, hot water
dipping method, or vapor heat treatment.

Considering the past volume of F&V exports requiring conventional
quarantine treatment to the EEC and USA markets from Latin America, (3.84
million metric tons), and assuming that only one half of this volume is
amenable for irradiation, a 1 cent/kg reduction in the cost of treatment
would mean US$ 19.2 million in savings.

The above mentioned savings would increase the value added by the
region's agricultural sectors (US$ 99,300 million in 1987) by 0.19 of one
percent. If such addition of value generates normally a net margin of
10%, these savings would represent a 1.9% increase in the margin of the
sector.
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6. IRRADIATION TECHNOLOGY AND L.AMERICAN FRUIT AND VEGETABLE
TRADE BENEFITS

The application of the food irradiation technology as a post harvest
treatment for fruit and vegetable products, to enable it to meet quality
specifications of importing countries, has proven to be technically
feasible and under the appropriate circumstances could be economically
feasible as well.

The establishment of small food irradiation plants has been analyzed
for operation in Chile on a batch or a continuous basis, to handle up to
20 thousand metric tons per year in the first case and 30 thousand in the
second case. Considering the seasonal nature of fresh fruit and vegetable
production, for a given plant to be commercially feasible, it is necessary
to complement the flow of horticultural produce with other products that
can benefit from the irradiation process.

The investment required to set up such an irradiation facility to
give post harvest treatment services on a commercial basis, ranges between
US$ 1 to 1.5 million. Its application, therefore, must yield returns of
from US$ 300k to 500k per year, which requires a flow of between 30 and 50
thousand metric tons of produce per year (assuming a net margin to the
operator of 10%). A preliminary analysis of the feasibility of the
commercial operation of such a plant in Chile yielded acceptable returns
on investment, depending on the level of usage.

The advantage of the irradiation process has not been categorically
established, and that is the first task ahead which should be based on a
product by product analysis for the main F&V exporting countries.

However, in order to have a flow of products that may permit a
competitive return on the investment required to set up an irradiation
plant, the application of the irradiation technology must be accepted,
understood and recognized on a widespread basis, in particular from the
point of view of health and trade regulations, a situation that has yet to
happen and is the theme of the present Meeting.

7. HARMONIZATION OF FOOD IRRADIATION REGULATIONS: A NEED FOR THE
ENHANCEMENT OF LATIN AMERICAN F&V TRADE BENEFITS

Food irradiation has come a long way since the early days of FDA
wholesomeness testing, and there are now irradiated products that are
fully cleared for human consumption. A need exists, nevertheless, to
standardize regulations so that when a shipment of irradiated fruit and
vegetable produce reaches a port of entry, there is no doubt in the minds
of the phytosanitary, customs and commerce officals of the acceptability
of these products.

The most important of these regulations are the specification of the
minimum doses to be applied for the different purposes and species, as
well as the maximum irradiation levels that still permit safe and
wholesome human consumption. In this sense, the work done by the Joint
Expert Committee of FAO/WHO/IAEA, and the USA-FDA are both solid bases
upon which to start.
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There is no doubt that, once the new regulations are adopted,
generally understood and accepted, the growth in the application of
irradiation technology, and its benefit to both developing and developed
countries will boom.

Parallel to this process it is necessary to conduct the detailed cost
benefit studies to establish the relative advantage of irradiation versus
other post harvest handling processes. This will make clear under what
circumstances will investment in F&V irradiation be commercially
attractive.
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CONSIDERATIONS FOR THE DEVELOPMENT OF REGULATIONS
FOR THE CONTROL OF THE IMPORTATION OF
IRRADIATED AGRI-FOOD PRODUCTS

M.G. MORISSETTE
Food Production and Inspection Branch,
Food Inspection Directorate,
Agriculture Canada,
Ottawa, Ontario, Canada

Abstract

Imported products can host vectors of exotic diseases, insects and
weeds which may threaten Canadian livestock or plant stock
industry. Feed and Food irradiation are viewed as valid options to
facilitate trade of agricultural products. The requirements for
labelling and process control are currently being reviewed from a
regulatory standpoint.

1. INTRODUCTION

As an importing country, Canada is concerned with challenges it must
face regarding the importation of food commodities from other countries.
Imported products can host vectors of exotic diseases, insects, weeds and
other dangerous matters of animal or vegetable origin. Their control by
the Canadian Department of Agriculture is important to protect consumers
and producers. One such challenge involves the increasing demand for the
importation of products from countries with different, and at times, less
demanding standards than our own and the potential impact this will have
on present resource utilization within Agriculture Canada. With
increasing awareness of the benefits of irradiation in the international
market, a second major concern is the control of the importation of
irradiated products. Controlling the importation of agricultural products
can be perceived as a non-tariff/trade barrier but one must realize that
the entry of an exotic disease or a pest in Canada could cause significant
losses to our economy.

2. RECENT INITIATIVES

We are in the process of reviewing and coordinating between
agricultural commodities our list of regulated ports of entry. To ensure
adequate service to the trade, the selection of ports of entry was based
on volume - type of products and geographical location. The end result
will be increased efficiency and uniformity of service to importers.

3. REGULATORY CONSIDERATIONS

Viewed in this context, the import control of irradiated products is
no more than an extension of regulations presently in place for any
product entering Canada. Recent amendments to Canada's Food and Drug
Regulations (published in the Canadian Gazette Part II, Volume 123, Nos.
8-12, April, 1989) have addressed three major concerns - the irradiation
process itself, control of the product being irradiated, and appropriate
labelling.
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Prior to the sale of any irradiated product in Canada (imported or
domestic) pre-market clearance must be obtained through Health and Welfare
Canada. While Health and Welfare Canada accepts in principle the
international position regarding the absence of toxicological hazards for
foods irradiated below 10 kilogray, the department has built into its
regulations the flexibility to request additional or new toxicity testing
if considered necessary. This flexibility to waive regulatory exclusion
was considered necessary, especially when considering the irradiation of a
commodity which is not a member of a class of foodstuffs already subjected
to extensive toxicity testing.

The clearance submission must contain information regarding the food
to be irradiated, the source of irradiation, the purpose of treatment and
the maximum permitted absorbed dose. Presently, cesium-137, cobalt-60,
and electrons from machine sources are permitted sources of irradiation.
As with any pasteurization or sterilisation process, the intended exposure
must first be approved. The submittor must therefore demonstrate that the
minimum dose used is effective for the purpose described and that the
maximum dose received by the product does not exceed the amount required
to accomplish this purpose. Not only is this information valuable from a
food safety aspect, but animal and plant health considerations must also
be addressed, e.g. is the dosage sufficient to destroy viral, microbial or
other pests which may threaten the Canadian livestock or plant stock
industries. The extensive use of dosimeters to reflect the dose absorbed
by the food is a requirement.

4. PLANT HEALTH CONSIDERATIONS

At a recent meeting in Quebec City of NAPPO (North American Plant
Protection Organization) on October 16, 1989, the executive committee
endorsed a position paper on "irradiation as a phytosanitary certification
procedure".

The position paper was developed to provide industry with another
treatment option to render commodities safe from a phytosanitary
perspective.

Two criteria have been retained to determine the quarantine
efficacy:

(a) A pest mortality of 99.9968%
or

(b) In the case of adult insects the inability to fly
or move to host plants

As there is no practical system to identify insects which have been
irradiated, the second element (the inability to fly or to move) becomes
essential to allow irradiation as a quarantine treatment.

5. FOOD SAFETY CONSIDERATIONS

In addition, data regarding the impact of irradiation on nutritional
as well as chemical, physical and microbiological characteristics of the
foods are required. Codex Alimentarius has issued general standards for
irradiated foods, which serve as a guide to those countries wishing to
enter international trade. Regulations must ensure that appropriate
process monitoring and control is in place before the importation of
irradiated products is permitted.
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Regulations regarding product control will not differ greatly from
those in place for products presently being imported into Canada. Product
control includes control of the incoming product, control of product
handling and storage prior to processing, safe handling while being
processed, use of approved packaging, and finally adequate storage and
shipping of the irradiated product. Good manufacturing practices have,
under Codex, been defined for the hygienic handling of food. These basic
principles ensure that food handling within the processing plant is
adequate to maintain product quality and safety. Irradiation must not be
used as a substitute for sanitary handling of raw products. The
application of HACCP principles in the development of process control
mechanisms cannot be stressed enough. The use of acceptable packaging
materials prior to irradiation is important to ensure that packaging
materials are not affected by irradiation. Post treatment handling of
irradiated products includes rapid cooling if required, the use of
controlled environments, etc. and must be monitored and controlled to
prevent infestation or recontamination.

6. INTERNATIONAL TRADE = IMPORT REQUIREMENTS

The exporting countries must be able to assure Canadian authorities
that inspection programs are in place which audit processing
establishments to ensure that operational controls are in place. In the
case of irradiation facilities, such audits should involve not only
product specialists, but irradiation control specialists as well. It is
not sufficient for Agriculture Canada officials to determine that
regulations are in place which provide for similar inspection in the
country of origin. Provision must be made for on-site audits by Canadian
authorities to verify that establishments are meeting recognized
standards.

Labelling of irradiated agri-food products is required and must
conform to national standards as recently published in the Food and Drugs
Act, Section B.01.035. These standards define the labelling requirements
for consumer size packages as well as those for labelling bulk
containers. Irradiated foods sold in Canada must display the
internationally recognized symbol for irradiation, and include a statement
indicating that the food has been subjected to the irradiation treatment,
e.g. "treated with irradiation", "irradiated". This labelling is required
for wholly irradiated foods which have been prepackaged or are sold from
bulk in retail stores. When irradiated ingredients or components
constitute 10% or more of a finished product, they are to be described on
the list of ingredients as "irradiated (name of ingredient)". These
regulations also require that advertising of an irradiated food must
indicate that the food has been irradiated.

These labelling requirements are absolutely necessary to ensure the
consumers' right to be provided with meaningful information and to enable
them to exercise an effective choice between irradiated and non-irradiated
foods. In addition, the labelling of bulk food products ensures that
these products are not irradiated again in the importing country. Import
regulations should include provision for label review to ensure that
imported irradiated products are appropriately identified.

The development of regulations regarding the inspection of imported
irradiated foods must also consider changes to present regulations
respecting plant and animal pests and diseases. While current
disinfestation methods result in the death or removal of many of the
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common pests, the same may not be true for irradiated commodities. This
may necessitate changes to current regulations to permit the importation
of foods with live pests which have been rendered sterile through the
irradiation process. Laboratory and visual methods will have to be
developed in order to confirm that such pests have been rendered sterile.

Of great interest at this time is the present lack of either a
qualitative or quantitative test for irradiation exposure of foods. The
process of irradiation at levels approved for food leaves no easily
identified or quantified effect on the product.

7. PROCESS CONTROL

At present, regulators must rely on product and process control at
the plant of origin. The use of dosimeters strategically placed within
the irradiator assists in the monitoring and documenting of adequate
processing. There is not, however, a means of determining if a food has
actually been exposed to irradiation. Additional research is urgently
required in order to fill this void. While import control programs may
effectively ensure the importation of foods from only approved sources,
the ability to monitor imported products for exposure to irradiation would
greatly reduce consumers' concerns regarding possible importation of
unlabelled, irradiated product.

8. CONCLUSION

Agriculture Canada has an extensive program for the control of
imported animals, plants and agri-food products. The volume of
agricultural products imported into Canada is very large, with consumers,
industry and government recognizing the need to strengthen and rationalize
import control of these products. Agriculture Canada is presently
directing an import review which will define the level of inspection
required for products based on risk factors. Regulations respecting the
importation of irradiated agri-food products will reflect the findings of
this review to ensure that resources are applied in relation to risks in
an efficient and effective manner.

National controls should not only be cost efficient but also be
consistent with international standards and that of our trading partners.
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EXPORTS OF FOOD PRODUCTS FROM THE
LATIN AMERICAN AND CARIBBEAN REGIONS
WITH SPECIFIC REFERENCE TO ITEMS FOR WHICH
FOOD IRRADIATION COULD BE CONSIDERED

B.E. OLSEN
Market Development Section,
International Trade Centre (UNCTAD/GATT),
Geneva

Abstract

Food exports from LAC countries are of considerable economic
importance to the region; world imports of food products
totalled US$ 200 billion in 1987, of which LAC countries
supplied about US$ 26 billion. Many of the commodities
exported by LAC countries are suitable for irradiation, either
as an alternative to quarantine treatment, or as a shelf life
extender, or as a treatment to reduce the incidence of food-
borne diseases. However, irradiation treatment could affect
the customs tariff classification of foodstuffs, while the
requirements for packaging and labelling of irradiated foods
can also present problems for exporters. Consumer acceptance
of food irradiation, and the harmonization of national
legislation are other areas in which progress needs to be made
before widespread international trade in irradiated foods
becomes a reality.

A. Introduction

The export trade is one of the driving forces in economic development.
Export earnings enable developing countries to obtain the items essential
for their economic growth as well as those that help meet the basic needs
of their populations, such as fuel, seeds, fertilizers, agricultural
implements, and pharmaceutics. Foreign exchange earnings also provide the
means for the acquisition of capital goods and technology, thus furthering
industrialization. The development of export industries now seems to be of
even greater concern to developing countries, in the light of the
increasing global economic interdependence and the very serious foreign
debt situation of several countries.

This workshop is concerned with a very important aspect of foreign
trade namely, the question of market access, including non-tariff barriers,
or more specifically the food safety and government regulations and
inspection systems for food imports.

Within the United Nations system of organizations, the International
Trade Centre UNCTAD/GATT (ITC) is designated as the focal point for
technical co-operation with developing countries in trade promotion.

ITC's involvement in this workshop has been prompted by the fact that
if developing countries are to succeed in international trade, they have to
closely monitor the technical developments which have implications for
their foreign trade. Through technical advances, new products as well as
new forms of existing products are created, and if developing countries are
to participate in these advances they have to acquire and master the new
technology. Likewise, technology might also become an obstacle to trade.
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One example is the use of chemicals in production and post-harvest
processing of fruit and vegetables. Very few alternatives exist to the use
of chemicals in the maintenance of product quality. However, scientists
are developing alternative methods, and among these is the irradiation of
food. As far as developing countries are concerned, many products besides
fresh fruit and vegetables could be affected by the development of such
technological innovations, for example, shrimps, spices, dried fruits and
nuts, cocoa and coffee, and several other food and beverage products. Of
course a new technology of this type is not a substitute for good processing
and handling practices.

B. Food exports from Latin American and Caribbean countries

In order to fully appreciate the importance of food exports from LAC ]_l
countries, a few basic figures are given below:

Table 1
World imports a/ of food products and share of

supplies from Latin American and Caribbean countries, 1987
(in $US 1,000 million)

Importing countries

WORLD

of which:
EEC

Germany , Fed . Rep .
France
Italy
Netherlands
United Kingdom
Spain
Belgium-Luxembourg
Others

United States
Japan
Canada
Sweden

Switzerland

Others

Total

192.1

102.6

(24.1)
(15.4)
(15.5)
(11.9)
(14.7)
(4.8)
(8.1)
(8.1)

22.3

22.4

4.7

2.3

3.0

34.8

From
L. America
& Caribbean

25.8

10.5

(3.1)
(1.7)
(1.3)
(1.3)
(1.0)
(1-0)
(0.5)
(0.6)

9.3

1 .4

0.7

0.4

0.4

3.1

%
of
total
13.4

10.2

(12.6)
(10.9)
(8.2)
(10.7)
(7.1)
(20.3)
(6.6)
(7.2)

41 .6

6.2

14.4

16.9

12.3

9.2

a/ Excluding imports into Czechoslovakia, India, Indonesia, Syria
and the Philippines.

Source: COMTRADE Data Base of the United Nations Statistical
Office.

1/ LAC - Latin American and Caribbean countries.
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As can be seen from table 1, world imports of food products
reached about US$ 200,000 million by 1987 of which LAC countries supplied
about US$ 26,000 million. A study of the entire trade sector of the LAC
countries indicated that agricultural exports represented about 50% of
total export earnings. The main target markets for LAC countries are the
EEC countries if seen as a single market, the United States, Japan and
Canada. The relative importance of the individual target markets are set
out in the following figures.

Imports of Food Products
From Latin America and the Caribbean

1987
World

Total 258 ($US 1,000 million)
EEC

Total' 105 ($US 1,000 million)

USA 360%

Japan 5 4%
Canada 2 7%

Others 165%

Others 107%
Spam 9 4%
UK 100%
Neth 122%
Italy 123%
France 162%

FRG 293%

Table 2 shows the relative importance of the individual LAC countries'
supplies of food products to the world.

Table 2
Exports of food products, by major supplying countries

in Latin America and the Caribbean, 1987 a/
(in $US 1,000 million)

Origin

Total world
of which from:
Latin America and Caribbean, total
Brazil
Argentina
Mexico
Colombia
Ecuador
Chile
Costa Rica
Honduras
Guatemala
Panama (excl. Canal Zone)
Others

Value

192.1

25.8
7.9
2.8
2.7
2.6
1.5
1.4
1.0
0.8
0.8
0.7
3.6

%
of

total
100.0

13.4
4.1
1 .4
1 .4
1 .3
0.8
0.7
0.5
0.4
0.4
0.4
1 .9

a/ Based on import figures.
Source: COHTRADE Data Base of the United Nations Statistical Office.
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In relation to the prospects for food irradiation, it is important to
analyse the product composition of the food exports. Table 3 gives an
overview of food exports by product from LAC countries. Commodities
exported in the raw or semi-processed form such as green coffee, cocoa
beans, fresh fruits, nuts and vegetables, oilseeds and vegetable oils,
fresh and frozen shrimp, fish and meat, represent the biggest export items
among the food and feed products.

Table 3
Imports of selected food products from Latin America and the Caribbean.

and major suppliers. 1987
(in $US 1,000 million)

SITC 2 Product

071 11 Coffee, not roasted, coffee husks
and skins

057 Friut and nuts (not inrluding oil
nuts), fresh or dried

081 3 Oilcake and other residues (except
dregs) resulting fron the extraction
of \egetabj.e oils

036 Crustaceans and molluscs whether in
shell or not, freslt, chilled, frozen,
salted in brine or c'ricd, crustaceans,
in shell, simply boiled in water

058 5 Fruit JUICGS (including grape mist) and
vegetable juices, whether or not
containing added sugar, but unf ernented
and not containing spirit

Oil Meat and edible meat offals, ftpsh,
chilled or frozen

061 Sugar and honei

222 Oilseeds and oleaginous fruit, whole or
broken, of o *ind used for the extrac-
tion of 'soft' fi\ed \egetable oils

034 Fish, fresh (lixp or ileid) , chilled or
frozen

072 Cocoa
054 Vegetables fresh, chilled, frozen or

smply preserved (including dried
leguminous vegetaoles) , roots, tubecs
and other edible \egetable products,
fresh or dried

014 Meat ond edible neat offals, prepared
or preserved fish extracts

041 M pat and meslin, uutnilled )
042 Rice )
043 Barley, unmilled )
044 Maize (corn), unmillod )
045 Other cereals, unmilled )
075 Spices

075 1 Pepper and pmento
075 24 Nutmeg, mice and cardamoms

Horld

10 5

16 9

5 4

10 0

3 3

20 1

5.8

8 2

11 6

4 6

11 8

3 0

18 3

1 S

(0 75)
(0 15)

From
Latin America

ft the Caribbean

6 7

4 3

1 9

1 8

1 'i

1 2

1 2

1 1

0 8

0 8
0 3

0 6

0 4

0 2

(0 15)
(0 07)

Major suppliers end X of total supplies
from Latin America and tha Caribbean

Brazil 30 5, Colombia 29 5, Mexico 8 4,
Guatemala 6 8, El Salvador 5 5
Chile 16 3, Ecuador 11 6, Honduras 11 0
Costa Rica 10 8, Panama 9 4, Colombia 9 1,
Mexico 5 4, Brazil 5.2, Argentina 4 7
Brazil 68 3, Argentina 30 1

Mexico 25 5, Ecuador 23 8, Brazil 8 5,
Panama 6 7, Cuba 6 7, Honduras 4 1.
Argentina 3 8, Chile 2 6, Colombia 2 4

Brazil 35 3, Argentina 6 1, Mexico 4 3

Argentina 35 3, Brazil 34 0, Uruguay 11 8

Brazil 22 0, Cuba 13 6, Mexico 11 1,
Dominican Rep. 10.0, Guyana 7 9, Jamaica S 8,
Guatemala 4 5, Arguntina 4 3. Barbados 3.8
Brazil 59 0, Argentina 18 5, Paraguay 17 3

Srgentina 23 4, Chile 16 1, Panami 13 9,
Mexico 10 4, Uruguay 9 6, Venezuela 6 0,
Ecuador 5 8
Brazil 54 3, Ecuador 18 7, Dominican Rep 9 1
Mexico 70 1, Argentina 8 3, Chile 5 2

Bnzil 49 6, Ugentina 47 2

Argentina 76 5, Sunnaire 11 4

Dra7iL G3 4, Guatemala 21 8, Grenada 5 G

Brazil 92 1
Guatemala 75 6, Grenada 17 8

Source COMTRADE Data Base of the United Nations Statistical Office
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C. Tariff and non-tariff barriers
1. Tariff barriers

An analysis of the customs tariff structure clearly indicates that the
tariff levels for raw or semi-processed products originating in developing
countries are either nil or very low (less than 10% ad valorem). Thus, in
most cases, tariff barriers do not represent a hindrance to trade.
However, preferential treatment given to groups of countries, for example
the preference given by the EEC to APC%ountries, certainly provides the
latter with a competitive advantage over other suppliers and will influence
trade flows. Another aspect of tariff structure is that on processed
foods, the tariff level can become a considerable barrier to trade. For
example, in the case of the EEC, the common external tariff for processed
fruit and vegetables ranges between 20-30 per cent ad valorem and in
addition to the duties there might be levies such as a sugar levy which,
under certain circumstances, can become very important. In the case of the
United States, the range of customs tariffs on processed fruit and
vegetables is also considerable and might be as high as 30%. Both in the
case of the EEC and Japan, there are preferential schemes giving
considerable concessions to developing countries. However, the basic
conclusion is that there is a tariff escalation in relation to the degree
of processing of the product. This might lead to a considerable
disadvantage to producers/exporters in developing countries. It should
therefore be cautioned that if food irradiation is considered as a new
method of food processing for which a specific tariff classification is
introduced, this could also open to the introduction of a new set of
customs tariffs. However, for the time being, this is only an hypothetical
situation which should be closely monitored in the future.

2. Government non-tariff barriers

In the case of food products, government non-tariff barriers can
include :

special levies on processed products which include products which are
grown or produced in the importing country. The EEC and North America
have used such levies to regulate both the quantities of processed
foods and the degree of intensity of their processing;
quotas, embargos and import licencing which are either to protect
domestic industry, including agriculture, or to dampen down
consumption for balance of payments purposes. Japan has been a user
of this type of non-tariff barrier in the case of processed foods.
health regulations creating stringent quality conditions which are
justified both in terms of enhancing hygienic quality and reducing the
levels of harmful residues from chemical additives, fumigants,
pesticides, herbicides and fertilisers. They can, however, be so
complicated and restrictive that they act as a disincentive for
developing country suppliers.

There is a general tendency to tighten phytosanitary regulations,
often supported by consumer groups. In the case of the United States, the
Food and Drug Administration (FDA) are rigorous in their testing and
rejection of imported food products are common. Such rejection can, in

APC - Asian, Pacific and Caribbean countries
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some cases, prove costly to developing country suppliers because often an
entire consignment will be incinerated as a result of non-conformity to
regulations. Japan has a very strict food sanitation act which stipulates
that edible foods must not contain certain synthetic additions or
agricultural chemical residues. Furthermore, all additives have to be
clearly indicated on the label. There are a myriad conditions and
restrictions on the import of processed foods into Japan and the market has
historically been restricted, although it is believed that the situation is
now changing. Although the EEC countries are in the process of harmonizing
their regulations governing the imports of food products, still one
experiences considerable differences in the import régimes. As an example,
only about a year ago Honduras experienced a very strange situation with
their exports of tropical oranges. Originally, the destination was the FRG
but because of the interpretation of some of the rules, the imports were
not allowed and the products had to be re-directed to the Netherlands where
import could take place.

Sometimes, when a pest has been identified as existing in the
supplying country, a complete embargo on exports from that country can
ensue. The recent injection of poison into a few grapes from Chile
provides a clear illustration of how uncertain markets can be.

It is not really the existence of strict import controls that limits
the demand for the produce of developing countries, but esssentially their
ability to meet the extra costs involved in adhering to those controls and
yet be competitive with countries and companies which are able to do so.

Another non-tariff barrier which is linked to the hygiene and health
controls is that of packaging and labelling. Many contries have very
precise requirements concerning the types of packs that are acceptable and
the details that labels must contain. New hygiene requirements often
stipulate specific types of packaging and often the labelling must contain
precise details of all ingredients, their percentage inclusion in the
products, and their source.

Many countries also require labels to be printed in their own language
and where this involves a different alphabet and phonetics, it can pose
problems to developing country producers. This is particularly so for
Middle Eastern import markets.

Failure to adhere to these rules can cause a refusal to allow the
importation of a consignment, and even an embargo on produce from the
supplying country until packaging and labelling is acceptable. The
solution is one of providing the appropriate information to the supplying
country producer but once again, the problems of profitability arise in
terms of the extra cost involved in printing new labels and providing new,
more sophisticated packaging.

D. Problems encountered by the trade

Shelf life
The main fresh fruit and vegetable item exported from LAC countries

are bananas, apples, and grapes but the list also includes mangoes,
pineapples, oranges, grapefruit, strawberries, melons, asparagus, etc.
Many LAC countries are highly dependent on the exports of these products
for their foreign exchange earnings and economic development.
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Quality maintenance and extension of the shelf life of the product is
a major concern of the exporting countries, not only in the LAC countries
but to fresh fresh produce exporters all over the world. To illustrate
the problem, I would like to briefly describe an experience ITC had in
collaboration with the responsible authorities and Kenya Canners, a canned
pineapple producer/exporter. With the opening of the Suez Canal in the
1970s, the prospects for seafreighting fresh pineapple from Kenya to the
European markets became a reality. A project was designed to realize this
opportunity. Simulation trial shipments showed that a two-third ripe
fruit could be stored under controlled temperatures for about 26-30 days.
The shipping time from Mombasa to a North European port on regular liners
was about 18-19 days, in other words a reasonable chance of success.
Three trial shipments with small quantities went very well. Improvements
were made on cartons, ventilation, etc. It was decided to increase the
fourth trial shipment to commercial quantitities. Two containers
totalling more than 30 tons of pineapple to be shipped to the French
market. Difficulties started already from the commencement of this
shipment. Firstly, departure from Mombasa, the sea port in Kenya, was
delayed by 2 days. 'En route', the ship seemed to have more important
cargo on board than the two containers of pineapples. Consequently, the
ship called at an unscheduled port and was delayed a further 6 days. It
reached Bordeaux where unloading could take place on the 28th day after
harvesting. Most of the pineapples were still O.K. but had to be consumed
within 48 hours. Unloading took place just before a long weekend and
could not reach the consumers in time. Three days later the whole
consignment was a write-off. This experience clearly shows the importance
of extending the shelf life of fruit. Perhaps food irradiation could have
solved the problem but acceptance by consumers and authorities, as well as
the industry, is a must.

Chemical residues

During the last decade, quarantine regulations and restrictions on the
use of certain fumigants leaving traces of prohibited chemicals have become
a major trade barrier for exporters of fruit and vegetables from developing
countries, in particular to target markets in North America and Europe. An
example is the difficulties Mexican producers/exporters experienced with
their exports of fresh mango to the United States a few years ago. The
mango had to be fumigated for quarantine reasons but the use of the
fumigant was not accepted. Reportedly, this unfortunate event resulted in
several thousand tons of lost business. Another incident of lost business
due to undesired chemical residues was the identification of cyanamide
contamination in grapes exported from a South American country.

Irrespective of the origin of the chemical,this had a serious effect on
the export earnings of the country. Obviously, such incidents as described
above force developing countries to search for alternative methods of
treating the produce in order to satisfy the increasingly stringent import
regulations and advances in testing techniques. As far as fresh fruit and
vegetables are concerned, food irradiation is considered as an alternative
method to fumigation and for treatment to extend shelf life. The
introduction of food irradiation does however not only encounter
techno/economic problems but faces a very strong opposition from "consumer
groups" which are against anything related to nuclear technology.
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Marking/1abel1ing
A very important demand from consumer groups, which has been

recognized by the industry and trade, is that irradiated products must be
'identifiable by the final consumer to leave him the choice between an
irradiated or a non-irradiated product. Fresh fruit and vegetables
exported from developing countries are seldom sold individually and many of
these products do not lend themselves to individual marking and the marking
of the wholesale carton is often insufficient. Also, fruit and vegetables
are often repacked in the importing countries by the importer, wholesaler
or the retail chains. Much of the product identification on the wholesale
pack tends to be left out in the repacking operation. Due to the fear of
consumer group reactions, it is found that the trade, in particular major
enterprises who have developed well-known brand names to which the consumer
attaches loyalty, is afraid of the possible negative effects for the brand
or, for that matter, also the whole food chain caused by a campaign against
irradiated products sold under their name.

Food-borne diseases
It is commonly known that millions die every year of diarrhoea,

primarily caused by contaminated food and water. The economic losses are
astronomical and every effort should be made to reduce food-borne diseases.
The control of imported food becomes increasingly strict and the trade and
industry in the exporting countries are to take increasing measures to
control and maintain the quality of the products. Exporters in developing
countries might find the measures to be taken very costly and they might
arrive at a situation where exports are no longer an economic operation.
Detention of shipments can become very expensive to an exporting country.
This was, for example, the case of exports of frozen shrimps from an Asian
country to the United States. Shrimps of that origin were blacklisted by
the FDA and the country suffered millions of dollars of loss of foreign
exchange earnings. The importance of the exports of this product to the
country was in the order of 5-10 per cent of total annual export earnings.
Proper post-harvest handling of the products will, in most cases solve the
problems but irradiation would have added further safety to the food
products.

Packaging
An important consideration in relation to food exports is the

packaging. Reportedly, food-borne diseases have at times been transmitted
by contaminated packaging material. Consequently, when evaluating the
economics of a food irradiation project and the product mix for the
irradiation facility is to be defined, the packaging material should be
considered as a potential item for irradiation.

Harmonization of national legislation
An increasing number of countries are giving approvals for an

increasing number of irradiated products. However, it is found that lack
of harmonization of national regulations and uncertainties regarding the
acceptance of imported irradiated food is a hindrance to the application of
the irradiation treatment in exporting countries. In this respect, it is
also found that the traders are reluctant to handle products which cannot
be freely shipped to another country where market opportunities exist.
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Reportedly, this restriction on marketability is a serious hindrance to
the introduction of food irradiation at source, even in a product group
such as spices which by many is considered an item which has good prospects
for making a breakthrough in international trade in irradiated food.

E. Food exports and food irradiation
A more detailed anlaysis of the structure of food exports from the LAC

region in relation to irradiated products clearly indicates that many of
the items lend themselves to the food irradiation treatment (i) as an
alternative to quarantine treatment, (ii) as a shelf life extender, and
(iii) as a treatment to reduce the incidence of food-borne diseases
provided food irradiation becomes an accepted method of "processing" or
treatment of food by consumers, concerned authorities and the trade and
industry, both in the importing and exporting countries.

Among the food products exported from the LAC region in 1987, coffee
was by far the biggest export item amounting to US$ 6.7 billion. Fresh
fruit and nuts exports amounted to US$ 4.3 billion with Chile as the
biggest supplier followed by the banana exporting countries - Ecuador,
Honduras, Colombia and Panama. Vegetable exports which totalled
$ 0.8 billion were mainly supplied by Mexico. Food irradiation of fresh
fruit and vegetables as a quarantine treatment is a potential alternative
to traditional fumigation. Oilseeds and oilcakes exports totalled $ 3
billion from the region in 1987, Brazil and Argentina being the biggest
suppliers. Exports of marine products such as fish, crustaceans and
molluscs totalled $ 2.6 billion. A number of LAC countries participated in
this trade, including Mexico, Ecuador, Argentina, Brazil, etc.
Potentially, food irradiation could become an important method of treatment
for this product group, in particular as a preventive measure to reduce the
incidence of food-borne diseases. Another group for which food irradiation
could be considered to enhance food safety is meat, edible offals and
preparations of these products. Supplies from LAC countries totalled $ 1.8
billion, Argentina and Brazil being the main suppliers. Cocoa supplies to
the world from the LAC region amounted to US$ 0.8 billion in 1987. Major
suppliers were Brazil, Ecuador and the Dominican Republic. Also this
product could be considered for irradiation, particularly as an alternative
to the current fumigation treatment but also as a method of reducing
food-borne diseases. Finally, spice exports should be mentioned. This
item is very small in international trade and supplies from the region only
amounted to $ 0.2 billion of which pepper exports from Brazil accounted for
some 60 per cent. Quality maintenance problems for spices is a very
serious consideration by the trade. Since trade in irradiated spices has
been approved by many importing countries all over the world, this product
might become one of the first items to enter world markets in a big way in
an irradiated form, in order to enhance food safety.
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