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FOREWORD
New technologies can be used to modernize traditional industries, to develop new
industries, and to diversify the national economic base. The Science Council's Emerging
Science and Technologies (EST) program was set up to identify early on developments in
science and technology that could be critical to Canada's future economic success and
to stimulate action to exploit these developments.
The EST program involves extensive consultation, in particular bringing together
scientists, technologists, industrialists, and venture capitalists at workshops and
conferences. Each meeting focuses on an emerging or uncommercialized area of
science or technology and on the economic sectors or industries that could benefit from
the commercial application of research in this area. The aim is to play a catalytic role
and to promote contacts among key players who might otherwise never meet.
Earlier discussion papers focused on advanced industrial materials and emerging
plastics technologies. Another reported the results of a national survey in which
leading scientists and engineers identified the emerging technologies that they judge
will be of strategic importance for Canada. One of the emerging technologies
mentioned by several respondents is food irradiation.
This paper reports on a workshop on food irradiation. It points out areas where
policy decisions are required and outlines a plan of action, involving public and private
sector cooperation, that would allow Canada to grasp the opportunities arising from its
current world leadership in food irradiation technology.
Guy P.F. Steed
Associate Director of Research
Science Council of Canada
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PREFACE

This discussion paper has two goals: first, to raise public awareness of food irradiation,
an emerging technology in which Canada has the potential to build a new industry,
mainly oriented to promising overseas markets; and second, to help build consensus
among government' and private sector^ decision makers about what has to be done to
realize the domestic and export potential.
The following pages discuss the potential of food irradiation; indicate how food is
irradiated; outline the uses of food irradiation; examine questions of the safety of the
equipment and both the safety and nutritional value of irradiated food; look at
international commercial developments; assess the current and emerging domestic
scene; and, finally, draw some conclusions and offer suggestions for action.
Many individuals have assisted the author with their knowledge, advice, and time in
the preparation of this document. Grateful thanks are due to the team at Agriculture
Canada, and to representatives of the Health Protection Branch, Health and Welfare
Canada, of Consumer and Corporate Affairs, of the Grocery Products Manufacturers of
Canada, of the Consumers" Association of Canada, of AECL-RCC, of CRESALA, of
Accelerator Associates, and of Ionizing Energy Company of Canada Limited (IONX).
Special thanks go to Kevin Knight of K. Knight .Management for his research
contribution and unflagging interest. Guy Steed, Ruth Wherry, and Kevin Wilmut gave
freely of their support and thoughtful analysis, particularly in teasing out questions of
social risk and benefit in technological change. Not least, thanks are due to the library
and communication staff at the Science Council for their assistance.
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EXECUTIVE SUMMARY
Now that many countries have set standards for the use of irradiation on various foods
for human consumption, the global market for food irradiation technology is growing
rapidly, Canada, as a world leader in this technology, has an opportunity to supply this
market. This opportunity can be fully exploited only if Canadians' own fears about the
technology are addressed, and a federal government department co-ordinates a plan of
action involving both the public and private sectors.
Food irradiation entails exposing food to ionizing energy, which passes through the
product leaving no residual radioactivity. When this ionizing energy, which includes
gamma rays, x-rays, and electron beams, passes through food, molecular bonds are
broken, and new stable products form. This chemical change stops normal cell division
and differentiation. Therefore it can sterilize or kill insects, destroy parasites, and
eliminate pathogenic and spoilage microorganisms. Thus the shelf life of "fresh" foods
can be extended; meat, poultry, and spices can be purified of disease-causing organisms;
and produce can be disinfested of insects. In addition, irradiation can inhibit sprouting
in root crops such as potatoes or onions and slow ripening in some fruits.
The process, which has a 40-year history of applied research and toxicological
evaluation, is not yet widely used. Recently the interest of both domestic and
international food companies has been spurred by the acceptance in 1983 by the United
Nations Codex Alimentarius Commission that foods irradiated below a certain level
(10 kilograys) are safe and nutritious and that food irradiation should be treated
legislatively as a process and not an additive. Irradiation is not used in Canada at
present, although there is approval under existing regulations for potatoes, onions,
wheat flour, and spices. Proposed new legislation by Health and Welfare Canada
recommends acceptance of the UN commission's findings. This would speed approvals
of irradiated foods because no further expensive and lengthy toxicology testing would
be required, but specified data about process quality control and standards would be
necessary for clearance of each treated product. Labelling would be required using
specific wording and an international symbol.
In Canada food irradiation will likely fill certain market niches over the long term
rather than see a general application. Some Canadian companies are interested in its
potential to reduce disease-causing organisms in chicken and meat, to purify spices, to
make fruit juice shelf-stable, and to extend the shelf life of fresh fish and fruit. Japan,
the U.S.S.R., South Africa, the Netherlands, Hungary, and Israel are the only countries
to sell food domestically that they have treated with ionizing energy. In April 1986 the
United States Food and Drug Administration approved irradiation to disinfect dried
enzymes and spices, to destroy trichina in pork, and to disinfest fresh fruits and
vegetables. When final inspection protocols have been determined, the door will be
open to export of tropical irradiated fruit to the United States and, through that
country, to Canada.
The real spur to treating food with ionizing energy comes from tropical countries
exporting shell fish, spices, fruits, and vegetables to the temperate North. To meet
international food hygiene and quarantine requirements, they need a means to reduce
pathogenic organisms on fish and meat and an alternative to recently banned pesticide
fumigants for fruits and vegetables. Many of these countries would use irradiation to
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increase the volume and variety of their cash food exports and to improve domestic
public health.
On the basis of the irradiation technology and cobalt-60 energy source developed
by Atomic Energy of Canada Limited Radiochemicai Company (AECL-RCC), Canada
has the capacity to meet this market demand. Three types of irradiation equipment —
radioisotopes (cobalt-60 and cesium-137), electrically powered linear accelerators or
"linacs," and x-ray machines — compete for the market. Because cobalt-60 provides
the greatest depth and uniformity of penetration it can be used to process the widest
variety of products. Therefore at present most irradiation specialists favour radioisotopic technology for food irradiation. Prospective developments in high-intensity
electron accelerators indicate this technology will also be useful for food treatment,
although its more limited penetration capability will limit the sizes and shapes of food
products treatable.
AECL-RCC, the world's primary supplier of cobalt-60, already leads world sales of
irradiation facilities that use this substance to sterilize biomedical disposable products.
The crown-owned firm has now adapted its irradiation technology to process food and is
able to supply the equipment, the process control system, and the energy source to
customers. In order to compete for customers who prefer other irradiation methods,
AECL and several other Canadian firms are also developing new high-intensity linear
accelerators.
Many foreign firms, supported by their governments, are now chasing the
burgeoning market for food irradiation technology in the tropics. They are offering
both accelerator technology and alternative facility designs that use cobalt-60 bought
from Canada or another supplier. If the Canadian industry is to compete successfully
against them it needs immediate government attention and support. Success might be
enhanced and the financial benefits of sales of Canadian irradiators could be extended
to other industries if a supporting package of Canadian goods and services were made
available. Consortia agreements between suppliers of irradiation equipment and
consultants, engineering firms, warehouse and refrigeration specialists, food equipment
suppliers, and commodity traders could be advantageous for business and increase
Canada's trade with industrializing nations.
Canada may soon be a major importer of irradiated tropical foods. But will
consumers accept food treated in this manner? Foreign purchasers of our irradiation
technology want to know that Canadians are prepared to purchase back irradiated
foods. Consumer acceptance still needs to be verified in Canada. That will involve
establishing labelled market trials to test consumer acceptance.
The low level irradiation of food has been widely endorsed by the scientific
community but public controversy has arisen and opinion has begun to polarize
regarding acceptability of the technology. One controversy centres around the safety
of workers, the transportation of isotopes, and the supply and disposal of isotopes by the
nuclear industry. There are undoubted hazards involved, but transportation and worker
safety are stringently controlled by the Atomic Energy Control Board in Canada and
sister organizations around the world.
Another controversy is whether or not ionizing energy degrades the nutritional
qualities of food or leaves toxicological effects. The evidence is that the effect of
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ionizing energy on fats, carbohydrates and protein is very small at the energy levels
generally used, and feeding trials show the nutritional availability to be fully
satisfactory. Irradiation does destroy some of the vitamin content in food but less than
other conventional processes.
Multidisciplinary teams of scientists have carried out toxicological testing to
evaluate the compounds (radiolytic products) found in minute amounts when ionizing
energy breaks the bonds of some food molecules. Similar compounds exist in
unprocessed food and in foods conventionally processed. They have not been found to
impart toxic qualities to food. Animal feeding studies, some covering several
generations, have been carried out to assess birth defects, cancer development, and
genetic changes. Some studies suggest that irradiated foods may cause chronic
mutagenic and reproductive effects, but the legitimacy of these findings has been
called into question and refuted by multidisciplinary teams from many nations.
Scientific peer review of the methodologies and findings and futile attempts to
replicate the research have led the scientific community to reject the validity of these
studies. Nevertheless, public interest groups stress that there are some negative
findings and that no long-term human studies exist to prove the safety of irradiated
food. They also question the necessity for a new food process closely linked with the
nuclear industry.
Should Canada decide to exploit the potentials arising from food irradiation
technology, four sectors must cooperate now to implement an informed, focused, and
united plan of action. These are the food industry, the nascent food irradiation industry
(including AECL-RCC and other companies with complementary expertise and
interests), university researchers, and a variety of government departments with
mandates governing various aspects of food processing, hygiene and inspection, trade,
industrial support, foreign aid, and international relations. These key actors were
brought together at a Science Council of Canada workshop. Participants at the
workshop agreed that a primary need was to identify a federal agency to promote
coordinated action. Agriculture Canada agreed to play this role. Although Agriculture
Canada has established an advisory committee on food irradiation, it has not yet
prepared a plan of action involving government and the private sector. The plan should
include the following main elements:
°

0

0

0

°

Health and Welfare Canada must speedily complete the regulatory approval of food
irradiation as a process rather than as an additive and publish the specified control
limits under the Food and Drug Act.
With a view to speeding up individual clearance procedures, Health and Welfare
Canada should make food irradiation petitions a priority and clearly establish the
steps to be followed.
Consumer and Corporate Affairs Canada should speed the publication of clear
labelling guidelines.
The Grocery Products Manufacturers of Canada should facilitate discussion in the
private sector with regard to using food irradiation and with regard to providing
objective and credible information to consumers.
The Department of Regional Industrial Expansion should reassess its role with
regard to food irradiation and work in conjunction with the Department of External
Affairs to market the technology internationally, by encouraging formation of
consortia capable of delivering large computerized food handling facilities centred
around food irradiation.

Health and Welfare Canada and Agriculture Canada should set in place training
requirements for field officers and inspection protocols for monitoring process
standards in both doinestic and foreign food irradiation facilities and for verifying
the acceptability of imported foods irradiated for quarantine purposes.
Agriculture Canada, as the federal lead agency, should coordinate discussions with
the private sector and other government agencies to establish who should be
responsible for the following:
an inclusive public information program for consumers, members of the food
industry (processors, distributors, packagers, and handlers), and government
policy and decision makers;
the design and funding of generic market trials of test products, the results
of which should be available to all potential users of irradistion technology;
the establishment of documentation requirements, specialist support, and
procedures needed to guide potential users of food irradiation technology and
importers of irradiated food through the labyrinth of clearance and inspection
procedures.
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CHAPTER ONE. THE POTENTIAL OF FOOD IRRADIATION

The Opportunity

Today's food industry is considerably interested in new food packaging and processing
technologies which promise to preserve food without heat or chemical additives and yet
retain the food's fresh taste, texture, and appearance. An interesting example is
irradiation — the processing of food with intense electromagnetic energy. Irradiation
entails exposing food to a form of energy similar to that of light. This energy,
sometimes referred to as ionizing energy, passes through the product leaving no residual
radioactivity. Appropriate treatment of food with ionizing energy can produce a
number of different effects. It can:
°
°
°
°
0
o

extend the shelf life of animal and plant products by destroying spoilage organisms,
thus reducing the requirement for chemicals used in preservation;
eradicate insects in stored grain, fruit, and spices and is therefore an alternative to
gas fumigants used to meet quarantine requirements of food-importing countries;
destroy food-borne microorganisms and parasites in frozen, fresh, and processed
foods;
delay ripening in some fruits and vegetables and stop sprouting in stored root crops
such as potatoes, onions, garlic, and yams;
produce sterile products that can be stored without refrigeration;
reduce cooking times of some foods and tenderize others.

Food irradiation has a 40-year history of applied research and toxicological
evaluation but has not yet achieved full commercialization. The low level irradiation of
food has been widely endorsed by the scientific community but public opinion has
polarized over its acceptability. Questions have been raised as to whether the process
is safe, nutritionally sound, commercially viabie, or necessary.
Many food firms in Canada and around the world are interested in various
app'ications of the technology, but the lack of clear national and harmonious
international legislation; insufficient information to evaluate economic feasibility; and
fears of consumer rejer-4-ion of irradiated products have deterred companies from using
it. However, three situations are spurring a more rapid commercialization of this
technology both in Canada and elsewhere:
°

0

°

the acceptance in 1983 by the Codex Alimentarius Commission (the United Nations
food committee) that foods irradiated below a certain level are safe and
wholesome and therefore that toxicological testing is no longer necessary. It
recommended that member nations adopt this guideline and reclassify the
technology as a process rather than a food additive for regulatory purposes.
the need to find an alternative method to meet quarantine requirements for
imported foods following the banning of the pesticide fumigant ethylene dibiomide
in 1984;
the need to decrease the growing incidence of food-borne diseases.

A large world market for food irradiation equipment is developing as many nations
move toward legislative approval and implementation of the technology. In Canada and
other industrialized countries demand for irradiation will be long term since it must
compete for a niche among conventional technologies. Where there are clear
advantages, for instance, to reduce salmonellae in chicken, to kill trichinella in pork, to
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extend the shelf life of some fruits, potatoes, and onions, adoption of specific
commercial applications is proceeding slowly and in stages. In the short term more
immediate pressures to use the technology come from food-exporting countries. In
particular, tropical countries that depend on export income from trade in fruits,
vegetables, fish, and meat are very interested. The recent ban on fumigants used on
fruits and spices and demands for improved hygiene in meat and fish products at ports
of entry have caused an urgent search for a technology to satisfy international
quarantine requirements. For some, irradiation has become the technology of choice.
Canada, having a proven capability in the technology of irradiating bulk products,
is in an enviable position to supply this market. Over the past 20 years the crown
corporation, Atomic Energy of Canada Limited Radiochemical Company (AECL-RCC),
has led world sales in gamma irradiation facilities to sterilize disposable medical
supplies. The AECL-RCC technology package of facility design, process control
method, and equipment has been developed around use of the gamma-ray-producing
radioisotope cobalt-60. This is the energy source best suited for deep product
penetration and AECL-RCC supplies 80 per cent of the world market. With some
adaptations to accommodate product fragility and the low energy doses required, this
technology is now being marketed to irradiate food.
A promising alternative technology for irradiating less bulky foods is the linear
accelerator or linac, an electric machine that produces beams of electrons. A
constraint of linacs is that unlike gamma rays, electrons are unable to deeply penetrate
large, dense products. New higher-intensity linacs are being developed by several
Canadian companies which will be able to treat foods that fall within the required
dimensions and density.
As the centerpiece of a technology transfer strategy, food irradiation could be the
vehicle for sales of complementary Canadian goods and services. Consortia
arrangements would include operator training, feasibility evaluation, consulting
engineering, food systems management, warehousing, packaging, and refrigeration. In
addition, this "added-value" activity would strengthen Canada's position in international
agricultural equipment and commodities exchanges.
The Challenge
But Canada's opportunity to capitalize on food irradiation technology is not assured
since competitive challenges and economic and social barriers to use exist.
Competition is strong from companies in the United States and elsewhere that have
developed their own technology packages that reduce the Canadian input to the simple
provision of cobalt-60. Returns to Canada would be minimal. An alternative
radioisotope, caesium-137, is being promoted by the United States Department of
Energy for use in food irradiation, but it is unlikely that this waste by-product of the
nuclear weapons industry will find much acceptance.
Lastly, low intensity li iear accelerators used to process plastic films and rubber
products are presently manufactured by companies in the United States and Europe.
These firms are working to produce more efficient, higher energy linacs appropriate for
treating food. Based on some successful innovations, they have already initiated
advertising and marketing campaigns.

Few irradiation facilities are in operation, therefore little practical information
exists for companies to evaluate the cost effectiveness of using ionizing energy to treat
their specific products as compared to competing chemical treatments and alternative
processes. Also, although companies and governments in the tropics are very interested
in buying a Canadian facility, many require Canadian government aid to pay for an
economic feasibility evaluation before making the investment.
The major question facing all those interested in the use of food irradiation is, will
the consumer accept it? Chilean fruit exporters want confirmation that North
Americans will buy their produce when it has been irradiated for quarantine purposes
using a Canadian facility. The Canadian chicken processor wants assurance consuiners
will pay for chicken irradiated to remove disease-causing microorganisms. First, the
public needs an enhanced knowledge of food irradiation and then market trials of
labelled treated food are necessary to test consumer acceptance.
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CHAPTER TWO. HOW FOOD IS PROCESSED BY IONIZING ENERGY

What Ionizing Energy Does
Food is routinely processed using different wavelengths of radiant or electromagnetic
energy. These include infrared waves used in traditional baking and broiling,
microwaves used for quick cooking, and sunlight used for drying.
They are p?""t of the electromagnetic energy spectrum which ranges from the
low-intensity r jad waves of radio at one end to the very short high intensity
wavelengths of x-rays and gamma rays at the other (Figure I). The latter are used for
food irradiation processing.
Gamma rays, x-rays, and accelerated electrons are known as ionizing radiations
since as they pass through food they interact with the molecules to form positively and
negatively charged ions. These unstable particles decompose rapidly into highly
reactive free radicals, which in turn react with each other and unchanged molecules.
The stable chemical compounds produced are called radiolytic products. The effect of
these reactions in the molecules of plant material brings about effects such as the
inhibition of sprouting and the retardation of ripening. Large molecules such as
deoxyribonucleic acid (DNA) are particularly susceptible to being broken into smaller
molecules. This damage to the DNA prevents living cells from dividing, thus causing
the sterility or death of contaminating organisms such as parasites, insects, larvae,
bacteria, mould spores, and viruses.** The more simple the organism, the higher is the
radiation dose needed to kill it.^
Ionizing energy that passes through food creates biochemical changes but leaves no
residual radioactivity. Just as radiotherapy does not make cancer patients radioactive,
irradiation does not make food radioactive. This is because the energy levels used are
too low to induce nuclear fission.
Types of Irradiation Equipment
Two types of technology can be used to produce ionizing emergy: radioisotopes (either
cobalt-60 or caesium-137) or electrical machine systems (electron linear accelerators
or "linacs" and x-ray machines).
Whereas radioisotopes continuously emit high-energy gamma rays or photons in a
360-degree arc, linear accelerators produce unidirectional beams of charged particles
or electron beams, and high-powered x-ray machines produce a beam of photons. The
high capital and running costs of x-ray machines make them impractical for food
irradiation.
Gamma rays have more energy than electron beams and hence have a greater
capacity to penetrate dense objects. Their greater depth and uniformity of penetration
can accommodate the widest variety of product forms and densities. Gamma
irradiation is the only irradiation technology capable of processing bulky products such
as cases of fruits and vegetables or animal carcasses. Where the product is thin or not
very dense, treatment by high-powered linear accelerators may be a competitive choice.
An advantage of machine systems over radioisotopic sources is that they are more
adaptable to high-speed, in-line processing than isotopic sources. In addition they can
be turned off and on at will. They do not emit radiation when the power is off. On the

-16-

Figure I. Food Irradiation with Electromagnetic Energy
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Although the term "radiation" is very broad and includes such things as light and radio
waves, it is most often used to mean "ionizing" radiation, which is radiation that can
produce charged particles in materials that it strikes.
Source: Food Engineering, April 1982.

other hand, linacs draw heavily on electrical power, so where electricity is expensive or
not available, radioisotopes may provide cheaper processing power.
Radioisotopes and Canadian Gamma Irradiator Technology

Of the two isotopes, cobalt-60 and caesium-137, used for gamma processing, the former
is much preferred. The United States Department of Energy reprocesses nuclear
weapons' production waste to produce caesium-137 and this has led to some negative
public reaction. For this reason and since it presents some safety problems in
production and use, caesium-137 is not widely used as an industrial irradiation source.'
Cobalt-60, on the other hand, is not a nuclear waste by-product. It is produced for
commercial purposes (to sterilize waste products, medical supplies, pharmaceuticals,
and for cancer therapy) through an intentional design aspect of a particular type of
reactor best represented by Canada's Candu. One of the ways to slow and control the
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Figure II. Pallet Irradiator - Automatic
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Source: Atomic Energy of Canada Limited Radiochemical Company.
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reaction in a Candu reactor is to place cylinders containing cobalt-59 in a ring around
the nuclear core. The cobalt-59 absorbs some of the neutrons produced by the nuclear
reaction and thus acts as a brake on the reaction process. Within two years all the
cobalt-59 is transformed into the radioisotope cobalt-60. The isotope is then removed
from the reactor and replaced by more cobalt-59. The cobalt-60 is processed into slugs,
doubly encapsulated with steel into pencil-sized cylinders, and formed into racks for use
as the radiant energy source in irradiation processing. As the cobalt-60 degrades,
emitting gamma rays, it becomes stable nickel.
The Canadian crown corporation Atomic Energy of Canada Limited, is recognized
around the world for its research and development in industrial and medical uses of
nuclear technology. Its subsidiary, AECL-RCC, produces and sells 80 per cent of the
world's cobalt-60. In the last 20 years, it has developed and sold a winning technology
— gamma irradiators to sterilize biomedical products (such as bandages, catheters, and
surgeons' gloves). This process has now become a desirable alternative to chemical
sterilization with the banned fumigant ethylene oxide. Certain facility design
adaptations have been made to ensure the low doses needed for food treatments and to
accommodate new handling requirements due to the fragility of food products. Because
of the strength of its reputation and the quality of its equipment and designs, and
because it is a major supplier of cobalt-60, AECL-RCC has the capacity to play a
leading role in the supply of gamma irradiation technology for food processing around
the world.
AECL-RCC offers many types of irradiators including laboratory units, small
research facilities, various manually loaded and automatic carrier designs, and also a
portable facility mounted on a flatbed trailor. An example is the AECL-RCC
automatic irradiation facility, which has three basic parts (Figure II):
°
°
0

a processing chamber surrounded by a thick concrete wall to absorb superfluous
radiant energy. The chamber contains a pool of deionized water in which the
cobalt-60 is stored when not in use;
a mechanical conveyor system to carry food from the warehouse through the
chamber and around the source;
a suspended modular source rack made up of cylinders of doubly encapsulated slugs
of radioactive cobalt-60. This is the gamma ray source.

With this particular design pre-packaged or bulk products are put into tote boxes
and mechanically transported into the irradiation chamber. The cobalt-60 is then raised
from the storage pool to irradiate the boxed product as it is mechanically conveyed
around the source. When processing is complete, the source is lowered into the pool and
the tote boxes are automatically transported out of the irradiation chamber for
unloading. The processing chamber has a safety system that locks the doors and lowers
the source into the pool in the case of problems. The procedure is directed from a
computer control console in the warehouse section.
Electron Accelerator Technology — Linacs
Electron or linear accelerators (linacs) consist of an electrical power supply, a control
and safety console, electron accelerator, and a beam deflection and dispersion system.
As in a cathode ray tube, the electron beam is generated by an electron emitter and
accelerated in a vacuum to the desired energy. Processing is carried out by moving the
product through the electron beam on a conveyor belt at a controlled rate to achieve
the desired dose. This equipment is housed in a concrete radiation shielding room and
includes a safety system to shut down the beam if someone enters the chamber.
- 19-

Accelerators produce electrons with selectable energy and power and can be
subdivided into low energy and high energy electron sources. Electrons, being charged
particles, readily interact with matter. This gives them a low penetration capability,
which decreases with the density of the target commodity. The penetration capability
of low-energy electron beam accelerators varies from approximately 2 centimetres for
meats to 40 centimetres for herbs, but may be doubled by pairing machines for
two-sided treatment.
The limited penetration factor of low intensity electron beam accelerators limits
the type of product that can be treated by them. At present low intensity electron
sources are primarily used to bond plastic coatings, vulcanize rubber, and sterilize
containers. The growth in the market for the radiation sterilization of medical
disposables and the potential of food irradiation are stimulating the development of
more powerful and higher energy linacs. These machines, although still not capable of
the total penetration of bulk foods as provided by gamma ray sources, will be
competitive for processing small commodities and packaged formulated foods. For
instance this technology would be appropriate to treat berries, mushrooms, fish fillets,
wieners, and processed meats. In addition, high volume, particulate foods such as grain
or herbs would be moved through a "curtain" of electrons produced by a couple of
machines with intersecting beams. AECL and at least one other Canadian company,
Accelerator Associates, are working to develop and manufacture this technology.
X-ray ("Bremsstrahlung") Machine Technology

If a linear accelerator is modified to direct its electron beam at a metal target called a
bremsstrahlung converter, x-rays are generated. These x-rays can achieve high
penetration similar to gamma radiation. Work is proceeding to develop these machines
but this technology does not appear to be practical for commercial food irradiation
since x-ray machines will be both expensive and very inefficient. However, design
innovations may make this technology economically feasible in the future for treating
large volumes of high value high density products.
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CHAPTER THREE. USES OF FOOD IRRADIATION

Dose Ranges
Three dose ranges have been established for different treatment effects as shown in
Table I. Most uses of ionizing energy on food, except for sterilization, require low to
medium doses or less than 10 kilograys. Food treated with low or medium doses must
still be refrigerated.
The lowest dose range, between 0.01 and 1 kilogray, produces "radurization." At
this minimal level, irradiation inhibits sprouting in root crops and retards the ripening
of fruits. It also acts as a pesticide by sterilizing insects and killing their eggs and
larvae.
The medium dose range, between 1 and 7 kilograys, produces radiation
pasteurization or "radicidation." This level of treatment reduces the number of
spoilage and disease-causing organisms. The process is thus useful for extending the
shelf life of some foods and reducing diseases carried by others.
The highest dose range, usually above 10 kilograys, produces radiation sterilization
or "radappertization." It is applied to hermetically sealed foods to reduce the quantity
of live microorganisms to levels at which the product can be stored without refrigeration for many months. The technique can be likened to the thermal sterilization of
canned foods. It is not now being considered for broad commercial use because the dose
used is higher than the currently recommended international standard, although this
may change as further research is carried out.
Treatment Effects
Fumigant Replacement

A major application of food irradiation is to replace banned fumigants used to meet
quarantine requirements. Because insect pests can cause major harvest losses, controls
have been legislated around the world to prevent their migration. Stringent quarantine
requirements call for the elimination of insects in fruits, vegetables, herbs, and spices
that are marketed internationally. In addition, most countries have strict hygiene
requirements for seasonings, spices, and herbs which are normally highly contaminated
with microbes.
To date the main process used to control microbes and pests in fresh and dried
products has been fumigation with toxic gases. The primary chemical used for
fumigation has been ethylene dibromide (EDB). This suspected carcinogen is dangerous
to workers applying it and may present a risk to consumers, since a residue is left on
treated foods. The environmental effect of this pesticide is also hazardous. Concern
about EDB led the United States Environmental Protection Agency (EPA) to order the
emergency suspension of EDB as a soil fumigant in September 198^. At the same time
the EPA announced that all other major uses of EDB would be phased out by September
1985. For the moment, methyl bromide, a sister chemical to EDB, is still acceptable
but may soon be on the "prohibited due to its toxicity" list. Many other countries,
including Canada, have enacted similar legislation.
As a result, nations whose major source of foreign earnings is the export of spices,
herbs, and fresh produce, have been anxiously seeking a suitable alternative to
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Table I. Dose Applications for Food Irradiation
Treatment Effect

Dose (kilograys)

(Low-Dose Applications)
a)
b)
c)
d)
e)
f)

Inhibits sprouting of potatoes,
onions, etc.
Sterilizes infesting insects to
prevent adult emergence or propagation.
Destroys infesting insects
including eggs and larvae.
Destroys parasites (helminths,
nematodes including trichinella spiralis).
Delays ripening of certain fruits and
vegetables.
Reduces levels of common harmless
spoilage bacteria in and on fresh
meat, poultry, and seafood.

0.05-0.15
0.10-0.25
0.25-0.75
0.25-0.50
0.25-1.0
0.50-LO

(Intermediate-Dose Applications)
a)

b)
c)
d)

e)

Reduces spoilage bacteria and fungi on
"fresh" meat, poultry, seafood, and
produce (e.g., berries).
Reduces mould on baked goods.
Delays cap-opening and spoilage of
mushrooms,
Destroys substantial pathogenic bacteria
(e.g., salmonella) in perishable animal
products (e.g., milk and egg powders),
and frozen foods (e.g., froglegs,
shrimp, egg).
Sterilizes packaging material, spices, etc.

1-3
2-4
2-4

3-7
3-7

(High-Dose Applications)
a)
b)
c)

Improves rehydration of dehydrated
vegetables etc.
Sterilizes precooked and processed
'low-acid' meat, poultry, and seafood
products in hermetically sealed packages.
Reduces or eliminates virus
contamination.

10-60
10-50
10-100

Source: A. Herer, "Industrial Economics of Irradiation," McGill University, unpublished
MBA thesis, pp. 102 and 103. Table reprinted courtesy of the author.
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fumigation, one that preferably does not use heat. The application of heat to spices and
herbs removes their characteristic flavour, and hot water dips used to disinfest fruits
such as mangoes or papayas destroy their quality. Because food irradiation can be
called a "cold" treatment; because it can kill microbial contaminants; and because it can
sterilize or kill adult insects as well as larvae and eggs; it is an alternative process of
considerable interest. The use of ionizing energy instead of toxic gases for quarantine
purposes would reduce the level of chemical residues presently found on all tropical
produce, herbs, spices, and seasonings imported into Canada.
Pathogen Reduction in Meat and Poultry
The second major application for food irradiation, and one potentially important for
Canada, is to reduce food-borne diseases carried by meat, fish, and poultry products.
The main diseases are salmonellosis and campylobacteriosis, but others such as
shigellosis, trichinosis, tapeworm infestation, and toxoplasmosis are also of concern to
health officials.
Diseases produced by eating infected food have always been endemic in developing
nations. Now their incidence is increasing in developed countries. U.S. public health
officials report that over the last 16 years the incidence of salmoneilosis has doubled to
about 40 000 cases annually.** In Canada the annual number of cases of salmonellosis
more than doubled from 4280 in 1970 to 8704 in 1979.9 It is estimated that these
figures represent only about 3 per cent of the cases that actually occur. In addition to
increasing health care costs, diseases caused by pathogens such as salmonella and
campylobacter incur other costs such as those resulting from lost work hours and the
dumping of suspect foods. The annual cost of all food-borne disease in Canada has been
estimated at between $40 million and $160 million.^
The consumption of food contaminated by salmonella or campyiobacter produces
mild to severe cases of gastroenteric infection. Particularly serious cases require
treatment in hospital and may, in children and the elderly, result in death. A scientist
at the Health Protection Branch of Health and Welfare Canada recently estimated that
there are in the range of 763 deaths per year in Canada due to salmonellosis.''
The Food Inspection Directorate of Agriculture Canada has decided to make the
reduction of salmonella a priority. Although pork and beef also carry pathogenic
bacteria, efforts to control contamination have focused mainly on poultry and poultry
products, in which the incidence of contamination is highest. It is difficult to identify
which sector of the industry should receive most attention since contamination occurs
at many points in the production and retailing chain. Good hygiene in processing plants
alone cannot eliminate all pathogens from fresh poultry and red meat.
Irradiating livestock feed would help reduce the levels of pathogens in meats and
poultry since contaminated animal feed is one source of salmonella infection. However,
the surest way to remove microorganisms from flesh and ensure a hygienic finished
product would be to use radicidation or medium-dose irradiation after packaging. But
good handling and cooking practices would still need to be rigorously observed by
retailers, restaurateurs, and consumers. Once packages are broken open, food risks
re-contamination from infected utensils and cutting boards.
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Shelf Life Extension
Irradiation can extend the shelf life of "fresh" products in a number of ways. For
example, it can preserve some fruits, vegetables, meats, and fish by reducing the
number of spoilage organisms (bacteria, mould spores, and fungi) they contain. Low
dosage irradiation can also take the place of chemicals used to inhibit the sprouting and
consequent deterioration of tubers and bulbs (for example, potatoes, yams, and onions).
Finally, the process can retard the post-harvest ripening of many fruits such as sweet
cherries, apricots, strawberries, figs, mangoes, bananas, and papayas.
The use of irradiation to extend shelf life has a number of potential benefits.
First, it would extend the sales period and the post-harvest processing season.
Manufacturers would save by not having to run overtime to freeze, can, or pickle
perishable seasonal foodstuffs. This advantage is already being realized in Japan in the
case of potatoes, which can be held longer before processing into chips and other
products.
Consumers would benefit from greater price stability and availability of many
commodities including new exotic fruits and vegetables throughout the year. Perishable
foods such as strawberries or mushrooms would have a lengthened home-keepingperiod. Those fruits whose ripening process is slowed by low level irradiation would
have a better taste and texture since they could be picked closer to the ripe state.
Nitrites, suspect carcinogens presently used in the curing and preservation of meats,
could be reduced or eliminated.
Shelf life extension would enable products that would otherwise quickly spoil (such
as fruits) to be transported by less expensive means, such as by ship rather than air. In
addition, some products could be sent "fresh" to more distant markets and command
higher prices than when processed conventionally. For instance, fish brings a higher
price when fresh than it does when frozen. Extending the shelf life of Canadian fish by
three days would enable it to be shipped to large inland markets in both the United
States and in Canada.
Shelf life extension would also mean that processors could increase delivery
volumes to wholesalers and retailers while decreasing the frequency of deliveries.
Wholesalers and retailers could store products longer and lose less to spoilage.
Manufacturing Advantages
Irradiation results in certain manufacturing advantages. For instance, grapes yield
more juice, wheat gives a greater loaf volume, barley yields more during malting,
dehydrated vegetables and fruits rehydrate more quickly, dried beans take less time to
cook, and some meats become more tender.^2 These results may appeal to the food
processing industry, but adoption of irradiation for these purposes will depend on its
costs and benefits relative to conventional methods.
Treatment Limitations
Different food and, in the case of plant materials, even different cultivars, will respond
with varying sensitivity to irradiation. Changes in flavour, odour, texture, and colour
can occur when the dose is too high for the particular food.
Radiation damage in fruits and vegetables can cause uneven ripening, spots on the
skin, and increase rotting. Avocados, cucumbers, lemons, limes, olives, and bell peppers
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have been found by the Dole Fresh Fruit Company to show "significant documented
irradiation injuries."^ Protein-rich, water-containing products are particularly
sensitive to the development of off-flavours. Dairy products are therefore unlikely
candidates for irradiation. In radiation sterilized meats, off-flavours and unpleasant
odours are produced, although these can be reduced somewhat by freezing and
irradiating in vacuum-packed containers that exclude oxygen. Since irradiation will
accentuate any flaws or bruising, food products must be irradiated shortly after harvest
or slaughter and before the microbial load is too large. ^ Irradiation also shortens the
molecules of pectin substances so that they lose their gelling power, and a high dose can
cause foods with a high sucrose content to have a scorched caramel taste. Although
irradiation can reduce or eliminate the initial microbial population, it leaves no residues
to fight recontamination from improper handling. Reinfection and reinfestation can
occur unless proper storage, refrigeration, and packaging practices are observed. Many
foods are pre-packaged before treatment.
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CHAPTER FOUR. SAFETY AND NUTRITION
The history of food irradiation is rife with controversy, conflicting views, and
adversarial politics. Although a 40-year investment of expertise, time, and money has
gone into research to clear this technology for commercial use, opinions still differ as
to its safety.
The question of safety can be broken down into questions about the safety of the
technology itself and those about the safety of food that has been irradiated. Opinions
on the acceptability of food irradiation technology may, in some cases, be coloured by
beliefs that any technology related to the nuclear industry is inherently unsafe.
The Irradiation Equipment
Because irradiation is a potentially hazardous technology, government nuclear
regulatory agencies, such as the Canadian Atomic Energy Control Board (AECB), have
adopted stringent rules, regulations, and inspection systems.
In Canada, the production, transport, use, and recuperation of radioactive
materials are governed under the authority of the Atomic Energy Control Act. At
present AECB provides guidelines to any organization intending to build a gamma
irradiation facility. After inspection to verify whether all regulations have been met,
AECB will issue an operator's license. Twice yearly inspection of records, dose rates,
and all safety features, including warning lights, door-locking systems, and smoke and
fire detectors, are carried out to ensure continued regulatory compliance. The AECB
also requires that employees of gamma irradiation facilities successfully complete a
specially approved training course.
In April 1986, AECB issued a consultative document for public comment on new
more specific and more comprehensive regulations. The modified rules, which will
probably take effect in late 1988, will require a three-stage licensing program for the
commissioning of a gamma irradiation facility: a site license, to include provision for
public consultation; a construction license, to include verification of drawings and
safety provisions; and an operating license, to include descriptions of personnel
qualifications and dosimetry services and so on.
In the case of electron accelerators and x-ray machines, concerns regarding safety
arise only when the machine is turned on. Operator safety is ensured by means of thick
concrete shield walls and safety lock systems to prevent entry into the irradiation room
while the machine is functioning. Since neither linacs nor x-ray machines are
radioactive devices, licensing, occupational and environmental regulations, and
inspection fall under the authority of provincial governments.
For transportation purposes, the isotopic source, already doubly sealed into steel
pencils, is carried in reinforced steel and lead casks designed to withstand the most
severe accidents, including collisions, punctures, and exposure to fire and water. AECL
guarantees to remove all cobalt-60 at the end of its useful life at the request of the
buyer. When recuperated the cobalt-60 is disposed of at AECL facilities, where it is
stored until it decays into stable nickel.
The risk to workers in irradiation plants has been minimized through requirements
for extensive and overlapping protection controls in the facility and for specialized
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operator training courses. The only way in which human beings can be harmed in a
gamma irradiation facility once the source is in place is by direct exposure to
irradiation in the irradiation chamber. There is no danger of this when the source of
irradiation is not in use because it lies behind a six-foot-thick cement wall or in a
storage pool. Because there is a danger of exposure while the source is raised for
operation, alJ gamma irradiation facilities have elaborate mechanisms to prevent entry
into the irradiation chamber.
Food Treated With Ionizing Radiation
When the public asks whether a new substance or technology is safe, it wants yes or no
answers. But safety is not an absolute; it is a relative and continuous variable.
Questions about safety can only be answered in terms of the risk potential of a process
or substance. Even then, scientists may frequently express conflicting views about the
nature and level of risks. They may also disagree about the validity of methodologies of
risk assessment. Uncertainty itself is part of the tissue of science and an aim of every
scientific discipline is to seek out and identify points of uncertainty for further
investigation. It is this lack of absolute certainty that has helped to fuel public debate
about the acceptability of food irradiation. It is the public that must choose between
relative risks posed by different techniques. And ultimately the public must decide the
level of risk acceptable.
Opponents of food irradiation on grounds of safety and nutrition are concerned that
authorities and industry do not have enough information to know whether the treated
food is safe or nutritious. They say that the irradiation of food will leave potentially
hazardous by-products and decrease its nutritional value.
Advocates of the process counter that irradiation has been rigorously tested and
evaluated for 40 years, more so than any other food process, such as canning or
freezing. They state that research shows that food so treated is wholesome: not only
safe but also nutritious.
Research
The idea of treating food with ionizing energy is not new. In fact, concern over
trichinosis led the United States Department of Agriculture to take out a patent in 1921
on food irradiation using X-rays to kill the trichina worms in pork. In France in 1930
the researcher Otto Wust filed the first comprehensive patent for treating food with
ionizing energy. Some food companies in the United States began research projects on
food irradiation in the 1930s but the cost of radioisotopes and the inefficiency of the
then available accelerators made general applications impractical.^
World War II provided the impetus for more intensive research on food irradiation.
In 1942, at the request of the U.S. army, the Massachusetts Institute of Technology
began testing the use of ionizing energy to improve military rations. Following 1945,
the building of nuclear reactors, such as Atomic Energy of Canada's Chalk River
facility, made radioisotopes cheaper and more available. Klystron tubes, developed as
part of the British invention of radar, were borrowed to form the centrepiece of more
capable electron a c c e l e r a t o r s . ^ As a result, in the 1950s and 1960s basic scientific
research and live-animal testing of treated foods intensified in many countries including
Britain, France, Canada, and the United States. Under the "Atoms for Peace" policy in
1955, the U.S. army began a 10-year "wholesomeness study" of food treated at
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sterilization doses. In the United States, some 90 university, government, and private
sector groups were involved in this research by the end of the 1950s. '^
But in 1958 the United States Food and Drug Directorate made a critical
amendment to the Food, Drug and Cosmetics Act. This was called the Food Additives
Amendment or the Delaney clause and it required new toxicological test procedures to
prove the acceptability of additives in foods. Since under the amendment ionizing
energy was to be classified for regulatory purposes as a food additive, whole foods
processed by this method would have to undergo stringent live-animal safety testing.
The implications of this ruling for research on and the safety clearance of irradiated
foods was significant.
Irradiation was soon classified as an additive in many other countries, including
Canada. To fulfil the new regulations multidisciplinary teams of scientists analysed the
effects of different doses of radiation on different food products and worked through
decade-long studies to evaluate nutritional and safety questions.
In 1971, under the joint sponsorship of the United Nations Food and Agriculture
Organization (FAO), the International Atomic Energy Agency (IAEA), and the
Organization for Economic Cooperation and Development's (OECD) Nuclear Energy
Agency, approximately 2k countries came together to coordinate food irradiation
studies. Directed from the Federal Centre for Nutrition at Karlsruhe, Germany, this
International Project in the Field of Food Inadiation (IPFFI) coordinated research on
ionizing radiation at doses up to, but not including, sterilization levels. Complementary
work at higher doses was carried out in long-term studies at the U.S. army's Natick
laboratories.
The goal of the research projects (which covered all aspects of nutrition and
toxicology) carried out around the world between 1970 and 1981 by IPFFI was to
develop international standards for the United Nations' Codex Alimentarius
Commission. Founded in the early 1960s, the Codex Alimentarius Commission now
includes 122 member countries. It incorporates committees that set international
standards and codes of practice for all aspects of food. In 1964 the Codex committee
on food additives established an advisory Joint Expert Committee on Food Irradiation
(JECFI). JECFI is composed of international scientists specializing in toxicology,
pathology, public health, microbiology, and nutrition. It meets approximately every
four years to conduct peer reviews of new research on food irradiation. At its 1976 and
1980 meetings 3ECFI analysed work sponsored by IPFFI and other world agencies and
recommended new Codex standards in this field. In 3uly 1983 the Codex Alimentarius
Commission adopted a recommended International General Irradiated Foods Standard
and Code of Practices. This ruling formally reclassified food irradiation as a process
and not an additive and stated that:
The irradiation of any food commodity up to an overall dose of iO kGy represents
no toxicological hazard and introduces no special nutritional or microbiological
problems, hence toxicological testing of foods so treated is no longer required.'^
Toxicology
The regulatory changes that occurred around the world i.•• the late 1 950s were enacted
because officials wanted a clearer idea of the effects of the food irradiation process.
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Authorities had to decide what test procedures would be appropriate to establish
some reasonable certainty that no harm would arise from irradiating food. Initially
they required that the same toxicological methods as used to test the effects of
additives — discrete chemical substances — should be applied to test the effects of
ionizing energy, a process. It is true that both irradiation and the use of additives bring
about the appearance of new chemical substances in food. But in all food processing
methods molecules are rearranged and new, possibly toxic, compounds are formed. In
thermal processes (such as cooking, curing, and freezing) these compounds are called
thermolytic products; in irradiation, they are called radiolytic products. Since
"approximately 6 out of 10 million chemical bonds present in food are broken per
kilogray of ionizing energy absorbed," ^ these compounds are only found in foods in
concentrations of parts per million.
The standard means of evaluating the toxicity of a new food additive is by feeding
a high concentration of the chemicals to test animals to verify the maximum dose
possible that is free of toxic effects. In early studies on irradiated food the entire food
was treated as a chemical additive and fed to animals in huge amounts. As a result test
animals ieceived such unbalanced diets that it was difficult to discriminate between the
possible toxic effects of irradiation and the effects of nutritional distortion.
More recently the emphasis for safety evaluation is shifting away from dependence
on animal feeding experiments towards identifying and testing radiolytic products.
Over the last 10 years scientists have concentrated on learning about the nature and
predictability of individual radiolytic products and attempted to evaluate their
toxicological safety. They have also focused on the response of animals where the
whole diet has been irradiated.
By comparing radiolytic products to thermolytic products they have found that the
same kinds of products result from irradiation as from conventional processing. A
British task force set up to evaluate food irradiation concluded that, "there are no
toxicologically significant qualitative differences between the radiolytic products...and
the products in conventionally processed foods, and that the chemical changes produced
by irradiation of food are usually less than the changes found in foods processed by
conventional methods whose safety is accepted. " "Most radiolytic products are
normal food constituents: fatty acids from breakdown of trigiycerides or amino acids
from proteins, for example. ' The lack of knowledge of classical chemistry of foods
and the lack of baseline data complicate the identification and evaluation of radiolytic
products.
As a result of this insufficiency of knowledge a committee of the United States
Food and Drug Administration "assumed that some radiolytic products may be unique to
irradiated foods, and created the term 'unique radiolytic products' (URPs) to mean
substances not known to be present in nonirradiated food."
Thus although our
knowledge of chemical changes in irradiated food is more extensive than of those
incurred by conventional methods of food processing "it is not possible to exclude the
hypothetical possibility that unique and potentially toxic substances (URPs) might be
formed in certain irradiated foods."'" But to date "no compounds that are unique to
food processed with ionizing energy have been found in 30 years of research."
Scientists with years of research experience in food irradiation report that they have
sought for years for a possible unique aspect to processing food by irradiation and have
never been able to find it.25
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Feeding Studies
There is a long history of multigenerational animal research to test the toxicity of food
irradiation. Many of the early studies were so badly designed and controlled that the
data were worthless for demonstrating anything. The British Advisory Committee on
Irradiated and Novel Foods commented in its report in April 1986:
In the few studies where differences had been noted between animals fed irradiated
food and the control animals which received non-irradiated food, no consistent
pattern emerged with respect to the type of abnormality seen, the duration of
feeding, the type of food used in the study, the amount of irradiated food in the
diet and the dose of radiation used.
Supporters of food irradiation claim that many of the controversial studies were
thoroughly evaluated and found to be flawed ano therefore inconclusive. Opponents
accuse supporters of the technology of trying to suppress as inaccurate any work that
raises suspicions about the safety of irradiated food.
Debate still rages over the meaning of certain studies suggesting that irradiated
foods may cause chronic reproductive and mutagenic effects. These studies have
undergone intensive evaluation by multidisciplinary teams in many countries. Peer
review of these experiments and futile attempts to replicate the adverse findings have
led the scientific community to reject their validity.
One of the better known issues highlighted in the public controversy is the finding
by two Russian studies
that kidneys and testes were damaged in rats fed irradiated
feed. A refutation of this finding was published in the United States Food and Drug
Administration Federal Register of 18 April 1986.
FDA has found information on critical details of the experimental design of the
studies is either incomplete or missing. The reproductions of photomicrographs are
unusable, and the numerical data are incomplete across dosage groups. ...FDA
reviewed the kidney data in 11 chronic studies in which rats were fed various
diets...irradiated...to see if it would be possible to confirm the findings....The
agency found no evidence of treatment-related kidney changes as reported in the
Russian studies...FDA also reviewed 11 studies to verify the testicular lesions...and
none of the studies reviewed revealed treatment-related testicular changes similar
to those reported in the Russian reports.(p. 13386,87)
In another instance several studies carried out by the National Institute of
Nutrition (NIN) in Hyderabad India claimed that abnormal white blood cells (polyploidy)
were found in children and animals fed irradiated wheat. 28 FDA reports:
A committee of Indian scientists critically examined the techniques, the
appropriateness of experimental design, the data collected and the interpretations
of NIN scientists...this committee concluded that the bulk of these data are not
only mutually contradictory, but are also at variance with well-established facts of
biology.
The committee concluded that the data failed to demonstrate any mutagenic potential
in irradiated wheat.
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In May 1976 a major project to evaluate the safety of irradiated chicken meat was
contracted to Raltech Scientific Services by the United States Army Medical
Department. The supervision of this research was taken over by the United States
Department of Agriculture in 1982, and by its completion in 1984 at a cost of
$8 million, consisted of about 35 000 pages of reports.^" In passing these findings to
the United States Food and Drug Administration, the Department of Agriculture
pointed out that in one study on mice there was evidence of reduced survival of females
and also an increase in incidence of benign slow-growing testicular tumors in males.
The data from these studies were independently reviewed by the FDA's Center for
Food Safety and Applied Nutrition and seven reasons were given as to why evaluatots
decided that the radiation sterilized chicken did not cause the tumors. A peer review
by the United States National Toxicology Program agreed with the Food and Drug
Administration findings.30 In 1986 the Health Protection Branch of the Canadian
Ministry of Health and Welfare reviewed the data and the pathology slides from the
Raltech study and also came to the conclusion that the chicken did not cause the
tumors.
Nutrition
There has been some concern that irradiated foods may lose nutritional value. As with
other food processing techniques, irradiation can alter the nutrient composition of
food. The nature of these changes depends on the radiation dose, the temperature of
processing, the composition of the food, and the presence or absence of oxygen.-''
In the low dose range (up to 1 kGy), most studies evaluated by 3ECFI show that
nutrient losses are insignificant. In the medium dose range (1-10 kGy), research shows
that losses of some vitamins may occur. In the sterilization dose range (10-50 kGy), the
technology used to avoid effects on organoleptic quality (sensory factors), for instance
irradiation at low temperatures without oxygen, also partially protects nutrients.
Data shows that the major nutritional components of foods — proteins, carbohydrates, and fats — are little affected by irradiation up to an average dose of 10 kGy.
Some molecules may be broken down into their constituent chemical entities.
Vitamins can show different degrees of susceptibility to radiation damage in
different foods, because they may be protected by some of the other constituents
present. In general riboflavin, niacin, and vitamin D are relatively stable. But vitamins
C, A, and E and vitamin B fractions such as pyridoxine and thiamine are more prone to
degradation, particularly at high radiation doses and when oxygen is present. Some of
this damage to vitamins can be reduced if the food is irradiated at a low temperature,
using the lowest average dose needed, and in packaging that excludes oxygen and light.
The losses incurred are generally less than, or at most comparable to, those produced by
other accepted methods of food processing, say blanching and freezing.-^
But there is some concern about incremental nutrient losses due to the combined
effects of irradiation and conventional processing. If, for instance, food is both
irradiated and canned, losses are greater than with canning alone. In addition, because
many irradiated products will later be cooked, these losses will also be incremental.
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Microbes: Mutants and Survivors

One of the objections to food irradiation is that like most thermal and chemical
processes it will produce new and possibly harmful microbial mutants. But research has
shown that irradiation destroys genes, and so the mutant microbes are not competitive
and are less able to survive than their normal cousins in the environment.
Another problem has been raised regarding the selective elimination of organisms
when substerilizing doses are applied to foods. Destruction of the bacteria that cause
obvious spoilage by changing a food's smell, colour, or texture would remove those
qualities that alert consumers to the possible presence of a much more toxic organism
— Clostridium botulinum. Without competition, this organism, which causes botulism,
could proliferate. Thus, as in any other food process, packaging methods, careful
handling by processors, retailers and consumers, inspection procedures, expiry date
labels, and good manufacturing practices will all be necessary. For example, fresh fish
irradiated above 1 kGy must be kept refrigerated below 38°F (3.3°C) and processed in
an oxygen permeable packaging film to prevent development of C. botulinum, since
these bacteria can only live in an anaerobic environment.^
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CHAPTER FIVE. INTERNATIONAL COMMERCIAL USE
The commercial application of food irradiation confronts a number of obstacles.
Although some countries have approved the use of irradiation processing for a few food
products, worldwide commercial use of the process is hampered by the discordant policy
approaches of different countries and by the lack of international legislation governing
acceptable dosage levels, labelling protocols, and inspection criteria. When only a few
products may legally be irradiated and exported, the volumes that require processing
are often too small to make an irradiation facility economic year-round. The
availability of cheap conventional alternatives and fears of adverse consumer reaction
act as further barriers to commercialization of the process.
Since 1983, when the Codex Alimentarius Commission recognized the safety and
viability of food irradiation, countries around the world have gradually brought their
regulations in line with the recommended standards and have cleared many foods for
irradiation. But the existence of product clearances does not mean that the process is
being widely used commercially. Whereas some 30 countries allow irradiation of
certain foods for human and animal consumption, the process is commercially applied to
food sold to the public in only about 10 of these countries (Tables II and III).
Extent of Current Use
In the Netherlands, Norway, France, Belgium, and, to a limited extent, in the United
States, irradiation is used commercially mainly to decontaminate high-value dried
foods, seasonings, and spices. None of these countries labels these irradiated products,
which are used as minor ingredients in other processed foods. A small volume of food is
processed to the sterilization level in North America and Europe for hospital patients
with reduced immunity, and irradiated food was served on the space shuttle.
The first successful commercial-scale food irradiator (a gamma type) was built in
Japan in 1973, as a joint project of the Japanese government and the Shihoro
Agricultural Cooperative of Hokkaido. Gamma irradiation is used as a replacement for
banned chemicals to prevent sprouting in potatoes. Some 1360 tonnes are treated with
ionizing energy per month before further processing. The resulting products carry no
labels to tell the consumer that the contents have been irradiated.
The Soviet Union also uses irradiation commercially to treat one food: two
electron accelerator facilities of Soviet design disinfest approximately 200 000 tonnes
of grain for domestic use per year at the port of Odessa. This is the largest volume of
irradiated food processed by any one country.
In contrast, South Africa, the country that processes the greatest variety of food
with ionizing energy, commercially irradiates about 10 000 tonnes of food a year for
domestic consumption at two gamma irradiation facilities used solely for this purpose.
A third facility treats both medical disposables and foods. The products irradiated
include mangoes, papayas, bananas, avocados, litchis, tomatoes, strawberries, herbal
teas, spices, and vegetable pastes, as well as a variety of meats. Labelling for
consumers is voluntary and consists of a symbol only. Use of the symbol brings a better
price as a sign of premium quality.
The Netherlands irradiates approximately 6000 tonnes of food a year including
frozen sea foods (to destroy pathogens) and herbs and spices (to disinfest and sanitize).
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Table II. Commercial Irradiators Available for Treating Food/Feed

Country
Belgium

Commercial
irradiator
location

Status

Products treated

MEDIRIS*
Fleurus

completed
(1980)

spices, animal feed,
frozen seafood
spices

Approx.
capacity
3 000 t/a

Brazil

EMBRARAD*
Sao Paulo

completed

China

Multipurpose
irradiator
(180 kCi)
Chengdu

completed

Multipurpose
irradiator
(100 kCi)
Shanghai

completed

Israel

Animal feed
irradiator
(accelerator)
Tel Aviv

completed
(1984)

animal feed

Japan

Shihoro
potato
irradiator
Shihoro,
Hokkaido

completed
(1973)

potatoes

Netherlands

Pilot plant
for food
irradiation,
Wageningen

completed
(1968)

shrimp, frog legs
organic dyes, spices

1 500 t/a

spices, frozen frog
legs, shrimp

5 000 t/a

GAMMASTER-1* completed
(1972)
Ede

—

15 000
t/month

(cont'd)
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Table II (cont'd). Commercial Irradiators Available for Treating Food/Feed

Country

Commercial
irradiator
location

Status

Products treateo

Approx.
capacity

(Netherlands
cont'd)

GAMMASTER-2 completed
Multipurpose
(19S2)
Ede

spices, frozen frog
legs, shrimp

South
Africa

Fruit and
vegetable
irradiator
Tzaneen

completed
(1982)

mangoes, strawberries
potatoes, onions, etc.

Iso-Ster
(Pty), Ltd.*
Kempton
Park

completed
(1981)

fruits, vegetables
coconut powder

Multipurpose
irradiator
Atomic
Energy
Board,
Pretoria

completed

fruits, vegetables
chicken, etc.

Taiwan

Multipurpose
irradiator

completed

United
States

Radiation
Technology,
Inc.*
Rockaway,
New Jersey

completed
(few
irradiators)

spices, seasonings

500 t/a

Isomedix,
Inc.*
Whipany,
New York

completed
(several
irradiators)

spices, seasonings

500 t/a

—

5 000 t/a

7 00Q t/a

—

* Mainly used for sterilizing medical supplies.
(cont'd)

-35-

Table II (cont'd). Commercial Irradiators Available for Treating Food/Feed

Country

Commercial
irradiator
location

(United
States
cont'd)

International
Nutronics*
Irvine,
California

U.S.S.R.

Grain
irradiators
(two electron
accelerators)
Port Odessa

Status

Products treated

completed
(several
irradiators)

spices, seasonings

completed

grain

(1981)

* Mainly used for sterilizing medical supplies.
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Approx.
capacity

500 t/a

400 000 t/a

Table III. Commercial Irradiators Planned for Treating Food/Feed (January 1985)

Country

Commercial
irradiator
location

Status

Products treated

Approx.
capacity

Bangladesh

Multipurpose
irradiator
(150 kCi)
Dhaka

planned
for 1985

potatoes, onions,
fish

—

China

Multipurpose
irradiator
(200 kCi)
Shanghai

under
construction

food in general

—

Ecuador

Electron
accelerator
Quito

under
construction

dried food

—

France

Pallet
irradiator
(2 million
kCi 60 Co)
Marseilles

planned
for 1985

food in general

—

CGR 10 MeV
accelerator

planned
for 1986

deboned poultry

—

Hungary

AGROSTER
Joint Co.
Budapest

planned
for 1985

spices, potatoes,
onions

—

Iran

Multipurpose
irradiator
Tehran

planned
for 1986

dried food

—

(cont'd)
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Table III (cont'd). Commercial Irradiators Planned for Treating Food/Feed (January
1985)

Country

Commercial
irradiator
location

Status

Products treated

Italy

Commercial
vegetable
irradiator
Fucino
Cooperative,
Fucino

under
construction

potatoes, onions,
garlic

Korea
(Republic
of)

Multipurpose
irradiator
Seoul

under
construction

food in general

Pakistan

Multipurpose
irradiator
Karachi

planned
for 1986

food in general

Thailand

Multipurpose
irradiator
(200 kCi)
Bangkok

planned
for 1986

food in general

United
States

International
Nutronics
Honolulu,
Hawaii

planned
for 1985

tropical fruit

Source:

Approx.
capacity
25 QQQ
t/season

—

P. Loaharanu, "Asian Regional Cooperative Project on Food Irradiation" in
Proceedings of a Symposium on Food Irradiation Processing, Washington,
D.C., March 1985 (Vienna: IAEA/FAO, 1985), 180.
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Three gamma facilities are used for food processing, two of which treat industrial
products as well. The third, a demonstration plant designed for food irradiation, is the
home of the International Facility for Food Irradiation Technology (IFFIT), an
international project sponsored by the iAEA, the FAO, and the Dutch Ministry of
Agriculture and Fisheries. IFFIT provides training courses on food irradiation for
representatives of developing countries; conducts pilot studies; carries out specific
product research; and, on request, monitors the quality of shipments of irradiated
products.
Hungary and Israel use pilot plant facilities to treat a small amount of food that is
sold commercially. Several other countries are using or planning to build multipurpose
irradiators to process small volumes of food and animal feed (Table III).
Applications in Less Developed Countries
The potential of food irradiation processing to decrease post harvest losses and food
borne diseases in foods consumed domestically and also, to treat cash crops before
export is being evaluated in many less developed countries.
In tropical countries, spoilage due to moisture and heat and losses due to insects
may affect from 10 to 30 per cent of grains produced and 15 to 80 per cent of fruits and
vegetables. Ionizing energy may be useful in the fight against such losses. Similarly it
may help enhance public health through the reduction of pathogens and parasites in
meat, fish, and poultry.
In certain developing countries that rely mostly on local self-sufficiency and that
lack an adequate national food system infrastructure, a food irradiation facility could
become an expensive anomaly. In such countries food irradiation processing plants can
be considered only as part of a national agricultural development program. Appropriate
refrigeration, storage, and warehousing must be purchased to prevent recontamination.
Adequate transportation networks and collection and distribution centres must be
created to ensure that sufficient volumes of food can be hauled to an irradiation
facility to make it economically viable. A cadre of irradiation specialists must be
trained and regulations enacted. Food irradiation cannot be seen as a magical panacea
to increase available food supplies for those who are starving.
Where food irradiation may come into its own is in some newly industrializing
nations such as Thailand, Egypt, India, Malaysia, and Chile which already have a
sufficient food infrastructure to accommodate a centralized plant or plants.
Collection, transportation, and distribution systems are well developed. These
countries also have enough of the related irradiation infrastructure (irradiation
specialists, research, testing, legislation) for the installation of economically viable
commercial irradiators.
For many of these countries the export of fish and agricultural commodities is an
important source of foreign currency. Where it is, food irradiation technology is being
sought to replace banned fumigants to meet foreign governments' quarantine
requirements. In addition, the potential of the technology to reduce spoilage and to
inhibit ripening in fresh fruits and vegetables is appealing. These effects would permit
export of new, more fragile varieties; would enable cheaper sea rather than air
transportation; and, would enlarge export volumes. For instance, Chile hopes to see her
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export in horticultural commodities double from 363 000 tonnes in 1986 to
726 000 tonnes in 1990.
Previously most spices, seasonings, and produce imported for consumption in
Canada and the United States were fumigated in the ports of Philadelphia and Los
Angeles. But new United States Department of Agriculture regulations will require
that the majority of quarantine treatments be carried out in the country of origin. At
present methyl bromide is used to fumigate these products but producer countries fear
that it too will soon be banned due to its toxicity and the residues it leaves on treated
foods. This would leave exporters without a means of meeting quarantine
requirements. Hence they are very interested in using food irradiation once they are
assured that North America and Europe have permitted its use, and that consumers will
continue to buy their products following treatment.
Standards and Use in the United States
On [k February 1984, stimulated by the 1983 Codex Alimentarius Commission
recommendations, the United States Food and Drug Administration (FDA) published a
proposed new rule entitled "Irradiation in the Production, Processing and Handling of
Food." This rule put forward three main propositions:
°
°
°

Foods irradiated at doses up to 1 kilogray are wholesome and safe for human
consumption.
Foods that make up no more than 0.01 per cent of the daily diet and irradiated at
50 kilograys or less can be safely irradiated without toxicological testing.
Other foods irradiated at levels above 1 kiiogray must undergo a series of
short-term mutagenic tests to detect any toxic substances. In addition, these foods
must be evaluated in 90-day feeding studies on one rodent and one non-rodent
species.

Thus the FDA was contemplating only 1 kilogray as an acceptable maximum in
spite of the 10 kilograys recommended by the Codex Alimentarius Commission and
proposed by Canada. In April 1986 the FDA passed the final version of the regulations
for four particular approvals. The first approval permitted the irradiation of dried
enzyme preparations up to 10 kilograys to control insects and microorganisms; the
second permitted the irradiation of pork carcasses at between 0.3 and 1 kilogray to
control the parasite trichinella spiralis; the third raised the approved dose for spice
decontamination from 10 to 30 kilograys; the fourth allowed doses of up to 1 kilogray to
inhibit the maturation of "fresh" produce and to disinfest food.-^
This latter clearance is of major importance because it allows food irradiation for
quarantine purposes. In fact an early and successful market trial was carried out in
Florida in September 1986. A farmers' market in North Miami Beach sold out a
shipment of the first publicly available irradiated mangoes, grown in and exported from
Puerto Rico. 3 5
Full use of these clearances depends on further decisions from the United States
Department of Agriculture's Federal Safety Inspection Service. Their impact will
almost surely also be felt in Canada. Because much of the fresh produce sold in the
winter in Canada is trans-shipped from the United States, similar clearances and new
inspection procedures will be needed.
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Early labelling requirements in the United States called for use of the term
"pico-waved" along with the international symbol (see Figure III). In April 1986 the
FDA and the United States Department of Agriculture's Food Safety and Inspection
Service released a decision on labelling that stated that irradiated foods must be
labelled explicitly as either "treated with radiation" or "treated by irradiation" in
conjunction with the symbol. For unpackaged commodities at the retail level, this
phrase and symbol must appear on the bulk container or on a nearby sign. The labelling
decision will be effective for two years before being re-evaluated. Nonetheless, it has
clear implications for Canadian labelling regulations, which must be consistent with
those in the United States if there is to be free trade in food commodities.

CHAPTER SIX. CANADIAN COMMERCIAL USE
In Canada irradiation processing is used commercially only for sterilizing disposable
medical products; no food commodities are commercially irradiated.
Canada has a long history of pre-commercial research and development. This fact
combined with the more positive regulatory climate, the banning of gas iumigants, and
pressures to enhance food hygiene have spurred an interest in the commercial use of
ionizing energy by food companies of all sizes, fond trade associations, investment
groups, engineering firms, and consulting companies.
In 1985, in response to a survey in which 40 out of 60 member companies indicated
an interest in the process and a desire for more information, the Grocery Products
Manufacturers of Canada (GPMC) commissioned and distributed a short report about
food irradiation. Other food trade associations such as the Fisheries Council of Canada,
the Canadian Horticultural Council, and the Canadian Food Processors Association have
also investigated the technology. Several producers decided to evaluate irradiation for
thei.- commodities, and some large food companies have begun programs to test
irradiation on their products. However, given the potential for controversy in this field,
most private companies and associations have been relatively quiet about such
activities.
Workshop on Food Irradiation
There are a number of issues involved in the commercialization of Canadian food
irradiation technology. In 1985, to clarify these issues and to discover the perspectives
of the various players, the Science Councii commissioned Energy Pathways Inc. to
produce a background paper.^° In July 1985, following receipt of this report, the
Science Council hosted a workshop to evaluate the barriers to commercial food
irradiation and to sales of Canadian irradiation technology and to decide what to do.
Representatives from food trade associations, engineering companies, the
irradiation industry, consumer groups, and various federal government departments met
for a day-long session. Participants agreed that the immediate market for the
technology is in tropical countries, where food irradiation can be used as an alternative
to chemical fumigation. They suggested that in the near term, the technology would
find only a few specific applications in Canada: to extend markets, to lengthen the
season in which some "fresh" foods are available, and to improve the hygiene of some
meat, poultry, and fish products.
However, even if the process will not be widely used in the near future for
Canadian food products, many Canadian firms want regulatory clearance for imported
foods irradiated as an alternative quarantine measure. Canadian soft fruit importers
and sellers, and Canadian food processing companies that use tropically grown
seasonings in their products are particularly concerned. In addition they want to know
whether Canadian consumers will accept these irradiated foods.
Private sector representatives pointed out that demand for using food irradiation
technology in Canada is constrained by the lack of enabling legislation, labelling
guidelines, and information. Industry needs more information about economic
feasibility, technical benefits, market acceptance, safety, and product testing, and also
the availability of treatment facilities.

Enabling Legislation
Food irradiation is not considered a process under Canadian law. It is regulated as a
food additive under the Food and Drug Regulations, which are administered by the
Health Protection Branch of Health and Welfare Canada.
Clearances have been obtained for some products. Irradiation may be used to
inhibit sprouting in potatoes and onions at an average absorbed dose of less than
0.15 kilograys; to disinfest wheat, refined, and whole wheat flour at dose levels below
0.75 kilograys; and to reduce the microbial content of spices at an average absorbed
dose of less than 10 kilograys. But at present none of these clearances are used.
When the revised standards for food irradiation were adopted by the Codex
Alimentarius Commission in 1983, Canada, as a participating member of the
commission, incurred some obligation to make its regulations accord with the new
standards. Therefore, in 3uly 1983, the Health Protection Branch circulated
Information Letter No. 651, which called for comments from all interested parties."
The letter suggested that food irradiation "no longer be controlled under the food
additive provisions of the Food and Drug Regulations. Rather it is proposed to control
irradiation as a food process in new regulations." Further the letter recommended the
creation of a new division dealing with food irradiation under the Food and Drug
Regulations. The Health Protection Branch proposed that Canada accept the
recommendation of the Codex Alimentarius Commission to dispense with toxicological
testing of individual foods irradiated at less than 10 kilograys. Canadian standards
would require that formal submissions for regulatory clearance of specific foods include
information to demonstrate the efficacy of the process, the exact dose required to
achieve a particular effect (such as shelf life extension in Courtland apples) and the
nutritional quality and microbiological profile of the treated food. Such data would be
provided through "efficacy testing." Efficacy testing requires that the company or
agency seeking a product clearance carry out an industrial scale demonstration run in
order to verify the claims of research or pilot scale tests and to establish the criteria
for process control.
Under such standards Canada would effectively recognize irradiation as a process
and accept the research conclusions of the international scientific community regarding
the toxicological safety of irradiated foods. What this means to the food industry is
that they will no longer have to undertake long and expensive live-animal toxicology
tests to prove the safety of food irradiation on every product for which they seek
regulatory clearance. Instead they will have to provide quality assurance data as
derived from the much cheaper efficacy tests.
Following distribution of Information Letter No. 65 J, Health and Welfare Canada
received some responses that gave general support to the proposal, and some that
questioned the need for and safety of food irradiation.-'* The Consumers' Association
of Canada passed a resolution in June 1982 asking the Government of Canada to adopt
the Codex Alirnentarius Commission code and standards. Health and Welfare Canada
have indicated that they intend to do so given the provisions noted above, and will
ratify Canada's new regulatory position shortly.^

Labelling Regulations
For irradiation to be put to commercial use, the legislation proposed by Health and
Welfare Canada must be passed in concert with legislation on labelling requirements
determined by Consumer and Corporate Affairs Canada.
To date Consumer and Corporate Affairs has circulated two communiques (numbers
39 and 50 on the labelling of irradiated food) that set forth possible options for labelling
irradiated foods and foods manufactured with irradiated ingredients. The most recent
communique, number 50, circulated in November 198.5, reported that the 43 responses
to the first communique, number 39, circulated in July 1983, showed industry and
consumers to be divided over how irradiated food should be labelled.
The Grocery Products Manufacturers of Canada (GPMC) and most of the food
industry favour using an international symbol alone to identify the process, because
numerous consumer surveys have shown that the words radiation and irradiation have a
negative and alarming connotation. They predispose consumers to reject the concept of
irradiated foods without further information. Almost all the studies showed that people
associate the word "irradiation" with such issues as the nuclear bomb, nuclear pcver
accidents, radiation sickness, and death.
The Consumers' Association of Canada recommends the word "irradiated" be
avoided in favour of a more neutral indicator, such as a symbol that would encite
demand for the provision of consumer information. Because it is impossible to
distinguish irradiated foods from non-irradiated ones, they feel labelling is necessary if
consumers are to exercise their right to decide whether to buy irradiated food. Other
consumer groups and individuals want a clear use of the term "irradiated" on all treated
foods and package ingredients.
A lack of consensus exists over what phrasing to use if words on labels are
required. Industry is worried that, given the general lack of knowledge about ionizing
energy, the simple term "irradiated" might generate much public anxiety. Several
consumer attitude studies have attempted to evaluate responses to various phrases such
as "ionized fresh" or "treated with picowaves." Some consumer advocates have argued
that using alternatives to the term "irradiated" would be an attempt to mislead
consumers with euphemisms. The same debate has occurred in many countries.
At the March 1985 meeting of the Codex Alimentarius Commission labelling
committee it was agreed that the world community would move toward some form of
product labelling. But as yet there is no international agreement on terminology, or on
whether a symbol alone would suffice.
In South Africa, where a wide variety of products are irradiated and sold at the
retail level, a symbol and the letters RSA (Radura South Africa) are used voluntarily to
label foods and to indicate their high quality.
The main recommendations put forth in communique number 50 from Consumer
and Corporate Affairs Canada include the following:
°

the international symbol (see Figure III) should be used on all prepackaged
irradiated foods;

°
0

°
°

the terms RADURA^ or I.E.T. (ionized energy treated) or T.R.I, (traite aux rayons
ionisants) should accompany the symbol;
the symbol should identify those ingredients that have been irradiated and then
included in a manufactured food product;
bulk foods sold in a retail market should be identified with the above information
on posters accompanying the product;
radio or television advertising of irradiated foods must identify the treatment
process to substantiate any claims being made for the product.

Responses to these recommendations are now being evaluated by Consumer and
Corporate Affairs. The final ruling on this subject will become effective at the same
time as the amendment to the Food and Drug Regulations put forward by Health and
Welfare Canada. 4 1
Canadian and United States labelling requirements will have to be coordinated to
avoid non-tariff trade barriers that could inhibit free trade. Therefore, the April 1986
decision taken by the United States Food and Drug Administration, which called for use
of the terms "treated by irradiation" or "treated with radiation," will probably ensure a
similar requirement in Canada.
Canadian Research and Potential Use of Food Irradiation
Canada's pre-commercial research and development in food irradiation technology
began in the early 1950s at AECL's Chalk River Research Centre. AECL, Agriculture
Canada, and Health and Welfare Canada carried out joint research to study the effects
of irradiation first on potatoes, then on apples and onions. At about the same time, in
1956, AECL designed and built the first commercial research irradiator, the
GammaCell 220. This self-shielded irradiation source, with its automatic timing
mechanism, became the principal workhorse for applied studies of food irradiation.
During the early 1960s, units were installed at various food research laboratories across
Canada: the Ontario Agricultural College, the Fisheries Research Board, Laval
University, the University of Manitoba, Macdonald College of McGill University, the
University of Alberta, and the University of British Columbia. At least 600 adaptations
of this mini-irradiator are used in research centres around the world.
In 1961 the first mobile cobalt-60 demonstration irradiator was built by AECL.
Shielded by about 25 cm of lead encased in steel and mounted on a trailer, the
irradiator was used to irradiate approximately 50 000 kg of potatoes as it travelled
across four provinces between 1961 and 1962. It was subsequently used to irradiate
fresh fish in Nova Scotia, and grain, apples, onions, poultry, and egg products in Quebec
and Ontario. The first commercial use of irradiation in Canada was attempted in 1965
by Newfield Products Ltd. of Mont-Saint-Hilaire, Quebec. This company used a
cobalt-60 pallet-box irradiator to inhibit sprouting in potatoes. However, due to the
bad growing season, the harvested potatoes were of too poor a quality for successful
irradiation and the company eventually failed.
In 1965 Canada and the United States began their first joint research program on
food irradiation. It consisted of a two-year study on extending the shelf life of poultry
using low-dose pasturization. The work in Canada was carried out at three institutions:
Macdonald College studied microbial reduction and safety, Bio-Research Laboratories
looked at nutritional values, and the University of British Columbia examined the
effects of irradiation on the taste, look, texture, and smell of treated poultry. These
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Figure III. International Symbol for Food Irradiation

test results, backed up by toxicological data on poultry from around the world, were
collected in eight volumes and submitted in a petition to allow irradiation of poultry to
the Health Protection Branch of Health and Welfare Canada in June 1972.
Shortly afterwards similar research on fish prepared by AECL, the Halifax
laboratory of the Fisheries Research Board, and Bio-Research Laboratories was
presented to the Health Protection Branch as part of another petition to allow
irradiation of fish. These two petitions on fish and poultry represented 10 years of
research and included both published and unpublished data. After a 12-month
assessment the Health Protection Branch declared it would agree to the petitions on
condition that commercial efficacy testing and test marketing be carried out. But in
the meantime AECL had phased out its ionizing preservation R&D program and there
was no funding for either efficacy testing or test marketing.
Several large Canadian poultry wholesalers, in particular those selling to
institutions, are interested in the irradiation of chicken to reduce outbreaks of
salmonellosis. In 1984, partly as a result of government pressure to reduce the
incidence of salmonella in chicken, the poultry industry decided to evaluate the
potential of food irradiation and to carry out the required efficacy tests of irradiation
on chicken. Funding for the tests was supplied by several government ministries, and
Agriculture Canada acted as research coordinator. The tests, which were run at the
Isomedix contractual irradiation facility in Whitby, Ontario, were to determine the
standards for efficacy under the new regulations proposed by Health and Welfare
Canada. Agriculture Canada prepared a written report of the tests and it was
submitted with the previously prepared toxicology data in late 1986 for regulatory
clearance. Health and Welfare Canada has not yet made a decision.
Recently turkey processors and Agriculture Canada have been negotiating to
co-fund efficacy tests to verify the reduction of disease microorganisms in the
commercial-scale irradiation of turkey meat.
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The irradiation of fish is another potential application for irradiation in Canada.
The fishing industry has shown some interest in using irradiation to extend the sheif life
of "raw" fish fillets packaged in specially developed plastic films. An additional three
days of shelf life for "fresh" fish would be significant for both the east and west coast
fisheries because the fresh product commands a higher price on the market. However,
the east coast fishery sells approximately 80 per cent of its catch to the United States,
and until the United States approves the irradiation of fish above the currently
accepted maximum of 1 kilogray, it will be pointless for Canadian fish companies to
invest in irradiation facilities.
Also, as pointed out by the Fisheries Council of Canada at the Science Council
workshop on irradiation, high volumes of fish would have to be processed to make
gamma irradiation economical. To achieve these high volumes, an irradiator would
have to be regionally located. Such an irradiator might replace a number of processing
factories in outlying areas with consequent loss of jobs in these areas. Thus, the fishing
industry will probably continue to invest in other technologies (for instance, freezer
trawlers), and to investigate irradiation of thin fillets of fish using electron-beam
accelerators in existing factories or even on ships.
Some feasibility studies have been carried out in the Maritimes on irradiating
potatoes to prevent sprouting. But unless the chemical sprout-inhibitors now used are
deemed undesirable by the consuming public it is unlikely that this application will be
considered seriously in the near future. Some trials have been carried out by IONX, a
company in the Maritimes to evaluate very low-level irradiation of seed potatoes and
other seeds to enhance field yields, dormancy breaking, and other growing
characteristics.
Future opportunities for irradiation of wheat and grain or fresh products such as
strawberries and mushrooms may exist in Canada. But as yet growers are expressing
interest in tests and verification and not in commercial use.
Economic Considerations
Irradiation technology has the potential to add a new dimension to food processsing in
terms of quality, packaging, and product formulations. Prior to the introduction of
freezing who would have imagined the vast array of frozen convenience foods that are
now so popular?
In Canada and other industrialized nations, food manufacturers have a large
investment in conventional products and equipment. They will not readily adopt this
radically different and expensive technology unless it can be seen that irradiation will
deliver real technical or economic
^^
Since few functional examples of food irradiators exist, each situation requires an
economic feasibility study to evaluate trade-offs between capital and running costs
versus the new technical benefits. Products that are already thin or can be made thin
enough may eventually be treated by linear accelerator machines, but at present the
demand is for the treatment of bulk food commodities, which requires the use of
gamma technology.
Gamma irradiation demands a high capital expenditure. Total facility costs will
vary according to the price of the site, the size and design of the installation, the type

of equipment, and the cost of ancillary equipment and warehousing (possibly including
refrigeration or cold storage). A low-capacity, manual-loading batch irradiator initially
costs approximately $1.3 million with operating costs of $600 000 for the first year.
The capital cost of a high-capacity automatic irradiator is almost $3.9 million, while
first year operating costs would run to about $1.2 million. 1 ^
The nature of the product and the treatment effect sought will define the dose
needed and therefore the amount of cobalt-60 required. Cobalt-60 is expensive and is a
major determinant of the final cost per unit processed. Initial source payments can
vary from $250 000 to $1 million. Because the radioisotope is always "on," decaying at
a rate of 12.3 per cent per year, the best economies occur when the facility is run
?A hours a day, year round. Where commodities are harvested only seasonally, the
fluctuations in deliveries to the irradiator will increase the per unit cost unless a
combination of products can be found to run the irradiator at capacity.
The feasibility study must therefore evaluate the optimum mix and volume of
throughputs and the price and demand for the commodities. In addition, costs for
salaries, dosimetric services, transportation, energy, changed packaging requirements,
distribution, special marketing campaigns, licensing, and efficacy testing must be
included where necessary.
In the final analysis probably only the largest companies or cooperatives will buy
their own irradiators. In other cases, if the medical disposable irradiation industry is an
example, many companies will seek to contract out their products to service or
contract irradiators. An economist at Agriculture Canada points out that the
opportunities in Canada are limited for a single-purpose food irradiator operating at low
cost efficiency. This is based on Canada's seasonal crop production and the structure
and size of the Canadian processing industry. Thus multi-use contract irradiators would
be appropriate for most applications in Canada. * Several groups of Canadian
entrepreneurs in British Columbia, Ontario, Quebec, and New Brunswick have
incorporated as irradiation businesses to serve this foreseen need. At present there is
only one Canadian contract irradiator in Whitby, Ontario, which was built for medical
disposables but is adaptable to food processing.
Costs and Benefits
A study carried out by Fundacion, Chile, in 1985 found that a $1 million (U.S.)
investment on a cobalt-60 batch irradiator to disinfect fruit and spices and to process
poultry would bring a 37 per cent per year rate of return. It would pay itself off in
three years. The c o s t ^ of treatment was evaluated as follows:

Product
Fruit
Chicken
Spices

Treatment
effect
Disinfestation
Sanitization
Disinfestation
and sanitization

Dose

Cost ($U.S.)

0.5 kGy
3.5 kGy

2.5^/kg
7.5^/kg

5.0 kGy

25.0^/kg

In general, cost estimates for food irradiation vary from about two cents per
kilogram for low doses to 25 to 35 cents per kiiogram for meats sterilized at the highest
doses.
Most analysts feel that the final cost of irradiated products is comparable to that
of other food processes because of the positive trade-offs to be gained from the various
treatment effects.
For instance, reduced losses from spoilage may mean a greater volume of raw or
processed product can reach the market, thus bringing down prices and increasing
revenues. In a second case, extended shelf life permits expansion into hitherto
inaccessible markets and may permit lower transport costs.
Another benefit in the case of meat products, although not a cost advantage, may
be that of enhancing public health. For example, irradiating de-boned chicken or pork
carcasses may add to the market price, but the reduction of food-borne disease may be
well worth the price. However, as representatives of the poultry industry pointed out
at the Science Council workshop, unless the industry is willing to publicize that chicken
is salmonella laden, the increased price passed on to the consumer could put the
irradiated product at a disadvantage in the retail market. On the other hand the
pattern of adoption of the technology through the poultry industry could prove to be
significant. If large firms install the technology early, they may obtain certain
advantages, including setting new standards for quality, shelf life, and hygiene.
Smaller, low-volume processors would then be forced to band together to use the
services of a contract irradiator or be squeezed out of the market due to lost sales. As
an example of this, the largest poultry processor in Queensland, Australia plans to
tackle the market with the slogan "Our product is better for you."
Consumer Acceptance
Consumer attitude studies carried out in the United States and Canada in the last four
years show that, although a small segment — estimated at 10 per cent of the population
— will in all likelihood not accept irradiated foods, in general the problem of public
acceptance has been overstated. The Canadian Gallup P o l l ^ found "The results of the
qualitative survey indicate overall positive reactions to the process of irradiation,
specifically in terms of intent to purchase, product perceptions (taste, texture, smell),
health benefits and assessment of the idea for consumers in general." A recent study of
American consumers published in January 1986 by the Brand Group of Chicago**7 found
that rejections made up approximately 5-10 per cent of the population surveyed.
Negative decisions stemmed from various personal beliefs (for instance the desire to
eat only natural, unprocessed foods or an objection to all forms of nuclear technology).
The undecided population was estimated at 55-65 per cent of the total, and acceptors
ranged from 25 to 30 per cent. Both a wide-ranging public information campaign to
explain food irradiation, and the promotion of individual products as they are introduced
may be required for market success of the process.
At the Science Council of Canada workshop on food irradiation all participants
agreed that a comprehensive public information program is necessary. This should be
directed toward consumers, processors, and retailers. Information should deal with the
process, its safety and benefits, and also with recommended handling procedures. But a
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division of opinion arose over who should organize such a program. Some suggested the
food industry or consumer groups such as the Consumers' Association of Canada. Some
advocated that the irradiation industry or government should take the lead.
An individual company would incur high promotion costs and gain no competitive
advantage if it were among the first to introduce irradiated foods without the support
of a nation-wide education campaign.
A participant from the private sector argued that industry as a collective group
should determine the nature of such a program. The model proposed was similar to that
of the Coalition for Food Irradiation, an American group that includes many large food
companies, members of the irradiation industry, and other advocates. But it was
pointed out that many consumers are sceptical about the claims of industry and it would
be better to have an "honest-broker" to be a partner in developing an education
campaign.
The question was raised as to who should pay for such a large-scale and costly
program: government or industry or the two together?
The food industry would like to see more market surveys carried out on irradiated
products to evaluate consumer acceptance and to determine the promotion needed.
Again, gathering such information would be costly and supply little competitive
advantage to single companies. Participants suggested some coordinated
government-industry sponsorship would be necessary.
Test marketing should be part of any program for evaluating consumer acceptance
according to Canadian industry and government representatives. At the Science
Council workshop a suggestion was made that a product or fan.ily of products should be
selected, irradiated and market-tested as a learning process for the public, for food
groups, regulators, and for the industry in general. The cost of efficacy testing (a
commercial scale de-bugging of the process to prove its viability for retail quality,
high-volume processing as required by the Department of Health and Welfare) and
promotion could be collectively supported by an organized industry or industrygoverrment group. Collective action would reduce the threat to a pioneer company of
negative marketing by competitors. Poultry, fish fillets, salmon, "fresh" and processed
meat products, and pet food were suggested as possible subjects for demonstration
purposes, but no consensus was reached as to priority. Conversely it was argued that
because many companies are already seriously looking into irradiation, these companies
themselves should decide when and which commodity to test.
Demonstration Facilities and Applied Research
Canadian producers and food manufacturers have asked for a demonstration facility
tailored specifically for processing food where efficacy testing and applied research
could be carried out.
Scientific papers from around the world define the dosages needed and the oroduct
responses obtained under controlled research conditions. Applied research is needed to
verify these findings for commercial-scale applications. More basic and applied
research is needed on the response of plant products to irradiation, since most of the
fruit and vegetable studies were conducted about 20 years ago. New cultivars and
advances in combining irradiation with other treatments (such as cooling, heating,
controlled-atmosphere packaging, or chemical dips) will motivate research in this
area.
Also the frozen and manufactured foods sectors want to verify scientific
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claims about the elimination of microorganisms and evaluate combination methods of
treatment (such as irradiating a frozen product in a reduced oxygen atmosphere) and
the packaging industry wants to test new materials.
A privately-owned contract irradiator in Whitby, Ontario, although not strictly
designed for food processing, is already available for demonstration testing. It was used
as the test facility for the efficacy and verification testing of poultry.
Two new facilities designed and built specifically for treating food are nearing
completion in Quebec. The first, a demonstration and testing unit owned and operated
by Agriculture Canada will open its doors in early 1987 at Saint-Hyacinthe, Quebec.
This research and pilot scale batch irradiator will fulfill part of Agriculture Canada's
mandate to carry out on-going research in food irradiation. It is part of the facilities
provided by the new Centre de recherche sur les aliments a Saint-Hyacinthe (CRASH),
which has been set up as a government research centre to provide equipment and
support on a cost-sharing or full-costing basis to the food industry. Agriculture Canada
plans to offer the centre to train and familiarize representatives from the local food
industry and also those from other countries. The design of the irradiator makes it
unsuitable for efficacy and market testing.
The second facility (including a commercial-scale irradiator, warehouse, and
dosimetry laboratory owned, operated, and managed by AECL-RCC) will open in 1987.
The facility is attached to the Centre de recherches er. sciences appliquees a
1'alimentation (CKESALA) on the Laval, Quebec, grounds of the Institut Armand
Frappier, a research and teaching centre linked to the Universite du Quebec a
Montreal. This irradiator has been planned to provide great flexibility for varying
experimental dose levels and for modifying the interior design. The laboratory and
teaching functions will be performed by CRESALA. The Laval facility, called the
Canadian Irradiation Centre/Centre de l'irradiation du Canada, was conceived as a
pre-commercial, pilot irradiator. It will carry out a broad range of functions including
applied research and testing, and market trials both for Canadian industry and for
potential offshore purchasers of the Canadian technology on a non-profit, cost-recovery
basis. Included in its mandate is the training of irradiation technicians, food handlers,
food processors, and food science students. Management suggests that the facility
could become the North American training centre for food irradiation processing.
On paper the size of the irradiators and the different mandates of the two host
institutions suggest that these two facilities will provide different services, but some
observers believe they will be in competition, especially since they stand within 60
kilometres of each other.
Some of the participants at the Science Council meeting argued that efficacy
testing and cost-benefit analysis would be artificial unless carried out at a
demonstration irradiator erected in the harvest region of the particular product to be
tested. For example, a commercial-scale irradiator could be set up on the Atlantic
seaboard close to the fisheries, used for pre-commercial demonstration purposes, and
then put into full commercial use. Other regions that have been suggested as possible
sites for pilot or demonstration irradiators are Manitoba (where a feasibility study was
recently carried out) and British Columbia. Food groups, and federal and provincial
governments have shown interest in these propositions, but no action has been taken. In
mid 1986 the government of British Columbia partially funded the building of a food
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research laboratory and pilot scale irradiation processing centre in Richmond. This
centre was to be furnished with a new high-energy linear accelerator, but the American
company promoting the machine has not been able to deliver it.
Export Market Opportunities for Canadian Food Irradiation Technology
Many tropical and sub-tropical countries have waited with anticipation for the recent
approvals for food irradiation in the United States. These approvals will help maintain
and enhance the growth of the billion dollar U.S. market for their produce, fish, and
meat. Observers believe that these approvals in such a major market will increase
interest in the commercial use of food irradiation in many countries. China, Australia,
Mexico, New Zealand, Chile, Thailand, Jamaica, and other countries in South America,
Southeast Asia, and the Caribbean have shown interest in buying Canadian irradiation
equipment.
Canadian use of food irradiation has been described as an indispensable condition
for promoting our technology in the off-shore market. But at the Science Council of
Canada workshop representatives from engineering consulting firms questioned this
thinking and the priorities for action that derive from it. They suggested it may be a
pitfall to link strategies for the international market opportunity so intimately with
acceptance of the technology by the Canadian food industry. Demonstration projects
are the key to irradiation technology sales and these do not necessarily need to be
linked exclusively to the Canadian domestic market. They argued that Canada should
develop an international marketing campaign focusing on a set of countries having
common features of product, climate, and geography.
Representatives suggested that a demonstration irradiator built in a selected
tropical country and tailored to a particular product or product mix would be an
excellent promotion for sales of facilities in other countries with regional similarities.
For example, tropical countries in South America and around the Mediterranean could
be targeted with fish as the test product. Such demonstrations would permit Canada to
establish an international position and gain credibility in foreign markets. This kind of
initiative should be led by firms such as consulting engineers, used to tackling large
scale international projects. The participants felt that private enterprise could finance
consortia to cover the many linked aspects of putting up turnkey plants: feasibility
evaluation, marketing, design, engineering, building, food handling, and packaging.
They could also participate in related activities, such as commodity exchange and
countertrading. Such a cohesive approach would bring benefits to Canada and all the
exporters involved in this particular technology.
In addition to AECL-RCC (Canada's agent for gamma irradiation technology) and
the new companies selling linear accelerators, a few private engineering firms,
consultants and contract irradiation companies have developed some expertise in food
irradiation. Food science departments at several Canadian universities — Guelph,
Macdonald College, UBC, Laval, and the Universite du Quebec a Montreal (Institut
Armand Frappier) — have research experience. Agriculture Canada has in-house
expertise in applied food irradiation research and testing and a commitment, as shown
in its Saint-Hyacinthe research centre, to training and further research. Finally, many
Canadian firms have experience in food handling, storage, and processing.
Thus, Canada can provide feasibility evaluation, construction, and food
management, packaging, and storage, with the equipment sale to furnish a complete

food processing package based on irradiation. The industrially developed countries may
ask Canada only to provide the design, the equipment, and the source. But less
developed countries will need to invest in the plant, refrigeration, packaging materials
and equipment, warehouses, the training of operators, and perhaps in some cases, in the
development of a more sophisticated harvest collection system, including roads and
refrigerated vehicles. By forming consortia to provide these services, a wide number of
Canadian firms could piggy-back on and benefit from the AECL technology, which was
researched and developed through the investment of public funds. This inclusive
approach would make Canadian gamma technology more competitive versus foreign
firms promoting their own gamma facility designs and equipment. The only return to
Canada in transactions of foreign firms would be a contract to supply the cobalt-60
source. As the linac technology comes on stream, it too can form the centrepiece of a
Canadian food irradiation package suitable to another niche in the food industry.
The sale of a Canadian food irradiator and provision of accessories to a foreign
buyer could increase sales of Canadian food products in exchange for commodities
treated with the Canadian system. It could also predispose the purchaser to buy related
products, for example, fertilizer and farm equipment.
But offshore market demand does not always function in a clear-cut fashion; the
ancillary services must be promoted along with the technology. This raises the issue of
the state of the relationship between the producer of the technology and the providers
of the ancillary services. Since AECL-RCC is a profit-seeking subsidiary of the crown,
functioning like a private firm, its mandate is only to promote and sell its own
irradiation source material, equipment, and designs, and it has no obligation to promote
a larger package of Canadian products and services abroad.
At the Science Council of Canada meeting in 1985 this issue was raised by some
representatives from the private sector who questioned the nature of the "broad
national opportunity" offered by food irradiation technology. They wondered how
willing the crown corporation was to share the field and encourage spin-off agreements
with other private enterprises.
This situation is changing. The Canadian International Development Agency
(CIDA), has received petitions for and funded Canadian consultants to perform
pre-feasibility and feasibility studies of food irradiation for several developing
countries — Jamaica, Egypt, and Chile. Most recently CIDA has entered a bilateral
agreement with the government of Thailand to contribute funds for building a pilot
Canadian gamma irradiation facility. The agreement includes provisions for the
irradiator, warehousing, a cold-room and freezer, food handling equipment (such as fish
de-gutters), offices, a laboratory, and operator training to be carried out in Canada at
the Irradiation Centre in Laval. Thailand intends to use this facility to remove
pathogens and extend shelf life of fish and shellfish which are eaten domestically and
exported. In addition the plant will process poultry and fruit. Thailand hopes
eventually to beat Australia and Japan as an Asian regional demonstration and training
centre for food irradiation. This plant is the first instance where a consortia of
complementary Canadian companies will be drawn together to furnish the various
aspects of the facility. As such it will familiarize Canadian companies with each other
and the technology and the plant will be a model for future purchases in the Southeast
Asian region.
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Another division of opinion over market opportunities available to private
companies has arisen over the role of the Department of External Affairs in
transmitting requests for tenders that come from other countries. In the past
AECL-RCC has done most of the off-shore marketing of the Canadian system, but
recently consultants and engineering firms have entered the field. In many countries
purchase of such an expensive technology proceeds through government-to-government
bilateral agreement. These negotiations go through External Affairs, which, because it
sees AECL-RCC as the Canadian kingpin, passes them to that company. Some claims
have been made that despite private sector investment in developing the initial market
demand, the investing firm has been undercut and left out by this procedure.
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CHAPTER SEVEN. CONCLUSION

Commercial development of a Canadian food irradiation industry confronts a "chicken
and egg" situation. Immediate demand pressure for the technology stems from tropical
countries desiring food irradiation mainly as a replacement quarantine method for food
exports. Nations such as Canada that receive these exports are banning chemical
fumigants, but they are slow in providing enabling legislation for irradiation as an
alternative. In addition both the producer countries and Canadian companies that use
or sell these products are concerned that the Canadian public will reject irradiated
products. Consumer studies have shown that the majority will accept food irradiation
given adequate information, but there is no agent to carry out such an expensive and
non-proprietory information campaign. Where there has been success in
commercializing food irradiation, integration of the whole production and distribution
system including information, and training were seen to be necessary. The lack of a
domestic agent to carry out these functions leaves potential offshore users and buyers
of food irradiation technology in a difficult position.
The Canadian domestic food industry has voiced no demand for the technology
because enabling legislation has not existed, because of in-place conventional
technologies, and because industry has had insufficient information to evaluate
consumer response and undertake economic cost/benefit analysis. Without Canadian
food-industry demand, there has been no great pressure on legislators to move quickly
to introduce regulations, nor on officials from other government ministries to provide
support. AECL-RCC, the technology supplier, is an institution of the crown and has not
been able to apply pressure to obtain legislative changes and funding support, as one
government agency cannot make support requests from another. The demand for such
action must come directly from the user industry, in this case, the food sector. In
Canada there is as yet no readily identifiable interest group such as the Coalition for
Food Irradiation formed in the United States, to act as a focus for this demand.
Canada has the potential to develop a wide-based export food irradiation industry,
including firms providing services in support of, and related to, the processing of food
with Canadian irradiation technology in many countries.
The key to growth is the passage of clear-cut legislative approvals, followed by
clear enunciation of procedures to be followed to obtain particular clearances, and also
the enunciation of inspection regulations. Once enabling legislation is passed, the use
of irradiation on Canadian grown food will depend upon consumer acceptance, industry
acceptance, and government-industry cooperation. If there were some pressure from
government to control food-borne diseases and from consumers and health professionals
lobbying for cleaner food, the poultry and meat industry would show more interest.
A central information office is required as a source for materials outlining the
possible human risks versus benefits, economic costs and advantages, and technical
evaluations of potential uses. It would be appropriate for Agriculture Canada to take
on this role.
A well-designed and balanced information program, based on this source material is
necessary before or concurrent with the introduction and promotion of irradiated food
items by industry. It is necessary for three reasons: for strict marketing purposes, to
enable informed choice by industry and consumers, and to raise awareness of the new
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handling and storage practices needed to ensure that recontamination by pathogens and
microbes does not occur before treated foods are consumed.
The need for such an information program is well recognized in the industry, among
consumer groups, and in government. But it is still not resolved who should carry it
out. Agriculture Canada, the Consumers' Association of Canada, and food trade
associations such as the Grocery Products Manufacturers of Canada have each voiced
support for an education program.
Test marketing and consumer attitude surveys are needed by the food industry,
efficacy tests must be carried out for product clearance from the Ministry of Health
and Welfare, but there is no competitive advantage for an individual company to make
the costly investments in such studies.
Thus distribution of general information, and market and efficacy testing are all
areas for cooperation and joint-funding by industry and government.
At the Science Council meeting many participants felt that an advisory committee
should be created to work with the food industry so no one company would have to do
all of the consumer education or pay for all the testing. Different models for the
make-up of such a committee were suggested. Some participants suggested it should
include representatives from food companies, food trade associations, engineering
groups, start-up irradiation firms, universities, and government departments. This
committee should report to a federal agency that would coordinate activities. With
some significant exceptions, the consensus of the Science Council meeting was that
Agriculture Canada should be asked to take this role. Some participants expressed
fears that Agriculture Canada would move too slowly and would be too oriented to
iacilitating domestic as opposed to international developments.
Subsequent to the meeting the Minister of Agriculture accepted the proposal and
Agriculture Canada became the lead federal agency for coordination of food irradiation
activities.
Following this acceptance, Agriculture Canada has refined its internal policy and
structure for dealing with food irradiation issues.
Toward Action
Although Agriculture Canada has established the Advisory Committee on Food
Irradiation, it has yet to achieve a focused and united plan of action particularly with
the private sector. The plan should include the following main elements:
°
°
°
0

Health and Welfare Canada must speedily complete the regulatory approval of food
irradiation as a process rather than an additive and publish the specified control
limits under the Food and Drug Act.
With a view to speeding up individual clearance procedures, Health and Welfare
Canada should make food irradiation petitions a priority and clearly establish the
steps to be followed.
Consumer and Corporate Affairs Canada should speed the publication of clear
labelling guidelines.
The Grocery Products Manufacturers of Canada should facilitate discussion in the
private sector with regard to using food irradiation and with regard to providing
objective and credible information to consumers.
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0

°

0

The Department of Regional Industrial Expansion should reassess its role with
regard to food irradiation and work in conjunction with the Department of External
Affairs to market the technology internationally, by encouraging formation of
consortia capable of delivering large computerized food handling facilities centred
around food irradiation.
Health and Welfare Canada and Agriculture Canada should set in place training
requirements for field officers and inspection protocols for monitoring process
standards in both domestic and foreign food irradiation facilities and for verifying
the acceptability of imported foods irradiated for quarantine purposes.
Agriculture Canada, as the federal lead agency, should coordinate discussions with
the private sector and other goverment agencies to establish who should be
responsible for the following:
an inclusive public information program for consumers, members of the food
industry (processors, distributors, packagers, and handlers), and government
policy and decision makers;
the design and funding of generic market trials of test products, the results
of which should be available to all potential users of irradiation technology;
the establishment of documentation requirements, specialist support and
procedures needed to guide potential users of food irradiation technology and
importers of irradiated food through the labyrinth of clearance and inspection
procedures.

It is important for the Canadian Food Irradiation Advisory Committee, whose main
focus is on the Canadian situation, also to support development of export markets for
this technology.
Most observers agree that it is the offshore market that will generate a more
pressing demand for the technology over the next few years. However, competition for
the tropical market is already intense and other countries have developed plans in
support of firms selling food irradiation facilities. For instance, the United States
Agency for International Development (USAID) has included food irradiation promotion
and funding as part of its Caribbean basin initiative. Canada cannot afford to
procrastinate if it wants to obtain a significant share of the foreign market. CIDA has
the opportunity to play a significant role.
It is still by no means clear whether Canadians will accept food irradiation of
Canadian grown food as economically and socially desirable. But as the United States
has approved irradiation for certain applications, and some countries will now be
exporting irradiated food to the United States from where it will be trans-shipped to
Canada, Canadians will have to respond.
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