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Abstract

The number of products being radiation processed is constantly increasing and
today includes such diverse items as medical disposables, fruits and vegetables,
bulk spices, meats, seafoods and waste effluents. Not only do the products differ
but also many products, even those within the same groupings, require different
minimum and maximum radiation doses. These variations create many different
requirements in the irradiator design.
The design of Cobalt-60 radiation processing facilities is well established for a
number of commercial applications. Installations in over 40 countries, with some
in operation since the early 1960s, are testimony to the fact that irradiator design,
manufacture, installation and operation is a well established technology. How-
ever, in order to design gamma irradiators for the preservation of foods one must
recognize those parameters typical to the food irradiation process as well as those
systems and methods already well established in the food industry.
This paper discusses the basic design concepts for gamma food irradiators. They
are most efficient when designed to handle a limited product density range at an
established dose. Safety of Cobalt-60 transport, safe facility operation principles
and the effect of various processing parameters on economics, will also be
discussed.

Introduction

The process of treating food with radiant energy is not new. The sun's energy has been
used for centuries to preserve meat, fruits, vegetables and fish. Lately, infrared and microwave
radiation have been introduced for heating food. Microwave ovens are now commonplace in
both domestic and commercial kitchens. Today, intense radiant energy, known as ionizing
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energy includes gamma rays produced by radio-isotopes, and X-rays and electron beams
produced by electron accelerators.

The treatment of food with ionizing energy benefits food producers, manufacturers and
consumers. It can extend the shelf life of animal or plant products by destroying spoilage
organisms. It can provide an alternative to the chemical fumiganst now used to satisfy
quarantine requirements for stored grain, fruits and vegetables. It can destroy pathogenic
microorganisms and parasites in frozen, fresh and processed foods, thereby reducing the
incidence of food- borne diseases. And, since it slows the ripening of some fruits, it can extend
their marketable shelf- life or allow them to be harvested closer to maturity, improving quality.

Ionizing energy

Food is routinely processed using different wavelengeths 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.

These forms of energy are parts of the electromagnetic energy spectrum which ranges
from the low intesity broad waves of radio at one end to the very short high intensity
wavelengthes of X- rays and gamma rays at the other (figure 1). The latter are used for food
irradiation processing.
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Figure 1. Food Irradiation with Electromagnetic Energy.
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Gamma rays, X - rays and accelerate electrons are known as ionizing radiation because as
they pass through food, they interact with the molecules to form positively and negatively
charge ions. These unstable particles change rapidly into highly reactive free radicals which
in turn react with each other and with unchanged molecules. 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 deoxyribounucleic acid (DNA) are
particularly susceptible to being broken into smaller molecules. This chemical change causes
damage to the DMA, which prevents living cells from dividing, thus causing the sterility or
death of contamination organism such as parasites, insects, larvae, bacteria, mould spores
and viruses. The more simple the organism, the higher 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 irradia-
tion does not make food radiactive. This is because the energy levels used are too low to
induce nuclear activation.

Sources of ionizing energy

Two types of technology can be used to produce ionizing energy: radioisotopes (usually
Cobalt-60) or electrical machines systems electron linear accelerator and X-ray machines.

Whereas radioisotopes continously emit-energy gamma rays or photones in a 360 degree
arc, linear accelerators produce unidirectional beams of charged particles or electron beams,
and high powered X-ray machines produce a focused beam of photones.

Gamma rays have a greater capacity than electron beams to penetrate dense objects. Their
greater depth and uniformity of penetration can accomodate the widest variety of product
forms and densities, gamma irradiation is the only irradiation technology capable of procce-
sing 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
suitable choice.

Cobalt 60

Cobalt-60 is the primary source of ionizing energy that is used in gamma radiation
processing facilities. Deliberately produced Cobalt-60 is an isotope of Cobalt-59, a nonra-
dioactive metal which is mined from ore deposits. Refined Cobalt-59 slugs are nickel plated
and welded into a Zirconium alloy (Zircalloy) "Inner Capsule". Inner capsules are assembled
into Reactor Target Bundles and placed into a nuclear reactor, usually for a period of 18-24
months. While in the reactor, the Cobalt-59 atom absorbs one neutron to become radioactive
Cobalt-60.

The Cobalt-60 atom is naturally unstable because of the extra neutron in its nucleus. As
everything in nature converges towards equilibrium and stability, the Cobalt-60 atom will emit
an electron and a gamma ray, and in time decay to the stable, non-radioactive, NickeI60.

After activation, target bundles are extracted from the reactor and transferred into an
approved shipping container, for transportation to the Cobalt Processing Facility, where the
bundles are dismantled and further sealed in stainless steel "Outer Capsules". The finished
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product is most often the Nordion "C-188 Cobalto Source Pencil" (figure 2), which has
become the world wide industry standard.

Inside the gamma processing facility, the source pencils are assembled into a modular
rack, that is raised from its storage pool to treat products.

Figure 2. C-188 Cobalt 60 irradiation source

Gamma irradiation equipment

A typical gamma irradiation facility consists of three main components:

Cobalt-60 radiation source;

radiation chamber and storage pool;

irradiation mechanism.

The Cobalt-60 radiation source is kept inside a shielded concrete room known as the
radiation chamber. It is typically 7 meters by 7 meters in area and about 2.5 meters in height.
The concrete wall thickness varies from 1.5 meters to 2.5 meters depending on the maximum
source capacity. Inside the radiation chamber is a water filled pool, 6 to 7 meters in depth for
the safe storage of the radiation source when the facility is idle. During use, the radiation
source is raised from the storage pool into its active position, (figure 3)

The product transport mechanism is used to bring the product inside the irradiation chamber,
pass it around the source in a predetermined pattern and remove it from the chamber once the
irradiation is complete.

Irradiation facilities are characterized by the type of irradiator mechanism used. For
simplicity, we have selected the following typical examples of four basic irradiator designs
which are generally suitable for food irradiation:
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Figure 3. Source rack and hoist.

(1) Tote box concept - Figure 4

(2) Carrier concept Figure 5

(3) Pallet carrier concept Figure 6

(4) Pallet conveyor concept Figure 7

In the tote box concept, the product
is packed in metal or fibreglass boxes
called totes. A tote has typically a volume
of approximately 0.25 rrr and can accom-
modate a multitude of product boxes. Ac-
tual sizes vary to accommodate users'
specific needs. In the batch version, the
totes are transported into the irradiation
chamber on handcarts and placed on the
irradiator mechanism manually. In the
automatic mode, the totes are transported
in and out of the irradiation chamber on
automatic conveyors. In both cases the
irradiator mechanism indexes the totes
around the radiation source in a way that
ensures maximum utilization of the source
and best dose uniformity. Most tote box
irradiators are designed with'overlapping
product' source configuration. This confi-
guration offers superior cobalt utilization
efficiency. It requires the product totes to
pass around the radiation source four ti-
mes: once at the upper and once at the
lower level on both sides of the source.
Figure 4 illustrates the automatic version
of the tote box irradiator concept.

The carrier concept uses tall (approximately 3 meters high) aluminum carriers. The carriers
are suspended; they move through the irradiation chamber and around the cobalt source on
an overhead monorail system. The carriers have a large internal volume and can accommo-
date a wide range of product sizes. In the batch version of this concept, the carriers are moved
in and out of the irradiation chamber manually; in the automatic version, the carriers are
moved by pneumatic or hydraulic cylinders. Most carrier irradiators are designed with
overlapping source configuration to allow maximum throughput. The automatic version of
the carrier irradiator concept is illustrated in figure 5.

The pallet irradiator is similar to a carrier, but larger. This makes it possible to irradiate
product stacked on standard transportation pallets. This concept reduces the labour intensive
handling of the the product often required in tote and carrier irradiators. The loaded pallet
are placed in suspended aluminum containers even larger than those used in the carrier
concept, and conveyed through the irradiator on a powered monorail system and around the
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Figure 4. Tote box irradiator-automatic.
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Figure 5. Carrier irradiator, with vertical and horizontal load/unload positions.
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source in a specially indexed sequence, to compensate for the large carrier dimensions and
to ensure good dose uniformity. The processing capability of the pallet irradiator per curie of
Cobalt-60 is not as high as the tote box and carrier designs. However it has the advantage of
being the least labour intensive of the three concepts and it is capable of much greater
throughputs. Various source and carrier geometry alternatives are available to address specific
dose and throughput requirements. Cobalt utilization efficiences vary from case to case. As
a general rule, pallet carrier irradiators are designed with'overlapping source' configurations.
However, there are designs aimed at improved cobalt utilization efficiency by using'overlap-
ping product'. Switching stations must be added in this case to allow for each pallet to make
its journey through the irradiation chamber in both the upper and the lower compartment of
the carrier. An example of an eight posifion pallet irradiator with overlapping source is
illustrated in figure 6.

Source hoist
mechanism

Control console

Storage pool

Source rack

Pallet carrier

Figure 6. Pallet carrier irradiator-automatic.

Electron accelerators

The other source of ionizing energy is high speed electrons, produced from devices called
accelerators that combine electricity and magnetism to accelerate electrons to the desired
energy level. Because the accelerator directs the electrons into a tight beam, this source is
referred to as an electron beam. The energy can be emitted either continuously or in short
intense pulses. Accelerators offer flexibility in a production system since they can be turned
off when not is use. However, since electrons can penetrate only to a depth of about 3cm in
water, products to be irradiated must be processed in thin layers. (In contrast, gamma rays
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can penetrate 25 to 50 cm in a solid food product.) Products can be irradiated by an electron
beam on both sides, by turning them over and passing them through the electron beam a
second time, giving a total product penetration of 7 cm. However, this is conditional on the
product being able to tolerate the additional handling. Also this will significantly increase
handling and processing time.

Irradiated product Hydraulic power supply Source pass conveyor
storage area Source hoist mechanism ^ - ^ ^ s ^ ^ - — ^ * > ^ / Radiation

Hydraulic cylinders \ _ — - l / ^ 'H ^ > C shield
Air compressor

_ - _ _ -.. JS^yy.a
Control console \ l \ \ ">^^^SS«SH»iaWf«S--'n7- I*'.'. 'iSjT*! •*

Source rack

Source storage
pool

Figure 7. Pallet conveyor.

The penetration limitation of electrons can be overcome by converting them into X-rays,
another form of ionizing energy. X-rays are produced when high speed electrons are stopped
by a metal target such as tungsten. While X-rays will give product penetration similar to
gamma rays, it is at present an expensive process; much of the energy is lost when electrons
are converted to X-rays. The conversion efficiency is estimated to be only 8%. The remaining
92% of the electron energy is transformed into heat, which presents additional technical
problems. Research is currently underway to increase the efficiency of converting electrons
to X-rays. A typical electron beam facility is shown on figure 8.
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Figure 8. Electroon beam processing facility. Courtesy AECL.

Worker safety considerations

The fundamental criteria for the design of safe radiation processing equipment is to ensure
that access to the radiation room is denied while the source is exposed and to ensure that
the source cannot be exposed while any personnel are inside to irradiator.

To provide safe storage for the source during maintenance periods, a water filled pool is
provided. There is over 12 feet of water between the top of the source rack and persons
working in the irradiation cell when the source is fully lowered. The radiation level inside the
cell when the source is lowered, is at the natural background level.

Just outside the shield wall is the operator's station where the source is raised and lowered
from a control console. The console also indicates source position, the positions of product
carriers inside the cell, as well as various alarms and warning lights.



56, Seminario National de frradiacion de Alimentos

In order to avoid inadvertent entry into the irradiation cell, the following safety measures
are in effect:

a. The keys required to operate the source are controlled. The operator has the only one
key. It is attached by a short steel cable to a portable Geiger Mueller radiation detector. The
source key is required to open the cell door. This can only be removed from the console by
switching the keyswitch to the "off position, sending the source down into the pool.

b. The cell background radiation monitor must be tested to verify that it is functioning
properly before power can be supplied to the electric door lock. This monitor is de-energized
if the source is not fully in its stored position, and entry will be prevented. Once the monitor
is tested successfully, opening the door deactivates a switch which also signals the source to
descend to the bottom of the pool.

c. Just past the access door, the operator is confronted by a chain stretched across the
maze passageway which impedes further progress. Removing this chain blocks the compres-
sed air supply which drives the source hoist, and exhausts any air which may already be in
the hoist, making it impossible for the source to be raised.

d. The operator is required to carry the portable radiation detector which is attached to the
key. This will give visual and audible warning if radiation levels are high. The meter is required
to be turned on and tested prior to entry. A small check source is located next to the maze
entry door.

To ensure that someone cannot enter the cell during startup, the operator must turn a
keyswitch located well inside the cell, thus forcing verification that nobody is still inside. To
start up, the operator takes the master key and, with the portable radiation survey meter,
carries out an inspection of the maze and radiation room by walking through them to actuate
the 90-second key-operated safety timer located in the radiation room. After returning through
the maze, the operator secures the source interlock chain in the maze, closes the door at the
main entrance and inserts the master key into the control console "Machine" keyswitch,
turning it 'on'. This operation raises the source and sets the conveyor in motion. The plant is
shut down by simply turning the same "Machine" keyswitch'off. This operation stops the
product conveying mechanism and lowers the source into the storage pool.

To prevent the possibility of the pool water level becoming low due to leakage or failure of
the regular water makeup system, a low level float switch causes a fault signal and illuminates
a fault light on the console. This disables the door locks and prevents access to the cell. If the
water level becomes dangerously low, the cell background radiatidn monitor will sense the
increase in background radiation levels and similarly disable the door lock.

Public safety and environmental considerations

a. Radiation from the product. The cobalt 60 gamma photons have sufficient energy to
kill harmful microorganisms, insects etc., but are well below the threshold of activation
energies of all common elements. It is therefore not possible for an irradiated product to
become radioactive or contaminated.
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b. Escape of radiation from the plant. The process of irradiation takes place inside a cell
shielded by approximately 6 feet (2m) thick reinforced concrete walls, constructed as a maze,
or labyrinth. This design eliminates the scattered gamma rays outside the cell.

c. Seismic activity. The biological shield and the source storage pool are generally
designed as separate structures free to resist lateral ground accelerations independently. In
areas where there are significant risks of seismic activity, a seismic detector will automatically
send the source down within 30 seconds into safe storage in the pool if a preset ground
acceleration level is exceeded.

d. Integrity of the C-188 Cobalt 60 pencils. C-188 type cobalt 60 pencils are manufac-
tured and tested under a very stringent quality assurance program. The cobalt slugs are
nickel-plated, then seal welded inside zircalloy source elements, and finally seal welded into
the stainless steel outer capsule, Before oxidation of the cobalt could occur, these three
barriers would have to be breached. In any event, cobalt is insoluble and highly corrosion
resistant in both air and water.

e. Fire protection. Temperature sensors are located on the cell roof between the source
and the ventilation ducts. These are set to actuate at 160°F. A smoke detector is mounted
on the ventilation filter housing. To prevent the product from igniting and burning, a sprinkler
system which circulates pool water and/or a CO, system can be provided.

f. Integrity of the source storage pool. The pool is completely lined with stainless steel
and is designed with no drains. The water in the pool is continuously circulated through a
deionizing unit via a pool skimmer which removes floating foreign matter. The deionizer
removes ions from the poor water to maintain the conductivity below specified levels. A float
switch, interlocked with the deionizer and the fresh water supply, maintains the preset water
level of the pool. This float switch also prevents room entry and causes a visible and audible
alarm signal should the water level fall below an allowable level. Another signal is also activated
by this switch should pool water rise above a preset level. Wipe tests are performed on the
source pencils at least once per six months.

Safe operation training

Planned and well structured training is essential to consistent, safe and efficient irradiator
operation. Formal courses and seminars are an effective component of safety training, but
they must be complimented by a well structured on-job-training program. This program must
be deliberate, scheduled, monitored and documented.

a. Training for Operators. No one should be allowed to operate an irradiation facility
unless they have completed a training program consisting of the following:

"Radiation Safety in Industrial Irradiator Operations" Course. This course has a pre-requi-
site of high school education.

"Industrial Irradiator Operator" Course. This course has Radiation Safety in Industrial
Irradiator Operations as a pre-requisite.

Hands-on Practice. The U.S. Nuclear Regulatory Commission (CISNRC), for instance,
requires at least one month of on the job training after passing the Radiation Safety Course.



58, Seminario National de Irradiation de Alimentos /><??><

Refresher Training, it is also a legal requirement in the USA that every operator must take
refresher training annually.

b. Training for Radiation Safety Officers (RSO). The RSO is responsible for implemen-
ting the radiation safety program and ensuring that radiation safety activities are carried out
in accordance with approved procedures and local regulatory requirements. The recommen-
ded minimum training for an RSO consists of:

40 hours on radiation physics and safety

40 hours on radiation safety, directly applicable to irradiator operations

At least 3 months of related practical experience

c. Training for other individuals permitted unescorted access to the irradiator. Anyone
having to work inside an irradiator (e.g. maintenance staff) must have completed the
"Radiation safety for Industrial Irradiator Operations" course.

The safety record of the radiation processing industry is excellent. At the present, there are
180 full scale production irradiators in 50 different countries. The total quantity of cobalt 60
in service is approximately 155 million curies. Hundreds of irradiator-years of safe operating
experience have been accumulated. To date, there has been no damage to shields that has
caused increased radiation'exposure to workers or the public. Nordion International Inc. is
justifiably proud of the gamma processing industry's excellent safety record.

Present international status of food irradiation

Today, over 40 countries hace collectively approved irradaiton of more than 50 different
foods.

Specific examples include the Netherlands wher significant amounts of shell- fish are being
treated for salmonella control. The Dutch also irradiate spices, vegetables, fish, chicken, bread
• an frog legs. In South Africa a growing number of food itesm including mangoes, strawberries,
chicken wieners and some vegetables are irradiated and sold, labelled as such in supermar-
kets. Japan irradiates about 20,000 tonnes of potatoes each year to prevent sprouting. The
ukranians are reported to be irradiating close to 50,000 tonnes of wheat in their Odessa faciltiy
each year. Additionaly, irradiated foods, mostly in the form of ingredients, are being consumed
in the United Sates, Canada, Hungary, France, Belgium, Czechoslavakia, Isarel, Thailand and
elsewhere.

United States

Clearences are in place for spices and dry ingredients, fresh fruits and vegetables, pork,
poultry and food enzymes. The USFDAs most recent approval focuses on the use of irradiation
for pathogen control in poultry. This clearance in likely the most significant one granted to
date and will surely save lives and hospital days, once commercialized.

Additionally, the American Society for testing and Materials (ASTM), generates Standard
Guides for the irradiation of poultry and meat, fresh fruits seafoods, food packaging materials
and others.
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Canada

In 1989, Health and Welfare Canada reclassified food irradiation as a process rather than
an additive. This eliminated the need for toxicological testing of foods in subsequent clearence
submissions. This reflects Codex Alimentarius position that foods irradiated up to doses of
10 kGy (1 Megarad) are safe. Canda is a member of the United Nations Codex Alimentarius.
Foods cleared for irradiation in Canada to date include potatoes, onions, grains, spices and
dry ingredients.

European Community

Presently, individual countries in Europe have differing legislative clearances in place
Differences range from countries such as the Netherlands, Belgium an France who routinely
irradiate major foods, to Germany which disallows food irradiation altogether.

Negotiations on harmonized EC regulations are underway. The outcome of these nego-
tiations is hard to predict, but it is expected that the end result will be positive.

Of great interest is the Brittish Government's repeal of its long-time ban on food irradiation.
This stance bodes well for the commercialization of irradiation in the U.K.

Throughout the world , countries are putting legislations in place to enable the use of food
irradiation. International interest in the process in widespread and increasing.

Labelling

Labelling of foods treated with ionizing energy has been one of the most controversial
issues related to commercial production . The joint FAO / IAEA/ WHO Expert Committee
concluded that for irradiate foods which had been approved as safe to eat, there was no valid
scientific reason for identifying the products with a label at the retail level when similar labelling
is not required for the other commonly used processing methods (WHO, 1981).

The United Nation's Codex Alimentarius Commision, after receiving the recommendations
of the Joint FAO/IAEAAVHO Expert Committee, referred the labelling issue to its Committee
on Labelling. This committee, which meets every 2 years, usually in Ottawa, Canada, is
concerned with uniformity in labelling among the approximately 130 codex member coun-
tries, including the United States, to facilitate international grade. The committe agreed to
recommend that the use of a logo or symbol be optional, but that the label of an irradiated
food should carry a written statement indication that it have been irradiated.

In both the United States and Canada wholly irradiated foods, which are sold either in pre
packaged or bulk form, must be identified as having been irradiated, by using the international
irradiation symbol. Additionally, the statement "Treated With Radiaiton" "treated by Irradia-
tion" or "Irradiated" is required. Other statement that explain the reason for irradiation or the
benefits may be used on the same label. Ingredients in processed foods i. e. spices have no
labelling requirements.
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Jn Canada, irradiated ingredients representing 10% or more of a finished product are to
be described as "Irradiated" on the list of ingredientes. Foods which have been subjected to
irradiation treatment are to be identified as such in any advertisements.

Legislative comparasion with conventional processes

Irradiation is the best researched food preservation process. After decades of research in
just about every country of the world, one is hard-pressed to identify an unanswered scientific
question. It is a well known fact that irradiation-induced property changes, such as loss of
nutrientes, chemical and organoleptic changes, etc. are less than processes using heat. Yet,
there is hardly and legislation limiting the application of heat and, certainly there is no
requirement for a label to indicate that such treatment has taken place.

A similar observation can be made in comparasion to processes like freezing, refrigeration,
chemical fumigation etc. There is not even any regulation limiting the use of some highly
reactive (if not aggressive) additives such as spices salts and acids.

This excessive international legislative limitation of irradiation is often justified by fact that
irradiation is a relatively new process and there is a need in a modern society to subject new
processes to a state-of the art scrutiny. One could accept this rationale, however, within the
past few years, the microwave treatment emerged and enjoyed practically un-inhibited
commercial development. Technically, microwave and ionizing energy have a lot in common.
Both cases a high level radiation is used and precautions need to be taken to prevent
unintended exposure.

Clearly, food irradiation in comparasion to all other food preservation processes, physical
or othervise in intemationnaly regulated to an excessive degree.

Food irradiation aplications

Dose ranges

Three dose ranges have been established for different treatments effects as shown in table
1. Most uses of ionizing energy on food except for sterilization, requiere low to medium doses
of less than 10 kGy . Low or medium dose food irradiation does not eliminate the need for
refrigeration.

The lowest dose range is between 0.01 and 1 kGy. At this minimal level, irradiation inhibits
sprouting in root crops and retards the ripening of fruits. It also acts as a pesticide, controlling
insects and other pests by sterilizing, killing or preventing their growth to new life stages.

The medium dose range, between 1 and 10 kGy produces radiation pasteurization. This
level of tretment reduces the number of spoilage and disease- causing organisms. The
process is useful for extending the shelf life of some foods and reducing disease causing
pathogens caried by others.

The highest dose range, usually above lOkGy, produces radiation sterilization. It is applied
to heat treated, hermetically sealed foods to reduce the quantity of live microorganisms to
levies at which the product can be stored without refrigeration for many months. The
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technique can be likened to the thermal sterilization of canned foods. It is presently not being
considered for broad commercial use because the dose used is higher than the currently
recommended international standard, although this is expected to change as further asses-
sments of the research are carried out. Recently South Africa began selling commercially
prepared irradiation —sterilized meals for campers, emergency ratios and other uses.

Table 1
Dose applications for food irradiation

TREATMENT EFFECT EFFECTIVE DOSE
(kGy)

Low - Dose Applications

a)

b)

c)

d)

e)

f)

Inhibits sprouting of potatoes, onions, etc
Sterilizes infesting insects to prevent adult emergence or
propagation
Kiils infesting insects including eggs and larvae
inactivates parasites (Trichinella Spiralis)
Delay ripening of certain fruits and vegetables
Reduces levels of common spoilage microorganism in and on
fresh produce (eg. berries.)

0.05-0.15

0.10-0.30

0.25 -1.50
0.25 - 0.50
0.25-1.0

0.50-1.5

Intermediate Dose Applications

a)

b)

c)

d)

e)

f)

Reduces spoilage bacteria and fungi on "fresh" meat, poultry
and & seafood
Reduces mould on baked goods
Delays cap opening and spoilage of mushrooms
Destroys substantial pathogenic bacteria (e.g.m salmonella) in
perishable animal products (e.g., milk and egg powders) and
frozaen foods (e.g., frog legs, shrimp, egg)
Sterilizes packaging material
Decontaminates spices, herbs and other dry foods

1 -3

2 - 4
1-2

1.5-10

3-10
5-10

(Future) High - dose Applications

a)

b)

Sterilizes precoked and processed "low - acid" meat, poultry
and seafood products in hermetically sealed packages
Reduces or eliminates virus contamination

10-50

10-100

Pathogen reduction in meat and poultry

A potentially important application for food irradaition is to reduce food-borne diseases
carried by meat, fish and poultry products. The main diseases are salmonellosis and
campylocteriosis, but others such as shigellosis, listeriosis, trichinosis, tape wrom infestation
and toxoplasmosis are also of concern to heath officials.

Diseases produced by eating infected food have always been endemic in developing
nations. Now their incidence is increasing in developed countries, as well.
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Irradiating animal feed would help reduce the levels of pathogens in meats and poultry since
contaminated animal feed is one of the sources of salmonella infection. However, the surest way
to remove microorganism from flesh and to ensure a hygienic finished product would be to use
medium - dose irradiation after packaging . Good handling and cooking practices still need to be
rigorously observed by process distributers, retailers, restauranteurs. And consumers.

Special applications

Irradiated food was eaten by the Apollo astronauts on the moon and on the joint American
soviet Apollo - Soyuz space flight. American astronauts have continued to consume irradiated
beef, pork, somoked turkey and corned beef aboard the space shuttle flights. NASA, at the
outset of their space program, recognized the importance of pathogen free on board meals,
for obvious reasons.

Bone marrow trasnplant patients, recovering in sterile isolation to avoid infection, have
been served irradaited food in a 0. S cancer centre and in some institutions in the G.K. This
practice is also effective for other immune - compromised patients, such as organ transplants,
AIDS patients, etc.

Market potential for irradiated foods

Where market conditions are right, excellent opportunities exist for irradiated foods. The
markets for these foods are equally diverse because irradiation has varied effects on foods,
from insect disinfestation to microbial control. For example, in countries where root crops
are a staple food, irradiation has tremendous potential to reduce large crop losses through
its sprout - inhibiting effects. In North America and Europe, there is a tremendous demand
for fresh foods and for exotic food experiences. The potential for food irradiation is excellent
in this market. For example, it could mean that northern Canadians can experience tropical
fruits and America could enjoy having better accesss to mango and papayas, all year round.

There is no doubt that there is a worldwide market potencial for irradiated food. However,
the big question is: will consumers buy irrradiated food?

We believe the answer is "YES". Irradiated foods can meet many consumer demands. However,
it is a complex sitution comparable to the introductionof heat - pasteurized milk in the 1940s and
1950s and the introduction of microwave food cooking technology in the 1950s and 1960s.

Consumer needs and demands

The demand for fresh food

"Fresh" has become the operative word in the food industry in North America ever since
the 1980s. North Americans increasingly feel the need to consume more fresh or minimally
processed foods. This trend is confirmed by the declining sales of canned and frozen food
products, balanced by the increasing sales of fresh foods. Fresh foods are perceived to be
quality foods. This is evidenced by the fact that many consumers will choose imported fresh
products over processed alternatives, when, in fact, they may be of very poor quality after
spending several weeks in transportation and distribution.
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The demand for exotic food

Related to the incresing demand for fresh food, is the trend for consumers in developed
countries to seek new food experiences. This is reflected in the dramatic increase and success
of ethnic restaurants in major population centres. But people are also interested in bringing
these experiences into their homes. Ethnic and gourmet cooking are popular past -times that
often requiere the purchase of exotic ingredientes such as spices, fruits and vegetables that
are no always readily available.

The demand for alternatives to chemical treatment of foods

The desire for fresh food has been accompanied by a growing concern about chemical
additives and treatments of food. This concern has been the driving force in the increaing
and profitable business of "organic" and "health" foods. However, it is becoming increasingly
evident that, given the existing food distribution systems, "organic" and "health" food have
no tangible benefit to offer to the majority of North American consumers.

Increasing numbers of consumers indicate high levels of concern about pesticide and
chemical residues in food. Bacterial contamination, additivies and preservatives concern
consumers, as well.

Irradiation can provide alternatives to the use of chemical pos-harvest fumigants, chemical
ripening accelerators and decelerators, chemical sprout and mould inhibitors and chemcial
food preservatives.

Economics of food irradiation

No market analysis is complete without a discussion of process costs or market prices and
its effect on the product price. Based on numerous cost analyses, it is evident that the costs
of irradiation are low in comparison to the wholesale costs or market prices of some foods in
some situations. It is important, however, that feasibility studies be carried out for each product
and market so situation-specific judgements can be made.

Generic cost analyses, taking into consideration both capital and annual operating
expenditures of typical gamma processing facilities, indicate costs varying from 0.6£/kg for
potatoes and onions to 2.5£/kg for poultry, strawberries and fish and to 6£/kg for spices and
dried seasonings. Of course, these numbers are contingent on realistic economies of scale.
They do not, however, include: potentially significant savings which could be realized from
reduced spoilage, and/or reduced energy costs; and potentially significant marketing advan-
tages resulting from offering improved quality or increased availability.

Test marketing activities and practical experience in countries where irradiated foods are
more commonly available, provide consistent and clear evidence that consumers are willing
to pay a higher price for irradiated foods if they perceive them to have a quality or an attribute
advantage. This is not surprising and is routinely taught in all North American business
schools. What is however surprising is that these results have been achieved in the face of
strident opposition, and the face of inhibitory labelling regulations in most countries. In the
longer-term, the label "Irradiated" is likely to become synonymous with "good quality".
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Consumer trends and demands, as well as market tests and consumer attitude research,
all indicate good market potential for irradiated foods. There is a need for a coordinated and
comprehensive program to strengthen the foundation for consumer understanding and
acceptance. If the industry wants to retain the irradiation option and if it wants public
acceptance to grow, the industry will have to become Proactive in terms of coordinated
irradiated product introductions and planned education efforts.

Given the regulatory mechanisms now in place to allow the sale of many irradiated foods
in North America and elsewhere, focused marketing efforts and information campaigns can
pave the way for increasingly broad Public acceptance. Irradiation technology is prove"
effective, safe and economical. It can help the food industry to diverse products, to a broader
market.


