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INTRODUCTION

On the 1972 Apollo 17 flight to the Moon, U.S. astronauts enjoyed

ham and cheese sandwiches preserved by gamma radiation. During the

Apollo/Soyuz space link-up in 1975, meals for both the Soviets and

Americans included irradiated, vacuum-sealed, charcoal-broiled beef

steaks (shelf life two to three years) and irradiated bread and rolls

(shelf life 30 days».1,2 Soviet cosmonaut Alexei Leonov told the

U.S. Army food irradiation researchers who had done the catering that

he had never tasted a better beef steak.

The time and space between crop harvest and food consumption

require that some means of preservation be used, especially for

products entering international trade. Without proper preservation, food

if orey to pathogenic and spoilage organisms, loses its nutritional

quality, and may become toxic. Post-harvest losses are high enough
4

(as much as 50 per cent in some parts of the less developed world ) and

hunger and malnutrition severe enough on a global scale to argue for

the widespread application of all safe, effective and economic means of

food preservation. To drying, canning, salting, spicing, refrigerating,

freezing, fermenting and chemical treatment can now be added irradiation

as a preservative technique.

Commercial use of gamma radiation is not new. Disposable medical

supplies have been sterilized in this way for over 20 years, now covering

30 per cent of such supplies. Research in food applications of this

technology began as early as 1953, on the heels of U.S. President

Eisenhower's plea for "Atoms for Peace" and the consequent creation of

the International Atomic Energy Agency (IAEA). The World Health

Organization (WHO) and the Food and Agriculture Organization (FAO) of

the United Nations have been evaluating the safety and nutritional

quality of irradiated foods since 1961.

The efficacy of irradiation in food preservation has been well

demonstrated. For example:

(a) Irradiation could reduce the incidence of Salmonella contamination

in Canadian poultry from its current level of about one-third to as low
8 9

as 5 per cent of all birds. '

(b) Irradiation can eliminate or at least reduce the need for certain food
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additives of questionable safety, such as the meat preservative sodium

nitrite (which may convert to carcinogenic N-nitrosamines).

(c) Irradiation can replace chemical fumigants used in grain storage

for insect disinfestation, such as the carcinogen ethylene dibromide

(EDB), which the Environmental Protection Agency in the United States

has recently given notice that it will soon ban for this use.

(d) In light of escalating energy costs, irradiation is seen, by some

specialists in the field, as an alternative to the energy-intensiveness

of refrigeration and freezing. Ninety minutes of refrigeration

consumes as much energy as that required for a one-time irradiation

exposure that would provide several weeks of shelf life for some foods.

The potential impact of irradiation on the agricultural and food

industries is perceived in some quarters to be dramatic. Frank Fraser

of Atomic Energy of Canada Limited (AECL) has said that "this technique

may prove to be as revolutionary as the discovery of canning nearly

175 years ago!" He also predicts that within ten years, "it could grow

into a billion dollar a year industry in Canada."

The immediate, most critical need for food irradiation as seen by

most researchers in the field lies in the Third World, both to improve

those countries' foreign exchange through food trade in perishable

commodities and to alleviate hunger and starvation at home, where

there is rarely any refrigeration. These less developed nations lie

largely in the tropics and sub-tropics, where high temperatures and

humidity can cause rampant food spoilage. It has been estimated, for

example, that cereals and vegetables lost to spoilage in 1976 could

have fed 170 million people and that irradiation could have saved much

of that food. 5

As part of their promotion of food preservation by irradiation,

many specialists in this technique indicate that in the light of world

hunger, the major industrialized countries have a moral responsibility to

less developed nations to take a leadership role in research, develop-

ment and commercial application. ' This approach to the critical

problem of starvation constitutes what may be called a "technological

fix" and should be acknowledged as an unrealistic solution. Technology

transfer from industrialized to less developed countries will not cure

starvation there. Witness the failure of the "Green Revolution."
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*" As has been pointed out in the multi-disciplinary analyses of such

groups as the Institute for Food and Development Policy (in San

Francisco), hunger is as much a political, cultural and socio-

economic problem as it is a scientific and technological one.

Therefore, advocates of food irradiation would do well not to

offer the technique as a panacea. The most that it may offer is summed

up by U.S. Army irradiation specialist A. Brynjolfsson: "Food

irradiation will not solve all our problems. Food irradiation will not

replace the now • widely used techniques of food processing. But it

will add to the choices we have. Food irradiation will take its place

when and where it can produce nutritionally superior products, when

and where it can ease storage and distribution problems, when and where

it can improve the public health by reducing the hazards of foodborne

disease and when and where it is preferred by consumers because of

lower cost and improved qualtiy."

The U.S.S.R. was the first country to grant "unlimited acceptance"

(at a prescribed gamma dose) to an irradiated food when it approved

treated grain in 1959. Countries which have given experimental,

temporary/provisional, test-marketing and/or unlimited approvals for

certain irradiated foods include Canada, Belgium, Denmark, France,

Hungary, Israel, Italy, Japan, the Netherlands, South Africa, Spain,
18

the U.S.S.R. and the United States.

However, existence of these approvals is not an indication that

food irradiation has attained commercial acceptance internationally.

A number of factors have slowed the widespread introduction of irradiated

food. Among the key factors are:

(i) a lack of harmony among irradiation approvals in different countries,
19

which has hindered international trade in treated foods;

(ii) difficulties in consumer acceptance of food labelled "irradiated"

because of uneasiness with the general idea of radiation;

(iii) availability of other, more familiar methods of preservation;

(iv) questions about the wholesomeness of irradiated food with regard

to nutritional quality and to chemical changes that might induce

: toxicity; and

> (v) lack of economic feasibility data on which private industry can base

| its investment decisions.
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The status of food irradiation has changed significantly in the

past three years with the establishment of international standards by

the Codex Alimentarius Commission of the United Nations and the setting

of wholesomeness guidelines for a wide variety of foods by the Joint
21

FAO/IAEA/WHO Expert Committee on Food Irradiation. It is these

international developments that have led to the current proposals on

irradiated food by Health and Welfare Canada (Appendix a) and Consumer

and Corporate Affairs Canada (Appendix B ) .

The body of this report will include examination of:

* the technology of food irradiation

* the biochemical, nutritional and microbiological effects on food,
with special attention paid to radiolytic products and
their possible toxicity

* the economic feasibility of à food irradiation industry

* food irradiation in Canada - experience, outlook and
regulatory proposals

* consumer reaction to irradiated foods

* conclusions and recommendations to Health and Welfare Canada
(re: Information Letter 651) and to Consumer and Corporate
Affairs Canada (re: Communique 39)



POOD IRRADIATION: TECHNOLOGY AND APPLICATIONS

Food legislation in Canada« the United States and many other

nations has traditionally viewed food irradiation as a food additive,

because in the initial development stages, it was felt that the

radiolytic products of the technique constituted an addition to the
21

food. However, efforts have been made in the past few years to re-

classify it as a food processing technique. (The implications of

this shift will be discussed later.) As the Joint FAO/IAEA/WHO Expert

Committee on Food Irradiation wrote in its 1976 report, "irradiation is

a physical process for treating foods and as such it is comparable to

the heating or freezing of foods for preservation. The only unique

feature of irradiation is the particular type of energy employed, and

it is this feature that has aroused special attention." To food

irradiation technologists, the process is seen simply as a means to

substitute for or to complement conventional approaches to preservation,
22

with efficacy being the main criterion for choosing irradiation.

In irradiation, food is exposed to a source of ionizing energy,

usually gamma rays from continuous decay of radioactive cobalt; less

frequently gamma rays from radioactive cesium; x-rays; or electrons

from an electron accelerator. Regardless of the radiation source, the

result is similar: Electrons from atoms or molecules in the foods are

displaced, creating ions. The ionized, activated molecules form

unstable secondary products called free radicals. At low radiation

doses, these substances inhibit cell division and thus stop growth

(as is the case in radiation treatment of cancer); at higher doses, cells

are killed outright. So, for example, a low dose will stop the cell

division responsible for the sprouting of stored potatoes and onions,

while higher doses will kill the microorganisms that cause meat, fish

and poultry to spoil, and will sterilize or kill insects. The chemical

result of irradiation is the formation of stable compounds called

radiolytic products.22'23'23

In summary, then, the purposeful results of food irradiation are the

biological effects it produces, while the "byproducts" of the process are

the chemical effects, only some of which are of nutritional or

toxicological significance.



- 6 -

The radioactive isotope cobalt-60 (half-life 5.3 years) can be

produced in the Canadian CANDU nuclear reactor through the activation

of cobalt-59. According to Atomic Energy of Canada Ltd., the nuclear

reactors operated by Ontario Hydro "ensure a reliable and steady
14

supply of cobalt-60 in the foreseeable future." The vast majority

of the world supply of cobalt-60 for medical and food purposes comes

from Canada, entering the international marketplace through the

industrial products division of AE'CL.

A cobalt-60 irradiator emits only gamma rays and as such cannot

transmit radioactivity to material it contacts, on the same principle as
25

the x-ray machine. (This contrasts with the uranium fuel of the

nuclear reactor which, because it also emits neutrons, can induce

radioactivity.) Descriptions of the design and operation of gamma
9

irradiators are available from AECL. It is difficult to find informa-

tion on the potential for occupational hazards within and environmental

hazards in the vicinity of food irradiation plants. Assurances have

been given that no radiation above background levels will be emitted

in or near such plants, but there is little basis on which to make

such assurances. It would be more realistic to expect some radiation

leakage into the workplace and environment around irradiators, as well

as during the transportation of cobalt-60. The biological effects of

low levels of radiation are hotly debated in the scientific community.

Gamma doses necessary to preserve food vary according to the

required effect. In general, the more complex the life form of the

offending organism, the more sensitive it is to gamma radiation. The

larger molecules of DNA (deoxyribonucleic acid, the genetic material

of all organisms) found in more complex species are more sensitive to

gamma attack. This means, for example, that lower doses are needed to
22 27

kill insect pests than to kill pathogenic bacteria. '

A new system of gamma radiation measurement has been introduced

recently. Rads have been replaced by grays. See Table 1 for conversions.

A low dose of gamma rays is considered that under 1 kGy and is effective

in inhibiting sprouting, for insect disinfestation, and is delaying the

ripening of fresh produce. A medium dose — 1 to 10 kGy — is

useful for reducing microorganisms enough to extend the refrigerated

shelf life of some foods and for inactivating pathogenic bacteria.
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A high dose — 10 kGy or larger — though rarely used, will completely

sterilize meat and poultry, thereby eliminating the need for any

refrigeration during storage. It will also destroy viruses. These

high-dose applications may be useful for special purposes such as
, - . , . „ ... S,19,21,23,27.28

space travel and military rations.

For a summary of the most likely applications of gamma irradiation

in the food industry, as projected by AECL, see Table 2.

As mentioned earlier, a major benefit of irradiation is that in

some cases, it can replace preservative chemicals that have been proven

highly toxic to mammals. Two examples:

(i) prepared meats: irradiation vs. sodium nitrite - Cured meats must

be protected against proliferation of the bacterium Clostridium botulinum,

the cause of botulism. The disadvantage of the preservative sodium

nitrite is the subsequent formation of carcinogenic N-nitrosamines.

Wi^h irradiation at 30 kGy (a high dose), the concentration of nitrite

required can be reduced from 120 parts par million to 20-40 ppm, a level

necessary to produce the characteristic colour and flavour of bacon,

ham, cured sausage, etc. ' However, we are still dealing here with

a carcinogen, albeit at lower levels. Efforts should be, and are being,

directed to finding alternatives to use of any nitrite,

(ii) spices, produce and grains: irrëidiation vs. ethylene dibromide -

For several years, the U.S. Environmental Protection Agency has been

interested in banning the fumigant ethylene dibromide (EDB), a proven

carcinogen, but was hampered by the lack of a suitable alternative.

With irradiation approaching widespread commercial use, the EPA was

recently able to begin de-listing EDB and may soon do the same for

a related fumigant — ethylene oxide — which is also carcinogenic.

Irradiation in the low-dose range could help solve problems with

Caribbean and Mediterranean fruit flies in fruits and vegetables in

interstate and international trade. Low-dose irradiation can also re-

place the use of EDB in stored grain. Insects, bacteria and fungi are

2 19 21
serious problems in spices ' ' and although high radiation doses may

be required (e.g., 15-50 kGy), irradiation is felt to be suitable because

the human diet is at most only about 0.1-0.5 per cent spices.

Most foods can be packaged before being irradiated. Packaging in

glass is the exception; clear glass turns brown upon irradiation, but.
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Table 1 — Food Irradiation Measurements

1 kilorad (Krad)
100 kilorads (Krad)

1 megarad (Mrad)

10 grays (Gy)
1 kilogray (kGy)

10 kilograys (kGy)

Table 2

Product

cereals/rice

fruit

fish

cocoa

low dose: under 1 kGy
medium dose: 1 to 10 kGy
high dose: over 10 kGy

— Likely Applications

Developing

Radiation effect

disinfestation

disinfestation
and shelf life

extend shelf life

reduction of
microbial load

of Food Irradiation

f Countries

Benefit

prevent post-harvest
losses

prevent post-harvest
losses; export

export

export

Cost (estimated)

$3-6/ton

$2-6/ton

$40-70/ton

$60-75/ton

Industrialized Countries

Product

poultry

spices

spices

fish

fish

fruit

fruit

Radiation effect

elimination of
Salmonella

disinfestation

reduction of
microbial load

elimination of
Salmonella

extend shelf life

extend shelf life

elimination of
fruit flies

Benefit

food safety

quality

quality

food safety

shelf life

shelf life

quality

Cost (estimated)

$40-70/ton

$3-6/ton

$100-150/ton

$40-70/ton

$4C-70/ton

$2-6/ton

$2-6/ton
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interestingly, will revert to clear if heat is applied. Gamma rays

appear to have no effect on metal cans, but plastics do undergo some

changes, depending on the type of plastic and the radiation dose.

Some irradiation-sterilized processed meats, vacuum-packed in plastic

pouches, develop a bitter, metallic after-taste after two years in

unrefrigerated storage, indicating the need for further research on

the interaction of food and plastic during and after irradiation.

Gamma irradiation can also fulfill some non-preservative functions,

which would be considered luxuries rather than necessities when

irradiation uses are being evaluated. For example, irradiated grapes

yield more juice than untreated ones; irradiated wheat produces a

greater volume in bread baking because radiation apparently affects

gluten; irradiated barley can increase yield during malting by seven

per cent; and irradiation can be used to decrease the re-hydration time

of dried vegetables and to decrease the cooking time of navy and kidney

beans.

In closing this section, some limitations to the technology of

food irradiation can be mentioned:

(a) The çfamma dose received by a food should be neither more nor less

than necessary for the intended effect. Gamma irradiators are often

promoted as delivering a steady dose throughout a food shipment. Yet

the 1980 Joint FAO/IAEA/WHO Expert Committee on Food Irradiation wrote

that "it is practical (for reasons such as the technical design of the

irradiation facility) to stipulate an average value rather than to

require that no part of the food shall receive less than a minimum,

or more than a maximum, dose .... The overall average dose may result in

a small fraction of the food receiving a maximum absorbed dose up to

50% higher."21

(b) Irradiation does not constitute a license to consumers and workers

in the food service industry to abuse food and expect to get away with

it. While the process can reduce, inactivate or destroy the initial

microbial population present, there is no residual protection against

decontamination from improper handling. It is because of the chance for

recontamination that many foods are irradiated in the packages in which
27

they are to be sold.

(c) The usefulness of irradiation in extending the storage of fresh

fruits and vegetables at room temperature has perhaps been over-estimated,
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according to A.A. Kader of the Department of Pomology, University of

California, Davis. The potential application is limited to a few

commodities and at doses below one kilogray, because above that level,

there is softening, browning qf some tissues, abnormal ripening and

other detrimental effects. It would not be unreasonable to suggest

that a process having such profound physico-chemical effects on food

would also be inducing significant nutritional losses at the same time,.

Kader notes that "there is no treatment that can substitute for proper

temperature in effectively maintaining the quality of fresh horti-
18

cultural crops."

(d) In a few cases, irradiation can produce such severe organoleptic*

effects that the process is entirely unsuitable. Dairy products are

notoriously sensitive to irradiation's production of odours from

volatile sulphur compounds and so it is unlikely that they will ever
22

be radiation-processed. In other cases, irradiation is feasible as

long as certain conditions relating to temperature and oxygen are met.

Organoleptic effects in meat are eliminated if the meat is frc^en to

-30° - -40° C before irradiation. Free radicals are highly reactive

towards oxygen, such that irradiation in the presence of oxygen can

cause rancidity in fat-containing foods. Therefore, meats must be
22

irradiated in a vacuum.

(e) Enzymes in food are relatively insensitive to radiation. Gamma

rays do not stop the breakdown of proteolytic (protein-degrading) and

lipolytic (lipid-degrading) enzymes present in meat, poultry and fish.

Even if all microorganisms are killed, the storage life of the food

will be governed by the activities of the remaining enzymes. Heat
treatment (e.g., 70°C) is necessary to inactivate these catalysts.3,6,10,22,2

* A term often used in consumer product testing, relating to the
evaluation of the subjective aspects of taste, odour, colour and
related factors; from "organo" (living — i.e., assessments of
people rather than of instruments) and "lepto" (slight or narrow
i.e., the small differences observed between products).
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• POTENTIAL HEALTH EFFECTS OF IRRADIATED FOODS

Many specialists in food irradiation science and technology insist

that the process has absolutely no detrimental health effects:

"No other food process in history has been researched to the
extent that food irradiation has endured. No other process has
had greater difficulty in being accepted as a safe and dependable
method of food preservation. The cost of establishing the
safety of the few foods which have been approved for human
consumption has been enormous, but the wholesomeness studies had
to be carried out to demonstrate the safety. In all the research
results collected over a period of 24 years there is no clear
evidence that irradiation of a food, at doses below 1 Mrad, has
created a health hazard."32

"The process has been fully 'R & D-ed.1 The effect of irradiation
on materials no longer represents a problem."5

"The industrialized world will research the hell out of the
process but will not eat irradiated food — the starving
third world claim they will not be the industrialized
world's guinea pigs and so the story goes on — we research,
they starve."33

There is one popular misconception that irradiation researchers

take great pains to dispel at every opportunity: Gamma-irradiated food

cannot and does not become radioactive. The maximum energy level of

a cobalt-60 irradiator falls below 1.33 million electron volts, or

below that which can induce radioactivity in the treated food. In

practice, the gamma dose for any given food is limited not by any

potential for radioactivity, but by the fact that chemical changes
22 ,

leading to unacceptable taste, odour, texture, etc., increase as the
27

dose increases.

This information about dose and effect leads to the statement of

an important distinction alluded to earlier: The desired effects of

food irradiation are biological (inhibiting cell division; causing cell

death), while the unwanted side effects (organoleptic factors; possibly
34

toxic radiolytic products) are chemical in nature.

The FAO/IAEA/WHO prefer the term wholesomeness over the term safety

in the evaluation of irradiated foods. "Wholesomeness implies not only

safety from the toxicological point of view but freedom from

microbiological hazard and adequacy of nutritional quality." Even
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this broadened concept of "wholesomeness" is still a narrow and

somewhat negative one. Wholesome food should not be simply of

"adequate nutritional quality", but rather, should be as lightly

processed as possible in order to retain the complete balance of

nutrients present in the crop harvested. Nevertheless, the three

wholesomeness criteria of the PAO/IAEA/WHO — chemical toxicity,

nutritional effects and microbiological concerns — will now

be examined.

Chemical Toxicity

Many sources indicate that the chemical changes induced by

radiation already occur as a result of other types of food processing.

Indeed, radiolytic products (RPs) are formed as a result of the

ionisations involved in such processes as cooking and pasteuriza-

tion. 7' 2 1' 2 6' 2 7

Notes researcher J. Schubert of Hope College in Holland, Michigan:

"I agree that we do not know all the compounds produced in irradiated

or cooked foods. However, the relative values do give a rough idea

of the amounts of new compounds formed. Not only are the amounts

formed in cooking much greater than those produced by irradiation,

but the amounts of potentially or known types of carcinogenic or
4

mutagenic compounds produced by cooking are also greater." (One

example of the latter is the carcinogen benzpyrene, produced during

the grilling of meat.)

The same author estimates that in a diet containing all the foods

for which irradiation clearances have been or are about to be granted,

the level of non-volatile RPs would be about 10 parts per million in
A

the diet, or 2-20 milligrams per day.

The concentration of radiation-induced compounds generally increases

with increasing radiation dose, but can be modified by temperature,

presence/absence of oxygen, and the water content of the food. It is

not yet possible to identify each RP in a particular food, so the

safety evaluation of KPs in an irradiated diet can only be estimated.

The 1976 Joint FAO/IAEA/WHO Expert Committee on Food Irradiation

stated: "It appears that the radiolytic products detected in the wide

range of foqds and individual food constitutents that have been studied

T
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so far do not pose any toxicological hazards ir. the concentrations at

which they have been detected." However, the report also states:

"It is not yet possible to give an assurance that all radiolytic

products having possible toxicity have been identified and the

biological dose/response relationships of even the known radiolytic

products have not been determined with precision. Therefore, there

is still a need at present for a certain degree of toxicological

testing to establish with confidence the safety of irradiated foods.... The

evidence so far obtained from radiation chemistry indicates that

no acute toxicological effects will occur in irradiated foods. There

remains, however, the possibility that more subtle long-term

effects (e.g., carcinogenesis, mutagenesis) may occur."

In most cases, the RPs formed in irradiated food are simply

breakdown products of normal food constituents. These RPs include

carbon dioxide, methane, hydrogen, amino acids and fatty acids.

However, gamma processing of food can lead to the formation of

unique radiolytic products (URPs). The true extent of the dietary

uniqueness of URPs is unclear; it is possible that the RPs classified

as unique in irradiated foods also occur in non-irradiated foods.

Research by the U.S. Army has revealed 42 different URPs.

The U.S. Food and Drug Administration, in a 1980 report,

considered that foods irradiated in the medium dose (1-10 kGy) range

and which comprise more than 0.01 per cent of the diet, may contain

enough URPs to warrant toxicological evaluation. It is not known

URPs affect humans, if at all. Some scientists believe that more

information on URI

irradiated foods."

information on URPs is vital in establishing the safety of
35

Some data exist suggesting that, irradiation of food may cause

chronic reproductive and mutagenic effects. The genetic abnormality

called polyploidy (where cells contain more than the normal two haploid

sets of chromosomes) has been found in some animals fed newly irradiated

wheat. In another study, weights of ovaries and testes of rodents

fed irradiated onions differed significantly from those of control

animals.

The scientific rationale for not requiring toxicity testing for

foods treated below the 10-kGy level (see section entitled Consumer
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Issues in Food Irradiation) is noted as follows by the 1976 Joint

FAO/IAEA/WHO Expert Committee: "The 'food additive* approach to

food irradiation meant that evaluation of the toxicological aspects

of wholesomeness had to be based on the concepts of an acceptable

daily intake and safety factors, as is the case with food additives

or pesticide residues in food. However, the Committee considered

that the approach needed in the toxicological evaluation of the

wholesomeness of irradiated food differs from that used in the safety

evaluation of chemicals. It is impracticable to exaggerate the

feeding levels of irradiated foods in animal studies beyond a modest

degree, nor is it appropriate to exaggerate the radiation dosage much

beyond that to be used in practice. Either of these practices gives

rise to effects whcih are not relevant to the toxicological potential

of the irradiated food."

Treatment of food by irradiation causes chemical change, and

the creation of RPs and UPRs increases with increasing dosage. It is

difficult to comprehend why increasing the dosage of radiation should

not be "appropriate" in view of widely accepted toxicological

methodology. The conventional view among scientists is that

"experiments have to be conducted at high dose levels to permit the

use of small numbers of animals. Large effects are likely to be
49

seen among small numbers, but small effects are not." Chronic

effects, such as alterations in immune systems, reproductive failures,

mutagenesis and carcinogenesis are small effects and may be noticed only

if testing utilizes food subjected to high doses of radiation.

Numerous animal feeding studies have been undertaken to

determine the biological effects of an irradiated diet. No clear-cut,

reproducible health effects of such a diet appear to have been

detected thus far. ' ' A major series of animal feeding tests

undertaken in the mid-1970s by Industrial Biotest Laboratories under

contract to the U.S. Army had to be rejected because of inadequate
23

and sometimes fraudulent laboratory practices.

Short term feeding studies with small numbers of human volunteers

have also been done, which, while showing no evidence of toxic effects,

are useless for determining chronic toxicity. ' Many human

populations in several countries have consumed selected irradiated
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foods on a broad scale; for example, irradiated potatoes in Japan.
4

No systematic epidemiological studies have been done.

Nutritional Quality

In order to link the chemical toxicity discussed in the previous

section with nutritional quality concerns/ it is worth noting that

chemical changes in food are a telling indication that the overall

nourishment potential of that food has probably been depleted as well.

Most studies evaluated by the FAO/IAEA/WHO show that in the

low-dose range (up to 1 kGy), nutrient losses are insignificant.

In the medium-dose range (1-10 kGy), losses of some vitamins• may

occur. In the high-dose range (10-50 kGy), the technology used

to avoid effects on organoleptic quality (i.e., irradiation at low
21

temperatures, without oxygen) also partially protects nutrients.

However, U.S. food researcher and author Beatrice Trum Hunter

maintains that "there has been concern that radiation will inflict

severe nutritional losses in treated food. Among the major nutrients

affected are fats, and some amino acids (especially cystine, methionine

and tryptophan). To some degree, radiation destroys vitamins,

particularly vitamin A and its precursor, carotene, vitamin E

fractions (notably thiamine, pyridoxine and B-12), vitamin C (ascorbic

acid) and vitamin E (tocopherols). Radiation was found to destroy

nearly as much thiamine and ascorbic acid as did heat sterilization

of food." She also notes the Pood and Drug Administration has

suggested that when irradiation results in a significant loss of

important micronutrients (trace minerals), enrichment may be appropriate,

and she points out the nutritional pitfalls of food enrichment

programs.

The distinction should be made between nutritional losses in

major dietary components (such as meat, fish, poultry and grains)

and those in minor components (such as spices, strawberries and

mushrooms). In many developing countries, people obtain a high

proportion of their nutrients from a single food source. In that case,

loss of thiamine upon the cooking of rice may make the losses due

to irradiation significant in areas where the grain is a staple item
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21
and a major thiamine source.

When irradiation researchers claim that the process causes

no greater nutritional losses than other processes such as canning,
23

freezing o r cooking, they seem to be forgetting that all these

Processes may be inflicted on the same food, meaning a cumulative

loss of nutrients. They are also neglecting to point out the severity

with which canning, for example, reduces nutritional quality, jf

irradiation is to be placed beside canning as a useful food processing

technique, then it seems that in some cases, concerns about

nutritional wholesomeness are being thrown out the window.

Microbiological Concerns

A pervasive problem in the treatment of crops or food products to

eliminate pests or pathogens is the development of resistance to

the treatment by successive generations of the offending species.

There are numerous examples of insects of agricultural significance

developing resistance to the effects of certain pesticides. In the

case of irradiated food, concern has been raised about radiation-

resistant bacteria. ' Not enough is known about the resistance

potential of these and other microorganisms, and the extent to which

radiation doses would have to be increased in order to cover

resistant strains.

A related concern pertains to alterations, through irradiation,

in the natural competitive balance of microbial species infecting any
37 38

9iven food. ' For example, botulism could be a problem in

some foods given a gamma dose below 35 kGy because the bacterium

Clostridium botulinum is more resistant to radiation than are the

vegetative cells of bacteria, yeasts and moulds, which are its

natural competitors. It would be possible to irradiate food heavily

enough to kill those organisms yet leave the £. botulinum spores alive.

Survival of C_. botulinum appears to be a particular concern in

poultry and fish. Irradiation of chicken might kill not only the

Salmonella bacteria it is intended to kill, but also the organisms

that cause a putrid odour in spoiled food, yet leave behind the

C. botulinum . Consumers might therefore have no warning that the
19

chicken contained the botulism risk. In fish, the 1980 report
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of the Joint FAO/IAEA/WHO Expert Committee indicated that "irradiation

that does not exceed 2.2 kGy (average dose) is expected to leave

enough spoilage organisms to render the food unacceptable before cells

derived from surviving C_. botulinum spores can produce enough toxin

to constitute a hazard."

Another microbiological concern, mentioned previously in the

technology section, is the potential for post—irradiation recontamination

of foods. Harpers in food service industries and consumers must never

be given the impression that they can be any less hygienic and

otherwise careful when handling irradiated foods non non-irradiated

ones. ' For example, although radiation will kill most or all

Salmonella in chicken before shipping, care must still be taken to hold

the chicken at a low enough temperature during distribution to

check the re-growth of bacteria.

Other Health Issues

(a) re-irradiation - Until recently, food irradiation specialists

advised that no food should be irradiated more than once, since

wholesomeness evaluations are based on single radiation exposures.

The 1976 Joint FAO/IAEA/WHO committee stated: "Even though radiolytic

products accumulate with repeated irradiation, the concentrations are

so low that the toxicological hazard likely to arise from repeated

irradiation is minimal. However, the food is likely to be degraded in

terms of organoleptic acceptability and nutritional qualtiy. Because

there are no readily available tests for detecting repeated irradiation

of a product, the main procedures for preventing this practice are

proper labelling, record-keeping and surveillance. The records

should be sufficiently comprehensive to avoid irradiation of

secondary products of previously irradiated foods — for example,

of milled products of irradiated grains."

However, the 1980 report of the committee stated that in certain

circumstances, repeated irradiation might be justified, based on

current information about the insignificance of radiolytic products :

(i) in food commodities of low moisture content in which insect

re-infestation could not otherwise be prevented; (ii) when the food is
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a processed form of food that has already had low-dose treatment

(e.g., dried onion prepared from onions already treated to inhibit

sprouting); and (iii) when it includes irradiated minor ingredients

(e.g., soup mixes with pre-irradiated spices.)

(b) toxicity of fungi in grains - Some research with fungi,

particularly Aspergillus flavus, indicates that irradiation can

actually enhance the production of mycotoxins by the fungi. However,

the 1980 Joint FAO/IAEA/WHO Expert Committee felt that since grains

such as rice must be stored in dry conditions not conducive to

A_. flavus growth, "the potential mycotoxin hazard is not enhanced by
21

irradiation under practical conditions."

(c) applicability of the Ames test to irradiated food - The Ames test,

which is a common bio-assay used to screen chemicals for their

mutagenicity, may give "false negatives" when used to test irradiated
4

foods. More research is sorely needed here.

Broader guidelines for further research on the impacts of

irradiated food will be outlined in the final section — conclusions

and recommendations.
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COMMERCIAL PROSPECTS FOR FOOD IRRADIATION

Atomic energy agencies and private irradiation companies maintain

that food irradiation technology is well in place. Notes Theo

Ouwerkerk of AECL: "Food irradiation is not a new industry with new

control systems to be developed. On the contrary, it is a well
25

established and recognized technology."

However, Marilyn Young of the Consumers' Association of Canada

says that "I am willing to accept the scientific evidence produced

over years of study of this process, but I think there is a big

leap from the laboratory to the industry. How well is this food

irradiation industry controlled? ... From a consumer's point of

view, but even more from a fledgling industry's point of view, it is

essential that this become a highly regulated and policed industry.

The consumer must be able to rely on reproducible quality standards. ..

[There must be] efficacy tests on each type of food before marketing.

It is a chance for the manufacturer to prove that he can scale up

linearly from laboratory conditions to a full scale commercial

operation, and to prove he has something to market of practical

value which will be safe.... I would like any commercial food

irradiator to be required to perform such a pre-marketing run before
38

going into full production."

During test-marketing or full production, a food processor

considering irradiation has two options. Either he can enter a

contractual arrangement with an irradiation company, in which the

processor would ship his product to the irradiator for treatment; or he

can purchase an irradiator for his own premises. In at least the

initial development stages of the food irradiation industry, the

former option will be more attractive financially. Some firms

already involved in irradiation sterilization of medical supplies

appear to be interested in branching out into contracts for food
39

preservation.

Many companies in the food processing industry have been

reluctant to invest in irradiation technology. A recent report in

The Bulletin of the Atomic Scientists put it this way: "Once food

irradiation has had a chance to demonstrate its ability to increase
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profits on 'the bottom line1, it should not take long before it is

adopted by food processing industries around the world. The problem

has been that the full potential of this new process is not adequately

recognized outside the small sector of the scientific community

that has worked on its development over the years. Unlike most

research on food technology, research on irradiation has been

sponsored by government agencies rather than the food industry. Thus

the incentive to capitalize upon the R and D investment has been

lacking."

Indeed, the capital investment required for food irradiation

technology is large enough that the process will be limited to
39

large food manufacturers and the irradiation firms themselves." The

process is not labour-intensive (which may be seen as either a boon or

a drawback, depending on one's perspective) and other operating

costs, including the input requirements for conventional energy,

are not excessive.

However, with little or no experience in food irradiation,

many food processors will regard going into the business, at least

initially, as a high-risk venture and would therefore require a

high rate of return. A result of this requirement is that a large

charge for capital costs will be placed against each product unit,

which will add significantly to the product unit price needed to

make the venture a business success.

U.S. food researcher and author Beatrice Trum Hunter has questioned

the commercial viability of food irradiation: "Despite the frequent

descriptions of radiation as an energy saver, radiation is an ex-

pensive, high-technology process that requires management and control

of a highly specialized, highly skilled nature. Currently, commercial

radiation is operated solely by high technology companies, and they

have become the chief publicists for the program. If food processors

decide to use the existing facilities, they must be prepared to

absorb the cost of moving products to and from radiation facilities,
12

or invest in such equipment themselves." Put another way, a total

energy analysis comparing irradiation with other food processing techniques

may not result in irradiation stacking up as well as forecasted.
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* Over the past 30 years, research and commercial interest in

food irradiation has waxed and waned numerous times. In 1970, for

example, the U.S. Army considered scrapping its large and long-

standing irradiation research program, which began as part of the

"Atoms for Peace" initiative. The Army questioned whetner a solely

military market was sufficient, saw that other, new preservation

methods were just as effective, and took into account the lack of
23

interest of commercial meat packers in the process. In 1978, an

official of the Swift & Co. meat packing firm said, "Radiation is
24

another additive we don't need."

Perhaps the most important aspect of the commercial feasibility

of food irradiation is the suitability of the technology to those

parts of the world where the need for it is seen to be the greatest

developing nations. This issue was raised at a 1977 food irradiation

symposium in the Netherlands: "It may not be tru» in developing

countries that the method of irradiation is necessarily cheap. It

should not simply be assumed that you already have scientists who

can handle such processes, that you have constant electricity, a

good water supply, etc. Before food irradiation can be adopted in

developing countries, I think we need to thoroughly re-examine the

process not from the point of view of safety but from the point of

view of economics under local conditions .... For this method to

be successful a lot of work will have to be done in the developing
32

countries."

One Saskatchewan critic of the nuclear industry is decidedly

cynical on the topic: "For the Third World, it is an inappropriate,

capital-intensive technology, dependent on Canadian supplies and

reprocessing of cobalt-60, and involving substantial infrastructure

requirements (roads, transport vehicles, storage and packaging

facilities, etc.). It is another form of technological
40

colonization."

Nevertheless, with the international regulatory scheme fo~:

irradiated foods now in place, the stage is set for commercial

les activity in many of the industrialized nations.
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FOOD IRRADIATION ACTIVITIES IN CANADA

Government agencies in any country that has approved certain

irradiated foods will accept such food imported from another country

only if it is assured that the irradiation has been performed

properly and that the food is adequately labelled. For some time,

health inspectors have been able to verify the presence of prohibited

chemical additives in imported foods by chemical analysis. But there

is no 'practical method to prove that a food has been irradiated and

with what dose. In this case, health authorities cannot accept the

declarations of producers or distributors, but, rather, need guarantees

of proper irradiation practice from government agencies in the

exporting countries. Herein lies the basis for the international

activity of the last three years by the FAO/IAEA/WHO.

In their 1980 report, the Joint FAO/IAEA/WHO Expert Committee

on Food Irradiation recommends the international acceptability of

food irradiated up to an overall dose of 10 kGy (1 megarad). "The ir-

radiation of any food commodity up to an overall average dose of

10 kGy presents no toxicological hazard; hence, toxrcological testing

of foods so treated is no longer required." A rationale for not

requiring toxicological testing is that foods undergoing other

processing, which also produces radiolytic products, have not needed

such testing. The 1980 report is considered a landmark because it

recognizes irradiation as a food process rather than a food additive.

The expert committee did not approve high-dose irradiation

(over 10 kGy). "[wëj did not consider the toxicological evaluation and

wholesomeness assessment of foods so treated because the available data
21

are insufficient for this purpose." Among the research activities

that may lead to acceptance of these higher doses are animal feeding

studies being carried out at the U.S. Department of Agriculture.

The Codex Alimentari us Commission of the United Nations has over

120 member countries; its role is to develop food standards and .to

promote international food trade. One of its functions is to issue

recommended international standards for irradiated foods and a
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recommended international code of practice for the operation of food

irradiation facilities. In 1981, the commission issued the

standards shown in Taole 3, based on reconunendations of the Joint

Expert Committee. Adoption of these standards by member countries will
14

permit general acceptance of irradiated foods. From Table 3, note

that fresh, tropical foods imported into Canada, such as mangoes and

papayas, do not normally have any labels. Will these foods be labelled

if they are irradiated?

The U.S. Food and Drug Administration (FDA) has an enormous

impact on food regulatory practices, and hence international food

trade, throughout the world. ' It is interesting to note,

therefore, that while the 1980 Joint FAO/IAEA/WHO Expert Committee

recommended wholesomeness clearance for all irradiated food treated

at 10 kGy or less, the FDA clearance level, proposed in the Federal
41

Register of March 27, 1981, is one-tenth of that, i.e., 1 kGy (100 Krad).

^Food irradiated at doses exceeding 100 Urad. Çl kGyJ will be subject

to toxicological testing consisting of a battery of four short-term

mutagenicity tests'and two 90-day feeding studies (one rodent,

one non-rodent mammalian species).... A food class comprising no

more than 0.01 per cent of the daily diet [e.g., spicesj and irradiated

at doses of 5 Mrad Ç50 kGy] or less will be considered safe for
18

human consumption without toxicological testing."

As a member of the Codex Alimentarius Commission, Canada has

an obligation to consider the commission's recommended standards for

food irradiation. Having accepted those standards, Canada would then

permit a food fulfilling the requirements of the standard to be
32

distributed in this country. As can be seen in Appendix A, the

Health Protection Branch (HPB) of Health and Welfare Canada proposes

to regulate irradiation as a food process in a new division of the

Food and Drug Regulations, thereby removing irradiation from the

food additive division of the regulations, where it has applied to

potatoes, onions and wheat flour since the 1960s.

Note also that the HPB proposes to accept the FAO/IAEA/WHO level

of 10 kGy for toxicity testing, rather than the U.S. FDA's proposed

level of 1 kGy. At all doses below 10 k^y, HPB would still
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Table 3 — Codex Alimentarius Commission Standards for

Irradiation of Foods (1981)5

chicken
cocoa beans
dates
mangoes
onions
papaya
pulses
rice
spices, condiments,
dehydrated onions,
onion powder

strawberries

up to 7 kGy
up to 5 kGy
up to 1 kGy
up to 1 kGy
up to 0.15 kGy
up to 1 kGy
up to 1 kGy
up to 1 kGy
up to 10 kGy*

up to 3 kGy

However, higher doses — 15-50 kGy — may be required.30
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require data on nutritional quality and chemical or physical changes

in the food.
i

(Proposals by Consumer and Corporate Affairs for the labelling •

of irradiated food will be discussed in the next section.) I

The business outlook for food irradiation in Canada is unclear.

Notes a recent report in The Globe and Mai1's Report on Business : I

"Acceptance of gamma processing would mean a great deal to the jj

troubled nuclear industry, which is aggressively marketing the i

process as a means of selling the byproducts of nuclear research.... !

If the technique gains acceptance, it could lead to new markets £

for cobalt and increased sales of Canadian-made equipment." (

Atomic Energy of Canada Ltd. has been a world leader in food

and medical irradiation research and development, largely because

of the efficiency with which the CANDU reactor can produce
25 28

radioactive cobalt. ' Ontario Hydro sells its cobalt-60 to

AECL, which processes it and then incorporates it into the

irradiation equipment it sells internationally.

One of the only commercial experiences in Canada with irradiated

food was an unsuccessful attempt by John Masefield, a former AECL !

radiation equipment designer and now president of the radiation

firm Isomedix Inc. of Whippany, New Jersey, to treat potatoes at a

plant near Montreal, in the mid-1960s. ' Bad weather had produced

a potato crop with unexpected biochemical characteristics, the

potatoes rotted after irradiation, and for a number of reasons,

Masefield's potato firm went bankrupt. Indeed, it is questionable

whether Canadian potatoes require sprout inhibition at all, at

least those not destined for export, since they move quite quickly

in the domestic marketplace.

Currently, the chief interests in commercial application of

food irradiation in Canada are for chicken and, to a lesser extent,

fresh fish. Sixty per cent of all chicken sold in Canada is channeled

through food service industries (fast food outlets, restaurants,

hotels). where human handling and improper storage may exacerbate

Salmonella contamination. Chicken can be irradiated immediately

prior to shipment from the processor, at a dose of 3 kGy, and can
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be introduced with minimum change to existing production and

distribution methods. AECL forecasts the need for at least 25

chicken irradiation plants in Canada and expects that the cost of
9

the process will be 3-5 cents per kilogram.

Irradiation has been promoted as being able to extend the shelf

life of fresh fish in Canada to as long as two weeks, which would

permit shipping by truck instead of by air and would enlarge the

domestic and, export market. ' Irradiation may be able to attack the

spoilage organisms in fish, but another problem in keeping fish fresh

is the tendency for the unsaturated fatty acids in the fish to

oxidize, a concern that cannot be addressed by irradiation.

Regarding both chicken and fish, the Health Protection Branch is

likely to grant "temporary market authorization" (permission for

test marketing) to private companies within the next few months,

for treatment below the 10 kGy level, in order to obtain data

about the efficacy of the process and its microbiological impacts.

The chicken testing will be a joint effort of government, the poultry

industry and the food retail sector, and will take place at the new
43

Isomedix irradiation plant in Whitby, Ontario. There is little

commercial interest in irradiation of potatoes and onions, more in

treatment of spices.

Irradiated foods could be widely available in the Canadian
44,47

market within two to four years.
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CONSUMER ISSUES IN FOOD IRRADIATION

4
Almost everyone outside the food irradiation research and ft

development community has an initial distrust of the concept of ['•

using radiation to preserve food. This resistance has been fuelled \l

by the lack of effort on the part of the R and D sectors, and (i

government and non-governmental organizations, to pass on the :<
3 2 '•'

facts about the process to lay consumers.
:•.

This resistance or fear constitutes probably the greatest ''

obstacle to the widespread adoption of food irradiation, and is ''

considered irrational by many researchers. Notes J.C. Cornells of

the Dutch ministry of health: "A general fear of radioactivity

exists. This fear is for the greater part not based on scientific

and rational grounds, but goes much deeper. Irrational fear cannot

be fully dispelled by scientific evidence." Entire research

projects have been devoted to exploring consumers' positive and
45

negative reactions to food irradiation.

The irradiation industry is well aware that it n a s a tremendous

selling job to do: "There does not appear to have been any major

public debate on the subject in recent times, but we must have the

right arguments ready in case opposition does arise. I think that

it should be made clear, from the beginning, that food irradiation

is not in any way to be compared with nuclear power, that we have

here an area where everything has been clarified, where we do not

have any unsolved problems, like waste disposal or plutonium

diversion. Food irradiation should be brought closer to public

understanding by comparison with the medical applications of nuclear

techniques. The latter is a field where the public has never shown

any strong opposition."

Because of a sometimes negative public perception of the nuclear

industry, many groups who support food irradiation, such as the

Consumers' Association of Canada, feel that the "good news" about

the technique should come not from AECL and the IAEA, but from health

departments, the FAO and WHO, and the food industry.20'32'38
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The two key issues for consumers will be a demonstration that

irradiated food is both necessary and safe. Notes Marilyn Young of

the consumers' association: "The consumer must be told why irradiated

food is needed and how he can directly benefit from it.... Enough

need will have to be demonstrated to overcome the supposed risk

factor..-. If you don't tell the public in clear, unequivocal

terms that irradiation doesn't imply radiation, that is,

that irradiated food does not become radioactive food, they will

assume that it does.... Each explanation of the process must

start off with the statement that irradiated food is safe and that

it is not radioactive. Such a statement will then have to be backed

up with further explanation.... Platitudes about having been tested

and found to be perfectly safe won't be enough." '

As mentioned in a previous section, efforts have been made

recently to re-define irradiation as a food process rather than a

food additive. The 1976 Joint FAO/IAEA/WHO Expert Committee

recommended the switch to food process, and Health and Welfare

Canada's proposed regulatory changes (Appendix A) are in accord with

the international recommendation. There are two implications

of this switch:

(i) Animal feeding studies will not be required for radiation

doses below the 10 kGy clearance level; in other words, the food

additive approach of examining health effects on a food-by-food basis

will not be taken for low and medium doses of radiation. Still,

however, "irradiation must be proved to be an acceptable means of

food processing and one that does not impair its wholesomeness, and

it may be premature to base an evaluation of a new irradiated

food solely on data obtained with other foods, even though they

may be of closely related types." (The scientific rationale for

not requiring toxicity testing has been discussed previously.)

(ii) At present, by Canadian law, food additives are labelled

on retail packages, while food processes are not. On a world-wide

scale, food manufacturers have maintained that the labelling re-

quirement for food additives has been a major impediment to commercial

acceptance of food irradiation, because they predict, or know from

attitude research, that consumers would be reluctant to accept a food

labelled "irradiated."20
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While food manufacturers and irradiation researchers alike ,\

maintain that there is no need to label irradiated food because i'j

the process adds nothing to the food (i.e., is not a food additive), '.f,

there will be at least some labelling of treated food in keeping jjj
38 '̂

with the concept of the consumer's "right to know." \\

The issue of which irradiated foods will or should be labelled is •;

a thorny one. Do we label all food products that have any ;'

irradiated ingredient, however small a percentage of the product? ;

A spice, such as irradiated cayenne pepper in a spaghetti sauce, is .;•

very different quantitatively from irradiated flour in bread. At i

present, food additives contained within ingredients of complex ?

food products often escape label declaration (so-called "second-

generation" additives); an example would be the fact that the flour

listed on a bread label may be bleached with benzoyl peroxide, but

no indication need be given of this on the label. (A bag of flour,

however, must indicate the use of the bleach.)

At its 1982 annual meeting, the Consumers' Association of

Canada passed a resolution stating that all irradiated foods con-

taining any treated ingredient should be so labelled. The big

question among irradiation promoters, both in Canada and inter-

nationally, is what words to use in labelling irradiated food so as

to both be positive and to not be misleading. Suggestions include

"gamma processed," "cold processed," and "processed with ionizing

energy." Obfuscation with terms such as "synthesized cosmic

processing," suggested in all seriousness by one American irradiation

technologist, should be avoided.

The consumers' association feels strongly that the words "ray,"

"radiation" or "irradiation" be discarded because of their negative
43

connotations for the typical layperson. Both the association and

Consumer and Corporate Affairs (CCAC) prefer the term being suggested

internationally: treated with ionizing energy (see CCAC's proposals

in Appendix B). This term could be combined with a symbol to indicate

visually which foods have been treated.
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Note the four labelling options suggested by CCAC (Appendix B ) :

None of the options would require labelling of all irradiated

ingredients. The best alternative CCAC is offering is that all

irradiated ingredients which comprise more than 15 per cent of a

product be so indicated. The 15 per cent level was chosen so

that irradiated spices (which comprise less than that percentage in

food products) could escape labelling, although a CCAC official

admits that the percentage exempted from labelling could vary from
47

zero to 100 per cent. The Minister of Consumer and Corporate

Affairs agreed in the House of Commons on October 21, 1983 that

food labels should not hide the fact that food has been irradiated.

In other words, the minister has given implicit assurance that all

irradiated foods and ingredients will be so labelled.

One of the consumers' association's 1982 resolutions recommended

that the colour green be used in 'the proposed irradiation symbol

as a "go-ahead" colour implying neither warning nor danger. However,

this resolution was defeated, partly because the association, in

its role as consumer protector, did not want to be seen to be

promoting food irradiation, but merely supporting it. '

A concern that is totally separate from labelling of food in

retail stores relate3 to the irradiation of foods used in the food

service industry (restaurants, hotels, cafeterias, airlines, etc.)

where labelling for food additives and irradiation have something

in common: There is no labelling at all. Similarly, a problem

exists with the proliferation of "bulk foods", which are

rarely labelled.

A final area of concern for the general public will be the monit-

oring of food irradiation facilities. How can we be sure that the

food is receiving the prescribed dose of radiation? What environmental

safeguards will be applied in and around the irradiation plants?

Will there be frequent, unannounced inspections of these plants?

What about careful transportation of the radioactive cobalt-60 and

proper disposal of the still moderately active cobalt after it is
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removed from irradiators? The Codex Alimentarius Commission's

code of practice is intended to form the basis for proper plant

management for irradiation facilities. I t must be applied

rigorously.
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CONCLUSIONS AND RECOMMENDATIONS

Gamma irradiation has been proven to be an effective means of

preservation for some foods. Its potential uses range from sprout

inhibition in potatoes to complete sterilization of meat. In the

past three years, international regulatory activities on the part

of the FAO, IAEA and WHO have cleared the way for broad application of

food irradiation technology world-wide. The effects on food trade and

overall food supply could be substantial, although it appears that

enthusiastic promoters of the process may be over-selling it as

a way to solve the world food crisis. Commercial use of the tech-

nique would provide a boost to the Canadian nuclear and irradiation

industries.

While gamma-treated food does not become radioactive, there

remain several concerns about the wholesomeness of such food.

Irradiated food may suffer nutritional losses, especially of

vitamins; it contains radiolytic products and unique radiolytic

products which have not yet been fully identified, quantified and

studied for possible toxicity; and while irradiation solves some

microbiological problems in food, it may create others.

The general public in Canada has thus far received very little

information on food irradiation. Consumers need to understand both

the risks and the benefits of the process in order to form their

own opinions on the technique. On an international level, public

information has focussed on the efficacy of the process, with insuf-

ficient attention paid to the real concerns that remain about its

safety. The cautious layperson with a distrust of radiation will

find it difficult to recognize that gamma irradiation may actually

be the lesser of two evils in some cases; for example, irradiation

would seem to be preferable to the carcinogen ethylene dibromide for

disinfestation of grain, and preferable to Salmonella poisoning in

chicken. Other uses for irradiation, however, are less a "life-and-

death" concern. We could do well without sprout-inhibited, irradiated

potatoes.
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Because of gaps in the research being used to promote the

introduction of food irradiation and because of questions about

its necessity. Pollution Probe cannot wholeheartedly endorse the

technique. At the same time, we cannot roundly condemn it. The

organization has the following recommendations:

1. Health and Welfare Canada should consider adopting the U.S,

FDA's clearance level for toxicity testing of 1 kGy, instead of

the 10 kGy level recommended by the FAO/IAEA/WHO.

2. It is premature to permit re_-irradiation of food processed in

or imported into Canada. Control procedures in this area are not

yet thoroughly worked out, and the necessary toxicity and nutritional

studies on re-irradiated food have yet to be completed.

3. Regulations permitting irradiation of spices and grains should be

tied to the de-listing by Agriculture Canada of the carcinogenic

fumigants ethylene dibromide and ethylene oxide.

4. Atomic energy agencies — Atomic Energy of Canada Ltd., Atomic

Energy Control Board (AECB) — have little experience in safe-

guarding the quality of food. Special attention must be paid to clearing

up the overlap in responsibility for food irradiation among AECL,

AECB, Health and Welfare Canada, and Consumer and Corporate Affairs

Canada. The ultimate authority controlling food irradiation in

Canada must be Health and Welfare Canada.

5. All irradiated food, including irradiated minor ingredients of

a food product, must be labelled, regardless of the percentage of

the ingredient in the final product. This option is not among those

currently offered on paper by Consumer and Corporate Affairs Canada.

This requirement would fulfill consumers' need to know what has been

done to their food, and would give them the choice of buying or

rejecting irradiated products.
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6. Wording on irradiated food labels will be one of the most difficult

issues to resolve. The phrase "treated with ionizing energy" and

other, similar euphemisms that have been suggested, do not convey

very m u c h information, either positive or negative, to the

consumer. Avoidance of the word "radiation" may backfire. A

suggested wording is: "radiation-treated to control bacterial

growth" (for example); i.e., giving some indication that radiation,

which may have negative connotations, can be put to positive use

that consumers can appreciate.

7. A visual symbol (such as that suggested in Appendix B) to identify

irradiated food should never be used on its own. If used at all,

it should accompany the verbal description in the food's list of

ingredients.

j
'8. Any educational initiatives must be sensitive to the public's need \

to know all there is to know about food irradiation. Benefits and *

risks must be discussed. Furthermore, these education efforts should

come not from Atomic Energy of Canada Ltd., but from Health and

Welfare Canada, Consumer and Corporate Affairs Canada, and non- :

governmental organizations.

9. The potential chemical, nutritional and microbiological risks of

irradiated food deserve careful scrutiny from scientists outside the

commercial and government spheres, and from the general public. This

independent review of existing research has been sorely lacking. What

is needed even more is new, original, independent research to solve the

many unanswered questions about irradiated food. Contrary to the

assertion of nuclear agencies like AECL, the process has not been

"fully 'R & D-ed1." Areas for further investigation include |f

the following: •

(a) the technological and economic feasibility of conducting

food irradiation on a larger scale and with a wider variety of

foods ; i
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(b) a thorough review of existing information on the effects o

using irradiation-treated human diets, and determination of the

percentage of the diet that may be irradiated once commercial

use is widespread;

(c) the effects of combination of irradiation with other

processes on the nutritional value of foods so treated;

(d) a formal analysis, not just vague assurances, of the

advantages and disadvantages of food irradiation as compared to

other means of food preservation, with regard to total energy

costs, nutritional losses, chemical changes, occupational hazards,

technical and cultural applicability to less developed countries,

and so on;

(e) studies to determine the wholesomeness of food irradiated

at medium and high doses (i.e. above 1 kGy);

(f) further identification of radiolytic products and unique

radiolytic products, and determination of their toxicity;

(g) more investigation of the potential for chemical inter-

actions between food and packaging materials, especially plastics,

in cases where food is packaged before irradiation;

(h) special attention to the effects of irradiation on the B

complex of vitamins, especially thiamine and folic acid, since

people in many parts of the world rely on single food commodities,

including those slated for gamma treatment, for their supply of

these nutrients*

(i) the potential for subtle, sub-acute and chronic effects

of eating irradiated foods over long periods, such as the potential

for mutagenesis and carcinogenesis.
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Information Lettre de
Letter renseignements
Health Protection Branch Direction générale de la protection de la santé

July 28, 1983 I.L. No. 651 Le 28 juillet 1983 L.R. N° b51

TO: All Interested Parties

SUBJECT: Proposed Revised Regulations for the
Control of Food Irradiation

À: Tous les intéressés

OBJET: Projet de revision des règlements
concernant le contrôle de
l'irradiation des aliments

In Canada, irradiation of food is presently
regulated under the food Additive Tables of
Division 16, Food and Drug Regulations.
Provision exists under Table VIII for the use
of "gamma radiation from a Cobalt-60 source"
in (i) potatoes and onions as an antlsprouting
agent, the level of use not to exceed IS 000
rads (i.e., 0.15 kGy), and in (2) wheat, flour
and whole wheat flour for deinfestation
purposes, the level of use not to exceed 75 000
rads (i.e., 0.75 kGy).

Currently, there is renewed international
interest In this process as outlined in the
recommendations of the 1981 Report of the Joint
FAO/IAEA/WHO* Expert Committee'lK In
addition, as a member of the Codex Alimentarius
Commission, Canada has an obligation to
consider, with a view to adoption, inter-
national recommendations dealing with
irradiation of food(2). Therefore, the
existing regulatory mechanism for controlling
food irradiation was re-examined with a view
towards assessing its adequacy in terms of
consumer protection and harmonization with
international standards. As a result, it is
proposed that food irradiation no longer be
controlled under the food additive provisions
in Division 16 of the Food and Drug Regu-
lations. Rather, it is proposed to control
irradiation as a food process in new regu-
lations. This change would also facilitate
submissions respecting new uses of irradiation

Au Canada, l'irradiation des aliments est
actuellement réglementée en vertu des tableaux
sur les additifs alimentaires du Titre lf> du
Règlement sur les aliments et drogues. On
trouve, au Tableau VIII dudit Titre, des
dispositions régissant l'utiljsation de
"radiations gamma d'une source de c.obalt-6Q"
dans (1) les pommes.de terre et les oignons,
pour empêcher de germer, en quantité n'excédant
pas 15 000 rads (c'est-à-dire 0,15 kCy), et (2)
dans le blé, la farine et la farine de blé
entier, contre I1infestation, en quantité
n'excédant pas 75 000 rads (c'est-â-dire
0,75 kGy).

Comme il est mentionné dans les recommanda-
tions du Rapport du Comité mixte A1EA/FAO/OMS*
d'experts'l', paru en 1981, on constate
actuellement, à l'échelle internationale, un
renouvellement d'intérêt en regard de ce
procédé. En outre, à titre de membre de la
Commission du Codex Alimentarius, le Canada se
doit de considérer, en vue d'une adoption
éventuelle, les recommandations formulées à
l'échelle internationale concernant l'irradia-
tion des aliments^), on a donc examiné de
nouveau les mécanismes actuels de régle-
mentation de l'irradiation des aliments afin
d'évaluer leur suffisance, d'une part en ce qui
a trait à la protection des consommateurs et,
d'autre part, à leurs possibilités d'harmoni-
sation avec des normes internationales. Par
conséquent, il est proposé que l'irradiation
des aliments ne soit désormais plus régie par
les dispositions sur les additifs alimentaires
apparaissant au Titre 16 du Règlement sur les

Food and Agricultural Organization/Inter-
national Atomic Energy Agency/World Health
Organization

Food and Agricultural Organization/Agence
internationale de l'Energie atomique/
Organisation mondiale de la Santé

I* Health and Welfare
Canada

Santé et Bien-être social
Canada
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for the purposes of increasing the quality,
safety and shelf-iife of foods.

The Health Protection Branch Intends to
recommend to the Minister that a nev Division
entitled Food Irradiation be established under
Part B of the Food and Drug Regulations. This
new Division, tentatively designated as
Division 27, will contain revised regulatory
requirements appropriate to the use of
radiation in the treatment of foods. The
proposed new Regulations appear as an Annex to
this letter.

Of particular note Is the fact that the
Joint FAO/IAEA/WHO Expert Conmlttee stated that
toxicologlcal testing of foods Irradiated below
10 kGy is no longer required. All studies
carried out to date on a large number of
individual foods have produced no evidence of
adverse effects as a result of irradiation
below this dosage level. Based on these
considerations, the Health Protection Branch
proposes that the requirement for tests to
establish safety of irradiated foods will thus
be necessary only when the overall average
absorbed dose exceeds the 10 kGy value. It
should also be emphasized that no radioactivity
whatsoever is imparted to a food product that
is irradiated with the sources of ionizing
radiation mentioned in the draft regulations.

Comments on the above and on the proposed
regulations should be sent within 90 days of
the date of this letter to:

Chief, Food Regulatory Affairs Division,
Food Directorate,
Health Protection Branch,
Department of National Health and Welfare,
Ottawa, Ontario.
K1A 0L2

aliments et drogues. On se propose plutôt
d'élaborer de nouveaux règlements visant 3
contrôler l'irradiation des aliments en tant
que mode de traitement distinct. Cette
modification aurait également l'avantage de
faciliter le dépôt de présentations pour de
nouvelles utilisations de l'irradiation visant
3 améliorer la qualité, la salubrité et la
durée de conservation des aliments.

La Direction générale de la protection de
la santé compte recommander au Ministre
l'incorporation d'un nouveau t itre, Intitulé
"Irradiation des aliments" 3 la partie B du
Règlement sur les aliments et drogues. Ce
nouveau t i tre , provisoirement désigné sous le
nom de Titre 27, précisera les exigences
réglementaires révisées s'appliquant à l'usage
des rayonnements dans le traitement des
aliments. On trouvera le texte du nouveau
règlement projeté annexé 3 la présente Lettre.

Il est particulièrement important de noter
que le Comité mixte AIEA/FAO/OMS d'experts a
déclaré qu'il n'est désormais plus nécessaire
de soumettre 3 des épreuves toxicologiques les
aliments irradiés 3 l'aide d*>une dose
inférieure 3 10 kGy. Toutes les études
effectuées jusqu'à ce jour sur un grand nombre
d'aliments n'ont en effet pu démontrer d'effet
indésirable résultant de l'irradiation 3 des
niveaux inférieurs 3 cette dose. Considérant
ce qui précède, la Direction générale de la *
protection de la santé propose de ne soumettre
3 des épreuves destinées 3 établir leur
Innocuité que les seuls aliments irradiés à
l'aide d'une dose globale moyenne absorbée
supérieure 3 10 kGy. Il convient également de
préciser qu'aucune forme de radioactivité n'est
transmise 3 une denrée alimentaire irradiée 3
l'aide des sources de rayonnements ionisants
mentionnés dans le projet de règlement.

Faire parvenir tout commentaire sur le
règlement projeté dans les 90 jours suivant la
date de parution de la présente Lettre au:

Chef de la politique de réglementation
Direction des aliments
Direction générale de la protection de la santé
Ministère de la Santé nationale et du

Bien-être social
Ottawa (Ontario)
KlA 0L2

Le Sous-ministre adjoint,

ft* A.B. Morrison, Ph.D.,
" Assistant Deputy Minister
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ANNEX ANNEXE

PROPOSED FORMAT OF NEW DIVISION TO
CONTROL FOOD IRRADIATION

DIVISION 27

Food Irradiation

B.27.001. In this Division, the ten» "ionizing
radiation" shall refer to radiation
from the following sources:

a) gamma-radiation from a Cobalt-60
or Ceslum-137 source;

b) X-rays generated from machine
sources operated at or below an
energy level of S MeV; and

c) electrons generated from machine
sources operated at or below an
energy level of 10 MeV.

B.27.002. No person shall sell a food which
has been subjected to any treatment
with ionizing radiation, except as
prescribed by these regulations.

B.27.003. These regulations do not apply to
foods exposed to radiation doses
imparted by measuring instruments
used for purposes of weight
determination, bulk solids
estimation, measurement of total
solids in liquids and other such
inspection procedures.

B.27.004. A request that a food be added to or
a change made in the Table to this
Division shall be accompanied by a
submission to the Director in a
fora, manner, and content satis-
factory to him and shall include:

FORMULATION PROPOSEE DU^NOUVEAU TITRE
SUR LE CONTRÔLE

DE L'IRRADIATION DES ALIMENTS
TITRE 27

Irradiation des aliments

B.27.001. Dans le present Titre, le terme
"rayonnement Ionisant" désigne des
rayonnements provenant des sources
suivantes:

a) rayons gamma provenant d'une
source de cobalt-60 ou de
césiua-137

b) rayons X provenant d'appareils
radiogënes fonctionnant 3 un
niveau d'énergie égal ou
inférieur â S MeV; et

c) électrons provenant d'appareils
radiogênes fonctionnant 3 un
niveau d'énergie légal ou
inférieur â 10 MeV.

B.27.002. Il est interdit de vendre un aliment
qui a été soumis 3 tout traitement
aux rayonnements Ionisants, sauf
dans les cas prévus au présent
règlement.

B.27.003. Le présent règlement ne s'applique
pas aux aliments exposés â des doses
de rayonnements transmis par des
Instruments de mesure utilisés dans
le but d'en déterminer le poids,
d'en estimer le volume des solides,
de mesurer la proportion totale de
solides dans un liquide ainsi que
pour d'autres fins d'inspection
similaires.

B.27.004. Toute demande visant â" faire ajouter
un aliment au tableau du présent
Titre, ou 3 faire modifier ce
dernier devra être accompagnée d'une
présentation au Directeur, selon une
forme, une manière et un contenu
jugés satisfaisants par ce dernier,
et comprendra:
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a) Information on the Isotopes to
be used, the dosages to be used,
the frequency of dosage, and the
purpose for which the radiation
Is proposed;

b) experimental data Indicating
that the radiation dose proposed
accomplishes the intended
technical effect and does not
exceed the amount reasonably
required to accomplish this
technical effect,'

c) Information on the nature of the
dosimeter, frequency of the
dosimetry on the product, and
data pertaining to the dosimetry
and phantoms used with a view to
assuring that the dosimetry
readings adequately reflect the
dose absorbed by the food during
exposure;

d) data which would indicate the
effects. If any, on the
nutritional quality of the food
under the Irradiation conditions
proposed;

e) data establishing that the .
irradiated food has not been
significantly altered in
chemical or physical character-
ist ics to render the material
unfit for human consumption;

f) the recommended conditions of
storage and/or shipment (time,
temperature, packaging, etc.) of
the food subjected to the
irradiation process when
.'jmpared with a similar food not
irradiated;

g) In the case of an individual
food item proposed to be
Irradiated above a 10 kOy
overall average absorbed dose,
detailed reports of tests made
to establish the safety of the
food under the conditions of
such treatment; and

a) des renseignements sur les
isotopes qui seront ut i l isés ,
les dosages qui seront employes,
la fréquence des dosages et les
fins auxquelles on destine
l'util isation des rayonnements;

b) des données expérimentales
indiquant que la dose de
rayonnements projette produira
l'effet technique escompté et
n'excédera pas le niveau
normalement requis pour produire
cet effet technique;

c) des renseignements quant 3 la
nature du dosimècre, â la
fréquence des mesures dosimé-
triques, ainsi que des données
relatives â la dosiraétrie et aux
fantômes util isés dans le but
de s'assurer que les lectures
dosimétriques reflètent avec
précision la dose absorbée par
l'aliment durant l'exposition;

d) des données portant, s' i l y a
lieu, sur la qualité nutrltion-
nelle de l'aliment soumis aux
conditions d'irradiation
projetées;

e) des donné s établissant que les
caractéristiques chimiques ou
physiques de l'aliment irradié
n'ont pas été modifiées de façon
3 le rendre impropre à la
consommation humaine;

f) une description des conditions
recommandées pour la conser-
vation et l'expédition (temps,
température, conditionnement,
etc.) de l'aliment soumis au
traitement d'irradiation, par
comparaison â un aliment
semblable qui n'a pas été
irradié;

g) dans le cas d'un aliment
particulier qui doit être
Irradié 3 l'aide d'une dose
globale moyenne absorbée
supérieure 3 10 kCy, des
rapports détaillés des épreuves
effectuées pour établir

.l'innocuité de l'aliment visé
dans de telles conditions de
traitement; et
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h) such other data as
may require»

the Director

B.27.005. (1) A manufacturer who sells a food
treated with Ionizing radiation
shall keep on the premises for
at least two years from the tine
of irradiation a record of:

a) the food treated;

b) the purpose of the treatment;

c) the date of the treatment,
quantity treated, and lot
numbers of the treated food;

d) the dose absorbed by the food;

e) the type of ionizing radiation
source; and

f) an indication whether or not the
product has been irradiated
previously and if so, details of
such treatment.

(2) Any person who Imports a food to
be offered for sale in Canada
which has been treated by
ionizing radiation shall keep
on his premises a record of the
information required under
Subsection (1), for at least
two years from the date of
import.

B.27.006. Subject to the conditions prescribed
in Columns I, II, and IV, the foods
named in Column I of the following
Table may be irradiated-:

h) toute autre donnée dont le
Directeur pourrait faire la
demande•

B.27.005. (1) Tout fabricant qui vend un
aliment traité l l'aide de
rayonnements ionisants doit
conserver, pour une période d'au
moins deux ans 3 partir de la
date d'irradiation, un registre
contenant les renseignements
suivants:

a) l'aliment traite;

b) le but vise par le traitement;

c) la date du traitement, la
quantité de l'aliment traitée et
les numéros de lots des aliments
traites;

d) la dose absorbée par l'aliment;

e) la nature de la source de rayon-
nements ionisants; et

f) une indication permettant de
savoir si le produit a déjà été
irradié précédemment et, dans
l'affirmative, tous les détails
du traitement.

(2) Toute personne qui importe, aux
fins de mise en vente au Canada,
un aliment qui a été traité à
l'aide de rayonnements ionisants
doit conserver un registre de
tous les renseignements requis,
pour une période d'au moins deux
ans 3 partir de la date
d'entrée, en vertu du para-
graphe (1) .

B.27.006. Sous réserve des conditions
prescrites aux Colonnes II, III et
IV, les aliments dont le nom
apparaît dans la Colonne I du
tableau suivant peuvent être
irradiés:

• • • O
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TABLE / TABLEAU

Item No./

Poste N"

1.

2.

3.

Column 1/

Colonne I

Food/

Aliment

Potatoes (Solantun
tuberosum L.)/

Pommes de terre
(Solanum
tuberosum L.)

Onions (Allium
cepa)/

Oignons (Allium
cepa)

Wheat, Flour,
Whole Wheat Flour
(Triticum sp.)/

Blé, farine,
farine de blé
entier (Triticum
S£.)

Column 11/

Colonne II

Permitted Sources
of Radiation/

Sources permises
de rayonnements

Cobalt-60

Cobalt-60

Cobalt-60

Column III/

Colonne III

Purpose of
Irradiation/

But de
l'irradiation

To inhibit sprouting
during storage/

Inhibition de la
germination durant
la conservation

To Inhibit sprouting
during storage/

Inhibition de la
germination durant
la conservation

To control insect
infestation in
stored product/

Prévention de
1'infestation par
des insectes dans
le produit entre-
posé

Column IV/

Colonne IV

Maximum Overall Average
Absorbed Dose/

Dose moyenne
maximale absorbée

0.15 kGy/

0,15 kGy

1

0.15 kGy/

0,15 kGy

0.75 kGy/

0,75 kGy
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To: All Food Manufacturers, Food Trade Associations, Consumer
Associations and Food Importers

Re; Labelling of Irradiated Foods

Renewed international and Industry interests in utilizing ionizing
radiation as a process in the treatment of foods requires that Canada
review the present labelling requirements and where possible align its
position with the proposed international recommendations dealing with
the irradiation of foods. The Health Protection Branch of Health and
Welfare Canada Is circulating to all Interested parties, a newsletter
on the subject of Proposed Revised Regulations for the Control of Food
Irradiation (copy enclosed). Since the labelling of foods falls
within C.C.A.C.'s mandate, the purpose of this communique is to obtain
input and guidance on a number of options that could be contemplated
in establishing regulations for the labelling of irradiated products.

In evaluating the options, consideration should be given to the
widespread belief that consumers will be reluctant to accept foods
treated by the ionizing radiation process due to the misconception
that these products may retain some of the radiation and present
health hazards. Every effort should be made to avoid negative 'or
alarming descriptions and to explain and identify the benefits and
advantages of this process. For details regarding the toxicological
or health-related aspects of the process, please refer to the enclosed
information letter (Health Protection Branch).

It has been suggested by the International Atomic Energy Agency and
the Codex Alimentarlus Committee on Food Additives that food
irradiation should be considered as a process and not as an additive,
and that the labelling of foods treated with ionizing radiation may
not be essential from a scientific point of view. These two groups
further suggested that It should not be a requisite to state, on the
label of foods prepared from Irradiated ingredients, that the foods
were made with ingredients which had been irradiated. •

Canada's position, as presented at the last meeting of the Codex
Alimentarius Committee on Food Labelling, supported the view that
irradiated Ingredients need not be identified as having been
irradiated on the label of the product In which they are used and
reserved judgement as to the extent or manner in which irradiated
foods require identification.

Canada
CCA- 574 fe-82)
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The Consumers' Association of Canada (C.A.C.), at their 1982 annual
meeting, proposed that all foods and ingredients of foods treated
with Ionizing radiation be to designated on the label in a clearly
recognizable manner. The C.A.C. further proposed that an appropriate
symbol be used, on the label, to identify any food which has been
treated with lonzing radiation or which contains, as an Ingredient, a
product so treated. The C.A.C. went on to propose that such a symbol
should appear In close proximity to the name of the food, the name of
the ingredient, or on a poster where unlabelled bulk foods are sold to
consuaers. Symbols are presently in use in Australia, Belgium,
Holland, Israël and South Africa.

Taking the above recommendations into consideration, the following
labelling options for foods or ingredients treated with 10 or less kGy
over-all average absorbed dose for the purpose of maintaining the
quality, salubrity or shelf-life of the product, are submitted to you
for evaluation:

Option 1

a) that all foods treated with ionizing radiation and all
single-Ingredient foods which are prepared from a raw material
which has been treated with ionizing radiation be described on the
principal display panel as "treated with ionizing energy";

b) that foods containing an Ingredient treated with ionizing
radiation not be required to indicate, in the list of ingredients,
that the ingredient has been so treated or that the food contains
an ingredient or ingredients so treated, unless the total mass of
such Ingredients constitutes more than 15% of the total mass of
the product.

Option 2

Same as option 1 except that the statement "treated with ionizing
energy" be replaced on the label by an appropriate symbol such as
that suggested by the C.A.C.

Example of the symbol used in the above-mentioned countries:

green
coloured
design

...3
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Option 3

Combination of options 1 â d 2. Labels would carry both the
statement and a symbol.

Option 4

Multi-ingredient and single-ingredient foods or ingredients which
have been subjected to ionizing radiation would not carry, on
their labels, any indication, symbol or statement to the effect
that they have been "treated with" ionizing radiation.

Although, in the above, foods and ingredients treated by the
Irradiation process have been dealt with In a similar manner for
labelling purposes, consideration may be given to various combinations
of these options.

Respondents are being requested to provide the rationale for their
selection, or proposal, of labelling options.

Specific comments and suggestions relating to the following Issues are
also being solicited:

a) the recommended type size and positioning on the principal display
panel of the information, If it is deemed necessary;

b) the rationale for choosing any other amount than the 15% content
being proposed as a criterion for Identifying ingredients which
have been subjected to ionizing radiation;

c) whether or not bulk foods should be labelled with the same
information.

Please note that responses to this communiqué will be subject to the
provisions of the Access to Information Act. If you feel that the
comments you are providing, in fact, constitute confidential
information, please add a note to this effect. Should ». request for
information regarding the submissions be made, you will then receive
notice of any intention to disclose these documents and will have an
opportunity to provide reasons which could Justify refusing disclosure.

Responses are to be addressed to Mr. R. McKay, Director, Consumer
Products Branch, Consumer and Corporate Affairs Canada, Place du
Portage, Phase I, 16th Floor, Zone 8, 50 Victoria Street, Hull,
Quebec, K1A 0C9, within 90 days of the date this communique Is Issued.

Enclosure

Kathleen Francoeur llendrlks
Assistant Deputy Minister
Bureau of Consumer Affairs
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GAMMA IRRADIATION AS A MEANS OF FOOD PRESERVATION IN CANADA

( Ç) 1983 The Pollution Probe Foundation)

ADDENDUM - MARCH 1984

Listed below are many of the reference sources on food irradiation which have '.

come to my attention since publication of the above report in November 1983, j

Some are papers and books previously published, while others are press reports

and U.S. federal government documents (*) released since last November.

i

Congressional Record - House. Introduction of Food Irradiation Bill. f
November 18, 1983, H 10570-H 10576. *

Department of Health and Human Services (Food and Drug Administration). '
"Irradiation in the production, processing, and handling of food; ;

proposed rule." 21 CFR Part 179. Federal Register, Feb. 14, 1984.*

Eklund, M.W. "Significance of Clostridium botulinum in fishery products
preserved short of sterilization." Food Technology, December 1982.

Elias, P.S. and A.J. Cohen (editors). Recent Advances in Food Irradiation.
Amsterdam, The Netherlands: Elsevier Biomédical Press, 1983.

H.R. 4544 (98th Congress, 1st. Session). A bill to promote the use of food
irradiation as a post-harvest treatment for agricultural commodities,
and for other purposes. November 18, 1983.*

Josephson, E.S. and M.S. Peterson (editors). Preservation of Food by Ionizing Radiati
Vol. I, II and III. Boca Raton, Florida: CRC Press, Inc., 1983.

Mitchell, P.P. "Treating food with irradiation: FDA cautious about approval
of process." The Washington Post, Jan. 22, 1984; and Epstein, S.S.
and J.W. Gofman. "EDB and other hazards." The Washington Post (letters),
Feb. 25, 1984.

Pear, R. "Irradiation of food proposed to replace pesticides." The New York Times,
Feb. 15, 1984; and Pirn, L.R. "Irradiation in lieu of EDB: cause for
caution." The New York Times (letters), Feb. 28, 1984.

Pirn, L. "Preservinq food the radiation way." Probe Post (Canada's Environmental
Magazine), vol. 6, no. 3, December 1983.

Pirn, L. and D.-Poch. "Drawbacks of irradiated food deserve debate." The Toronto
Star (editorials), Feb. 13, 1984; and Weller, J.A. (Canadian Nuclear
Association). "Irradiated food could help out world's starving." j
The Toronto Star (letters), Feb. 16, 1984. I
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Reddi, O.S. et̂  al_. "Lack of genetic and cytogenetic effects in mice fed on
irradiated wheat." International Journal of Radiation Biology, vol 31,
no. 6, 1977.

Sun, M. "Renewed interest in food irradiation: FDA ponders approval as
proponents push it as an alternative to pesticides." Science, vol. 223,
Feb. 17, 1984.

United Kingdom Ministry of Health, Committee on Medical and Nutritional
Aspects of Food Policy. Report of the Working Party on Irradiation of Food.
London: Her Majesty's Stationery Office, 1964.

Vijayalaxmi and G. Sadasivan. "Chromosomal aberrations in rats fed irradiated
wheat." International Journal of Radiation Biology, vol. 27, no. 2, 1975. .

Vijayalaxmi and K. Visweswara Rao. "Dominant lethal mutations in rats fed
on irradiated wheat." International Journal of Radiation Biology,
vol. 29, no. 1, 1976.

- Linda Pim
(author of Pollution Probe report)
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For further information, contact:

The Pollution Probe Foundation
12 Madison Avenue
Toronto, Ontario
M5R 2S1

(416) 978-6155


