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INTRODUCTION

The Australian Consumers' Association's Inquiry into Food Irradiation
was undertaken at the request of the Commonwealth Minister of Health,
Dr N Blewett, The terms of reference of the Inquiry covered the
implications of food irradiation in terms of consumer health, the
environment, and the cost to the consumer.

In contracting ACA to undertake the Inquiry, Dr Blewett said:

"Food Irradiation involved a technological advance which was of
major concern to consumers. I have always considered it vital that
the public should be made fully aware of the implications of
irradiation, and that the issue should be widely discussed."

ACA welcomes and endorses this approach. As detailed in this report
the implications of the use of this new technology are not always
absolute or clear. Benefits, costs and other unknowns emerge in the
evaluation of any new technology. The introduction of a new
technology should not therefore be left to scientists alone, nor
decided on the basis of science alone.

As this report highlights, some aspects are still being debated in
terms of safety (see Section 4), wholesomeness (see Section 5),
effect on the environment (see Section 7) and even its usefulness
(see Section 6). The question of the usefullness of food irradiation
to Australian conditions was believed to be a crucial point in this
Inquiry. Letters were sent to the Ministers of State and Territory
Agriculture and Primary Industry Departments to see if there were any
anticipated new export markets or any anticipated reduction in
chemical pesticides if food irradiation were introduced. Replies
indicated that, also taking into account the economic viability (see
Section 8) of the process, the anticipated gains would be limited at
this time.

However, the currently perceived limitations of the process in
Australia coupled with the expectations of high economic costs may
change. Ongoing research is uncovering wider applications of the
process by altering the conditions of irradiation, and improved
technology is developing machines which are more versatile and
efficient. It is reasonable to assume that some of to-day's limiting
factors will be overcome and that there will be wider and more
economically viable applications of food irradiation.

In this context it is believed that it is essential to lay down the
appropriate legal framework and to develop appropriate procedures and
controls in the early planning stages of a possible industry. It is
believed it is well worth taking this trouble in order to protect the
consumer and the environment.

It is believed that it is essential, too, to develop the protocol of
thorough scrutiny of the research for the safety implications of ecich



item of food. As a result of such examination of the literature,
this Inquiry has taken the unusual and precautionary step of
recommending a minimum dose of irradiation for one group of foods
(cereals) to minimise the presence of certain toxin-producing moulds
in the irradiated food.

It is believed that such precautionary steps would not be taken, and
certainly would not be guaranteed, if industry were self regulating.

The possible avenues for government regulation of the industry were
explored by the Inquiry, resulting in the conclusion that there must
be a co-ordinated federal approach. Food irradiation involves many
diverse areas such as transport or handling of isotopes,
environmental protection, worker health and safety, food labelling
and export/import of irradiated produce. The current controls are an
ad hoc collection of Federal, State and Territory laws and
regulations.

A co-ordinated legislative base would assist in ensuring a high
standard of safety, would help overcome problems of State-by-State
inconsistencies, and would prevent industry from selecting a
particular State as their basis of operation on the grounds of less
stringent controls (see Section 10).

There is no logical reason why a consumer in one State should enjoy
greater or less protection than a consumer in another. Further, if
the advantage of food irradiation lies in the potential of export
markets, quality controls are required to ensure the consistent
acceptability of the Australian product internationally.

It is critical also that the consumers' right to information and
right to choose is upheld (see Section 9).

Consumers do have the right to know that the scientific evidence does
not point to the safety absolutely and undeniably. Consumers have the
right to know this degree of uncertainty and risk relative to other
foods and food processes whose safety is also questionable, but which
are tolerated by our society e.g. smoked foods and barbequed foods.

In the case of food irradiation decades of research, reassurances
from experts, international conferences and declarations of safety
have not been able to put to rest questions, suspicions, anxieties
and fears that have been voiced about the process of irradiating
foods.

This report is an attempt to review the questions and issues raised
by numerous groups following the NH&MRC's recommendations that food
irradiation be approved for use as a food preserving process in
Australia. It aims to present a balanced overview of the issue
involved within the terms of reference of the Inquiry, and to put
forward recommendations which indicate a structure and conditions
under which food irradiation could operate.



The Inquiry Itself

The following procedures were undertaken in the Inquiry.

1. An extensive library search was carried out and a large number
of original research papers, reviews of research, discussion and
position papers and reports were researched. (See Bibliography).

2. Consumer responses were elicited by advertising in state and
national newspapers. Eighty-five written submissions were
received by the Inquiry.

These responses have been collated in Section 3 of this report,
and salient points of concern have been incorporated into the
body of the report.

3. Public meetings organised by concerned consumers in three states
were attended by the Executive Officer.

4. Australian experts, from universities, industry and government
departments have been consulted.

5. Overseas experts from universities, industry and government
departments and international bodies were interviewed by the
Executive Officer.

6. Liaison was carried out with Australian and overseas consumer
groups, and with groups specifically interested in food
irradiation.
See Appendix II for list of interviews both in Australia and
overseas.

7. A one day seminar was held in Sydney to facilitate exposure of,
and meaningful debate on, the issues in food irradiation.



EXECUTIVE SUMMARY AND RECOMMENDATIONS

Comparatively small amounts of food are being commercially irradiated
in the world today. Many countries have approved food irradiation in
principle but are not actually irradiating any.

In the US and UK, as in Australia the issues are being hotly debated.
The international body which sets food standards has approved of food
irradiation up to a maximum dose of 10 kGy. The UK report which
endorsed these recommendations is under review due to public
response. In the US, Congress has given blanket approval to
irradiate food to 1 kGy, and this level is still unacceptable to the
well-organised consumer protection groups. Meanwhile there is an
international consultative group of scientists, backed by United
Nations, which is actively promoting food irradiation on a country-
by-country basis.

During the course of this Inquiry several key issues emerged. A
summary of these issues is presented below, together with the
relevant recommendations this Inquiry is making.

1. SAFETY AND CONTROLS FOR SAFETY

The safety of irradiated foods for human consumption has been tested
in the laboratory over many decades, with many studies indicating
that there is no risk to health in eating irradiated foods. However,
there are some studies which do indicate toxicity, whether due to
radiolytic products or other factors, in some foods fed to some
laboratory animals, and the presence of these studies has led this
inquiry to three conclusions:

(i) that applications for approval to irradiate a specific item of
food should be accompanied by a critical evaluation of all
the research pertaining to that food item

(ii) that approval to irradiate individual food items should be
accompanied by limitations to dose so as to minimise the
risks to consumer health

(iii) that the process itself should be carefully controlled in
terms of licensing and operating of facilities.

While it is assumed that food irradiation is not likely to be a
significant industry in the near future, it is reasonable to assume
that, as the technology is improved and refined, the industry may
expand. It is therefore concluded:

(iv) that it is essential to lay down the rules before the industry
actually starts, and to co-ordinate the many aspects of the
industry through a national body and under comprehensive
federal legislation.



Control under federal law is possible. The Federal Government can
call on its constitutional powers to ensure a uniform national
approach. Details and explanations of this approach are given in
Section 10 and Appendix VII of this report. Meanwhile, it is also
recognised that there may be practical difficulties in federal
intervention if a state government decided to irradiate food for its
own local consumption under its own state laws and regulations.
However economic research indicates that interstate and overseas
markets would be essential to ensure a scale of operations necessary
for iconomic viability.

While respecting the difficulties in setting up and implementing a
co-ordinated federal approach, the Inquiry has concluded that food
irradiation be permitted in Australia, conditional upon the
implementation of the following recommendations:

RECOMMENDATION 1

That a Federal Food Irradiation Act be proclaimed to encompass
all facets of the food irradiation industry, and that the
responsibility to co-ordinate all matters under the act be vested
in a national body. Ongoing representation from relevant
scientific bodies, government departments and from the consumer
movement is also required in formulating specific regulations.

RECOMMENDATION 2

That approval to irradiate food be granted on an item by item
basis,

For a specific food
At a specific dose range, (up to a maximum of 10kGy)
For a specific purpose

At an approved facility (Refer Section 4}

RECOMMENDATION 3

Blanket approval should not be granted to irradiate food.

RECOMMENDATION 4
That approval to irradiate foods, on an item by item basis, be
given by a national body, with powers of enforcement to ensure
uniform standards throughout Australia. It is strongly
recommended that this industry not be left to be self
regulating.

RECOMMENDATION 5

That approval applications to irradiate food items be
accompanied by



. A report assessing the toxicity aspects with reference to all
relevant research (refer Section 4)

. A report showing how the proposed application of irradiation

- fulfils a public health need and/or
- is the preferred technological option (refer Section 6)

RECOMMENDATION 6

That, notwithstanding the generality of Recommendation 5 grains
and ground nuts as substrates for aflatoxin producing moulds,

- be irradiated at minimum levels of 6kGy
- be stored under dry conditions
- be inspected regularly for aflatoxin content
- be labelled "Irradiated, store under dry conditions" (refer
Section 4)

RECOMMENDATION 7

That approval to license facilities and facility operators be
vested with a national body, operating under the proposed Food
Irradiation Act.

2. WHOLESOMENESS OF IRRADIATED FOOD

There is some vitamin loss in some foods as a result of irradiation.
This Inquiry has concluded that vitamin loss is not a significant
problem in the light of the wide variety of foods that Australians
eat, together with the narrow range of foods intended for
irradiation. However, in the event of the growth and expansion of
the food irradiation industry, vitamin loss may be significant,
especially for the groups of people in our society who are already
deficient in some essential vitamins.

RECOMMENDATION 8

That Federal, State and Territory Departments of Health keep up
to date and accessible records of quantities of individual food
items which are being irradiated (refer Section 5)

3. THE ENVIRONMENT

The process itself, as carried out in most facilities, relies on the
use of radioactive cobalt or radioactive caesium.

Although caesium 137 may be less expensive, it is a relatively
hazardous substance and is, for that reason, discarded as an option
by this inquiry. Cobalt 60 is in use in Australia in three
facilities which sterilise medical supplies and other non-food items.



The use of cobalt 60 in food irradiators would require a co-ordinated
set of controls and procedures to protect the worker, the consumer
and the environment. Machines which generate rays are also used for
irradiating food, and as a non-radioactive source would be the
preferred option.

However, it will probably be a few years before some of the
technological disadvantages of these machines will be overcome.

The use of radioactive cobalt in food irradiation opens up many
questions such as the transport and disposal of the cobalt, the
siting of the facility and the possibility of accidents. This
Inquiry has concluded that it will be necessary to have co-ordinated
procedures and controls so that the risk of damage to the environment
is kept to an absolute minimum.

RECOMMENDATION 9

That caesium 137 be banned as a source for a food irradiator
(Refer Section 7)

RECOMMENDATION 10

That cobalt 60 be purchased only under a contract which provides
the following services:

. Transport

. Installation

. Maintenance

. Return of cobalt after use
(refer Section 7)

RECOMMENDATION 11

That the national body referred to in Recommendations 1, 4 and
7 be responsible for consistent safety standards and inspection
of safety standards (refer Section 9).

RECOMMENDATION 12

That licences be granted conditional upon

- a full environmental impact study (refer Section 7)
- an economic feasibility study based on real data for Australian

conditions rather than on overseas figures and theoretical
models and including

an appropriate sum of money as a bond for use in the event
of an accident which covers public liability to people or to
the environment



4. CONSUMER RIGHTS

This Inquiry has received a wide range of concerns from consumers who
have responded in writing, at public meetings and by phone. As the
most common concerns were about the health effects of eating
irradiated foods, consumers were asking that irradiated food be
labelled so that they would have the choice not to buy it.

There is no commercially viable test for irradiation. The only way
consumers can know that they are choosing irradiated foods is by some
sort of labelling.

It was therefore concluded that it was particularly important to
establish labelling regulations and procedures to ensure that there
was compliance with these regulations.

RECOMMENDATION 13

That labelling regulations be developed for imported irradiated
food and for food irradiated in Australia so that

irradiated packaged food is labelled with the word
"Irradiated" plus the logo, see p. 100
irradiated unpackaged food is labelled with the word
"Irradiated" plus the logo, so that the label or a poster is
clearly visible at the point of sale.
irradiated ingredients are labelled .•*«? "Irradiated" (refer
Section 9)

RECOMMENDATION 14

That, not withstanding the generality of Recommendation 13,
approval to irradiate some food items be conditional upon the use
of specific labelling requirements e.g. "Irradiated fish - store
below 2°C and Do Not Eat Raw" (refer Section 4)

A second important consumer right is the right to know the truth
about food irradiation.

RECOMMENDATION 15

That consumer education, undertaken or funded by governments,
state the conditional safety and the conditional wholesomeness of
irradiated foods (refer Section 9)

5. USEFULLNESS OF THE PROCESS

This Inquiry concluded that as a food process, irradiation has
limitations. Many foods are physically altered by the process, some
deteriorate during transportation after irradiation and some develop
unpleasant tastes and smells. However, research into food



irradiation is providing solutions to overcome some of these
problems, and so the list of foods suitable to the process is slowly
growing.

It is claimed that the main uses for food irradiation are to reduce
wastage of food, to reduce the use of pesticides, to kill the micro-
organisms which cause food poisoning, to prolong the shelf life of
some fruit and vegetables, to prevent sprouting in potatoes and
onions and to reduce the insects in fruit and vegetables which, being
quarantined, prevent sales across state and national boundaries.
These uses are examined in depth in Section 6 of the report. In
summary, at the present time it would appear that the main use of
irradiation for Australian produce would be to open export markets
for tropical fruits which, due to the presence of fruit fly, are
unacceptable to many overseas markets. In this use, carcinogenic
insecticides could be replaced. There is also a probability that it
could be used for prolonging the shelf life of strawberries, for both
domestic and overseas markets.

However, as the debate on safety issues continues, there are serious
questions as to the number of countries which will allow the
importation of food which has been irradiated in other countries.

6. ECONOMIC CONSIDERATIONS

Existing estimates of the cost of food irradiation are not directly
applicable to Australian conditions. The establishment cost of a
facility is in the order of at least several million dollars.
Research has indicated that the more food the facility processes, the
more economical the process becomes. Preliminary calculations for
Australian conditions indicate that the quantities of fruit and
vegetables required for economic viability are unlikely to be
realised, and that the transport costs involved in taking food vast
distances to a centralised facility may offset the profitability of
the process.

Full economic feasibility studies need to be done for specific food
items, relative to Australian conditions.

The Inquiry, in Section 8 of the Report, also explores the questions
as to payment of some of the more hidden costs and concludes that
this industry should not be goverment subsidised and that all costs
should be met by the industry (refer Recommendation 12).

RECOMMENDATION 16

That all costs associated with the establishment, operations and
safety of the industry be charged to the industry (refer Section
8).



1. THE PROCESS

Irradiation is one of the tools available for prolonging the time
from harvest, slaughter or production of food until the time of
actual consumption. The process can be also of benefit in the
control of "food poisoning", in reducing wastage of food and in
opening trade which is closed by quarantine restrictions.

In these respects, it is not unique. Table 1 below indicates
examples of other methods to achieve these ends - methods which have
been acceptable practices in the food industry for many years.

Table 1: SOME PROCESSES FOR THE PRESERVATION OF FOOD

METHOD

Refrigeration

Heat treatment

Canning

PURPOSE

To reduce spoilage by slowing down the growth
of micro-organisms to prevent the growth of
most pathogenic bacteria

To pasteurise e.g. milk by greatly reducing the
micro-organisms and destroying all relevant
pathogens without significantly altering the food

To prolong shelf life by eliminating the micro-
organisms, including pathogens, that can grow
in the food

Chemical treatment a) To prevent sprouting.

b) To destroy insects and thus prevent insect
attack and the spread of insect pests

As with other processes, irradiation is useful for some foods and not
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for others. The unsuitable foods generally select themselves by
developing unacceptab^s odours or tastes, by discolouration or by
becoming soggy. The i. st of foods that are suitable for irradiation
is growing as research scientists find combinations of chemical and
environmental controls to use in conjunction with the process.
It should be noted that no one process is suitable for the
preservation of every food.

What is different about food irradiation is the process itself. It
involves placing food in proximity to a "source" which produces
ionising radiation.

Most of us are familiar with the concept that energy travels in
waves. We know that the colours in light waves change along the
rainbow as the waves get smaller and smaller in wave length. As
waves get even smaller in wave length and therefore closer and closer
together, they stop being visible light waves and we call them X-rays
and gamma rays. These waves, with minute wave lengths, carry high
quantities of energy, so high, in fact, that they can break molecules
apart, forming ions. It is because of this characteristic that X-
rays and gamma rays are called ionising radiation.

For irradiating food, four main sources of ionising radiation are
used. Two are from man-made substances known as radionuclides or
radioactive isotopes and these are radioactive cobalt and caesium.
The other two sources are electrically driven machines producing
electrons or X-rays.

Irradiation facilities have a high security, shielded area where the
source irradiates the food, and some sort of mechanised transport
system which takes the food into the shielded area, past the source
and out again.

Facilities can vary in

(i) the type of source, i.e. cobalt 60, caesium 137, electron
accelerator or X-ray machine

(ii) the size of the source in millions of curies (M Ci) for
isotopes or in kilowatts (Kw) for machines

(iii) the type of conveyor system for the food e.g. pallets, or
top loading tote boxes on conveyor belts, or carriers which
are suspended from overhead monorails.

(iv) manual or mechanical loading and unloading of the food
containers

(v) the path that the food travels around the source and
therefore how many sides of the food receive a dose of
irradiation.

11



(vi) the range of products that are treated. Most facilities are
multipurpose and treat foods as well as, for example,
medical supplies.

1.1 ISOTOPE SOURCES

Cobalt 60 is the most common source of gamma rays used for
irradiating food. Caesium 137 is used in only a few facilities in the
USA. Both isotopes have the advantage of emitting ionising radiation
which_is well below the limit that would impart radioactivity to
food yet the rays have enough penetration to reach food in quite
large packages, and in the case of cobalt 60, food in large pallets
about one metre deep can be processed.

Both cobalt 60 and caesium 137 need replenishing as the emission of
their rays slows down in time. This is characterised by the "half-
life", the time taken for the emission to fall to half of the initial
rate. Cobalt 60 has a half life of 5.3 years and so, every year
about 12% of the cobalt needs replacing. Caesium 137 has a half life
of about five times that of cobalt 60 and so does not need
replenishing as often, but then, caesium 137 does not emit as many
gamma rays as cobalt 60 does, so more caesium 137 is needed in the
first place.

Cobalt 60 has the definite advantage of being a less hazardous
substance. Details of the relative safety of the two isotopes are
given in Section 7 of this report, which deals with environmental
aspects of food irradiation.

In considering introducing food irradiation in Australia it is also
important to look at possible limitations on supply of the isotope
sources.

Although any country with a nuclear reactor can produce cobalt 60,
most of the world's supply of cobalt 60 comes from The Atomic Energy
of Canada Limited (AECL) which is owned and operated by the Canadian
government. It is projected that by 1990, Canada will be producing
about 60-80 million curies (M Ci) per year and two private.USA.
companies will be producing a further 20-30 M Ci per year. Much
of this increase in production of cobalt 60 is necessary to replenish
existing medical sterilising facilities.

If the food irradiation industry begins to grow on a global scale,
there will be a high demand for new supplies of Cobalt 60. After
all, a 1 million curie facility processes only3approximately 400
tonnes of food per day (to a dose of 1 kGy). ' The implication is
that there may be high demand for cobalt 60 from the food irradiation
industry, to add to the high demand for cobalt 60 from the existing
and growing medical sterilising industry, leading to a scarcity of
cobalt 60 and an increase in the price.

The supply of caesium 137 depends on the reprocessing of spent

12



nuclear reactor fuel rods. If the Australian government permits this
source, the Australian industry would be dependent on the
reprocessing of nuclear wastes by countries with nuclear power.

Because there are finite amounts of caesium 137 which have been
processed and which potentially could be processed, it is not a long
term solution for a significant food processing industry, but could
be a partial solution to a nuclear waste problem, as will be
discussed in the next section.

1.2 MACHINE SOURCES

Accelerated electrons can also be used to irradiate food. The
electrons are accelerated by electrical voltages; an electron
accelerated by an electric potential of 10 million volts has an
energy of 10 million electron volts, usually written as 10 MeV. At
an energy level of 10 MeV, which is the upper limit permitted so that
food does not become radioactive, the electron streams have a limited
penetration into food, restricting the use of electron linear
accelerators to food which is no more than 4.5 cm thick. If the
facility is designed so that food can be irradiated from both sides,
then food up to 9 cm thick could be treated.

At the present time, there is a further limitation on this particular
type of source in that it is difficult to fine tune the dose that the
food receives. Small variations in the thickness or density of the
food, or small variations in the flow of electricity can result in
large variations in the dose. Such variations are not so crucial
when irradiating food such as wheat or chicken, but many other foods
such as fruit and vegetables develop undesirable side effects unless
the dose of irradiation is kept within strict limits.

According to a US authority , technical solutions to the
limitations of the electron accelerator are imminent, but for the
moment this particular source has limited applications.

There are however considerable advantages associated with the machine
sources. There is no use of isotopes and therefore the only supply
problem may be one of electricity. There are no problems associated
with transport or leakages of radioactive material. The source can
be switched off at the mains when not in use, unlike the cobalt 60
and caesium 137 containers which have to be lowered into a tank of
water when they are not being used as an irradiation source. Isotope
sources cannot be switched off.

Electron accelerators can irradiate food very quickly. The
facilities in the USSR process thin streams of imported wheat grain
at a rate of 200 tonnes of wheat per hour.

One way of increasing the penetration from a machine source is by
converting the stream of electrons into X-rays by placing a metal
converter plate in their path. The X-rays behave more like the gamma



^ j the isotopes and can penetrate food to a depth of about 24
cm.1 Unfortunately, this process is very inefficient as only
about 8% of the initial energy is converted into X-rays, almost all
of it being converted into heat. Environmental factors may be
particularly relevant to the siting of X-ray machines or electron
machines which can be used as X-ray machines, in view of the large
amounts of hot water emitted by the plant. These factors are
discussed more fully in Section 7 of The Report.

Conclusion

IT IS TECHNICALLY POSSIBLE TO IRRADIATE FOOD IN AUSTRALIA. MOST
STAGES OF THE PROCESS ARE QUITE STRAIGHTFORWARD. THE CONTENTIOUS
PART OF THE ACTUAL PROCESS IS THE SOURCE ITSELF AND THE POLITICAL,
ENVIRONMENTAL AND ECONOMIC IMPLICATIONS ASSOCIATED WITH EACH ONE OF
THE FOUR SOURCE OPTIONS. THESE ASPECTS ARE DISCUSSED IN GREATER
DETAIL IN LATER SECTIONS OF THE REPORT, TOGETHER WITH THE RESULTING
IMPACT THAT THE PROCESS HAS ON THE QUALITY AND THE SAFETY OF THE FOOD
ITSELF.

The advantages and disadvantages of each of the four source types are
summarised in Table No. 2.

Table 2: ADVANTAGES AND DISADVANTAGES OF 4 COMMON SOURCES OF IRRADIATION*

SOURCE ADVANTAGES DISADVANTAGES

Cobalt 60 High penetration and therefore
good dose uniformity

Well established process high reli-
ability and readily available source

Simple system — dose controlled
by speed of conveyor
Minimal environmental risk

12% of the source replenishment
required approx. every year due to
cobalt 60's short half-life
Slow rate of processing

Caesium 137 • Due to its long half-life, about 2% of
the source needs replenishing
every year

• Large supply of reprocessing of
nuclear wastes permitted

• Less shielding required than for
cobalt 60. Currently cheaper than
cobalt 60

> Less penetration than for cobalt 60
therefore poorer uniformity

1 Production depends on reproces-
sing of nuclear waste

More caesium 137 needed than
cobalt 60 for the same amount of
energy

Higher environmental risks due to
higher solubility and lower melting
point than cobalt 60

Less established as a source, less
reliable back-up service
Slow rate of processing

•References 52, 94,133, 134.



Table 2 continued

SOURCE ADVANTAGES DISADVANTAGES

X-ray machine • Source replenishment not needed

• No radiation emitted when electric
supply switched off

• Low concern environmentally

• Penetration and dose uniformity
better than with electron acceler-
ator

• Technically more complicated than
radioactive sources therefore requir-
ing more maintenance effort

• Operation experience limited as suit-
able machines are still under develop-
ment

• Running costs high

• Need to disperse excess heat

Electron
accelerator

• Source replenishment not needed

• No radiation emitted when electric
supply switched off

• Low concern environmentally

• High rate of throughput of food

• Poor penetration and dose uniform-
ity

• Technically complicated hence re-
quiring large maintenance effort



2. THE CURRENT SITUATION

2.1 CURRENT WORLD PATTERNS OF FOOD IRRADIATION

Only a small quantity of food is actually being irradiated world-wide
on a commercial basis despite the decades of research, the national
and international reports endorsing the safety and even the
wholesomeness of irradiated foods, the approvals of many governments
to irradiate various foods, and the active promotion of the
technology.

Much of the data that is published is confusing. Many of the :
facilities listed in the literature as food irradiators are multi- ',
purpose, that is, they concentrate on non-food activities such as
sterilizing medical supplies. Some facilities are extremely small ",
and are only involved in research. Some countries which are listed
as having approved irradiation of certain foods, do not actually
irradiate food for commercial purposes and never have. For example,
Australia is listed as an irradiator of shrimps as a result of a
single incident in 1979. Some foods which are listed as foods
approved by certain governments are approved for research only.

From the available literature, Table 3, following, gives an estimate
of the current amount of food that is being irradiated, as of
December 1986.



Table 3 AMOUNTS OF FOOD BEING IRRADIATED*

COUNTRY

Belgium

Chile

China

France

FOOD

Spices
Seafood, frogs legs and other food

Onions
Potatoes
Spices

Large research projects
on human feeding

Spices
Chicken

QUANTITY: (Tonnes/annum 1986)

100
3,000

200-300
50-100
20- 30

n.a.

500-600
300

Germany East Onions
Garlic

4,600
4

West

USSR

US

Food for export

Wheat
Potatoes
Processed Meat
Chicken

Spices

n.a

Hungary

Israel

Italy

Japan

Netherlands

Norway

South Africa

Spices

Potatoes
Spices

Potatoes

Spices
Seafood, frogs legs and other food

Spices

Fruit, Chutney
Herbs, Spices

200

200
120

n.a.

15,000-30,000

100
3,400

500

28,000

400,000
n.a.
n.a.
n.a

1,500

n.a. — figures not available •Reference 38, 63,85, 129,136,140



_In approximate overall figures, it appears that the sum total of all
the food that is irradiated is as follows:-

Table 4: TOTAL AMOUNTS OF FOOD BEING
IRRADIATED, WORLD WIDE*

TOOD AMOUNT*

Wheat 400,000
Spices 3,200
Potatoes 30,000
Onions 4,900
Fruit & fruit chutney 28,000
Sea foods 6,000
Chicken 300

Total 472,400

*Approximate tonnes/year (from Table 3)

To put these figures in perspective it is interesting to note some
comparable production figures from Australia. (17)

Annual wheat crop 1983-84 22 million tonnes
Annual potato crop 1982-83 858,000 tonnes
Annual seafood 1980-81 over 100,000 tonnes

So, USSR is irradiating imported wheat at the rate of about 2% of the
annual Australian wheat crop, and the mean estimate of the total
amount of potatoes being irradiated in the world at the moment would
be equivalent to about 3.5% of the annual Australian potato crop.

In the area of spices, it was anticipated that the USA would be
irradiating 3,000 tonnes of spices in 1985, and this represents 10%
of the US turnover. In Europe it was anticipated that 25 percent of
all spices would be irradiated in 1986. (69)

For food irradiation to make significant inroads into any one
industry, the scale would be enormous. For example, Professor Noel
Sommer from the University of California, stated that it would take
75 large facilities, each operating for 5 months, to irradiate all
the stone fruit grown in California, to counteract an outbreak of
fruit fly.



2.2 CURRENT SITUATION IN AUSTRALIA

In Australia, the States and Territories set up their own regulatory
procedures governing food and food standards* Although it is the
expected practice to follow the recommendations of the National
Health & Medical Research Council (NH&MRC),it is not mandatory for
the states to do this and there is no guarantee that they will.

The functions of the NH & MRC are to inquire into, advise or make
recommendations to the Commonwealth, the States and Territories and
the Australian community on matters relating to health improvement,
health care, prevention of disease and health and medical research.

The NH & MRC is made up of senior officers from Commonwealth, State
and Territory Health Departments, the chairpersons from the major
NH & MRC committees and representatives from universities,
professional organisations, industry, unions, consumers and health
related community agencies.

The Council furnishes its reports to the Federal Minister of Health
who then in turn furnishes them to the House of Parliament.

The NH & MRC began examining the question of food irradiation as far
back as 1962, when a special subcommittee was set up. The following
year the Council advised the States and Territories that food
irradiation should not be approved until more information could be
obtained and evaluated.

In 1979 permission was granted for a "one-off" irradiation of a large
consignment of prawns which had been imported into Australia, and
whose level of microbiological contamination exceeded the NH & MRC's
standard.

After this incident it was recommended by the NH & MRC that, unless
there were specific approvals, food should not be irradiated,
irradiated food would not be for sale, nor imported. This
recommendation was adopted by Queensland, NSW and South Australia,
the other States and Territories still having no regulations on
irradiated foods.(135)

However, since 1979, there have been significant advances in the
general promotion of food irradiation.

In 1981, the International Joint Expert Committee on Food Irradiation
(JECFI) published a report (79) on the wholesomeness of irradiated
foods and this formed the basis of the Codex Alimentarius
international food standards and recommended procedures for
irradiating food.(54)



Interest in Australia was being rekindled with a 1981 application to
irradiate spices, poultry, fruit and vegetables.

The relevant NH & MRC subcommittees, over the next six years
undertook research and discussion of the issues involved. In 1983
they agreed to rescind the existing recommendation to prohibit food
irradiation and to adopt the Codex Alimentarius standards. In March
1985 the draft regulations were circulated to relevant departments
and groups for comment. In June 1986 model regulations, adapted as a
result of this consultation, were presented to the Minister of Health
(10) - See Appendix II for a copy of NH & MRC model regulations.

In summary, the 1986 NH & MRC recommendations

(i) Permit the use of cobalt 60, caesium 137, X ray producing
machines or electron producing machines as sources for
ionising radiation.

(11) Permit irradiation, for

cereals
fruit and dried fruits
poultry
herbs and spices
vegetables and dehydrated vegetables

(iii) Impose a 10 kGy upper limit for maximum average dose.

(iv) Propose regulations for approved and registered facilities
under the supervision of licensed persons.

(v) Propose regulations for proper record keeping.

(vi) Can be interpreted as recommending separate approvals by
NH&MRC for each food at the appropriate dose for a specific
purpose, and that such approvals only be given when
irradiation fulfils a technological or hygiene need.
However they can also be interpreted as giving blanket
approval for most foods.

(vii) Propose regulations that irradiated foods be labelled in
writing saying "TREATED WITH IONISING RADIATION" or
"IRRADIATED (name of food)".

There has been some misunderstanding about both the status and the
actual meaning of these regulations. The former misunderstanding is
likely to remain unresolved until it is known whether the
recommendations are to be the basis of state or federal legislation
and whether all the provisions in the recommendations will be
included across the whole country.



included across the whole country.

The misunderstanding about the actual meaning of the regulations is
of particular concern to this Inquiry.

It appears that the NH & MRC is recommending blanket approval of
irradiation up to an average dose of 10 kGy for all foods which are
covered by the categories of cereals, fruits and vegetables, poultry,
herbs and spices. This is the position as understood by, for example,
Pam Wills from the Australian Atomic Energy Commission (266) as well
as from some of the members of the NH & MRC committee who drafted the
regulations.

However, Dr Gordon de Caen, who chaired the NH & MRC committee which
drafted the regulations, told this Inquiry (61) that the inclusion of
clause 6(c) means that the NH & MRC will approve of irradiation for
all food on an item by item basis at the appropriate average dose.
There was no blanket approval up to 10 kGy.

A senior official from the NSW Department of Health (215) described
the Department's frustration at the ambiguities contained in the
model regulations. The Department has sent them back to the NH &
MRC, seeking clarification as to their actual intent and meaning, so
that state laws and regulations can be drafted.

The Radiation Health Committee of the NH & MRC is, at present,
drawing up a draft code of practice for the design and safe operation
of irradiation facilities used for the treatment of foods in line
with the IAEA international code.

There is an intention that the States can use this code as a basis
for State legislation.

However, once all the model regulations are finally clarified by the
NH & MRC, it seems that these regulations are only voluntarily
incorporated into State and Territory laws and regulations.

It seems, too, to this inquiry, that there are still many questions
that need answering before the process of irradiating food in
Australia actually begins.



2.3 CURRENT SITUATION IN EUROPE

The situation in the European countries which make up the European
Economic Community (EEC) is still very ad hoc. Some of these
countries have no legislation relating to irradiation of food. Some
governments operate provisions based on exemptions, while others have
granted authorisation for certain products. (75) The Netherlands,
for example, has a three tiered system of approval, some products
being approved for consumption, some for consumption provisional upon
further research, and some for research only. (251) West Germany
bans import of and sale of irradiated food but irradiates food for
export.

In the United Kingdom the Burgen report was published in April 1986
(238). Its recommendations, too, were in line with the international
regulations. The Burgen report elicited considerable opposition from
the public and a six months' period was set aside for the Burgen
Committee to consider the public concerns. Although this period of
time has now elapsed, it is anticipated by officers at the London
Food Commission (who express serious concerns over irradiation) and
at the Leatherhead Food Research Association (who are very supportive
of the process) that the issue is so contentious that no decision
will be announced until after the next U.K. general elections.

However, the decisions of individual governments of the European
Community are somewhat tentative in view of the fact that the
European Parliament itself is currently debating the issue, with the
clear objective of introducing consistent laws and regulations to
allow for free flow of trade of irradiated foods within the EEC.

A draft report from the Committee on the Environment, Public Health
and Consumer Protection to the European Parliament in October 1986
addresses concerns about safety, the absence of a test to see if food
has been irradiated, occupational health and safety, environmental
and economic factors, consumer protection, and the choice of the
technology in the light of other options. (75)



More recently, in March 1987, it was reported (149) that the European
Parliament has rejected the general authorisation of irradiation on
precautionary grounds, and has called on the European Commission to
study alternative food processes and to ban the import of irradiated
food from countries outside the common market.

In the U.K., the British Medical Association's Board of Science has
issued a report expressing concern that the safety issues had not
been adequately addressed by the U.K. Burgen Committee (37).



2.4 CURRENT SITUATION IN THE USA

Over a period of more than 20 years, approvals for irradiation of
individual food items on a very limited basis have been granted by
the Food and Drug Administration (FDA), which is part of the Federal
Department of Health and Human Services.

In 1963, wheat and wheat flour were approved for irradiation and in
1964 potatoes were approved. Approval was given and later rescinded
on bacon. But the major advance was in April 1986, when the FDA
published its "Final Rule". (245)

At first glance, these regulations appear to be extremely
conservative compared to the Australian NH&MRC's recommendations.
After all, they put a ceiling on an absolute maximum dose of 1 kGy
which is 10 times lower than the Australian maximum of 10 kGy. In the
USA dose is even lower still considering the Australian standard is
an average of 10 kGy, which allows for a variation of up to, say 15
kGy in one part of the food carton down to a 5 kGy minimum dose in
another part of the carton.

Such a blanket approval dose, small as it is, has an important
consequence that individual applications do not have to be submitted
from industries to begin to use food irradiation for extending the
shelf life of fruit and vegetables, disinfesting grains, killing
parasites in meats and any other process that does not use a dose in
excess of 1 kGy. A state of unconditional approval exists at this low
dose. Those who wish to irradiate food at a dose higher than 1 kGy
must submit a petition, and, in fact, there is currently a petition
from the USA Department of Agriculture to irradiate chicken up to 3
kGy to disinfect it from food poisoning micro-organisms.

In the FDA regulations, spices can be irradiated up to a maximum dose
of 30 kGy to kill micro-organisms.

This is at least twice as high as the international recommended code,
which has an average maximum of 10 kGy and therefore the possibility
that some of the food may get as high a dose as 15 kGy. Irradiation
of spices up to 30 kGy does not need a specific petition in the USA
and is currently happening at the rate of 1,500 tonnes/year.

Considering the limited extent of food irradiation happening in the
world today the FDA "final rule" may not have an immediate effect of
the sudden unleashing of an impending industry. Consumer and
particularly action groups who oppose the process have a high profile
in the USA.
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2.5 THE INTERNATIONAL PROMOTION OF F.I.

Over twenty years ago it was decided to merge the section of the Food
and Agriculture Organisation of the United Nations (FAO) which was
looking at agricultural uses of atomic energy and the section of the
International Atomic Energy Agency (IAEA) which was looking at using
atomic energy for food and agriculture.

"The objective of the Joint FAO/IAEA Division is to exploit
the potential for application of isotopes and radiation
techniques in research and development, to increase and
stabilize agricultural production, to reduce production costs,
to improve the quality of food, to protect agricultural
products from spoilage and losses, and to minimize pollution
of food and the agricultural environment. The programme
supplements and supports priority areas of FAO and IAEA
activities where isotope and radiation methods are
particularly promising." (216)

Later, the World Health Organisation (WHO) joined the division in an
advisory role.(64)

The first set of strategies to achieve these objectives was a co-
ordinated research programme over 12 years from 1970 to 1982. This
was financed essentially by United Nations funds, with extra budget
support from the 24 countries, including Australia, which joined the
programme. It was known as the International Food Irradiation
Project (I.F.I.P.) (216)

"The main objective of IFIP was to examine the wholesomeness of
irradiated food." (64)

The results of the research from IFIP and from other research
programmes formed the basis of the FAO/IAEA/WHO Joint Expert
Committee on Food Irradiation (JECFI) acceptance of food irradiation
for some products in 1976, and then later, in 1980, for food
generally, up to an average maximum dose of 10 kGy. A recommended
international general standard for irradiated foods and a recommended
international code of practice for the operation of radiation
facilities used for the treatment of foods were released in 1983.

Now, in 1987, the basic research on safety has been completed to the
satisfaction of the international committee, the safety has been
proclaimed and the recommendations on the limits and the controls of
the process have been laid down.

However, the international body has not disbanded. It was re-formed,
in May 1984, as the International Consultative Group on Food



Irradiation (K. .n^ through United Nations, with extra
funding through -Lninr its, including Australia.

In the report of the iask Force of the ICGFI, which met in July 1986,
it was stated in the introduction that:

"The ICGFI puts highest priority to activities on trade
promotion of irradiated food."(109)

In October 1985 "A Task Force on Marketing/Public Relations on Food
Irradiation was established to develop strategies to facilitate wider
acceptance of the technology to the national authorities, industry
and trade and the general public." (153)

This Task Force reported in September 1986 with detailed strategies
to achieve the stated objective: To "achieve the approval, acceptance
and usage of food irradiation on a world wide basis".

Such strategies called "key marketing plan elements", cover some 18
pages and include:

"Identify key decision makers, organisationally and
personally" (i.e. in Government)

"Retain a reputable public relations firm schooled in 'issues'
management to achieve a positive response from this target
group (non-government agencies) and handle any issues that
may be raised".

"Work through the food industry organisations...as spokes-
persons to provide a cohesive approach".

"Work with industry members/organisations to seek a breakthrough
with one or two manufacturers to showcase the acceptance of
food irradiation".

"Retain the services of a business to business relations
company to counter the potential inertia of industry to move
toward irradiation".

Primary funding should be made available by the International
Consultative Group (ICGFI) to enable contact with the lead
organizations in individual countries.

There have been concerns about the international situation, expressed
to this Inquiry from submissions, at interviews, at public meetings
and at the House of Representatives' Committee's hearings.

Firstly, there are concerns that the United Nations organisations
which cover atomic energy, agriculture and health are helping to
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finance a promotional exercise of a food process whose usefulness and
whose safety are perceived to be questionable. Specific concerns
have been voiced that the Australian government is contributing to
this exercise, through the ICGFI and through the IAEA's Regional Co-
operative Project on Food Irradiation, known as RPFI.

Secondly, there are concerns that one of the underlying reasons for
promoting the process of food irradiation is to find an outlet for
caesium 137 which occurs as a nuclear waste.

Dumping of nuclear waste is getting expensive. It is a hazard, both
to move from one place to another, or to keep in one place for the
many thousands of years it may take to reduce its emissions to a less
dangerous level. All in all, nuclear wastes are a problem to the
world, but especially to the nuclear industry.

There have been reported incidences of the USA Department of Energy
offering cut rate caesium (at about half the price of the Canadian
cobalt) to the food irradiation industry. Several demonstration
irradiations using caesium 137 which has been extracted from nuclear
waste, have been funded by the US Department of Energy.(132) Since
1974 the US Department of Energy has extracted and encapsulated some
77 million curies of caesium 137, and the potential source of the
isotope is quite large in view of the size of the nuclear
industry.(156) However it is reported that no reprocessing is
occurring in the USA at the moment.

The intention to use caesium in commercial facilities is backed up by
the evidence in the USA Congress Hearings on agriculture in August
last year, where the following amendment to the Federal Food, Drug
and Cosmetic Act and the Atomic Energy Act was proposed.(239)

"Provide for leasing of defence nuclear waste program
by-product materials for use in commercial food irradiation
application."

The concern that food irradiation is being promoted so as to find a
solution to nuclear waste problems is not a concern shared by all.
Some people welcome the prospect of cleaning up nuclear wastes and a
"peaceful" side of the nuclear industry. There are also people who
are quite accepting of active promotion of a technology by
international committees of scientists. They see active promotion as
a necessary step in the development and acceptance of a process or
industry.
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2.6 CONCLUSION

HAVING NOTED THE CRITICISMS AND THE JUSTIFICATIONS OF THE
INTERNATIONAL PROMOTION OF FOOD IRRADIATION, AND HAVING NOTED THE
THEORIES AND THE COUNTER THEORIES AS TO HOW THIS PROMOTION MAY BE
TIED IN WITH THE NUCLEAR INDUSTRY, THE ACA INQUIRY CONCLUDED:-

1. THAT IF COMMERCIAL FOOD IRRADIATION IS TO BE INTRODUCED IN
AUSTRALIA, IT SHOULD BE DONE SO ON ITS MERITS RATHER THAN AS A
RESULT OF PROMOTION.

2. THAT CAESIUM 137 SHOULD NOT BE USED AS A SOURCE, NOT ON THE
GROUNDS OF ITS CONNECTION WITH THE NUCLEAR INDUSTRY, BUT BECAUSE
THERE ARE TOO MANY HAZARDS ASSOCIATED WITH ITS USE. (REFER
SECTION 7).



3, COMMUNITY INPUT ABOUT FOOD IRRADIATION

The concerns expressed about food irradiation have come to the
attention of this Inquiry from several major sources.

1. Advertisements were placed in national and state newspapers on
18/10/86, inviting submissions to the Inquiry.

2. ACA conducted a one-day seminar on 17/11/86, at which concerns
and issues about food irradiation were discussed.

3. Public meetings in Melbourne, Adelaide and Brisbane were attended
by the Executive Officer to the Inquiry.

4. Anti-irradiation groups and consumer groups were visited
overseas.

5. There is a large amount of literature in the form of articles,
information sheets, booklets and even books expressing
doubts, concerns and fear about the introduction of food
irradiation.

The opponents of food irradiation do get heard. In the USA, in the
UK and to some extent in Australia, the anti-food irradiation
movements have a high profile. But, it is very difficult to find out
how representative these views are. Just as there is a scarcity of
pro-nuclear posters and of bumper stickers telling us to kill whales,
there is not a visible or audible pressure group from the community
or from consumers extolling the virtues of food irradiation.

From attendances at the three maj or food irradiation meetings in
Melbourne, Adelaide and Brisbane, we know that people who have
concerns about food irradiation number in the hundreds and from the
petitions received at Parliament House we know they sign petitions by
the thousands. While their numerical significance in Australia is
not known, their concerns are well known and are common to the
different specific groups which have been formed in Australia. Their
concerns are also shared by similar groups overseas.

Applying the terms of reference of this Inquiry, the relevant
concerns can be classified into three main groups:-



3.1 CONCERNS REGARDING THE HEALTH OF THE CONSUMER

There have been instances of assurances of safety of
substances which have proved, in hindsight, to have been
false;

The research on the safety of irradiated food has yielded
some conflicting results and conclusions (see Section 4);

The substances formed within food by irradiation
(radiolytic substances) may be toxic (see Section 4);

Fears that food will become radioactive (see Section 4);

Fears that food will become "dead" following irradiation;

The possibility that irradiation will be used to clean up
food which is unacceptably contaminated;

Aflatoxin producing moulds may thrive in irradiated food
(see Section 4);

Botulism causing bacteria may go undetected in irradiated
foods (see Section 4);

Nutrients, especially vitamins, are reduced by irradiation
(see Section 4);

3.2 CONCERNS REGARDING THE ENVIRONMENT

Accidents may occur while cobalt 60 or caesium 137 is being
transported (see Section 7);

If cobalt 60 becomes scarce or expensive it may be replaced
with the more dangerous caesium 137 (see Section 7);

Accidents can happen in facilities resulting in:

- leakage of radioactive water;

- some of the isotope source coming out of the source chamber
onto the conveyor (see Section 7);

Fires, floods or earthquakes could damage a facility (see
Section 7);

Australia could be left with partly spend cobalt or caesium
to dispose of (see Section 7);



Lack of regulations and controls over the siting and
operation of irradiation facilities (see Section 7);

Lack of uniformity in State legislation (See Section 10)

Irradiation resistant micro-organisms could be bred (see
Section 4).

3.3 CONCERNS ABOUT THE COST TO THE CONSUMER (See Section 8)

There may be initial subsidising of the industry either
directly (as in Japan) or indirectly (by governments meeting
costs, e.g. of community education), and then later the true
cost is passed on to consumers regardless of whether they eat
irradiated food or not. Concern was also expressed that one
or a few companies have a virtual monopoly on a line of
irradiated food, thus limiting the choice of the consumer.

There may be an ultimate cost to the consumer while
a highly expensive centralised process squeezes out the
small primary producer or small business.

The primary economic gain going to large companies.

3.4 IN ADDITION, THERE ARE CONCERNS ABOUT;-

Taste, smell and texture of irradiated food;

Unnecessary processing of food;

The need for item by item approval rather than blanket
approval of food being irradiated up to a dose of 10 kGy;

The probability that labelling regulations will not be
enforced and therefore the consumer will not have a choice;

Imported irradiated food coming from countries where there is
a lack of adequate controls;

Due to lack of dose uniformity especially in large boxes,
some food will receive excessive doses;

The lack of a test to see if food has been irradiated;

The possibility that food could be re-irradiated;

The right to purchase food which is unprocessed and has a
short shelf life;



Selling irradiated food to developing countries when simpler
technologies to overcome famine and malnutrition would be
more appropriate.

3.5 SUMMARY OF SUBMISSIONS TO ACA INQUIRY

A total of 88 submissions were received, of which three were in
favour of irradiation, two were seeking information rather than
expressing a point of view and 83 were opposed to irradiation.

Although the closing date was extended several times, submissions
were still being sent into ACA during March and April 1987. These
were unable to be included in the report.

The majority of submissions were from individuals, and the 70 people
who wrote in expressed 214 responses of concern over the three main
areas covered by the terms of reference of this inquiry. An
additional 168 concerns were expressed in two other categories, one
reflecting a strong statement of not wanting food irradiation, and
the other category being made up of all the other concerns. These
specified topics such as lack of controls, the consumer not having a
choice to avoid irradiated foods and distrust of the research, of
scientists and of industry.

The submissions from groups (see Appendix V for a list of groups who
sent submissions) were collated separately. From the 13 group
submissions there were 73 concerns expressed about the effects of
food irradiation on health, the environment and the cost of food.
There were an additional 11 expressions of general disagreement with
the process and another 47 concerns covering "other" matters, i.e.
controls, labelling, distrust etc.



Bar Chart showing distribution of concerns in submissions to ACA
inquiry.

N.B. Only those submissions which expressed concern about food
irradiated have been included in this chart.

The most common individual concern (55% of submissions) expressed was
relating to the nutritional quality of irradiated foods, especially
regarding loss of vitamins. This was closely followed by a concern
about radiolytic andd toxic chemicals formed in the food (47%) and
44% of the submissions expressed a concern about labelling.

3.6 SUMMARY OF PAPERS FAVOURABLE TO THE INTRODUCTION OF FOOD
IRRADIATION

HORTICULTURAL HOLDINGS LIMITED (VICTORIA) is a group of private
companies which produce and market tropical and subtropical fruit
trees.



They stated that they believe that food irradiation could give them
the opportunity to compete in markets not presently available, but
that they would have more to lose from the process being introduced
unsuccessfully, in a climate of non-acceptance by consumers. They
expressed a keen interest in being able to gain access to irradiation
facilities so that their industry could take part in research
necessary to satisfy the overseas markets.

AUSTRALIAN ATOMIC ENERGY COMMISSION. The AAEC sent a detailed paper.

AAEC places food irradiation within a context of an already
established irradiation industry in Australia that processes, among
other items, food related products such as wine corks and fruit juice
casks.

The stated benefits of food irradiation include:-

(i) reduction of food borne diseases, leading to benefits of both
a public health and economic nature;

(ii) disinfestation to replace known harmful pesticides and to open
overseas markets to countries with quarantine regulations;

(iii) benefit to a wide range of Australian food industries who have
sought technical advice from the AAEC;

In addressing concerns regarding irradiation of food, the AAEC
states:

(i) confidence that the NH&MRC standards would be adopted by the
States and Territories;

(ii) a confidence that economic and market forces would provide
self-regulation on overdosing and quality and so that item by
item approval would not be necessary at specific doses;

(iv) a general agreement among scientists on the wholesomeness
and safety of irradiated food. "The occasional reports of
adverse effects which have appeared in the literature have
either not been confirmed on re-investigation or can be
shown to have no statistical significance";

(v) reassurance that existing State laws, in conjunction with the
NH&MRC standards, are sufficient to control processing,
distribution and sale of irradiated foods;

(vi) details of safeguards regarding the use of isotope sources;

(vii) the lack of evidence to support the possibility of radiation
resistant micro-organisms.
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NATIONAL FARMERS FEDERATION represents many individual farmers as
well as commodity councils and state organisations. The NFF's
position is market driven. They believe that irradiation is an
alternative physical treatment of proven reliability, the adoption of
which is dependent on economic factors. Its safety must be evaluated
against a background of safety of other agricultural practices, and
other risk situations tolerated by society.

NFF sees irradiation as being principally used for disinfestation of
quarantined insects and to improve the quality and hygiene of food
for improved market access. They expect demand from industry to
invest in irradiation for shelf life extension to be small.

They see food irradiation for disinfestation as being cost comparable
with current chemical treatments. It would be unlikely in their view
that irradiated products would sell at higher prices than those foods
treated chemically for similar results. They also state that studies
indicate that it would not be economically viable to build an
irradiator entirely for horticultural produce.

The NFF recommends the Codex Alimentarius standard of 10 kGy
treatment to be adopted. They are satisfied with current procedures
for licensing and approving irradiators. They also endorse NH&MRC
requirements on labelling which they believe is only necessary on
first generation products.

35



±. IS IT SAFE?

4.1 OVERVIEW OF SAFETY

"Sola dosis facit manenum - only the dose makes the poison."

No substance can be considered intrinsically one hundred percent
safe. Whether any substance produces harm depends on many
factors such as the dose, the frequency of the dose, the living
organism involved, on the substance's interaction with other
substances, on environmental influences and on the receiving
organism's ability to counteract the toxic properties of the
substance. Safety is always relative. Absolute safety is an
unattainable ideal.

A more pragmatic approach is to turn the question around and ask
- how toxic is the particular substance?

At best the answer to this question is a scientifically educated
guess. The science of toxicology, for many reasons, is neither
predictive nor exact but its procedures remain the best tool we
have to estimate the hazards in the use of substances to which
humans are exposed.

The science of toxicology focusses in on its own positive
findings, testing and retesting for any results which indicate a
possibly toxic result and recording but putting aside experiments
which show a negative or non toxic result. A negative result
does not necessarily or absolutely indicate lack of toxicity. If
the rat lives, we cannot say the substance is unconditionally
non-toxic. If the rat dies, we can say the substance is probably
toxic so let's do some more tests.

It is irrelevant to apply a "numbers game" to toxicology and say
we have so many thousand experiments on the one hand which do not
indicate toxicity and only a handful of experiments on the other
that do indicate toxicity. If only a few results do exist that
indicate toxicity, it is reasonable to assume that there are good
reasons to do more testing.

When scientists determine the toxicology of individual substances
they give laboratory animals a wide range of doses of the
substance under study and observe or test for short term and long
term changes in the animals.

The three main effects that are looked for are:-

carcinogenic - producing of cancers
teratogenic - producing abnormal characteristics in

foetuses
mutagenic - producing genetic changes,

in addition to the more obvious changes like death, tissue damage
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and sterility.

In applying the science of toxicology to irradiated foods, the
rules and the criteria for meaningful results do not clearly
apply. There are serious limitations in applying the rules for
testing substances one at a time to whole foods which have been
exposed to high energy radiation.

It is hypothesised that when food is irradiated water molecules
are bombarded apart to form radicals which then react with other
molecules in the food, turning them into radicals. These free
radicals together with other substances so formed are called
radiolytic products, and it is the presence of these radiolytic
products which is the subject of much concern of the opponents of
food irradiation.

The toxicologists, in adapting their research tools have two
approaches. They can try to isolate the radiolytic products and
see if they can answer the question - How toxic is each
radiolytic product?

This approach has its limitations because for the most part we
are dealing with substances in the range of a few parts per
million, and it has been argued that in some cases we don't even
know what substances we are looking for.

The second approach is to treat the whole irradiated food as if
it were a single potentially toxic substance, but this approach
has its limitations, too. Under the accepted approaches in
toxicology, doses of about one hundred times the concentration of
the suspected toxin are usually consumed by laboratory animals.
Animals cannot be fed more than they can eat. They cannot eat a
hundred times more wheat, for example, than they normally eat,
nor even much more wheat than they normally eat as they become
ill due to an unbalanced diet. Even if they eat a diet of
totally irradiated food it is only ten times the effect of eating
a tenth of the diet as irradiated food, and by doing so all the
variables implicit in a diet of mixed irradiated food are being
tested at once and not item by irradiated item.

It is no small wonder that decades of testing of a multitude of
irradiated food types, food components, food models and
individual radiolytic products on a multitude of generations of
laboratory animals at a cost of millions and millions of dollars
has left us a legacy of confusion.

It has also left us with two discrete, groups of scientists - the
vast majority who say it is safe and the minority who have
serious doubts.

Amongst the masses of research on toxicity of irradiated foods,
there are many experiments which have indicated that there are no
ill effects. These findings are summarised in many publications,
eg. in a recent report from the US Council for Agricultural
Science and Technology.(56) The bibliography of that document



has been included as Appendix III of this report.

Over the years research studies have been published indicating a
level of toxicity in irradiated foods. Reprints of nine of these
studies were obtained by this inquiry, and the summaries of these
studies form Appendix IV of this report. These particular
studies are the ones most often quoted by the opponents of food
irradiation.

There are more such studies quoted in the literature, but the
Inquiry was unable to obtain reprints of them.

J. Barna, who in 1979 published a paper compiling research from
over a thousand studies on some 278 foods and feeds, concluded
"that, at present, neither beneficial nor adverse effects of
irradiated food consumption are consistent, unambiguous and
reproducible."(25)

T. Kosei,(129) a Japanese researcher conducted a survey of the
available literature. He uncovered, in addition to the papers
quoted in this report, further research implicating toxic effects
of irradiated potatoes, onions and rice.

One particular concern which has been raised in the submissions
to this inquiry is the effect of irradiation on fatty foods.
This concern is elaborated, for example, in the submission from
AFC0,(191) which refers to research implicating the presence of
toxic epoxidized and peroxidized fats in fatty foods when they
are irradiated in air and calls for more research in chicken,
pork, fish, soy, safflower and lamb and mutton before these foods
are approved for irradiation. The concerns are that the
byproducts of irradiating fats may be carcinogenic, that more
free fatty acids are released from fats and that the balance of
saturated to unsaturated fatty acids is altered.

As with the other areas of food irradiation research, there are
many studies which did not detect harmful effects from feeding
experiments using irradiated fats, and these are well documented
in Josephson and Peterson.(122)

The body of research on the safety of irradiated foods is
immense. Attempts to sort it, categorise it, and use it as a
basis for sound decision making have been made with varying
successes.

After 25 years and 51 million USA dollars of research by the USA
army, the Comptroller General of the US was called in to prepare
a report on the status of the Army's research into irradiation of
meats. The report issued in 1978 advised that the government
should cut its losses on the programme accepting that its results
were inconclusive, and that the studies on irradiated chicken be
independently evaluated. (241)

Among the masses of the army research, some studies showing
toxicity were found, but as the exercise as a whole was



discredited these studies have been discarded as inconclusive
along with the rest.

Even the 12 studies on feeding irradiated chicken to a variety of
organisms, when evaluated by a panel of six scientists did not
result in clear-cut conclusions. Two of the scientists believed
that two of the twelve studies showed evidence that adverse
effects had occurred.(231)

So much research was being discarded in this field that it was
decided to have another look at the appropriateness of
traditional toxicological testing of irradiated foods.

The acceptance or rejection of individual studies depends on the
criteria being used at the time. In 1982 when the Food and Drug
Administration (FDA) in the USA, examined 441 studies and
reviews, most of them were discarded. Only those studies which
were reports of original research, of acceptable design and with
appropriate doses of irradiation were included.

Of the 69 considered worthy of further examination about half
(46%) showed adverse effects and about half (54%) showed no
adverse effects. A further cull on the basis of experimental
design left five studies, all showing no adverse effects.(240)
The FDA was finding that most studies which showed no adverse
effects as well as all the studies which showed some adverse
effects were not acceptable on the basis of their criteria at the
time.

As a result of this review of the research the FDA was coming to
the conclusion that food irradiation, on the whole, was safe up
to a maximum dose of 1 kGy. Across the Atlantic in the same
year, 1980, the scientists from The International Joint Expert
Committee (JECFI) were also were coming to their conclusions
about the safety of food irradiation. While the FDA was studying
its 441 studies and reports the JECFI was studying its source
material which has been verified(147) as being the series of
reviews published by Elias and Cohen,(71) and which also
contained over 400 references.

There are three curious anomalies from these two groups of
experts.

(i) They came to different conclusions as to which dose is
safe - the FDA favouring 1 kGy and the JECFI favouring 10
kGy. This was explained to the Inquiry as being partly
because "the FDA is responsible to Congress but the
JECFI..."(147)

(ii) They used almost entirely different source material. Less
than 10% of the source material was common to both
inquiries.(242, 71)

(iii) One member, the acting director of the FDA Toxicology
Division, also sat on the JECFI Committee.
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Another curious feature is the overt and not so overt
discrediting by the international scientists of those studies
which pointed to adverse effects.

As a previous director of the National Institute of Nutrition in
India, Dr Srikantia, points out:

"One gets the feeling that all the findings which are in favour
of wholesomeness of irradiated foods are readily accepted,
without question, while those findings which question this
stand are either rejected or viewed with suspicion - either
covertly or overtly - as in the case of the Indian
studies."(220)

This is reinforced by the statement of the JECFI itself in noting
in 1981(79) "the absence of any adverse effects resulting from
the feeding of irradiated diets to laboratory animals".

The "adverse effects" were actually well known to the JECFI
international scientists. The International Project in the Field
of Food Irradiation (IFIP) set up a series of experiments in an
attempt to replicate the findings of the Indian studies, but
could not find the ill effects regardless of the time of storage
of food.(225)

Elias, who was a member of JEFCI gave the reasons the committee
discarded the study on feeding irradiated wheat to children as
"the curious absence of any polyploids in the control children"
and "freshly irradiated wheat is most unlikely ever to reach the
consumer".(73) This perhaps indicates a lack of understanding of
the urgency of food shortages in developing countries. See
Appendix IV for further discussion of this paper.

The FDA(245) also addresses some of the studies showing adverse
effects giving explanations as to the perceived methodological
deficiencies in these studies.

The Australian Atomic Energy Commission, in its submission to
this Inquiry,(267) reiterates this view - "The occasional reports
of adverse effects which have appeared in the literature have
either not been confirmed on re-investigation or can be shown to
have no statistical significance."

Similarly, the UK Burgen Report on the wholesomeness of
irradiated foods,(238) found that there was no evidence to
suggest that there are any toxicological dangers to eating food
irradiated to 10 kGy.

What is particularly curious about the discarding of all the
research showing adverse effects is the question as to hew these
studies became published in the first place. Many of them are
printed in reputable international journals. Papers submitted to
such journals are scrutinised by panels of expert scientists who
check out thoroughly the methodological and statistical validity



of the research and, on the whole,do not recommend for printing
any research which would damage the journals' reputation for
excellence. How, then, did all these studies get into the
scientific literature in the first place? While it is
appreciated that some scientific "frauds" have been exposed, and
added to the list of "publications withdrawn" it is difficult to
believe that all the papers indicating adverse effects of eating
irradiated food would fall into this category.

Professor J. Gofman(96) of the Committee for Nuclear
Responsibility has observed:

"In science, when two apparently incompatible observations are
each real, true, and valid, we know an explanation has to
exist. We can not pick the data that we like the best, and
throw the rest awayl Reconciling conflicting data can be
exquisitely difficult, but the effort almost always leads to
new insights."

Some of the questions relating to the safety of irradiated food
appear to be in the class of questions which Weinberg described
as "trans-science" : "though they are...questions of fact and can
be stated in the language of science, they cannot be answered by
science - they transcend science". He gave as one example of
such a question the biological effects of low levels of
radiation. The only experiments which would resolve the question
are ethically unacceptable, and may not be scientifically valid
either. In the absence of unarguable experimental evidence,
different scientists quite legitimately interpret the incomplete
and unsatisfactory data in different ways. Scientists are not
inhuman robots but, like other humans, are influenced in both
their observations and their interpretations of data by their
values and beliefs. Many lively controversies in areas which do
not provide clear experimental evidence can be traced to
fundamental differences in values or belief systems.

The conclusions of this Inquiry are:-

1. The vast majority of studies indicate a lack of toxicity
in irradiated foods.

2. Studies do exist, which have indicated that there is a
variable level of toxicity in some irradiated foods, as
shown from feeding irradiated food to some animals under
some conditions.

3. This Inquiry has been unable to verify the validity of
either of the above sets of research.
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It is therefore recommended

1 . THAT BLANKET APPROVAL NOT BE GRANTED TO IRRADIATE FOOD

2. THAT APPROVAL BE GRANTED

FOR A SPECIFIC FOOD
AT A SPECIFIC DOSE RANGE
FOR A SPECIFIC PURPOSE
AT AN APPROVED FACILITY

3. THAT APPROVAL APPLICATIONS BE ACCOMPANIED BY

. A REPORT ASSESSING THE TOXICITY ASPECTS WITH REFERENCE
TO ALL RELEVANT RESEARCH

. A REPORT SHOWING HOW THE PROPOSED APPLICATION OF
IRRADIATION

- FULFILS A PUBLIC HEALTH NEED AND/OR

- IS THE PREFERRED TECHNOLOGICAL OPTION

The approach of food by food item approval, is specifically
mentioned in the Australian Atomic Energy Commission's submission
as

"impractical...as all the processing factors will not
necessarily be identical and the use of combination treatments
with lower doses would be penalised."

"Economic and market forces will provide the self-regulation
incentive needed to prevent overdosing and maintain
quality."(269)

While this opinion from the AAEC submission is noted it is not
shared by this Inquiry. Maximum levels of dose per item would
not penalise facilities using lower doses. The history of self-
regulation in the food industry gives rise to scepticism as to
its efficacy.
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4.2 SPECIFIC TOXINS

The previous paragraphs have dealt with the perspective of the
degree of safety or toxicity in irradiating whole foods.

There are other toxins that can occur in foods. For example
there are specific toxins that are produced by micro-organisms
which may contaminate food. Once produced, these toxins are not
affected by irradiation. But irradiation can affect their levels
in foods either by reducing the numbers of the micro-organisms
which produce them or conversely by altering the conditions in
the food in such a way that certain micro-organisms may increase
in number or produce more toxins.

There are many such toxins, but in this report only two groups
will be addressed:

4.2.1 AFLATOXINS

Aflatoxins are produced by fungi which can grow on certain foods.
Common aflatoxin producing fungi are two species of Aspergillus,
A.flavus and A.parasiticus. The toxins are extremely poisonous in
concentrations as minute as three parts per million, and their
connection with liver cancer is well established. They are also
known to be mutagenic and to cause deformities in foetuses.

Aflatoxins have recently been linked with suppression of the
immune system. (193)

Toxin production is associated with the spores of the fungus,
which grows on grain and ground nuts and which reproduces in warm
and moist conditions.

There were several studies in the seventies which linked the
increase of the toxins with the process of irradiation. In some
studies the spores themselves are irradiated and then introduced
back into the grain. In other studies the grain was irradiated
and then infected with the spores. These two approaches simulate
the effects of irradiation of grain in terms of how the fungus
itself is affected by the process as well as how the grain's
resistance or susceptibility to infection by the fungus is
affected as a result of irradiation.

Two Indian scientists (196, 197, 198) irradiated a range of
grains, wheat, maize, sorghum and pearl millet at 0.75 kGy as
well as potato and onion at 0.10 kGy - that is, at a dose
commensurate with commercial irradiating practices. They then
inoculated irradiated and unirradiated samples with Aspergillus
parasiticus and found that the aflatoxin level was higher in all
the irradiated foods increasing in a range of 31.4% for maize to
84% in onions. They concluded that if irradiated, there was a
real risk of significant increase of this toxin in moist foods.
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Further experiments were conducted on wheat grain, using both
species of the fungus, and a wide range of irradiation doses -
from 0.5 kGy to 2.5 kGy. These results showed that toxin
production increased as the irradiation dose increased. The
scientists measured what was happening to the fatty acid content
of the grain, and found that as the irradiation dose increased,
so too did the concentration of free fatty acids and hypothesised
that the fatty acid increase in the grain favoured an increase in
toxin production from the fungus. A later experiment indicated
that the altered ratio of saturated to unsaturated fatty acids in
the wheat may be an important factor in toxin production.

At about the same time, three American scientists from the FDA
were conducting experiments on the effects of irradiating the
spores of the fungus, (211) using both species of Aspergillus and
a dose range from 0.16 kGy to 4.30 kGy. They then grew the
spores on a rice substrate. Toxin production from A.flavus
increased as the irradiation dose increased and at the highest
dose was fifty times greater than from the unirradiated spores.
Toxin production was increased from A.parasiticus in the low and
medium doses, although no toxin change was detected after the
highest dose. They concluded:

"This potential for greatly increased mycotoxin production must
be considered when food is irradiated".

These results confirmed earlier studies by two other Americans
(5) who found that when A.flavus spores were irradiated they
increased their aflatoxin production, at doses of 1 to 2 kGy when
grown on a wheat medium and at lower doses of 0.25 - 1 kGy when
grown on a synthetic medium. They noted that as irradiation of
wheat was currently sanctioned by the USA Government at 2 kGy,
their results could be of public health significance.

Scientists at the Indian Atomic Energy Centre (29) infected wheat
with A.flavus before as well as after irradiation, varying the
conditions under which the wheat was then stored. After six
months storage at 90% humidity, all the samples showed increased
aflatoxin levels, the highest being in the wheat which had not
been irradiated at all. It is interesting to note that they used
a dose (0.2 kGy) significantly lower than the previous research,
and certainly lower than the maximum dose that some of the wheat
would receive if it were being irradiated commercially. Their
conclusion that "the disinfestation dose had little effect on the
grains to make these more susceptible to attack by aflatoxin
producing fungi" is questionable. The disinfestation dose they
chose was only 0.2 kGy and they state that the effective range of
0.1 - 1 kGy is used for the purpose of disinfestation of grain.

Later, in the eighties, research on aflatoxin production from
fungi under varying conditions was undertaken at the IFFIT
research centre in The Netherlands. (180, 181, 182)
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They found that the combination of heat and humidity and
irradiation dose of the spores was crucial, and that under some
conditions a smaller quantity of fungus could actually produce a
larger amount of toxins. This indicates that the amount of
spoilage of the grain is not a reliable indicator of its
toxicity.

The above summary is in many ways an over-simplication of this
enormously complex field.

In a private submission to the ACA inquiry from a Dutch
biological scientist living in Queensland, Heimen Julius, a much
more detailed and thoroughly researched evaluation of the topic
highlights some very serious concerns. In brief, he points out
that there are hundreds of moulds which produce toxins; that
there are many strains within the groups of Aspergillus which
produce toxins under varying conditions and that only some of
these individual strains have been used in irradiation
experiments; and that mutants of A.flavus have been produced
following irradiation and these produce even more toxins. He
also points out that despite the assurances by the scientists and
officials of national and international bodies, serious concerns
have been raised and remain unanswered.

The FDA (245) in its "final rule" dismisses the relevance of the
experiments using irradiated wheat on the basis that the
experimental conditions do not reflect grain handling practices.
No mention is made of the research using irradiated fungus
spores.

The UK Burgen Report (238) is silent on the topic of the effects
of irradiation on aflatoxin production in food.

In 1982 the Joint Expert Committee on Food Irradiation sought a
position paper from the International Society of Microbiologists
on the microbiological safety of irradiated food. It was stated
by the microbiologists that:

"the increase in mycotoxin production is more than balanced by
the decrease in the number of mycotoxin producing organisms."

However, the more recent research quoted in this section from the
IFFIT has indicated that under certain conditions the amount of
the fungus can decrease and at the same time its output of toxin
can increase. While there can be no doubt that the production of
aflatoxin can be increased following irradiation of wheat it
needs to be emphasised that this occurred at irradiation levels
below 5 kGy. Above this level aflatoxin production is abolished.
On this ground irradiation of grain should be at a level not less
than 6 kGy and subsequent storage should be under conditions
which do not permit re-infection with Aspergillus. The stored
irradiated grain should be regularly monitored for aflatoxin
levels.



IT IS THEREFORE RECOMMENDED THAT

GRAINS AND GROUND NUTS AS SUBSTRATES FOR AFLATOXIN-PRODUCING
MOULDS

- BE IRRADIATED AT MINIMUM LEVELS OF 6 kGy

- BE STORED UNDER DRY CONDITIONS

- BE ASSAYED REGULARLY FOR AFLATOXIN

- BE LABELLED "IRRADIATED„ STORE UNDER DRY CONDITIONS".



4.2.2 TOXIN CAUSING BOTULISM

Irradiation at doses of 10 kGy or less kills a wide range of
bacteria and fungi in food. However some bacteria can be found
in food in the form of resistant spores which are not killed at
these doses of irradiation. Clostridium botulism produces such
spores. When the conditions are favourable the surviving C.
botulism spores can germinate to bacteria which produce a toxin
causing the most lethal type of food poisoning known.

Usually when C.botulinum has reproduced and produced its toxin in
a food, the food displays some indications that it is inedible -
other microbes produce smells or discolouration or a slimy feel
to the food which can act as a warning. There is concern
expressed both in submissions to this Inquiry and in overseas
literature that once these "other microbes" are reduced by
irradiation, the warning signals will not be evident in food
which has become dangerous to eat. In addition, with less
competing micro-organisms, Clostridium as one of the few
survivors will be able to multiply even more readily.

Some of the replies to these concerns are reassuring; some are
not so reassuring.

The international JECFI states that there has been no evidence of
hazards from increased toxin formation. (79)

The committee of international microbiologists, set up to
specifically address microbiological problems in irrradiated
foods, acknowledged the stated concerns regarding botulism but
did not actually address the problem in their report. They state
in general terms that the shifts in populations of microbes do
not present toxic hazards. (55)

Other reports are a little more guarded. The FDA in its "Final
Rule" document, agrees that there are legitimate concerns "in
some situations" but they do not apply to irradiation of dry
foods or for foods irradiated below 1 kGy (245). Such a reply
may hold comfort for people living in the USA but not so for
people living in countries proposing an upper limit of 10 kGy.

The Burgen report also has some guarded reassurances about
botulism in irradiated foods. The possibility is acknowledged
that C.botulinum could survive in irradiated food and grow
"without the parallel growth of spoilage organisms which would
render food inedible." However, it is pointed out that botulism
is a rare event in the United Kingdom. The report concludes that
although certain applications (e.g. fish) will need careful
consideration, current microbiological practices should be
sufficient to detect and avoid outbreaks of botulism.



A more extensive response to the problem of botulism in
irradiated foods is given in the 1986 C.A.S.T. document.(56)
There is general agreement with the international scientists that
botulism will not become a problem in meats, poultry and fish
which are irradiated up to 10 kGv and then stored and distributed
at near ice conditions of 2 - 5 C. However. C.botulinum type E
can grow and produce toxin at temperatures (3 C and above) and
this is of greatest concern in fish.

The implications for Australia are not clear. Doubts that toxin
producing bacteria could survive in the absence of the warnings
from decomposition have not been entirely dispelled and in some
instances are partially reinforced by the experts. The confusion
around irradiation and botulism is further evidence that
irradiation should only be approved on a food item by item basis,
and that each item should be researched prior to any approval.

The warning in this section regarding the holding temperatures
for irradiated fish is particularly relevant in view of the
Queensland Fish Board's interest in using irradiation to extend
the shelf life of fish so as to be able to supply the inland
market. Senior officers from the NSW Department of Agriculture
advised that such distribution could only be done safely if the
fish were frozen, and sold through supermarkets. (213)

Fish, would appear to be safe if the holding temperatures were
low enough and if the fish were cooked adequately to kill the
toxin.

IT IS THEREFORE RECOMMENDED THAT IF IT WERE PERMITTED TO
IRRADIATE FISH, THE LABEL SHOULD CLEARLY STATE:-

"IRRADIATED FISH - STORE BELOW 2°C AND DO NOT EAT RAW."
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4.3 OTHER CONCERNS REGARDING SAFETY

Other concerns have been expressed regarding the safety of
irradiated foods (see Section 3), and these cover a wide range of
areas, like the combined effects of irradiation and cooking,
irradiation and use of pesticides and irradiation and packaging.

It is not possible to deal conclusively with each one of these
concerns within the time and resource limits of this Inquiry.

There has been very little research published on these matters.
Another concern, that the food will be radioactive has been
unanimously disproved by research. There is general agreement
among scientists that as long as the machine sources' energy is
kept within prescribed limits, the food irradiation process will
not add to the base-line low level of radioactivity that is
already present in most substances on earth, including food.

Irradiation resistant mutant micro-organisms

One concern frequently expressed to the Inquiry was that
irradiation of food will produce irradiation resistant mutants,
or mutants with other undesirable characteristics, from the
strains of bacteria and viruses in the food.

Some submissions to the FDA stated that "ionising radiation is a
well known established mutagenic agent." (200) However the FDA
argues, "there is no reason to expect that the resulting mutants
would be different or more virulent than those created in nature"
(245) and this is countered with - "but there is no reason to
expect that they wouldn't be different or more virulent."

Dr J. Forsyth, advisor to this panel as one of Australia's
leading microbiologists, describes how most of the mutations
induced by irradiation are disadvantageous to the bacterial
species themselves. On the whole, mutants do not tend to survive.
When bacteria do mutate in a way that they become more virulent
it is usually because large areas of their genetic material is
affected. Irradiation usually afjrects only small areas of
genetic material, and so more virulent varieties would not be
predicted.

With viruses, too, most mutations do not lead to better surviving
mutants. Viruses can be changed genetically only during their
stage of reproduction and this happens only when they are
inhabiting living tissue; they do not repi ^ice in food.
Therefore viruses in food cannot be changed -jenetically during
food irradiation. A possible exception to this situation would
be viruses living in egg tissue, but as it is not intended to
irradiate eggs, the problem does not arise.

49



Regarding the concerns about creating irradiation resistant
bacteria, T. Webb in a British paper describes pesticide
resistant insects, irradiation resistant salmonella bacteria and
the presence of radiation resistant bacteria in areas of high
radiation levels.(259)

Forsyth reports that bacteria develop strains resistant to, for
example, antibiotics, but this happens only after periods of
repeated exposure to the same antibiotic. Similarly Pam Wills
(266) of the AAEC reports that at least 10 "growth irradiation"
cycles are necessary before any change in resistance is observed.
In processing foods, irradiation occurs only once. It is not
envisaged that any food will be re-irradiated 10 times.

THE INQUIRY IS SATISFIED THAT IRRADIATION OF FOOD WOULD NOT
CREATE A SIGNIFICANT PROBLEM IN BRINGING ABOUT UNDESIRED OR
IRRADIATION RESISTANT MUTANT STRAINS OF BACTERIA OR VIRUSES.
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5. IS IT WHOLESOME?

In addition to the question of the safety of irradiated foods, there
is another area which has generated much attention in the literature
and in consumers' submissions to the Inquiry, and that is:-

Is it wholesome?

Does the process of irradiation detract from the "goodness" of the
food?

The concept of "goodness" can cover a wide range of variables from
food components like proteins to food qualities like "presence of a
life force". For the purpose of this Inquiry the effects of
irradiatica on wholesomeness will be confined to the effects the
process has on the vitamin content of foods. There is neither as much
concern nor scientific basis for such concern, regarding how
irradiation effects other food components such as proteins,
carbohydrates and minerals.

In many reports on the effects of irradiation on the vitamin content
in foods, such as the Burgen Report (238), the vitamin loss is
compared to that resulting from other processes such as cooking.
Such comparisons are only valid when irradiation is being considered
as an alternative to another process. Often, irradiation is used in
addition to another process, and at times in addition to several
processes. For example, meat may be frozen, then irradiated and then
cooked. It is also reasonable to assume that potatoes and grains
will not be eaten in their raw state.

The relevance of vitamin sources in foods is also related to cultural
aspects of food supply and preparation. The loss of a particular B
vitamin from a particular grain would have most relevance in a
community which uses that grain as a staple food, and especially if
it is a major source of that B vitamin in the diet.

The Australian diet is relatively varied. The consumer does have a
wide choice of foods and consequently a wide choice of sources of
vitamins. The vitamin C you miss in the oranges can be picked up in
the capsicum or parsley.

However, the availability of a wide range of foods rich, or even
adequate in vitamins is not necessarily a reason for complacency.
Adequate nutrition is not necessarily a normal state of affairs
across all strata of the "Lucky Country". According to an article in
"Food & Nutrition in Australia" there are several groups at risk
regarding nutrition:- e.g. aboriginals, pregnant teenagers, the
elderly, the handicapped, the hospitalised.

While irradiating small quantities of mangoes, strawberries or even
fish is unlikely to have significant nutritional effects on the
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disadvantaged groups in our society, there are wider implications.
For example an appendix to the Burgen Report concludes that "since
potatoes are a major contributor of vitamin C and of thiamine to the
British diet, this problem merits further investigation".

In 1986 the Australian Government released the results of a 1983
survey into the diet of Australian adults.(11) The survey indicates
that Australians eat a wide range of foods. On the whole, the
irradiation of one or two specific fruits would probably not
significantly change the vitamin intake of people even if all the
vitamins in those specific fruits were destroyed.

In researching the literature the opinions on the relevance of
vitamin loss in irradiated foods lack consistency. The FDA in their
final rule stated (245) "available literature indicated that there
are no nutritional differences between unirradiated food and food
irradiated at levels below 1 kGy."

The international JECFI in 1981 (79), concluded that "at low doses
the vitamin loss is insignificant", "at medium doses some vitamin
loss may occur if air is not excluded during irradiation and storage"
and that at high doses it is not a problem as low temperatures and
exclusion of air occurs during high dose irradiation, thus reducing
any vitamin loss. They do add, however, that for some cultures and
some diets further investigation is warranted.

The JECFI came to their conclusions on the basis of the evidence in
the series of review articles printed as "Recent Advances in Food
Irradiation" (71). The relevant chapters on vitamin changes due to
irradiation quote from research studies which come up with the
following quantified findings:-



Table 5: VITAMIN LOSS IN SOME IRRADIATED FOODS

FOOD

Kidney
beans

Rice

Wheat flour

Oat flakes

Rolled oats

Mackerel

Orange
juice

Potatoes

DOSE

0.15 kGy

0.24 kGy

0.24 kGy

1 kGy

1 kGy

3kuy

2 kGy
7.5 kGy

0.1 kGy
to
0.15 kGy

VITAMIN

riboflavin (Efe)
pyridoxine (Be)

4 B vitamins

thiamine (Bi)

thiamine (Bi)

thiamine (Bi)

vitamin E

thiamine (B^
pyridoxine (Be)

vitamin C

vitamin C

% LOSS

48%
48%

up to 22% of each

20%-65% after 2 months storage

35%

26%-86% after 8 months storage

56% after 8 months storage
5% if oxygen excluded during
irradiation and storage

15%
26%

23.2%
47.7%

28%-56% in addition to loss due
to storage

Note: 1) research on irradiation of extracted vitamins has not been
covered. Studies included relate to the effects of irradiation
on the vitamin content of whole foods.

2) the relevance of the vitamin C loss is not clear as some of the
ascorbic acid is converted to dehydroascorbic acid which
many researchers say is nutritionally equivalent to vitamin C.

In the above table, not all irradiated foods have been tested for
vitamin loss, but some, such as pawpaw, tomatoes and mangoes suffered
no loss.

It should be noted that the research on Vitamin C loss in potatoes
has given inconsistent results. Irradiated potatoes are usually
compared to potatoes treated with an antisprouting chemical
and then stored, and to untreated potatoes which are then
stored.
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According to Thomas (226) who has made probably done the most
comprehensive review of available research data on potatoes, tests
have been done which show significant initial loss of Vitamin C in
irradiated potatoes, but Thomas also reports that various other
studies show more loss, less loss and the same loss of Vitamin C in
irradiated potatoes when compared to chemically treated and
untreated potatoes.

In addition to the reports quoted from the JECFI resources, other
research has pointed to the instability of vitamin A (143) and
vitamin K (214) in irradiated foods and to the loss of vitamin E in
irradiated nuts (260).

The opponents of food irradiation, do not seem to be placated by the
conclusions of the experts that the vitamin losses are insignificant.

The argument used by the proponents of food irradiation states that
other processes, like canning and freezing also contribute to vitamin
losses in food. (150) Opponents of food irradiation counter that
this is no reason to introduce yet another process which will
contribute to vitamin losses in foods.

Loss of vitamins by irradiation or any other process is a matter of
concern for many people in the community. Many believe that they are
important in detoxifying non-nutrient substances in the diet. Many
plants used as foods contain substantial amounts of non-nutrient and
potentially toxic substances such as alkaloids, terpenes and
flavourids. Ames (3) has estimated that the intake of such unwanted
substances is several grams per day. It has been claimed that
vitamins such as vitamin E and vitamin C play a significant role in
detoxifying these ingested non-nutritient materials. This is a matter
of dispute and the available scientific evidence is equivocal at
best. However, this belief, when coupled with the suspicion that
irradiated food itself may be toxic has led opponents of food
irradiation such as L. Bloomfield from People Against Food
Irradiation (187) to suggest that the process has the double
disadvantage of producing toxins and at the same time reducing the
vitamins available to combat those toxins.

Other problem areas also exist. Ames (3) has drawn attention to the
fact that lipids can undergo free radical induced peroxidation which
may lead to the production of "mutagens, promoters and carcinogens."
Irradiation is one means of initiating lipid peroxidation and there
would be at least some of this reaction taking place when fatty foods
were irradiated. However, there has been no evidence that peroxidised
lipids, when fed to animals, are carcinogenic. Any suggestion that
these materials are toxic when ingested is speculative.
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The conclusions about wholesomeness of irradiated food are not
precisely clear. "Insignificant vitamin loss" is a concept which is
only relevant when taken in the context of "adequate vitamin intake",

IT IS RBCOMMENDKD

THAT FEDERAL, STATE AND TERRITORY DEPARTMENTS OF HEALTH KEEP UP TO
DATE RECORDS OF QUANTITIES OF SPECIFIC FOOD ITEMS WHICH ARE BEING
IRRADIATED.



6. WHY IRRADIATE FOOD?

6.1 SUMMARY OF REASONS

Irradiation is promoted as a process which can be used to
overcome some problems which face the food industry.

To summarise the detailed discussion contained later in this
section, the main reasons for irradiating food are listed below,
together with a brief conclusion as to their viability and
relevance to Australia.

6.1.1 To kill food-borne insects which are the subject of
quarantine regulations.

Conclusion. Irradiation is a viable process for this
purpose. It is limited to a small number of tropical
and sub-tropical fruits and is also limited by the
number of importing countries which will accept
irradiated food.

6.1.2 To extend the shelf life of fruit and vegetables by
delaying ripening and ageing and by killing spoilage
micro-organisms.

Conclusion. Irradiation is on the whole an
inappropriate technology for this purpose because of
the effects of the required dose on the produce. There
is some disagreement as to how long shelf life can be
extended as quality of purchase is often "in the eye of
the beholder".

6.1.3 To inhibit sprouting of potatoes and onions.

Conclusion. Irradiation is a viable process but its
application is limited by the extra care that must be
taken with the produce. Its acceptance for this
purpose would rely on a demonstrated need.

6.1.4 To kill insects which spoil grain.

Conclusion. Electron accelerator machines can
irradiate grain at a rate which is economically viable.
The acceptance of irradiation of grain would rely on a
demonstrated need.

6.1.5 To reduce or eliminate micro-organisms in spices.

Conclusion. Australia imports most of its spices.
While the irradiation of spices is a growing industry
in exporting countries, it is questionable as to
whether Australia needs to set up its own facilities
for this purpose alone.
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6.1.6 To kill parasites in meats.

Conclusion. The only proposed commercial use in this
area is» to destroy Trichonella apiralis in pork.
Australian pork is free of this parasite.

6.1.7 To kill spoilage and pathogenic micro-organisms in
seafoods, poultry meats and other meats.

Conclusion. Research is needed into the extent of the
public health problem associated with eating
contaminated food, and as to the possible effects
irradiation would have on the problem, before it can be
claimed with any degree of certainty that irradiation
is an effective or desirable solution or part solution.

There is another reason which is given for irradiating food, and
which cuts across some of the seven reasons listed above - and
that is to replace some post harvest chemical pesticides.

In December 1986 the Inquiry wrote to the State and Territory
ministers of agriculture or primary industry, asking their advice
as to which chemical pesticides would not be used if food
irradiation were introduced. Ministers were also asked to
comment on the economic viability of food irradiation in their
states. Replies from Victoria, South Australia, Western Australia
and Northern Territory indicated that food irradiation was not
foreseen as being economically viable in the immediate future.

The NSW Minister of Agriculture specifically named two chemicals
which could be replaced by irradiation. Ethylene dibromide (EDB),
a known carcinogen, could be discontinued in the treatment of
fruit fly in fruits and vegetables destined for the southern
states of Australia or overseas. Irradiation could replace the
use of methyl bromide in the disinfestation of wheat and other
cereals for export overseas if the grain were prepackaged in
insect resistant packages or transferred immediately into
disinfected containers.

It would appear that a significant reduction in the use of
agricultural chemicals would not occur if food irradiation were
introduced.

It has been stated by international bodies and by the NH&MRC
(171) that the process of irradiation should be permitted only if
there is a demonstrated technological or hygiene need for the
process.
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IT IS THEREFORE RECOMMENDED THAT

1 . IT IS THE RESPONSIBILITY OF THE APPLICANT TO
DEMONSTRATE A TECHNICOLOGICAL OR HYGIENE NEED FOR THE
PROCESS FOR A PARTICULAR FOOD, AT A PARTICULAR DOSE,
FOR A PARTICULAR REASON, AT A REGISTERED FACILITY, AND

2. THE POWER TO GRANT SUCH A PETITION BE VESTED WITH
A NATIONAL AUTHORITY.
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6.2 DETAILS ON REASONS FOR IRRADIATION OF FOOD

6.2.1 TO KILL INSECTS WHICH ARE SUBJECT OF QUARANTINE REGULATIONS

This use is of particular interest to growers of fruit in areas
of Australia which are prone to infestations of insect pests such
as Queensland fruit fly and mango seed weevil, as there are
restrictions of produce into some overseas markets and across
some State borders. The groups with the most to gain in
overcoming these problems ares- (21)

growers - eg. of mangoes in the Northern
Territory and Queensland and of other
tropical and sub-tropical fruit along
the North Eastern areas of Australia
where Queensland fruit fly occurs;

wholesalers - as new market opportunities can be
opened up;

retailers - as a wider range of tropical and sub-
tropical fruit can be sold;

consumers - especially in the southern States of
Australia, as they gain greater access
to tropical fruit.

The groups who stand to lose in Australia are the local
growers of some produce like tomatoes for whom the State
quarantine restrictions form a protection for some locally
grown produce, and consumers who are concerned they may not
have the choice NOT to eat irradiated food.

There are several alternatives to irradiation to solve the insect
problem, and they fall into three main groups:-

The use of chemicals.

The use of physical processes other than irradiation.

The use of biological methods.

Other possibilities are:

. Combinations of the above.

Changing quarantine regulations.

The use of chemicals — post-harvest insecticides

Chemicals are used extensively in agriculture. Soil can be
treated before planting takes place, seeds can be treated before
planting and the plants can be sprayed or treated with chemicals
at various stages of their yearly cycle. It is only post-harvest
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chemicals that are replaced by irradiation.

Most post-harvest insecticides are volatile chemicals which are
sprayed onto the fruit. (43)

. EDB (ethylene dibromide) was used successfully
for many years, but as it has become known that
it can cause cancer among the sprayers, it has
been banned in many countries and is being
phased out in Australia under a 1984 NH&MRC
recommendation.

MB (methyl bromide) has been used successfully
against some pests in some fruits, but is also
being phased out as an unsafe chemical.

Other chemical insecticides are being currently
researched.

One advantage attributed to insecticides over irradiation is that
there is a residue of chemicals left in or on the fruit and this
prevents further infestation for some time. However chemical
residues can also be considered a disadvantage, if they penetrate
the food or if surface sprays are not washed off before eating.

Another disadvantage of insecticides is that their danger to
humans is only too often discovered after they have been in use
for some time. Apart from the human tragedy aspect, there is
always the risk of accommodating an industry to the use of a
chemical, only to find that chemical banned in the future.(118)

Physical methods of killing insects

There are several known physical ways of killing insect pests,
but their use, on the whole is restricted by the tolerance a
particular fruit has for a particular treatment without loss of
quality in the produce.

Cold storage, for example, kills fruit fly in
grapefruit but damages tropical and
sub-tropical fruit.

Heat, in the form of steam, kills some forms of
fruit fly in mangoes.

Hot water dips have been found to kill insects
in bananas and pawpaws.

There are many variations of atmosphere
control ie. varying the proportion of carbon
dioxide, oxygen and nitrogen, that have been
found suitable for insect control in some
fruits.(43)
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. The USA Department of Agriculture has developed an
"acoustic coupler" which detects fruit fly
larvae vibrations when the larvae eat the
fruit. Infested fruit can be removed.(199)

Picking unripe fruit can overcome the problem
where the fruit does not contain the insect
pest in its green and unripe state.

There have been various measures of success by
trapping the insects, or inspecting the produce
for evidence of insects and culling out the
affected fruit.

Fruit has been found to be free of infestations
if it is within a set distance limit from a
known infested area.

Biological methods

In Australia the release of sterile male populations of the
Queensland fruit fly has had a high degree of success in reducing
infestation. However as the infestation extends through the
fruits of native trees in bushland and forests, eradication by
this means would be prohibitively expensive in Australia.

Combinations of some of these methods

Combinations of, for example, picking fruit at one quarter
ripeness combined with a double hot water dip has been found to
work well with Hawaiin pawpaw. (199) The banning of EDB in the
USA has encouraged researchers to re-examine some of the
alternative methods used before the introduction of EDE, and some
of these are being re-introduced. (200)

The experience of the pawpaw industry in Hawaii, where it is
important to kill off insect pests which are quarantined from the
USA mainland, was that it was cheaper and more efficient to use a
simple hot water dip method on unripe fruit than to introduce
irradiation. According to Moy, (90) the main drawbacks to
irradiation were high capital investment, the logistics of
transporting all the fruit to one central facility for processing
when a simple physical method could be done on site, and the risk
of consumer non-acceptance.
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Changing the quarantine regulations

Since EDB is being phased out in Australia, one solution has been
to review the quarantine regulations so as to delete unnecessary
restrictions. This has resulted in Victoria accepting northern
produce in th<* winter months, and permitting entry under other
conditions for the rest of the year. But this new approach does
have its problems in terms of practicalities - some of the "other
conditions" are not cheap, not easy to enforce and not suitable
for all produce.

ADVANTAGES OF USING IRRADIATION AGAINST INSECTS

According to many experts, irradiation is the best solution for
the disinfestation of insects in those fruits which can tolerate
the process, and for those insects which are the subject of
quarantine regulations.

Irradiating insects at very low doses makes the insects sterile
and incapable of reproducing. At a slightly higher dose the
insects are killed at all stages of their development - eggs,
pupae, larvae and adult.

A very low dose of irradiation (0.075 kGy) is required to kill
fruit flies, and a higher dose is needed to kill the mango seed
weevil (0.3-0.6 kGy).

The fruits listed below, can all tolerate the dose required to
kill the insects, without any obvious ill effects to the fruit in
terms of change of flavour, odour, colour or texture.

avocado
mango
citrus
tomato
lychee
banana
pawpaw
pome fruits
stone fruits
strawberry

During the 1986 season, a three ton trial of mangoes was
irradiated in Puerto Rico against local fruit fly and flown to
Miami, Florida for sale.(95)

With fruits which have a low tolerance to irradiation, research
has shown that by combining the process with other processes such
as heat, cold, chemicals or controlled atmosphere, the dose of
irradiation needed to kill the insects can be reduced.
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However, it must be appreciated that irradiation like other
physical methods kills off the current population of insects only
and so irradiated fruit must be stored and transported under
conditions which exclude the re-entry of infecting insects.(90)

The advantages of the irradiation process are:-

(i) There is no residue left in the produce.

(ii) The fruit can be pre-packaged before
disinfestation treatment.

(iii) There is no other known treatment for mango seed
weevil.(118)

(iv) Export markets would be open to countries which
currently have

quarantine regulations against Australian
insect pests;
ban EDB and other chemicals
permit import of irradiated foods. (This
currently excludes Japan.)

Recent experiments by the Queensland Department of Primary
Industry indicate that there are still some problems in
irradiating mangoes that need to be overcome. Irradiated mangoes
stayed green, even when they were ripe and the fruit was also
more prone to skin discolouration. (92)

On the other hand, recent experiments with pawpaws indicate that
while irradiation causes an initial softening of the fruit, this
effect is temporary and the fruit rehardens on storage. (213)

It appears that research done overseas is not necessarily
directly transferrable to Australian cultivars and Australian
conditions, and that it would be expedient to carry out specific
and local experiments before embarking on a full scale commercial
industry.
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6.2.2 TO EXTEND SHELF LIFE OF FRUIT AND VEGETABLES BY DELAYING
RIPENING AND AGING AND BY RULING SPOILAGE MICRO-ORGANISMS

Most tropical fruits ripen and over-ripen quickly. This is of
particular concern when produce is transported vast distances
from grower to consumers. With some other fruit the problem is
compounded by the spoilc.ge effects of micro-organisms, especially
for very soft fruits like strawberries which are ready hosts to
moulds and fungi.

Under research conditions, several groups of fruit respond well
to irradiation for this purpose, and South Africa has been using
the process for several years on a commercial basis to extend the
shelf life of strawberries.

However, the research shows conflicting results. Perhaps this is
because different cultivars, grown in different parts of the
world have different maximum tolerance levels to irradiation. In
commercial facilities, when large sized containers of foods are
irradiated the maximum tolerable dose in some of the produce can
be exceeded. Where there is a very small difference between dose
required and maximum tolerable dose, the actual dose absorbed by
the fruit is critical.

When the research from various sources is compiled it appears
that the list of suitable fruits is very small indeed. Fruits at
the necessary dose develop a whole range of side effects - tissue
softening, discolouration, peel injury or they become sensitive
to chill.

There are reports which are very optimistic:-

- bananas can have a shelf life increased from
25 to 45 days;

mangoes can have an extended shelf life of
7-9 days;

pawpaws, treated with irradiation and a hot
water dip can have a shelf life extended by
3-4 days.(205)

However, Professor Noel Sommer (217), who co-ordinated
irradiation studies on fruit and vegetables for the USA Atomic
Energy Commission for some 10 years, found that, on the whole,
only 2-5 days extension of shelf life of fruit was achieved, and
concluded that irradiation to extend shelf life was not practical
for two main reasons:

(i) damage to fruit

(ii) cheaper more effective alternative methods
for achieving the same objectives.
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In Australia, due to the widely dispersed geographical growing
areas, there is the added problsm of transporting all the fruit
to a central facility for processing.

Dr Sommer also claims that only six commodities of the many
tested could tolerate doses approaching beneficial levels, and
five of those commodities could be dismissed, eg.

irradiated bananas are more sensitive to chilling
and the current ethylene gas treatment seems to be
adequate.

mushrooms' caps can be inhibited from opening by
storing at 0 C in a relative humidity of 90%
without the use of irradiation.

The one commodity which did look promising was strawberries which
can tolerate the relatively high dose of irradiation needed to
kill off spoilage moulds. However, once irradiated the
strawberries must be kept refrigerated to prevent re-infestation,
and the research indicated that irradiated strawberries suffered
intolerably high injury when transported. Reports from South
Africa indicate that this problem may be being overcome by
irradiating only those strawberries which can be picked cool in
the early hours around sunrise, and irradiated while still cool.

Sommer concludes:

"Irradiation holds little promise for perishable
commodities."

"Irradiation cannot substitute for refrigeration, and at
best could only supplement it."

Sommer believes that the only possible rationale for using
irradiation for fresh fruit may be in disinfestation of
quarantined insect pests, as tha doses required are lower, but
warns that research to test if irradiated food stands up to
transporting should be done as part of any research and
development exercise.

REDUCTION OF FOOD SPOILAGE IN DEVELOPING COUNTRIES

It has been suggested by respected scientists in the field (124)
that irradiation could be the solution to the enormous problem of
food spoilage in developing countries. This has been one of the
main advantages proposed by the International Atomic Energy
Agency (IAEA) and various international groups promoting
irradiation.
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When Indian senior food scientists were interviewed they admitted
that India, like most Third World countries did have an enormous
post-harvest spoilage problem, and suggested that there was a
need for very simple solutions such as cardboard boxes for
packing, silos that excluded rats, and perhaps, one day,
sufficient refrigeration and refrigerated trucks. Even if
irradiation were introduced, these very basic food storage aids
would still be required.

As Prof. D. V. Rege stated (6)

"By and large, however, the growth of the food industry
reflects transplanting the western food processing
industry to this country and not a need-based growth
emerging out of natural interaction between science and
technology and the society".
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6.2.3 TO INHIBIT SPROUTING IN TUBER AND ROOT CROPS

Some root or tuber crops such as potatoes, onions, garlic and
green ginger develop sprouts once they are harvested. This is
mostly a problem in countries where there is a short growing
season and consequently a long period of storage.

Advantages of using irradiation

1. Once irradiated the inhibition is permanent - other methods,
are at times, only temporary.

2. The dose is small - 0.02-0.15 kGy.

Disadvantages

1. The ability of potatoes to heal their cuts or bruises from
harvesting is reduced by irradiation, and so it is necessary
to remove badly damaged potatoes, and to store the potatoes
before irradiation so as to give the potatoes a chance to
recover from harvesting.

2. Irradiation increases the potatoes' susceptibility to
subsequent fungus attack and rotting, so storage conditions
must be optimal, eg. storage at 7.5 C - 10 C.

These storage conditions can be achieved more easily in cold
climates, but necessitate some sort of refrigeration in warm
or hot climates.

3. Some discolouration has been reported in irradiated potatoes
and discolouration after cooking is quite common.

4. The effects on taste and odour of irradiated onions are
quite variable, but reduction in flavour and odour is quite
common.

5. Reported results as to whether irradiated onions are more or
less prone to spoilage are also variable.

6. Irradiated onions develop brown centres unless they are
irradiated within four weeks of harvesting.

This delay time can be extended by refrigerated storage.

7. The world crop of potatoes is approximately 300 million
tonnes/year. It is the world's fourth major crop after
wheat, corn and ri^-e. It is unlikely that irradiation could
be used as a mioor solutior t-o sprouting. (226) (227)
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Alternative methods of control!ir ? sprouting

1. Chemical sprout inhibitors are in wide use.

Maleic hydrazide (MH) is sprayed on potatoes and onions in the
field several weeks before harvesting.

Chloro iso-propyl-N-phenylcarbamate (CIPC) is applied to potatoes
in bulk storage through circulation in the air or by dusting the
tubers.

MH and CIPC do not seem to affect the sugar accumulation in
potatoes, and do not affect the colour, texture or taste of
potatoes or onions.

However, while these chemicals are considered safe/ MH at 10 ppm
and CIPC at 5 ppm, there is some concern about residues in or on
the produce, especially when they are used at higher
concentrations.(226,227)

Chemically treated potatoes and onions also have to be stored at
cold temperatures.

2. In some countries, cold storage is used by itself.

For example, onions can be kept at O C and with a relative
humidity of 65-70% for long periods.

Research in tropical countries has indicated that short term
storage is possible without refrigeration, and simpler cooling
methods can be used such as ventilated and insulated stores or
cooling by spraying storage buildings with water.

At the 1983 Symposium on food irradiation, Beattie (from NSW
Department of Agriculture) and Wiblin (from AAEC) (39) stated
that potato sprouting is not seen as a problem in Australia. It
did not rate a mention at the Sixth National Potato Industry
Conference the previous year.
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6.2.4 TO KILL INSECTS WHICH SPOIL STORED GRAIN

Once grain is harvested it is open to infestation by insects.
This problem is overcome in Australia by fumigating silos with
methyl bromide.

The USSR seems to be the only country currently irradiating
grain, and is using two electron accelerator machines at the port
of Odessa to irradiate some of the wheat it imports.

Irradiating wheat at the point of entry overcomes problems of
keeping the insects out of the grain while it is being
transported.

There have been some safety concerns expressed regarding with
minimum doses and with storing of irradiated grain and these are
described in Section 4.

Alternatives to irradiation and chemical insecticides

1. Carbon dioxide is commonly used to fumigate grain as it
displaces the oxygen and the insects cannot breathe.(235)
Success of this method has been reported by the CSIRO. (24)

2. Other methods are being researched such as heating the grain
by microwave under vacuum conditions and heat treatment by
infra red radiation.(199)
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6.2.5 TO REDUCE OR ELIMINATE MICRO-ORGANISMS IN SPICES

Spices are a minor ingredient in the diet. They make
up only 0.1-2% of total food, but they can contribute a
significant proportion of the spoilage micro-organisms. In
particular, heat resistant bacterial spores cause problems
in canned foods, especially meats. Spices can carry
pathogenic bacteria such as salmonella and so contribute to
food-borne diseases.

Spices are irradiated in some European countries up to a
maximum average dose of 10 kGy to reduce their microbial
count, and in the USA are irradiated up to 30 kGy, which would
result in sterilisation or elimination of all the micro
-organisms.

The lower doses, used to disinfest, do not appear to affect
the taste or odour of spices, but there is evidence that the
higher sterilisation dose may noticeably change the flavour
of some spices.(80)

Until recently the most common sterilising agent for spices
was ethylene oxide, but it is now banned in many countries
because of the danger to the health of workers.(69)



6.2.6 TO KILL DISEASE CAUSING PARASITES IN MEAT

There are numerous parasites which cause diseases in humans, and
which are transmitted by eating infected meats. Such an example
is the parasite which causes trichinosis from pork.

Irradiation at low doses of 0.08-0.15 kGy inactivates the
Trichinella spiralis in the pork by sexual sterilisation.

Cooking pork for five minutes at 175°C also kills the parasite
(236), but some people who eat pork very rare are at risk of
contracting trichinosis. Some home made salamis and sausages use
pork in its uncooked form. Pork carcasses can be individually
tested for the presence of trichinella for about 15 cents (US)
per carcass by Enzyme-Linked Immuno-Sobent Assay. The infected
animal can be traced back to its farm of origin and the farmer
given notice of the infection.(200)

An average of 152 cases of trichinosis per year has been reported
in the USA between 1975 and 1981.(210) No cases have been
reported in Australia.
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6.2.7 TO KILL SPOILAGE OR PATHOGENIC MICRO-ORGANISMS IN
SEAFOOD, POULTRY AND OTHER MEATS

The combatting of public health problems as a result of food
borne pathogens is the most highly promoted of all the uses for
food irradiation.

The pathogenic micro-organisms that are under consideration
include:

Salmonella
Campylobacter
Clostridium botulinum
Staphylococcus aureus
Vibrio
Shigella
Escherichia coli
Listeria monocytogenes

The size of the problem

The size of the problem of food borne pathogens is very difficult
to estimate as milder forms of the diseases tend to be under-
reported. The estimates available are very wide ranging. A
Dutch consumer group places the food poisoning figure at one in
every 140 people per year,(248) but the head of FDA's Centre for
Food Safety and Applied Nutrition (139) suspects "everybody in
the country, at least once a year, has an episode of food borne
diarrhoea."

The Joint Expert Committee on Food Safety stated in 1984,(109)
"illness due to contaminated food is perhaps the most widespread
health problem in the contemporary world."

The extent of the problem in Australia is difficult to quantify.
The figures available indicate that both Salmonella and
Campylobacter cause significant amounts of illness, and that they
are on the increase. However, the possibility that food borne
disease is Australia's "most widespread health problem" is highly
questionable.
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Reasons for the increase (80, 210)

There are many reasons as to why there is an increase in diseases
caused by food borne pathogens.

There is a growing tendency for animals to be farmed in
larger and larger sheds where cross infection is more likely
than when chickens were free ranging, and animals were
grazing in the paddocks.

The feed itself the animals are eating is at times infected.

There is more international trade of feed as well as of
meat products.

The environment itself is polluted, affecting for example
seafood from infected waters.

Mechanised slaughter and evisceration processes result in
spread of infection from punctured intestines into the
carcass meat.

The infecting organisms, themselves, are adapting to modern
food processing and to drug therapies.

The pros and cons of irradiating chicken

Chicken carcasses have been found to have a varying level of
contamination by both Salmonella and Campylobacter bacteria. The
Australian Atomic Energy Commission's recent research confirms a
high level of Salmonella in chilled poultry.(269)

A Canadian report (59) estimates that 25% of salmonellosis is due
to eating chicken, Roberts from USA (210) estimates chicken is
responsible for 9.5% of reported cases and beef for 31%.

Illness due to Campylobacter is often attributed to eating
poultry or meat, but an article in the British Medical Journal
(222) states that the source of the infection is difficult to
confirm, but that one common source is from pet dogs and catr; who
are suffering from the disease.

The International Consultative Group on Food Irradiation (109)
sees irradiation as one of the major solutions to reducing food
borne pathogens in poultry. Irradiation of chicken at 2-2.5 kGy
will kill disease-causing micro-organisms other than spore
producing bacteria such as Clostridium botulinum.

However there are certain drawbacks. In The Netherlands, while
permission to irradiate chicken has been given for several years,
and while the Gammaster plant at Ede could easily accommodate
chicken, no chicken is being irradiated as it is believed that
the extra costs would not be acceptable to the consumer.(140)
(For estimated costs of irradiation see Section 8 on Economics.)
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In a recent report to the European Parliament (75) it was stated

"that it is too expensive to irradiate cheap foodstuffs
produced on a large scale, such as chickens. It is therefore
misleading to argue for irradiation on the grounds that the
number of cases of salmonellosis caused by contaminated
chickens could be significantly reduced by irradiation."

Australian research has shown that the dose of 2.5 kGy needed to
reduce pathogenic bacteria in chicken, induces smell and colour
changes, which do, however, disappear when the meat is
cooked.(68)

Even if irradiation is used, it is not seen as a total solution
to the problem - pre-irradiation and post-irradiation food
hygiene and food handling practices still must be followed.

Regarding Campylobacter, the British Medical Journal article
makes the point that disease is theoretically preventable by good
hygiene in the home, taking precautions when domestic pets have
enteritis, and avoiding untreated milk and water. After all, the
bacterium can be killed at 60 C for 15 minutes which is well
below the cooking conditions for chicken. Problems, however, do
arise when frozen poultry is cooked and the heat does not
penetrate the meat thoroughly.

Curtin (59) has published an extensive study on controls of
Salmonella in poultry and describes successes by an holistic
approach which has met with much success in Scandinavia. This
includes taking precautions from the hatchery stage, through the
levels of feeds, sheds, transport, processing the carcass, and
including the important aspects of educating the public and food
service employees regarding safe food practices.

Irradiation may have a part to play in this chain. So does
cooking at 70 C for a few seconds, as it kills the Salmonella.
However, the main danger in the kitchen is the transfer of
bacteria from the raw meat to any food, cooked or uncooked, which
is ready to eat.

The pros and cons of irradiating meat

Research at the Australian Atomic Energy Commission (AAEC)(68)
supports overseas findings that when meat is irradiated at 2-2.5
kGy (a dose required to kill pathogenic bacteria), there is a
significant change in taste and smell of the meat.

These changes can be reduced by irradiating the meat in a
refrigerated or even better, frozen state.



However, it is pointed out (122) by Urbain, that in view of the
high costs of freezing combined with irradiation

"it seems unlikely that a meat processor would undertake
it voluntarily In terms of the costs to the
consumer, it appears to this author, to be an
unwarranted application of irradiation."

Urbain continues that irradiation of meats to a further point of
sterilisation would be even less economic, and contains too many
unanswered concerns about safety.

There are other problems for irradiated meat. While the spoilage
bacteria may be reduced, the enzymes which also bring about
deterioration of meat are not affected by the process.

While there is still some optimism about the use of irradiation
to kill pathogenic bacteria in meat, it appears that there is
little scope for the use of irradiation in extending the shelf
life of meat.

The pros and cons of irradiating seafood

The Netherlands and Belgium are irradiating shrimp, and to a
smaller extent, frogs legs, which come from waters which are high
in micro-organisms which cause food-borne diseases. This produce
is considered in the "luxury" class, and so extra cost is not so
important. The shrimp and frogs legs are either re-exported or
sold locally to the food industry, and, as "second generation"
products do not need to be labelled as irradiated.

Microbial testing at the Ganunaster plant in The Netherlands,
where irradiation takes place, is designed to ensure that produce
which has an unacceptable level of contamination is not
irradiated.

In Australia there has been an application from the Queensland
Fish Board to irradiate seafood. It is the experience of the
IFFIT Research Laboratories in The Netherlands that an extension
of only one or two days' shelf life can be gained by irradiation.

In a small country like The Netherlands with an efficient
transport system one or two extra days' shelf life is not
particularly relevant. However one or two days may be important
in extending the life of refrigerated fish which is transported
to inland areas in Australia.

Irradiation of luxury seafood in The Netherlands and Belgium is
proving to be economically viable because of several factors
other than pure economy. The seafood comes from tropical waters
around Thailand and Malaysia which are high in spoilage and
pathogenic micro-organisms. They are vulnerable to spoilage and
to disease. It is believed by a senior official from the
Queensland Fish Board, that although Australian waters do not
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contain as many pathogenic micro-organisms, the importing
countries of Europe tend to conceptually link all seafoods from
all tropical waters together and may very well believe that
irradiation should be used for Australian seafoods, too. As
Australia exports $480 million worth of seafood/year, the NH&MRC
was requested to review its exclusion of seafoods from its list
of foods approved for irradiation. However, in the case of
existing irradiation of seafoods it is the importing country that
is doing the irradiating not the exporting one, and it is unknown
as to whether irradiation before transportation would be as
acceptable to the importing country as irradiation after
transportation.

76



7. ENVIRONMENTAL IMPLICATIONS

The possibility of processing food by irradiation in Australia has
opened up several areas of discussion in terms of the environmental
implications. Irradiating food must be considered in the context of
the whole irradiating industry which, world-wide, consists of over
100 cobalt 60 facilities commercially irradiating goods other than
food and several hundred machine sources irradiating plastics and
other materials. Most of the cobalt facilities have been built by
Atomic Energy of Canada Limited (AECL) who also supplies the cobalt
source. One submission to this Inquiry (46) has documented eight
incidences of accidents or mishandlings in cobalt 60 facilities over
the past 12 years, 7 being in USA and one in Norway. Every time
there is a failure to contain radioactive material people will be
concerned. There is a build up of fear and distrust of the nuclear
industry as a whole, and single incidents of accidents concerning
cobalt 60 can be viewed as yet again reinforcing this fear and
distrust.

Statements referring to the good safety record of the irradiation
industry are based on data which do support a high safety record.
Nevertheless, irradiation accidents strike an emotive response and
the combination of irradiation and food strikes an even more emotive
response.

Protecting the environment is intrinsically connected to protecting
the people who handle the cobalt 60, and who work in the facility
where the irradiation takes place. Although it is outside the scope
of this Inq\ icy to address the problems of worker health and safety,
many o? the procedures which have been set up to protect the workers,
do at the same time protect the environment.

It has come to the notice of this Inquiry that the Radiation Health
Coitimittee of the NH&MRC has produced a draft code of practice for the
design and safe operating of irradiation facilities used for the
treatment of foods.

As with the model food regulations, it is not mandatory for the
States and Territories to incorporate such practices into their State
and Territory laws.

Australia is not set up at the moment, to deal with emergencies in
existing irradiating facilities.

In a safety study of Steritech's Dandenong plant which was
commissioned by the Victorian Government, R. Robotham of Melbourne
University described the most serious (but highly improbable)
incident as being the detaching of a cobalt 60 rod so that it could
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fall onto a box of medical supplies and could be carried on the box,
outside the protected irradiation chamber. It appears that in such
an emergency it would be necessary to turn off the power, lock the
gates and phone Canada.(264)

While on the one hand it is comforting to know that expertise can be
summoned and will indeed come as soon as possible, it is somewhat
disturbing to note that there is no set of contingency measures that
could be set in motion in Australia.

Dr Fleishman from the NSW Department of Health's Radiation Health
Service, told the hearings of the House of Representatives' Committee
that he had emergency equipment on standby at all times. However, it
would appear that more sophisticated equipment may well be required
for the sort of emergencies that could arise in an irradiation
facility.

Although the facilities and services from AECL Canada are of
excellent quality it would be unrealistic to assume that any future
purchases of cobalt 60 for food irradiation will automatically be
made through AECL. Contracts with other suppliers may not include
such safety back-up services. It would not be sensible to neglect to
establish adequate controls and back up emergency procedures because,
at the moment, the one supplier has a good track record on safety.

In the USA, before licences are granted, applicants must demonstrate
how they will be providing radiation detection instruments, leak
tests, waste disposal, training and emergency procedures. However,
according to John Hickey who is in charge of licensing all isotope
facilities in the USA (106) current facilities are inspected on an
average once per year and the onus is left on the industry to report
any problems about safety.

The USA experience has been that companies do not volunteer their
problems to the authorities and one case has been cited (248) where
contaminated water did leak out from the concrete water tank which
stored the isotope in an irradiation facility.

In some countries e.g. New Zealand, an application to set up an
irradiation facility must be accompanied by an environmental impact
study. Although Australia is comparatively free of the threat of
earthquakes, other environmental factors should be taken into
account, such as liability to flooding, proximity to schools and
houses and the depth of the water table at the proposed site.

According to the USA Nuclear Regulatory Commission (248) "Development
of siting criteria...has not received significant attention." Any
natural phenomena which could increase the risk of damage to the
holding water tank or to the source itself could cause environmental
damage. The recommendations from the NRC workshop could well form

78



the basis of Australian regulatory controls on irradiation
facilities.

Although three irradiation facilities are operating at the present
time in Australia there have been no environmental impact studies
carried out.

7.1 COBALT

At the present time all cobalt imported into Australia comes from
Canada. When cobalt 60 leaves the AECL in Canada it is emitting gamma
rays. It will keep emitting gamma rays in slowly decreasing amounts
until, in about 15 to 20 years, the emission is reduced beyond the
limits of economic usefulness. In the facilities, cobalt 60 is used
as small pellets which are encapsulated in double stainless steel
rods. These are transported in massive lead containers designed and
tested to withstand the worst conceivable transport accident.

This Inquiry has been unable to find any examples of accidents during
the transporting of cobalt 60 from supplier to facility or back
again.

Cobalt 60 rods are installed into the?" source rack which is then
mounted on a hoist so that it can be immersed into and lifted out of
a deep pool of water. Installation is a highly specialised technical
service which is performed by AECL personnel. (264)

The source, in the facility, is surrounded by a 1-2 metre thick
concrete walls, and a complicated set of devices and procedures has
been designed to prevent people from entering the source chamber
unless the cobalt 60 is immersed in the tank of water.

From the environmental as from the worker safety perspective, the
system can never be said to be absolutely disaster proof or fool
proof. However, the probability of environmental contamination
through natural disaster or human error can certainly be minimised.

The AECL built facilities have safeguards which are primarily geared
to worker safety. Incidences of exposure of people to excessive
irradiation and environmental damage have occurred only when the
safety procedures have not been followed, or have been tampered with.

George West, of Steritech, who manages two commercial irradiation
facilities in Australia, described to the House of Representatives'
hearings the safety back-up system supplied by AECL. All cobalt 60 is
delivered in safe containers. AECL sends out expert staff to carry
out all installations of the isotope. After fifteen years, rods of
cobalt 60 are sent back to AECL, and if they are still emitting
sufficient gamma rays to be economically useful, their warranty can
be extended to another five years. AECL trained personnel carry out
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any necessary maintenance or emergency service on the plant.

If the situation should arise where the stainless steel containers
holding the cobalt 60 rupture or deteriorate in any way, and the
cobalt 60 comes in contact with the water in the holding tank, the
resulting problem would be serious, but not overwhelming due to the
relative insolubility in water of the cobalt 60. The water in the
tank would remain at a "safe" level provided the leak were detected
and corrected within a few days. Despite the odd incident, the
conclusion is that cobalt 60 source integrity experience has been
satisfactory.

7.2 CAESIUM

The environmental risks are greater when caesium 137 is used as a
source. Caesium 137 is quite significantly more water soluble, has a
lower melting point, and a longer half life. Compared to cobalt 60
there is not as long and reliable history of supply of the isotope,
of the machinery and of ongoing maintenance and support. Even John
Hickey from the USA Nuclear Regulatory Commission has stated serious
concerns about the safety of using caesium 137. (106,248)

Any leakage of caesium 137 from its stainless steel containers into
the holding tank would result in a tank of very concentrated
radioactive water. This possibility is far from remote as the
caesium, encased in stainless steel rods is lowered into a tank of
water whenever food is not being processed - at least 3 hours out of
every 24.

7.3 MACHINE SOURCES

The use of electron accelerators or X-ray machines would overcome the
problem of the possibility of environmental damage due to leakage of
radiactive materials. However environmental impact studies would be
desirable for these facilities too, as they draw on large amounts of
electricity and, especially in the case of X-rays, produce large
quantities of hot water.

If a machine source consumes 2MW (million watts) of electricity it
would require its own high voltage substation; it would not be able
to be supplied with electricity by a local authority at 11,000 V.
The State electricity generating authority would have to supply
electricity at 33,000 V or 66,000 V and the irradiator would have to
supply a substation comprising a large transformer two circuit
breakers and associated isolators, protection and control equipment.
This would probably be contained, outdoors in a securely fenced yard.
The electricity connection would normally be via an overhead line
with a suitable easement direct from the nearest electricity
authority substation.
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If the machine were used to produce x-rays/ and so become only 10%
efficient then 1.8MW of heat would have to be removed from the
machine and its immediate environment. This would be via a cooling
tower with an evaporation loss make-up system. If water were fed to
the machine at 45 C then allowed to rise to 75 C it would require a
water flow rate of approximately 1,000 L/min. This would require a
reasonably large pump and a medium size cooling tower, similar to
that used in the air-conditioning system of large buildings. The
air-flow, noise and coolant loss from such a cooling tower would not
necessarily be significantly damaging to the local environment but
would require careful siting and possible noise barriers. It is
usual to include anti-corrosive and anti-algal agents in such cooling
water and lost coolant containing these substances would settle on
the surrounding area. Human toxicity and other direct environmental
effects from this are not great beyond nuisance value but need to be
considered.

IT IS RECOMMENDED

1. THAT APPROVAL TO LICENCE FACILITIES OR FACILITY OPERATORS BE
VESTED WITH A NATIONAL BODY, OPERATING UNDER FEDERAL LAW.

2. THAT LICENSES BE GRANTED CONDITIONAL UPON

. A FULL ENVIRONMENTAL IMPACT STUDY

. EVIDENCE THAT THE COMPANY HAS SUFFICIENT FINANCIAL
RESOURCES TO COVER THE COST OF ANY ACCIDENT WHICH MAY
RESULT IN DAMAGE TO PEOPLE AND/OR THE ENVIRONMENT.

3. THAT CAESIUM 137 BE BANNED AS A SOURCE FOR A FOOD IRRADIATOR.

4. THAT COBALT 60 BE PURCHASED ONLY UNDER A CONTRACT WHICH PROVIDES
THE FOLLOWING SERVICES:

. TRANSPORT

. INSTALLATION

. MAINTENANCE

. RETURN OF COBALT AFTER USE.
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8. ECONOMICS OF FOOD IRRADIATION

8,1 PROBLEMS OF METHODOLOGY

It is extremely difficult to give an accurate estimate of the
economics of a possible future installation for the irradiation of
food in Australia. There are so many uncertainties in the data that
any estimates need to be qualified to such an extent as to have
little value. The principal sources of the inaccuracies are as
follows:

1) the capital cost is not known with any certainty, and will vary
for the particular site chosen and the specific technology used;

2) the contribution of the capital cost, in^srest charges and other
fixed costs to the unit cost of irradiating food is a function
of throughput and throughput cannot be estimated

3) other direct costs, such as transport, are critically dependent
on the particular site chosen and the distribution of the
produce to be treated by the facility;

4) there is no general agreement on the appropriate discount rate
to be used in bringing future costs and benefits into present-
day terms;

5) there are a whole series of indirect costs, including the costs
of regulation, safety provisions, continuing research on health
problems, insurance, education programs, labelling and its
enforcement, and the securing of access to overseas markets. It
is not possible at this time to determine which of these costs
will be borne by the industry and which will be hidden subsidies
from the public purse. However, this Inquiry is recommending
that all costs be borne by the industry.

The list of uncertainties demonstrates the implausibility of any
general evaluation of the economics of food irradiation. It is only
possible to give estimates for clearly defined conditions and
assumptions, and even then some of the elements of the total cost
cannot be known even in principle. The National Consumer Affairs
Advisory Council (NCAAC) recently considered the possibility of
producing a detailed cost-benefit analysis to aid the evaluation of
potentially-hazardous goods or processes, and concluded that such a
quantitative picture was likely to be misleading. NCAAC suggested a
framework for evaluating such questions, in the following terms:
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1) identify the nature of potential hazards associated with the
process;

2) quantify, as accurately as possible, the possible consequences
arising from those hazards;

3) estimate the various reductions in these consequences which
could be effected by different policy options;

4) identify beneficial effects of the process under the various
policy options being considered;

5) identify the costs of implementing each policy option, according
to the effects on consumers, manufacturers or suppliers, and
regulators;

6) identify in general terms which sections of the community will
benefit from each policy option and which will bear the brunt of
the costs;

7) set these issues out clearly to facilitate "a decision which
involves explicit consideration of the ethical and
distributional issues".

According to this analysis, it is not possible to produce a cost-
benefit analysis which is free of subjective judgements and allows an
"objective" decision to be made. That being the case, the task of the
economic analysis is to set out explicitly the best possible
estimates of the costs and benefits of alternative policy options,
drawing attention to the issues of who r"'T/s the costs and who
receives the benefits. This summary of -formation should then be
regarded as the basis for a decision wliicr*. must, ultimately, be a
social and political value judgement.

The analysis in this chapter is an attempt to provide the information
needed to follow the general approach outlined above. Section 8.2
summarises the information available about costs parameters,leading
to estimates of the costs to consumers and others of permitting the
irradiation of food under different conditions. Section 8.3 examines
attempts to estimate the cost of not irradiating food, including the
costs of competing technologies and the costs of spoilage of produce.
Section 8.4 sets out the unquantifiable costs which are associated
with the inevitable centralisation of food production which would
result from the introduction of irradiation, and attempts to describe
some distributional effects. Finally, Section 8.5 sets out the
elements to be considered in the social ard political value-judgement
about food irradiation, making clear which aspects can be quantified
and which factors are not capable of being expressed in equivalent
quantitative terms.
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8.2 THE COST OF THE PROCESS

Most of the literature on the economics of irradiating food is based
on theoretical calculations, not on direct practical experience.
However there are several quite detailed economic studies looking at
economics of food irradiation from different perspectives such as
comparing the production costs of facilities using different sources
of irradiation, comparing the economies of scale involved in various
sized facilities across a variety of produce, and comparing the costs
of irradiation to the total cost of x.ae produce.

It is somewhat difficult to compare the data from the various studies
as they use slightly different lists of variables (e.g. only some
include land); there are variations within the variables (e.g. some
amortise the capital over 10 years, some over 15 years); and all of
them leave out variables which should be included by this Inquiry
such as insurance against accident, environmental impact studies,
contribution by the industry to community education, which is stated
as being an essential part of promoting the industry.

The study by Lagunas-Solar and Matthews (133) compares the costs
incurred by using different sorts of sources of ionising energy, and
comes to some interesting conclusions:-

Caesium 137 is cheaper than Cobalt 60 even taking into account
a greater quantity of Caesium is needed to emit the same amount
of gamma rays. For a given radiation dose, the caesium source is
about four fifths the price of an equivalent cobalt source.

An electron accelerator can process food at about 5 times the
rate achieved by isotope sources, (but is limited to food
about 4 cm deep). This limitation appears to rule out this
technology as a treatment for mangoes, paw paws, tomatoes etc.

An X-ray machine can process food at about 3 times the rate
achieved by isotope sources, (but is limited to food about
9 cm deep). Thus this technology cold be used for some, but
not all, fruit and vegetables.

Machine sources require less capital outlay (about 2/3) than
that required for isotope sources.

An electron accelerator has a lower annual running cost than
the isotope sources, but an x-ray machine has higher annual
running costs than any of the other systems considered.
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If radiation processing of food is to be a commercial
proposition, it will be necessary to scale up facilities to the
level of processing more than 40 tonnes/hour of fruit and
vegetables at the FDA dose limit of 1 kGy.

. The cost of processing food is a function both of the scale of
operation and the radiation dose.

These authors also point out that it is less expensive to irradiate
food at a lower dose. However, as fixed costs are involved there is
not a simple linear relationship between dose and cost.

Although Lagunas-Solar and Matthews do include machine sources in
their study, the constraints on these sources, at the present time,
limit their application to foods which can be processed in thin
streams, like wheat, or food which can be packaged in thin boxes like
boned chicken, strawberries or seafood - for more details see Section
2.

All the other studies researched by this Inquiry are confined to
cobalt 60 source facilities. It may, then, be interesting to compare
the costs in the Lagunas-Solar & Matthews model cobalt 60 facility
with the costs detailed in other studies.
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Table 6: COMPARATIVE DATA FROM 3 STUDIES

Time and place

Capital costs
(2 M Ci Co 60
Facility)

Yearly costs

Through-put
in tonnes/yr

Approximate cost

LAGUNAS

SOLAR &

MATTHEWS (133)

US 1985

$4.14 M

$1.66 M

0.67 M

$2.50/tonne

MORRISON

(163)

US 1985

$2.36 M

$0,975 M

0.044 M

$22/tonne

GAY & KOTLER

(94)

Canada figures
adjusted for

Bangkok 1985

$4.02 M

$1.19 M

0.50 M

$2.50/tonne

*The figures in this table have been adjusted so that they all relate to a 2 M Ci facility to a dose of 0.25 kGy, and to a five day working week and are
expressed in US dollars.

JThere are some strange anomalies in this table. Discrepancies
between initial capital costs are due to wide variations for the same
line item e.g. an assessment of a similar size concrete shield
varying from $350,000 to $600,000. Morrison's is the only study to
include land costs and cost of working capital, but comes out with
the lowest initial capital costs and by far the highest final cost
for the process.

An obvious problem in translating these figures to the Australian
situation is that the figures for throughput, other than Morrison's,
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appear improbably large. To obtain more realistic estimates, we need
to examine the economies of scale and the cost penalties of smaller
operations. It is also an important cautionary note to add that the
historical evidence is that first installations of a new technology
almost always cost rather more than the budgeted amount, even if
significant amounts of technical know-how already exist overseas and
can be imported..

Capital Costs and Economies of Scale

Most papers on the economic aspects of food irradiation point to the
high capital costs incurred in initially setting up a facility.
Some of the initial costs are essentially independent of the capacity
of the facility; the costs of land for the plant and control room
equipment are good examples. Other costs vary according to the
capacity of the plant; for example, the cost of the initial charge of
cobalt is almost directly proportional to the capacity. Some costs
vary according to the technology used; as an example, less concrete
shielding is needed for machine sources because they are smaller.

Morrison (163) demonstrates over 5 different food groups (pawpaws,
strawberries, fish, chicken and pork) how the unit costs fall as the
size of the facility increases. Theoretically, the process becomes
increasingly more cost effective as the size of the facility
increases. This calculation on economies of scale is particularly
pertinent to Australian conditions as the larger facilities are also
by design more automated and would use less money in salaries for
labourers, but would also require additional transport costs.

Morrison's figures are givev below for illustrative purpc^s. They
show the two characteristic features of economies of scale First,
handling larger quantities reduces the unit cost. Secondly, there is
a law of diminishing returns,as successive increases in scale give
smaller proportionate gains. These two features are visible in each
of the examples considered by Morrison.

Since trichinosis is unknown in Australia, the data for pork have not
been included.



Table 7: COSTS OF IRRADIATING FOOD AS A FUNCTION OF SCALE Morrison (163)

COMMODITY

Fish

Pawpaws

Strawberries*

Chicken

DOSE IN kGy

1.75

0.26

2.0

2.5

PURPOSE

Increase
shelf
life

Disinfestation

Increase
Shelf
life

Reduce
food-borne
pathogens

ANNUAL
THROUGHPUT
(thousand tons)

3
6

12
24

6
12
24
48

11
22
44
88

24
48
96

192

UNIT COST
(US cents/kg)

18.7
9.9
5.7
3.5

9.2
5.1
3.1
2.2

5.9
4.6
3.7
3.3

3.5
2.6
2.2
2.0

*Facility used for only 4 moi iths per year.

It should be noted that Morrison's figures were based on data
supplied by the operators of American multi-purpose irradiation
facilities. The models were based on a series of "best guesses" of
the capital and operating costs for single-purpose facilities of
different sizes. For each application considered, successive
doublings in capacity reduce the unit cost, but the reduction is
never as great as a factor of two, and in some cases is as little as
10%.

By comparison with other countries, Australian agricultural
production uses relatively large areas of land per unit of output.
This factor, together with the population's concentration in a small
number of cities, mê ans that transport of produce is an important
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component of agricultural economics. Transport is not included in
Morrison's model/ which calculates simply the operating cost of the
irradiation facility itself.

Another, particularly Australian factor, is the relatively small
total quantity of food that is there to be irradiated.

Morrison shows that the cost of irradiation per kg of pawpaw drops
markedly at about 24,000 tonnes per year. A similar figure would
apply to mangoes. It is estimated that in 1987/88 there will be
4,500 tonnes of mangoes over and above the domestic market. Even
with projections of 25,000 tonnes by 1996,(7) it is unlikely that it
would be possible to pick all these mangoes from different parts of
Queensland and Northern Territory and transport them to a single
facility for irradiation. Unless production and markets can be
increased significantly, economies of scale do not seem likely to be
realised.

Similarly with strawberries, irradiation becomes more cost effective
at 44,000 tonnes per year. It is far more realistic that an
Australian facility would be looking at a quarter of that quantity
and that the consumer would be paying the 59% extra cost as estimated
by Morrison to irradiate at a smaller facility. Translating
Morrison's figures into Australian dollars, the cost of treatment
would be 9 cents/kg or $90/tonne, excluding transport costs.

However Morrison's figures apply to facilities irradiating a single
food item or at least a single food item at any one time. Her
calculations regarding economies of scale do not apply to
multipurpose facilities.

Wiesner (265) points out that any single commodity food irradiation
facility is a high risk venture. The quality and the supply of fruit
and vegetables is unpredictable due to natural fluctuations of
growing conditions. There is also a degree of uncertainty associated
with the supply rate of fish and sea food. When a variety of foods
is processed the economic risks are reduced. Wills & Freeman quote
the example of a Canadian plant which was built to irradiate
potatoes; the company went bankrupt when high rainfall ruined the
crop.

It has been suggested that multi-purpose facilities reduce these
risks - i.e. irradiation plants could have a regular "br^ad and
butter" guaranteed amount of medical supplies to irradiate, with the
option of irradiating some food as well. This is the situation with
most facilities which irradiate food commercially and it is the
option recommended by Wills & Freeman. (7) It also appears to be the
basis of the irradiators proposed for both Brisbane and Auckland.



Mitchell (159) suggested that studies carried out by the Queensland
Department of Primary Industries led to the same conclusion:

"We have shown that at the present time there is insufficient
horticultural produce requiring irradiation to justify the
construction of a dedicated facility in Queensland. For
example, the most recent forecasts suggest that in 1987-88
nearly 4500 t of mangoes will require an outlet other than on
the domestic fresh markets and for processing. Even if all
this production was irradiated, the highly seasonal nature of
mango supply would however leave an irradiator underutilised
for 8-9 months of the year. It will therefore be necessary to
treat a variety of other commodities including seafoods,
medical disposables, archival material, beehives etc. The
level of non-horticultural products treated could be as high
as 40% of the total throughput.

"Any facility which may be selected therefore must be capable
of processing an extremely wide spectrum of products to a
wide range of doses, e.g. from 0.1 kGy for disinfestation to
25 kGy for sterilisation. The design of such a facility will
present considerable difficulties as it is not difficult to
conceive that customers as well as authorities will be
reluctant to allow the sterilisation of medical supplies in
the same facilities in which, for example, chickens are
irradiated to get them pathogen free.

"As a general rule the cost of irradiating food, calculated
on the basis of the cost of the irradiation source plus
electrical power consumed, plus labour and depreciation of
the facility, falls in the region of 20 cents per kg per 10
kGy. This cost will vary depending on the volume of food
processed through the facility."

Thus the technological challenge for multi-purpose facilities is in
designing an efficient system which can cope with sterilising medical
equipment at 25 kGy as well as being able to speed up the passage of
the goods past the source so that food only gets 0.1 kGy, 0.75 kGy, 2
kGy or 4 kGy. There is an inevitable cost penalty in constructing a
multi-purpose system, and this will at least partly off-set the gains
from the greater utilisation of the capital investment.

It is not surprising then that most food irradiating facilities have
opted for spices which usually receive a dose of 10 kGy or higher, or
frozen shrimp at 4 kGy.
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Even with a split source, that is, the ability to lift, say, half the
cobalt 60 out of the tank, at any one time, facilities which are
designed to sterilise medical equipment cannot be speeded up
sufficiently so that fruit and vegetables can be irradiated with
consistently small doses. J, Leemhorst (141) in his multipurpose
plant in the Netherlands has two plants in the one facility - one
high dose plant with boxes which is used for medical supplies and
some high dose food, and one split source pallet irradiator which is
more adaptable for lower doses. But no low dose food is irradiated
at this plant.

Regulation and Safety Costs

Other costs are a matter of government policy in terms of industry
self-sufficiency versus government subsidy. Section 7 of this report
raises the question of labelling, and how and indeed whether
labelling provisions will be controlled. If inspectors are to be
employed to see if retailers do display signs on bulk items, it is
important at this stage to decide who pays. If the industry bears
the cost and the cost is passed on to the consumer, this factor
should be taken into account in the economic feasibility studies.
The same applies to public education. The literature consistently
stresses the importance of educating the consumer. Consumer studies
have shown the effects of education on the majority of consumers in
terms of whether they buy irradiated food. This cost to the industry
should be included. So should the cost of depositing sufficient
money so as to pay for the damage in the event of a large scale
accident. So should the cost of training of the personnel and the
cost of monitoring the doses and the safety aspects of the facility.

There is general agreement that irradiation should not be used to
"clean up" food with an unacceptable level of micro-organisms. The
Gammaster plant in the Netherlands pays for pre-irradiation
microbiological tests for all its imported sea foods and presumably
passes on the costs to the consumer. (140) Is the government going
to require such safeguards in Australia? If so, who will pay?

The viability of some irradiation projects which have been discussed
appears to hinge on gaining access to particular foreign markets.
There does not appear to be an inclusion of costs for negotiating
overseas markets.

The economic studies in the literature do not cover any of the above
aspects in the total cost picture. Of the studies which do list
items which should be considered in capital costs and annual costs,
the most relevant is the study by Wills and Freeman.(7)
Acknowledgement is given to their contribution in this area, and
their tables have been used as a basis for the tables which appear in
Appendix VI. Only a few line items have been added.
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8.3 THE COSTS INCURRED BY NOT IRRADIATING FOOD

Reduction of spoilage

Roberts (210) has studied the economic effects of food borne
pathogenic micro-organisms, and estimates the costs to the USA is
over 1 billion dollars per year. The conclusion that this cost could
be overcome by irradiating meats is somewhat questionable in view of
the short term pasteurising effects of irradiation and in view of the
contamination that occurs during food handling. However, irradiation
does undoubtedly kill food borne pathogens and the economic effects
may prove to be substantial.

Todd (229) reports on the costs incurred due to 17 recalls of food
items related to food-borne disease due to mishandling by food
processors. This article quantifies the economic impact of an
outbreak of salmonella from chicken in Western Australia in 1974,
which caused 450 known cases of illness with a total estimated cost
of approximately $1.75M. In round figures, about 80% of the total
were costs to the poultry suppliers, about 10% represented lost wages
and about 10% the costs of hospital treatment for those most
seriously affected.

In addition to the costs to the community of food-borne disease, food
irradiation could reduce the fraction of fruit which becomes
unsaleable, either through infestation or decomposition. Dis-
infestation or prolonging shelf life should, at least in principle,
reduce the unit cost of producing fruit. If such cost reductions were
passed on to consumers, that would clearly be of benefit. Another
possible direct gain to consumers is if the produce they buy is less
likely to be mouldy or otherwise spoilt. The Inquiry has not been
able to obtain quantitative estimates of these .potential benefits.

Lagunas-Solar & Matthews (133) in their study, compared the costs of
irradiating raisins for pest control at a dose of 1 kGy, to other
methods such as the use of chemical pesticides and the use of heat
and gas control.

The results were as follows:-
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Table 8: COST OF PEST CONTROL OF RAISINS BY
DIFFERENT METHODS

METHOD COST IN $US PER METRIC TONNE

X-ray — central facility 3.14
portable facility 3.25

Caesium 137 4.99
Cobalt 60 6.39
Chemical pesticides 8.37-10.75
Environmental control 9.65-17.83

As discussed earlier in this section, there are expense items which
this inquiry would add to the cost of the process of irradiation.
However, studies such as this one would be a valuable model for an
economic feasibility study. The inquiry has found it difficult to
quantify the benefits from reduced use of post-harvest chemicals. It
has been suggested that disinfestation by irradiation would replace
current use of ethylene dibromide, a chemical pesticide which is
suspected of being a carcinogen. Beattie and Wiblin (28),
however,point out that this chemical is no longer used to fumigate
fresh fruit and vegetables in Australia or for export, except for "a
few currently insignificant exceptions".

Export Markets

One of the main points argued in favour of Australia introducing food
irradiation is in terms of opening export markets for tropical fruit
and sea food. Economic feasibility studies would also have to take
into account demand from countries which would be keen to import
Australian produce. Beattie and Wiblin (28), however, report that in
the light of the Japanese attitude to imported foods,

"The major limitation to the overall economic success of
using IRT technology in Australia is the lack of the
demand for the process".

The question of demand for the process is obviously a critical factor
in evaluating the economics of any proposal to irradiate food. Data
presented earlier in this section show clearly the extent to which
economies of scale reduce the unit cost of irradiation if the volume
of produce being treated increases. The possibility of developing new
export markets is a potentially important factor in determining the
scale of produce available for irradiation. Australia's balance of
payments is another crucial factor.
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However, conflicting statements are made about, for example, the
likelihood of irradiated food being accepted for import into Japan.
Particular attention should therefore be directed to expectations of
assessing the validity of overseas markets, and consequent economies
of scale, in any proposal to irradiate food.

In response to letters to the Ministers of State and Territory
Departments of Agriculture or Primary Industry, only two replies
listed produce which they considered were suitable for irradiation,
appropriate for irradiation and economically viable.

The Minister of Agriculture NSW listed mangoes, citrus fruits,
strawberries, blueberries, asparagus, tomatoes and possibly wheat and
other cereals.

The Minister for Primary Industry, Tasmania, listed apples, pears,
raspberries, blueberries, strawberries, stone fruit, hay and barley.
The reply from Western Australia indicated that there were also some
possible potential uses.

Imports

There is also a need for government to determine whether expanding
trade in irradiated food will lead to a need for regulation of
imported products which have been irradiated. It would be extremely
difficult to impose a set of standards or controls on the importation
of irradiated foods. Even at the present time it is difficult to
know, for example, if the Australian consumer is buying imported
spices. The implementation of controlling such imports could be an
expensive operation. Consistent with its recommendations about the
indirect costs of any food irradiation industry which may develop in
Australia, the Inquiry believes that the costs of regulation should
be borne by the importers of irradiated produce, rather than the
community as a whole.

8.4 COSTS ASSOCIATED WITH A CENTRALISED FOOD PROCESS

Food irradiation is a centralised process. Because a larger
throughput is necessary to enable the process to be economically
viable, the process is usually associated with large agricultural
companies.

B. Court (58), a lecturer at Macarthur Institute of Higher Education
(NSW) points to possible social and economic consequences of large
scale introduction of food irradiation. For example, she claims that
90% of the poultry industry in N.S.W. is controlled by 3 companies.
Would the large scale introduction of irradiation of chicken give
consumers the choice to buy unirradiated chicken? If supermarkets
began to sell large amounts of prepackaged, frozen, irradiated meats,
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what would this mean for the future of the butcher shop industry?

Jan Leemhorst, Director of Gammaster Facility in Holland and Germany
(141) runs a 1 M Ci multi-purpose facility with a total staff of 6
people including managers and secretaries. B. Court points to the
implications this industry may have on unemployment, on the structure
of the agriculture sector and on small business.

The same submission claims that there is a high level of foreign
ownership in companies planning to seek permission to irradiate food.
It questioned whether the national interest would be harmed by
increasing concentration of foreign control of Australia's food
industry.

8.5 CONCLUSIONS

_In considering the economics of food irradiation, the Inquiry was
faced with layers of uncertainty.

1) The estimates of both capital costs and running costs of a food
irradiation facility vary quite significantly.

2) The real costs cannot be specified in any general way for the
whole technology, but need to be calculated for each specific
proposal, using the relevant specific data.

3) The costs of any specific proposal will be a function of the
type of facility, source type, the radiation dose and the volume
and variety of produce handled, so any application will need to
spell out those aspects in detail.

. there can be a five fold increase in cost for a small
facility, but this calculation excludes the extra transport
costs involved in a large facility

multipurpose facilities are inevitably more expensive than
custom built plants for specific tasks, but may be less
expensive if there is not enough produce all year to supply
a facility for food only.

4) Such estimates as are available inevitably fail to take account
of indirect costs associated with the technology. The Inquiry
believes that these should be evaluated and charged to the
technology, e.g transport, community education, the cost of an
environmental impact study, the cost of research to establish
safety of individual items of food.
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Given the controversy about the use of this technology, it does
not seem appropriate for the government to provide subsidies for
the development of this industry. If irradiated food is
identified as such and carries the full cost of its treatment,
consumer preference will be the sole determinant of its
acceptability in the market-place.

5) Despite the exclusion of indirect costs, overseas work suggests
that the irradiation of food only becomes economic at a
throughput of 40 tonnes/hour. It is not clear that sufficient
demand for the process exists in any region of Australia to make
it possible to achieve this scale of treatment.

6) The data obtained show that the cost of irradiating food is
critically dependent on both the radiation dose used for the
particular application and the volume of produce handled by the
plant. Depending on the particular case, the direct costs
quoted in the literature range from 3 cents to almost 30 cents
per kilogramme of food treated. This range emphasises that any
application to irradiate food must include a detailed and
credible estimate of the costs of that particular operation.
Costs in the lower part of this range appear to be dependent on
economies of scale which are unlikely to be achieved in
Australia.

7) From the point of view of the Australian consumer, the principal
potential benefits from irradiation are the possible reduction
in unit cost or improvement in quality of purchased food if the
process reduces spoilage; these benefits have not been
quantified.

8) Broader socio-economic issues, such as the centralisation of
ownership and changes in employment patterns, also need to be
considered in evaluating any specific proposal.
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9. CONSUMER RIGHTS

The International Organisation of Consumers' Unions (IOCU) lists
seven basic principles of consumer rights.(82) The first two are the
right to information and the right to choose.

9.1 THE RIGHT TO KNOW ABOUT FOOD IRRADIATION

As this report has highlighted, some aspects of the knowledge base of
food irradiation are still being debated, in terms of its safety (see
Section 4) its wholesomeness (see Section 5) and even its usefulness
(see Section 6). There are also areas of disagreement in terms of
the projected cost to the consumer (see Section 8) and the effects on
the environment (see Section 7).

Most scientists believe the process is safe, some believe it is safe
enough, some say it is safer than the chemicals it could replace,
some say it is safer than the food-borne diseases it could help
contain, some say we need to do more research and some say we should
forget about the whole thing.

If the scientists can't agree on the "truth" about food irradiation,
what do we tell the consumers? Consumers do have the right to know
that the scientific evidence does not point to safety absolutely and
undeniably. Consumers have a right to know this degree of
uncertainty and risk relative to other foods and food processes whose
safety is also questionable, but which are tolerated by our society -
e.g. smoked foods or barbecued foods.

In most cases, the consumer who chooses to find out that some foods
and food processes may be injurious to health, has the opportunity to
avoid purchasing or eating such foods. This choice of avoidance
depends on the process of recognition. In some cases like frozen
foods it is obvious, and in other cases it is not, and so labelling
is necessary to inform the discerning consumer. The question of
labelling will be addressed more fully in the second part of this
section.

It can also be argued that if a process is of sufficient public
health importance, the Government's obligation to protect consumers'
health overides the consumers' right to choose. This is true, for
example, for pasteurisation of milk and fluoridation of water. There
is still some objection to both these processes, but short of keeping
a goat and a still in the backyard, there is virtually no choice.
The government has, on the basis of medical evidence, made decisions
in the best interests of the people.
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With irradiation of food, there is not at present overwhelming
evidence that the process is necessary for reasons of public health.
As discussed in Section 6, the extent of food borne diseases in
Australia is not really known and irradiation of food may not be the
most appropriate solution even if there were a huge threat to public
health.

Consumer studies (39,60,112,164) have shown that there is a continuum
of opinion from rejection to acceptance of food irradiation.
Attitudes and intentions have been measured as well as actual buying
practices (105,257).

At one end of the continuum there is a group of people who do not
want food irradiation. To them, a longer shelf life for fresh foods
is a contradiction in terms. They do not want their food
unnecessarily processed and especially they do not want it processed
by irradiation. Irradiation, in their minds, is intrinsically tied up
with the nuclear industry. The nuclear industry has inspired fear
and distrust which is fuelled by belated disclosures of cover-ups and
lies. Anti-food irradiation is swept along on the coat tails of
movements against uranium mining, against nuclear industries and
nuclear war.

On the other end of the continuum are people who welcome the new
technology, who are excited at the prospect of longer lasting food,
and who are confident in the belief that the government authorities
would not allow food onto the market unless it were safe.

In between these groups lie the majority of people, most of whom have
taken little notice of the food irradiation debate.

Studies on consumers indicate that the percentage distribution across
the continuum seems to vary depending on the culture, the time and
the questions which are actually asked. The proportion of people
opposed to food irradiation varies from 5-10% in the USA according to
the Brand Gioup study (112) to nearly half in a Sheffield study, both
being published in 1986. One study in the USA found that only 16% of
those surveyed would buy irradiated food.(172) A survey in the UK in
January 1987 of almost 1,500 consumers showed that 84% were in favour
of banning irradiated food and only 13% said that they would buy
it.(149)

To promote food irradiation and to gain its acceptance among
consumers requires a shift across the continuum so that the groups
who oppose irradiation lose some of their fears and misgivings, the
middle group are reassured about safety issues and encouraged to
consume irradiated food and the ac ?eptors are reinforced in their
belief that irradiation is a good thing.

Conversely, to bring about cautious and conditional approaches to the
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introduction of food irradiation, or to some people, to achieve
banning of the whole business, requires an attitudinal shift in tb^
opposite direction. Doubts must be sown in the minds of the
acceptors, the middle group must be stirred out of their trust and
apathy and the opponents must be consolidated and reinforced in their
beliefs.

Both the promoters and the opponents are working to effect their
opposite shifts. But, only too often, their efforts bring about
results which are least in line with their intentions.

Statements like "in no single case has any harmful effect ever been
found" (254) only serve to back the opponents further into their
corner with exclamations of "more lies I"

The PAO/IAEA brought no credit to itself by publishing in their
newsletter of November 1986 (85) a description of the sale of
irradiated mangoes in Florida catching "the 'anti' forces 'flat-
footed'" with them looking on "ineffectually" at "shoppers purchasing
irradiated mangoes knowingly and coming back for more." This is
hardly a technique designed to reassure people who have genuine
concerns over the safety of eating irradiated foods.

Statements like "Fraud, scandal and food irradiation are old friends"
(107) and "The plan is to save us from chemical contamination by
substituting them with low levels of radioactivity" (275) are not
based on fact and are destructively alarmist. They reinforce the
belief of the proponents that they are dealing with ratbag
extremists.

In this climate, it is essential to get the relevant and factual
messages to the consumer, both so that the consumer can make informed
choices and so that the government can retain credibility and
integrity.

To this end, it is recommended that the messages from the government
to the consumers include the following:

1. TAKING INTO ACCOUNT ALL THE RESEARCH ON FOOD IRRADIATION, IT IS
REASONABLY SAFE TO EAT IRRADIATED FOOD

2. BECAUSE SOME RESEARCH GIVES RISE TO CONCERN ABOUT IRRADIATION OF
SOME FOOD ITEMS, IT CANNOT BE SAID THAT ALL IRRADIATED FOOD IS
SAFE. HOWEVER, NEITHER CAN IT BE SAID WITH ABSOLUTE CERTAINTY
THAT ALL FOOD IS SAFE, THAT ALL CHEMICAL TREATMENTS ARE SAFE, OR
THAT ALL COOKING IS SAFE.

3. IRRADIATED FOODS WHICH WILL BE RELEASED ONTO THE AUSTRALIAN
MARKET WILL INCLUDE ONLY THOSE FOODS FOR WHICH IT CAN BE
DEMONSTRATED BY RESEARCH STUDIES THAT THE RISK OF TOXICITY IS
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CONSIDERED NON-EXISTENT OR MINIMAL. BEFORE A FOOD ITEM IS
APPROVED FOR IRRADIATION GOOD EVIDENCE WILL HAVE TO BE ADVANCED
TO SHOW WHY THE CONSUMER WILL BENEFIT FROM IRRADIATING THAT
PARTICULAR FOOD. SUCH BENEFITS COULD INCLUDE A PUBLIC HEALTH
BENEFIT e.g. REDUCTION IN FOOD-BORNE PATHOGENS OR REPLACEMENT OF
A TOXIC CHEMICAL. THUS, A COMBINATION OF BOTH ACCEPTABLY LOW
RISK AND JUSTIFIABLE REASON WILL HAVE TO APPLY BEFORE A FOOD
ITEM WILL BE APPROVED FOR IRRADIATION.

This recommendation has particular relevance to the information
pamphlets which were being prepared for public distribution by
a working party of the NH & MRC.

9.2 THE RIGHT TO CHOOSE

Irradiated food does not look different to the consumer. There are
no simple, or even complex, reliable tests which can prove that a
food has been irradiated. In this respect irradiation is different
from other processes. It is partly because of this difference and
partly out of fear and distrust of the process itself that there is
such an intense lobby for labelling. Labelling gives the consumer
the right to choose.

The labelling of irradiated foods in other countries, usually done in
conjunction with attempts to educate the consumer has elicited
varying responses from consumers.

In South Africa, the label is a symbol with the word "RADUEA", which
is promoted as being the emblem of quality.(146) This symbol, first
developed by the Dutch is now accepted as the "internationc.l" logo
for irradiated foods.



As early as 1978 irradiated food was trialled and promoted in South
Africa in selected supermarkets. As part of s community education
programme, information was sent to farmers, producers, industry,
retailers and consumer groups, setting out the reasons for using
irradiation and its advantages. Staff from NUCOR, the government
nuclear energy authority, were available at the supermarkets to talk
to consumers. Only irradiated food of excellent quality was sold and
the price was kept reasonably competitive, due, it is believed, to
government subsidies. The logo and the word "RADURA" were displayed
on the individual units in which products were sold. Ninety percent
of consumers who purchased irradiated food were satisfied-. The
scientists involved in this pilot programme concluded that consumer
resistance is not really an issue in itself, but the problem is
rather the projection onto the consumers of the scientists1 own
failure to accept responsibility.(146)

The scientists and promoters do have some doubts about calling
irradiated food "irradiated". Results of some consumer trials
indicate that they have good reason to have these doubts. Calling
irradiated food "irradiated" puts people off buying it.

An early consumer test in The Netherlands in 1971 (105) showed that
up to 75% of consumers provided with a choice chose mushrooms from a
supermarket bin on which the logo indicated the item had been
irradiated. When the trial was continued with the word "irradiated"
on display, only 10-25% chose the treated mushrooms over the
untreated ones.

Irradiated potatoes have been on sale in one part of Japan since the
early seventies. There has been a lot of consumer resistance to these
products.(164) The programme has continued but most of the irradiated
products are now further processed into packaged crisps.

A consumer survey in the USA in 1984 (164) found most resistance to
the idea of buying irradiated foods (43%) when the word irradiated
was used. People had less resistance to the word "ionisation" (33%).

A consumer study, undertaken in 1986 on behalf of the USA seafood
industry recommended, from its findings, that irradiated food be
labelled with a logo only and that labelling with words should not be
mandatory at the retail level.

A group of Californian academics also tested consumer responses
(39,40) before and after receiving information as to the advantages
and safety of irradiation. Especially when followed by group
discussion with an educated group leader, there was a shift in
attitude among more conventional consumers, towards accepting food
irradiation but the same education programme had the effect of
strengthening the concerns and opposition amongst the group who were
described as "alternative".
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Similar shifts were noticed in a British study (36) where, on being
shown a statement saying that irradiated food was safe and was being
used in other countries, about half the people who had heard of food
irradiation were reassured and the other half remained firm in their
opposition.

These studies reinforce the point that labelling food "irradiated"
together with an educational statement about its safety does win over
some of the people holding a middle of the road view, and at the same
time, does reinforce some of the opponents in their view that it is
not safe. Studies do also indicate that labelling irradiated food
"irradiated" without some sort of educational statement is
disconcerting to some consumers. It is believed that it conjures up
associations with the well known hazards of radiation.

As Marilyn Young of the Consumers Association of Canada said (273)

"The information we want conveyed is that this food has been
irradiated, but we don't want to use that term."

She also suggested that food irradiation would be more acceptable if
the IAEA were to cease being seen as co-sponsors of research and
promotion programmes and all international documents be seen as
coming out of WHO and PAO, but this suggestion was never adopted.

The task force from the joint FAO/IAEA which was set up to look at
labelling of irradiated foods concluded that they didn't want to use
"that term" either. (153)

Some words, they concluded, could "mislead" rather than "inform"
consumers and could inspire "fear of a non-existent danger." The
consultant group (ICGFI) therefore "does not recommend that the label
carry a statement of the process" and recommended that if governments
do require labelling in words, they should avoid "any words fully or
partially containing words like 'radiation' or 'ray'".

These sentiments led to a short burst of creativity in euphemisms,
and many phrases were floated in an attempt to find a term which
meant irradiation but did not say it. Gradually the fear of creating
fear subsided, and in November 1985 P. Loaharanu, head of the IAEA
division told an ASEAN workshop (7) that "There appears to be
widespread misconception among some national authorities in the food
industry that consumers would be apprehensive of foods treated by
irradiation". Earlier in the same year the Codex Alimentarius
Committee on Food Labelling adopted the stance that irradiated food
should be labelled as such.
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Labelling irradiated foods as "irradiated" was taken up in 1986 in
the USA's FDA Final Rule,(245) in the UK Burgen report (238) and in
our own NH&MRC's recommendations.(171)

The FDA has recommended labels with the logo and with the words
"treated with radiation" or "treated by irradiation", and with
options for additional statements such as purpose, details of the
process and reassurances e.g. "this treatment does not induce
radioactivity."

Bulk foods have to be individually labelled OR the container labelled
OR a sign displayed at the point of sale. Foods with irradiated
ingredients have to be labelled accordingly. By April 1988 only the
logo will be mandatory.

The UK Burgen report similarly recommends the words "treated wih
ionising radiation" or "irradiated" as labels for both packaged and
bulk foods. Labels on foods with irradiated ingredients should
indicate which ingredients are irradiated.

The Australian NH&MRC was even more specific in its recommendations,
using the same words as in the Burgen report, and stipulating the
size and type of print to be used. There have to be indications on
the labels of food that ingredients have been irradiated. The use of
a logo was rejected as being misleading.

People who are concerned about avoiding irradiated foods are far from
placated by these recommendations. The labelling provisions are only
as good as the level of their control. If retailers are concerned
about consumer acceptance of irradiated foods there is a disincentive
to clearly display the sign. The whole question of how to label food
or provide the consumer with choice in the fast food and catering
industries has been left unanswered as has the labelling of imported
irradiated food. Some consumers want to know. Some want to know
right now if spices being imported from USA and on sale in Australian
supermarkets have been irradiated.

On the question of the use of the logo, the Inquiry concluded that
the use of a logo (in addition to the words) was advisable. As the
logo shown in this section has already been accepted by several
countries, the most pragmatic option would be for Australia to use
this symbol, too.
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IT IS THEREFORE RECOMMENDED:-

THAT LABELLING REGULATIONS BE DEVELOPED FOR IMPORTED IRRADIATED FOOD
AND FOR FOOD IRRADIATED IN AUSTRALIA SO THAT

- IRRADIATED PACKAGED FOOD IS LABELLED WITH THE WORD
"IRRADIATED" PLUS THE LOGO

- IRRADIATED UNPACKAGED FOOD IS LABELLED WITH THE WORD
"IRRADIATED "PLUS THE LOGO, SO THAT THE LABEL IS CLEARLY
VISIBLE AT THE POINT OF SALE

- IRRADIATED INGREDIENTS ARE LABELLED AS "IRRADIATED"
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10. LEGAL SITUATION. REGULATIONS AND CONTROLS

10.1 LEGAL SITUATION

The Inquiry briefed a barrister and lecturer in law,
John McMillan, to advise on the possible options for federal
legislative co-ordination of all the various aspects of food
irradiation. His report has been included in fu}1 as Appendix VII
of this report.

At the moment there is an ad hoc collection of laws, regulations
and controls which pertain to the irradiation process and food
processing. These cover a wide range of subjects, for example,
importation of radioactive substances, transport and storage of
radioactive substances, environmental protection laws,
occupational health and safety laws, laws permitting irradiation,
quarantine laws, food labelling laws and laws relating to
exporting foods and trade of foods from state to state.

The view taken by this Inquiry is that it is essential to have a
uniform and co-ordinated approach to ensure uniform standards
throughout all States and Territories and to ensure the adequate
quality of the process and protection and safety of the consumer
and the environment.

To achieve these objectives the Inquiry concludes that the
Commonwealth should have the ultimate responsibility of co-
ordinating and enforcing standards relating to the

construction of an irradiation plant or processing facility,
including, for example the choice of site;

operation of the irradiation plant including, for example,
the regulation of the fuel source, the transport and
disposal of spent fuel, and the monitoring of irradiation
dosages;

the sale of irradiated food, including import and export
arrangements;

packaging and labelling.

Previous experience of relying on State legislation or relying on
co-operative arrangements between the Commonwealth and States has
not been satisfactory, and should not be relied upon for such a
sensitive process.

Difficulties that normally beset co-operative schemes include
protracted delays in securing initial agreement, gaps and
anomalies between States, duplication and resultant unnecessary
costs and confusions faced by the consumer and manufacturers.
Other dangers include an acceptance of the lowest common
denominator for the sake of agreement between seven Parliaments,
together with the subsequent difficulty of any further reform.
Alternatively, business may shop around for and/or bargain with
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the States for special regulations as a quid pro quo for siting
themselves in that State.

The NH&MRC's preferred option was to recommend each State and
Territory align its legislation to fit in with the proposed
regulations. There are several difficulties with this approach.
For example at the moment one health inspector cannot inspect
records of another State. As one of the common reasons given to
irradiate food is to open up interstate fruit and vegetable trade
and, as there is no way of telling food has been irradiated other
than by looking at records, these restrictions pose obvious
problems for other States which have more stringent controls to
ensure the safety of consumers.

There are other problems with the NH&MRC Model. At best it
produces merely a skeleton of regulation. Critical parts of the
"Model" are little more than a statement of objectives and need
considerable elaboration to enact a workable standard. One clause
for example provides that food and packaging shall be handled
"according to good manufacturing practices". With such wording
State differences will be inevitable, given differing
interpretations of each State and different departments that are
currently responsible.

A co-ordinated legislative base would assist in attaining a high
standard of safety, would help overcome problems of State by
State inconsistencies, and would prevent industry from selecting
a particular State as their basis of operation on the grounds of
less stringent controls.

There is no logical reason why a consumer in one State should
enjoy greater or less protection than a consumer in another.
Certainly there may be advantages in administrating the
regulations through a number of departments at the State or
Territory level, but it does not follow that legislative
responsibility should be at that level.

According to McMillan (refer Appendix VII) "the Commonwealth
would appear to have constitutional authority to enact
legislation that regulated food irradiation in a direct and
comprehensive way."

There are two areas of difficulty, which are not insurmountable.
The first is the possible conflict with S92 of the Constitution
which allows for free interstate trade; and the second is the
exclusion of unincorporated firms if the Parliament decided to
use legislation based on the corporation's power.

It is recognised by this Inquiry that adequate legislation does
exist in some States to cover some aspects of food irradiation.
McMillan suggests that it wouM be desirable for the proposed
federal legislation to define which State laws in the area will
or will not operate. Similarly State-based inspections and
monitoring could be delegated to State authorities.
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10.2 REGULATIONS & CONTROLS

It is recommended, refer to recommendation no. 4, that the food
irradiation industry not be self regulatory.

There are few actual measureable checks on the industry. There
are no simple, commercially viable tests to see if food has been
irradiated at all. There are no tests to measure how much
irradiation food has received. Doses are calculated from the
emission rate of the source, the size of the box of food, the
density of the food and the time that the food is exposed to the
irradiation source. It is only from accurate records in the
facility and accurate labelling of the batches that irradiated
food could be traced. Other than by taking cultures beforehand,
there are no reliable tests to see if irradiated food had an
unacceptably high count of spoilage micro-organisms before
treatment. It is not possible to detect afterwards, if
irradiation has been used to "clean up" food which would be
considered "spoiled". There are no ways of testing if food has
been re-irradiated, and there is no way of detecting if food
contains irradiated ingredients.

Although irradiation has been used for other purposes in
Australia for some twenty years, there are no predetermined
procedures for handling emergencies which involve an isotope,
utilising specialist expertise available in Australia.

Presumably staff at AAEC Lucas Heights, Sydney, have the
equipment and expertise to handle emergencies, but when
Steritech's facility had a stuck cobalt rack they called Canada.

The mobile emergency equipment of the Radiation Health Services
of the NSW Department of Health, as described at the House of
Representative's Committee Hearings, sounded pitifully inadequate
comprising of a lead container, a radiation detector and a pair
of very long handled tongs.

It is not intended to level criticism specifically at the
irradiation industry but in such a sensitive area it is critical
to have consistent controls around Australia. It is therefore
opportune to be able to work out the regulations and controls for
a new industry before approvals are given for its commencement.
In this way, industry would have the advantage of knowing
precisely the government's expectations, and the responsibilities
that management of irradiation facilities would be expected to
fulfil.

The following is a list of some of the regulations and controls
that could be applied to the industry, and co-ordinated through a
national body operating under a Food Irradiation Act.
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Pre-Iicence requirements for a facility

. Environmental impact study

Economic feasibility study

Purchase contract of cobalt 60 to include

- safe transport
- installation
- maintenance
- return of used rods

Provision for adequate protection of workers from the source

. Provision for public and environmental protection
e.g. detection of leaks, waste disposal

Provision for initial training of staff in operating and
emergency procedures.

. Establishment of record systems relating to products
to be irradiated and doses to be received

. Establishment of emergency protocols

Operating Requirements

Maintenance of safety precautions

Ongoing training of staff

Maintenance of records including records on:

- maintenance of source and machinery
- measurement of toxic gases
- measurement of radiation outside the chamber, inside
the chamber when it is accessible and on workers' badges

- quantities of food items irradiated, dosages and batch
numbers.

Requirements for approval applications for specific food items

Report on:

. Evidence from research studies of toxicity/safety of
proposed irradiated food item at the proposed dose of
irradiation

Possible vitamin loss and relevance of that vitamin source
to average total diet

Purpose of treatment with special reference to advantage to
consumer (e.g. in terms of public health) or to economy
(e.g.export)
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. Alternatives to irradiation and reasons why irradiation
is the preferred option.

Proposed method of labelling that food item
(a) if packaged

(b) if bulk

10.3 CONCLUSIONS

In recognition that food irradiation

is a highly contentious issue
is encompassed by a wide range and mixture of State and
Federal legislation

if mishandled could be a risk to consumer health and to the
environment, it is concluded by this Inquiry that all laws,
regulations, controls and monitoring should be co-ordinated
nationally.

IT IS THEREFORE RECOMMENDED:

THAT A FEDERAL FOOD IRRADIATION ACT BE PROCLAIMED TO ENCOMPASS
ALL FACETS OF THE FOOD IRRADIATION INDUSTRY, AND THAT THE
RESPONSIBILITY TO CO-ORDINATE ALL MATTERS UNDER THE ACT BE VESTED
IN A NATIONAL BODY,, ONGOING REPRESENTATION FROM RELEVANT
SCIENTIFIC BODIES, GOVERNMENT DEPARTMENTS AND FROM THE CONSUMER
MOVEMENT IS ALSO REQUIRED IN FORMULATING SPECIFIC REGULATIONS.
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APPENDIX II

NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL

MODEL FOOD STANDARDS REGULATION

S3. IRRADIATION OF FOOD

(Adopted by Council at the Hundred and First Session in June
1986)

(1) For the purpose of this regulation -

(a) 'ionizing radiation' means -

(i) electromagnetic radiations including X-rays and
gamma rays;

(ii) particulate radiations including alpha
particles, beta particles, electrons, protons
and neutrons;

(iii) all other radiations capable o£ producing ions
directly or indirectly in their passage through
matter;

(b) 'irradiation' means the processing of food by
subjecting it to the action of ionizing radiation.

(2) (a) A person shall not expose food intended for sale or
intended for use in the preparation of food for sale
to ionizing radiation save as expressly permitted by
and in compliance with this regulation.

(b) A person shall not prepare for sale, pack for sale or
sell food that has been exposed (either intentionally
or unintentionally) to ionizing radiation save as
expressly permitted by and in compliance with this
regulation.

Provided that it shall not be an offence as defined
in this paragraph to so prepare, pack or sell food
that has been irradiated at a place outside the State
under and in accordance with laws substantially
similar to this regulation in force at that place.

(c) This regulation does not apply to ionizing radiation
imparted to food by measuring instruments used for
the purposes of inspection.

(3) (a) Subject to this regulation, the ionizing radiations
specified in this paragraph may be used for the
irradiation of food, viz -

S3-1



(i) gamma rays from the radionuclides cobalt 60 and
caesium 137;

(ii) X-rays generated by or from machine sources
operated at an energy level not exceeding 5 MeV
(Million electron Volts);

(iii) electrons generated by or from machine sources
operated at an energy level not exceeding 10 MeV.

(b) Ionizing radiation that -

(i) is of a type other than a type specified; or

(ii) has an energy level exceeding that specified
with respect to that type of radiation,

in paragraph (a) of this subregulation shall not be
used for the irradiation of food.

(4) (a) Only the following foods may be processed by
irradiation -

(i) cereals;
(ii) fruits and dried fruits;

(iii) poultry;
(iv) herbs and spices;
(v) vegetables and dehydrated vegetables

(b) The overall average dose of ionizing radiation
absorbed by a food that has been processed by
irradiation shall in no case exceed 10 kGy (kiloGray).

(5) (a) Irradiation of food shall not be carried out
otherwise than in an approved facility and -

(i) by or under the direct supervision of a person
licensed in that behalf; and

(ii) by means of irradiating apparatus registered for
that purpose,

by [the Minister under the relevant State or
Territory Radioactive Substances Act],

(b) Without derogating from paragraph (a) of this
subregulation -

(i) facilities referred to therein -

(A) shall be designed to meet the requirements
of safety, efficacy and good hygienic
practices with respect to food processing;
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(B) shall be staffed by adequate trained and
competent personnel;

(ii) control of the processing of food within the
facility shall be carried out in accordance with
the 'Recommended International Code of Practice
for the Operation of Irradiation Facilities Used
for the Treatment of Foods' of the Codex
Aliraentarius Commission (CAC/RCP 19-1979
(Rev. 1)) and shall include the keeping of
adequate appropriate records;

(iii) facilities referred to therein and records shall
be open to inspection at all reasonable times by
[the Minister, the Director-General or] an
authorized officer.

(6) (a) Nothwithstanding this regulation, food shall be
processed by irradiation only where such processing
fulfills a technological need or is necessary for a
purpose associated with food hygiene.

Food shall not be processed by irradiation as a
substituted procedure for good manufacturing
practices.

(b) The ionizing radiation dose applied for the purpose
of irradiating food shall be the minimum that is
reasonably commensurate with the technological and
public health purposes to be achieved and shall be
such as is in accordance with good radiation
processing practice.

(c) A person shall not irradiate food for any purpose
unless the irradiation of that food for that purpose
and the average dose of ionizing radiation to be
applied have been approved by the National Health §
Medical Research Council and the irradiation is
carried out in accordance with the terms and
conditions of the approval.

(d) Food to be processed by irradiation and the packages
and packing materials used or intended for use in
connection with food so processed -

(i) shall be of suitable quality and in an
acceptable hygienic condition appropriate for
the purpose of such processing;

(ii) shall be handled before and after irradiation
according to good manufacturing practices taking
into account, in each case, the particular
requirements of the technology of the process.
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(7) (a) Subject to this subregulation, food processed by
irradiation in accordance with this regulation shall
not be re-irradiated.

This subregulation does not apply to food with low
moisture content (including cereals, pulses,
dehydrated food and the like) that has been
irradiated for the purpose of controlling insect
re-infestation.

(b) For the purposes of this regulation, food shall be
taken as not having been re-irradiated where -

(i) food prepared from materials that have been
irradiated at low dose levels (not exceeding in
any case 1 kGy) is irradiated for another
technological purpose;

(ii) food containing less than 5 per centum of
irradiated ingredients is irradiated;

(iii) the required full dose of ionizing radiation is
applied to the food in divided doses for a
specific technological reason.

(c) Notwithstanding this subregulation, the cumulative
overall average dose of ionizing radiation absorbed
by a food shall not exceed that specified in
subregulation (4).

(8) (a) Records required to be kept in compliance with
subregulation (5) of this regulation shall include
particulars as to -

(i) the nature and quantity of the food treated;
(ii) lot identification;

(iii) the process used and compliance therewith;
(iv) the overall average dose absorbed by the food;
(v) an indication whether or not the product has

been irradiated previously and if so, details of
such treatment;

(vi) date of irradiation.

(b) Records pursuant to paragraph (a) of this
subregulation shall be kept for a period of time that
exceeds the shelf life of the irradiated food prodijct
in question by 1 year.
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(9) (a) There shall be written in the label on ' attached to
a package containing food that has been processed by
ionizing radiation, in standard type of 3 mm, the
words -

"TREATED WITH IONIZING RADIATION"

or
"IRRADIATED (here ;nsert the name of the food)"

(b) When an irradiated product is used as an ingredient
in another food, this shall be so declared in the
list of ingredients.

(c) When a single ingredient product is prepared from a
raw material which has been irradiated, the label of
the product shall contain a statement indicating the
treatment.

(10) A person who consigns irradiated food shall ensure that
shipping documents accompanying or referring to that food
include information that the food has been irradiated, the
average dose, the identity of the facility where the food
was irradiated, the date or dates of irradiation and the
identification of the lot or lots of irradiated food in
the consignment.
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NA1lUNAL IlliALTH AS'D MHDICAL RESEARCH COUNCIL

Format for

Approval

MARCH 1986

the Appli

to Irradi
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at
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e

ion for

Food

Applications should be addressed to:

The Secretary, National Health and Medical Reseach Council
PO Box 100, WODEN ACT 2606

Attention: The Secretary
Food, Science and Technology (ref) Subcommittee

1. Name of Applicant.

2'. Address.

3̂  Type of Business.

4: State

a) whether the irradiation is to be carried out by the
applicant, or by some other organisation;

b) whether this application is on behalf of a single firm
or organisation;

c) whether the application is on behalf of the food
processing industry or food producing industry or
other firms or organisations;

d) if on behalf of food processing industry, food
producing industry or other firms or organisations,
names and addresses of these;

e) name and address of irradiation facility to be usedJ

5i State

a) name of food to be irradiated;

b) if a compounded food, the ingredients in the food;



c) whether irradiation is to bo applied to the food in
its final package;

d) if the food is irradiated in the final package, the
name and type of packaging material.

6: State

a) the type of irradiation to be used;

b) the source of the energy;

c) the maximum level of irradiation to be used;

d) the method of monitoring used to ensure the correct
dose of irradiation is applied to the food.

1'. State the purpose for which the food is to be irradiated
and establish the technological need for that treatment.

81 Give evidence of approval in other countries for
irradiation of the food, and the packaging materials used
(if applicable). This should include data on which
approval was given, maximum level of radiation used, and
any restrictions placed in the approval.

9'. If approval has not been given in other countries give
evidence:

a) that the irradiation is effective at the dosage level
indicated;

b) that the dosage level indicated is the lowest
practical level to achieve the desirable result;

c) regarding any known radiolytic products produced in
the food;

d) on whether the quality of the food is impaired by
exposure to a dose of 10 kGy;

e) about the effects of radiation on the packaging
material.

101 Give details of what procedures are to be followed to
ensure that the food is not re-irradiated, or give specific
details to justify the need for re-irradiation.
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APPENDIX IV

(i)

1960

1965

Summary of 9 studies which indicate some level of toxicity
in irradiated foods.

USA

USA

377 mice were fed a diet of mixed irradiated
food. After an average of 30 weeks 70% of the
animals fed on irradiated evaporated milk
died from heart injury. (160)

Fruit flies fed freshly irradiated food
showed a "small but consistent" increase in
mutations. (206)

1967 USA Fruit flies fed irradiated whole food showed
an increase in mutations. (207)

1974 India 12 rats were fed freshly irradiated wheat for
12 weeks, and there was an increase in
polyploid cells in their bone marrow. (254)

1975 India 10 severely malnourished children were fed
irradiated wheat for six weeks.

All of the sample fed freshly irradiated
wheat developed polyploid cells in their
blood and this effect appeared to be
reversible when the irradiated diet was
discontinued, (polyploidy involves the
doubling of the chromosomes and has been
associated with leukaemia and some malignant
tumours). (32)

1975 India 12 well nourished and 12 malnourished male
rats were fed wheat for 12 weeks, half of
each group receiving irradiated wheat. All
the rats were then well fed on non irradiated
food for 4 weeks and allowed to mate with
female rats. Rats who had previously been
well fed and then fed irradiated wheat
produced more mutant offspring, and rats
which had been malnourished and then fed
irradiated wheat produced more offspring
which died in utero.
(255)

1977 India 14 monkeys were fed irradiated wheat for 10
months.

Half of the sample fed freshly irradiated
wheat developed endoreduplicated cells in
their blood and these decreased when the diet
was discontinued. (Endoreduplicated cells are



a type of polyploidy) (253)

1978 USSR 180 rats were fed irradiated food (at a range
of doses) for twenty months and their progeny
were fed irradiated food for 14 months.

In proportion to the irradiation dose, all
rats showed evidence of kidney damage. (142)

1981 USSR 90 male rats were fed whole diets of
irradiated food (using a range of doses) for
20 months.

In proportion to dose, the rats showed
structural changes of the testes. (116)

(ii) Critique of the 1975 Indian study on feeding irradiated
wheat to malnourished children.

This study, by Bhaskaram and Sadasivan from the National
Institute of Nutrition in India, has been the subject of much
discussion. It is of particular interest because it was carried
on human rather than laboratory animals.

One of the inquiry's scientific panel members, in consultation
with two geneticists, studied the paper and pointed out some
factors which cast doubts on the validity of the results.

The experiment did not appear to have been conducted
"blind". The children being fed the irradiated wheat were
identified and known to the researchers.

About 1 % of polyploid cells could be expected in all samples
which were prepared for examination by the method these
researchers employed, because this method of preparation
itself produces that degree of anomoly.

The use of colchicine in the preparations for polyploid
cells is not recommended because the use of colchicine
itself can promote polyploidy.
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List of groups and associations who sent submissions to the
Inquiry.

1. AUSTRALIAN ATOMIC ENERGY COMMISSION

2. AUSTRALIAN DEMOCRATS NUCLEAR DISARMANENT ACTION COMMITTEE

3. AUSTRALIAN FEDERATION OF CONSUMER ORGANISATIONS

4. AUSTRALIAN NUCLEAR FREE ZONES SECRETARIAT

5. CAMPAIGN FOR NUCLEAR FREE FOOD (SA) )
FOOD PRESERVERS UNION OF AUSTRALIA ) JOINT SUBMISSION
FRIENDS OF THE EARTH (SA) )

6. CANCER INFORMATION AND SUPPORT SOCIETY

7. CITIZENS CONCERNED ABOUT FOOD IRRADIATION (QLD)

8. COALITION FOR SAFE FOOD

9. DIETICIANS ASSOCIATION OF AUSTRALIA

10. DISTRICT COUNCIL OF MANNUM S.A

11. HORTICULTURAL HOLDINGS LIMITED

12. MOTHERS AGAINST FOOD IRRADIATION

13. NATIONAL FARMERS FEDERATION

14. NURSES FOR PEACE SPECIAL INTEREST GROUP (RANF S.A.)

15. PEOPLE AGAINST FOOD IRRADIATION.

16. SUNSHINE COAST CITIZENS CONCERNED ABOUT FOOD IRRADIATION



APPENDIX VI
ITEMS TO BE INCLUDED IN INITIAL INVESTMENT

Environmental impact study
Economic feasibility study
Research for application for licence

Plant design and landscaping
Land
Irradiator
Isotope source Machine Source

Irradiator machinery OR accelerators
refrigeration unit for accelerator spare parts
cell (1) beam scanning system
source hoist power utility installation

Control panel
Safety interlocks and alarms
Conveyor system
Totes or carriers
Incremental dose routine (2)

Auxiliary systems
demineralised water
air exhaust
water chiller (3)
radiation protection
ventilation system

Biological shielding

Buildings
warehouse storage
loading bays
cold storage (1)
dosimetry lab
office(s)
staff amenities
control room

Product handling
fork lifts
depalletiser
repalletiser

Miscellaneous
office equipment; furniture
dosimeters, measuring
equipment, legal costs,
working capital (until production)

1 Dependent on product
2 Optional
3 If Cobalt 60 strength exceeds 0.5 M Ci



Table - ITEMS TO BE INCLUDED IN ANNUAL COSTS

Fixed Variable

Source replenishment Utilities (electricity,
source cost water etc)
flask hire (or Accelerator)
shipping ( Maintenance)
installation

Wages (peak periods only)
Maintenance Consultants' fees
Insurance (general)
Insurance (against accidents)
Implementation of government
regulations of labelling,
doses, etc. Transport

Staff training - excess for produce to
and from facility

Contribution to consumer education

(4)Salaries and overheads Inspection costs

Taxes

Cost of investment (for capital
recovery with return method)

R = (C-S) r (1 + r ) n + S.r

(1 + r) n"1

where

R = annual cost
C = cost of asset
S = salvage value
r = interest rate

(opportunity cost of funds)

4 = Proportion only for an integrated facility

Throughput

Throughput is usually expressed in tonnes per hour and depends on
the following variables:-

Type of source (machine or isotope)
Strength of source
Design of conveyor system
Density of the product
Size of the product
Required dose for a specific product



APPENDIX VII

THE CONSTITUTIONAL IMPLICATIONS OF FOOD IRRADIATION IN AUSTRALIA
John McMillan
Law Faculty
Australian National
University

INTRODUCTION
1. In Australia any discussion of the constitutional implications

of government regulation will typically focus on whether the

Commonwealth Parliament has power to legislate on the topic in

question. Each of the State Parliaments has power to legislate

on virtually any aspect of any activity that occurs within the

State, and the only constitutional issue that will normally

arise will be that of whether there is any relevant constitutional

limitation that binds the State. This paper reflects

that usual emphasis. The first part of the paper (and the bulk of

it) examines the scope of Commonwealth legislative power;

the next part examines the constitutional limitations that apply

alike to the Commonwealth and the States; and the final segment

lists briefly the main options for legislative control that

exist in Australia compatibly with those constitutional influences.

NATURE OF ACTIVITY TO BE REGULATED

2. It is as well to repeat at the outset some of the familiar but

critical principles regarding the legislative power of the

Commonwealth. The chief consideration is that its authority is

limited, principally to the subjects that are listed in s. 51

of the Constitution. Food irradiation, and consumer protection,

are not among those subjects. In most areas of Australian

activity the Commonwealth has managed, nevertheless, to intrude

its influence and its laws by adapting what constitutional powers

it does have to the policies that it wishes to implement.

Inevitably, that process of adaptation is reciprocal, so that the

policies too are sometimes moulded to reflect the boundaries of

Commonwealth constitutional power. Consequently, until firm

decisions are made about the form, scope, reach and objectives

of Commonwealth policies regarding food irradiation, any conclusions

regarding constitutional questions have a tentative or conditional

status.



-2-

3. It is appropriate to list a few examples of the policy variables

that will determine the shape of Commonwealth laws on food

irradiation, and will likewise influence the strength of its

constitutional authority to make those laws :

* Would the initial Commonwealth legislation apply only to

food irradiation, or would it extend to all commercial

irradiation, or even to irradiation of products for research

purposes? Here I note that, as I understand, irradiation is

already carried out in Australia on medical supplies, corks,

and wine casks.

* Would all the legislative controls applying to food irradiation

be contained in the one Act, or would they be dispersed among

legislation that classified irradiation practices in a

different way? Victoria, for example, has an item of

legislation that applies comprehensively to all ionizing

radiation apparatus; that aspect of food irradiation

regulation has been separated from its other aspects.

* Would control of all aspects of food irradiation be

committed to one government agency? The point here is that

the method of regulation, inspection or enforcement (and the

qualifications of the personnel who undertake that task) will

vary according to whether the supervision is committed, for

example, to a Department of Health, a Department of Consumer

Affairs, or an Atomic Energy Commission.

* Is it practicable to itemize in legislation all the standards

to be observed in food irradiation (including the products

that either can or cannot be irradiated), or is it necessary

to commit these matters to the discretion of an administrative

or regulatory agency? The choice between these two options

can be important in the resolution of some constitutional

issues, particularly those arising under s. 92 of the

Constitution.

4. Ultimately those questions of legislative design and

constitutional power will hinge on the precise identification

of the activities to which the Commonwealth law will apply.
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Here it is important to note that a number of different and

discrete stages are involved in or are related to food irradiation.

Because all of those stages give rise to sensitive issues of one

kind or another (such as the handling of radioactive material,

consumer awareness, or export promotion), it is possible that

the Commonwealth would choose to regulate all stages. For

convenience I shall briefly divide the stages into three:

* Construction of an irradiation plant or processing facility.

Discrete activities that may arise include:

- Choice of site for the plant;

- Purchase or construction of the irradiation apparatus,

which may be a domestic or an international transaction;

- Ownership and operation of the plant, which may be

undertaken by the same firm, or may occur by lease between

two or more firms, or may be undertaken by a Commonwealth or

State government instrumentality.

* Operation of the irradiation plant. Discrete activities include

- Initial licensing of the plant to enable it to commence

operation;

- Regular monitoring of the plant to ensure compliance with

licence conditions;

•- Regulation of the fuel source, including the initial

purchase, the disposal of spent fuel, and the transport

of fuel to and from the plant;

- Employment and training of staff, including regulation of

the conditions of employment to secure occupational health

and safety objectives;

- Regulation of the process of irradiation itself, including

designation of the foods that can be irradiated, monitoring

of irradiation dosages, and control of irradiated goods as

an ingredient in other goods.

* Sale of irradiated food. Discrete activities include:

- Identification of the source of, and the market for,

irradiated food;, for example, food irradiated in Australia

may be sold in the State in which it was irradiated, in

a different State, or be exported; and equally the food

on sale may have originated in the same State, in another



State, or overseas;

- Packaging and labelling of food; among the variables here

are that the food may be sold in the form in which it was

irradiated or in a different form (for example, fruit may

be irradiated in bulk, but sold as single items; or

irradiated food may be used as an ingredient in some other

food); the food may pass through many different hands

between the irradiation and retail sale, which could thus

affect the durability of any labelling; and the enterprises

that are variously engaged at all those stages may vary in

their corporate structure, ranging from corporations to

sole traders.

5. Another way of illustrating the range of legislative choice

that is available in the regulation of an issue is to look at

existing examples of regulation of that issue. To that end I shall

briefly describe three relevant Australian-examples. (Some of the

detail that is given is related more to an issue discussed later

in this paper, regarding the merits of achieving uniform

Australian standards by way of co-operative State action.)

6. The main Australian attempt to design a comprehensive set of

standards for food irradiation has been undertaken by the

National Health and Medical Research Council, in the Model Food

Standards Regulations which it adopted in June 1986. Three aspects

of the Model are noteworthy. First, it relies on a mixture of

Commonwealth and State control. The Commonwealth control is mainly

of two kinds: in the preparation of a Code of Practice by the

NH&MRC, with which all irradiation processing must comply; and in

the prior approval by the NH&MRC of all food to be irradiated and

the dosage. The main function of the States is to control

licensing and inspection which, most importantly, would include

enacting as part of State law and jurisdiction the various

controls and enforcement mechanisms. The matters so covered by

the State law would extend to the process of food irradiation,

the operation of irradiation facilities, packaging and labelling

of food, sale of food, further processing or manufacture of

irradiated food, record keeping, and export consignment.

7. The second feature of the NH&MRC Model is that it is at present

only a skeleton; some critical parts of the Model are little
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more than a statement of objectives that would need considerable

elaboration before enactment as a workeable standard. One clause,

for example, states that food shall only be irradiated where this

fulfills a technological need or is necessary for a purpose to

do with good hygiene. Another provides that food and packaging

shall be handled "according to good manufacturing practices".

8. The third point to be made is that the success of the NH&MRC

proposal as a basis for regulation would, like all Commonwealth/

State co-operative schemes, depend, firstly, upon whether

legislation was adopted in each Australian jurisdiction, and

secondly, upon whether that legislation was uniform, particularly

on the important matters (like those given above) that still

require further definition. This area of difficulty has been

anticipated in clause (2)(b) of the Model: it provides that it

is an offence to sell or pack irradiated food unless it was

lawfully irradiated in the State in which it is being sold or

in another State with a "substantially similar" law.

9. The Victorian Health (Radiation Safety) Regulations 1984

embody a comprehensive scheme of regulation that applies to

some features common to all radiation. The point of focus of

the Regulations is the operation of ionizing radiation

apparatus, and the primary objective is to ensure the health

and safety of workers and the public. The Regulations apply

to any person who owns or operates radiation equipment for

industrial, medical, commercial, veterinary, or research

purposes. Fields of prescription include the licensing of

equipment and operators, the creation of basic operating

standards, tests and monitoring of equipment and personnel,,

the appointment of radiation safety officers with enforcement

powers, and the transport and disposal of radioactive materials.

Some aspects of food -'.irradiation are covered by that comprehensive

scheme, but equally there are many more that are not - such as

the sale of irradiated foods imported into Victoria, and the

labelling and packaging of irradiated foods.

10. The main legislation at the Commonwealth level is the

"Code of Practice for the Safe Transport of Radioactive

Substances", that was approved by the Governor-General

pursuant to the Environment Protection (Nuclear Codes) Act 1978.
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The substance of the Code is a Regulation promulgated by the

International Atomic Energy Agency. Whether and to what extent

the Code overrides State law and is enforceable against those

whom it regulates is a matter that is controlled from time to

time by regulations made under the Act.

COMMONWEALTH CONSTITUTIONAL POWER

(A) INTRODUCTION

11. For those who ultimately make the policy decisions concerning

the existence and depth of Commonwealth regulation, the

examination of Commonwealth constitutional authority is relevant

in two ways. It is necessary in the first instance to identify

one or more heads of power that would support a Commonwealth law.

The conclusion of this paper is that the Commonwealth could, if

it were so minded, legislate directly on virtually any aspect

of food irradiation; at least six available heads of power are

identified later in this paper.

12. The second task of the policy-maker is to consider whether

it is appropriate for the Commonwealth to exercise its power.

Often the answer to that question will be influenced by whether

it is possible to perceive of the Commonwealth as having a clear

constitutional responsibility for a matter, or whether alternative^

a Commonwealth initiative would be criticized as an expansionist

assumption of new fields of responsibility. This broader policy

issue, which is not the concern of this paper, is nevertheless

reflected in the relative treatment which is given to some of

the available heads of power. To give one example: if food

irradiation can be viewed as a contemporary equivalent of

nineteenth century quarantine practices, it may become

that much easier in a political context to justify the

Commonwealth assumption of responsibility for regulation of

food i rradi at i on.

13. As the preceding discussion implies, it is possible for

Commonwealth regulation of an issue to be based on more than one

head of power. An illustration in point is "he Trade Practices
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Act, which regulates restr ict ive trade practices engaged in,

variously, by a corporation (s . 51(20)), in the course of

interstate or international trade (s.51(l), in the Territories (s.122),
in dealings with the Oaunonweal.th (s.51f39), bv use of the medi? (s. 51(5)),
and within the terms of an international treaty (s.51(29). As the Trade
Practices Act also i l lus t ra tes , regulation that rests on such

a patchwork footing can s t i l l be contained in a single Act.

(B) QUARANTINE

14. Section 51(9) of the Constitution provides that the

Commonwealth may make laws with respect to "quarantine". The

application of this head of power to food irradiation is

problematic but promising. If it is applicable, it probably

authorizes direct regulation of food irradiation to an extent

that no other head of power would.

15. Most of the definitions of quarantine have a narrow scope,

and most all emphasize that it is concerned with the isolation

and treatment of animals and plants that are part of trade and

commerce, with a view to inhibiting the introduction of disease

into a territory. Illustrating this focus is the definition

given in the USALegal Thesaurus: "confinement, custody,

detachment, medical segregation, period of detention, period

of isolation, restraint of movement, sanitary cordon, seclusion,

segregation, separation, strict isolation". Similarly, the

point is sometimes made, by way of contrast, that the term

quarantine does not embrace the general area of public health

(see in this respect an Opinion of the Commonwealth Attorney-

General in 1913 that legislation for the isolation of cases, of

endemic disease generally (including the segregation and

disinfection of prostitutes!) was not a matter of quarantine

but a matter of public health ("Opinions of Attorneys-General

of the Commonwealth", Vol. 1, p.661).

16. IT; is clear however that "quarantine" admits of a broader

definition, and in particular one that, does not require as an

essential feature the isolation of goods that are currently '

part of trade and commerce. Historically, for example,

quarantine measures have often been of a preventive kind,

involving the general fumigation, treatment and the like of



-8-

goods and animals that are notorious for their propensity

to transmit disease. Before recording some of those

alternative definitions, it is necessary briefly to note some

relevant principles of constitutional construction.

17. One starts with the principle that words used in the

Constitution have the same meaning that they did in 1901 (King

v Jones (1972)128 CLR 221, 229). It is accepted, however, that

the Commonwealth heads of power extend to embrace developments

and the like that have occurred since 1900 (see the discussion

by Zines, "The High Court and the Constitution" (1987, 2nd ed.,

ch. 2). This process is explained in different ways. A view

frequently put is that "it is a Constitution we are interpreting,

an instrument of government meant to endure and conferring

powers expressed in general propositions wide enough to be

capable of flexible application to changing circumstances (ANA

v Commonwealth (1945)71 CLR 29, 81). To that it is often added

that the Constitution is an instrument of national government

which should be construed broadly so as to facilitate that

objective. Sometimes the adaptation of the Constitution to new

circumstances has been explained by resort to a technical

distinction, that the connotation of a term does not vary

(that is, its essential qualities), but its denotation does

(that is, the objects that have those qualities). An illustration

of those interrelated principles is the expansion of the power

over'postal, telephonic, and other like services" (s. 51(5)) to

cover new communication services such as radio and television

broadcasting (see R v Brislan; ex p. Williams (1935)54 CLR 262.

18. Some of the definitions of "quarantine" circa 1900 are

sufficiently broad to accommodate considerable expansion, and

illustrate that the isolation of infected goods was not an

essential quality of the term. The Quarantine Act of 1908,

section 4, contains the following definition:

"Quarantine has relation to measures for the inspection,

exclusion, detention, observation, segregation, isolation,

protection, treatment, sanitary regulation and disinfection

of vessels, installations, person, goods, things, animals

or plants, and having as their object the prevention of

the introduction or spread of disease or pests affecting
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man, animals or pi ants." (emphasis supplied)

There are some critical sentences in Quick and Garran also:

"With the expansion of sanitary science and legislation,

quarantine has acquired a much wider signification than

that which it first possessed. ... The Federal Parliament

may deal with quarantine without reference to the interests

of trade and commerce, but as an independent question

having regard to the sanitary condition and welfare of

the Commonwealth as a whole. It will be able to provide

for the isolation, segregation, remedial and preventive

treatment of animals and plants and their diseases wherever

found within the Commonwealth." (Quick and Garran, "The

Annotated Commonwealth Constitution", p.567).

19. Some at least of the reasons given for the irradiation of

food would seem to fall squarely within these definitions. The

reasons include:

- To open export markets, by killing insects which are

currently the subject of quarantine restrictions in

other States and countries (such as Queensland fruit

fly and mango seed weevil).

- To kill insects which infect grain after it is

harvested; this also benefits subsequent transport of

the grain.

- To reduce or eliminate micro-organisms and parasites

that infect products and transmit disease (such as

Salmonella in poultry and spices and trichinosis in

pork).

20. Clear-cut though those examples seem to be, it is probably

wise nevertheless to sound a note of caution concerning the

scope of the quarantine power, for the reason mainly that the

issue has not been tested in the High Court. If the quarantine

power extends as far as I have suggested, it might follow (to

the alarm of some) that Commonwealth regulation could equally

embrace an extensive range of other activities that have

hitherto been controlled by the States - for instance, pesticide

spraying of agricultural and fruit crops to prevent the spread

of disease, and the suppression of genetic engineering with a

view to stopping the release of man-made biological and genetic
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diseases and disorders. By way of counter argument, however,

genetic engineering could be said to compare to nineteenth

century qaurantinable diseases, to the same extent that

television broadcasting compares to nineteenth century postal

and telegraphic communication.

21. Assuming that the quarantine power does have a broad scope,

the next issue that arises concerns the range of activities that

could be controlled under it. For this purpose it is necessary

to advert to an important distinction that is drawn by the High

Court between the central and incidental areas of a Commonwealth

power. Where food irradition is carried out solely for the

reasons outlined above, the activity would be classified as

within the subject matter (or the central area) of the quarantine

power. That is, irradiation is being regarded as a quarantine

method. The same could be said of matters like the construction

of an irradition facility. Some of the other associated

activities probably do not, however, bear the same characterization

For example, the employment of people in an irradiation facility,

and the retail sale of irradiated goods, are probably not

covered by the subject matter of quarantine. Nevertheless, it

is likely that the Commonwealth could still regulate those

activities, in either of two ways. Conditions placed upon the

licence issued to an irradiation facility could require compliance

with standards directed at employment practices and the like.

Where a matter (like irradiation) falls within the central area

of a power (such as quarantine), the Commonwealth power over

that issue is complete, in the sense that the Commonwealth may,

for example, prohibit that matter altogether, permit it subject

to any condition, or subject the matter to administrative

regulation (e.g., Herald and Weekly Times Ltd v Commonwealth

(1966)115 CLR 418).

22. Alternatively, direct legislative regulation of matters

like employment and retail sale could probably be justified on

the basis that they are matters incidental to quarantine regulation.

The appropriate constitutional principle is as follows: "every

legislative power carries with it authority to legislate in

relation to acts, matters and things the control of which is

found necessary to effectuate its main purpose, and thus carries

with it power to make laws governing or affecting many matters
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that are incidental or ancillary to the subject matter"

(Grannal v Marrickville Margarine Pty Ltd (1955)93 CLR 55, 77,

per Dixon J.); (see also s. 51(39)). The necessity for regulation

of these incidental matters would be explained on the basis that

the form of quarantine treatment that has been permitted

(radioactive emissions) is one so fraught with hazard if not done

properly that it can only be permitted to proceed in circumstances

of comprehensive regulation that includes safeguards for workers

and the public.

23. The same analysis would hold true for regulation of food

irradiation that has little to do with the quarantine objectives

outlined in para. 19 - for instance, irradiation to inhibit the

sprouting of potatoes and onions. Where the irradiation of

both sorts was carried out at the one facility, it would be a

simple matter to establish along the lines mentioned that

control by one regulatory agency and one set of operating standards

was necessary. Where instead the "non-quarantine irradiation"

was done in a facility set aside solely for that purpose, the

Commonwealth foothold would be more tenuous, but probably real

nonetheless. For example, one could point again to the physical

hazards posed by irradiation, and argue that quarantine treatment

by this process is possible only if strict regulatory control

can be maintained by the unswerving adherence in the industry

to one set of standards and oversight. (There are constitutional

difficulties at the moment in arguing what, on the surface, is

a more compelling proposition, namely that the economic viability

of food irradiation depends upon consumers and export markets

having complete faith in the strict maintenance of high standards

in the Australian irradiation industry. Some justices have

rejected the notion that the economic effect of an activity is

a sufficient nexus to bring its control within the incidental

area of a Commonwealth legislative power - see, e.g. ANA v NSW

[No.2] (1965)113 CLR 54, per Barwick CJ. and Kitto, J.). It is

not inconceivable, however, that the Court would reject that

distinction between physical and commercial effects - see the

discussion by Zines, supra, pp 53-63.)
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(c) CORPORATIONS POWER

24. Section 51(20) of the Constitution provides that the

Commonwealth may make laws with respect to "foreign

corporations, and trading or financial corporations formed

within the limits of the Commonwealth". The relevance of this

power turns on the fact that irradiation of food is likely to

be undertaken by a corporation. There is no reason in law or

commerce why irradiation could not be carried on by a different

form of business entity (such as a partnership or sole trader)

and, in that event, Commonwealth laws that relied solely on

s. 51(20) for their validity would be inapplicable directly.

However, looked at as an issue of commercial reality, in parti-

cular involving very substantial sums of capital, it seems

inevitable that irradiation would be carried out by corporations.

Even so, the involvement of corporations in activities like

the construction and underwriting of irradiation facilities

would equally provide an adequate constitutional foothold for

substantial Commonwealth regulation (see para 37 below).

25. The application of the corporations power to food irradiation

gives rise to three issues:

* Whether a corporation that undertakes irradiation is

a "trading" corporation?

* What activities of such a corporation could be the

subject of Commonwealth control of regulation?

* Whether a Commonwealth law can be validly confined in

its operation to some corporations only, namely

"trading corporations that irradiate food"? This

last issue is not examined further in this paper

since, very simply, it is difficult to see in s. 51(20)

any impediment to the validity of legislation that

does not apply generally to all trading corporations

(see the discussion by G Winterton, "Comment on Section

51(xx)" (1984)14 Federal Law Review 258, 262-4).

(i) Definition of trading corporation

26. Corporations may be involved in the irradiation of food in

any of three ways:
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* Irradiation may be the sole business of a corporation

that supplies that service for a fee to food

manufacturers;

* A corporation that is a food manufacturer may

undertake irradiation itself; or

* Irradiation may be carried out by a State government

agency that has been incorporated either by statute

or pursuant to general companies legislation.

In each case the corporation will, in my opinion, be a "trading

corporation" for the purposes of s.51(20).

27. It has been said that "trading ... extends to business

activities carried on with a view to earning revenue" (per

Mason, J., in R v Federal Court of Australia and Adamson;

ex parte Western Australian National Football League (Inc)

(1979)143 CLR 190, 235). By way of example, the sale of an

intangible product like electricity was regarded as trading in

the Franklin Dam Case (Commonwealth v Tasmania)(1983)46 ALR

625. Applying those principles, there is little doubt that a

corporation which earns revenue by providing to others the

service of irradiating food would be classified as a trading

corporation.

28. A corporation that earns revenue by selling food that it

has itself manufactured and irradiated would equally be a

trading corporation, by reason at least of the function of

selling its product. Even in the unlikely event that the

primary function of the corporation (the manufacture of food)

was not nowadays regarded as a "trading" activity, the

additional function of selling the food that it has manufactured

would constitute it a trading corporation. Trading need not

constitute the sole activity of the corporation; it is enough

that it is a "sufficiently significant proportion of the

overall activities undertaken by the corporation" (per Mason,

J. in Adamson, supra, at p.472) or that trading is a

"substantial corporate activity" (per Barwick, C.J., id, p.452).

29. The pr- iciples that have been mentioned apply in the same

way to State Government corporations. Thus, in the Franklin

Dam Case, the Tasmanian HEC was regarded as a trading corporation,
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notwithstanding that it had other significant semi-government

and policy functions.

(ii) Range of activities subject to Commonwealth control

30. To support the conclusions in this section of the paper

it is not necessary to rely on the broader constructions of the

corporations power that have been endorsed by some Justices of

the High Court, but have not been endorsed by a majority of

Justices in a single case. Among those broader constructions

are that the Commonwealth may validly regulate any activity of

a trading corporation (per Mason, Murphy and Deane JJ in the

Franklin Dam Case) and that s.51(20) will support any law which

applies to a trading corporation (per Mason and Murphy JJ ibid)

(see discussion by G Lindell, "The Corporations and Races

Powers" (1984)14 Federal Law Review 219).

31. The conclusions in this section of the paper can best be

illustrated by a series of four propositions about the scope of

s. 51(20).

32. First, it is accepted that s.51(20) authorizes laws that

control the trading activities of trading corporations (Strickland

v Rocla Concrete Pipes Ltd (1971)124 CLR 468). Thus, for

example, s. 51(20) would support a law that regulated directly

the irradiation of food by a corporation that undertook that

activity as its sole business. The regulation could embrace

matters such as the licensing of the plant, radiation dosages,

and the products to be irradiated.

33. Secondly, a law will be valid if it controls acts done by

a trading corporation for the purpose of carrying out its trading

activities. Thus, for example, in the Franklin Dam Case, the

Commonwealth could validly control the construction of a dam

by the HEC, as an act undertaken for the purpose of enabling the

HEC to carry out its trading function of selling electricity.

Consequently, where a food manufacturer undertakes irradiation

of its own product, the irradiation could be controlled as an

activity done by the manufacturer for the purpose of the trading
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function of selling the product. Other "acts done for the

purpose of a trading activity" could include the design and

construction of an irradiation plant, acquisition of fuel,

disposal of spent fuel, and labelling of irradiated products.

34. Thirdly, the power to control or regulate an activity

includes the power to prohibit that activity altogether (Murphyores

Ltd v Commonwealth (1976)136 CLR 1). Consequently, the

Commonwealth could validly prohibit food irradiation, by making

it an offence for any trading corporation to undertake that

activity.

35. Fourthly, where it is within Commonwealth power to prohibit

an activity, any condition which relaxes that prohibition is

also valid (Herald and Weekly Times Ltd v Commonwealth (1966)115

CLR 418). Put another way, the Commonwealth may regulate an

activity by providing that a corporation is permitted to

undertake the activity only if it agrees to or complies with

whatever conditions the Commonwealth wishes to impose. The

conditions may be imposed to further some purpose which the

Commonwealth lacks direct power to achieve. Additionally, the

law may operate by conferring upon an administrative agency a

discretion which is unlimited in scope to prohibit or permit the

activity on any conditions which the agency sees fit to impose

from time to time. The leading illustration of these propositions

is the Murphyores Case, which affirmed that the Commonwealth

could exercise its power to regulate or prohibit exports

(s. 51(1)) with a view to implementing Commonwealth environmental

policy on the prohibition of mining at Fraser Island. (Strictly

speaking, the High Court has not yet had to examine a law in

which the activity of a corporation has been the subject of

discretionary regulation in the same way that export and import

activity has, but there seems little doubt that the principles

of interpretation that have been mentioned would apply to the

corporations power much as they apply to other Commonwealth

powers (see article by Lindell, supra).)
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36. In summary, it is my opinion that the Commonwealth could

enact legislation providing that it is unlawful for a

corporation to irradiate food unless the corporation is the

holder of a licence issued by a Commonwealth agency, and that

the licence could be issued subject to conditions that related

tn matters such as the siting of the irradiation facility,

method of irradiation, operation of the facility, inspection

of the facility, qualifications and training of employees,

health and safety monitoring of employees, labelling of foods,

and disposal of spent fuel.

(iii) Concluding remarks concerning corporations power

37. The discussion so far indicates that the corporations power

will authorize control of irradiation undertaken by a corporation.

There are many related activities that fall outside that

description, but most could be controlled by the Commonwealth

either under the corporations power or under some other power.

For example, the retail sale of irradiated food (including

advertising and labelling) could be controlled in respect of

supermarkets and retailers that are also corporations. The

importation of goods irradiated in some other country could be

controlled, inter alia, under the trade and commerce power

(s. 51(1): discussed below). And, what would amount in practice

to a prohibition, could be erected against irradiation by a

partnership or sole trader: they could be denied insurance cover

(s. 51(14)), denied access to the lending facilities of financial

corporations (s. 51(20)), or denied corporate assistance in

the construction of an irradiation plant (s. 51(20)).

(D) TAXATION

38. Section 51(2) of the Constitution provides that the

Commonwealth may make laws with respect to "taxation". It is

this power that illustrates most clearly the principle stated

earlier, that a Commonwealth law will be valid if it can be

characterized as dealing with a subject matter that is within

Commonwealth power, even though the law also operates upon some
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other subject. It is likewise irrelevant that the purpose,

policy or motive underlying the law is concerned more (or

exclusively)with a subject that would otherwise fall beyond the

reach of Commonwealth control (see Murphyores, supra; and L

Zines, "The State of Constitutional Interpretation (1984)14

Federal Law Review 277). Accordingly, the Commonwealth can

prohibit, regulate or discourage any activity by the expedient

of taxing that activity, or varying the rate of tax between that

and some related activity (Fairfax v Commissioner of Taxation

(1965)114 CLR 1). Indeed, the use of the taxation power will be

valid, even where the measure of success of the law is a nil or

negative effect on revenue.

39. If the taxation power was used as the vehicle for

Commonwealth control in this field, the method presumably would

be the imposition of a high (or prohibitory) rate of tax upon

irradiation firms or foods that had not been submitted to

Commonwealth control. In similar ways, the taxation power is

occasionally used to encourage or discourage forms of mining,

investment and the like.

40. Whether it is pragmatic to base Commonwealth regulation

of food irradiation on the taxation power would depend on two

main objections that commonly have to be faced. First, regulation

by way of taxation can be very cumbersome particularly where the

thing to be taxed is numerous or dispersed widely and indiscri-

minately. This objection is probably met by the fact that the

number of corporations engaged in food irradiation (and, hence,

the number to be regulated and taxed) would in the first instance

at least be small in number. The second objection is that the

use of the taxation power in the manner suggested above is always

open to the criticism that it is an abuse of power to spearhead

Commonwealth intrusion in an area otherwise controlled by the

States. It may not be so easy to remove this ground of objection.

(E) EXTERNAL AFFAIRS

41. Section 51(29) of the Constitution provides that the

Commonwealth may make laws with respect to "external affairs".
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It is again the Franklin Dam Case that illustrates so clearly

the potential for Commonwealth regulation, in this instance to

support domestic regulation of an issue that has an international

ramification. The settled view of the external affairs power is

that it enables the Commonwealth, firstly, to give effect to any

obligation imposed by an international agreement to which

Australia is a party, regardless of the subject matter of the

agreement (Franklin Dam Case); and, secondly, to give effect to

any provision of an agreement which has become a legitimate

subject of international concern (Koowarta v Bjelke-Petersen

(1982)153 CLR 168). It is quite possible, when the issue next

arises in the High Court, that the external affairs power will

be construed more broadly still. Among the views adopted by some

justices in the Franklin Dam Case are that the power will enable

the Commonwealth to give effect to any treaty provision which is

binding on it (and not just those that impose an obligation^ to

give effect to recommendations of international agencies, and to

pursue international objectives.

42. It is against that background of legal standards that one

would have to consider the considerable activity that has

occurred at the international level with regard to food irradiation,

I refer in particular to the International Food Irradiation

Project carried out jointly by the UN Food and Agriculture

Organization, the World Health Organization, and the International

Atomic Energy Agency until 1982; the adoption by the Codex

Alimentarius Commission in 1983 of a "Recommended International

Code of Practice for the Operation of Radiation Facilities used

for the Treatment of Foods"; and the continuation of that work

through the International Consultative Group on Food Irradiation.

The constitutional focus in any examination of international

activity would be to identify the extent to which the Commonwealth,

through those international initiatives, either has assumed an

obligation to ensure that food irradiation in Australia complies

with accepted international standards or, perhaps, has agreed to

the need for uniform international standards. That enquiry would

also serve to identify the extent to which the Commonwealth could

now be said to have both an international and a constitutional

responsibility to regulate food irradiation- in Australia, On a

related matter, I note that the Commonwealth and Victoria have
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both implemented the International Atomic Energy's Regulations

for the Safe Transpoit of Radioactive Materials (see the Code

of Practice for the Safe Transport of Radioactive Substances

1982 (Cth), and the Health (Radiation Safety) Regulations 1984).

43. There is another relevant aspect of the external affairs power

that will govern in an important and practical way its utility

in this field. There must be an appropriate degree of conformity

between the Commonwealth legislation and the international

agreement. As Deane J put it in the Franklin Dam Case (at p.806),

the Commonwealth legislation "must be capable of being reasonably

considered to be appropriate and adapted to achieving what is

said to impress it with the character of a law with respect to

external affairs". Without exploring the degree of local

adaptation that is necessary, the point is that the Common-

wealth cannot legislate freely on the topic of the agreement,

and this could influence its ability to touch all the various

aspects of food irradiation that were listed earlier. This

requirement will also limit the use that can be made of

administrative discretion in the design of any Commonwealth law.

That is, submitting the regulation of food irradiation to a

large measure of administrative discretion would probably not

satisfy the requirement for the standards, criteria and the like

that are contained in the international agreement to be

reflected in the Commonwealth legislation.

(F) OTHER COMMONWEALTH POWERS

44. I have written enough to indicate that the Commonwealth

can base legislation on food irradiation on a number of different

heads of power. Brief reference only is required to some other

powers that could be used as a supplementary basis for regulation.

45. Trade and commerce power (s. 51(1)): this power can be used

to regulate, inter alia, the export of goods irradiated in

Australia, or the import of irradiated goods and irradiating

equipment from other countries. The importation or exportation

can be prohibited altogether, or permitted on any condition that

the Commonwealth sees fit to impose (see Murphyores Case, supra).
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46. Territories power (s. 122): the Commonwealth has plenary

power in relation to the ACT and the Northern Territory.

Commonwealth legislation operating within those territories

could regulate directly any aspect of food irradiation in any

way which the Commonwealth saw fit.

47. Atomic Energy Commission: to the extent that the AEC may

have an active role in this area (for example, irradiating goods,

or supplying fuel), as a Commonwealth agency some degree of

indirect influence and control could be achieved through it.

48. Reference of State power (s. 51(37)): a relevant example

of this power being used is in relation to meat inspection,

where NSW has referred appropriate legislative authority in

the area to the Commonwealth (see the Meat Inspection Act

1982 (Clth)).

49. Insurance power (s. 51(14)): Bearing in mind the hazards

posed to the community by careless food irradiation or

negligent storage of radioactive material, it may be thought an

appropriate use of this power (politically and otherwise) for

the Commonwealth to provide that the rate at which an

installation is insured will vary according to whether it is

licensed by the Commonwealth or, even, that it is unlawful to

insure a food irradiation installation that is not licensed by

the Commonwealth. The economic impact of such a law would be

to subject all relevant activities to Commonwealth control.

CONSTITUTIONAL LIMITATIONS

50. The major limitation on parliamentary power in Australia,

which applies to the Commonwealth and the States alike, is

contained in s.92 of the Constitution: "trade, commerce, and

intercourse among the States ... shall be absolutely free". From

what I have written it is clear that any regulation of food

irradiation, whether by the Commonwealth or the States, would

involve some degree of absolute or conditional prohibition -
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for example, on the unlicensed operation of a plant, on the

irradiation of particular foods, or on the sale of some foods

without appropriate labelling. The application of s. 92 would

give rise to two main issues: whether the activity to which a

legislative burden or prohibition applied is an activity which

forms part of inter-state trade or commerce; and, if so, whether

the legislation is nevertheless valid, as a reasonable regulation

of the activity.

51. Many of the activities that I have described in this paper

will not form part of inter-State trade, and accordingly will

gain no protection from s. 92. Most importantly, the manufacture

of goods, even for an inter-State market, is not part of that

trade (e.g., Beal v Marrickville Margarine Pty Ltd (1966)114

CLR 283). It is probable, however, that a comprehensive

Commonwealth or State law would at least in some respects raise

s.92 problems, and it is convenient to concentrate attention

instead on the regulation issue.

52. The High Court has accepted that some restraint can be

imposed on inter-L uite trade - for example, to proscribe

undesirable and objectionable merchandising practices; in the

interests of health, safety, and consumer protection; and, more

generally still, to regulate trade for the benefit of the

community generally. Among the factors which the Court is likely

to consider in determining whether a law is a permissible form

of regulation are the nature of the regulation, the mischief

it was designed to remedy, the goal which it seeks to achieve,

the effect of the regulation on inter-State trade, and whether

the same form of regulation applies both to intra and inter-

State trade (see Permewan Wright Consolidated Pty Ltd v

Trewhitt (1979)145 CLR 1, 37, per Mason J; see also Zines,

supra, at pp 127-137).

53. As I understand it. the justification given for subjecting

iood irradiation to strict government regulation rests almost

exclusively on the need to protect the health and safety of

consumers and of workers in the industry. The hazards posed by
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inadequate regulation are said to be acute and potentially

fatal. It is clear, in my opinion, that legislation which was

built upon and reflected those concerns would face no danger

of colliding with s. 92. Certainly the problems would be least

where the health and safety criteria were explicit in the

legislation - for example, in a regulatory scheme that permitted

irradiation upon compliance with the criteria in the legislation.

There would be more room for concern if the regulation was

committed almost entirely to administrative discretion - that

is, where the health ana safety concerns would be reflected

only in administrative practice or in licence conditions.

Discretionary licencing schemes have been invalidated pursuant

to s. 92 in the past, where there was no assurance on the face

of the legislation that any restraint of inter-State trade would

be imposed by reference exclusively to considerations that

constituted permissible regulation (eg, Hughes and Vale Pty Ltd

v NSW (No 2) (1955) 93 CLR 127). An unconditional administrative

discretion would, nevertheless, be compatible with s. 92, if

an outright prohibition of the relevant activity would itself

constitute a reasonable regulation of the activity. That is, if

the prohibition altogether of food irradiation could be justified

as reasonable regulation, an administrative discretion to relax

that prohibition would, as a general rule, also be acceptable.

COMMONWEALTH/STATE REGULATORY OPTIONS

54. In this concluding section of the paper I shall summarize

briefly the main options that are available in Australia for the

regulation of food irradiation, consistently with the preceding

discussion of constitutional implications.

(A) COMMONWEALTH CONTROL

55. The Commonwealth would appear to have the constitutional

authority to enact legislation that regulated food irradiation

in a direct and comprehensive way. At most there are probably

only two areas of difficulty. First, in respect of any activity

associated with food irradiation that was part of inter-State

trade, it would be preferable (though not necessarily essential)

that the scope of any administrative discretions be confined
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would be difficult to extend a law that was based on the

corporations power to the retail sale of food by unincorporated

firms, though it may be that the quarantine power would

independently support that extension.

56. Whether a Commonwealth law would operate to the exclusion

of or alongside State laws, would be a matter for the

Commonwealth Parliament to decide. In the event that there is

an inconsistency between a Commonwealth and a State law (which

may arise simply from the fact that they both purport to apply

comprehensively to the same activity), the Commonwealth law

prevails and the State law is inoperative (Constitution s. 109).

The question of conflict may be clarified by the Commonwealth in

advance by the simple expedient of inserting a section in its

law which declares the extent to which State laws in the area

will or will not operate. This is clearly a matter that would

require some consideration given, for example, that part of the

existing legislative framework in Victoria is contained in

legislation that applies generally to all ionizing radiation.

57. There is equally a large field of choice available to the

Commonwealth concerning the regulatory model that it will adopt.

At one extreme is the creation of a separate agency; at the

other is the device of conferring the relevant licencing and

other functions on a Minister, who can then delegate those

functions to administrative officials. It is important to note

in this respect that a Commonwealth function can be delegated

to a State official (eg, Queen Victoria Memorial Hospital v

Thornton (1953) 87 CLR 144). I understand that it is likely that

the expertise required for inspection and monitoring of radiation

activities would be located in the State administrations.

(B) STATE CONTROL

58. It is within the constitutional authority of each State

Parliament to regulate food irradiation witHn the State -

although inevitably some existing Commonwealth legislation

would also have to be observed (in the export of food, for

example). Whether it is preferable for the initiative to be left
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with the States will - in this area as in most others - depend

on the answers to three questions. First, bearing in mind the

existing division of responsibilities in the Australian federal

system, is food irradiation a matter that is more appropriately

assigned to State or to Commonwealth control? Secondly, is it

desirable to have national uniformity in Australia in the law on

food irradiation - with the objectives, for instance, of

protecting consumers, of assisting firms that produce goods for

a national market, or of restraining forum shopping by firms

that are anxious to reduce the impact of government regulation on

their activities? Thirdly, if uniformity is desirable, could it

be achieved in the short term by unilateral State action, and

would the uniformity be maintained? (Some of the current

obstacles to uniformity were earlier discussed in paras 6-9.)

(c) CO-OPERATIVE COMMONWEALTH/STATE SCHEMES

59. The landmark precedent for this approach to regulation is

the co-operative scheme for the regulation of companies and

securities, that is supported by Commonwealth and State legislation

and is supervised by ".nstitutions with joint representation. It

is doubtful whether the practice of food irradiation would reach

a proportion that merited creation of a co-operative scheme. If it

were otherwise, the difficulties that normally beset co-operative

schemes would have to be confronted - for example, would there

be a protracted delay in securing initial agreement on a model

law and then in having it adopted by all seven Parliaments;would

the result be a compromise, the lowest common denominator of what

was acceptable to seven governments; would subsequent reform be

difficult; and would the result be acceptable to the members of

parliament who would have been effectively excluded from the

entire process of negotiation and design of the co-operative

scheme?


