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IN HEMORTAM

Dr. Harry E. Goresline, a wellknown food scientist and a pioneer in
food irradiation, passed away on 4 January 1987 at his home in Kaumberg,
Austria, after a long illness. Dr. Goresline was 88 years old and
survived by his wife, Elizabeth, and two children Harriet and Harry,
Gbresline Jr. .

Dr. Gbresline started the international programme on food
irradiation at FAO, Rome when he was nominated by the US Government to
join FAO to initiate the work in this field in 1963. He moved to Vienna
when the Joint FAO/TAEA Division was established in October 1964 and
worked in the Food Preservation Section until he decided to retire from
active duty in 1971.

Dr. Goresline received B.S. from Oregon State College in 1926, M.S.
and Ph.D. from Iowa State College in 1928 and 1931, respectively, all in
microbiology with specialization in Sanitary Bacteriology. His long
professional career as a bacteriologist included his services for the
USDA in Food Research Division (1931-1943), Product Marketing
Administration (1941-1950) and Director of Chemistry and Microbiology
Division (1952-1957). He became interested in food irradiation when he
joined the Food Container Institute of the Armed Forces (later became the
U.S. Army Natick Laboratories) as Associate Director of Research, Food
Lab. (1954-56) and Deputy Scientific Director (1956-63). His outstanding
achievements in food science and technology resulted in a selection among
the first "Fellows" of the Institute of Food Technologists, among several
awards which he received in his lifetime.

While at the Food Preservation Section, Joint FAO/IAEA Division, Dr.
Goresline assisted actively in the initiation of several international
programmes on food irradiation, among them: Joint FA0/IAEA/WH0 Expert
Committee on the Legislative Basis of Food Irradiation (later became
Joint FAO/IAEA/WHO Expert Committee on the Wholesomeness of Irradiated
Foods), FAO/IAEA Inter-Regional Training Course on Food Irradiation
Technology and Techniques, and several co-ordinated research programmes
from 1964 to 1971. His excellent achievement was the construction of the
grain irradiator in Turkey which, unfortunately was never operated
because of local political problems. He travelled widely to many
countries and served as an expert in the field in several countries
including Thailand where he was based for several months before his
retirement. He maintained his interest in food irradiation even though
his health began to deteriorate in the late 1970's. The last
international meeting which he attended was the FAO/IAEA International
Symposium on Radiation Preservation of Food, held in Wageningen, the
Netherlands in 1977.

Dr. Goresline will be remembered by all colleagues and friends for
his knowledge in food irradiation, for his energetic efforts and for his
kindness to teach and share his knowledge and experience with younger
scientists. The field of food irradiation in general and the Food
Preservation Section, Joint FAO/IAEA Division in particular, owe much to
him for his contribution and for his tireless efforts in overcoming the
problems in the field. Dr. Goresline will always be remembered as a kind
and sincere person, and a scientist dedicated to his work.



TO THE READER

This issue reports a number of important activities which took place
during the second half of 1986 and early 1987.

An important publication was made by the World Health Organization
(WHO) in its "In Point of Fact - Food Irradiation" In February 1987.
This "Fact Sheet" clearly describes not only the safety and efficacy of
food irradiation technology but also the role it could play in reducing
food-borne diseases. A statement was made that "WHO sees fooc.
preservation as a process which has the potential to increase safe food
supplies, thus contributing to primary health care".

Activities of the International Consultative Group on Food
Irradiation (ICGI) included a quarterly report (Nov. 86 - Jan. 87),
report of the Workshop on Assessment of the Economic Feasibility of Food
Irradiation Application held at IFFIT, Waginingen, in August 1986 and an
Executive Summary of the Report of the Task Force on Marketing/Public
Relations of Food Irradiation, held in Ottawa, Canada in September.

Twenty five participants joined the FAO/IAEA Study Tour on Radiation
Disinfestation of Grain which visited the Netherlands, Hungary and the
USSR from 18 August to 5 September 1986. The highlight of the Study Tour
was a visit to the two large scale electron accelerators for grain
disinfestation at Odessa Port, USSR. The details of the grain
irradiators including their mode of operation and cost-effectiveness are
also included.

The reader will find the summary of the last IFFIT Training course
held in 1986 and an announcement of the next Training Course to be held
from 17 August to 18 September 1987, so as the report of the Annual
Meeting of the European Society of Nuclear Methods in Agriculture (ESNA)
especially of its working Group on Food Irradiation.

Several communications were received from the reader during the
second half of 1986. They are included under this reading. Worthwhile
repeating in this Section are the results of feeding trials of irradiated
food in human volunteers in the People's Republic of China. These
results showed no adverse effect on consumption of a number of irradiated
foods from an experiment performed scientifically.

The reader may be interested in the assistance provided by the Food
Irradiation Information Center, National Agricultural Library, USDA,
Beltsville, Maryland and the Bibliography on Food Irradiation by the
Federal Research Center for Nutrition, Karlsruhe, Federal Republic of
Germany. The details are included under Announcement Section.

Last, but not least, is the up-dated list of clearances of
irradiated foods in different countries which is included in the
Supplement Section of this issue. Important additions to the list since
last publication in our Newsletter in August 1985 included clearances in
India, Israel, Thailand and the U.S.A., where food irradiation was
approved as a process up to a certain maximum dose. The list is in our
computer system which would be easy to update. Please let us know if any
of the information is inaccurate or whether we missed any clearance in
your country.

The next issue of our Newsletter is planned for July 1987. Please
let us have your contribution for inclusion in the "Communications
Received" before 15 June 1987.



WORLD HEALTH ORGANIZATION
IN POINT OF FACT - FOOD IRRADIATION**

(No.40/1987)

* World food requirements continue to grow and the problems of food storage
and processing make it necessary to search for effective alternative methods
of food preservation. FAO estimates that one quarter to one third of world
food production is lost due to pests, insects, bacteria, fungi and enzymes
which eat, degrade or destroy the crops. In Africa, even more than 507., is
lost after harvest, depending on the product.

* Some of the chemicals that have been used in the past for
decontamination, storage and quarantine treatment (for example the fumigants
ethylene dibromide - EDB and ethylene oxide) are under review because of the
potential dangers to human and the environment. Unless other acceptable
measures of control are introduced, many countries will experience still
greater losses, including loss of income from the sale of export crops.

* Besides food losses, mankind is challenged with the problem of
contamination of its food supply with pathogens and parasites leading to food
borne diseases. The incidence of foodborn disease has shown a dramatic
increase since 1945 and is today one of the most widespread health problems
not only in developing but also in industrialized countries with relatively
high hygienic standards. The report of a Joint FAO/WHO Expert Committee on
Food Safety states that "illness due to contaminated food is perhaps the most
widespread health problem in the contemporary world and an important cause of
reduced economic productivity"—1/. In addition, a number of food
commodities, which are important sources for foreign exchange earning, such as
poultry, meat and meat products, sea food, frog-legs and spices are often
rejected by importing countries on the grounds of poor hygienic quality,
including contamination with pathogens. The magnitude of economic loss due to
foodborne disease and rejection of food contaminated by pathogenic
microorganisms can be enormous and significantly hampers international trade.

* There are a number of processing methods like sun drying, salting and
smoking, which are as old as mankind itself. Modern preservation techniques
like canning, pasteurizing, deep freezing and vacuum drying, have been applied
successfully for some time. The most recent addition to the long list of food
preservation technologies is the use of ionizing radiation which has
applications which other technologies cannot provide. It has, however, its
own advantages and disadvantages like all other food preservation technologies.

* Irradiation is a physical method of processing foods which is comparable
to methods such as heat treatment or freezing. It consists of exposing foods
to gamma rays, x-rays or electrons over a limited period of time.

* X-rays and electrons are generated by appropriate machines, while gamma
rays are generated by the radionuclides Cobalt-60 and Caesium-137. Cobalt-60
is not a waste product from the nuclear industry but is specifically
manufactured for use in radiotherapy, sterilization of medical products and
the irradiation of food. Caesium-137 is one of the fission products contained

1/ The Role of Food Safety in Health and Development, WHO Technical

Report Series 705 (1984).

** The original version of this "Fact Sheet" is available upon request from
World Health Organization, Media Service, 1211 Geneva 27 Switzerland.
Telephone:91 21 11, Cables:UNISANTE-GENEVA, Telex:278 21



in used fuel rods. It must be extracted in reprocessing plants before it can
be used as a radiation source. At present, almost all radiation facilities in
the world use Cobalt-60 rather than Caesium-137.

* The irradiation technique has some distinct advantages over conventional
food processing methods: foods can be treated after packaging; it permits the
conservation of foods in the fresh state; perishable foods can be kept
longerwithout noticable loss of quality; and last but not least, the cost of
irradiation and the low energy requirements compare favourably with
conventional food processing methods. Irradiation treatment up to the
prescribed dose leaves no residue; changes in nutritional value (i.e. loss of
some vitamins) are comparable with those produced by other processes and
during storage. Foods processed under prescribed conditions for irradiation
do not in any way become radioactive - a fact which many people do not
understand.

* Food irradiation is not a miracle process which can convert spoiled food
into high quality food. It is equally true that not all foodstuffs are
suitable for radiation treatment, just as not all foodstuffs are suitable for
canning, freezing, drying, etc.

* Food irradiation has two main benefits to the health and wellbeing of
man: (a) the destruction of certain food-borne pathogens, thus making the
food safer, and (b) prolongation of the shelf-life of food by killing pests
and delaying the deterioration process, thus increasing food supply.

* Before introducing this new technology, positive evidence and assurance
had to be obtained thet it would not have any hazardous side effects. The
task of providing this was coordinated by the International Project in the
Field of Food Irradiation, in which WHO participated in an observer capacity.

* Data generated by this Project were periodically reviewed by Joint
FAO/IAEA/WHO 2/ Expert Committees which represent the collective views of a
group of international top-level experts and not just the views of individuals
or organizations. In 1980, the conclusion was reached that irradiation of any
commodity up to an overall average dose of 10 kGy "k/ presented no
toxicological hazard. This Committee also considered that irradiation of food
up to this level introduced no special nutritional or microbiological
problems, thus establishing the wholesomeness of irradiated food up to an
overall average absorbed dose of 10 kGy. No new evidence suggests otherwise

* In order to respond to questions still existing in 1980 concerning the
microbiological safety of irradiated food, the Board of the International
Committee on Food Microbiology and Hygiene (ICFMH) of the International Union
of Microbiological Societies was approached for a second opinion. The Board
analyzed the scientific knowledge to date and concluded that there was no
cause for concern; there was no qualitative difference between the kind of
mutation induced by ionizing radiation and that induced by other preservation
processes, such as heat treatment or vacuum drying. Food irradiation was seen
by the Board as an important addition to existing methods of controlling
foodborne pathogens and did not, in their view , present any additional hazard
to health.

2/ Food and Agriculture Organization; International Atomic Energy Agency;
World Health Organization.

"kf The absorbed dose is expressed in terms of the gray (Gy), as recommended
by the International Organization of Standardization; k stands for kilo
(=1 000).



* More than 30 countries have recognized the advantages and have given
clearance for the use of irradiation in processing some 30 food items and
commodities.

* The Joint FAO/WHO Codex Alimentarius Commission -1 was presented with
the conclusions of both the 1980 FAO/TAEA/WHO Expert Committee and the Board
of the ICFMH and declared itself satisfied regarding the safety of low and
medium dose food irradiation. The Commission adopted the Codex General
Standard for Irradiated Food and the Recommended International Code of
Practice for the Operation of Radiation Facilities for the Treatment of Food.
* As a result of these internationally agreed documents, all
countries-regardless of their stage of development - are encouraged to apply
food irradiation. The process not only allows for a larger supply of safe
food but also has the advantage of reducing dependence on food treated with
chemical substances.

* In order to continue the evaluation of developments in the field of food
irradiation, an international Consultative Group on Food Irradiation came into
being on 9 Hay 1984, currently made up of 26 countries 5/ from among Member
States of FAO, IAEA and WHO.

* The World Health Organization sees food irradiation as a process which
has the potential to increase safe food supplies, thus contributing to primary
health care.

* Widespread information campaigns are still required for food irradiation
to be fully accepted. WHO is concerned that rejection of the process,
essentially based on emotional or ideological influences, may hamper its use
in those countries which may benefit the most.

* WHO and FAO are planning a publication on the subject of food irradiation
which will discuss the advantages and limitations in comparison with other
preservation processes and will outline the benefits for consumers in both
developed and developing countries. This publication is expected to appear in
1987.

The Codex Alimentarius Commission is an intergovernmental body
implementing the Joint FAO/WHO Food Standards Programme. To date it has
a membership of 129 countries.

Argentina, Australia, Bangladesh, Canada, Chile, Egypt, Federal Republic
of Germany, Hungary, India, Indonesia, Iraq, Israel, Italy, Malaysia,
Mexico, Netherlands, New Zealand, Pakistan, Philippines, Poland, Syria,
Thailand, Turkey, United States of America, Yugoslavia.



INTERNATIONAL CONSULTATIVE GROUP ON FOOD T.RRADTATION (ICGFI)

ICGFI QUARTERLY REPORT

(November 1986 - January 1987)

1. INTRODUCTION

As decided during the Second ICGFI Annual Meeting and following the
Third Annual Meeting, the Secretariat has started to implement the
preparation of the Group's quarterly activity reports.

Thus this first report will briefly outline the developments of
various activities that have not been completed prior to the Third
Meeting (October 1986), as well as progress of activities which were
implemented until the end of January 1987.

2. TASK FORCES AND THEIR REPORTS

2.1 Trade Promotion of Irradiated Food

The report has been published as IAEA TECDOC-391.

2.2 Use of Irradiation to Ensure Hygienic Quality

The report will be published by WHO during the first quarter of
1987.

2.3 Marketing/Public Relations of Food Irradiation

The report has been finalized by the rapporteurs and will be
published by the IAEA.

3. WORKSHOPS

3.1 Food Irradiation Workshop for Food Control Officials

The workshop is tentatively planned to be held in Budapest,
Hungary from 18 to 20 May 1987. Fifteen food control officials
from 15 ICGFI member countries will be invited to attend.

' 3.2 Good Irradiation Practice

Subject to an agreement from the Government of Israel, this
workshop is tentatively planned to be held in Tel Aviv for two
weeks in December 1987 or January 1988.

4. TECHNOLOGICAL GUIDELINES FOR FOOD IRRADIATION APPLICATIONS

Eight Guidelines on the different applications (see Appendix 1)
were prepared by Prof. W.M. Urbain and distributed to experts,
according to their respective fields of specialization, for review.
Their comments were incorporated into the documents and edited for
uniformity in format by the Secretariat. The Guidelines are
expected to be published by mid-1987.



5. HODEL REGULATION FOR LICENSING FOOD IRRADIATION FACILITIES

A document proposing model regulations for use by national
authorities involved in the licensing of food irradiation facilities
has been prepared by a legal Consultant, Mr. D. van Rossem. This
will be reviewed by a number of experts before finalization.

6. INTERNATIONAL REGISTER OF LICENSED FOOD IRRADIATION FACILITIES

A register has been compiled by Mr. J. Cornells and is now
being edited for publication.

7. FOOD IRRADIATION PROCESS CONTROL SCHOOL (FIPCOS)

Dr. B.S. Schweigert, Chairman, Department of Food Science and
Technology, University of California, Davis, who is involved with
the "Better Process Control School" organized annually by the Food
Processors Institute, USA, and who is knowledgeable on food
irradiation technology, has agreed to prepare a curriculum for
FIPCOS. The draft curriculum is expected to be available by end of
April 1987. This will be finalized and sent to member countries for
comments.

8. PUBLIC RELATIONS ACTIVITIES

A video programme on food irradiation for the general public is
being prepared. A Consultant (Ms. J. Howard - U.K.) was invited to
advise on PR strategies and to design a brochure. A science writer
(Mr. J. Weiner - Canada) will be invited to prepare a number of PR
documents March - April 1987. Negotiations were made with the
expert from Yugoslavia to cover the printing cost of PR documents as
an in-kind contribution to ICGFI.

9. PREPARATION FOR THE FAO/IAEA/WHO INTERNATIONAL CONFERENCE ON THE
ACCEPTANCE' CONTROL OF AND TRADE IN T.RRADTATED FOODS. 1988

A position paper on this Conference has been prepared and sent
for review by FAO, TAEA and WHO. The paper will be distributed to
Member States of the 3 sponsoring Organizations in March/April
1987. UNCTAD/GATT has expressed interest in becoming another
co-sponsor of the Conference. The Conference is tentatively planned
to be held in Geneva, Switzerland, for one week in December 1988.

10. COMPILATION OF WHOLGSOMGNGSS DATA ON IRRADIATED FOODS (Above lOKGv)

Several candidates were approached to compile and evaluate data
to obtain an expert view on the adequacy of material for an eventual
new JECFI meeting.

11. CODEX COMMITTEE FOR LABELLING OF PREPACKAGED FOODS

Based on the recommendation of a number of ICGFI Task Forces, a
document has been prepared proposing amendments on some provisions
of the Codex General Standard for the labelling of prepackaged foods
(see Appendix 2). This document was submitted to the Codex
Committee on Labelling of Prepackaged Foods for discussion at its
Committee meeting scheduled on March 1987.



APPENDIX 1

TECHNOLOGICAL GUIDBT.INES FOR FOOD IRBADTATION APPLICATIONS

1. Guideline for the Irradiation of Cereal Grains for Insect

Disinf pstat ion.

2. Guideline for the Irradiation of Fruits for Insect Disinfestation.

3. Guideline for the Irradiation of Bananas, Mangoes and Papayas for

Shelf Life Improvement (By Delay of Ripening).

4. Guideline for Irradiation of Bulb and Tuber Crops to Inhibit

Sprouting.

5. Guideline for the Irradiation of Fresh and Frozen Red Meats and

Chicken.

6. Guideline for the Irradiation of Fresh Fin Fish and Shrimps Stored

under Refrigeration and for Frozen Frog Legs and Shrimps.

7. Guideline for the Irradiation of Dried Fish and of Dried and Salted

Fish for Insect Disinfestation.

8. Guideline for the Irradiation of Spices and Vegetable Seasonings.



Appendii 2

EXECUTIVE SUMMARY

At its former session, in March 1985, the CCFL suggested the following
provisions regarding labelling of prepackaged irradiated foods1:

"^ I I A food wh i ch has beer, t r e a t e d w i t n i o n i z i n g r a d i a t i o n / e n e r g y s t a l l ; n d i f d t e i n
* >-fr id Le '. ' '>cit . red t men t i n c l o s e p n n imi t y t o f>e -lamp j f the *ooO

"\ 7 J When a s i n q l e i n g r e d i e n t p roduc t i ) p repa red f rom a raw m a t e r i a l wh i ch h a i
beef, i f r ^ d i i i t p d , t he l a b e l o f the produc t sha l 1 c o n t a i n <* s ta tement i n d i t a t m g t n *
t r e a t m e n t "

Recognising, however, various comments of participants, as well as the
fact that many governments had not yet taken a final position as to how the
fact of irradiation should be declared, the CCFL decided that these provisions
remain under review.

The International Consultative Group on Food Irradiation (TCGFI)
established under the aegis of FAO, IAEA and WHO, presents the conclusions and
recommendation of four recent task forces, attended by experts with extensive
professional experience in food marketing, consumer attitude and acceptance of
food, as well as a number of quotes from Codex Alimentarius.

These all suggest that provision 5.2.1 should be reworded as follows:

S.2.1 fl food which has been treated with ionising radiation/energy shall indicate
this on the label by means of the accompanying logo which represents the treatment The
purpose or characteristic of the specific treatment may be described by phrases such as

1 "Insect Free" or "Di smfested" or "Freed of Insects" -̂j -j.
2 "No Viable Insects'" or Quarantine Proof" a%^^^*m\
3 "Shelf Li fe Extended " or "Freshness Extended"
4 "Pasteurized" or "Pathogen Tree" or

"freed of Pathogens"
5 "Sprout Inhibited"

Ihe acronym "RAOURA" can be added to the symbol

as the former wording may be deceptive and create an erroneous impression or
confusion rather than convey the correct information needed by the consumer.
They also suggest that provisions 5.2.2 and 5.2.3 be dropped altogether, as
there is no relevancy in the original treatment (applied to the fresh raw
materials) or in its purpose or benefit, when thus treated raw materials are
used as minor ingredients in other foods or food mixtures, or as single
ingredients in processed ("cooked") foods, where the original characteristics
have been lost or modified.

Nonetheless, should CCFL choose to require labelling of prepackaged foods
containing irradiated ingredients, the following correspondingly amended
provisions are proposed:

i 2 2 A food containing more than Vt of ingredients which have been treated with
ionising radiation/energy shall indicate this by means of the phrase "contains X which has
been rendered pathogen free " (or corresponding phrase from l is t in b 2 1). adjacent to the
logo, sized accordingly

•b 2 3 When a single ingredient product is prepared by means of a
mechanical,size-reduction process (such as segmenting or milling} from a ratu material which
has been treated with ionising radiation/energy, this should be indicated by the phrase
"prepared from x freed of insects", (or corresponding phrase) adjacent to the logo

No such designation is needed when a non mechanical process has been applied (such
as cooking, fry ing, bah ing, dry ing. concentrating. freezing, smoking, curing, marinating.
ferment ing. etc )

10



REPORT ON THE WORKSHOP ON ASSESSMENT OF THE ECONOMIC
FEASIBILITY OF FOOD IRRADIATION APPLICATIONS

The Workshop on the Assessment of the Economic Feasibility of Food
Irradiation Applications, sponsored by the International Consultative
Group on Food Irradiation, was held at the International Facility for
Food Irradiation Technology (IFFIT), Wageningen, The Netherlands, from 25
to 5 September 1986.

Introduction and Scope of the Workshop

The use of irradiation has proven to be technologically feasible for
a large number of food products. For further careful development of the
food irradiation process, it is necessary to demonstrate the potential
economic advantages and benefits accruing from its application. A major
barrier to the implementation of food irradiation in developing countries
is the lack of valid economic feasibility studies.

The objective of the Workshop was to train scientists from
developing countries in the art of conducting studies on the economic
feasibility of food irradiation applications. The Workshop's theoretical
part of the programme dealt with a number of subjects, e.g. technical,
economic, financial, social and institutional feasibilities, which
determine the overall economic viability of a food irradiation process.
The practical part of the Workshop dealt with the presentation and
discussion of Case Studies prepared by participants. A "Guideline for
the Development of a Case Study" was distributed to all participants.

The limited number of invited participants (see list) contributed to
an efficient dialogue between participants and the lecturers. The visits
to the Dutch Pilot Plant for Food Irradiation and in particular to the
commercial facilities of GAMMASTER provided the participants an excellent
opportunity to get acquainted with major technical and economic aspects
of the processing of food by irradiation on a true practical scale.

The subjects of the lectures and of the Case Studies are enumerated
below as well as the names of the experts:

Technological Feasibility of Food
Irradiation Process.

Promotion of Food Irradiation
Technology Transfer.

Technical Feasibility of Food
Irradiation Processes.

Economic Feasibility of Food
Irradiation Processes.

Financial Feasibility of Implementing
Food Irradiation Processes.

Contract Irradiators for Food
Processing.

Estimated Costs for Gamma-Irradiators.

Factors Influencing the Investment and
Operation Costs of Irradiators.

Dr. J. Farkas* (Hungary)

Ing. Agron. Y. Henon**
(France)

Dr. A. Brynjolfsson*
(USA)

Dr. W.J. Knapp* (USA)

Dr. W.J. Knapp

Mr. J.G. Leemhorst**
(The Netherlands)

Dr. W.F. Oosterheert*
(The Netherlands)

Mr. J.G. Leemhorst

* Fulltime Lecturer
** Part-time Lecturer

11



Costs tor Operation and Maintenance
of Commercial Electron-Accelerators.

Socio-Cultural Implications of the
Development of Food Irradiation
Techniques in Agriculture and
Food Processing.

Strengthening Infrastructure for
Commercial Food Processing in
Developing Countries.

Acceptance of Food Irradiation by the
Food Industry and Trade.

Means to Achieve Acceptance and Usage
of Food Irradiation by the Public.

The Codex General Standard for
Irradiated Foods: An Institutional
Issue.

Case Study: "Irradiation of Spices
and Dry Ingredients".

Case Study: "Irradiation as a Quarantine
Treatment".

Case Study: "Radiation Disinfestation
of Fruits".

Case Study: "Implementation of Multi-
purpose Irradiation Plant
in Nigeria".

Case Study: "Irradiation of Onions".

Case Study: "Irradiation of Malaysian
Pepper".

Case Study: "Irradiation of Potatoes".
Case Study: "Radiation Sterilization

of Corkstoppers".
Case Study: "Irradiation of Fresh Fish".

Dr. A. Brynjolfsson

Prof. Dr. D.B.W.M.
van Dusseldorp**
(The Netherlands)

Dr. A. van Tilburg**
(The Netherlands)

Dr. C.T. Verrips**
(The Netherlands)

Dr. F. Defesche**
(The Netherlands)

lr. J.G. van Kooij*
(IFFIT)

Dr. J. Farkas

Dr. W.J. Knapp

Dr. A. Gorgatti Netto

(Brazil)
Dr. D.O. Alonge

(Nigeria)

Dr. M. Bar
(German Dem. Rep.)

Mr. M. Lebai Juri
(Malaysia)

Prof. W. Fiszer (Poland)
Ms. M.E. Andrade

(Portugal)
Mr. R.R. Bustamante

(Argentina)

Summary of the Discussion and Conclusions

The limited number of clearances in countries and the reluctance of
Governments to adopt relevant Codex Standard for Irradiated Foods, are
barriers to implement food irradiation processes at a commercial scale.
Due to this situation and the relatively high costs to conduct a proper
feasibility study, adequate data on the economic viability of food
irradiation processes are scarce. Nevertheless, generalizations
regarding the feasibility of irradiation technology should be avoided.
Feasibility must be assessed on a case-by-case basis to determine whether
irradiation technology is a suitable treatment for food in a specific
application. Several factors, e.g. type of commodity, location of the
irradiator, adequate infrastructure for transport of products, storage,
power supply, trained operators, and socio-economic factors had to be
taken into account and quantified if possible.

The Workshop identified various projects with good prospects of
technological and economic feasibility. The Case Studies illustrated
potential for commercial application of the radiation technology for
decontamination of spices, irradiation as a quarantine treatment,

* Fulltime Lecturer
** Part-time Lecturer
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shelf-life extension of fish at chilling temperature, sprout inhibition
of potatoes, onions, and sterilization of cork stoppers.

Implementation of the food irradiation process on true commercial
scale requires high capital investment (in the order of 2 to 4 million US
dollars). Thus, selection of the most suitable type of irradiator
(radionuclide source or accelerator) and proper throughput of the
irradiation plant were identified of vital importance for achieving
economic viability. When considering batch, manually, operated
facilities versus automatic plants preference should be given to the
latter type notwithstanding a much higher initial capital costs. A major
reason for this observation is that many food items are irradiated with
relatively low doses, resulting in short dwell times of the batch in the
irradiation room. The lower effective irradiation time due to frequent
changes of the batches, and higher labour cost outweigh the lower
investment of a batch-operated plant.

The irradiation processing costs decrease significantly as the
annual throughput increases. Food irradiation facilities should
preferrably have an annual capacity greater than 20,000 tons and be
located, therefore, as a part of or near large distribution centres.
Overhead cost turned out to be rather minor, if the irradiation is an
additional link in the stream of products through the processing line.
On the other hand, the overhead costs may be much higher if a central
irradiation plant serves many customers. The synchronization of the
shipments with irradiation schedule is usually more difficult in a
central irradiation processing facility than in an in-house facility.
Product handling costs are larger in a central processing plant because
of transport costs, unloading and loading, as well as costs for
additiontl storage space.

With regard to good manufacturing and irradiation practices, quality
control in a single purpose facility or in a facility used for one
specific technological purpose, e.g. radiation-decontamination of
products, where the product and irradiation processing are uniform, is
much simpler than in a multi-purpose facility, where different products
require different irradiation conditions.

Likewise, automated plants can be better controlled than batch
operated facilities.

Implementation of food irradiation technology should be supported by
adequate pilot-plant studies. It was pointed out that IFFIT should play
a role to provide advice on type of irradiator and design of the
experimental work on technology transfer. Such pilot studies should be
carried out locally in order to assess fully the impact of local
environmental conditions, and to facilitate the process of technology
transfer. The experience gained with semi-commercial pilot studies in
one country has limited applicability in other countries, except for
basic technical relations between design of irradiators, source strength,
throughput, dose range and uniformity characteristics applied to food
products.

It was emphasized that the irradiation technology is particularly
profitable to reduce losses in staple foods (e.g. rice, maize, cassava,
potatoes, pulses, yams, etc.) in developing countries. Such losses
usually cause sharp increase of the price of staple foods towards the end
of the season. Staple foods are very important items of the food-basket
of consumers, and play a role in calculating inflation rates.
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Governments of developing countries are very sensitive to this effect. A
promising business (irradiation of staple foods and their subsequent
storage to prevent losses) may be jeopardized by Government's
intervention at time private business is putting such commodities on the
market to benefit from better prices when untreated crops are no longer
available.

Promotion of food irradiation applications in developing countries
very much depends on acceptance of their (cash) irradiated products in
developed countries. It was felt important that developed countries do
not pose undue restrictions to such imports.

In providing assistance to developing countries in relation to the
implementation of food irradiation technology, care must be given to
assure that the corresponding irradiation technology is not outdated or
would result in radiation facilities of too small throughput rendering
applications not economically viable. Developing countries should be
able to choose the most cost-effective facilities.

The social consequences can differ substantially from one project to
another. Sometimes the technology fits easily into established
production and marketing pattern (e.g. substituting a fumigation chamber
by an irradiator for quarantine treatment). But there are often
difficult social adjustments necessary, such as need for farmers to shift
from the production of traditional crops to high quality fruits for the
export market.

Large food processors with well-established brand names may be
reluctant to adopt irradiation technology because of a supposed risk of
damaging consumers' confidence in their products. Irradiation is much
more likely to be adopted by smaller food processors who have more to
gain from a market share viewpoint, and less to lose.

The Workshop has shown that food irradiation application is
economically and financially feasible in developing countries when based
on properly investigated food items and infrastructures able to achieve
economic throughputs of food irradiation plants.

The amount of money required to conduct a proper feasibility study
is relatively low in comparison with the advantages it can provide (e.g.
savings in design and construction costs). The outcome of a feasibility
study provides a basis for deciding whether to proceed with the project
before large sums of money are committed.

Recommendations

The methodology presented in the Workshop is consistent with
practices followed by international institutions and national
technical cooperation agencies. It is therefore recommended
to promote its use in conducting economic feasibility studies
in the field of food irradiation in more countries.

The benefits of food irradiation (e.g. reduction in
post-harvest losses, improvement in public health, expansion
of international trade) are sufficient to warrant assistance
by local, national and international public agencies and
organizations to enable rigorous techno-econotnic feasibility
studies in the pre-implementation phase of potential food
irradiation applications in developing countries.
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It is recommended to conduct "sensitivity analyses" as a part
of a feasibility study to determine how changes in key
variables would affect the study conclusions.

Implementation of food irradiation in developing countries
requires an evaluation of the needs not only for technicians
running the facilities, but also of the level and availability
of competent managers in the fields of marketing and good
manufacturing practices.

Consumer acceptance is an important consideration in
determining the level of throughput and consequently the
economic feasibility of an irradiation project. However,
little research has been conducted on how consumer acceptance
influences the viability of commercial food irradition. It is
recommended that more emphasis should be given to this kind of
marketing research.

Implementation of food irradiation requires high capital
investments, which is a major problem for developing
countries. Private sectors may not be able to absorb the
costs of irradiation facilities. It is recommended that
Governments should sponsor resources and encourage the
application of the technology through providing capital,
favourable regulations, and incentives for private sectors to
invest.

It is recommended that the presented material at the Workshop
is to be edited into a "Manual for Assessment of the Economic
Feasibility of Food Irradiation Applications".
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Guideline for Implementing a Commercial Scale
Food Irradiation Project

Commodity Related Information

Name of food product (Species, crop, varietal selection)
Production figures (Annual data for at least 5 years)
Price data - farm price (Seasonal price changes)
Availability of the food product/crop (Seasonal or year round)
Location of crop/food production (Geographical distribution)
Climate at time of harvest (Temperature range, humidity, rainfall)
Yield per acre/ha.
Production/hr. or /day of processed product
Local storage of crop (Estimated losses by months)
Problems with storage (Pre-processing and post-processing)
Supply (tons/hr.) to irradiator facility
Transportation (Distance, time)

Radiation Processing Information

Purpose of irradiation treatment
Handling method for product (Pre- and post treatment)

Dose required (Minimum, maximum, average dose, and dose
uniformity

within package)
Packaging requirements (Materials or treatment in bulk)
Treatment unit (Package, pallet, bin, etc.)
Physical characteristics of packages (Size, weight)

Permitted time for delivery of irradiation dose
Irradiation conditions (Temperature of product, atmosphere)

Marketing Related Information

Price and fluctuations of the non-irradiated product (Farm,
wholesale and

retail price by month)
Market volume potential for the irradiated product (Domestic, export,

time to develop market, new market, etc.)
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TASK FORCE MEETING ON MARKETING/PUBLIC RELATIONS
OF FOOD IRRADIATION

Ottawa, Canada

15-19 September 1986

EXECUTIVE SUMMARY
1 f

Under the scope of the International Consultative Group on Food ;
Irradiation (ICGFI), which places high priority to trade promotion of
irradiated foods, a Task Force Meeting on Marketing/Public Relations of
Food Irradiation was convened in Ottawa, Canada from 15 to 19 September
1986. :•

The primary objective of the Meeting was to develop strategies to
facilitate wider acceptance of food irradiation and irradiated foods to
national authorities, industry, trade, and consumers. The Meeting was
attended mainly by specialists in food marketing, public relations and
consumer affairs. Mr. Yvon Jacques, Assistant Deputy Minister,
International Programme Branch, Agricultural Canada, chaired the Meeting
alternately with Dr. J. de Graaf of the International Programme Branch.

The Task Force took into account the differences in attitudes to
food irradiation as between countries (government and other bodies) as
well as the fact that granting of, or progress towards, approval of food
irradiation has as yet attained no international uniformity.

Basic recommendations were to:
Identify target groups which influence policy in regard to food
irradiation ;

- Establish a cohesive marketing strategy with flexibility to !
meet varied national needs

- Implement an ongoing communications system designed to reach
and inform decision-makers

- Work in each country through an information "chain" commencing
with irradiation processors
promote to - and through - the food industry as potentially the
greatest beneficiaries

- Set up an administrative 'Clearing House' in each country to <
co-ordinate promotion efforts

- Assemble 'Seeding Groups' who will contact and communicate with
other organizations
Aim for common international branding and packaging
identification for irradiated foods.

The Task Force considered ICGFI support to be vital in facilitating
international exchange of information on food irradiation, and in
providing initial impetus necessary to stimulate the prime movers
(irradiation processors and food manufacturers) to contribute to the
proposed marketing and communications structures. Relevant contact with
appropriate international bodies (FAO/WHO/UNCTAD/GATT) through ICGFI was
also seen as essential to underline credibility and ensure that new '

information became available to all countries. .,

The Task Force accepted that the application of irradiation to food t
is a safe and beneficial process, and that this premise was borne out by: \

- Long "history" of irradiation (nearly 50 years)
- Endorsements by FAO/WHO and other authorities
- Already approved by 34 countries (used in 18)
- No known adverse scientific findings.
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Key Tar-Ret Groups
These were summarised as :
- Government Agencies
- Non-Government Agencies
- Primary Industries
- Processors and Manufacturers
- Wholesalers and Retailers
- Consumer Groups/Consumers generally

Main means of reaching TarRet Audiences

The Task Force considered the application of:
- Marketing strategies
- Public Relations activities (media channels)
- Business-to-business communication
- Dissemination of international information
- Existing industry Coalitions and Associations
- Establishment of 'Seeding Groups'
- Planned use of direct mail
- Preparation of educational video.

It was recommended that these channels should be evaluated and
utilized according to the circumstances prevailing in each individual
country.

Additional Tools Considered Necessary

- Qualitative and quantitative consumer research
- In-depth economic survey (through ICGFI)
- Publications (Food Irradiation Newsletter)
- Officially sponsored scientific forums.

Assuming certain levels of approval for food irradiation have been
granted, the food industry in the country concerned should be encouraged
to create a joint-venture to launch a new line of (irradiated) food
products, or should tacitly support an innovative industry leader in
embarking upon such an undertaking.

CONCLUSION

The Task Force accepts that the successful introduction of food
irradiation worldwide requires a long and sustained effort, with results
emerging unevenly according to the regulatory approvals situation in the
countries concerned. The problems of convincing the consumer (end-user)
that, food irradiation is not only non-toxic, but actively beneficial in
decontaminating and preserving foodstuffs, are clearly recognised.
However, the Group is firmly of the belief that a properly programmed
effort, flexible enough to adapt to the needs of each country, will
ultimately result in approval, acceptance and utilisation of the
process. In this Report, the organisational means of establishing a
viable marketing/communications structure were examined, and a number of
specific recommendations made. The strategies outlined were unanimously
agreed by the Task Force, which included delegates with diverse
marketing, commercial, scientific and communications backgrounds. This
resulted in a wide spectrum of expertise being applied to the subject -
which reinforces the validity of the conclusions reached, and the
prospects of their practical application. It is a historical fact that
most new technologies encounter opposition. It is equally true to say
that reasoned argument and ongoing demonstration eventually lead to their
endorsement and adoption.
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FAQ/IAEA STUDY TOUR ON RADIATION DISINFESTATION OF GRAIN

(18 August - 5 September 1986)

The FAO/IAEA, Study Tour on Radiation Disinfestation of Grain was
intended to provide 25 participants from developing countries with the
possibility of observing and studying modern methods of controlling
insect pests in stored grain by the use of ionizing radiation.

I. THE NETHERLANDS (18-23 August 1986)

The FAO/IAEA Study Tour on Radiation Disinfestation of Grain was
conducted in the Netherlands during the week of 18-23 August 1986. The
following activities were undertaken:

A. Lectures on insects of economic importance, their detection and loss
assessment in storage were highlighted. Different chemical and
physical treatments for insect control were also mentioned. Uses of
linear accelerator and Cobalt-60 irradiation source as alternatives
for food preservation were discussed.

The economic feasibility of grain irradiation using both accelerator
and Cobalt-60 irradiator was described. It was explained that the
use of electron accelerator is more economical than the gamma
radiation although this will occur at certain minimal capacities,
which are quite substantial.

Some general information regarding IFFIT activities on training and
technological aspects of food preservation using the irradiation
technique were explained to the participants. Developing countries
can gain available technology through publications and fellowships
provided by FAO/IAEA, as well as by attendance of the annual courses
or workshops (1-2 per annum).

B. The participants of the Study Tour visited the food irradiation
facilities at Wageningen and GAMMASTER at Ede, where radiation
sterilization of medical supplies and irradiation of food products
are carried out. This was of great interest to all of the
participants, as this company is applying the irradiation technique
on a commercial scale. Visits were also conducted to various grain
inspection, handling, storage, and processing facilities in
Rotterdam.

C. At the end of the programme in the Netherlands, a general discussion
was held in which exchange information, pertaining to grain
disinfestation in developing countries, was presented by the
participants. Current efforts in solving these problems were
thoroughly discussed.

Generally, the participants greatly benefited from this part of the
Study Tour and it is hoped that the experiences gained will be very
valuable both to the participants and countries concerned.

II. HUNGARY. (25-30 August 1986)

The Study Tour commenced with an address by Prof. Biacs, General
Director of the Central Food Research Institute, Budapest, who outlined
the nature of the cereal industry in Hungary. Approximately 301 of
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cereal production is carried out in household plots, and the grain is
generally stored for domestic use, including the feeding of household
livestock. The remainder of the Hungarian cereal crop is produced on
1,300 farmer co-operatives and 130 state farms.

During the week of visits to research institutes, cereal handling
and milling facilities, food processing plants, packing plants and a
commercial irradiator, the participants were presented with a thorough
overview of the Hungarian cereal industry and its value in human and
economic terms.

Many current problems in cereal production, such as disease control,
yield and grain quality, are being attacked by plant breeding research.
Disease and pest resistance are a major plant breeding challenge, due to
repeated monocultural cropping practices, although fertilizer utilization
and economics are also considered in this breeding programme.

Post-harvest insect control is currently achieved by chemical
treatment, principally through phosphine fumigation. Phostoxin, as a
phosphine generator, is added to grain entering storage at major silos.
However, it is believed that irradiation can play a major role in
disinfesting grain at these large grain receival points, provided the
risk of re-infestation can be minimised.

During a final discussion, many participants expressed the view that
eliminating re-infestation is the major constraint on the introduction of
irradiation for stored products. This is particularly relevant to
countries like Hungary, where grain is handled in bulk and stored in
large concrete (20,000 tonnes) ci'r metal (10,000 tonnes) silos. However,
it is also important in countries where grain is handled and stored in
re-used jute bags. Irradiation of the bags before they are re-used is
one way of reducing the population pressure of stored-product insects,
although the economics of this practice will determine its use.

Where grain is handled and stored in bulk an electron accelerator at
the receival point can rapidly disinfest the grain immediately prior to
storage. If grain is handled in jute bags it can be most easily treated
in a gamma facility.

Commercial interest in food irradiation in Hungary is high,
especially within the companies, Agroster and Compac. Agroster operates
a pilot-plant irradiator, with a fee being charged for the irradiation
service.

Compac, a dried product packing company, currently handles all tea,
herbs and salt supplies in Hungary, as well as processing 60% of coffee.
Microbiological contamination occurs with spices, herbs and dehydrated
vegetables, and this company is examining the economic feasibility of
irradiation to overcome this problem. More than 2,000 tons of these
products are treated for micr-obial decontamination each year. Two
approaches are being considered, viz, irradiation of raw material prior
to processing, using Co-60, or in-line treatment immediately prior to
final packing using an electron accelerator. This feasibility study is
almost complete and a decision on its outcome is expected in the near
future.

III. MOSCOW AND ODESSA (1-5 September 1986)

Subsequently, the tour led to the Soviet Union and culminated -
after a visit to the grain research institute at Moscow - in a visit to
the Industrial Plant for Radiation Disinfestation of Grain at Odessa. At
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present, only a publication in Russian is available: G. Zakladnoi,
E. Pertsovskij, A. Men'shenin, V. Cherepkov, Radiatsionnyj metod
dezinsektsii zerna, Hukomol'no-Elevatornaya i Kombikormovaya Prom-st1.
(1981) no. 6, 29. The author was admitted as an observer by the Soviet
scientists and engineers at the Allunion Scientific Research Institute of
Grain and Grain Products at Moscow and of the Radiation Disinfestation
Plant for Grain at Odessa.

An industrial plant for the disinfestation of grain was commissioned
at Odessa in 1980. It consists of two independent lines, each equipped
with a 20 kw accelerator for 1.4 MeV electrons and a grain conveying
system. The beam power corresponds to a throughput of 200 t grain per
hour at a dose of 200 Gy (20 krad). According to the guaranteed
availability of the irradistor of 5,000 hours per year, the capacity of
the double line facility amounts to 2 million tons. The irradiator is
manufactured in the workshops of the Institute of Nuclear Physics,
Siberian Division of the USSR Academy of Sciences. It is sold through
Techsanexport,Moscow, at a price of approximately 400,000 rubles per
unit. The reliability of the accelerator is reported to be very high;
since 1980 one of the units has had to be repaired once, the other one
has been operational without any need of repair.

The disinfestation facility at Odessa has to be seen in relation to
the importance of the harbour for the import and export of grain, as well
as for intermediate storage after domestic transport on the Black Sea.
The storage capacity for grain at Odessa is about 100,000 t which is only
intended for short-term, intermediate use. The irradiation unit is
situated close to the storage facilities and is connected to them by
grain conveying units. Radiation disinfestation is only used after
insect infestation has been detected. The infested grain is then stored
in a buffer silo as the processing capacity of the irradiators does not
match the usual unloading velocity. In case of infestation, the
radiation processing facility is operated 24 hours a day, in four shifts
manned by two persons. After the commissioning of the plant in 1980, a
thorough study of the facility and of the effectiveness of the process
was conducted. The industrial use of the plant did not begin until
1983. In the three years which have elapsed since then a total of
1.2 million tons of grain have been radiation processed. The throughput
capacity of the irradiation plant has not yet been used to its full
extent, as the occurrence of insect infestation has not been that high.

The technical details of the Radiation Disinfestation Plant for
Grain at Odessa can be seen in a scheme of the principles of operation in
the publication mentioned above. The main features are:

The grain is initially filled into a buffer hopper of 10 t
capacity on top of the unit, about 14 m above ground level.

The buffer hopper provides a smooth and equal supply of grain
to the units below it.

The plane-flow outlet of the hopper is 1.5 m long,
corresponding to the breadth of the irradiation zone.

The slit width is adjusted to provide a layer of grain 9 mm
thick in the radiation processing area.

The goods are accelerated by gravity in a rectangular pipe
(also 1.5 m wide) which is slightly inclined from the vertical,
and which has a length of 6.6 m.
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During acceleration, the layer of grain particles becomes
thinner than the slit width in the feeding hopper and the
stream of grain is finally limited to a layer of 9 mm by
strip-off guides.

Approaching the treatment zone the particle velocity is 6.5 m/s.

The stream of the goods is then bent to become nearly
horizontal, as the irradiator is, for technical reasons, of
vertical type.

- The bending part of the pipe system sustains heavy wear and
tear and has to be replaced after processing about 60,000 t.

The radiation processing area is 1.5 m broad and has a width of
30 cm.

The electron beam is scanned at high frequency, perpendicular
to the stream of goods.

The Radiation Disinfestation Plant is equipped with exhaust and dust
handling facilities. The whole grain transport system is completely
encapsulated. In case of failure of the irradiator the grain supply can
be interrupted within 0.5 s, which leaves about 200 kg of grain
untreated. All control units for the irradiator and the grain handling
system are situated in a control room close to the radiation plant. The
shielding and radiation safety system of both irradiators is designed in
such a way that one unit can be used for radiation processing and the
other one can be accessed for inspection, maintenance or repair. The
radiation leakage from the building of the radiation plant is so low that
no special radiation protection measures are needed outside the building.

During the three years of operation, the process has not once failed
to disinfest the grain. The treated goods are provided with a quality
certificate in the bill of lading and if possible on the container or
railway waggon. -There is no provision for labelling of any product
manufactured from the irradiated grain. The treatment costs were
specified as 0.5 to 0.6 rubles per ton, which is considerably less than
the costs for fumigation which is still used widely in the Soviet Union.
It is estimated that the investment in the Radiation Disinfestation Plant
at Odessa will be redeemed within 4 to 4.5 years and that the expected
life span of the whole facility will be about 10 years.

The Soviet scientists have studied and published reports on the
effectiveness of radiation disinfestation of grain as well as on the
biological and nutritional quality of the radiation processed product.
The participants of the study tour were provided with copies of the
lectures on these topics at the grain research institute at Moscow.
Unfortunately, the studies on dosimetry and process control are not yet
easily accessible. After three years of industrial operation, it is
likely that inspection and supervision reports by state authorities are
also available. The Study Tour has initiated co-operation between the
competent Soviet scientists and interested researchers in other countries.
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INTERNATIONAL FACILITY FOR FOOD IRRADIATION TECHNOLOGY (IFFIT)
REPORT OF THE 7TH TNTER-REGIOMAL

GENERAL TRAINING COURSE ON FOOD IRRADIATION

The 7th IFFIT General Training Course on Food Irradiation was held
from 27 October through 21 November 1986 at Wageningen, The Netherlands.
The Course was opened by Mr. Ir. W. van Vuure, Chairman of the Project
Management Committee of the International Facility for Food Irradiation
Technology (IFFIT). The Course was attended by 22 scientists from 19
developing countries and two Observers from the Netherlands. A list of
participants is attached to this report.

This four-week course consisted of lectures for 42 hours, eleven
afternoons for laboratory exercises and discussion of results, four
Round-Table discussions involving participants and lecturers, reports by
all participants about their work and research programmes of their
institutes or departments, and excursions to the Dutch Pilot Plant for
Food Irradiation, a Fruit/Vegetable Auction and the GAMMASTER Commercial
Medical Supplies/Food Products Facilities.

The Laboratory exercises were arranged and guided by staff members
of the State Institute for Quality Control of Agricultural Products
(RIKILT) at Wageningen, which is the Host Institute of IFFIT.

The various lectures were presented by five staff members of RIKTLT
and by 14 invited lecturers from Netherlands institutions and from other
countries, as indicated in the Table below which also shows the major
topics of the Course:
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SUBJECT LECTURER

Principles of Food Irradiation

Principles of Radioactivity and
Properties of Ionizing Radiation

Radiation Chemistry of Food and
Metabolic Active Vegetable Tissue

Radiation Health Aspects of Ionizing
Radiation

Sources for Food Irradiation

Fundamentals of Dosimetry and
Methods

Microbial Aspects of Food Irradiation

Radiation Preservation of Fresh
Fruits and Vegetables

Public Health Consideration of the
Radiation Decontamination of Food

Radiation Decontamination of Spices,
Dry Food Ingredients

Food Irradiation as an Effective
Mode to Process Safe Food

Sensoric Testing of Irradiated Foods

Radiation Decontamination of Food
of Animal Origin

Irradiation of Fishery Products

Radiation Disinfestation of Foods
and Agricultural Products

Shipping Trials and Marketing
Experiences

Packaging of Foods for Irradiation

Food Irradiation in Argentina

Radiation Disinfestation of Pork

Food Irradiation Technology Transfer

Methodology of Food Irradiation
Research

Acceptance of Food Irradiation

J. Farkas (Hungary)

H. Leenhouts (Netherlands)

H. Delincee (F.R.G.)

H. Leehouts (Netherlands)

W. Oosterheert (Netherlands)

K.H. Chadwick (EURATOM)

H. Stegeman (RIKILT)

D. Is. Langerak (RIKILT)

E.H. Kampelmacher
(Netherlands)

J. Farkas (Hungary)

D.A.A. Mossel (Netherlands)

A. Cramwinckel (RIKILT)

J. Farkas (Hungary)

D. Debevere (Belgium)

C. Rigney (FAO/TAEA)

A. Lustre (Philippines)

D. Is. Langerak (RIKILT)

N. Kaupert (Argentina)

J. Sivinski (U.S.A.)

J. Sivinski (U.S.A.)

J. van Kooij (IFFIT)

A. Knight (U.K.)
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Legislation of Food Irradiation J. van Kooij (IFFIT)

Commercial Food Irradiation J.G. Leemhorst (Netherlands)

Laboratory Exercises (Microbiology) R.P.M. Streutjens (RIKILT)

Laboratory Exercises (Technology) Th.C. Wolters (RIKILT)

Laboratory Exercises (Dosimetry) Th.C. Wolters/J.de Groot
(RIKILT)

The Course participants received hand-outs of all the presented
lectures and written instructions for the laboratory exercises. They
were also provided with the "Training Manual on Food Irradiation
Technology and Techniques", a copy of the Proceedings of the 1985
Washington Symposium "Food Irradiation Processing", recently published
"Food Irradiation Newsletters", and "Bibliographies on the Irradiation of
Foods (1985 and 1986) from the Federal Research Centre for Nutrition,
Karlsruhe, F.R.G.

New aspects of this Course were the discussions on "Methodology of
Food Irradiation Research" and "Acceptance of Food Irradiation by the
Food Industry and Consumers". Last mentioned activity took place at an
evening session at which videos and films of the subject matter were
shown.

Participants showed considerable interest in the Food Irradiation
Research Programmes co-ordinated by the Food Preservation Section of the
Joint FAO/IAEA Division, in the IAEA Fellowships Programme and Technical
Co-operation Projects. Latter information was presented by
Dr. Chris Rigney, staff member of the Food Preservation Section.

During the Course, there was a very useful exchange of information
on food irradiation activities in countries of the trainees and
lecturers. It was also observed that all participants attended all
programme activities of the Course, which is a clear sign of the
participants' interest in this type of IFFIT courses.

The views of several participants expressed at the general
discussion permit the conclusion that the course was very successful in
the transfer of scientific and practical knowledge in the field of food
irradiation.

All participants were awarded the IFFIT Certificate for
participation in the 7th Inter-Regional General Training Course on Food
Irradiation.

List of Participants

NAME AND COUNTRY AFFILIATION

Mr. S. Oularbi (Algeria) Commissariat aux Energies Nouvelles
(IFFIT Fellow) Alger-Gare

Mr. T. Ycoubi (Algeria) Commissariat aux Energies Nouvelles
(IFFIT Fellow) Alger-Gare
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NAME AND COUNTRY AFFILIATION

Mr. Md. Mahbubul Islam
Bangladesh

Mr. Victor Orlandi Bettoli
(Chile)

Ms. Jenny Ruales (Ecuador)

Mr. Mohammed Diaa El-Din
Hammad Farag (Egypt)

Ms. Josephine Nfcetsia-Tabiri
(Ghana)

Mr. Samuel Sefa-Dedeh
(Ghana)

Ms. Katharina Komandi
(Hungary)

Mr. Harsojo (Indonesia)

Mr. Osman Hassan (Malaysia)

Mr. Sydney 0. Alozie
(Nigeria)

Mr. Abiodun Omotayo Oguntunde
(Nigeria)

Ms. J. van Herk
(The Netherlands)

Institute of Food and Radiation Biology
BAEC, Dhaka

Research and Development Exportadora
Frupac Ltda., Santiago

Escuela Politecnica Nacional Instituto
de Ciencias Nucleares Quito

National Center for Radiation Research
and Technology, Cairo

Department Biology, Food and Agriculture,
GAEC, Accra

Department of Nutrition and Food Science,
University of Ghana, Accra

National Institute of Food Hygiene and
Nutrition, Budapest

Centre for Application of Isotopes and
Radiation, Jakarta Selatan

Department of Food Science and Nutrition,
National University of Malaysia, Bangi,
Selangor

National Root Crops Research Institute,
Biochemistry Division, Umudike, Umuahia

Faculty of Technology, Department of Food
Technology, University of Ibadan, Ibadan

GAMMASTER b.v.
Ede

Mr. P.J.G. Neijssen
(The Netherlands)

Mr. Fazal Mahmood
(Pakistan)

Ms. Raquel Stagnaro Prato
(Peru)

Ms. Atanacia M. Dianco
(Philippines)

Ms. Krystyna Boczon
(Poland)

RAMMASTER b.v.
Ede

Pakistan Atomic Energy Commission
Nuclear Institute for Food and Agriculture
Tarnab, Peshawar

Instituto Nacional de Desarrollo
Agroindustrial, La Molina

Food Research Department
Food Terminal Inc., MetroManila

Dept. Biol. Med. Parasitology
Academy of Medicine, Poznan
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NEXT IFFIT GENERAL TRAINING COURSE ON FOOD IRRADIATION
SCHEDULED FROM 17 AUGUST THROUGH 18 SEPTEMBER 1987

AT WAGENINQEN. THE NETHERLANDS

NATURE OF THE COURSE

The 8th IFFIT General Training Course on Food Irradiation will
consist of lectures on various aspects of the technology of food
irradiation, laboratory exercises, discussions and field trips.
Emphasis will be placed on imparting a thorough understanding of the
principles underlying food irradiation as a method of preservation
and of reducing postharvest losses and improving the hygienic safety
of food. Practical training in food irradiation technology,
dosimetry and operation of a pilot food irradiator will be provided.

PARTICIPANTS' QUALIFICATIONS

Applicants must have academic training and experience in food
science. They should also be participating actively, or planning to
do so in the near future, in research of immediate practical
interest for the technological, biological, physiological or
chemical aspects of food irradiation.

As the Course will be conducted in English, participants must give
evidence of a good working knowledge of the language.

PARTICIPATION AND APPLICATION PROCEDURE

The Course is open to scientists from developing countries. The
selection of participants will be made from among the nominations
mainly on the basis of criteria such as qualifications of the
applicants and prospects for use of the training.

Those interested in participating in this Course should request by
letter or telex to the Project Director of IFFIT a copy of the form
"Nomination for Training Course". (Address: Project Director,
IFFIT, c/o RIKILT, Post Office Box 230, 6700 AE Wageningen, The
Netherlands. Telex: 75180 RIKIL)

The deadline for receipt of the Nomination Form is 1 June 198 7.

ADMINISTRATIVE AND FINANCIAL ARRANGEMENTS

The applicants and/or the nominating Institutions will be informed
by the IFFIT Project Director in June 1987 on the selection of the
candidates for this Training Course.

Participants should be provided by their Institutions or other
sources with an air ticket, one-way, from their hometown to
Amsterdan, The Netherlands. The air ticket (economy class rate) for
return from Amsterdam to the hometown of the participants will be
provided by IFFIT upon arrival at the Course. Participants will be
accommodated with full board at the expenses of IFFIT in the Hostel
of the International Agricultural Centre at Wageningen. In
addition, participants will receive from IFFIT a stipend of
Dutch Guilders 130 per week.
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XVIIth Annual Meeting of the European Society of Nuclear Methods (ESNA)
in Agriculture. 14-19 September. Hannover. F.R.G.

The Working Group on Food Irradiation of ESNA had its sessions at
this Meeting. Thirty-four participants from 15 countries attended one or
more of its seven sessions, and the average attendance of each session
was usually more than 20 people. Following the Group's tradition,
world-wide developments in food irradiation, with particular reference to
international cooperation were reported, as well as status reports on
food/feed irradiation from 11 countries, namely Belgium, CSSR, France,
Hungary, Ireland, Netherlands, Poland, Sweden, the United Kingdom, the
USA and Yugoslavia were presented by the participants. Eight contributed
research papers presented from five countries have provided ample
opportunities to exchange information on specific research topics in
relation to irradiation of onions, potatoes, mushrooms, poultry, meat
products, food additives, and spices. It is thought that further
research would be fruitful particularly in adapting the modern
experimental methods and approaches of the predictive food microbiology,
and quantifying the effects of the interacting factors involved in food
preservation by irradiation. A most timely extension on the Working
Group's programme was offered by the special session of Working Group on
Physical Methods organised by Professor Giese. Dr. W. Bogl reviewed on
new developments in the field of identification of irradiated food.

Both the status reports and the contributed research papers
illustrated the diversity of research programmes, regulatory approaches
and ways of implementation and acceptance of food irradiation
applications among various countries. The International Consultative
Group on Food Irradiation, formed by 25 countries under the aegies of
FAO, IAEA and WHO since May 1984 gave a new impetus for cooperation via
its diverse programme topics, on technical, trade, public relations,
regulatory and training aspects of food irradiation implementation.

The Group noted with satisfaction that the Netherlands, Belgium and
France are in the forefront of practical use of food irradiation. More
applications are emerging from several Central and Eastern European
countries, e.g. in the German Democratic Republic, Poland and Hungary.
The Working Group has learned from Mr. J. Sivinski about recent
developments in the U.S. Department of Energy Food Irradiation Technology
Transfer Programme, and watched with great interest the video film he
presented on the FAO/IAEA Seminar for Asia and the Pacific on the
Practical Applications of Food Irradiation held in Shanghai, 7 - 1 1 April
1986, illustrating what was almost unknown to everybody that China is
making great efforts and significant progress in implementing food
irradiation technology.

Concerning public health acceptance of irradiated food, most
significant recent advances were the US FDA's broad clearance on low-dose
irradiation processes and also the Report of the U.K. Government Advisory
Committee on Irradiated and Novel Foods. The latter has fully endorsed
the conclusions of the Joint FAO/IAEA/WHO Expert Committee on the
wholesomeness of Irradiated Foods.

Public information is a key issue in a wider implementation of the
process. At the courtesy of Mr. Alistair Knight, the documents, which he
has gathered and showed us, well illustrated that some very vocal and
shroud opponents of food irradiation use every tools of the mass media to
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frighten the confused consumer, and such loud opposition can influence
more the opinion of the silent majority in this post-Chernobyl era than
ever before. Therefore, the Working Group which consists mainly of
scientists who are involved in studying technological aspects of food
irradiation, concluded that the Group's terms of reference should be
broaden to include experts from disciplines such as economy, marketing
psychology, and public relations, who can better address the complex
questions of practical realization of the process than scientists. A
cooperation between ESNA and the task forces of the International
Consultative Group on Food Irradiation, as well as ESNA1s involvement in
the activities of the Agency's Food Irradiation Programme for Developing
Countries in Europe and Middle East seem also to be highly desirable.

Programme of the Working Group Sessions:

Session 1, Monday, Sept. 15 (Chairman: J. Farkas)

- World-wide Development in Food Irradiation since the last ESNA
Meeting.
J. Farkas, Hungary

- Coordination of Food Irradiation Research in Europe and Middle
East.
J.G. van Kooij, The Netherlands

Session 2, Monday, Sept. 15 (Chairman: R. Bradford)
Status and progress in food/feed irradiation in:

- Belgium (J.P. Lacroix)
- C.S.S.R. (T. Hanis)
- France (P. Vidal)
- Hungary (J. Farkas)
- Ireland (W. Smith)

Session 3, Tuesday, Sept. 16 (Chairman: J. Farkas)
Status and progress in food/feed irradiation in:

- Netherlands (D.Is. Langerak)
- Poland (w. Fiszer)
- Sweden (H. Lonsjo)
- United Kingdom (R. Bradford, C.H. McMurray)

Session 4, Wednesday, Sept. 17 (Chairman: W. Fiszer)
Status and progress in food/feed irradiation in:

- U.S.A. (J. Sivinski)
- Yugoslavia (J. Papic)

Contributed research papers:
- Irradiation of Onions in Poland - Results of Marketing Tests

(M. Gajewski, Poland)

- Effect of Low-Dose and Postponed Irradiation Treatment on the
Quality of Potatoes Stored at 10°C and 20°C
(D.Is. Langerak, The Netherlands)

Session 5, Wednesday, Sept. 17 (Chairman: D.Is. Langerak)
Contributed research papers:

- The Effect of Irradiation and Packaging on the Shelf-Life
Extension and Quality of Mushrooms
(K. Smierzchalska, E. Wojniakewicz, Poland)
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- Poultry Meat Irradiation - Effects of Temperature on Chemical
Changes and Microorganism Inactivation
(T. Hanis, J. Mnukova, P. Jelen, B. Perez, M. Pesek, M.
Pospisil, P. Klir, C.S.S.R.)

- Radurization of Pasteurized and Pre-packaged Ham and Raw,
Non-fermented Sausage of the "Polska" Type
(J. Mroz, W. Fiszer, Poland)

Session 6, Thursday, Sept. 18 (Chairman: 3. Sivinski)
Contributed research papers:

- Effects of Irradiation on Antibotulinal Efficacy of Nitrite
(J. Szczawinski, M. Szczawinska, M. Szulc, Poland)

- Preservation of Jasko-Toast Baking Additive by Ionizing
Radiation
(J. Papic, M. Salic, M. Katalenic, M. Matic, J. Balenovic, D.
Kpcic, N. Milanovic, D. Razem, Yugoslavia)

- Comparative Microbiological Studies on Black Peper Samples
Decontaminated by Fumigation and Irradiation
(J. Farkas, E. Andrassy, Hungary)

Session 7, Thursday, Sept. 18 (Chairman: J.G. van Kooij)
Video films on:

T.V. programmes in the U.K. on food irradiation
(A. Knight, U.K.)

- FAO/IAEA Seminar for Asia and the Pacific on the Practical
Applications of Food Irradiation, Shanghai, China
(J. Sivinski, U.S.A)
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COMMUNICATIONS RECEIVED

RESULTS OF FEEDING TRIALS OF IRRADIATED DIETS IN HUMAN VOLUNTEERS:

SUMMARY OF THE CHINESE STUDIES REPORTED AT

THE FAQ/IAEA SEMINAR FOR ASIA AND THE PACIFIC ON
THE PRACTICAL APPLICATION OF FOOD IRRADIATION

Shanghai, People's Republic of China
7 - 1 1 April, 1986

Ari Brynjolfsson,
Department of Applied Biological Sciences
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

ABSTRACT

Following extensive chemical analyses and animal
experimentation, which have shown that irradiated foods are
safe, the Chinese researchers have carried out 8 well
controlled experiments involving human volunteers consuming
irradiated foods for 7 to 15 weeks periods. There were 17
to 70 test subjects in each experiment, and the total number
of subjects was 439. Each clinical test in all the
experiments failed to discern any significant difference
between the control groups and the test groups consuming
irradiated foods. Seven of the eight experiments involved
investigations of chromosomal aberrations in a total of 382
individuals. Some of these experiments included freshly
irradiated wheat in the diet. No significant difference
between the number of chromosomal aberrations in the control
groups and the test groups could be discerned in any of the
seven experiments, either when evaluated individually or
when all seven were pooled together. When all the
experiments were pooled together, the average number of
polyploidy at the beginning of the tests, before the
exposure to irradiated foods, was 0.22% and 0.36% for the
control and experimental groups respectively and after the
exposure to the irradiated foods the polyploidy was 0.29%
and 0.26% in the control and in the experimental groups
respectively. The standard deviation of the mean value,
0.28%, was 0.23%. The relative increase in polyploidy in
the control group, 0.29%-0.22%=+0.07%, and the relative
decrease in the polyploidy in the experimental group,
0.26%-0.36%=-0.10% is statistically insignificant.

In separate experiments it was shown that irradiation
significantly reduces carcinogenic nitrosamines found in
many foods confirming similar observation at U.S. Army
Natick Laboratories in the 70's.

INTRODUCTION

Chinese scientists are doing excellent work in radiation chemistry, food
irradiation technology, and wholesomeness testing of foods, and have initiated
practical applications of this method. Of the 72 papers presented at the
meeting 33 were from China. The first pilot-plant in the Shanghai area for
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irradiation of food has been operational since the end of 1985 (20 metric
tons/hour of potatoes, onions fruits and vegetables, initial load 200 kCi to be
increased to 500kCi by 1988; 20% efficiency; Dmax/Dmin=1.7, 1.3, and 1.2
depending on the density, semi-automatic). The irradiated foods have been well
accepted by the general public. The Chinese have built their own modern
irradiation plants and are able to produce the cobalt-60 sources as well as the
electron accelerators for irradiating the food.

Rather than summarize the meeting, which included many papers from other
countries, I will focus on the results of the wholesomeness studies in China
and in particular on the results of the feeding trials of irradiated diets to
human volunteers.

The extensive analyses by FASEB [1-3] as well as by FDA [4] and JECFI [5] of
the radiolytic products [6-20] have failed to find any grounds to suspect that
the radiolytic compounds formed in foods when irradiated up to an average doses
of 58 kGy would constitute any hazard to health of persons consuming reasonable
quantities [1]. Further, the many long-term multigeneration studies on
irradiated foods fed to mammals such as dogs, rats, and mice have failed to
find any toxic, carcinogenic, mutagenic, or teratogenic effects as a result
from eating irradiated foods [4,5,21-26]. The Chinese researchers have come to
the same conclusion.

In spite of the fact that the health authorities and scientist familiar with
the subject recognize that irradiated foods are safe, some people have remained
skeptical. They erroneously think that irradiation must make food unwholesome
because radiation is dangerous for living organisms. In other cases these
skeptics have pointed at results of experiments which may indicate an harmful
effect, such as the studies at National Institute of Nutrition (NIN) in
Hyderabad, India by Bhaskaram and Sadasivan [27] of the polyploidy in 15 (5 in
the test group) kwashiorkor children, and studies by Vijayalaxmi of 21 (7 in
the test group) Macaca monkeys [28] and in studies by Vijayalaxmi and Sadasivan
and Vijyalaxmi in rats [29-30]. The effects of increased polyploidy could not
be reproduced by several other researchers in subsequent, more thorough
experiments, usually using rats and mice as test subjects [30-35]. The experts
in the field have pointed out that the observed numbers of polyploidy in the
control groups in all the NIN experiments are abnormally low and that this fact
is the main cause of the apparent effect. Reviewers of the subject have
concluded [4,5,37] that in the NIN experiments the number of test subjects was
too small to allow any conclusion and that the apparent effect could be
explained as due to statistical fluctuation. While most concerns raised by the
NIN studies have been refuted, it is nevertheless of great interest to review
the many Chinese studies of chromosomal aberration in humans consuming
irradiated foods.

THE CHINESE STUDIES

At the IAEA/FAO International Symposium in Washington in March of 1985, it was
reported that the Chinese had carried out feeding studies on humans. These
human studies were initiated after the animal feeding studies, which started in
early 70's, had shown that irradiated foods were safe and wholesome [38,39].
At the Washington meeting, however, we received very few details of the testing
results. At the FAO/IAEA Seminar in Shanghai in April of 1986, we received
many more details on the results of these studies, although the thrust of the
seminar was on the practical application of food irradiation. Four of the
papers [40- 43] reported on the results of these studies.

From Dr. Dai Yin's overview paper[40] I have extracted the data shown in Table
1. I have made statisical analysis of the data which clearly confirms the
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Table 1. Suuary oi Experiments on Polyploidy in Huians
Consuting Nonirradiated and Irradiated Foods.[401

Foods Dose No. Age consumed Dura- Polyploid cells in I of cells examined
in of in food tion control groups Irr. Food groups
kSy subj. yrs. grai/day nks before aft. diff. before aft. diff.

Rice
Sausage
Peanut
Potato
Hushrooi
Whole diet
Whole diet

0.37
5-8
0.2-1
0.2
1.0
0.1-8
0.1-8

59
70
61
60
19
70
43

18-48
18-28
18-53
17-40
21-40
18-44
21-47

500
125-250
50
250
250

601 irr.
66Z in.

13
13
13
14
7
13
15

0.480
0.160
O.OSO
0.660
0.000
0.090
0.090

0.430
0.060
0.170
0.600
0.000
0.290
0.1BO

-0.050
-0.100
0.090
-0.060
0.000
0.200
0.090

0.820
0.440
0.000
1.030
0.200
0.070
0.000

0.160
0.000
0.090
0.520
0.600
0.350
0.090

-0.660
-0.440
0.090

-0.510
0.400
0.2B0
0.090

Unweight. aver, of each col.:
Std. dev. of average values:

0.223
0.093

0,247
0.090

0.024
0.040

0.366
0.157

Overall average value of polyploid cells in the huian subjects:
Overall std. dev. of group averages hot the overall average:
Overall std. dev. for the values in each group in each test:

These data are iron Prof. Dai Yin
Institute of Food Safety Control and Inspection
Ministry of Public Health
Beijing
Peoples Republic of China

0.259 -0.107
0.088 0.159

0.274
0.125
0.277

conclusion by the Chinese researchers that the consumption of irradiated food
has no effect on the polyploidy in the cells studied.

These chromosomal studies are based on 7 separate tests and involve altogether
382 human subjects, usually medical students. The overall average incidences
of polyploidy was found to be 0.27%. During the feeding tests, the unweighted
average of the poliploidity in the control groups, fed nonirradiated food,
increased from 0.223% to 0.247%, an increase of 0.024%, and in the groups fed
irradiated food it decreased from 0.366% to 0.259%, a decrease of 0.107%.
These differences are well within the statistical uncertainty in the
measurements, with the standard deviation for the differences on the order of
0.16%.(See table 1)

In the paper by Jin Wei Qiao and Yuan Jia Kuan [41], it is reported that after
the studies of the five individual foods: rice, sausage, peanut, potato,
mushroom, (five of the items shown in table 1.) were completed and no adverse
effects were found, the Department of Nutrition of the School of Public Health
of Shanghai Medical University performed experiments on rats fed irradiated (up
to 10 kGy) food constituting 80% of the diet for three months. No adverse
effects could be discerned in the nutrition, development, fertility,
reproduction, hepatic and renal functions, nor in the histological and
cytogenetic examinations of the various organs.

Thereafter, 70 volunteers (36 male and 34 females) with no smoking habits were
selected out of a group of 120. The 70 were randomly selected into two groups,
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35 in each, one fed nonirradiated foods and the other fed irradiated foods for
a 90 days period, after both groups were fed one week on control diet to have a
similar nutritional level before starting the irradiated foods tests, followed
by a complete check-up of the parameters to be studied.

The parameters studied were: (1) body weight; (2) blood pressure; (3) blood
picture(hemoglobin, hematocrit, platelet and leucocyte counts); (4) serum
protein and lipid indices; (5) liver function indices; (6) blood urea nitrogen;
(7) serum cortisol and cholinesterase; (8) T- and B-lymphocyte contents; (9)
lymphocyte chromosomae polyploidy counts (see table 1); (10) lymphocyte
chromosome structural aberrations; (11) sister chromotid exchange (SCE) (12)
examination of micronuclei in the lymphocytes; and (13) Ames test of urine (see
table 2); (14) EKG and sonography of liver and spleen.

No adverse effects from consuming irradiated foods could be discerned in any of
the tests.

In the paper by Han chi et al. f42], it is reported that after the human
testing of the five individual foods, (5 of the foods shown in table 1.) which
were carried out by a number of medical colleges and research institutes in
1982 to 1984, showed no adverse effects to the subjects exposed to the
irradiated foods, it was decided to carry out studies where the diet was
composed mainly of irradiated foods (see the two last items in table 1.).

43 medical students, 21 in the control group fed nonirradiated food and 22 in
the test group fed irradiated food were used in the test. The diet consisted
of: rice (0.37 kGy, stored at 0° C for three months); wheat (0.4kGy, stored
at room temperature for two weeks); meat products, including pork sausage and
pork chops (up to 8 kGy, stored at room temperature for 2 weeks); mustard tuber
preserved with chili (1 kGy, stored at room temperature for two weeks); 14
different varieties of vegetables, including tomato, potato, garlic sprouts,
cucumber, cauliflower, cabbage, carrot, Chinese cabbage, rape, Chinese chive,
hyacinth bean, celery, sweetbells, red peppers, lettuce, and peanut (up to 3
kGy, stored at room temperature for three days). The control group consumed
the same varieties and amounts of nonirradiated foods (same batch, stored at
same condition)

The major groups of parameters studied were: (1) acceptability; (2)
anthropometric measurements; (3) hematological indices; (4) liver and kidney
functions indices; (5) blood lipids; (6) blood sugars; (7) endocrine system
indices; and (8) chromosomal aberrations. Each of these major groups included
several parameters.

No adverse effects from consuming irradiated foods could be discerned in any of
the tests.

In the paper by Wang Ruishu et al. on the human feeding studies on rice (see
also table 1), it was concluded that there was no adverse effect was discerned
in any of the many tests.

In the one of the paper [42], references are made to several more detailed
articles on the human studies of individual food items [44-48].

In this context, we should recall that the Office of the Surgeon General of the
Army conducted seven separate feeding studies on human volunteers fed
irradiated foods in the late 50's [49]. No adverse effect from consuming
irradiated foods could be discerned in any of these seven studies.
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Table 2. Ames test of urine from humans consuming irradiated foods.[41]

Test

Before
M + SD

After
M+SD

TAgg + Sg

Ctrl, fd

31.1+7.8

23.4+4.6

irr. fd

36.1+6.5

24.2+6.4

TAgg Sg

Ctrl, fd

27.1+2.6

25.3+8.4

irr. fd

29.4+8.9

23.7+8.4

TA100 + S9

Ctrl, fd

144+17.5

169+14.2

irr. fd

143+20.8

167+8.3

TA100 S9

Ctrl, fd

139+14.0

167+24.8

irr. fd

146+26.9

148+9.6

The number: 31.7 + 7.8 in the first column means that the average count was
31.7 and the sta.dev. 7.8. For the other numbers, the meaning is
analogous.

The ratio: Rt/Rc=(induced revertants)/(spontaneous revertants) was less than
2.5 in all cases.

For comparison, the same researchers obtained for a heavy smoker the Rt value
for TAg8 + Sg of 195.6 and for the Rt/Rc=195.6/24.9=7.9.

At the Shanghai conference a paper related to wholesomeness, but not involving
human studies, was reported by Hu Jifan and Song Puju [50]. Their experiments
showed that in such foods as shrimp, fish meal, and salted eel, the
nitrosodimethylamine are significantly reduced in the dose range of 5 to 20
kGy. Their findings are similar to the findings at Natick Laboratories and
USDA Philadelphia Laboratories [51] which showed that any nitrosoamines in
bacon are significantly reduced or eliminated in the same dose range.
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ABSTRACT

The irradiation of unpackaged pourable bulk material requires the
employment of a dosimeter which can be readily transported along with
the material. Planar diffused silicon diodes have been found to be
suitable for this purpose. To date these have been used solely for the
purpose of dose rate measurements; however, it can be shown that the
permanent change in reverse recover time at the p-n junction correlates
with the absorbed irradiation dose in the range up to 10 kGy.
Appropriate selection of the diode and thermal treatment lead to a
linear dependence and enable the silicon dosimeter to be reused.
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FOOD SEMICONDUCTOR DIODES
FOOD PROCESSING FEASIBILITY STUDIES
IRRADIATION GAMMA SOURCES
RADIOPRESERVATIOH TRANSPORT
DOSEMETERS DEPTH DOSE
DISTRIBUTION
DOSE RATEHETERS GAMMA DOSIMETRY
SI SEMICONDUCTOR DETECTORS

1. Introduction

The gamma irradiation of pourable bulk material such as foodstuffs or
animal feeds is often carried out in the form of charges, and more exactly, in
standard packaging units, which are conveyed through the irradiation field of
a gamma source (6(*Co or l^'cs). The average charge dose produced is
governed by the speed of the conveyor belt or the holding time at the most
varied irradiation positions. All the parts of the charge, i.e. the different
points of a package pass through the irradiation field at the same speed but
along different paths through sites of varying dose rate, so that a dose
distribution occurs within the charge merely as a result of the inhomogeneity
of the irradiation field and, in addition, of the absorption in the depth of
the material. This can be determined by measurement of the irradiation field
and suitable conversion in terms of the dose in the material or by means of
dosemeters placed in the material.

In the case of electron irradiation as well, pourable bulk material is
generally transported through the measured irradiation field in packaged form
on a continuously operating conveyor belt. The irradiation dose is determined
by the operating parameters of the electron accelerator, such as deflection,
frequency of deflection, electron energy, (where applicable) pulse length,
pulse-repetition rate and so on, as well as conveyor belt speed. Here, too,
we find inhomogeneities of the irradiation field and absorption in depth
within the individual packing units, dose distributions which can be measured
by ordinary dosemeters [1, 2].
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Often it is desirable to irradiate the pourable material in unpackaged
form (3, 5-7J. This is of importance when large amounts are to be irradiated
in a continuous-flow process between two storage areas (silos) or between a
ship and a silo, e.g. with wheat, for the purpose of disinfestation, or with
fodder, for purposes of hygiene. In these cases, packaging solely for the
irradiation process would be uneconomic. However, even where smaller
quantities are involved, it may be desired to irradiate pourable bulk material
in unpackaged forms if the irradiation facility is to be integrated in the
production chain of a food enterprise. In this event the objective is,
e.g. in the case of condiment irradiation, to bring about a reduction in the
overall bacterial count as well as in the number of pathogenic organisms [8J.

The irradiation does not afford protection against subsequent
reinfection. If this possibility is to be excluded, the unpackaged material
must be conveyed in closed transport systems. This entails the problem of the
uniform transport of the material through the irradiation process over the
entire depth and width of the conveyor system. This can be accomplished, for
example, by using encased conveyor belts. However, belts of this kind can be
built only as completely closed systems and at fairly great expense. Less of
a problem is presented by the use of self-contained transport systems in which
the material is transported by gravity, by vibration conveyors or worm
conveyors. In this process, however, the individual particles or agglomerates
are not transported with uniform speed and therefore an additional
inhomogeneity of dose develops as a consequence of the distribution of the
speed of transport within the charge. The distribution of the dose produced
can in some cases be calculated or estimated, or it can be checked by means of
dosemeters which are conveyed together with the material [5, 9). The
dosemeters used are generally of sizes and shapes different from the particles
of the pourable bulk material and also of a different density, so that they
are not transported uniformly with the material, especially where vibration
conveyors are used. Difficulties are encountered in recovering them after
passage through the transport and irradiation facilities. If their sizes
differ sufficiently from those of the irradiated material, a separation by
means of sieves can be considered; if they are labelled with a magnetic
material or are of different density than the bulk material they can likewise
be sorted.

Thus far, measurements under practical conditions in relation to the
irradiation of pourable bulk material have been carried out only in the case
of wheat, in a specially arranged irradiation facility with small
thermoluminescent dosemeters 110].

In what follows we describe a dosemeter which is simple to handle and
interpret and which, on account of its shapes and sizes, approximates the
properties of pourable bulk material more closely than the other dosemeters
and lends itself to being transported together with the pourable material to
be irradiated.

2. Use of semiconductor diodes

2.1. Dose_ratemeters

Semiconductor diodes 111, 121 can be used as dose ratemeters [13, 14].
As a result of the ionizing radiations, additional pairs are formed from
electrons and electron holes formed in the pn junction region; these diffuse
rapidly since in the uninfluenced state electrons from the n-side boundary
area diffuse into the p-side and electron holes from the p-side diffuse into
the n-side, so that there is an adjacent electrical field. Charge carriers
are also released outside the electrical field of the barrier layer as a
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result of the irradiation and in this way the semiconductor diode forms source
of current for the duration of the irradiation. Within a limited range, the
current here is proportional to the dose rate of the ionizing radiation, so
that the semiconductor diodes can be used as dose rateineters. Provided that
certain values for the dose rate and the total absorbed dose are not exceeded,
the absorbed radiation has no after-effects as far as these properties of the
diodes are concerned.

However, it is known that lasting changes can occur as a result of
semiconductor diode irradiation [15, 16]. We describe below how a change of
this kind makes it possible also to use semiconductor diodes for the
measurement of an absorbed dose.

2.2. Dosemeters

It has been found that irradiation has an effect on the so-called
carrier storage effect (CSE) [14]. If the transition from the conducting to
the blocking state in semiconductor diodes is to be brought about forcibly
through application of an external voltage, charge carriers are at first still
stored in the pn-junction region, since these can exist for a certain period
of time. These charge carriers must first be depleted in opposite polarity.
Consequently, the pn-junction does not block immediately after application of
the blocking voltage, but a reverse current can continue to flow for a certain
time and does not cease until the excess charge-carriers have flowed off
across the pn~junction. This time lag between application of the voltage and
zero passage of the current is known as the reverse recovery time (storage
time). For the type of diode used by us it was about 20 ms. The carrier
storage effect is also manifested in similar fashion when a break voltage is
applied, i.e. in the transition from the blocking state to the conducting
state, as an opening-current time lag.

The time lag can be measured by means of a system like that in Fig. 1.
It consists of a pulse generator, to the output of which is connected the
diode to be measured, and also of an oscillograph, which shows the diode
current. The generator supplies a square signal (2.2 ms pulse, 2.2 ms pause)
such that a forward current of 5 mA and a reverse current of 1 ml flow through
the semiconductor diode. Figure 2 shows how the opening-current time lag can
be represented and measured on the oscillograph display.

The irradiation of a diode always leads to a reduction of the reverse
recovery time or of the opening-current time lag. This is an effect which can
be of importance as far as the required quality of diodes and other
considerations are concerned.

Since the diodes exhibit a fairly large spread from the point of view
of the carrier storage effect, it is advantageous to consider not the time lag
but the change therein as a parameter. The "time factor" K = 1/t^ - l/t0,
which gives the difference in the reciprocal values of the time lag ti
caused by the carrier storage effect and of the original time lag tg between
the application of the break voltage and the zero passage of the current, is
plotted over the absorbed radiation dose. As a result, we obtain a
relationship which up to a dose of 7.5 kGy is linear but for higher dose
values is no longer so; however, no saturation appeared up to the dose of
10 kGy, which was of interest to us.

The measured values first showed a marked spread; there can be several
reasons for this. The magnitude of the carrier stoarge effect is dependent on
the temperature. Figure 3 shows the lag time for a single diode as a function
of the measurement temperature. Fluctuations of ±5°C in the measurement
temperature result in slight changes of ±1.5% in the lag time. Fluctuations
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in the measurement temperature have an even smaller effect on the time factor,
since in principle t^ and t0 have the same temperature pattern. Generally
speaking, therefore, a stabilization of the measurement temperature is not
required.

A. further step towards reducing the spread consists in selecting the
diodes in such a way that the distribution of the lag time within the charge
is as narrow as possible. The series-produced silicon diodes available to us
had reverse recovery (storage) times of between IS and 25 ms. The diodes
were so chosen that the times were between 18 and 19 ms. Another step may
consist in the parallel connection of several diodes in the measurement. As a
result of this, there is no further evidence of spread between the individual
diodes and the measurement value is stabilized.

2 0,3
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Time factor K as a function of the irradiation dose in the case of

10-MeV electrons with 90% confidence interval of the individual

values.

Lastly, a preliminary heat treatment was found to be advantageous. It
is carried out for two reasons. For one thing, the distribution of lag times
within a charge is reduced by pretreatment; for another, the irradiation
effect can be cancelled out by after-treatment, so that the diodes can be used
over and over again.

In order to determine the optimum parameters, the preliminary heat
treatment was carried out for various lengths of time (3 min to 12 h) and at
various temperatures (350° to 500°C). Different preliminary heat
treatments resulted in varying degrees of marked spreading of the time factor
within the charge. The most favourable treatment consisted in thorough
heating for one hour at a temperature of 400°C. This parameter was adhered
to both in the heating prior to irradiation and also in that after
irradiation. If we allow for all these factors in the selection and
pretreatment of the silicon diodes, we get a linear relationship in the dose
range up to 7.5 VGy, as shown in Fig. 4. The measurement points are in each
case individual measurements from three diodes connnected in parallel. The
irradiation dose D was supplied by an electron linear accelerator (10 HeV).
The relationship according to Fig. 4 can be represented by a straight line.
Accordingly, the dosemeter calibration curve for the silicon semiconductor
diode is generally found to be D = CK. The constant C for irradiation with
10 HeV electrons has the value 20.7 ms kGy.



3. Range of application

The dosemeters are particularly suitable for electron accelerators
since in this case, judging by our experience, the alteration in the carrier
storage effect is many times that of the change in the case of gamma
irradiation. A sensitivity to neutrons was not found. He have not yat been
able to investigate the extent to Which the energy of the irradiation
influences the carrier storage effect and therefore the measured values.

The temperature of 400°C necessary for thorough heating requires that
only ceramic-encased silicon diodes may be used and not germanium diodes. The
diodes Which we used were of type IHS626. Without wire connections, they
measure 5 mm in diameter. If they are used for dosimetry in pourable bulk
material, i.e. in a pneumatic system or in a shaking trough, it is appropriate
to remove the lead wires. Which are a hindrance in transport and to design the
adapter for accommodation of the diodes on the pulse generator. In principle,
diodes, too, can be used in the form of platelets of any size.

The possibility, as described, of using silicon semiconductor diodes as
dosemeters, satisfies an initial prerequisite for dose monitoring in the
irradiation of unpackaged pourable bulk material. The extent to which these
dosemeters assume the same flow behaviour as the surrounding bulk material and
under what transport conditions they can be used without any difficulties,
must be the subject of further detailed investigation. A report on this
subject will appear elsewhere.

REFERENCES

II] Anon.: Manual of Food Irradiation Dosimetry. ST1/DOC/10/178 IAEA,
Vienna 197 7.

[2] McLAUGHLIH, W. (Ed.): Int. J. Appl. Rad. Isot. 33(1982) 953-1310.
[3J BAINES, B.D., MOSLEY, J.: Food Irradiation STI/PUB/127 IAEA, Vienna

1966, 813-830.
14J BORCHERT, E. et al.: Research Report T81-037 (1981), Federal Ministry

for Research and Technology (in German).
[S] BOURGIRWAR, D.R. et al.: Journal of Food Science and Technology, India

18 (1981) 225-231.
[6J DIETZ, G.R., LAFFERTY, R.H. Jr.: Food Irradiation 6 Ho. 4 (1966)

A35-A49.

[7] GSUNEWALD, Th.: Radiation Physics and Chemistry 23 (1983) (in press).

18] GOTTSCHALK, H.M. : Food Irradiation Information No. 7 (1977) 7-30.

[9] TILTOH, E.W., BSOWER, J.H., COGBURH, R.R.: Int. J. Appl. Rad. Is. 22

(1971) 577-580.

110] TILTOU, E.W., COGBURH, R.R., BROWER, J.H.: Int. J. Radiat. Eng. 1
(1971) 49-59.

[11] Anon.: Silicon Thyratron Handbook, Brown Boveri and Co., Baden (1971)

(in German).

112] MULLER, R.: Principles of Semiconductor Electronics, Springer-Verlag,

Berlin (1971) (in German).

[13] DIIOH, E.L., EKSTRAHD, K.E.: Int. J. Appl. Radiat. Isot. 33 (1982)
1171-1176.

14] HERHLI, C , JOHES, A.R.: Health Physics 41 (1981) 371-378.
(15] GYULAI, J., LOHHER, T., PASZTOR, E. (Ed.): Proceedings 1st conference

on ion beam modification of materials, Budapest, Volume II, (1982).
(16] WHITE, C.W., PEERCY, P.S. (Ed.): Laser and electron beam processing of

materials. Academic Press, Mew York (1980).

47



PRESERVATION OF POTATO BY IRRADIATION

K. NOUAM1, A. BOUSSAHA, B. AZZOUT (ALGERIA)
Commissariat aux Energies Nouvelles

Centre d'Etudes Nucleaires et Solaires
2, Boulevard Frantz Fanon - Alger, Algeria

Due to climatic conditions, potatoes are produced in Algeria with 3
harvests per year, the largest being in summer, whereas consumption is
higher in winter. Therefore the average storage period needs to be about
4 to 5 months. Losses due to sprouting and fungal rot can reach up to
40% in commercial storage conditions. Dehydration is also considerable
during the summer temperatures. Preliminary studies were made on
September 1984 with 2 varieties of potato in order to assess the
applicability of gamma irradiation to reduce storage losses.

Experimental

Two varieties of potato, Ostara and Desiree, the most common in the
country, were irradiated with 0.08 KGy. Control and irradiated tubers
were stored at 4°C, 10°C and ambient temperature. Each lot contained
about 60 kg of potatoes. Relative humidity varied from 80 to 907.. The
storage period for the experiments was fixed at 16 weeks. Weight losses,
rotting and sprouting were examined and total soluble sugar content was
analyzed at monthly intervals.

Determination of principal evolutive sugars of potato was performed
by thin layer chromatography. Sensory quality was evaluated by a
laboratory panel on Desiree variety after 3 months storage at ambient
temperature, on the basis of a ten point hedonic scale. Colour, texture
and taste were analyzed by Kramer's quick rank test.

Results and Discussions

Sprouting of both varieties was completely inhibited by irradiation
of tubers at 0.08 KGy. After 4 months storage, sprouting was 1007. foe
control (non-irradiated) tubers. Budding of tubers was slightly slowed
down by cold storage (80 to 90%). Rotting was identical for irradiated
and control lots stored at ambient temperature, but reduced by cold
storage. Weight loss was reduced by irradiation. The Desiree variety
appeared more resistant to dessication, and the effect of irradiation
combined with refrigeration resulted in better preservation. Sugar
content during storage approached the same level for the lots stored at
10°C and at ambient temperature. Tubers stored at 4°C showed an
enhanced accumulation of sugar, which was more than twice that of the
tubers stored at 10°C or ambient. The Desiree variety contained more
sugar than the Ostara variety and only saccharose, glucose and fructose
were identified.

Sensoric quality evaluation showed a positive influence of
irradiation on the overall acceptance of potatoes. Acceptability was the
same after 3 months storage and no significative difference was observed
between the lots stored at different temperatures.
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THE APPLICATION OF GAMMA IRRADIATION FOR THE EXTENDED
COMMERCIAL STORAGE OF POTATOES

A. N0UAN1, A. BOUSSAHA, B. AZZOUT (ALGERIA)
Commissariat aux Energies Nouvelles

Centre d'Etudes Nucleaires et Solaires
2, Boulevard Frantz Fanon - Alger, Algeria

Algerian potato production in 1985 was 800,000 tons of which 20% was
produced in the Wilaya of Mascara. Because of lack of appropriate
storage facilities in Algeria, only 1/15 of the total national production
of potatoes were stored in cold rooms in 1985. Most of the production is
usually stored in a forest environment for some months, and this causes
high losses under summer conditions (up to 40%). Experiments were
performed in order to assess the applicability of irradiation to extend
the shelf-life of potatoes under commercial conditions.

Experimental

1.5 tons of Desiree variety potatoes were irradiated in July, 1985
with 0.08 KGy 3 weeks after harvest. Samples were subjected to transport
in 20 kg plastic boxes over a distance of 350 km (Algiers-Mascara).
Tubers were stored in a forest under local conditions in boxes and in
bulk, and were treated against moth infestation with 0.05% Deltamethrine
and then covered with hay. Average temperatures were 30°C from July to
September and 18°C from October to December. Losses of irradiated and
control tubers due to sprouting and rotting during storage were evaluated
after 5, 12, 17 and 21 weeks. Weight losses were determined by weighing
samples at the beginning and at the end of the storage period.

Results and discussion

Irradiation of potatoes with 0.08 KGy resulted in 86% and 70%
reduction of total losses for lots stored in bulk and in boxes,
respectively. Losses due to sprouting in control lots were 100% at the
end of storage and marked the incidence of rots, which was relatively
small for all lots (average 13%).

Deterioration of tubers was accelerated during the first two months
by high temperature. Use of Delthamethrine reduced considerably the
devastating effect of moth infestation. Weight losses were lower for
irradiated potatoes compared with control tubers. Storage in bulk was
more appropriate for these conditions. Losses due to dessication were
13% in bulk, compared with 17% for the boxed tubers.

Future Plans

The study as described above will be repeated on a larger scale with
only storage in bulk. In addition, marketing tests to assess
acceptability of irradiated potatoes will be carried out and additional
economic data will be collected.
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ANNOUNCEMEHTS

FOOD IRRAMATIQM INFORMATION CENTER OFFERS PATKFIKDERS. EXHIBIT

The Food Irradiation Information Center is making available two new
pathfinders and a table-top exhibit in its developing education
program to prepare the public for the arrival of irradiated products
on the market.

For professionals, the Center offers a pathfinder on irradiated
fruits and one on the safety and wholesomeness of irradiated foods.
Educators and journalists should request the teaching level of the
safety and wholesomeness pathfinder. Each lists significant
resources that were judged by experts in the field to be accurate,
readable, and available. The Center also has materials appropriate
for consumers.
A table-top exhibit highlighting the purposes of food irradiation
and foods most likely to be processed by this method is available
for loan. Requests for loan should include the date(s) of the
event, type of audience, and theme or topic of the program. Include
the name and address of a contact person who will be responsible for
the exhibit and the address and phone number for the meeting site.
Unless otherwise instructed, approximately 50 copies of each handout
will accompany the exhibit. Potential borrowers should make
arrangements for the exhibit at least 8 weeks in advance of the date
of the program. The contact person will be responsible for making
the shipping arrangements, returning the exhibit by the specified
date and paying all associated costs. The four panel exhibit weighs
approximately 62 pounds, and the dimensions of the shipping case are
44" % 34" x 8".
For further information, contact: CAROLE J. SHORE, Food Irradiation
Information Center, National Agricultural Library, Room 304,
Beltsville, Maryland 20705, (301) 344-3719.

BIBLIOGRAPHY ON FOOD IRRADIATION

Number 30 of the "Bibliography on Food Irradiation" has recently
been published and the series will be continued. The information
made available by this service was considered very useful during the
recent meeting of ICGFI. It also makes literature references
accessible which are not yet covered by computerized services like
"Food Science Technology Abstracts" and "Chemical Abstracts".
Additionally, the indexin g complies much more with the needs of
scientists engaged in this field. However, abstracts are not
included.

The bibliography is available to research institutions in developing
countries free of cost. Generally, one copy per country is sent to
a central library; an additional copy might be sent to research
institutions active in the field and rather far away from the
central library. The bibliography is also available to scientists
from other countries and to industry at a charge of DM 15.- per copy.
For more information, or to order a copy, apply to

Federal Research Centre for Nutrition
Attention: D. Ehlermann
Engesserstr. 20
D-75OO KARLSRUHE
Federal Republic of Germany.
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FORTHCOMING EVENTS

International Consultative Group on Food Irradiation's Workshop on
Food Irradiation for Food Control Officials, Budapest, Hungary,
18-22 May 1987.

Final FAO/IAEA Research Co-ordination Meeting on Insect
Disinfestation of Food and Agricultural Products by Irradiation,
Beijing, People's Republic of China, 25-29 May 1987.

6th International Meeting on Radiation Processing, Ottawa, Canada,
31 May - 5 June 1987.

Annual Meeting of the Institute of Food Technologists (including a
session on food irradiation), Las Vegas, Nevada, 16-19 June 1987.

17th Session of the Codex Alimentarius Commission, FAO, Rome, Italy,
29 June - 10 July 1987.

8th Annual IFF1T General Training Course on Food Irradiation,
Wageningen, the Netherlands, 17 August - 18 September 1987.

International Consultative Group on Food Irradiation's Workshop on
Irradiation as a Quarantine Treatment for Latin American and
Caribbean Countries, September 1987.

First FAO/IAEA Research Co-ordination Meeting on the Use of
Irradiation to Control Infectivity of Food-Borne Parasites, Warsaw,
Poland, September 1987.

7th World Congress on Food Science and Technology (including a
session on food irradiation), Singapore, 28 September - 2 October
1987.

Second FAO/IAEA Research Co-ordination Meeting on the Second Phase
of Asian Regional Co-operative Project on Food Irradiation (RPFI
Phase II), Kuala Lumpur, Malaysia, 5-9 October 1987.

Fourth Annual Meeting of the International Consultative Group on
Food Irradiation, Vienna, Austria, 3-5 November 1987.

International Consultative Group on Food Irradiation's Workshop on
Good Irradiation Practice, Bombay, India, November 1987.

International Consultative Group on Food Irradiation's Workshop on
the Economic Feasibility of Food Irradiation, Tel Aviv, Israel,
January 1988.
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to LIST OF CLEARANCES (As of 15/01/87)

(Grouped according to country)

COUNTRY
(Organization)

PRODUCT PURPOSE OF IRRADIATION SORT OF CLEARANCE DOSE PERMITTED DATE OF APPROVAL
(KGy)

ARGENTINA potatoes
onions
garlic

sprout inhibition
sprout inhibition
sprout inhibition

provisional
test marketing
test marketing

up to 0.15
0.05 average
0.05 average

14 December 19 78
June 1984
June 1984

AUSTRALIA. frozen shrimps decontamination provisional 6 or 8 11 September /
16 October 1978

BANGLADESH chicken

papaya

potatoes
wheat and ground
wheat products
fish

onions
rice
froglegs
shrimp

mangoes

pulses
spices

shelf-life extension/
decontamination
insect disinfestation/
control of ripening
sprout inhibition
insect disinfestation

shelf-life extension/
decontamination
insect disinfestation
sprout inhibition
insect disinfestation
decontamination
shelf-life extension/
decontamination
shelf-life extension/
insect disinfestation
control ripening
insect disinfestation
decontamination/
insect disinfestation

unconditional

unconditional

unconditional
unconditional

unconditional

unconditional
unconditional
provisional
provisional

unconditional

unconditional
unconditional

up to 8

up to 1

up to 0.15
up to 1

up to 2.2

up 10 0.15
up to 1

up to 1

up to 1
up to 10

28 December 1983

28 December 1983

28 December 1983
28 December 1983

28 December 1983

28 December 1983
28 December 1983

28 December 1983

28 December 1983
28 December 1983



BELGIUM potatoes
strawberry
onions
garlic
shallots
black/white peper
paprika powder
arabic gum
spices(78 different
products)
(semi)-dried vege-
tables (7 different
products)

sprout inhibition
shelf-life extension
sprout inhibition
sprout inhibition
sprout inhibition
decontamination
decontamination
decontamination
decontamination

provisional
provisional
provisional
provisional
provisional
provisional
provisional
provisional
provisional

up to 0.15
up to 3
up to 0.15
up to 0.15
up to 0.15
up to 10
up to 10
up to 10
up to 10

16 July 1980
16 July 1980
16 October 1980
16 October 1980
16 October 1980
16 October 1980
16 October 1980
29 September 1983
29 September 1983

BRAZIL rice
potatoes
onions
beans
maize
wheat
wheat flower
spices (13
different products)
papays

strawberries
fish and fish-
products (fillets,
salted, smoked,
dried, dehydrated)
poultry

insect disinfestation
sprout inhibition
sprout inhibition
insect disinfestation
insect disinfestation
insect disinfestation
insect disinfestation
decontamination/
insect disinfestation
insect disinfestation
control of ripening
shelf-life extension
shelf-life extension
decontamination
insect disinfestation

shelf-life extension/
decontamination

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

unconditional

unconditional
unconditional

unconditional

up
up
up
up
up
up
up
up

up

up
up

up

to
to
to
to
to
to
to
to

to

to
to

to

1
0.15
0.15
1
0.5
1
1
10

1

3
2.2

7

7
7
7
7
7
7
7
7

7

7
8

8

March
March
March
March
March
March
March
March

March

March
March

March

1985
1985
1985
1985
1985
1985
1985
1985

1985

1985
1985

1985



COUNTRY
(Organization)

PRODUCT PURPOSE OF IRRADIATION SORT OF CLEARANCE DOSE PERMITTED
(KGy)

DATE OF APPROVAL

BULGARIA potatoes

garlic

grain

dry food
concentrates
dried fruits

fresh fruits
(tomatoes, peaches
apricot, cherry,
raspberry, grapes)

sprout inhibition

sprout inhibition

sprout inhibition

insect disinfestation

insect disinfestation

insect disinfestation

shelf-life extension

experimental
batches
experimental
batches
experimental
batches
experimental
batches
experimental
batches
experimental
batches
experimental
batches

0.1

0.1

0.1

0.3

1

1

2.5

30 April 1972

30 April 1972

30 April 1972

30 April 1972

30 April 1972

30 April 1972

30 April 1972

CANADA potatoes

onions
wheat, flower,
wholewheat
poultry
cod & haddock
fillets
spices and certain
dried vegetables
seasonings
onion powder

sprout inhibition

sprout inhibition
insect disinfestation

decontamination
shelf-life extension

decontamination

decontamination

unconditional

unconditional
unconditional

test marketing
test marketing

unconditional

unconditional

up to 0.1

up to 0.15
up to 0.75

up to 7
up to 1.5

up to 10

up to 10

9 November 1960
14 June 19863
25 March 1965
25 February 1969

20 June 1973
2 October 1973

3 October 1984

12 December 1983

CHILE potatoes sprout inhibition experimental batches
test marketing

31 October 1974
29 December 1982



papays
wheat and ground
wheat products
strawberry
chicken
onions
rice
teleost fish and
fish products

cocoa beans

dates
mangoes

pulses
spices and
codiments

CHINA potatoes
onions
garlic
peanut
grain
mushroom
sausage

CZECHOSLOVAKIA potatoes

onions

mushrooms

insect disinfestation
insect disinfestation

shelf-life extension
decontamination
sprout inhibition
insect disinfestation
shelf-life extension
decontamination
insect disinfestation
decontamination/
insect disinfestation
insect disinfestation
shelf-life extension/
insect disinfestation/
control of ripening
insect disinfestation
decontamination/
insect disinfestation

sprout inhibition
sprout inhibition
sprout inhibition
insect disinfestation
insect disinfestation
growth inhibition
decontamination

sprout inhibition

sprout inhibition

growth inhibition

unconditional
unconditional
unconditional

unconditional
unconditional
unconditional
unconditional
unconditional

unconditional

unconditional
unconditional

unconditional
unconditional

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

experimental
batches
experimental
batches
experimental

up
up
up

up
up
up
up
up

up

up
up

up
up

up
up
up
up
up
up
up

up

up

up

to
to
to

to
to
to
to
to

to

to
to

to
to

to
to
to
to
to
to
to

to

to

to

0.
1
1

3
7
0.
1
2.

5

1
1

1

15

15

2

10

0
0,
0
0
0
1
8

0

0

2

.20

.15

.10

.40

.45

.1

.08

29
29

29
29
29
29
29

29

29
29

29
29

30
30
30
30
30
30
30

26

26

26

December
December

December
December
December
December
December

December

December
December

December
December

November
November
November
November
November
November
November

November

November

November

1982
1982

1982
1982
1982
1982
1982

1982

1982
1982

1982
1982

1984
1984
1984
1984
1984
1984
1984

1976

1976

1976



O\ COUNTRY
(Organization)

DENMARK

FAO/TAEA/WHO
Expert Commit.
1969

FAO/IAEA/WHO
Expert Commit.
1976

PRODUCT

potatoes
spices and herbs

potatoes
wheat and ground
wheat products

potatoes
onions
papaya
strawberries
wheat and ground
wheat products
rice
chicken

cod & redfish

PURPOSE OF TRRAD1AT1ON

sprout inhibition
decontamination

sprout inhibition
insect disinfestation

sprout inhibition
sprout inhibition
insect disinfestation
shelf-life extension
insect disinfestation

insect disinfestation
shelf-life extension/
decontamination
shelf-life extension/
decontamination

SORT OF CLEARANCE

unconditional
unconditional

provisional
provisional

unconditional
provisional
unconditional
unconditional
unconditional

provisional
unconditional

provisional

DOSE PERMITTED
(KGy)

up to 0.15
up to 15 max.
up to 10 aver.

0.15(max.)
O.75(max.)

0.03 - 0.15
0.02 - 0.15
0.5 - 1
1 - 3
0.15 - 1

0.1 - 1
2 - 7

2 - 2.2

DATIS Of APPBOVAL

27 February 1970
23 December 1985

12 April 1969
12 April 1969

7 September 1976
7 September 19 76
7 September 1976
7 September 1976
7 September 1976

7 September 1976
7 September 1976

7 September 19 76

FAO/IAEA/UHO
Expert Commit.
1980

any food products sprout inhibition/
shelf-life extension/
decontamination/
insect disinfestation/
control of ripening/
growth inhibition/

unconditional up to 10 3 November 1980

FRANCE potatoes
onions
garlic
shallot

sprout inhibition
sprout inhibition
sprout inhibition
sprout inhibition

provisional
provisional
provisional
provisional

0.075 - 0.15
0.075 - 0.15
0.075 - 0.15
0.075 - 0.15

8 November 1972
9 August 1977
9 August 1977
9 August 1977



spices and aromatic
substances (72 pro-
ducts inclusive pow
dered onions and
garlic
gum arabic
muesli-like cereal
dehydrated vegeta-
tables

mechanically deboned
poultry meat

decontamination

decontamination
decontamination
decontamination

decontamination

unconditional

unconditional
unconditional
unconditional

unconditional

up to 11

up to 9
up to 10
up to 10

up to S

10 February 1983

16 June 1985
16 June 1985
16 June 1985

16 February 1985

FEDERAL REP.
OF GERMANY

GERMAN DEMO-
CRATIC REPUB.

HUNGARY

deep frozen meals
potatoes

onions
onions
enzyme solutions
spices

potatoes
potatoes
potatoes
onions
strawberries
mixed spices (black
pepper,cumin.paprika
dried garlic: for
use in suasages)
onions
onions

mixed dry(ingredien-
ts for canned hashed
meat

sterilization
sprout inhibition

sprout inhibition
sprout inhibition
decontamination
decontamination

sprout inhibition
sprout inhibition
sprout inhibition
sprout inhibition
shelf-life extension
decontamination

sprout inhibition
sprout inhibition

decontamination

hospital patients/
test marketing

test marketing
unconditional
unconditional
provisional

test marketing
test marketing
test marketing
test marketing
test marketing
experimental
batches

test marketing
experimental
batches
experimental
batches

50
20
10
up to 10

0.1
0.15 max.
0.15 max.

5

0.06
0.06

5

1981
30 January 1984
7 June 1983
29 December 1982

23 December 1969
10 January 1972
5 March 19 73
5 March 1973
5 March 1973
2 April 1974

6 August 1975
6 September 1976

20 November 19 76



00 COUNTRY
(Organization)

PRODUCT

potatoes
onions

onions for dehydra-
ted flakes process

ing
mushrooms(Agaricus
strawberries
potatoes
potatoes
spices for sausage
production
strawberries
mushrooms(Agaricus)
mushrooms(Pleurotus)
grapes
cherries
sour cherries
red current
onions
spices for sausage
pears
pears

spices
potatoes(for
processing into
flakes
frozen chicken
sour cherries

(canned)
black pepper
spices
spices

PURPOSE OF IRRADIATION

sprout inhibition
sprout inhibition

sprout inhibition

growth inhibition
shelf-life extension
sprout inhibition
sprout inhibition
decontamination

shelf-life extension
growth inhibition
growth inhibition
shelf-life extension
shelf-life extension
shelf-life extension
shelf-life extension
sprout-inhibit ion
decontamination
shelf-life extension
shelf-life extension

decontamination
sprout inhibition

decontamination

decontamination
decontamination
decontamination

SORT OF CLEARANCE

test marketing
experimental
batches
test marketing

test marketing
test marketing
test marketing
test marketing
test marketing

test marketing
test marketing
test marketing
test marketing
test marketing
test marketing
test marketing
unconditional
test marketing
test marketing
test marketing

test marketing
test marketing

test marketing
conditional

conditional
conditional
unconditional

DOSE PERMITTED
(KGy)

0.10
0.05

0.05

2.5
2.5
0.1
0.10
5

2.5
2.5
3
2.5
2.5
2.5
2.5
0.05 + 0.02
5
2.5
1.0 + CaCl2
treatment
5
0.1

4
0.2 average

6 minimum
5-6 minimum
8, 6 average

DATE OF APPROVAL

4 May 1980
15 September 1980

18 November 1980

20 June 1981
20 June 1981
13 October 1981
2 December 1981
4 January 1982

15 April 1982
15 April 1982
15 April 1982
15 April 1982
15 April 1982
15 April 1982
15 April 1982
23 June 1982
28 June 1982
7 December 1982
24 January 1983

1983
28 January 1983

3 October 1983
20 February 1984
23 April 1985
May 1985
25 April 1986
19 August 1986



INDIA potatoes
onions
spices
frozen shrimps
and froglegs

sprout inhibition
sprout inhibition
disinfection
disinfection

unconditional
unconditional
for export only
for export only

Codex Standard
Codex Standard
Codex Standard
Codex Standard

January 1986
January 1986
January 1986
January 1986

ISRAEL potatoes
onions
poultry and
poultry sections
onions
garlic
shallots
spices (36 different
products
fresh fruits and
vegetables

grains, cereals,
pulses, cocoa &
coffee beans,
nuts, edible seeds

mushrooms, straw-
berries

poultry and
poultry sections
spices & condiments,
dehydrated & dried
vegetables, edible
herbs
poultry feeds

sprout inhibition
sprout inhibition
shelf-life extension
decontamination
sprout inhibition
sprout inhibition
sprout inhibition
decontamination

disinfestation

disinfestation

shelf life extension

decontamination

decontamination

decontamination

unconditional
unconditional
unconditional

unconditional
unconditional
unconditional
unconditional

unconditional

unconditional

unconditional

unconditional

unconditional

unconditional

0.1S max.
0.10 max.
7 max.

0.15
0.15
0.15
10

1 average

1 average

3 average

7 average

10 average

15 average

5 July 1967
25 July 1968
23 April 1982

6 March 1985
6 March 1985
6 March 1985
6 Harch 1985

January 1987

January 1987

January 1987

January 1987

January 1987

January 1987

ITALY potatoes
onions
garlic

sprout inhibition
sprout inhibition
sprout inhibition

unconditional
unconditional
unconditional

0.075 - 0.15
0.075 - 0.15
0.075 - 0.15

30 August 1973
30 August 1973
30 August 1973



COUNTKY
(Organization)

PRODUCT PURPOSE OF TRRADTATION SORT OF CLEARANCE DOSE PERMITTED
(KGy)

DATE OF APPROVAL

JAPAN potatoes sprout inhibition unconditional 0.15 max. 30 August 1972

NETHEHLASDS asparagus

cocoabeans
strawberries
mushrooms
deep-frozen meals
potatoes
shrimps
onions
spices and condi-
ments
poultry, eviscerated
(in plstic bags)
chicken

fresh, tinned and
liquid foodstuffs
spices
powdered battermix
vegetable filling
endive (prepared,
cut)
onions
spices
peeled potatoes
chicken

shrimps
fillets of haddock,
coal-fish, whiting
fillet of cod and
plaice

shelf-life extension/
Growth inhibition
insect disinfestation
shelf-life extension
growth inhibition
sterilization
sprout inhibition
shelf-life extension
sprout inhibition
decontamination

shelf-life extension

shelf-life extension/
decontamination
sterilization

decontamination
decontamination
decontamination
shelf-life extension

sprout inhibition
decontamination
shelf-life extension
shelf-life extension/
decontamination
shelf-life extension
shelf-life extension

shelf-life extension

experimental batches 2 max

experimental batches 0.7 max
experimental batches 2.5 max
unconditional 2.5 max
hospital patients 25 min
unconditional 0.15 max
experimental batches 0.5-1
experimental batches 0.15
experimental batches 8-10

experimental batches 3 max.

unconditional 3max

hospital patients 25 min

provisional
test marketing
test marketing
test marketing

unconditional
provisional
test marketing
unconditional

test marketing
test marketing

test marketing

10
1.5
0.75
1

0.05 max
10
0.5
3 max.

7 May 1969

7 May 1969
7 Hay 1969
23 October 1969
2 7 November 1969
23 March 1970
13 November 19 70
5 February 1971
13 September 1971

31 December 1971

10 May 1976

8 March 1972

4 October 1974
4 October 1974
4 October 1974
14 January 1975

9 June 1975
26 June 1975
12 May 1976
10 Hay 19 76

15 June 1976
6 September 19 76

7 September 1976



fresh vegetables
(prepared, cut,
soupgreens)
spices
frozen froglegs
rice and ground
rice products
rye bread
spices
frozen shrimp
malt
boiled and cooled
shrimp
frozen shrimp
frozen fish
egg powder
dry blood protein
dehydrated vege-
tables

refrigerated snacks
of minced meat

shelf-life extension

decontamination
decontamination
insect disinfestaiton

shelf-life extension
decontamination
decontamination
decontamination
shelf-life extension

decontamination
decontamination
decontamination
decontamination
decontamination

shelf-life extension

test marketing

provisional
provisional
provisional

provisional
provisional
provisional
provisional
provisional

provisional
provisional
provisional
provisional
provisional

test marketing

1

10
5
1

5 max
7 max
7 max
10 max
1 (max)

7 (max)
6 (max)
6 (max)
7 (max)
10 (max)

2

6 September 19/7

A April 1978
25 September 1978
15 March 1979

12 February 1980
15 April 1980
9 May 1980
8 February 1983
8 February 1983

8 February 1983
24 August 1983
25 August 1983
25 August 1983
27 October 1983

12 July 1984

NEW ZEALAND herbs and spices
(one batch)

decontamination provisional March 1985

NORWAY spices decontamination unconditional up to 10

PHILIPPINES potatoes
onions
garlic
onions and garlic

sprout
sprout
sprout
sprout

inhibition
inhibition
inhibition
inhibition

provisional
provisional
provisional
test marketing

0
0
0

.15 (max)

.07

.07

13 September 19 72
1981
1981
9 July 1984
29 Sept. 1986



COUNTRY
(Organization)

POLAND

PRODUCT

potatoes
onions

PURPOSE

sprout
sprout

OF IRRADIATION

inhibition
inhibition

SORT OF CLEARANCE

provisional
provisional

DOSE PERMITTED
(KGy)

up to O.IS

DATE

1982
March

OF APPROVAL

1983

SOUTH AFRICA potatoes
dried bannanas
avocados
onions
garlic
chicken

papaya
mango
strawberries
bananas
litchis

sprout inhibition
insect disinfestation
insect disinfestation
sprout inhibition
sprout inhibition
shelf-life extension/
decontamination
shelf-life extension
shelf-life extension
shelf-life extension
shelf-life extension
shelf-life extension

pickled mango (achar)shelf-life extension
avocados
frozen fruit juices
green beans
tomatoes
soya pickle products
ginger
vegetable paste
bananas (dried)
almonds
cheese powder
yeast powder
herbal tea
various spices
various dehydrated
vegetables

shelf-life extension
shelf-life extension

control ripening

insect disinfestation
insect disinfestation
insect disinfestation

unconditional
provisional
provisional
unconditional
unconditional
unconditional

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

0.
0.
0.
0.
0.

2

0.
0.
1

12
5
1
5
1
-

5
5
-

- 0.24
(max)
(max)
- 0.15
- 0.20
7

- 1.5
- 1.5
4

19 January 1977
28 July 1977
28 July 1977
25 August 1978
25 August 1978
25 August 1978

25 August 1978
25 August 1978
25 August 1978
1982
1982
1982
1982
1982



SPAIN potatoes
onions

sprout inhibition
sprout inhibition

unconditional
unconditional

0.05 - 0.15
0.08 (max.)

4 November 1969
1971

THATI.AND onions
potatoes, onions,
garlic

dates
mangoes, papaya

wheat, rice, pulses
cocoa beans
fish and fishery
products

fish and fishery
products

strawberries
nam
moo yor
sausage
frozen shrimps
cocoa beans
chicken

spices & condi-
ments , dehydrated
onions and onion
powder

sprout inhibition
sprout inhibition

disinfestation
disinfestation and
delay of ripening
disinfestation
disinfestation
disinfestation

reduce microbial load

shelf life extension
decontamination
decoatami nation
decontatninat ion
decontamination
reduce microbial load
decontamination and

shelf life
insect disinfestation

decontamination

unconditional
unconditional

unconditional
unconditional

unconditional
unconditional
unconditional

unconditional

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

unconditional

unconditional

0.1 (max.)
0.15

1
1

1
1

2.2

3
4
5
5
5
5
7

1

10

20 March 1973
4 December 1986

4 December 1986
4 December 1986

4 December 1986
4 December 1986
4 December 1986

4 December 1986

4 December
4 December
4 December
4 December
4 December
4 December
4 December

1986
1986
1986
1986
1986
1986
1986

4 December 1986

4 December 1986



COUNTRY
(Organization)

PRODUCT PURPOSE OF IRRADIATION SORT OF CLEARANCE DOSE PERMITTED
(KGy)

DATE OF APPROVAL

UNION OF SOVIET
SOCIALIST
REPUBLICS

potatoes
potatoes

grain
fresh fruits and
vegetables
semi-prepared raw
beef, pork & rabbit-
products (in plastic
bags)
dried fruits
dry food concentrates
(buckwheat mush, grue
rice, pudding)
poultry, eviscerated
(in plastic bags)
culinary prepared
meat products
(fried meat entrecote
(in plastic bags)
onions
onions

sprout inhibition
sprout inhibition

insect disinfestation
shelf-life extension

shelf-life extension

insect disinfestation

insect disinfestation
1.

shelf-life extension

shelf-life extension

unconditional 0.1 (max)
unconditional 0.3 (1 MeV-

electrons
unconditional 0.3
experimental batches 2- 4

experimental batches 6 - 8

unconditional
unconditional

I
0,7

experimental batches 6

test marketing 8

sprout inhibition
sprout inhibition

test marketing
unconditional

0.06
0.06

14 March 1958
17 July 1973

1959
11 July 1964

11 July 1964

15 February 1966
6 June 1966

4 July 1966

1 February 196 7

25 February 1967
17 July 1973

UNITED any food for con- sterilization
KINGDOM sumption by patients

who require a sterile
diet as essential
factor of their treatment

hospital patients 1 December 1969

UNITED STATES
OF AMERICA

wheat and wheat
white potatoes

insect disinfestatinn
shelf-life extension

unconditional
unconditional

0,2-0.5
0.05 - 0.1

?1 August 1963
30 June 1964



white potatoes
spices and dry
vegetable seasoning
(38 commodities)
dry or dehydrated
enzyme preparations
(including immobilized
enzyme preparations)
pork carcasses or
fresh, non-heat pro-
cessed cuts of pork
carcasses
fresh foods
food
dry or dehydrated

enzyme preparations
dry or dehydrated
aromatic vegetable
substances

shelf-life extension
decontamination/
insect disinfestation

control of insects
and/or micro-
d organisms

control of Trichinella
cpiralis

delay or maturation
disinfestation
decontamination

decontamination

unconditional
unconditional

unconditional

unconditional
unconditional

unconditional
unconditional
unconditional

unconditional

o.05 - 0.15
30 (max.)

lOkGy (max.)

0.3 (min) -
1.0 (max.)

1
1
10

30

1 November 1965
5 July 1983

10 June 1985

22 July 1985

18 April 1986
18 April 1986
18 April 1986

18 April 1986

URUGUAY potatoes sprout inhibition unconditional 23 June 1970

YUGOSLAVIA cereals
legumes
onions
garlic
potatoes
dehydrated fruits &
vegetables
dried mushrooms
egg powder
herbal teas, tea
extracts
fresh poultry

insect disinfestation
insect disinfestation
sprout inhibition
sprout inhibition
sprout inhibition
sprout inhibition

decontamination
decontamination

shelf-life extension/
decontamination

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

unconditional
unconditional
unconditional

unconditional

up to 10
up to 10
up to 10
up to 10
up to 10
up to 10

up to 10
up to ]0
up to 10

up to 10

17 December 1984
17 December 1984
17 December 1984
17 December 1984
17 December 1984
17 December 1984

17 December 1984
17 December 1984
17 December 1984

17 December 1984
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