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IN HEMORIUH

Dr. Eugen Wierbicki, a pioneer in the development of food
irradiation process, passed away unexpectedly on 29 July 1986 at his home
in Philadelphia.

Dr. Wierbicki spent twenty-five years on research and development on
food irradiation mainly at the U.S. Atmy Natick Research, Development
Laboratories, Natick, Massachusetts. When the irradiated food product
division was transferred from the Army to the U.S. Department of
Agriculture's Eastern Regional Research Center, Philadelphia in 1980, Dr.
Wierbicki decided to move to Philadelphia to continue his work on food
irradiation. He was appointed as a Research Leader on food irradiation
at the ERRC.

Dr. Vierbicki made an important contribution on research on
irradiation of meat products. He received the Distinguished Heat
Research Award from the American Meat Scientists Association in 1976.
His outstanding contribution was in the development of shelf-stable
radappertized meat products to be used primarily by the astronauts in
space. Such products became widely accepted by NASA and are being used
routinely by the astronauts.

Dr. Wierbicki participated actively in international activities on
food irradiation. He was the lecturer of choice in irradiation of meat
products at Inter-Regional Training Courses on Food Irradiation organized
by the Joint FAO/IAEA Division in the past and at the Annual Training
Courses of the International Facility for Food Irradiation Technology
<IFFIT>, Wageningen, The Netherlands.

Dr. Wierbicki was appointed the Chairman of a Task Force on Food
Irradiation by the Council for Agricultural Science and Technology
(CAST). The first report of the Task Force on "Ionizing Energy in Food
Processing and Pest Control: 1. Wholesomeness of Food Treated with
Ionizing Energy" was published in July 1986. This publication turned out
to be Dr. Vierbicki'a last contribution.

Dr. Wierbicki will be remembered by all friends and colleagues for
his excellent contribution to food irradiation and for his tireless
efforts in overcoming problems associated with this field.



TO THE REAPER

The increasing pressure of work and a minimum mumber of staff of the
Food Preservation Section had resulted in a delay of publication of this
issue of F.I.N. With the recruitment of Or. C.J. Rigney from CSIRO,
Australia on a full time basis starting 1 July 1986 and the joining of
Dr. M. Lapidot from Soreq Nuclear Research Center, Israel on a sabbatical
leave for 10 months starting 15 September 1986, the work of the Section
should soon return to normal (hectic). Me should be able to resume the
publication of the F.I.N. with 3 issues per year starting 1987.

This issue reports the summary of the Task Force Meeting on the Use
of Irradiation to Ensure Hygienic Quality of Food, convened by the
International Consultative Group on Food Irradiation (ICGFI) in Vienna.
14-18 July 1986. The full report of the final FAO/IAEA Research
Co-ordination Meeting on Factors Influencing the Utilization of Food
Irradiation, convened in Dubronik, Yugoslavia on 10-15 June 1986,
contains the conclusion of the work carried out under the Co-ordinated
Research Programme in the past 5 years. A Regional Co-ordinated Research
Programme for Latin America has been launched with a workshop convened on
this subject in Piracicaba, Brazil, 6-18 July 1986.

A highlight in this issue is the summary report of the FAO/IAEA
Seminar for Asia and the Pacific on the Practical Application of Food
Irradiation convened in Shanghai, People's Republic of China, 7—11 April
1986. The well-attended seminar reported on the progress and development
of practical scale application of food irradiation in the region. The
seminar was followed by a Study Tour on Food Irradiation Development
which involved visits to several research institutions on food
irradiation in China. The seminar and the study tour had opened 'he
"China Gate" on food irradiation to the international community.

Of particular interest to the reader is the commercialization of
food irradiatiion which reports activities in 18 countries using
commercial/multipurpose irradiators to treat food and ingredients. A
successful market testing of irradiated mangoes in Miami, Florida is also
reported. The outcome of this test is quite significant in view of the
Chernobyl accident a few months prior to the test.

The Food Irradiation Newsletter continues to attract wider attention
of readers. Additional requests for the Newsletter have been received in
the order of 50 per month. The distribution list has grown to over 1,000
at present.

Please let us hear from you the highlights of food irradiation in
your country for inclusion in the next issue before 15 January 1987.

This past year has been very successful on food irradiation
programmes in many countries. The staff of the Food Preservation Section
certainly enjoy the co-operation of our readers and wish everyone a Merry
Christmas and an even more fruitful year ahead.



INTERNATIONAL CONSULTATIVE GROUP ON FOOD IRRADIATION (ICGFI)
(established under the aegis of FAO, IAEA and WHO on 9 May 1984)

Summary of the Task Force Meeting on the Use of
Irradiation to Ensure Hygienic Quality of Food.

Vienna, Austria
14-18 July 1986

Contamination of foods, especially those of animal origin, with
microorganisms, particularly pathogenic non-sporing bacteria, and
infection of foods with parasitic helminths and protozoa are among the
most important public health problems and an important cause of human
suffering throughout the world. Also many dry ingredients, particularly
spices and herbs, which are important sources of foreign exchange
earnings for some developing countries, may be highly contaminated with
spoilage organisms and to a certain degree with pathogens. This causes
difficulties during further processing into composite food products and
creates potential health hazards.

While thermal pasteurization of liquid foods is a well established
and satisfactory means of terminal decontamination treatment of such
commodities, it does not suit solid foods and dry ingredients.
Alternative chemical sanitizing procedures have regulatory limitations
and/or pose problems of public health, toxic residues and environmental
pollution.

The Task Force concluded that at present, and in the forseeable
future, no technology is available to produce raw foods of animal origin,
particularly poultry and pork, in which the absence of certain pathogenic
microorganisms and parasites such as Salmonella. Campylobacter,
Toxoplasma and Trichinella can be guaranteed. These foods pose a
significant threat to public health. Thus the Task Force believes that,
where such foods are important in the epidemiology of food-borne
diseases, irradiation decontamination/disinfection must be seriously
considered. Other techniques, or improvement of current techniques,
cannot be expected to achieve the same result except at exceptionally
high cost.

At this stage, the most apparent health benefit from the use of food
irradiation would be the treatment of chilled or frozen poultry for
destruction of Salmonella and Campylobacter, the treatment of pork to
inactivate Trichinella larvae, and decontamination of spices and other
food ingredients. The treatment of frozen shrimps and frog legs intended
for export also offers considerable potential for reducing public health
risks.

The public perception of the impact of food-borne illness is benign,
except where particular outbreaks occur. Governments and public health
officials should continue to emphasize the economic and social cost of
preventable food-borne illnesses. The use of irradiation as a treatment
to ensure the hygienic quality of food and food ingredients should be
encouraged by Governments and public health officials, especially in
those cases where the best currently available commercial practices arm
inadequate to ensure pathogen-free foods or to satisfy the requirements



of the authorities in importing countries. Irradiation of food, however,
should never be considered as a substitute for good product quality,
handling and storage conditions (GMP).

To improve the safety of the food supply by radiation
decontamination/disinfection processes, the Task Force made the following
recommendation to the International Consultative Group on Food
Irradiation:

a) Governments should be encouraged to accept the Codex General
Standard for Irradiated Foods and to implement it towards a broad
clearance of irradiation of food, including the permission to import
commodities treated abroad in accordance with the Codex General
Standard, the Codex Recommended International Code of Practice for
the Operation of Radiation Facilities for the Treatment of Food, and
all other Codas of Practice applicable to specific commodities.

b) In harmony with Codex Codes of Hygienic Practice and Codex Commodity
Standards technological guidelines for irradiation of typical groups
of commodities should be prepared in collaboration with interested
UN-Agencies and with the co-operation of experts in food technology,
food hygiene and radiation processing. These guidelines should
define the critical requirements on raw materials, added substances
and packaging, as well as product holding and handling before,
during and after irradiation. They should include provisions for
process control and record keeping in accordance with the HACCP
concept. Such guidelines should be circulated to Member States of
FAO/IAEA/WHO for implementation.

c) FAO and WHO should be requested to take an active role in informing
national authorities of the safety and effectiveness of irradiation
as a method for improving the hygienic quality of food and reducing
food losses in trade. National authorities should be urged to
license the use of this technology, wherever appropriate, to reduce
the increasing incidence of food-borne diseases.

d) Relevant ON Organizations should be encouraged to establish regional
programmes in co-operation with national agencies on the adoption of
food irradiation as a method of ensuring hygienic quality of food
under local conditions. However, this should not replace
traditional processes that already provide assurance of safety for
some food products.

e) Governments and industry should assign high priority to the
application of irradiation to fresh or frozen poultry and pork in
those countries where these products play an important role in the
epidemiology of food-borne illnesses. Importing countries should
permit the free entry of irradiated frozen shrimp, frog legs and
food ingredients such as spices, which have been prepared and
treated in accordance with the GMP's referred to in this report.

f) Research should be undertaken on potential benefits of irradiation,
in comparison with alternative treatments, of selected commodities
in radiation plants to be situated at the points of export or import
of such products, and for other strategic localities or specific
risk groups where possible public health and economic benefits can
be quantified. Additional research data are required on the
epidemiology of food-borne parasites and the use of irradiation to
control them in commercial operations.



g) A model case study describing successful implementation of radiation
decontamination/disinfection should be developed and circulated to
Member States of FAO, IAEA and MHO.

h) Special training courses/workshops on food decontamination /
disinfection should be organized under the aegies of the
International Consultative Group on Food Irradiation (ICGFI)
utilizing the capabilities of the International Facility for Food
Irradiation Technology (IFFIT) and other appropriate institutions
elsewhere.

LIST OF PARTICIPANTS

Dr.J.H.B.Christian, Chief, Division of Food Research, CSIRO, Nurth
Ryde, N.S.W. Australia. (Chairman)

Dr.E.H.Kampelmacher, Rijksinstituut voor de Volksgezondheid en
milieuhygiene, Postbus 1, NL-3720 BA Bilthoven, The Netherlands.

Or.R.E.Engel, USDA/FSIS, Deputy Administrator for Science, 300 12th
Street, S.W. Washington, D.C. 20250, U.S.A.

Dr.E.C.D.Todd, Bureau of Microbiological Hazards, Health Protection
Branch, Health and Welfare Canada, Tunney's Pasture, Ottawa, Ontario
K1A OL2, Canada.

Dr.L.Leistner, Bundesanstalt fur Fleischforschung, E.-C.-Barmann
Strasse 20, Kulmbach, Federal Republic of Germany.

Or.T.A.Roberts, Institute of Food Research - Bristol Laboratory,
Langford, Bristol BS18 7DY, United Kingdom. (Rapporteur)

Dr.M.Jegathesan, Head, Department of Laboratory Services, General
Hospital, Kuala Lumpur 53000, Malaysia.

Dr.T.Rubio, Comision Chilena de Energia Nuclear, Amunategui No.95,
Casilla 188-D, Santiago, Chile.

Dr.M.Lapidot, Soreq Nuclear Research Centre, Yavne 7O6OO, Israel.

Or.W.Kasprzak, Department of Biology and Medical Parasitology,
Fredry Street 10, PL-61701 Poznan, Poland.

Temporary Adviser

Dr.J.Farkas, University of Horticulture, Institute of Food
Technology, Budapest, XI, Menesi ut 44, Hungary.
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Secretariat.

FAO

Dr.A.W.Randell, Food Quality and Standards Service, ESNS, Food and
flgriculture Organization of the United Nations, Via delle Terme di
Caracalla, 00100 Rome, Italy.

MHO

Dr.F.D.Kaferstein, Chief, Food Safety Unit, Division of
Environmental Health, World Health Organization, 1211 Geneva 27,
Switzerland.

Dr.Z.S.Pawlowski, Parasitic Diseases Programme, World Health
Organization, 1211 Geneva 27, Switzerland.

IAEA

Mr.P.Loaharanu, Head, Food Preservation Section, Joint FAO/IflEA
Division, P.O.Box 100, A-1400 Vienna, Austria.

Or.C.J.Rigney, Food Preservation Section Joint FAO/IAEA Division,
P.O.Box 100, A-1400 Vienna, Austria.

Observers

Mr.T.Kappeler, Normes Alimentaires, Nestec S.A., 1800 Vevey,
Switzerland.

Mr.Pierre E.Vidal, Chairman, Association of International Industrial
Irradiation (A.I.I.I.), 59, route de Paris, F-69260 Charbonnieres
les Bains, France.

Dr.W.M.Urbain, Professor Emeritus, Michigan State University, 10645
Welk Drive, Sun City, Arizona 85373, U.S.A.

The following activities of ICGFI had been held recently, the
summary reports of which will be published on the next issue of the
Newsletter.

A. Workshop on Assessment of the Economic Feasibility of Food
Irradiation Applications.. Organized by IFFIT, Wageningen,
25 August - 5 September 1986.

B. Task Force Meeting on Marketing/Public Relations of Food
Irradiation. Ottawa, Canada, 15-19 September 1986,



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

Shanghai, People's Republic of China
7-11 April 1986

The seminar was the first large meeting to be organized for the IAEA
by the People's Republic of China. It was held at the International
Club, Shanghai and was attended by 160 participants from 23 Member States
of FAO and IAEA including 65 from outside China. The FAO/IAEA Research
Co-ordination Meeting on the Second Phase of the Asian Regional
Co-operative Project on Food Irradiation (RPFI Phase II) was combined
with the seminar.

Over 70 papers were submitted for the seminar. A total of 44 papers
including 8 invited lectures were selected for oral presentation, the
rest were presented at two poster sessions. Eight technical sessions
covering practical aspects of food irradiation were convened as follows:

Session I Irradiation as a Substitute for Chemical Fumigation
of Food.

Session II Irradiation as a Method for Reducing Food Losses and
Increasing Wholesome Food Supplies.

Session III Transportation Trials, Market Testing and Consumer
Acceptance Studies.

Session IV Legislation and Control of Food Irradiation
Processing.

Session V Food Irradiation Facilities and their Economies.

Session VI Technology Transfer to Food Industry.

Session VII Commercial Development of Food Irradiation.

Session VIII Panel Discussion and Seminar Conclusions.

The results of the seminar may be summarized as follows:

a. Significant progress in research and development leading to
practical application of food irradiation was made by countries
in the region in recent years. Following the adoption of the
Codex General Standard for Irradiated Foods in July 1983,
Australia, Bangladesh, People's Republic of China, India, and
Thailand have approved or are in an advanced stage of approving
several irradiated food items or the process itself.

b. China has an advanced technology in the areas of designing and
constructing pilot/commercial irradiators for treating food.
Three of these facilities are already in operation in Beijing,
Chengdu and Shanghai, with another 3 under construction at
Langzhou, Nanjing and Zhengzhou. A large multi-purpose
irradiator, imported from Canada, is being installed at
Shenzhen Special Economic Zone, Guangdong. Thus, China could
make a strong contribution to the region in irradiator design
in the near future.
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c. Trade in irradiated food is likely to expand within and from
the region in the near future. At present, 3 commercial food
irradiators are available in the region and 14 additional are
expected within the next feu years. The seminar recognized the
major benefits of irradiation in the areas of increasing trade
opportunity, reduction of food losses, control maturation and
shelf—life extension, and freedom from insect pests and
pathogens in food.

The highlight of the seminar was a visit to the Shanghai Irradiation
Center where a large demonstration/commercial irradiator has just been
completed. The irradiator was designed and built by local engineers and
is modern in design with a computerized control system and loaded with
100 kCi of G^Co at present. The construction cost of the irradiator
and biological shielding was approximately US$ 500,000. The irradiator
is located next to a vegetable wholesale market and a cold storage. It
is owned and operated by the Shanghai Institute of Nuclear Research
(SIAIR). It appears that the Center will transfer research results on
irradiation of several food items such as potatoes, apples, lychees,
peanuts, etc. conducted earlier by the SIIUR to practice.

At the suggestion of the sponsoring organizations, a Working Group
was convened during the seminar which met on several occasions. The
group evaluated the material presented by the participants to the
seminar, with emphasis on the consequences for countries in Asia and the
Pacific Region. On the final day of the seminar, the working group
presented its findings and recommendations for further action.

The Working Group was composed of:

Chairperson: P.A. Wills (Australian Atomic Energy Commission,
Australia).

Rapporteur: P.B. Roberts (Department of Scientific and
Industrial Research, New Zealand).

Members: T. Hayashi (National Food Research Institute, Japan)
M M. Hossain (Bangladesh Atomic Energy Commission,
Bangladesh).
G.B. Nadkarni (Bhabha Atomic Energy Research Centre,
India).
P. Pothisiri (Food and Drug Administration Thailand).
J.L. Wu (Department of Technical Physics, Peking
University, Beijing, China).

Scientific
Secretary: P. Loaharanu (Food Preservation Section, IAEA,

Vienna, Austria).

The Present Situation

A significant role for ionizing energy in food processing technology
has been demonstrated. Processing with ionizing energy can contribute to
the production of foods of higher quality in which pathogens, spoilage
organisms, or chemical residues are reduced or eliminated, which are
quarantine secure and which stay fresher for longer. The safety of the
process and its nutritional adequacy has been established since 1980 by a
Joint Expert Committee on the Wholesomeness of Irradiated Food of the
Food and Agriculture Organization of the United Nations, the World Health
Organization and the International Atomic Energy Agency. Recent results
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from China have further confirmed and supplemented the findings of the
Joint Committee. These results showed no harmful effect in human
volunteers on an extended diet of irradiated foods.

The Asia and Pacific region can make a special contribution to the
development of the use of ionizing energy in food processing, since the
needs and opportunities for the process within the region are great.
This is because :

- The region contains more than one half of the world population.

- The region is undergoing the highest rate of economic growth of any
region.

- Many countries within the region suffer extensive food losses or are
at a considerable distance from their export markets.

- Products traded within and from the region include marine products,
spices and fresh fruits and vegetables. Processing by ionizing
energy has confirmed applications for such commodities.

The Regional Project on Food Irradiation (RPFI) is well established
in the region. Its existence demonstrates a capacity for
cooperation among the member states. The ASEAN nations, in a
workshop in November 1985, have also recognized the potential
benefits of food irradiation.

The major benefits of the ionizing energy process are perceived to
be:

1. An increase in trade opportunities, which will benefit both
developed and developing countries.

2. Reduction of food losses.
3. Increased control over maturation and senescence of fresh

products, and over shelf-life.
4. Freedom from insect pests and many pathogens.

There are now 24 commercial irradiation facilities in 11 countries
which treat food as part of their throughput. Three of these facilities
lie within the Asia and Pacific region. A further 14 facilities are
expected in the region within 5 years. However, in spite of repeated
urgings, only a few countries have taken steps to implement in national
legislation or regulations the Codex Recommended General Standard for
Irradiated Food and its associated Code of Practice. Clearances are
still generally being given on an individual commodity basis.

Barriers to Further Progress

Several barriers to further progress have been identified. These
may be summarized as:

- A lack of commitment and investment from the food industry. This
follows from:

(a) The absence of approval for the use of ionizing energy as a
food process by most governments, and from

(b) Uncertainty about consumer reaction.
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Limited information on the economic feasibility of the process
based on actual commercial experience.

Insufficient experience on how the process may be controlled
and regulated on a commercial basis, particularly for the
purpose of trade.

A few of these barriers have been examined in some detail in North
America and Europe. However, sufficient data are available to suggest
that there will be substantial regional differences in the nature of the
barriers and their solution. The International Consultative Group on
Food Irradiation is charged with solving some of these trade barriers.
Seven countries from the region are members of the group.

Recommendation

The working group made the following recommendations:

1. The Codex General Standard for Irradiated Foods together with
its associated Code of Practice is already available as a
platform for a harmonized approach to the regulation of the
process. Harmonization of the regulations in different
countries would be a major step towards the implementation of
trade in irradiated foods. Those countries that have not
accepted the Codex recommendations are asked to expedite
relevant measures to achieve acceptance, such as the formation
of a national coordinating committee. The appropriate national
authority in all countries should be urged to accept the Codex
recommendations.

2.. There is a need to create awareness in the food industry of the
potential economic benefits of food irradiation. Such
awareness will stimulate investment in, and development of,
commercial food irradiation, ft catalyst for this would be the
encouragement of market and economic studies of the process in
countries within the region. However, it should be noted that
the results of the surveys will be most effective if they are
made freely available to all other government agencies and
industries.

3. Countries within the region which have not joined the
International Consultative Group on Food Irradiation or the
Asian Regional Project on Food Irradiation are strongly
recommended to join these international activities.

4. The implementation of trade depends upon the establishment of:

- Good Manufacturing Practice, and of strict hygienic
standards..

- Satisfactory process control.
- Adequate documentation and records of these good practices.

It is recommended that countries in the region should
participate in and support the International Dose Assurance
Programme of the IAEA. A number of technical documents
relating to good manufacturing and irradiation practice for
several foods will be available shortly from the International
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Consultative Group on Food Irradiation, The widespread
dissemination of these documents and their subsequent
discussion is required.

5. It will assist the drafting of regulations for food irradiation
and promote trade if national authorities are fully aware of
the regulations in other countries. We recommend that all
countries particularly those within the Asia and Pacific region
forward to the IAEA copies of their regulations and draft
regulations if possible at the earliest opportunity. The IAEA
should then distribute copies to all member countries in the
region and elsewhere, if requested.

6. The Group recognized that, wherever it is possible, it is more
desirable for a country to build up credibility by introducing
irradiated foods into its domestic market before embarking on
exports.

STUDY TOUR ON FOOD IRRADIATION DEVELOPMENT
People's Republic of Chine

12 - 25 April 1986

BACKGROUND INFORMATION

The People's Republic of Chine (P.B.C.) het en ective programme on
food irradiation and is beginning to apply this technology on a practical
scale. Several multi-purpose irrediation units are in operation or under
construction in Beijing, Chengdu, Jinan, Langzhou, Nanjing and
Cuangzhou. The Government he* so far approved seven irradiated food
items (potatoes, onions, garlic, peanuts, grain, mushrooms and sausages)
for consraption.

The Government of the P.R.C. egreed to host the FAO/IAEA Seminar for
Asia and the Pecific on Practical Application of Food Irradiation, in
Shanghai fro* 7 to 11 April 1986. The Seminar focused on a number of
practical issues on food irradiation including technology transfer and
application, economic and acceptance, dosimetrj and process control and
trade promotion. The Seminar was attended by 170 scientists, officials,
representetives of food and radiation industries within and oatside the
region.

The Study Tour was therefore organized by the International Atomic
Energy Agency in co-operation with the Government of the People's
Republic of Chine from 12 to 25 April 19*6, to promote the exchange of
information with regerd to research and development leadiag to practical
application on food irradiation between scientists and officials of the
F.R.C. end those from other countries in Asia and the Pacific region.

PARTICIPANTS

A total of 14 scientists and officials of FAO/IAEA Member States in
Asia and the Pacific who attended the Shanghai Seminar were selected to
participate in the Study Tour. In addition, three invited lecturers and
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two officials of the IAEA (one as technical and the other aa
administrative co-ordinator) accompanied the Study Tour for the entire
duration, according to the detail* in Annex I.

The Study Tour (from hereafter called "the Group") visited the
following institutions on the following dates.

Institute

Shanghai Irradiation Centre, Shanghai Science
and Technology Commission (SIC/S)

Zhejiang Agricultural University, Hangzbou
(ZAU/H)

Institute of Applications of Atomic Energy,
Hangzhou (IAAE/H)

Institute of Atomic Energy, Beijing (IAE/B)

Beijing Normal University (Beijing Radiation
Centre) (BNU/B)

Sichuan Institute of Nuclear Technology Application*
Chengdu (SINTA/C)

West China University of Medical Sciences, Chengdu
(wCUHS/C)

South China Agricultural University, Cuangzhou
(SCAU/G)

Cuandong Provincial Academy of Agricultural Sciences,
Guangzhou (CPAAS/C)

Most of the institutes visited, except Shanghai Irradiation Centre
which will start commercial-scale treatment of some food items, have
research and development programme on food irradiation ranging fraa
small-scale laboratory studies to pilot-scale developmental work.
Several irradiation facilities are available for It & D work on a number
of food items at these institutes according to the details ia Table I.

The Croup was informed of the results of work carried oat at
different institutes according to the summary in Table II. A number of
these results came from preliminary studies and have yet to be
confirmed. In some cases, experiments were initiated recently and
results have not become available.

Date

9

15

15

17

IS

21

21

25

25

April*

April

April

April

April

April

April

April

April

• Visit was made during PAO/IAEA Seminar, Shanghai, 7 - 1 1 April 19S6.

IS



Table I. trradiatlon facilities «t different institutions In China.

Place Type of Activity (fcCi) Type of
Source Has. Currant Tranaport

April, 1986 Mechlin 11«

Agricultural products
ttudiad

SIC/S

1AAB/H

IAB/B

Co-60 300

Co-60

Ca-137

Ca-137

Co-60

10

SO

0.15

300

100

70

convayor Applaa, lychee, potatoea, oranges,
cauliflowers, shrimp.

Citrus, chestnuts, cooked neat, herbal
•edicines.
Citrus, chestnuts, cooked neat, herbal
•Mdictnea.
for Mutation breeding atudiea only.

Elect. Cart Apples, peara, toaatoea, red pepper, winged
on track beana

1AAB/B Co-60

BNU/B Co-60 20
electron 3 - 5 HeV
beaai 200 wA, lkw
accelerator

STNTA/C Co-60

SCAU/G Co-60

500 140

100 30

conveyor

Apples, corn, cigarettes, cut flowers
(peony), ahriapa, bean curd.

Work on food irradiation only incidental.

Grain, cooked Mats, sausages, awaet potato
liquor.

auishrooM, poultry feed, dried fruit,
spices, citrus, dried tofu.



Tabla- II. Kesearch and davalopaant on food Irradiation In China.

Institution Product Purposa Dosa (kGy) Storage Kvtultfl/Rmarkt

SIC/S Applas
red chill
lycha*
strawharry
lyehaa
banana
ba«boo ahooti

Shalf-ltfa
•xtansion,
•prout-
lnhlbltlon,
dlalnfaction

0.1 - 5 ?°C-aabi«nt
(dapanding on (dapanding
tha product) on tha

product)

Irradlatad applaa can ba ttorad
for 10 Months at 2°C without
•caldtng.
Potatoai ara balng Irradlatad on a
coaawrclal-acala.

TM/B applaa
paara
toaatoaa
grapaa
rad pappar
wtngad baam

•h«lf-ltfa

diaaaaa
control

0.3
0.3 8°C

BzparliMntf hava just atartad.

IAM/B app1«s ahalf-llfa 0.4 - 0.8 anbtant Aftar t U awnthg atoraga, lass than
taaparatura 101 rottan vs s»ra than SOI for

control.

IMt/M cttras radaca post-

losaas

0.1

0.03 • dip

March
to

5 - 10°
• foread air

Kasplratlon and walght lossas
daeraasad in Irradlatad saaplaa.
No changa In nutrianti*and
flavors. Ovarull loss dacraasad by
50* by Irradiation.



00 Tabla 11. taaaarek and davalopawnt on food Irradiation In China/Cont.
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In addition to the work conducted at different institutes Mentioned
above, the Croup was inforated of studies on food irradiation at other
places in China by swans of posters and exhibits showed at the PAO/TAEA
Seminar on Food Irradiation, Shanghai according to the sussiarles in Annex
II.

The Group noted with interest that a few relatively large scale
irradiation facilities have already been constructed by Chinese engineers
to demonstrate the efficacy of food irradiation in Beijing, Chengdu and
Shanghai. Four other commercial-scale irradiators for treating food and
medical products are under construction in Langzhou, Manjing, Shenzhen
Special Economic Zone and Zhengzhon. All four irradiatora will be
completed by the end of 19S6. In addition, two other coaatercial-scale
irradiators are planned for Beijung and Jinan and should be available by
the end of 1987. With exception of the commercial irradiators at Baijung
and Shenzhen Special Economic Zone, the rest were designed and constructed
by Chinese engineers themselves. The details of different Irradiators may
be summarized in Table III.
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Table III. Large Irradiation Facilities in China.

Location Activity (kCi 6OC0)
•axi Currant (4/86)

Purpose

Existing

M l i ins Institute of
Atomic Energy

Chea(dti-Sichaen Inst.
of Buclear Techn.

Shanghai ladiation
Centra

Under Construction

Zhengzbou tadlation
Centre

Langzbou tadiatlon
Centre

•anjin- Inst. of
Application of
Atoaic Iner(j

Sbenzban tadiation
Centra

Plaaaed

••lilnc

300

400

300

300

300

300

1000

2000

70

140

Kxperiaeotal

Oaswnstration

100 + (100. Hay Coaawrcial
<») (Food • aed.)

Coemrctal
(Food • Bed.)

Coamrcial

rcial

Jinan 300

CoiBercUl

Coaatercial
(Bed.)

CoaaMrcial
(Food * Mad.)
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AWWEI I

LIST OF PARTICIPANTS

1) BANGLADESH

2) BANGLADESH

3) INDIA

4) INDONESIA

5) KOREA, REPUBLIC OF

6) MALAYSIA

7) PAKISTAN

ft) PHILIPPINES

9) PHILIPPINES

Dr. H.H. HOSSAIN
Bangladesh Atonic Energy Coaaission
G.P.O. Box 158
Dhaka

Mr. M.A. MATIN
Institute of Food and Radiation Biology
Atoaic Energy Research Establishaent
G.P.O. Bos No. 3787
Dhaka

Dr. G.B. NADKARNI
Bhabha Atoaic Raaaarch Centra
Food Technology & Enzyae Engineering

Diviaion
Boabay 400 085

Mrs. N. MAHA
Caotr* of Application of Iiotopei and

Radiation
National Atoaic Energy Agenej
31. Cinere Pasar Jumat Kotak Poa 2
Kebayoran Laaa
Jakarta, Selatan

Dr. H.O. CHO
Food Irradiation Diviaion
Korea Advanced Energy Reiearch Institute
P.O. Box 7
Cheong tyang
Seoul

Mr. M.B. LEBAI JURI
Nuclear Energy Unit
Priae Minister's Departaent
Puspati Coaples
Bangi, Kajang, Selangor

Dr. I. KHAN
Nuclear Institute for Food & Agriculture
Tarnab, Peshawar

Ms. C. Singson
Philippine Atoaic Energy Coaaiasion
Departaant of Nuclear Services
Diliaan, Quezon City

Ms. L. LACHICA
Food Processing Departaent
Food Terainal Inc.
East Service Road
South Superhighway
Tagig, Metro Manila
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10) SINGAPORE

11) SRI LANKA

12) THAILAND

13) THAILAND

14) VIETNAM

LECTURERS

1) AUSTRALIA

2) FRANCE

3) UNITED STATES

4) IAEA

5) IAEA

Dr. K.H. CHOW*
National University of Singapore
Department of Botany
Lower Kent Ridge Road
Singapore 0511
Dr. M.A. MUNASIRI*
Atomic Energy Authority
H.P.T. Building
Coloabo 8

Dr. P. POTHISIRI
Food Control Division
Food & Drug Administration
Ministry of Public Health
Saasen Road
Bangkok 10200

MS. P. RATTAGOOL
Fish Technology Development Department
Tannatra, New Road
Bangkok
Dr. DINH Ngoc Lan
National Institute for Atomic Energy

of Vietnam
67 Nguyen Du
Hanoi

Dr. Pamela A. WILLS
Isotope Division
Australian Atomic Energy Conmisaion
Private Mail Bag
Sutherland, N.s.W. 2232

Mr. Tves HENON
CEN CADARECHE
Departement de Biologic
B.P. 1
F-13115 - Saint-Paul-les Durance
Dr. J.H. MOY
University of Hawaii
Food Science & Human Nutrition Department
1920 Edmonson Road
Honolulu, HI 96822

Mr. Paisan LOAHARANU
Head,
Food Preservation Section
Joint FAO/IAEA Division

Mr. S.B. HAMMOND
Administrative Officer
Fellowships and Training Section
Division of Technical Assistance and

Co-operation

P.O. Box 100
A-1400 Vienna
AUSTRIA

* Participated only in Shanghai and Hangzhou.
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Annex II

RESEARCH IN THE FIELD OF FOOD IRRADIATION IN CHINA

(Source: Exhibition on food irradiation at the FAO/IAEA Seainar in
Shanghai)

ORGANIZATION PURPOSE OF STUDIES

Veat China University of Medical
Science; Department of Nutrition
and Food Hygiene, Chengdu

Toxicological effects of
irradiated ric* on twain*.

Qingdao Medical College Toxicological effect of
irradiated peanut on huaans and
aniaals.

Cooperation Group of Food Irradiation
of Henan Province

Potatoes: extension of storage
tiae and insect control.

Shanghai Institute of Nuclear Research

Shanghai Institute of Plant Physiology
Shanghai Fruit Company
Horticultural Research Institute

Apples: ripening delay and
storage diseases control
Strawberries: shelf-life
extension.

South China Agricultural College Mushrooms: preservation of
quality before and reduction of
salt used for canning.
Ginger: sprouting inhibition.

Sichuan Institute of Nuclear Technique
Applications

Sausage: extension of shelf-life
at rooa temperature.

Zhejiang Acadeny of Agricultural
Sciences

Mandarine: extension of shelf-
life.
Chestnut: sprouting inhibition.

Zinjian Institute of Physics Research
Acadeaia Sinica

Haai-aelon: extension of shelf-
life.

Shanghai Institute of Nuclear Research Banana: ripening delay.

Institute of Isotopes of Henan Province Dried fruit (jujuba, longan,
lily): insect control.
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ORGANIZATION PURPOSE OF STUDIES

Shanghai Vegetables Company
Horticultural Research Institute

Bamboo (hoots: extension of
shelf-life under refrigeration.

Shanghai Import and Export Commodity
Inspection Bureau

Dehydrated Vegetables:
decontamination
Pepper: decontamination.

Yunnan Agricultural Academj of Science
Kunming Nanba Food Products Factory

Pollen nutriments:
decontamination.

Sichuan Institute of Nuclear Technique
Applications

Pork: shelf-life extension at
room temperature.

Kunming Institute of Plant Research
Academia Sinica

Tabacco: moulds and insects
control.

University of Science and Technology of
China

Pork products: extension of
shelf-life.

Anhui Institute of Epidemic Prevention
Combine Factory of Meat of Hefei
Sou Sf*si Roast Chicken Company Limited

Roasted chicken: extension of
shelf-life.

Nanjing Institute of Application of
Atomic Energy in Agriculture

Suzhou Institute of Food
Gaoge Kunti Factory of Lianshui

Pork stomach and roasted pork:
extension of shelf-life.

Shanghai Institute of Nuclear Research
Academia Sinica

Eadiolysif mechanisms.

Horticultural Research Institute of
Shanghai Academy of Agricultural
Sciences

Irradiated plants physiology.

Shanghai Medical University (Department
of Radiation Medicine)

Shanghai Institute of Nuclear Research
Academia Sinica

Toxicological effects of
irradiated food on animals.
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Final FAO/IAEA Research Co-ordination Meeting on
Factors Influencing the Utilization of Food Irradiation Processes

Dubrovnik, Yugoslavia
10-13 June 1986

The Co-ordinated Research Programme (CRP) on "Factors Influencing
the Utilization of Food Irradiation Processes has been in operation in
the last five years. The major objectives of the CRP were:

a. to produce scientific data on the efficacy of irradiation
to eliminate certain pathogenic microorganisms in fresh and
frozen food;

b. to investigate the use of irradiation to disinfect
parasites in raw and processed food;

c. to investigate the use of irradiation to reduce dependency
on chemical preservation in food.

Two Research Co-ordination Meetings (RCH) were convened under the
scope of this programme in 1982 and 1984. This final RCM was convened to
evaluate results obtained by different investigators in the past five
years and to make specific recommendations to follow-up the outcome of
this CRP. This RCM was hosted by Ruder Boskovic Institute, Zagreb,
Yugoslavia and was convened at Hotel Plakir, Dubrovnik. It was chaired
by Dr. D. Razem, Head of Radiation Chemistry and Dosimetry Laboratory of
the Institute.

The list of the participants and their affiliation is attached as
Annex I. A visit to the Ruder Boskovic Institute in Zagreb especially to
the Radiation Chemistry and Dosimetry Laboratory and a pilot irradiator
containing 50,000 curies of *°Co, was made on 13 June 1986.

The followings are summaries of work reported by the Chief
Scientific Investigator at the RCM: •

Possibilities of irradiation of Salmonella in whole egg powder by
ionizing radiation

CSI (Country) : B. Katusin - Razem (Yugoslavia)
Contract No. : 3636/RB
Starting Date : 1 December 1983
Objectives : 1. To investigate the efficacy of eliminating

Salmonella in whole egg powder by irradiation.

2. To assess the physico-chemical, nutritional
and organoleptic properties of irradiated
samples.

Results : Salmonella was shown to be effectively
eliminated from indigeneously contaminated whole egg powder samples by
irradiation with 1 kGy. However, in order to arrive at a more general
understanding of the radiosensitivity of the most frequently encountered
Salmonella strains, samples artificially contaminated with a mixture of
S. typhi-murium. S. enteritidis and S_. lille were prepared; decimal
reduction dose of 0.8 kGy was obtained. It was also found that the
number of microorganisms surviving sublethal irradiation decreases faster
than the untrradiated population, so that the effect of 1 kGy after 1
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month's storage correspondence to the immediate effect of 3 kGy, about
1/4 to 1/3 of the panelists found the samples irradiated with 4 fcGy
unacceptable.

In search of ways to minimize the effect of irradiation, and in
order to collect data necessary for the evaluation of the wholesomeness
of irradiated products, radiation-induced changes in proteins and fats
were studied in separated components, egg white and egg yolk, as well as
in whole egg powder as function of dose.

Free radicals induced by irradiation of egg powder are the same as
produced by heating. They depend on the irradiated medium, irradiation
conditions and post-irradiation handling. Relative number of radicals
created in egg white is high, as compared to relative numbers of radicals
produced in egg yolk and whole egg. It is assumed that radical transfer
from proteins to fats occurs in the presence of fats and that a large
fraction of radicals is shortlived in fats; on irradiation of whole egg
powder only radicals characteristic for fatty component were found.

Radiolytic decomposition of some amino acids was detected at higher
dose. Selective action of radiation on amino acids indicates that
secondary reactions of reactive species take part in irradiated whole egg
powder. Radiolytic changes in the fatty component include a small extent
of the decomposition of triglycerides, the formation of hydroperoxides
and the degradation of carotenoids. The latter two processes are
mutually related and can be both minimized by the use of high-dose rates
and/or exclusion of oxygen.

An egg product containing a low level of microbial contamination can
be decontaminated by irradiation at high dose rate and in the absence of
oxygen with dose not exceeding 3 kGy. Such treatment would render
microbiologically safe and wholesome product.

Effects of Rood manufacturing practice on quality of irradiated
shrimp.

CSI (country) : P. Rattagool (Thailand)
Contract Ho. : 2686/RB
Starting date : 1 October 1980
Objective : 1. To determine the hygienic quality,

microbiological, chemical and organoleptic
properties of frozen shrimp for export.

2. To set up the standard of Good Manufacturing
Practice of frozen shrimp for export.

3. To investigate a certain radiation dose to
elimanate food-borne pathogens (Salmonella,
Staph. Shigella, Vibrio etc.) from frozen
shrimp for export.

BeauIts : Farm shrimp (Peneaus indicus) has been used
for quality analysis. Two sets of fresh farm shrimp were devided into 2
groups of samples, i.e. one treated according to Good Manufacturing
Practices (caught, handling, transportation, cooling, sanitising also
plant processing) while the other was treated as normal commercial
manufacturing practices. Also, shrimp of common and poor quality from a
private seafood processing company had been collected for irradiated
study.
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The quality of food which had already deteriorated cannot be
improved by any dose of radiation or any technology. But the good
manufacturing practice (proper cooling, good handling, proper container,
short transportation time), good sanitation practice in handling, and
material quality control etc.), are important factors which could
influence the quality of shrimp after irradiation. The sufficient
radiation dose for commercial use to control food-borne pathogens are
recommended only 1 to l.S kGy.

Effect of radurization a 1 packaging on the shelf-life and quality
of anchovy

CSI (country) : I. Oeztasiran (Turkey)
Contract Mo. : 3274/RB
Starting Date : 1 December 1982
Objective : To determine optimum radiation dose, shelf-life

extension, microbiological, chemical and
organoleptic changes of anchovy stored under
refrigeration.

Results : Combined effect of radurization and chemical
treatment and packing on the shelf-life and quality of anchovy (Engraulis
encrasicalus) stored at 0-3°C was studied. In the sensory evaluation
of the raw and cooked fish, the panel found no marked difference between
the unirradiated and irradiated samples before storage. The shelf-life
of anchovy irradiated at 1 kGy was observed as 10 days for the
nonvacuated samples, 12 days for NaCl + TPP treated samples, 13 days for
the vacuum packaged and CO2 packaged fish samples at 0-3°C. After 12
days of storage the aerobic mesophilic count increased from 4.1 I
103/g. to 1.0 x 108/g. and 1.3 x 103/g. to 6.5 x 106/g. and
aerobic psychrophilic count reached from 7.2 x 103/g. to 3.2 x 107/g
and 2.3 x 103/g. to 8.5 x 106/g. in the 1 kGy samples and the TPP
treated and irradiated samples, respectively. In the irradiated vacuum
packaged and CO2 packaged samples, the initial aerobic mesophilic count
of 6.4 x 103/g. and 5.0 x 103/g. increased to 9.8 x 105/g. and 1.4
x 105/g. and anaerobic and facultative anaerobic count reached to 2.1 x
104/g. and 1.3 x 103/g. on the 13th day of storage. The conforms,
E. coli and Staphylococcus auraus were detected lower than 3 HPN/g.
during storage of irradiated samples. Clostridium were not detected in
any of the treated and untreated samples at 0-3°C. The initial
•icroflora of unirradiated samples at 0-3°C was found to be mainly gram
negatives including Pseudomonas. Achromobacter-Moraxella. Acinetobacter,
Flavobacter. while 1 kGy samples, the irradiated samples treated by TPP
and NaCl showed mainly Achromobacter-Boraxella. Lactobacillus and
Hicrococcus. The terminal flora of unirradiated samples consisted of
Pseudomonas and Wicrococcui while the 1 kGy samples, the TPP-irradiated
samples and the NaCl-irradiated samples had a final flora dominated by
Achromobact«r-Horax«lla and Micrococcui. Dip treatments for 15 min. in
10% TPP solution were more effective than the dip treatment for 60 min.
in 10X NaCl solution for reducing the driploss of irradiated anchovy.
The changes in driploss on untreated and treated samples did not
correlate with sensory score*. The TVB-N values of both the untreated
and treated samples gave significant correlation with organoleptic
changes during storage. The PV and TBA values in the TPP-irradiated
samples and NaCl-irradiated samples showed markedly increase after 12
days of storage. It was observed that combination of vacuam packaging
and radurization at 1 kGy is the preferable treatment which would extend
the shalf-life of anchovy fish for 9 days over the untreated one at 0-3°C.
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Irradiation as a process in the elimination of pathogens of Ghanian
smoked tuna fish.

CSI (country) : V. Appiah (Ghana)
Contract Mo. : 3545/RB
Starting Date : 1 November 1983
Objectives : To determine hygienic quality, organoleptic

properties and shelf-life or irradiated smoked
tuna stored either at ambient conditions or
under refrigeration

Besults : The hygienic quality of Ghanian smoked tuna was
determined microbiologically by examining samples obtained from the local
market. Escherichia coli was present in 30% of samples examined;
Staphvlococcus aureus was prevalent in 80% of samples. The
microorganisms present were predominantly bacteria, moulds and yeasts
occuring occasionally in low concentrations. Freshly smoked tuna were
irradiated at doses 0, 1.0, 2.0, and 3.0 kGy and subjected to
organoleptic evaluation for the colour, taste and texture. The doses
applied did not cause any significant change in the organoleptic quality
of smoked tuna.

Smoked tuna of low and high salt concentrations were irradiated with
the doses 0, 1.0, 2.0, and 3.0 kGy. One batch of the treated fish was
stored in a refrigerator (5-10°C) and the other at ambient
(2S-28°C). They were examined at intervals for organoleptic and
microbiological quality. The shelf life of smoked tuna with low salt
content was extended by 3 days when irradiated at 3 kGy and that of high
salt content for 6 days. Cold storage delayed spoilage and products were
in good condition for more than 12 days of storage.

Fish was smoked in a metal oven and the temperature, pH and moisture
contents during smoking were monitored. The smoking temperature was
found to be between 45 and 60°C and the time about two hours.

A number of packaging materials were evaluated for the packaging of
irradiated smoked tuna. Paper and vacuum sealed polythene were found to
be better.

Irradiated smoked tuna was transported to Kuaasi (250km), analysed
and the results compared to that of a batch kept in the laboratory.
Transportation was found not to affect the quality of irradiated packaged
fish significantly.

Combined effects of irradiation and conventional method* of meat
preservation on pathogenic bacteria

CSI (country) : J. Szcsawinski (Poland)
Contract Wo. : 3732/RB
Starting Date : 1 August 1984
Objectives : 1. To determine the effect of irradiation (3

and 6 kGy) on the probability of outgrowth and
toxin formation by C. botulimum type A, B and E
in inoculated cured pork during simulated
temperature abuse;

2. To check whether lowering of nitrite input
and/or decrease of botulism hazard can be
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achieved by combination of curing,
pastuerisation and irradiation of meat.

Results : The obtained results demonstrated that
increasing irradiation dose (0, 3, 6 kGy) systematically reduced spoilage
and probability of toxin production by C. botulimum in pasteurized
samples of cured meat at each level of added nitrite (0, SO, 100, 156
mg/lcg). The level of nitrite presently used in some canned, pasteurized,
cured meats (156 mg/kg) could be reduced to 100 mg/kg without increase of
botulism hazard by irradiation with a dose of 3 kGy.

Decrease of botulism hazard and reduction of nitrite added into the
meat could be achieved by combination of curing with 100 mg/kg
pasteurization and irradiation with a dose of 6 kGy.

Infectivitv of irradiated cvsticucus cellulosae

CSI (Country) : M. Bhaibulaya (Thailand)
Contract Ho. : 3399/RB
Starting Date : 1 Hay 1983
Objective : 1. To search for taeniasis solium cases to

obtain eggs of the tapeworm.

2. To infect pigs with eggs of T. solium and to
evaluate the effect of irradiation on the
infectivity of Cvsticercus cellulosae.

Results Up to the present, eight hundred and four
faecal specimens were examined and only 26 specimens or 3.2X were found
to contaminated with Taenia egg. However, all of 26 cases were found to
be Taeniasis saeinata. As man is the only known definitive host,
although the cysticercus can be developed in the calf intermediate host,
the assessment of infectivity of the irradiated cysticercus bovis seems
to ba less possible. Therefore, in order to make this project assessable
searching for Taenia solium should be continued as the lar-gibbon and
hamster can serve as its experimental definitive host.

Control of Trichinosis bv low-dose irradiation of pork

CSI (Country) : J.S. Sivinski* (USA)
Agreement Mo. : 3573/CF
Starting Date : 26 April 1984
Objective : To investigate the efficacy of ga

irradiation on split carcasses of hog to render
them trichina-safe.

Results Gamma irradiation of Trichinella
spiralis-infected pork with a dose of 15 to 30 krad blocks maturation of
ingested larvae in the host gut and prevents production of larval
progency. Experiments with freshly-slaughtered (prerigor) hog carcasses
indicate that larvae distributed throughout the skeletal muscles have
similar radiosensitivities. Neither the age of the encysted muscle
larvae nor vacuum packaging of the meat significantly affected this
radiosensitivity. Postirradiation holding of irradiated meat leads to

The paper was presented by K.D. Marrell, USDA/AKS. Beltsrille, MD,
who is the co-worker under this project.
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little if any recovery of trichina viability. The data indicate that 30
krad cesium-137 gamma radiation can be delivered to split market-weight
hog carcasses with acceptable uniformity, and that under all conditions
tested such a dose can provide a substantial margin of safety for human
consumption of heavily infected meat.

ACMEVEMEMTS UHDEE THE CBP

In addition to the achievements reported at previous RCHs in 1982
and 1984, the participants made the following observations and
conclusions of the CEP:

I. U«« of Irradiation to Control Food-Borne Pathogenic Microorganisms

Despite serious efforts by national and international
authorities to improve hygienic quality of food during
production, handling and processing, food-borne diseases
continue to spread throughout the world. In addition, a number
of food commodities which are important sources of foreign
exchange such as frozen shrimp, frog legs and spices are often
rejected by importing countries on the ground of their hygienic
quality. The magnitude of economic losses caused by food-borne
diseases and rejection of food infected by pathogenic
microorganisms in the trade can be enormous. A recent study
conducted by the Economic Research Service, US Department of
Agriculture showed that the cost of medical treatment and lost
productivity for five common food-borne diseases (Salmonellosis,
Campylobacteriosis, Toxoplasmosis, Trichinellosis and beef
tapeworm) total approximately one billion VSt annually.
Imported frozen shrimp alone is rejected by the US-FDA at the
value of approximately VSt 50 million each year.

Data generated by this CRP and elsewhere have demonstrated the
efficacy of irradiation to control food-borne pathogenic
microorganisms such as Salmonella. Campylobacter. Yersinia.
Vibrio. Staphylococcus. etc. Irradiation dose ranges from 3 to
S kGy proves to be sufficient to control these pathogenic
microorganisms in a number of food of animal origins such as
fresh and frozen seafood, poultry and red meat, egg powder, etc.

To ensure readily acceptance of irradiation technology as a
method to reduce food spoilage and to control food-borne
pathogens, the following factors are important to follow:

a. Good Manufacturing Practice (CMP)

As stated in the Codex General Standard for Irradiated
Poods, irradiation should be used for treating food
only whan it serves technological purpose and not as a
substitute of GMP. 6MP must be, in all cases,
strictly adhered to in order not to amplify on any
inherent pathogenic problem in foods as well as to
employ only minimum effective dose of irradiation.
Food that has already deteriorated cannot be improved
through the use of irradiation or any other
technology. Experiments conducted by P. Sattagool
under this CBP provided ample evidence that
irradiation neither improve shelf-life nor
organoleptic properties of shrimp which were already
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poor in quality before the treatment. This study
showed that proper cooling, good sanitation practice
in handling, and material quality control, etc. are
important factors which could influence the quality of
shrimp after irradiation. Appropriate packaging and
storage must always be considered in association with
irradiation treatment of dried and smoked fish (V.
Appi ah's paper).

Good GMP will reduce dose requirement to ensure
hygienic quality of food and will, in time, reduce the
costs associated with the treatment as well as
resulting in a product of optimum quality.

Recommended Dosages

In the contest of this meetings, the goal of food
irradiation practice is the reduction of spoilage and
improve control of pathogens in food of animal origin.
Dose requirements must be based on the initial level of
microbial infection and on the specific radiosensitivity of
the target microorganisms, with a sufficient safety margin
to ensure a pathogen free and wholesome product. The
details of microbiological safety of irradiated food is
published by the Codes Alimentarius Commission (CX/FH/83/9).

Process control procedures

As is the case of other manufacturing procedures,
regulation of food irradiation should be under the auspices
of national health authorities. The role of process
control precedures are to ensure that recommended dose
requirements are rigidly adhered to. It is absolutely
essential that proper dosimetry control is maintained.
This should be carried out in conjunction with the IAEA
International Dose Assurance Programme to ensure the
correct doses and optimal dose distribution, taking into
consideration the product density and package geometry.

Technology transfer to industry

The ultimate goal of food irradiation research is the
application of technology in industrial processes.
Sufficient data are currently available on the use of
irradiation to commercially control food-borne pathogens in
many types of food, especially those of animal origin.

In spite of this, many food industries are not fully aware
of the practical and commercial advantages of food
irradiation. All efforts should therefore be made to
encourage the food industry to participate in pilot scale
research to practically demonstrate the use and advantages
of food irradiation to their food products.

Reduction of production losses, increase of shelf-life and
flexibility in food distribution are aspects that can be
clearly quantified. These characteristics lead to improved
efficiency and effectiveness of commercial operations and
results in improved returns to this manufacturer.
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Governments should be encouraged to provide information to
convince the private sector to facilitate transfer of
technology.

Recognition by National Health Authorities

National health authorities are responsible for the health and
welfare of the population. With regard to food, they are responsible to
control the safety of foods which are sold in the market. Normally, they
would authorize the use of food processes such as heat, refrigeration,
chemicals, etc. to assure microbiological safety of food. For example,
when the benefit of heat pasteurization of milk was by far outweigh the
risk of Salmonellosis and Tuberculosis in the population, health
authorities in most countries demand that milk must be mandatorily
pasteurized before being sold in the market. It is believed that health
authorities must be involved in controlling the process of food
irradiation just as to other food processes.

In addition, as poultry is associated with Salmonella infection, the
increasing consumption of poultry products in a number of countries in
recent years is likely to contribute to the increasing incidences of
Salmonellosis.

The effects of irradiation on elimination of Salmonella in meat,
poultry and egg products are well documented. However, before national
health authorities are willing to consider accepting irradiation as a
method to control food-borne pathogens, they have to be assured of the
safety of irradiation as a method for food preservation. The following
factors are believed to facilitate such recognition and acceptance of
irradiation.

1. The position of the World Health Organization (WHO) on
irradiation of food. Although the Codex Alimentarius Commission of the
FAO/WHO Food Standard Programme has recommended the use of irradiation as
a method for food preservation up to an overall average dose of 10 kCy,
the view of the WHO with regard to the safety of process would facilitate
wider acceptance in most countries. WHO should therefore be invited to
publish review articles on various aspects of safety of food irradiation
(e.g. toxicological, microbiological, nutritional, radiolytic products,
etc.) and distribution them through their established channels to reach
as many audience as possible.

2. A compilation of the approval and application of this technology
in other countries. Such compilation is published in the Food
Irradiation Newsletter from time to time.

3. A compilation of published documents on safety of food
irradiation processes. A number of such documents have been published by
national and international organizations and were used for evaluating the
safety of food irradiation in several countries. The Food Preservation
Section is requested to compile references of these documents for
distribution upon request.
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II. Control of Foodborne Parasites

A. Foodborne parasites of greater public health significance
include:

1. Trichinosis - Trichinella spiralis - pork, horse meats

2. Cysticeriosis - Taenia solium - pork

Taenia saginata - beef

3. Toxoplasniosis - Toxoplasma gondii - pork, lamb, etc.

4. Liver Fluke Infection - Opisthorchis viverini ) fish
Clonorchis sinensis > (fish)

5. Anisakiasis - Anisakis SPP ) fich
- Phocanema «PP) (marine)

B. Existing Control Methods

Currently, the control for trichinosis and cysticercosis is
dependent upon post-mortem meat inspection; these efforts are confined
chiefly to well-developed countries. The adoption of such control in
less-developed countries is handicapped by the economic burden incurred
by training and maintaining qualified meat inspectors. Inspection is
also difficult to initiate for these diseases each in some well-developed
countries such as the United States because of the cost involved in
inspecting the very large number of hogs slaughtered per year. Control
strategies aimed at prevention of infection of food animals are difficult
to realize because of the wide variation in animal husbandry practice
that exist through-out the world. A more effective approval towards this
goal of preventing infection in the food animal is to remove infected
meat from the food chain, because neither of these two diseases have
significant reservior infection sources. Destruction of the parasites in
the neat would break the infection cycle.

In the case of toxoplasmosis, no control efforts are now being
made to prevent meat-borne transmission. Further, inspection for this
intra cellular parasite is not practical in any country. Confounding
control is large number of potential animal reservoir host at the
farm-level. These factors make destruction of the parasite infected meat
the only feasible control method. As with trichinosis and cysticercosis,
proper cooking, freezing or cuting of meat is effective in inactivating
the T.. nondii parasite. However, the incidence of infection suggests that
these controls are not sufficiently reliable.

Fresh water fish-borne parasite that cause liver diseases are
not subjected presently to any known control effort. Health education
efforts to encourage people to cook the fish well obviously have not been
very successful because, for instance, infection rates in Thailand arc
greater than 50% in some regions. No other control strategies arc
obvious at this time that would be practical or compatible with existant
cultural habits. With regard to marina fish-borne parasite, control by
inspection is being utilized in a few countries. However, it is unlikely
that this control method will bt adopted widely because it is costly and
very labor-intensive. The most viable approach for control for
fish-borne parasites is to destroy them in the fish because prevention of
fish infection is not possible. The commonly available method for this
is freezing but this again is both difficult to perform and expensive.

35



Results from ongoing and published research demonstrate that
relatively low doses of irradiation can effectively destroy parasites in
meat and fish. The probable doses to control some of the major foodborne
-parasite are:

Parasite Absorbed Dose

Trichinella spiralis 15 Krad
Cvsticercus cellulosae 20 - 60 Krad
C. bovis 60 Krad
Opisthorchis viverrini 50 Krad
Toxoplasma nondii SO Krad

With the exception of T. spiralis and Toxoplasma condii. it is
believed that SO Krad would render other foodborne parasite
noninfective. Additional research is needed, however, on those parasites
to confirm the effectiveness of irradiation as a control method for all
foodborne parasites. Because the dose are of a low order for application
of food irradiation, the potential for controlling foodborne parasites by
this technology is high. If control of bacterial infection in food by
irradiation is realized, then control of parasites will also be achieved
because the effective doses for them are normally lower than those
required for bacteria. This would result in effective control at minimum
cost in terms of money and time. Further, because many current control
efforts could be eliminated or reduced, especially those requiring food
additives such as salt and nitrate for the curing of pork, good quality
could be enhanced in some cases. Also, costly inspection procedures
could be simplified or, in some cases, even eliminated. For trichinosis
and cysticercosis irradiation of meat could lead to eventual eradication
of the infection from the meat supply.

Importantly, many countries now permit irradiation of a wide
variety of foods, including pork in the United States. This information
should be better disseminated so that consumers can be made aware that it
is not a new technology or one that is employed on a limited scale.
Further, the scientific data on both the effectiveness and safety of food
irradiation needs to be presented in more popular formats, such as
magazines and newspaper articles.

Meed for further research

1. Determination of effective doses for Cysticercosis, liver
flukes, and the nematodes transmitted by marine fish. The
criterion for effective dose should be non-infectivity by
instead of non-motility. Included should be analysis of
influence of storage time, temperature, packaging along
with post-irradiation organoleptic qualities.

2. Modelling analysis to predict the impact of this control
strategy on the epidemiology (i.e. incidence) of the
parasite with the intent to determine how long the control
by irradiation should be continued for parasites in which
the life cycle requires pigs or human as definitive hosts
(trichinosis, cysticercosis).

3. Economic studies to determine the cost/benefit ratio of
irradiation to control parasites.

4. Public education campaigns to enhance acceptance by
consumers and government agencies.
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III. Recommendations

The increasing widespread of foodborne infections from
Salmonellosis, campylobacteriosis, toxoplasmosis and trichinellosis shows
that there is a need to employ every available technology to combat these
pathogens. The change in eating habit of population in many countries
and the node of distribution and preparation of food appear to favour
infection of certain pathogens. For example, the increase in consumption
of chicken is likely to increase the incidence of Salnonellosis in a
number of countries especially in tropical ones.

Published literature and data generated by this CRP showed that
irradiation could play an important role in reducing the incidence of
food-borne infection. Irradiation appears to be an efficient method for
disinfecting intermediate and low moisture food especially those from
animal origin similar to the efficient pasteurization of milk and fruit
juices by heat. Thus, national authorities should be encouraged to adopt
the use of this important technology to ensure the hygienic quality of
solid food such as poultry and red meat, frozen seafood and frog legs,
egg powder, etc.

To facilitate a wide acceptance and application of irradiation
to control food-borne infection, the participants made the following
specific recommendations:

1. A comprehensive review on the potential benefit of
irradiation to reduce the incidence of food-borne diseases
should be carried out by international organizations such
as FAO and WHO. The World Health Organization should be
requested to publish this review report and disseminate it
to its official contact point with a view to request
national authorities to adopt irradiation as a method to
control food-borne infection.

2. Seminars/symposia on contribution of irradiation to food
safety should be convened by different regions by FAO, IAEA
and WHO to facilitate wide acceptance and application o£
the technology by national authorities. Such regional
seminars/symposia could be coordinated with Regional Codex
Co-ordinating Committee Meetings.

3. Medical groups such as national institute of health,
centre for communicable diseases, national medical
associations, national food trade associations should be
invited to evaluate the application of irradiation to
control food borne infection. The outcome of such
evaluation should be publicized.

4. WHO should be invited to publish a brochure on the risk
vs benefit of irradiation with emphasis on public health
implication and pass it to national medical associations to
distribute it amoung their members.

5. National authorities should be encouraged to survey the
incidence of foodborne illness and compute it in terms of
economic losses in wages and productivity.

6. Mass media should be involved in informing the public of
the benefit of irradiation as a method for reducing
food-borne diseases.
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WORKSHOP OH FOOD IRRADIATION FOR
THE COUNTRIES OF LATIN AMERICA

Introduction

The Workshop on Food Irradiation took place at the Centro de Energia
Nuclear na Agriculture (CENA) from 7 to 18 July 1986, and was organized
by the International Atomic Energy Agency (IAEA) in connection with
launching a regional research programme on food irradiation for the Latin
American countries participating in the ARCAL progr*

The principal purposes of this workshop were the following:

(a) To publicize and review the progress wade in the scientific,
health, legal and commercial aspects of food irradiation in the
region in question and on a world scale;

(b) To evaluate research requirements under the co-ordinated
regional research programme on food irradiation,

Guided by the principal purposes of the workshop, the participants
presented and discussed the following points in detail.

First part: Reports by participants on the development of food
irradiation technology in the countries of the Latin
American area.

Second part: Reports on proposals for research projects on food
irradiation in the region.

Third part: Directives for food irradiation; technical research and
co-operation programmes.

Fourth part: General considerations on legislation governing food
irradiation in the countries of Latin America.

Fifth part: General recommendations

The participants in the workshop were invited to visit various
departments of the CENA, the Institute of Food Technology (ITAL) at
Campinas, the Empresa Brasilera de Radiaciones (EMBRARAD) at Sao Paulo,
the Agricultural Supply Market at Sao Paulo, and the "Luiz de
Queiroz-Esalq. Higher School of Agriculture at Piracicaba.

The list of the participants in the workshop is annexed to this
report.
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I. REPORTS OF PARTICIPANTS ON THE DEVELOPMENT
OF FOOD IRRADIATION TECHNOLOGY IN THE
COUNTRIES OF THE LATIN AMERICAN AREA

Statements

1. Introduction by Dr. J.G. van Kooij, Director of the International
Facility for Food Irradiation Technology (IFFIT)

He explained the purpose of this workshop on food irradiation, held
at CENA between 7 and 18 July 1986. He mentioned in chronological order
the activities carried out by the Food Preservation Section of the
FAO/IAEA Joint Division, especially on the effectiveness of the regional
programmes for application of this technology.

Participants in this firts part, in the following order: Ricardo
Muiioz, Frederico Wiendl, Harcelo Gloria, Juan Espinoza, Nelson Suplicy,
Ernesto Bleinroth, Dr. Norma Kaupert, Luiz Tahuata, Mario Morote, Victor
Martin, Fernando Lalaguna, Dr. Gladys Leon de Lozano and Sergio Zuleta.

In general the participants gave an account of the chronological
development of food irradiation activities in their respective countries
and described the irradiation facilities available to each of those
countries.

They next proceeded to list the food products to which this
technology is being applied. To summarize, in general, the technology is
used to inhibit sprouting of tubers and bulbs in order to improve their
marketing conditions, and to reduce losses; application to delay the
ripening period of fruit grown in each country, with a view to export to
the markets of Canada, the USA, Japan and Europe; application of the
technology, including radurization and radicidation to foodstuffs such as
spices, aromatic herbs, poultry carcasses, sea foods, fresh and processed
red meat, banana and other dried fruits. Application to solve problems
of cysticercus, trichinae and contamination by mycotoxins originating
from fungi.

In each case reference was made to the importance of these
commodities for the development of the national economy, and for the
reduction of losses within the household sphere.

Reference was also made to the problems involved in the application
of this technology, i.e. harvesting, post-harvesting treatment, storage,
marketing, and losses caused by fungi, bacteria, yeasts or insects.

Mention was further made of the situation prevailing in each
country, in connection with legislation to obtain licensing to permit
irradiation of foodstuffs.

Finally, mention was made of consumer acceptance tests of irradiated
commodities, in the various countries.

An indication was given of the attitude of the respective
governments regarding the use of this new technology in the countries of
Latin America; also of the possible support by governments for the
application of food irradiation technology.

Conclusions

From the statements by the various participants the following
conclusions were drawn.
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1. There is in the region sufficient information and technical data
available regarding the applicability of this technology to foods such
as: potato, onion, garlic, spices, aromatic herbs, fruits such as:
strawberry, papaya, avocado, "babaco", mango, melon; pork, red meat,
poultry, sea foods -nd derivatives of the latter.

2. Preliminary marketing and public acceptance studies have been
carried out for potato in Uruguay, onion and garlic in Argentina and
Chile, and strawberry in Argentina, Chile, Uruguay and Ecuador.

This indicates that this type of study should be carried out on
other products for which irradiation gives good results in the countries
which have worked with them. For disinfestation of other well-known
erain pests.

3. In general, it was confirmed that those countries which already have
irradiation facilities operating on a semi-commercial scale have had no
difficulties with the following: availability of Cobalt-60 sources;
availability of secondary standards dosimetry centres in Argentina,
Brazil and Ecuador. Also legislation governing marketing of irradiated
foodstuffs in accordance with Codex Alimentarius standards. Argentina
has been producing industrial sources of Cobalt-60 since 1986.

4. Those countries which already have legislation on the subject have
carried out campaign to inform the general public about the technology.

5. It is necessary to perform economic feasibility studies in respect
of a certain number of commodities which are of economic importance in
the region. The economic studies carried out in a few countries of the
region could be extended to other countries which have not yet done so.

6. Those countries which do not have pilot-scale facilities for
applying food irradiation techniques have difficulties in obtaining
support from the industrial sector, i.e. the transfer of technology to
the private sector which is the major user of the process.

7. It is desirable that those countries which have made some progress
in the technical areas of acceptability, legislation and economic
viability should make their knowledge available to the other countries in
the region. This would permit commercial exchanges between the countries
of the region.

8. The above-mentioned co-operation could be affected via the exchange
of specialists among the various countries in the region.

9. To implement these intraregional exchange activities the financial
support of the International Organizations is required.

II. PROPOSALS FOR RESEARCH CONTRACTS SUBMITTED TO THE IAEA

The following proposals were discussed at the workshop:

1. Elimination of pathogens and reduction of non-significant flora
in lean poultry meat.
N. Kaupert (Argentina)

2. Application of irradiation to processed crustaceans so as to
extend marketing life
E. Bertullo (Uruguay)
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3. Effect of irradiation on the quality and shelf life of fish
sausages (calces) and its nitrite and nitrate interaction as
anti-microbic agents
N. Abdalov- (Uruguay)

4. Reduction in post-harvesting losses of perishable fruit and
vegetables and fish products and disinfestation of spices and
aromatic herbs
R. Munoz (Ecuador)

5. Extension of the marketing life of fresh fish fillets, meal and
by-products
H. Morote (Peru)

6. Disinfestation of mango and other fruit
S. Zuleta (Colombia)

7. Irradiation of agricultural commodities to reduce
post-harvesting losses in Brazil
P.M. Wiendl (Brazil)

8. Effects of doses less than one IcGy on the commercial quality of
fruit and vegetables
T. Rubio (Chile)

9. Economic feasibility of the irradiation process and evaluation
of the reduction in pesticides
H. Gloria (Brazil)

10. Elimination of pathogens and reduction of decomposition flora in
poultry
B. Bernardes (Brazil)

11. Elimination of pathogens in poultry feed
J.A. Paiva (Brazil)

III. DIRECTIVES FOR FOOD IRRADIATION

Regarding the drafting and implementation of the Regional Pood
Irradiation Programme, Professor James Moy presented to the participants
a paper entitled "Directives for appropriate research procedures in the
field of food irradiation".

IV. GENERAL CONSIDERATIONS ON LEGISLATION GOVERNING FOOD
IRRADIATION IN THE COUNTRIES OF LATIN AMERICA

Dr. J.G. van Kooij gave detailed information on the present status
of standardization of the food irradiated process as undertaken by the
FAO/WHO Commission for the Codes Alimentariu* and on food irradiation
legislation in the various countries.

Within the Latin American area, Brazil and Chile ara the only
countries which have adopted comprehensive legislation governing
irradiation of foods and the marketing thereof, following the guidelines
laid down in the Codes Alimentarius. Argentina has lesgialation
containing articles regarding general conditions of irradiation,
individual approval being necessary for each food commodity.
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Regarding legislation on food irradiation technology, the following
recommendations are made.

1. Compare this technology with those already in existence and in use
for food preservation, with a view to demonstrating its advantages.

2. Take account of the technical aspects of licensing of facilities,
their operation, safety and radiation protection.

3. Stress the harmlessness of the process.

4. Emphasize the effectiveness and versatility of the practical
applications of this technology.

5. Take account of consumer acceptability, including information and
labelling of irradiated foodstuffs.

6. Stress that this preservation technology is a physical process and
not a food additive.

7. Accept the proven safe dose level of 10 kGy as laid down in the
Codex Alimentarius.

8. Adopt the maximum permissible energies in accordance with the
radiation sources as laid down in the Codex Alimentarius.

9. Include dosimetry of the exposures applied.

10. Establish the maximum dose/minimum dose relation for the
introduction and practice of food irradiation technology by means of
appropriate legislation and by the manufacturer.

11. Promote the general use of the logotype designed by the Netherlands
as a symbol for irradited commodities.

These considerations will facilitate the preparation of the
legislation and regulation appropriate to each country.

Conclusions

From the statements by the various participants it is concluded that:

1. Each participant in this workshop on food irradiation will take
appropriate measures with a view to the adoption of legislation
governing food irradition, following the Codex Alimentarius
standards, in his respective country.

2. Encouragement to be given to the participation of experts in food
irradiation as advisers to the Latin American and Caribbean
committee for the Codex Alimentarius.

3. Encouragement to be given to participation by States Members of
ARCAL in the International Consultative Group of Pood Irradiation.
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V. RECOMMENDATIONS

As a result of their deliberations and their final discussion the
participants in the workshop reconmended the following:

1. In order to facilitate research and rapid practical application of
this technology, dissimination of data by the ARCAL countries should
be intensified. The participants recommend that ARCAL should
establish and information centre for the sore efficient
dissemination of these data among the countries of the area.

2. The workshop recommends the carrying out of economic feasibility
studies on food of importance to the area. For example, tubers
(potato, garlic and onion); fish and crustaceans, and fruit
(berries, mango papaya and dried fruit).

3. In view of the economic importance of fruit crops in the region for
export markets, and of the technical efficiency of the use of
radiation as a quarantine treatment, high priority should be given
to determination of the dose appropriate to control various species
of insect prevalent in the region such as Anastrepha, Ceratitis
etc., so as to ensure international quarantine. This type of
information could lead to a rapid commercial application of food
irradiation technology in the region.

4. It will be seen that those countries which posses pilot-scale
facilities have been able to develop this technology with greater
ease than those which do not have such equipment. This is reflected
in the greater collaboration with national programmes received from
the producing, industrial and export sectors. Participants should
follow the recommendations of the IAEA's food irradiation code of
practive.

5. The members of the LAFIP group notify the ARCAL programme that the
Argentine CNEA and the Chilean CCheN offer the services of their
experts and their facilities for purposes of fellowships or
assistantships for personnel from Member States.
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ITEMS OF INTEREST

CAMADIMI IBRAPTATIOH CEMTRE (CIO

Canadian Irradiation Centre (CIO is a cooperative project between
the Atomic Energy of Canada Limited (AECL), Radiochemical Company and
University of Quebec, Anaand-Frappier Cresala Institute, Laval, Quebec.
This joint non-profit undertaking plans to develop and promote Canada's
radiation processing technology and its application worldwide by:

. conducting applied research

. training irradiation facility staff

. educating industry and government

. operational and scientific demonstrations

. developing processing procedures and standards

. performing product and market acceptance trials

AECL will own and operate a multi-purpose carrier irrediator,
develop and conduct operations related training courses, and work
collaboratively with Armand Frappier Institute. The Centre for Applied
Research in Food Science which belongs to the latter, will administer
research, demonstration and training activities related to processing,
preservation and marketing of food products treated at CIC.

The Centre is located on the Campus of the Institut Armand-Frappier,
City of Laval, minutes from Montreal's two International Airports and
downtown Montreal, Quebec, Canada.

In addition to a full-scale multi-purpose industrial irradiator, the
Centre includes: 7,000 square feet of warehouse with refrigerated and
frozen storage space; 6,000 square feet of classroom and office space;
and 11,000 square feet of laboratory and workshop space. Three meeting
facilities can accommodate groups as large as 50 people. The laboratory
space includes fully-equipped chemistry, bio-chemistry, microbiology,
plant physiology, dosimetry, physics and organolepthic testing
laboratories. In addition, the larger meeting facilities, and
comprehensive research resources of the Institut Armand-Frappier are
available to support the Centre's activities. Construction began on
September 5, 1986, and the official opening is planned for June 1987.
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6TH IMTEBMJITIONAL MEETING ON RADIATION PROCESSING
Ottawa, Ontario, Canada
31 May - 5 June 1987

Meeting Prour

The programme includes a mixture of invited lectures, contributed
papers, poster sessions, panels, open discussions, and basic and advanced
tutorials. Ample time has been provided for informal discussions and
visits to the Radiation Processing Resource Centre. To complement the
programme, optional visits will be arranged to the following:

A commercial scale demonstration gamma irradiator in Montreal,
Quebec.
The world's largest Cobalt-60 production facility at Kanata, Ontario.
The electron beam accelerator development programme at Canada's
Chalk River Nuclar Laboratories.

The following listing of session topics is preliminary and subject
to modification based on the response to this first circular.

A. Plenary Sessions

1. Industrial Electron Processing: Status and Prospects
2. Industrial Gamma-Ray Processing: Status and Prospects
3. Advances in Radiation Chemistry

B. Invited Lecture and Contributed Paper Topics

1. Surface and Interfacial Science of Radiation Processing
2. Food Irradiation
3. Very High Dose Rat* Technology
*. Reaction Kinetics of Ionizing Radiation Chemistries
5. Quality Assurance in Radiation Processing
6. Radiation Resistant Materials
7. Radiation Reactive Materials
S. Synergistlc Theraal/RadUtion Treatments
9. Haw Dosimetry Systems

10. Inhibitors and Accelerators for Irradiation Initiation
11. Environmental Applications: Stack Gas, Biomass Conversion,

Liquid Effluents.
12. Regulatory Issues
13. Maw Radiation Applications and Developments in High Technology

Areas.

C. Panels and Open Discussions

1. Dos* Setting-International Standards
2. Consumer Reponse to Food Irradiation
3. User Experience with Commissioning and Operation of Industrial

Radiation Processing Facilities
4. International Regulations in Food Irradiation

Lantuac*

English is the official language for the conference.
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Accommodation

The aeetins will be held in downtown Ottawa at the Skyline and
Holiday Inn Hotels. These adjacent hotels are connected by an
underground entertainment and shopping complex.

Registration

The registration fees for this five (S) day international meeting
are:

$ 735 (U.S.) Single Occupancy
$ 585 (U.S.) Double Occupancy (per person)

The registration fees include five (5) nights accommodation,
conference publications, Sunday Evening reception, the conference
banquet, three (3) lunches, coffee breaks, gratuities and taxes.

Further information concerning the 6th International Meeting on
Radiation Processing may be obtained from:

Mrs. E. Golding
6th International Meeting on

Radiation Processing
P.O. Box 13S33
Kanata, Ontario
Canada K2K 1X6

COHHEBCIAtlZATIOII OF FOOD IBBMHATIOH

Following the conclusion of tht FAO/IAEA/WHO Expert Committee on
Wholesomeness of Irradiated Food in 1980 and the adoption of the Codex
General Standard for Irradiation Foods by the Codex Aliaentarius
Commission in 1983, national authorities have shown increasing positive
attitudes on approval of irradiated food or even the process itself. As
a result, commercialization of food irradiation has also increased in
recent years. Table 1 below shows that commercialization of food
irradiation is taking place already in 18 countries. In addition,
commercial or demonstration irradiators for single or multi-purpose, are
under construction or in an advanced stage of planning in 12 additional
countries as described in Table 2.
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Tibia 1. CossMrcialization of Food Irradiation

Nation Company (City) Food Item (tonnage) Starting Date

Belgium

Brazil

Chile

China

Detuaark

Finland

France

IRE (Fleurus)

EMBRARAD (Sao Paulo)

CCHKN (Santiago)

Conservatosw (Lyoo)

Carle (Paris)

Spices (350 t/y),
Dehydrated vegetables

(700 t/y),
Deep-frozen foods

(2000 t/y)

Spices,
Dehydrated vegetables

Onions (200 300 t/y),
Potatoes (SO 100 t/y),
Spices & dehydrated
vegetables (2<Vy30 t/y)

Nuclear Research Institute
(Shanghai)

Riso National Laboratory

KOLMI-SET Oy
Uloaantsi)

Potatoes

Spices

Spices

Spices (500 - 600 t/y),

Spices, poultry (300 t/y)

1981

198S

1983

1985

1986

1986

1982

1986



I/I
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Table 1. Commercialization of Food Irradiation (cont.)

Nation Coapany (City) Food Item (tonnage) Starting Date

German Dem. Rep.

Hungary

Israel

Japan

Korea, Rep. of

Netherlands

Cent. Inst. Isotop.
Radiat. Res. (Welderoda)

Queis Agric. Coop.
(Splckendorf)

VEB Prowiko (Shoenebeck)

AGROSTER (Budapest)

Sorvan Radiation Ltd.
(Yavne)

Shihoro Agricultural
Cooperative (Hokkaido)

Korea Advance Energy
Research Inst. (Seoul)

GAMHASTBR (Ede)

Pilot Plant for Food
Irradiation (Waganingen)

Onions (600 t/y) 1983
Garlic (*. t/y)

Onions (4000 t/y) 1986

Enzyme Solution (300 t/y) 1986

Spices (200 t/y) 1982
Wine cork (100 m 3)

Spices (120 t/y) 1986

Potatoes (20,000 t/y) 1973

Garlic powder 1985

Spices (100 t/y) 1978
Frozen products
Poultry, spices,
Dehydrated vegetables
Rice, dehydrated blood,
Egg powder,
Packaging materials

spices 1978



Norway

South Africa

U.S.A.

USSR

Yugoslavia

Institute for Energy
Technology (Kjeller)

Nuclear Development
Corporation

ISO-STER

High Energy Processing

Radiation Technology, Inc.

IsoMdix, Inc.

Radiation Sterilizer, Inc.

Odessa Port Elevator RDU
(Odessa)

Ruder Boakovic Institute
(Zagreb)

Spices (SOO t/y)

Fruit*, aeats, onions
Potatoes

Spices
Dehydrated vegetables

Fruits

Spices (SOO t/y)

Spices (500 t/y)

Spices (SOO t/y)

Grains (400.000 t/y)

Black peper

1982

1981

1982

1984

1984

1983

198S
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Table 2

COMMERCIAL FACILITIES (SINGLE AND MULTIPURPOSE)
UNDER CONSTRUCTION OR BEING PLANNED

(September 1986)

MEMBER STATES NUMBER OF FACILITIES LOCATION

AUSTRALIA

BANGLADESH

CANADA

CHINA

CUBA

FRANCE

HUNGARY

ISRAEL

ITALY

KOREA, REPUBLIC OF

MALAYSIA

NEW ZEALAND

PAKISTAN

POLAND

THAILAND

USA

VIETNAM

BRISBANE

DHAKA, CHITTAGONG

QUEBEC

LANGZHOU, BEIJING
ZHEN SHBN, ZHENZHOU

HAVANA

BRETAGNE, MARSEILLE,
ORSAY-CEDEX, ORLEANS

1

1

1

2

1

1

1

2

1

5

1

30

BUDAPEST

YAVNE

FUCINO

SEOUL

KUALA LUMPUR

AUCKLAND

LAHORE

POZNAN, PRZYSUCHA

BANGKOK

WASHINGTON, AMES (10)
OKLAHOMA, HONOLULU,
FLORIDA

HANOI
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COMMUNICATION RECEIVED

FOOD IRRADIATION: NEW PERSPECTIVES ON A CONTROVERSIAL TECHNOLOGY*

R.M. Morrison and T. Roberts
Economic Research Service

U.S. Department of Agriculture, Washington D.C.20005

(The full document is available from the National Technical
Information Service U.S. Department of Commerce, 5285 Port Royal
Road, Springfield, Virginia 22161, U.S.A. Price US* 16.95)

Executive Summary

For many years, scientists have known that ionizing energy- radiant
energy capable of breaking molecules into smaller, ionized or
electically-charged particles--can be used to sterilize or kill insects
and microorganisms that cause food losses. The ionizing radiation kills
the insect or microbial pest by damaging its genetic material and thereby
stop cell division. Irradiation also inhibits maturation in fresh fruits
and vegetables. Irradiation is a "cold treatment" that achieves its
effects without raising the temperature of the product significantly,
thereby leaving the food closer to its unprocessed state.

Commercial use of food irradiation depends on many factors--its
technical effects on food, the existence of demand for the benefits it
provides, the cost of the technology and its competitiveness with
alternative preservatives and fumigants, approval by regulatory
authorities, and the willingness of consumers to buy irradiated food.
This report addresses these issues by focusing on four feasibility
criteria: technicrl feasibility, consumer acceptance and demand for
benefits, economic feasibility, and regulatory approval. To provide a
fuller context, the report also highlights international activities in
food irradiation and major Federal research and development activities.

Stepwise Regulatory Approval

One important criterion governing the use of irradiation is
regulatory approval. The Food and Drug Administration's (FDA) current
thinking is to move in a stepwise fashion, approving general uses up to
100 krads (1 kGy) before considering the safety of medium and high dose
applications.1 Low dose uses would include sprout inhibition, delay of
ripening, sterilization of insects to satisfy quarantine requirements,
and inactivation of parasites in meats. Extending approval to the
1,000-krad (10 kGy) maximum adopted by the Codex Alimentarius Commission

One rad equals 100 ergs of energy a" sorbed per gram of absorber.
One thousand rads equal 1 krad. The International System of Units
replaces the rad with the Gray (Gy). One kGy equals 100 krads.
On December 12, 1985, HHS Secretary Margaret Heckler signed a
regulation permitting irradiation of fruits and vegetables at doses
up to 100 krads (1 kGy). The regulation does not become a final
rule until it is published in the Federal Register following review
by the Office of Management and Budget.

53



would permit irradiation to be used for shelf-life extension and public
health purposes. The higher doses of 2,000 to 5,000 krads (20 to SO tcGy)
needed to produce a sterile product have not been approved by FDA or any
other government.

Technical and Economic Feasibility

Regulatory approval is no guarantee that irradiation will be used.
There are technical limitations of this process: undesirable changes in
the food, the potential for reinfestation, the need for supplementary
refrigeration in some cases, etc. Irradiating fresh produce can
interfere with the product's normal metabolism and cause softening,
increased sensitivity to chilling injury and rot, and uneven ripening.
Protein foods, such as meats and poultry, have threshold dose levels
above which off-flavors are produced. At the higher doses needed to
sterilise meats and poultry, undesirable off-flavors and aromas are
severe, requiring that the product be frozen when irradiated to reduce
these changes.

The beginning point in answering the question of irradiation's
economic feasibility is to determine the cost of the process. This
information can then be compared with the value of the benefits
irradiation may offer, as well as the cost of substitute processes, to
make a judgement on its economic feasibility. The Economic Research
Service decided to examine irradiation costs in terms of plant economies
of scale. Economies of scale refer to the relationship between total
average costs per unit of output (unit costs) and the size of the plant.
Treatment costs for five food applications were estimated by Morrison for
various sizes of Cobalt-60 irradiators. Unit costs for the applications
and volumes analyzed ranged from 8.5 to 0.2 cents per pound. Scale
economies decrease as the size of the irradiator and the amount of
product being treated increase. Plant economies of scale are pronounced
for irradiators treating less than 30 million pounds per year, but become
less important at annual volumes greater than 50 million pounds. Thus,
an industry composed of fairly large firms would not have to fear that
economies of scale for food irradiators would trigger rapid consolidation.

For irradiators treating less than 50 million pounds a year, size
has a greater effect on average treatment costs. Food and agriculture
firms that do not have the volumes to justify an in-house irradiator may
have to join with other firms and build a free standing,
centrally-located irradiator to treat their combined volumes. Smaller
firms could also use the services of a contract irradiator who would
charge a fee for the irradiation treatment.

For free standing and contract facilities, the cost of shipping the
commodity to the irradiator is an added cost not included in this
analysis. As free standing irradiators increase in size and production
density remains constant, they will have to draw from larger geographic
areas for their throughput. The transportation costs of moving the
commodities to the larger irradiator may outweigh any gains in plant
scale economies. This may bring the total cost of using a small
irradiator more closely in line with that of a large facility.

Irradiation must compete with alternative food treatments both in
terms of cost and acceptability to food safety regulators, processors,
retailers, and consumers. If irradiation is being considered to replace
an existing process that satisfies processors and consumers, it must
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demonstrate significant quality-enhancing properties or cost savings for
a firm to abandon existing equipment and processing methods and build and
operate an irradiator. In estimating the total cost of the irradiation
treatment one must consider the costs of any disruptions to the marketing
system. For example, as long as chemical sprout inhibitors applied in
the field are permitted to be used in the United States, it is unlikely
that irradiation will be used for potatoes because of the costly extra
handling step needed to bring them out of storage for the radiation
treatment.

Another consideration is whether the irradiation treatment would
introduce too long a delay between harvest and retail for highly
perishable commodities. Irradiation's economic feasibility would be
strengthened if there is a consolidating point early in the marketing
chain, so that additional transportation to the irradiator is not
incurred. Along with large volumes, a desirable characteristic is
steady, year round production—a quality not inherent to most fruits and
vegetables.

Demand for Benefits

Irradiation's use on foods partially depends on the future of
current alternative treatments. As more chemicals share the fate of
ethylene dibromode (EDB), irradiation's future as a disinfestation
treatment brightens. For uses where reinfestation is not important, such
as in satisfying a quarantine requirement prior to export, irradiation
may be appropriate.

Another potential benefit of irradiation is to lessen the incidence
of some food-borne diseases associated with pork, chicken, and beef.
Roberts estimated that the cost of medical treatment and lost
productivity for five food-borne diseases- trichinosis, toxoplasmosis,
salmonellosis, campylobacteriosis, and beef tapeworm--totals roughly one
billion dollars annually. Trichinosis and beef tapeworm have relatively
low estimated costs when compared to salmonellosis and campylobacteriosis
(both intestinal diseases) and congenital toxoplasmosis (which can cause
eye damage and mental retardation in fetuses). When potential benefits
from irradiating chicken and pork are compared with estimated treatment
costs, irradiation appears to have a favorable benefit to cost ratio of 2
or more. Other pathogen control options, however, may have higher net
benefits than irradiation.

Radiation-sterilized meats in airtight cans or plastic pouches are
likely to have a limited market in the United States because of
established consumer preferences for traditional fresh and processed
meats and high production costs. Irradiation costs are likely to be high
because of the large dose, supplementary treatments needed to preserve
quality, and protective packaging required. Radiation-sterilized meats
may be demanded for speciality uses—submarines, space shuttles, camping
trips--where space and weight are important considerations.

Consumer and Processor Acceptance

U.S. consumer's willingness to purchase irradiated foods in an
important, and unknown, criterion. Consumers want to be confident that
public regulators are adequately addressing safety and wholesomeness
concerns. Also, an irradiated food's price must be competitive with its
non-irradiated counterpart or the benefits offered by irradiation
sufficient to offset any price premium. Integral to consumer acceptance
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is retail labelling for those U.S. consumers who want to be informed and
be able to choose or refuse irradiated food.

Food irradiation nay grow slowly for a variety of reasons and will
be used for applications where market conditons, such as industry
structure, demand for its benefits, and value of the product, are
conducive to the process. Irradiation's costs competitiveness with
alternative treatments is another important factor affecting commercial
development. Some of the important policy questions accompanying this
technology, such as in the areas of further safety testing, consumer
education, worker safety, isotope availability, and international trade
must also be addressed.

SUMMARY OF THE
PUERTO RICO MANGO CONSUMER TEST MARKET

EXPtRlENCE INITIATED AND COORDINATED BY ISOMEOXX INC.

G.G. Giddings, Director
Food Irradiation Division, Isomedix Inc.

11 Apollo Dr., Whippany NJ 07981

Since the U.S. Environmental Protection Agency banned ethylone
dibromi.de (EDB) as a post-harvest insect pest control fumigant, Puerto
Rico has been without a method to treat their mangoes for Caribbean and
West Indian fruit fly so as maintain access to the United States market.
Other regional mango producers (e.g. Haiti) are able to continue using
E D B for mango only, until September 30, 1987, putting the United States
Commonwealth of Puerto Rico at a complete disadvantage. All tend lo
regard irradiation as the most viable long-term EOB replacement.

The .Isomedix plant at Vega Alta just outside San Juan is the only
one of its kind in the region, which whetted the interest of Puerto Rico
mango grower/shippers in making use of this facility to be able to get at
least a limited quantity of Puerto Rico mangoes into the United States
market for test purposes this just-ended season, as a prelude to
eventually installing an agricultural product irradiator at Port of
Ponce. So, mangoes and an available gamma irradiator were present,
leaving USDA permission to conduct such an exercise (thus far, only the
Hawaiian papaya has been cleared by the USDA for routine radiation
disinfestation for entry into the United States mainland), plus willing
importer, wholesaler, and, especially, retailer(s) participants to be
secured.

Jsomedix led an on-going effort to put all of these elements
together, that extended from early February to early September. The
exercise was timed to coincide with a big USDA-State Department Caribbean
Basin Agricultural Conference at San Juan, September 3-7, 1986 in whKh
Isomedix was to participate, including the Vega Alta plant as one of the
few field trips scheduled for Saturday, the 6th, so as to derive maximum
leverage from this to secure essential USDA cooperation in executing the
test market exercise. The matter went right down to the wire, but in the
end everything fell together.
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One of the two major grower—shippers. Fruits International of Ponce,
Puerto Rico, was able to secure the participation of their Miami broker.
Sun Fruit, which, in turn, lined up a willing family-owned North Miami
Beach retail supermarket complex (Laurenzo's Italian Center) through
Florida's biggest fruit/produce wholesaler, P. Tauilla Co. In parallel,
George Giddings secured the cooperation of the Plant Protection
Quarantine Division of the USDA—Animal & Plant Health Inspection Service,
and, in anticipation, Michael Saylor and Tomas Tamargo, dosimetry
physicists, worked closely with the Vega Alta plant personnel on product
loading and dosimetry to keep within the prescribed 50-100 kilorad dose
range.

On Saturday, September 6, with a busload of Conference attendees
looking on at the outset, approximately three tons of mangoes were
successfully irradiated to within the prescribed dose range under the
watchful eye of a USDA inspector. Previously irradiated mangoes were
sampled by the tour, and all agreed that they were excellent in euery
respect. I he following Monday, the 8th, USDA provided the export
certificate allowing the mangoes to be flown to Miami where they were
picked up and taken to the Tauilla terminal. The first lot was taken to
Laurenzo's produce market at North Miami Beach on Wednesday, the 10th,
and was put on retail display the morning of the 11th, with the fact of
irradiation plus education literature provided by the United Fresh Fruit
& Vegetable flsscociation - Coalition for Food Irradiation prominently
displayed. Retail display was launched by a press conference at the
display, which drew in local and national print and broadcase media plus
the food trade press.

Because the radiation treatment also extends fresh market life by a
week-or~so, the mangoes remained of good marketable quality through the
first part of October, when the final increment of the three tons was
sold by Laurenzo's. Besides becoming a big media exposure - public
relations coup for all participants, especially Laurenzo's and Isomedix,
this limited test showed that the availability of high quality product
tended to overcome any trepidations on the part of shoppers in this
cross-sectional middle class community as to trying a product that had
been clearly and unmistakenly "treated by irradiation". In fact, repeat
sales (even at the premium price of $1.49 per pound) was the norm because
the mangoes were so good, and few actually declined to purchase them
because of the treatment.

> The positive ramifications of this first-of-the-kind-in-North
America-experience for Isomedix and for food irradiation are many and
far-reaching, and we intend to do more such exercises in 1987, if not
before the end of 1986. It caught the "anti" forces 'flat-footed1, and

j, they had to look on ineffectually as one-after-another news broadcast and
; publication (including Time magazine) showed and/or described shoppers
< purchasing irradiated mangoes knowingly, and coming back for more.

\
' The Food and Drug Administration and the USDA were heartened by the

positive response and excellent results under authentic test-market
• conditions. Similary, the food and allied industry sector in general

has 'taken heart* from the results.
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PUBLICATIONS

The following publications on food irradiation have become available
in the past few months:

1. FOOD IRRADIATION. W.M. Urbain. A Secies of Monograph. Food
Science and Technolosy, Academic Press, Inc. 1986.

2. Ionizing Energy in Food Processing and Pest Control: 1.
Wolesomeness of Food Treated with Ionizing Energy. E. Wirbicki, et al.
Council for Agricultural Science and Technology (CAST), Report No. 109,
July 1986.

3. Trade Promotion of Food Irradiation. Report of the Task Force on
Trade Promotion of Food Irradiation convened under the scope of the
International Consultative Group on Food Irradiation. IAEA-TECDOC-391.
IAEA, Vienna, 1986.

FORTHCOMING EVENTS

Final FAO/IAEA Research Co-ordination Meeting on"Insect
Disinfestation of Food and Agricultural Products by Irradiation".
Cairo, Egypt, March 1987.

IFFIT Training Course on "Food Irradiation for Latin America".
Buenos Aires, Argentina, March-April 198/.

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

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

7th World Congre-i of Food Science and Technology (includes a
session on Food Irradiation). Singapore, 28 September -
2 October 19B7.

FAO/IAEA Second Research Co-ordination Meeting on Asian Regional
Co-operative Project on Food Irradiation - Second Phase. Kuala
Lumpur, 5-9 October 1987.
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