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TO THE READER

There was quite a turnover of the staff of the Food Preservation Section during 1994
which adversely affected the output of the Newsletter last year. This may sound like an
excuse but it was not possible to deliver the increasing demand made by various governments
in response to positive developments in the field in several countries, with such a turnover.
We welcome Dr. George Giddings (USA) who returned to the Section in August 1994 after
a few years gap, and Dr. Ricardo Molins (El Salvador) who joined us in late December
1994. Dr. Molins spent several years as a professor of food science and technology
(including food irradiation) at Iowa State University until 1990. We are also pleased that
Mr. Chakkappan Thottakara, one of the former secretaries of the Section, also returned to
this Section.

The 11th Annual Meeting of ICGFI, held in Bali, Indonesia, 2-4 November 1994
concluded with a high degree of optimism with regard to further co-operation in the field of
food irradiation. The Meeting requested a three-year comprehensive plan of work and
budget be developed to demonstrate the possible impact of food irradiation in overcoming
a number of food problems especially those related to trade. Governments, food industry,
consumers and the media are expected to play even more important roles in the future.

Several other important developments are covered in this issue. The high profile CRP
on Analytical Detection Methods for Irradiation Treatment of Food (ADMIT) came to the
conclusion at the final RCM held at the Department of Agriculture, Belfast, Northern Ireland
in June 1994. This CRP has achieved the task which to many of us would be practically
impossible. Thanks to the efforts of the participants and modern sensitive scientific
equipment, the CRP was able to develop several reliable detection methods for various types
of irradiated food. The outcome of the RCM on Irradiation as a Quarantine Treatment of
Mites, Nematodes and Insects other than Fruit Fly, held in Bangkok, March 1994 also
provided further encouragement for expanding the use of irradiation as a quarantine treatment
beyond fruit fly infestation.

WHO Press Release issued in connection with the publication of its book on "Safety
and Nutritional Adequacy of Irradiated Food" in October 1994, provided further assurance
of the safety of the process. We are encouraged by positive regulations/clearances of
irradiated food in Croatia, Cuba and Mexico in the past year, all of which are current
members of ICGFI, in approving a number of irradiated food groups and major food items
for consumption. Commercially, the volume of irradiated food produced in different
countries continues to grow. Irradiation of spices for commercial purposes has doubled from
about 20,000 tonnes in 1992 to about 40,000 tonnes in 1994! Irradiation was "on the menu"
at the 3rd World Spice Congress, Cochin, India, 15-19 February 1995.

Please let us have your contribution for publication in the next issue of our Newsletter
before June 1995.

FOOD PRESERVATION SECTION * =~

Staff Members

Mr. Paisan Loaharanu (Thailand) Ms. S. Espiritu (Philippines)
Dr. George Giddings (US) Ms. M.E. Guerra Garduno (Mexico)
Dr. Ricardo Molins(El Salvador) Mr. C. Thottakara (India)



EXCERPTS OF THE 11TH ICGFI MEETING
Bali, Indonesia
2-4 November 1994

At the invitation of the Indonesian government, the 11th ICGFI Meeting was held at
the Kartika Plaza Hotel, Denpasar, Bali, Indonesia, 2-4 November 1994. It was attended by
some 50 governments' designated experts from 18 ICGFI member countries and
representatives of observer organizations. The Meeting was inaugurated by Dr. Djali
Ahimsa, Director General of the National Atomic Energy Agency. The following are
significant developments, conclusion and recommendations derived from the 11th ICGFI
Meeting:

Denpasar, Bali, Indonesia (1-4 November)

I served as the representative of the IAEA and the secretariat of the ICGFI at its 1 lth
Annual Meeting, hosted by BAT AN at Hotel Kartika Plaza, Bali from 2 to 4 November
1994. The Meeting was attended by some 50 government designated experts from 18
countries and representatives of observer organizations to ICGFI. The Meeting was opened
by the Dr. Djali Ahimsa, Director General of BATAN. The following are significant
developments, conclusions and recommendations derived from the 11th ICGFI Meeting:

1. The Meeting noted with satisfaction that membership of ICGFI continues to
grow. Unfortunately, the contribution either in cash or in-kind has not grown in the same
proportion as membership. ICGFI decided to convene a Sub-Committee of Membership and
Contributions during the Meeting. The report of the Sub-Committee was adopted by the
ICGFI Meeting which included, among other things:

a. to develop a comprehensive 3-year programme of work and budget of
ICGFI to cover the period from 1996 to 1998 which should cover the extensive work of
ICGFI in different areas, the expected impact in terms of harmonization of national
regulations, overcoming non-tariff trade barriers, controlling foodborne diseases, reducing
food losses, providing accurate information to governments, food industry and consumer
organizations.

b. to set a target for member governments to increase cash contributions from
the current level of US$ 140,000/annum to $ 200,000 in 1996 and to increase to $ 300,000
in 1998 when the present mandate of ICGFI will expire.

c. to strengthen the limited manpower of the secretariat to keep up with the
increasing demand of work of ICGFI and to provide a full time professional staff to ICGFI
Secretariat starting from 1996.

The full report of the Sub-Committee is attached as Annex 2. The Meeting
adopted the following Codes of Good Irradiation Practice for publication:

- Code of Practice for Irradiation of Poultry Feed

- Code of practice for Irradiation of Dried Fruits and Tree Nuts

In addition, the Codes of Practice for Irradiation of Fish and Shellfish and for
Irradiation of Meat and Meat Products, have been approved by ICGFI for preparation.



2. At the request of designated experts from Indonesia and Thailand, the Meeting
also approved a policy making seminar on food irradiation to be convened jointly with the
ASEAN Secretariat. (The ASEAN Secretariat made a follow up with ICGFI that such a
seminar should be held in mid-1995 so that the outcome could be submitted to the ASEAN
Summit, scheduled for December 1995)

3. The Meeting also approved a Workshop on Implications of GATT Agreement
on the Application of Sanitation and Phytosanitation Measures, adopted during the Uruguay
Round, for the benefit of ICGFI members from developing countries, to be held during 1995.

4. The designated experts from New Zealand (Dr. P. B. Roberts) and from
Indonesia (Dr. A Djaloeis) were elected as ICGFI Chairman and Vice-Chairman,
respectively, to take the office starting from 1995.

5. The 1 lth ICGFI Meeting made a major decision in developing plans to attract
larger contributions from its member governments in the same proportion as the increase in
its membership, to cope with the demand in commercial application and trade in irradiated
food. It also agreed to support a professional staff to assist the ICGFI Secretariat in carrying
out its activities.



ICGFI/JAIF Seminar on Food Irradiation
Tokyo, Japan
26-28 October 1994

This Seminar was jointly organized by the International Consultative Group on Food
Irradiation (ICGFI) on behalf of FAO, IAEA and WHO and Japan Atomic Industrial Forum
on behalf of Science and Technology Agency of Japan, Tokyo, 26-28 October 1994. The
purpose of the Seminar was to provide accurate information on safety and benefits of food
irradiation to policy makers in government, food industry, consumer organizations and the
media. The Seminar was attended by 165 participants, a third of whom came from various
consumer organizations, housewives associations and the media. Representatives of FAO,
IAEA, WHO and Drs. C. M. Bruhn (USA) and J. F. Diehl (Germany) made a number of
presentations on behalf of ICGFI. Several Japanese experts on food irradiation and
representatives of consumer organizations and the media in Japan also made presentations and
stated their positions with regard to the need and application of food irradiation in Japan.

The Seminar was a great success as it not only provided a forum for an active
interchange of views between experts on food irradiation, both Japanese and ICGFI experts,
and the lay public but also provided an excellent opportunity to correct a number of
misunderstandings by the consumer and housewives organizations and the media.
Contrary to earlier belief, there was no opposition to food irradiation in Japan. Similar to
other countries, there is a lack of understanding by the public of the safety and the benefits
of food irradiation. The outcome of the Seminar could be summarized using the words of
the representative of the housewives association who stated that the Seminar was valuable to
her as she did not receive a lot of new information about food irradiation before. Her
organization would reassess its position about this technology.

The JAIF made an excellent preparation of and provided simultaneous interpretation
between English and Japanese for the Seminar. It also organized a field visit for the
participants to see a commercial irradiator (for non-food products) of the Radia Industry and
research and development laboratories related to food irradiation and radiation technology
at Takasaki Radiation Chemistry Research Establishment, both of which are located in
Takasaki. The Seminar was well covered by the local media with two articles published in
a most widely circulated newspaper in Japan during the Seminar. A few articles on food
irradiation were published after the Seminar.

The successful organization of the Seminar has prompted JAIF to plan a follow-up
meeting for the benefit of the food industry and trade, on food irradiation. Such a meeting
is planned for Tokyo, 28 August 1995.



ICGFI Working Group Meeting
on Irradiation as a Quarantine Treatment of Fresh Fruits and Vegetables

Washington, D.C.
22-25 March 1994

EXECUTIVE SUMMARY

The adoption of the Uruguay Round of the GATT Multilateral Trade Negotiations,
especially the Agreement on the Application of Sanitary and Phytosanitary Measures in
December 1993 will result in increasing global trade in food including fresh fruits and
vegetables. Effective quarantine treatments to overcome restrictions in trade in fresh produce
have therefore become increasingly important. The situation becomes even more urgent as
methyl bromide, a fumigant widely used for controlling quarantine pests in fresh produce, is
being phased out because of its ozone-depleting properties.

To increase recognition and acceptance of irradiation as an effective quarantine treatment
of fresh produce, the International Consultative Group on Food Irradiation (ICGFI) convened an
international working group meeting in Washington, D.C., to develop a set of principles and
guidelines for development of an internationally accepted protocol on the use of irradiation to
overcome quarantine barriers in trade. The meeting was attended by senior plant protection and
quarantine officials and research scientists from Argentina, Australia, Canada, Chile, Mexico,
Philippines, Thailand, U.K., and USA.

The Group acknowleged the desirability of generic approval of irradiation as a quarantine
treatment of fresh produce, such as that endorsed by a previous ICGFI Task Force Group in
1991 regarding a minimum dose for fruit flies and other insects. The Group noted that this
aspect is under review by several countries. However, several general principles emerged
including:

1. Dosages of 150 Gy for fruit flies and 300 Gy for other insects may prove to be efficacious
for most species based on existing research and they serve as starting points for evaluating
such treatments. Lower doses may be efficacious against pests of quarantine concern and
should not be ruled out.

2. Different tolerances by fresh fruits and vegetables to irradiation must be taken into
account in adopting generic dose levels for quarantine pests.

3. Irradiation or other plant quarantine procedures and processes need to be kept in the
context of the International Plant Protection Convention (IPPC).

4. Irradiation is recognized as a phytosanitary measure applied to fresh fruits and vegetables
for the purpose of meeting quarantine security requirements of the importing country.

5. For plant quarantine purposes, approval of proposed irradiation treatments will be
considered in the same fashion as other proposed treatment technologies.

6. While accurate phytosanitary certification is the responsibility of the exporting country,
responsibility for the final entry decision rests with the plant protection organization of the
importing country.



7. While the establishment of international standards for certification procedures are needed,
any global standards must be sufficiently generic to make room for equivalence, i.e., not
identical, but having the same effect.

The Working Group developed a set of principles and guidelines to facilitate
acceptance and implementation of irradiation as a quarantine treatment of fresh produce.
A detailed quality control programme for the packers and irradiation facilities, including
process control, was established. Action plans to overcome barriers in implementing the
use of irradiation as a quarantine treatment covered various issues such as regulatory,
policy, education, training, and research issues. A number of recommendations were
made to expedite the implementation of such use of irradiation, to include, among other
things:

1. Governments are urged to adopt regulations permitting a broad use of irradiation as a
quarantine treatment of fresh produce.

2. The fresh produce industry and trade organizations should encourage governments to
implement such regulations to avail them of an additional option to overcome quarantine
barriers in trade.

3. An industry quality control programme that includes all stages of production and handling
from the field to the irradiation facilities would enhance the effectiveness of the treatment
and product quality.
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RESEARCH CO-ORDINATION MEETINGS

Second FAO/IAEA Research Co-ordination Meeting (RCM)
on Irradiation as a Quarantine Treatment of Mites,

Nematodes and Insects other than Fruit Fly
7-11 March, 1994

Plant Pathology and Microbiology Division
Department of Agriculture

Ministry of Agriculture and Cooperatives
Bangkok 10900, THAILAND

RCM Introduction
The Coordinated Research Programme (CRP) on Irradiation as a

Quarantine Treatment of Food and Agricultural Products other than
Fruit Fly has been sponsored by the FAO and IAEA since 1992. The
First Research Coordination Meeting of this CRP was held in
Gainesville, Florida, USA, from 27 April to 1 May 1992. The
meeting worked out a plan of action for the following five years
of the CRP. This second RCM was held in Bangkok, Thailand, from
7 to 11 March 1994. The meeting was hosted by the Plant
Pathology and Microbiology Division of the Department of
Agriculture, Ministry of Agriculture and Cooperatives of The
Government of Thailand. The meeting was officially opened by the
Director General of the Department of Agriculture. An opening
address was also given by Dr. M. Ahmed, Scientific Secretary of
the RCM, and by Dr. C.Y. Shen, Regional Plant Protection Officer
of FAO Asian Regional Office in Bangkok. The meeting was
excellently organized by the DOA.

The RCM was attended by 10 participants from Bangladesh,
Brazil, Japan, Malaysia, Philippines, Poland, Thailand and USA,
and 18 observers from the host country. The participants elected
Mr. C. Chunram of DOA, Thailand, as Chairman and Dr. J. Moy,
Hawaii, as Vice-chairman. Each participant presented research
results acheived since the previous RCM. These reports were
discussed and group summaries were written, from which the
following report was written and accepted by the participants.

Report by Group l: Irradiation of Mites Infesting Horticultural
Produce.
Introduction: Irradiation as a quarantine treatment seems to be
the most feasible disinfestation method for cut flowers,
vegetables and some fruits infested with mites (Acarina). Before
practical implementation of this method, the dose range to be
applied should be determined carefully. High doses (1-3 kGy)) of
ionizing radiation resulting in the immediate mortality of pests
are not recommended as they cause phytotoxicity to horticultural
produce.
Objectives: Determination of doses that are fr_iendly to the
produce, but will result in (a) the inability of treated mites to
reproduce and/or (b) inhibition of development.
Results; The following mites were studied within the work plan
under this CRP during the last two-year period:

Tetranychus urticae, Oljgonyschus biharensis. Panonychus
ulmj (spider mites in the family Tetranychidae) and
Rhizoglyphus echinopus. Tyrophagus neiswanderi (acarid
mites in the family Acaridae).
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A dose of 0.2 kGy was sufficient to sterilize both males and
females of Q. biharensjs, thus resulting in their inability to
reproduce. A dose of 0.1 kGy was sufficient for the inhibition
of hatching of young eggs (1-2 days old), but hatching of older
eggs was not prevented by a dose as high as 0.5 kGy. A dose of
gamma radiation equal to or higher than 0.1 kGy seems to be
adequate to prevent post-diapause hatching of wintering eggs, of
£. u_lm_i laid on apples. Experiments with electron beam (EB)
irradiation produced similar results; only old eggs of X.
urtjcae treated with 0.4-0.6 kGy developed into adult stages, but
females irradiated with 0.4 kGy or higher dose produced no viable
eggs. When both sexes of the acarid mites were irradiated with
doses > 0.25 kGy, the mites produced several eggs, all of which
were sterile. The results obtained indicate that the dose
resulting in inability of mites to reproduce ranges from 0.2 to
0.4 kGy.

From the results obtained it is impossible to determine the
most tolerant life stage of the mites because the effects of
irradiation on larvae and nymphs have not been studied as yet.
More studies with mites are needed for the development of the
criterion for quarantine security, i.e. "inability to reproduce."
The methodology elaborated by the First RCM should be followed.

Because radiation applied at doses ranging from 0.2 to 0.4
kGy does not cause the immediate mortality of all mites, live
pests could be present after treatment of horticultural produce
intended for international trade. Thus, a simple method is
needed for identification of irradiated mites.
Plan for Future Work (Recommendations):

1. Limit studies to mites infesting cut flowers and
vegetables only, but extend the number of mite species (e.g.
Tenuipalpus pacificus on orchids, Tetranychus cinnabarinus)

2. Irradiate all stages of mites (eggs, larvae, protonymphs,
deutonymphs, and adults) to determine the most tolerant stage of
mites to gamma and EB radiation. Use "Experimental procedures"
elaborated in the First RCM.

3. Determine sterilizing doses for adults of different
species and strains of mites.

4. Develop an identification method for irradiated mites.

Report bv Group 2; Irradiation of Nematodes Infesting Soil and
Horticultural Produce.
Objectives; Determine the efficacy of irradiation of nematodes of
quarantine significance and host response.
Introduction: Ginger, turmeric and taro are economically
important crops in different countries. These crops are often
infested by various species of root-knot nematodes, which cause
reduction of both yield and quality of the produce. Local and
international markets routinely reject infested produce x/hich has
developed yellowing, blackening or some rotting. Due to lack of
effective control measures, the produce can not be marketed in
and outside the countries. The application of irradiation to
disinfest produce is considered to be a promising tecKnique but
research work on the effects of irradiation on nematodes is in
infant stages.
Results: Preliminary research in Thailand on the effect of
irradiation on root-knot nematode, HeJLoidogyne incognita, has
been done by irradiating second-stage juveniles and egg masses
with doses as high as 1.5 kGy. The results showed that
second-stage juveniles were not killed completely within 14 days
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when irradiated at a dose of 1.2 kGy. Egg masses irradiated at a
dose of 1.5 kGy still were able to hatch. The study from
Bangladesh showed that there were a number of different species
of nematodes isolated from soil and ginger. The nematodes
identified so far are Meloidooyne spp. and Ditvlenchus spp.
Ginger with nematodes was irradiated at doses ranging from O.l-l
kGy. A dose of 0.9 kGy killed different stages of nematode in
petri dishes. Confirmation of these results obtained from
different irradiation doses will have to be done again during the
next project period.

The results indicate that a relatively high dose is needed
to disinfest nematodes from products. These high doses can
affect the quality of treated products, especially ginger.
Therefore, in order to lower the dose a combination method should
be tried in future experiments. One of the objective of this CRP
is to disinfest soil nematodes. No research is presently
underway on this aspect. Methyl bromide, which is widely used
for soil fumigation, is being phased out due to ozone depleting
properties. Irradiation of soils destined for export seems to be
a possible alternative to fumigation for meeting quarantine
requirements.
Future work plan (1995-96):
Cultures: Nematodes will be cultured in vivo in greenhouse and
laboratory, and export varieties of ginger, turmeric and taro
will be propagated in a greenhouse under sterile conditions.
Experiments: Effects of irradiation on different stages of
nematodes will be studied as follows:

1. Response of nematodes to irradiation doses ranging from 0
to 2 kGy will be determined (dose range up to 2 kGy would be
considered from the results of previous studies)

2. Determination of dose range causing inability of
nematodes to reproduce.

Ginger, turmeric and taro will be irradiated at the same
dose as that applied to different stages of nematodes for
determining the morphological and physiological effects caused on
the products.
Location of work: Bangladesh, Thailand and possibly USA.
(Excellent facilities for nematology and expertise exists at the
Universities of Florida and Hawaii. The meeting requested that
participants from those Universities assist in conducting studies
on disinfestation of nematodes)
Ornamental soil studies: Infested soil will be irradiated for
nematode control. Nematodes will be extracted and assayed for
viability after the irradiation.
Location: Investigations will be conducted in Thailand and The
United States.
Conclusion: Results achieved from this CRP showed that
considerable research is needed for practical application of
irradiation as a quarantine treatment to disinfest nematodes. In
order to strengthen these activities in the participating
laboratories, there is a need to develop trained man-power.
Assistance is needed in this field. As mentioned £n~ the report,
no attempt was made to conduct studies on disinfestation of
soils, particularly soils containing nematodes, for quarantine
purpose. Irradiation has good potential to disinfest soil for
quarantine purposes. Some consideration should be made to include
this topic in a future plan of studies.
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Report, by Group 3; Radiation disinfestation of insects infesting
horticultural produce, including development of radiation markers
for irradiated insects.
Introduction: The reduced use of chemicals for insect
disinfestation of food commodities, cut flowers, herbs and fruits
is a desirable goal, and is, in fact, mandated by the likely loss
of methyl bromide as a fumigant for such commodities.
Objectives: (A) To determine irradiation doses that will
disinfest horticultural produce while allowing the produce to
meet acceptable market conditions and shelf life, and (B) to
determine simple, easily administerd markers for irradiated
insects.
Results: Dr. James Moy reported on disinfestation of aphids and
thrips on a number of herbal plants and taro leaves. In general,
the herbs showed good tolerance to irradiation dosage up to about
0.6 - 0.7 kGy. Taro leaves can tolerate up to 0.45 kGy without
loss of quality for up to 10 days. These dosages could be
expected to make aphids or thrips reproductively sterile, and
possibly kill some stages. Dr. Moy also reported that ornamental
red ginger can tolerate up to 0.75 kGy without loss of quality
for 10-12 days, and that Heliconia can tolerate up to 0.5 kGy
without loss of quality over a period of 7-10 days. A dose of
0.15 kGy dosage was sufficient to cause non-emergence of leaf
miners, Liriomyza trifolii. on test bean plants.
Future work: (1) Continue to study the tolerance dose of more
ornamentals and herbal plants of high economic value which have
pest problems that other treatments such as chemical or thermal
can not solve or control. (2) Study pest non-emergence dose by
irradiation and, if warranted, by combined treatments.
(3) Develop or adopt methodology to have suitable quantity of
various quarantine pests available for determination of non-
emergence and various LD levels of these pests. Thrips, for
example, cannot be reared in the laboratory at the present time
except on living plants. This causes a problem of not having a
sufficient and controlled number of insects available for
population studies by irradiation. This is also a problem in
several of the other reported studies in which it was desirable
to determine the effective radiation dose for disinfestation of
thrips.

Dr. Bansiddhi, Thailand, reported on the post-harvest
control of orchid thrips on cut flowers by irradiation. Thrips,
principally, Thrips palmi and Dichroinothrips cprbefrtj, are the
most important sucking insects for the cut flower industry in
both lowland and highland regions. These insects cause galling,
rolling of leaves, feeding spots on flowers, and flower drop-off.
Unfortunately, this project suffered from the lack of an
established colony of thrips, as did some of Dr. Moy's work.
Dr. Bansiddhi has not yet been able to determine the effective
irradiation dosages that will cause disinfestation of the
orchids. He did, however, determine that orchids could be
irradiated with 0.1 to 0.3 kGy without apparent damage Ĵ o the
orchids for an effective vase-life of about 10 days, irradiation
of the orchids with 0.5 to 0.8 kGy dosages caused shorter
vase-life.
Future plans: To determine what dose is effective against thrips
without damaging the flowers. One major impediment to Dr.
Bansiddhi's work is the lack of a large, dependable population of
thrips that can be used to infest orchids for study of dose and
treatment effects.
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Dr. Bilog reported work by her colleagues and herself on
irradiation as a quarantine treatment for ornamentals in the
Philippines. They found the orchid weevil to be one of the most
persistent and difficult insect pests of orchids to control,
particularly when on Dendrobium. Irradiation of the eggs of the
orchid weevil with 150, 300 and 450 Gy showed that younger eggs
(1-day to 3-days old) were more sensitive to radiation compared
to older ones 4- to 7-days old. Zero hatchability was observed
from all doses used on younger eggs while egg mortality was found
directly related to dose for older ones. However, surviving
weevil larvae that hatched from irradiated eggs lived for about 5
to 10 days after irradiation. Preliminary results on the
irradiation of 2- to 4-days-old larvae using the same doses as
for the eggs showed that most of the treated larvae were able to
survive treatment. The larvae irradiated at higher doses of 300
to 450 Gy tended to be smaller and weaker as a result of very
little to no feeding.
Future Plans;

(A) Irradiate eggs, larvae, pupae and adults of the orchid
weevil in order to assess the following:

(1) Effect of surviving larvae from eggs irradiated
when eggs are 4- to 7-days old.

(2) Studies on the young and older larvae and pupal
stages after irradiation with 150, 300 and 450 Gy.

(3) Effect of different radiation doses on the
reproductive system of orchid weevil adults.

(4) Effects of radiation on longevity and adult
emergence.

(5) Effects of radiation on the duration of the larval
and pupal stages.

(6) Evaluate adult emergence from irradiated larval and
pupal stages, and adult longevity.

(B) Evaluate tolerance and vase-life of cut flowers after
irradiation.

(1) Observe the effect of radiation on the tolerance
and vase-life of Dendrobi,um and fleliconia cut flowers after
irradiation with doses of 100 to 450 Gy.

Prof. Liu and colleagues from China reported on
disinfestation of litchi stem-borer, Conopomorpha sinensis. by
irradiation. The paper was read by Dr. James Moy in Dr. Liu's
absence. The dosages of radiation used were 0, 0.20, 0.25, and
0.30 kGy. Larvae were killed within 5 days after treatment with
0.25 kGy. The 0.25 kGy dose level had several desirable effects
upon the quality of the fruits, including an increase in reducing
sugar content (about 40% more in fruit irradiated at 0.25 kGy
than untreated control fruit), a decrease in total acid content
(from 0.78 % acid content in control fruit to 0.38 % in fruit
irradiated at 0.25 kGy). These changes resulted in sweeter
tasting fruits after irradiation. Moreover, irradiation at 0.25
kGy resulted in less rotten fruit (41 %) than in the controls
(76.5 % ) . Other physiological changes in the irradiated fruits
included reduced ethylene production, decreased" respiration,
approximately 100 % increase in the enzyme superoxide dismutase
(SOD) in the flesh of the fruit (but about 20 % less in the
shell), and some increase in peroxidase in the flesh with no
difference in the shell.

Future Plans: Prof. Liu proposes to determine the effects of
gamma irradiation on the eggs and pupae of the litchi stem-end
borer including the dose required to achieve sterility of eggs,
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larvae, and pupae, and confirm the positive effect of irradiation
on the quality and shelf life of litchi. The group will explore
the benefits of combining irradiation with cold treatment.

Dr. M. C. Stephensons from Malaysia reported on irradiation
as a quarantine treatment of cut flowers. The work thus far has
consisted of studies with mites, but she plans to conduct future
research on disinfestation of thrips in cut flowers, including
chrysanthemums, roses, orchids and carnations.

Dr. F. M. Wiendl, Brazil, reported studies on irradiation as
a quarantine treatment for disinfestation of cut flowers. Roses
and chrysanthemums infested with aphids and white-scales were
irradiated. Irradiation of aphids with doses of 300, 600 and 900
Gy resulted in death of the population on the flowers at 18, 16
and 11 days, respectively, after treatment. Irradiation also
induced a reduction of about two-thirds in the number of the Fl
generation. White scales are more radiosensitive insects, and a
dose of 40 Gy was sufficient to prevent reproduction, and to kill
the population of the parent generation within 10 days. Control
and irradiated roses and chrysanthemums were held before and
after treatment in preservative solutions, which seemed to
protect the cut flowers from some radiation damage. Flowers
treated at 300 Gy and held without preservative solutions showed
unacceptable damage.
Future Plans; Continue studies on disinfestation dose of
radiation required for thrips and aphids on various cut flowers,
and evaluate the possible benefit of several preservative
solutions on vase-life after irradiation.

The second part of Group 3 report deals with attempts to
find markers for irradiated insects.
Results; J. L. Nation and B. J. Smittle, University of Florida,
Gainesville, FL, USA, used larvae of the Caribbean fruit fly,
Anastrepha suspensa (Loew), as a model insect of quarantine
importance in Florida to investigate potential markers. Larvae
were irradiated at hatching with 0, 5, 10, 20, 50, 75, 100, and
150 Gy doses from a Cesium-137 source at the USDA laboratory on
the University campus. Larvae were reared to the 3rd instar,* and
then dissected to make measurements on the ratio obtained by
dividing the area of the supraoesophageal ganglion by the area of
the proventriculus. The ratio from these measurements showed a
negative correlation with the dose of radiation received (i.e.,
the supraoesophageal ganglion was reduced in size, but the
proventriculus was relatively unaffected). Larvae irradiated with
at least 50 Gy also failed to develop normal imaginal disks,
which are the tissues in the larvae that will produce such adult
structure as legs, wings, compound eyes, antennae, halteres, and
reproductive organs. Such larvae, of course, failed to produce
adults, and although apparently normal looking pupae were formed,
the flies died within 2 or 3 days of pupation. It was concluded
that in the hands of an experienced person, the superoesophagea1
ganglion area divided by the area of the proventriculus may be a
useful marker of fruit flies irradiated at the recommended dosage
of 150 Gy for disinfestation, but it may not be a realistic
marker to attempt to apply by commodity inspectors. A more
valuable marker for routine use may be the lack of melanization,
or darkening, of fruit fly larvae irradiated with at least 20 Gy
(irradiation given at hatching or in the first instar). To apply
this method the authors suggested freezing to kill the larva, and
to activate the latent prophenoloxidase activity in late stage
larvae. Upon removing from the freezer, unirradiated control
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larvae, and those irradiated with 5 or 10 Gy turn dark brown or
black within 15 to 30 minutes, while larvae irradiated with 20 or
more Gy failed to darken, or showed only very slight darkening in
parts of the body. Quantitative measurement of the phenoloxidase
activity by conventional enzymatic methods involving colorimetric
determination of the reaction product (change of a clear solution
to red in 1 to 5 minutes) showed very low activity in larvae
irradiated with 20 or more Gy, but substantial activity in
control larvae and those irradiated with only 5 or 10 Gy. Larvae
irradiated with the recommended disinfestation dose of 150 Gy
showed practically no phenoloxidase activity.

It is suggested that Dr. Bilog also test the potential for
using the melanization or lack of melanization after irradiation
of the orchid weevil. The larvae and pupae of this weevil are
creamy white to slightly yellow, with some gradual melanization
occurring in pupae as they mature and especially just prior to
adult emergence . This natural melanization seems to be similar
to that occurring in fruit flies during pupation, and irradiation
of the young larvae or young pupae may prevent normal
melanization. Dr. Ignatowicz has indicated also an interest in
making observations of a similar nature on mites.

Recommendations for Future Work:
(1)Continue studies on the orchid weevil, including studies

on disinfestation of cut flowers and looking for possible use of
melanization inhibition as a marker of irradiation.

(2) A number of scientists have had difficulty in
establishing disinfestation protocols for thrips, primarily
because thrips can not be easily cultured in the laboratory,
especially those of quarantine importance. The high monetary
value of cut flowers encourages producers to use chemical methods
to control thrips populations, and the investigator thus often
has an unknown chemical factor to deal with as well as low and
uncertain populations for study. In order to establish base-line
data for the influence of irradiation on thrips, a possible
solution may be for the IAEA to support work on some one or two
species of thrips that may be easily cultured on flowers, even
though the thrips or flowers may not be of economic or quarantine
importance.

(3) Continue to support the work on disinfestation of cut
flowers. The cut flower industry appears to be gaining strength,
and several producing countries as well as importing countries
have concerns.

(4) Continue to support work to look for easily administered
tests or markers for irradiation. Tests that can be done by
relatively untrained personnel and completed in a few minutes, or
hours at most, are desirable.

(5) Continue work to determine the most effective and least
detrimental dose of irradiation for disinfestation of herbal
plants and spices, without damaging the shelf-life of the plants
or spices.

Report by Group 4: Radiation tolerance of horticultural produce
irradiated for quarantine purposes.
Introduction: The concern of this group is tolerance and product
quality of the host materials. No shipping studies of any
materials have been conducted so far. Perhaps this is because
the tolerance doses for most materials have been determined only
preliminarily. Also, sensory evaluation of those edible plants
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will be made after the tolerance dose has been determined in a
narrow range.
Objectives; To determine host produce tolerance dose, defined in
this project as the highest dose that can be applied to a host
plant without inducing injuries that would reduce marketable
value of the produce.

HIGHLIGHTS OF HOST TOLERANCE STUDIES REPORTED: The following cut
flowers, fresh herbs and fruit were studied during this period.

A. Cut flowers: Tolerance doses have been determined based
on duplicate or triplicate experiments. In order of decreasing
tolerance: Red ginger (0.75 kGy for 10-12 days) and gladiolus
(0.70 kGy for 8-10 days); heliconias (0.50 kGy for 7-10 days);
carnations (0.40 kGy for 15-20 days), tulips (0.40 kGy for It)-13
days), orchids (dendrobium) (0.40 kGy for 3 wks); (oncidium)
(0.40 kGy for 5 wks); prairie gentian (0.40 kGy for 7- 8 days);
marigold (0.40 kGy for 8-9 days); chrysanthemum (from 0.50 to
0.20 kGy for 20 days dependent on variety); rose (less than 0.20
kGy) . (In some cases, keeping the chrysanthemum in a chemical
solution during and after irradiation would maintain good
quality.)

B. Edible fresh herbs: Ten different herbs were studied. The
group quite tolerant to irradiation are thyme, rosemary, and
oregano (0.60-0.70 kGy for two weeks plus);those that are
moderately tolerant are parsley, spearmint, chives (0.50-0.60 kGy
for two weeks or less) ; and those that are not so tolerant are
arugula, dill, basil (Thai, sweet, and opal) (0.15- 0.25 kGy for
5-7 days) . In addition, taro leaves as a Hawaiian food can
tolerate 0.45 kGy for about 10 days.

C. Fresh fruit: Litchi was irradiated for the control of
litchi stem-end borer. Quality of the fruit was maintained and
shelf life extended at 0.40 kGy.

PLAN OF ACTION:
A. Tolerance: Continue to study the tolerance doses of

various cut flowers, fresh herbs, fruits (litchi and mango) «nd
foilage (ferns) that are infested with various quarantine pests.

B. Market life extension and quality maintenance: Where
irradiation alone does not result in good quality and possible
market life extension, combined treatment will be tested.

C. Sensory evaluation and chemical and physical measurements
of fresh herbs and fruit: When the tolerance dose of a commodity
has been defined, both sensory evaluation and objective
measurements will be made to further confirm quality maintenance
of the product.

D. Simulated and actual shipping studies: Confirmation of
tolerance of the treated commodity to irradiation should be
demonstrated with simulated shipping studies and, if possible,
actual shipping studies.
CONCLUSIONS:

Irradiation of various cut flowers, fresh herbs-and-fruit
shows promise that many of these commodities can tolerate
irradiation from 0.4 0 to 0.75 kGy, which is considered an
appropriate dose range above the effective minimum required for
quarantine disinfestation.

OVERALL RCM RECOMENDATIONS:
1. Combined treatment of some commodities, such as chrysanthemum,
has been shown to be promising for quality maintenance in
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preliminary studies. Combined treatments utilizing irradiation
in combination with other appropriate treatments and should be
further investigated and recommendations confirmed.
2. Choosing standardardized rearing techniques and procedures for
some quarantine pests, such as mites and thrips, by participants
in projects seems highly desirable. These techniques could
facil itate determination and comparision of the most appropriate
dose as a quarantine treatment for some host materials. Knowledge
and techniques should be summarized and shared among project
participants.
3. Reports presented in this meeting relative to investigations
on nematodes showed that considerable research and development
would be needed to produce conclusive data on application of
irradiation as a quarantine treatment. Moreover, there are
problems of insufficient numbers of trained individuals. In prder
to remedy this situation i t is recommended that FAO/IAEA should
consider encouraging laboratories in the developed countries to
undertake studies on irradiation of nematodes and facil itate
training scientists of participating countries.
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Final Research Co-ordination Meeting of tbe FAO/IAEA Research Co-
ordination Programme on Analytical Detection Methods for Irradiation
Treatment of Foods (ADMIT) and the International Meeting on Analytical
Detection Methods for Irradiation Treatment of Foods, 20-24 June 1994,
Department of Agriculture of Northern Ireland, Belfast, United Kingdom

INTRODUCTION

The Third Research Co-ordination Meeting (RCM) of the FAO/IAEA Co-ordinated Research
Programme (CRP) on Analytical Detection Methods for Irradiation Treatment of Foods
(ADMIT) was held in Belfast, UK, from 20 to 24 June 1994. Local organization of the
meeting and other valuable assistance was provided by the Department of Agriculture for
Northern Ireland.

The major purposes of the meeting were to review work carried out by ADMIT members
since the previous meeting, assess the status of individual detection methods and to make
appropriate recommendation for further action. The meeting was the final meeting planned
for the CRP which had been active for about five years. A list of ADMIT members is
provided in Annex 1.

The meeting had the advantage of taking place within an International Meeting on Analytical
Detection Methods for Irradiation Treatment of Foods organized by the Department of
Agriculture for Northern-Ireland. This brought together members of ADMIT and scientists
active in related research from many other laboratories throughout the world The forum
allowed a wide perspective to be provided on the status of detection methods. In total there
were 57 participants from 46 laboratories and 19 countries. A list of the non-ADMIT
participants is provided in Annex 2.

The ADMIT meeting was organized as a short opening session, followed by a series of
scientific presentations within the wider International Meeting. At the end of the International
Meeting, ADMIT members reconvened to formulate and adopt this report.

OPENING OF THE MEETING

The meeting was opened briefly with a welcome to participants from Dr C H McMurray,
Chief Scientific Officer, Department of Agriculture for Northern Ireland

ADOPTION OF PROGRAMME: APPOINTMENT OF CHAIRMAN
AND RAPPORTEUR

The preliminary programme was considered and adopted with minor changes. The final
programme is given in Annex 3. Dr C H McMurray (UK) and Dr P B Roberts (New Zealand)
were appointed as chairman and rapporteur respectively.
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RESEARCH GROUPS

The meeting agreed that, with some amendment, it was appropriate to continue to operate a
series of Research Groups based around different detection methods. The Research Groups
and the Coordinator for each group were confirmed as follows:

ESR Methods
Coordinator M F Desrosiers (USA)
Members: E Marchioni (France); M H Stevenson (Northern Ireland, UK);

G Troup (Australia); J Raffi (France); G A Schreiber
(Germany), W Stachowicz (Poland); S Uchiyama (Japan)

Thermoluminescence Methods
Coordinator G A Schreiber (Germany)
Members: H Delincee (Germany); K Hammerton (Australia); J Kispeter

(Hungary); J Raffi (France); P Roberts (New Zealand);
Y Kawamura (Japan); W Stachowicz (Poland).

Volatile Hydrocarbons Methods
Coordinator W W Nawar (USA)
Members: H Delincee (Germany); K Hammerton (Australia); W Meier

(Switzerland); J Raffi (France); G A Schreiber (Germany);
M H Stevenson (Northern Ireland, UK)

2-Alkylcyclobutanone Methods
Coordinator M H Stevenson (Northern Ireland, UK)
Members: H Delincee (Germany); W Meier (Switzerland); W W Nawar

(USA); G A Schreiber (Germany); E Marchioni (France)
DNA-Methods
Coordinator H Delincee (Germany)
Members: E Marchioni (France); W Meier (Switzerland); G A Schreiber

(Germany)

Chemical Methods
(except volatile hydrocarbons and 2-alkyicyclobutanones)
Coordinator: P B Roberts (New Zealand)
Members: J L Wu (China); W Meier (Switzerland); H Delincee

(Germany)

Physical Methods (except ESR and TL)
Coordinator: T Hayashi (Japan)
Members: S Barabassy (Hungary); G A Schreiber (Germany)

Biological and Immunochemical Methods
Coordinator: K Hammerton (Australia)
Members: G A Schreiber (Germany); S Uchiyama (Japan); Y Kawamura

(Japan); T Kume (Japan); M H Stevenson-(Northern Ireland,
UK).
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INITIAL DISCUSSION

Each Research Group Coordinator gave a brief overview of major changes within their topic
since the second RCM. Particular attention was given to whether interlaboratory
comparisons or trials had already occurred or were feasible. Work outside the ADMIT
programme was also discussed, noting that the scientific meeting would further clarify such
work.

There was discussion about the two intended outputs of the meeting. One was a report to
the FAO/IAEA which would detail the work done within the ADMIT programme, and act
as the final report on the status of potential detection methods with recommendations for
further action. The second output was to be a book published by the Royal Society of
Chemistry, UK. It would contain papers from the full International Meeting and would be
a sequel to a book published in 1990 which had aroused world-wide interest. The intention
was that the book would become a definitive work on present analytical methods for
irradiated foods.

The opening session then concluded and the meeting moved to 3'A days of scientific
presentations as part of the International Meeting.

OPENING OF SCIENTIFIC SESSIONS

Dr McMurray welcomed participants on behalf of the Minister of Agriculture for Northern
Ireland, the Baroness Den ton of Wakefield.

The meeting provided an important opportunity for reviewing the progress that had been
made in developing methods for detecting irradiated food.

Dr McMurray said that when there was a heightened debate on food irradiation a number of
years ago, one of the key issues raised by consumers was whether labelling could be assured
in such a way that consumers had a free choice to either consume or not consume irradiated
food.

There were two approaches that could be followed:
(a) either having an audit trail from the irradiation plant so that irradiated food could
always be identified, right through to the consumer, or

(b) to develop detection methods which could be used to determine if labelling was
correct.

This latter point recognised that labelling could be problematical in national and International
trade. There were two key issues in the labelling of irradiated food.

(1) If food had been irradiated - did the label confirm this?
(2) If food had not been irradiated - did the label again confirm this?

The first case could be equally as important as the second.

27



The need for detection methods has been endorsed by many consumer groups and recognized
by the 1988 International Conference organized by FAO/WHO/IAEA/TCC-UNCTAD/GATT
working group on Acceptance, Control of and Trade in Irradiated Food. It was with these
issues and endorsements in mind that the search for detection methods began.

The challenge already referred to became the focus of National Governments and
International groups. Of particular importance to the conference is ADMIT (Analytical
Detection Methods for Irradiation Treatment of Foods), an FAO/IAEA programme which
co-hosts the International Meeting. ADMIT provided an important vehicle for co-ordination
of research and the sponsoring of co-ordinated trials. It also provided an important set of
criteria against which the various potential methods for detection could be evaluated.

SUMMARY OF THE STATUS OF DETECTION METHODS

The table (Part 1 and Part 2) provides a summary guide to the status of the various detection
methods discussed in this report. The legend for the table is as follows:

A » AGREED INTERNATIONAL PROTOCOL

B - PROTOCOL UNDER EVALUATION

C - INTERCOMPARISON IN PROGRESS

D = RESEARCH ADVANCED

E » RESEARCH UNDERWAY

F = PRELIMINARY DATA

G = NOT APPLICABLE

H *= APPLICABLE BUT NOT TESTED

R « APPLICABLE TO CERTAIN TYPES

S = SCREENING METHOD ONLY
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GENERAL RECOMMENDATIONS

The Meeting made the following recommendations:

1. The availability of detection methods for irradiation treatment of food is expected to
facilitate the acceptance of irradiation technology; the Meeting unanimously
recommended that international co-operation be continued for the development and/or
testing of appropriate analytical methods. The interested international organizations
(IAEA, FAO and WHO) are strongly urged to support such international co-operation
through extension of ADMIT or in some other suitable way (e.g. under the aegis of
ICGF1) This was also the wish of the full International Meeting.

2. IAEA and interested International oganizations should support financially the
development and/or collaborative testing of promising analytical methods for irradiated
foods.

3. Methods found satisfactory in interlaboratory tests should be submitted to AOAC, ISO
or other international organizations with a view to their further elaboration as official
international methods.

4. In developing analytical methods for irradiated foods, priority should be given to those
methods which are relevant to actual commercial good irradiation practices and
irradiated foods moving in international trade. The General Principles for the
Development of Detection Methods should be considered.

5. Priority should be given to the development and testing of qualitative detection
methods suitable for regulatory purposes and for food likely to be in international trade
and/or of importance from a consumer protection point of view.

6. Interested international and national organizations should support financially the
production, supply and distribution of reference materials needed for the calibration
and cross referencing of methods.

7. The European Commitee on Standardization (CEN), which is currently standardizing
certain methods -also studied by ADMIT- should be requested to ensure that the
interested ADMIT experts are also asked for comments on these methods during the
CEN standardization procedures, and that these comments should be taken into
consideration by the CEN.

8. The responsible Section of the Joint FAO/IAEA Division should distribute information
on detection methods through the Food Irradiation Newsletter and update its report on
analytical detection methods published earlier in IAEA-TECDOC - 587.

9. The exchange of scientists/analysts/technicians among laboratories should be
encouraged in order to improve their knowledge of specific analytical methods for
irradiated foods. The international organisations should include in their existing
training programmes, training in detection methods and their use in food control in
developing countries.
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Collaborative testing should be carried out in accordance with accepted international
procedures for the testing of methods and should result in sufficient statistical data
which would allow assessment of the performance of the method. Statistical analysis
should be improved to increase the power of discrimination between irradiated and
unirradiated foods. Decision tree protocols should be developed for a range of
analytical senarios appropriate for a variety of foodstuffs.

CLOSE OF MEETING

In the final session Dr C McMurray thanked all Coordinators and participants for their
contributions and hard work in producing a useful report that would be a sound basis for
comprising and evaluating detection methods. This analysis should have the confidence of
regulatory authorities, consumers and the food industry.

The meeting also expressed its great appreciation to the Department of Agriculture for
Northern Ireland for its hospitality and organisation, and especially to Dr C McMurray, Dr
Stevenson, Dr Gray, Dr Stewart, Dr Hamilton, Dr B McMurray and Mr W Graham. In
addition The Faculty of Agriculture and Food Science, The Queen's University, Belfast for its
invaluable support during the meeting.

The ADMIT participants also thanked the Rapporteur, Dr Roberts, for his considerable
efforts in drawing the report of the meeting together and in particular the preparation of the
final report.

Dr Ladomery, the Scientific Secretary, was warmly thanked for his support and guidance of
the ADMIT programme. The ADMIT participants wished him well and hoped that he would
have an enjoyable retirement.
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International Atomic Energy Agency GENERAL Distr

GENERAL CONFERENCE
Item IS of the provisional agenda
(GC(XXXVin)/l)

PRACTICAL UTILIZATION OF FOOD IRRADIATION
IN DEVELOPING COUNTRIES

Report by the Director General

Introduction

1. Pursuant to resolution GC(XXXVII)/RES/616 adopted by the General Conference on
1 October 1993, the Director General is herewith reporting to the General Conference on
action taken in implementing proposals for the practical utilization of food irradiation in
developing countries.

2. The Director General brought the resolution to the attention of his FAO and WHO
counterparts and of the Acting Executive Director of ITC (International Trade Centre
UNCTAD/GATT). Also, the resolution and document GC(XXXVII)/1068 were brought to
the attention of the International Consultative Group on Food Irradiation (ICGFI) - an
advisory body to FAO, WHO and the Agency and their Member States - at its 10th Annual
Meeting, held in November 1993. The ICGFI appealed to the Secretariats of FAO and
WHO to co-operate fully with the Agency's Secretariat in implementing the Plan of Action
referred to in operative paragraph 1 of the resolution. Subsequently, FAO, WHO and ITC
have pledged full co-operation with the Agency in assisting developing countries with the
practical utilization of food irradiation.

3. The mandate of the ICGFI, which expired in May 1994, has been extended for a
further five years (i.e. until May 1999). In future, the ICGFI will place emphasis on helping
national authorities to establish the technical basis for harmonizing regulations for the control
of food irradiation and of trade in irradiated food and on assisting in the removal of non-tariff
barriers to international trade in irradiated food. Further efforts will be made to strengthen
co-operation with the food industry and with consumer organizations. With the extension of
the ICGFI's mandate, governments which are not yet members of the ICGFI will be invited
to join.
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International Trade in Irradiated Food

4. Consumer acceptance of irradiated food is increasing in several countries, including
Bangladesh, China, France, South Africa, Thailand and the United States, where several
irradiated food products are being marketed at the retail level. In September 1993, the
members of the International Organization of Consumer Unions (IOCU) had an opportunity
to acquire a better understanding of the safety and effectiveness of food irradiation through
a seminar co-sponsored by IOCU and the ICGFI. At the seminar it was concluded that
irradiation has a role to play as a method of ensuring the hygienic quality of food products
(especially those of animal origin), that it can be a substitute for fumigation and that it can
facilitate trade in certain food products.

5. It is expected that the Agreement on the Application of Sanitary and Phytosanitary
Measures (the SPS Agreement), which was adopted during the Uruguay Round of GATT
Multilateral Trade Negotiations and which will enter into force in 1995, will help to promote
international trade in irradiated food. Under the SPS Agreement, no government which is
a signatory of GATT or a member of the World Trade Organization can deny the entry into
its territory of food (including irradiated food) processed according to an international
standard (such as the international standard for irradiated food already developed through the
Codex Alimentarius Commission) unless it can prove that the food could endanger the health
of its citizens, plants or animals. A Model Regulation on Irradiated Food for Asia and the
Pacific, based on the principles of the Codex General Standard for Irradiated Foods and the
SPS Agreement, has been developed through a workshop held in Australia in December 1993
and attended by senior food control officials from the region. If adopted, the Model
Regulation should facilitate wide trade in irradiated food within and out of the region.

6. A four-year pilot project for promoting international trade in irradiated spices from
developing countries is being prepared for joint implementation by FAO, WHO, ITC and the
Agency; if the necessary funds are forthcoming, the project will start in 1995. The project
will address problems related to: (i) quality maintenance and safety in spice-
producing/exporting countries; (ii) marketing/information support in spice-
importing/consuming countries; and (iii) feasibility studies on irradiation as a means of
decontaminating spices. If the project is successful and additional funding becomes available,
it could be extended to include - for example - the use of irradiation to ensure the hygienic
quality of food of animal origin and to overcome quarantine barriers to trade in fresh fruit
and vegetables.

Technical Assistance to Developing Countries

7. The Deputy Director General for Research and Isotopes invited technical co-operation
project requests for 1995-96 from a number of countries where the prospects are good for
introducing the practical utilization of food irradiation on the basis of the prerequisites
described in document GC(XXXVII)/1068. As a result, requests have been received from
Brazil, Chile, Ecuador, Egypt, Indonesia, the Islamic Republic of Iran, Jordan, Mexico,
Morocco, Nigeria, the Philippines, Saudi Arabia, the Syrian Arab Republic, Thailand and
Uganda. The types of assistance requested are shown in the Annex.
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8. In December 1993, the Board of Governors approved a request from Chin? for
assistance (expert services, equipment, and training) with the establishment of a semi-
commercial-scale irradiation facility (under construction) for preserving rice and other
foodstuffs - a Model Project forming part of the Agency's 1994-95 technical co-operation
programme (see project CPR/5/009 on page C.26 of GOV/2696/Add.l).1

9. Following an Agency-assisted feasibility study in Mexico (see Annex 2 to
GC(XXXVII)/1068), two industrial companies have decided to build commercial-scale food
irradiators. The two irradiators (one cobalt-60 and one electron/X-ray facility) will be used
in processing food for the domestic market and for export. Construction is expected to start
this year.

10 In several developing countries (such as Bangladesh, China, Indonesia, the Republic
of Korea, Mexico and Thailand), the transfer of food irradiation technology to local industry
has made significant advances. These countries, with the Agency's assistance, have
promulgated regulations on food irradiation, built demonstration/commercial irradiators and
conducted successful market trials with irradiated food. Also with the Agency's assistance,
demonstration irradiators have been or are being constructed in Ghana, Peru and the Syrian
Arab Republic. In Bangladesh, a semi-commercial irradiator provided by the Agency went
into service early this year and is treating - virtually 24 hours a day - food products such as
onions, potatoes and dried fish (and also some medical products) for the domestic market.
A great deal of irradiated dried fish is being used by the United Nations High Commissioner
for Refugees in emergency relief operations.

11. Eleven technical co-operation projects (country and regional) with emphasis on the
practical application of food irradiation are currently under way. In addition, six co-
ordinated research programmes are being implemented.2 Since the General Conference's
1993 session, the Agency has published material on: cost-benefit aspects of food irradiation;
controlling the infectivity of food-borne parasites by irradiation; and the irradiation of poultry
meat and its products.

Regular Programme Activities for 1995-96

12. In 1995-96, emphasis will be placed on the development of practical and sustainable
capabilities for food irradiation as a means of reducing food losses (especially in African
countries), as a public health intervention measure to control certain food-borne diseases in

1 China - one of the four countries selected for the introduction of commercial-scale food
irradiation programmes following the adoption of General^ Conference resolution
GC(XXXVI)/RES/588 in 1992 - had conducted its own economic feasibility study, as a result
of which the Chinese Government allocated about $1.1 million for construction of the facility,
due to be completed by the end of this year.

2 The subjects covered are process control, the quarantine treatment of fresh produce, methods
of detecting irradiated food, the control of certain food-borne diseases, and the combined use
of irradiation and other food-processing techniques.
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Latin America and the Caribbean (in co-operation with the Pan American Health
Organization) and as a quarantine treatment of fresh horticultural produce. There will also
be emphasis on the standardization of absorbed doses in irradiated commodities. In addition,
the Agency's Secretariat will continue to assist the ICGFT in implementing the work
programmes agreed upon at its Annual Meetings.

Action Plan for Food Irradiation Activities with TC Assistance during 1995-96

13. In line with the "Steps to be followed in initiating food irradiation activities with TC
assistance" described in document GC(XXXVII)/1068, the following Action Plan - endorsed
by the Board of Governors in June 1994 - will be implemented in 1995-96 in addition to
ongoing technical co-operation projects:

14. Pre-Project Missions: A number of two-week pre-project missions will be carried out
to determine the types of assistance required in the near to medium term by countries which
have requested assistance under the Agency's 1995-96 technical co-operation programme.

15. Economic Feasibility Studies: Economic feasibility studies similar to the ones
conducted in Mexico and Morocco in 1993 are planned for Brazil, Ecuador, Egypt,
Indonesia, the Islamic Republic of Iran and the Syrian Arab Republic, all of which have
suitable infrastructures and some of which have engaged in commercial food irradiation on
a limited scale. During the three-week study missions, the role of irradiation in reducing
food losses, controlling food-borne disease and facilitating wider food trade will be assessed.

16. Resource Requirements: The implementation of the Action Plan may require staff
resources additional to those presently budgeted for in the Food Preservation Section of the
Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture. Should this
prove to be the case, resources would be sought through extrabudgetary contributions.
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ANNEX

PRACTICAL UTILIZATION OF FOOD IRRADIATION IN
DEVELOPING COUNTRIES

The countries which submitted requests for Agency technical assistance following the
adoption of resolution GC(XXXVII)/RES/616

Country

Brazil

Chile

Ecuador

Egypt

Indonesia

Iran, Islamic
Republic of

Jordan

Mexico

Morocco

Nigeria

Philippines

Saudi Arabia

Syrian Arab
Republic

Thailand

Uganda

Types of assistance

Experts

+

+

+

+

+

+

+

+

+

+

+

+

+

+

Training

+

+

+

+

+

+

+

+

+

+

-

+

+

+

-

Equipment

+

+

+

+

+

+

-

+

+

-

-

+

-

-
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NAPPO Hosts Irradiation Colloquium

The theme of the colloquium at the 1994 Annual meeting of the North American Plant
Protection Organization (NAPPO) was on "The Application of Irradiation Technology as a
Quarantine Treatment". The colloquium was composed of two parts, a paper presentation
session which was held on the morning of Wednesday, October 19 and a visit to the Food
Technology Services, Inc. irradiation facility in nearby Mulberry, Florida the following
afternoon (October 20th).

In his introduction to the Wednesday morning program, Bruce Hopper, NAPPO
Executive Secretary, reported that NAPPO had first addressed the subject of irradiation as
a quarantine treatment at its 1988 Annual meeting where several technical specialists had
been invited to provide NAPPO with an introduction to the subject. This was followed
shortly thereafter by the issuance of a NAPPO Position Statement (1989) recognizing the
suitability of irradiation technology as an alternative quarantine treatment, providing that
certain quarantine security criteria were met. The 1994 colloquium represents NAPPO's
continued interest in the use of irradiation technology as a quarantine treatment in its own
right, as well as to fill part of the void to be created by the imminent loss of the use of
methyl bromide as a quarantine treatment.

Regarding this potential loss, Ralph Ross, Special Assistant to the Administrator of
APHIS, reported that the Parties to the Montreal Protocol had listed methyl bromide as a
Class I Ozone Depleting Substance, had agreed to freeze production and consumption
commencing January 1, 1995, at the 1991 levels, and to exempt quarantine and preshipment
uses from the freeze. However, he also reported that the United States, under their Clean
Air Act (CAA), was mandated to implement a total methyl bromide phase-out on January 1,
2001 as the CAA does not provide for any exemptions or essential uses. This action makes
the search for suitable alternatives critical.

In addressing the application of irradiation as a quarantine treatment of fresh fruits
and vegetables, Paisan Loaharanu of the International Atomic Energy Agency in Vienna,
Austria reported that an international task force has recognized that adequate data exist to
establish radiation doses that will meet quarantine security requirements for a number of pest
species in various host commodities and that a number of international organizations have
endorsed irradiation as a quarantine treatment. He also reported that progress was being
made in studies to distinguish irradiated insect larvae from non-irradiated larvae; a
particularly troublesome question for inspectors.

Mike Shanon, Assistant Director, Operations Support, APHIS, PPQ, expanded on
regulatory aspects of the use of irradiation as a quarantine treatment as introduced by the
previous speaker. He spoke of a draft APHIS document on "The Application of Irradiation
to Phytosanitary Problems" which had been distributed to all participants beforehand. The
document is to be offered to NAPPO for consideration for development into a NAPPO
Irradiation Standard. Several issues were highlighted. It was indicated that dosage levels
would be based on probit 9 efficacy and that these would need to be established for specific
host-pest-origin combinations.

Presently, for papayas from Hawaii, the rules require that fruit be treated with a dose
of 150 Gy. It is being recommended that this dosage be raised to 250 Gy. And as the
dosage required to achieve quarantine security may not kill the targeted pests, i.e. they may
still be capable of movement, he stated that the detection of live larvae in treated fruit would
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not be taken to indicate system failure. However, the problem of how to interpret a live
larva in treated fruit would remain a problem until a means had been found to make a
distinction between treated and no-treated individuals. This raises the question of whether,
in the meantime, the dosage level needs to be increased to a level where immobility can be
achieved.

Bill Hargraves, Senior Consultant with Food Technology Services, Inc., Plant City,
FL, reported that the Mulberry, Florida operation is believed to be the largest commercial
facility in the world dedicated to food processing only. There are about 36 other irradiation
facilities operating in the United States sterilizing medical supplies; some also sterilizing
spices. Globally, some 60 countries have either pilot facilities for irradiation of limited
quantities of food or are moving in that direction. He reported that it was possible to
irradiate oysters without hurting (killing) the oyster and that it might be possible to treat eggs
for salmonella.

The present treatment cost at Mulberry is about $0.03 per pound for fresh fruit and
vegetables. For meat and poultry, the cost per pound varies between $0.03 and $0.05. The
facility uses a high level of Cobalt 60, i.e. 3 million curies, which is higher than normal, and
more expensive, but this translates into a shorter treatment time. Truckers, for whom time
is money, can effort to wait the one hour it takes to process a truck load of product, i.e. 20
pallets, through the irradiation facility.

Peter Kunstadt, of Nordion International Inc., Kanata, Ontario, Canada, speaking on
the safety and economic aspects of irradiation facilities, reported that Cobalt 60 had a decay
rate of 12.3% per year and that Nordion products, when spent, were returned to Nordion for
either reprocessing or destruction. He described the destructive tests to which shipping
containers must be exposed in order to be certified as meeting IAEA standards and the safety
features of treatment facilities, i.e. the process of irradiation takes places in a cell shielded
by approximately 6 feet of reinforced concrete walls, storage of the irradiation source under
12 feet of water during maintenance operations, inaccessibility to the cell during treatment,
i.e. the door to the cell can be unlocked only after the source material has been lowered into
the storage pool. And all persons working in the facility are required to undergo an initial
safety training program. Furthermore, an annual refresher training course is required.

Regarding the economics of food irradiation, Peter discussed the effects of various
parameters on unit processing costs and presented a model for calculating specific unit
processing costs by the correlation of known capital costs with annual operating costs and
throughputs. The food irradiation parameters of the model consist of 1) the applied doses,
2) packing densities, 3) handling and distribution, and 4) dose uniformity. The calculated
cost for the four irradiation equipment types was reported (in US $ per tonne) as: tote box -
$18.18; carrier - $22.93; pallet carrier - $19.15; and pallet conveyor - $15.40.

Reporting on the public perception of irradiated food products, Olivia Wood of
Purdue University, Lafayette, IN, stated that food irradiation was not a new subject and that
numerous safety tests had been conducted over the past 40 years." Based on safety test
results, the FDA approved several uses for irradiation beginning in the early 1960's.
However, consumer acceptance is important for the commercial application of food
irradiation. Olivia reported on survey trends which indicate an increased awareness of the
issues among the people polled. However, there is still some degree of reluctance within the
community. In a 1994 survey, 38% regarded food irradiation to be "serious hazard". This
percentage goes down with increased education. Results from 228 consumer surveys who
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had sampled irradiated and non-irradiated apples revealed that the primary deciding factor
in purchasing or not purchasing the irradiated apples was taste. Both price and educational
level were positively related to purchase.

Comment and discussion

The main issues raised in the discussion period were relative to a controversy
concerning the dosage level required for quarantine security. There is a difference of opinion
between those who favor a 150 Gy treatment versus others who feel that this dose needs to
be increased to 250 Gy. Both sides cited the results of studies that supplement their
particular view. The question to be answered is the dose that is required to prevent a treated
fly from going to a detection trap. In the absence of a method for an inspector to
differentiate between treated and non-treated flies, a fly captured in detection trap would
likely trigger an expensive eradication program.

Epilogue

The NAPPO Executive Committee, in a meeting held subsequent to the colloquium,
agreed to strike an ad hoc NAPPO Irradiation Panel to develop the draft APHIS document
referred to by Mike Shanon into a NAPPO Irradiation Standard and to include the resolution
of the disputed dosage rate in the Standard.
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Press Release WHO/78
13 October 1994

SAFETY AND NUTRITIONAL ADEQUACY OF IRRADIATED FOOD:
WHO PUBLISHES A COMPREHENSIVE STUDY

"As long as requirements for good manufacturing practice are implemented, food irradiation is safe
and effective. Possible risks resulting from disregard of good manufacturing practice are not basically
different from those resulting from abuses of other processing methods, such as canning, freezing and
pasteurization." This is the main conclusion of a detailed study just published by the World Health
Organization (WHO) entitled "Safety and nutritional adequacy of irradiated food" as part of its ongoing
evaluation of this relatively new food-processing technology.*

Food irradiation — also called ionization — is an extremely promising technique that could
substantially increase the supply of safe food, and thus contribute to improving public health throughout the
world. Food irradiation consists of exposing items for a specific period to the action of gamma rays, X-rays
or electrons, which destroys most pathogenic microorganisms present in food, thereby making food safer for
consumption and extending its shelf-life by retarding spoilage. Irradiation is particularly appropriate for
processing solid foods such as meat, poultry, seafood, tubers and spices, and other fresh and dried foods.

In the view of an international advisory group that WHO convened recently, the new publication is
needed because of the distrust — even fear - that this technology arouses in some quarters. In the face of
such reactions, which are often due to a lack of information about what in fact food irradiation entails, a
thorough technical review was undertaken. With more than 500 references to the scientific literature, the
publication is the most comprehensive compilation WHO has ever produced on the subject

One of the study's aims was to determine whether the chemical substances produced in foods through
irradiation, called radiolytic products, could have toxic effects for consumers. The findings are entirely
reassuring in this regard. Almost 40 years of research shows that radiolytic products resulting from food
irradiation are very similar, if not identical, to those found in unprocessed foods, or in foods that have been
processed using conventional methods. As regards possible additional radioactivity in foods as a result of
irradiation, all available evidence shows that irradiation in the commercially useful range does not generate
measurable additional radioactivity in foods which, in any case, are all naturally radioactive to some extent.
The frequently mentioned possibility that irradiation might produce mutant bacteria or viruses has been ruled
out in the light of available information.

It was also necessary to verify claims that irradiated foods lose some of their nutritional value.
Extremely precise measurements demonstrate that the nutritional value of irradiated foods scarcely differs
from that of foods processed by other methods. Where loss of vitamins is concerned, some of which are
more sensitive to irradiation than others, this can be limited by irradiating foods at low temperatures or in
the absence of oxygen. ~ !r~~*

In conclusion, the book stresses that "irradiated food produced in accordance with established good
manufacturing practice can be considered safe and nutritionally adequate because the process of irradiation
will not lead to changes in the composition of the food that, from a toxicological point of view, would have
an adverse effect on human health; will not lead to changes in the microflora of the food that would increase
the microbiological risk to the consumer; and will not lead to nutrient losses to an extent that would have
an adverse effect on the nutritional status of individuals or populations".
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Press Release WHO/78
Page 2

Adopting a public health approach, the book concentrates on the specific scientific questions that
must be answered before government authorities can approve irradiation as a safe technique for reducing
the incidence of foodborne diseases, preventing food losses, and extending shelf-life. Its findings are of
importance to all countries. "In developing countries, for instance, the technique has the potential to increase
the food supply by decreasing spoilage," says Dr Fritz Kaferstein, Chief of the WHO Food Safety Unit.
"Moreover," he stresses, "the technique has the potential to increase trading opportunities for food-exporting
countries by improving both the shelf-life and hygienic quality of their commodities."

"Governments that permit the sale of irradiated foods are not only availing themselves of an
additional opportunity to increase their citizens' access to safe food but, in effect, thereby enhancing health
protection," adds Dr Kaferstein.

According to WHO, up to 70% of the diarrhoeal disease, which cause about 25% of all deaths in
developing countries, are estimated to have food as the transmission vehicle for the causative agents. In the
United States of America, there are between 24 and 81 million cases of foodborne diseases every year and
some 10 000 related cases of "needless death". Salmonellosis alone accounts for about 2 million of these
cases and is estimated to cost at least US$ 1500 million annually.

In 1993, on the West Coast of the USA, illness caused by an extremely virulent strain of E.coli in
undercooked hamburgers killed four children, hospitalized almost 200 people, and otherwise made quite sick
more than 700 adults and children. Following this event an independent panel of experts convened by the
American Gastroenterological Association Foundation (AGAF) concluded that complete elimination of this
bacteria "is currently impossible unless the product [meat] is thoroughly cooked or irradiated". Given the
potential magnitude of the health problem related to hamburger consumption in the USA, this conclusion
received wide publicity and a petition to use irradiation to ensure hygienic quality of beef was recently
submitted to the US Food and Drug Administration (FDA). The FDA had earlier approved the use of
irradiation to ensure the safety of spices, poultry and pork, as well as for insect disinfestation and shelf-life
extension of wheat and fresh food of plant origin.

Worldwide, some 40 countries have approved the use of irradiation for various kinds of food, and
about 30 of these are applying the technology on a limited commercial scale. The Agreement on Sanitary
and Phytosanitary Measures was recently adopted as part of the Uruguay Round of Multilateral Trade
Negotiations. When the Agreement enters into force in 1995, Members of the World Trade Organization
could be required to provide justification for import restrictions for foods — including irradiated foods —
which comply with international standards, guidelines and recommendations. Already in 1983, the Joint
FAO/WHO Codex Alimentarius Commission had adopted the Codex General Standard for Irradiated
Foods.

• "Safety and nutritional adequacy of irradiated food", 161 pages, available in English (French and Spanish
versions in preparation) from the Distribution and Sales Service, WHO, Geneva, ISBN 92 4 156162 9.

For further information please contact Dr Fritz Kaferstein, Chief, Food Safety Unit, WHO, Geneva,
telephone (41 22) 791 3535. " = -
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COMMUNICATION RECEIVED

BANGLADESH (M.A. Matin)

A one-day national seminar on "Irradiation as an alternative to pesticide for food
preservation" was organized by the Bangladesh Atomic Energy Commission in Dhaka on 18
January 1995. It was attended by over 100 participants from the local food industry ,
entrepreneurs, government officials and the media. It was inaugurated by Prof. M.A.
Manna, State Minister for Science and Technology. Keynote presentations were made by
Dr. B.T. Grayson, an IAEA expert on pesticide residues in food and agriculture, and Dr.
Mainuddin Ahmed, former staff member of the Food Preservation Section, IAEA.

The seminar received wide coverage by the local media (5 local newspapers plus new
aired by Bangladesh TV). The outcome of the seminar, based on the recommendations
below, was submitted to the State Ministry for consideration and possible implementation.

Recomnendat ions

1) In view of the we 11-documented technical efficacy,
economic viability and sjafety of the process of food
irradiation, the benefits of this new technology
should be harnessed for reducing post-harvest food
losses. It will improve the microbiological quality of
food, especially that of animal origin, satisfy
quarantine requirements and generate overall trade
opportuni ties.

2) Given the global status and enormous research
findings, the International Consul tative Group on Food
Irradiation (ICGFI), established under the aegis of
WHO/FAO/IAEA, has framed standards, guidelines and
codes of practices for irradiated food and irradiation
plants. These are in line with the Recommendations of
the Codex Alimentarius Commission's standard for
irradiated food and associated code of practice for
operation of irradiation facilities. These must be
adopted and adequate regulations and inspection
mechanisms put in place.

3) Prospective commercial entrepreneurs must be
encouraged to set up food irradiation facilities and
publicity broadcast to bring home the advantages of
the irradiation processing technology for both
foodstuffs and medical products.

4) Post-harvest use of chemical additives and pesticides
should be curtailed and a stringent Regulatory
framework must be put in place and enforced to deal
with overuse/misuse of chemicals including effective
measures against usage of banned compounds. For food
items such .7s dried fish, dried fruits, grains, spices
etc. irradiation processing technology should become
an alternative to pesticides and chemicals. This will
improve consumer safety and enhance quality food
supplies.
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5) The use of fumigants (ethylene dibromide, methyl
bromide) and decontaminant (ethylene oxide) should be
restricted thereby increasing consumer safety and
reducing the burden of chemicals on the environment.

6) Priority should be given towards production/processing
of safe foods. Enactment of package of law for
protection of consumer interest from adulteration and
use of harmful chemicals in foods need to be ensured.

7) Adequate provisions for pesticide residue monitoring
and research need to be further developed and the
existing analytical facilities at IFRB, BAEC broadened
and utilized to the maximum. Also, the registration
formalities for agronomic crop protection agents
(pesticides) need to be further developed and updated.
Such measures, will, then, ensure maximum safety
through the whole food-chain thereby giving protection
to the farmer, his crops, the environment and the
consumer.
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CHINA

Food irradiation has been studied and developed in China since 1958. Following is brief

events listing on food irradiation in China.

1977 First National Seminar on Food Irradiation, Chengdu

1982 2nd National Seminar on Food Irradiation, Beijing

I9S3 Expert Group on hygienic and safety evaluation on irradiated foods was

setup

1984 Seven kinds of irradiated foods clearanced

1986 International Seminar on Food Irradiation, Shanghai

1987 China become a member of RPFI

1987 - IAEA TC Project on Food Irradiation Commercialization, Shanghai,

Canton, Chengdu, Beijing (CPR/5/002)

1988 the National Coordination Group of Food Irradiation (NCGFI) was

established

1988 National Workshop on Food Irradiation, Beijing

1990 Regional Workshop on Food Irradiation Commercialization, Shanghai

1991 National Workshop on Food Irradiation, Chengdu

1994 Ten kinds of irradiated foods clearanced

1994 China Participated ICGFI

1. Regulations on Food Irradiation

Chinese government has promulgated five regulations related to food irradiation:

On food hygiene (1'983), on protection against radioisotopes and radiation-emitting

apparatus (1989), on irradiated food (1986), on Radiological protection of y ray radiation

processing facilities (1991) and on Hunan feeding trails for irradiated food (1986).

2. Authorized Application of Food Irradiation

Now, China has authorized application of 18 kinds of irradiated foodsrSome details are

listed in the table 1.

As next step, we will work out representative standards to each classified group of

irradiated foods instead of individual hygienic standards, as : cooked meat products, raw

poultry meat, high- grade fruit and fresh vegetable.
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Table 1 ISSUED STANDARDS FOR IRRADIATED FOODS IN CHINA

Product

potatoes
onions
garlic
peanuts
grain
mushrooms
sausage
apple
spiced chicken
polen
preserved fruits
raw apricot
tomato
pork

litchi
sweet-potato wine

,i cooked meat food

1 mandarin

Purpose of irradiation

sprout inhibition
sprout inhibition
sprout inhibition
insect disinfestation
insect disinfestation
growth inhibition
decontamination
shelf-life extension
shlef-life extension
shelf-life extension
insect disinfestation
insect disinfestation
growth inhibition
shelf-life extension/
parisitc disinfestation
shelf-life extension
quality improvement
shelf-life extension/
decontamination
shelf-life extension

Type of clearance

unconditional
unconditional
unconditional
unconditional
unconditional
unconditional
provisional
unconditional
unconditional
unconditional
unconditional
unconditional
unconditional

unconditional
unconditional
unconditional

unconditional
unconditional

Dose permitted

up to 0.20
up to 0.15
up to 0.10
up to 0.40
up to 0.45
up to 1.0
up to 8.0
up to 0.4
up to 8.0
up to 8.0
up to 1.0
up to 1.0
up to 0.4

up to 0.65
up to 0.5
up to 4.0

up to 6.0
up to 0.1

Date of approval

30 Nov. 1984
30Nov.l984
30 Nov. 1984
30NOV.1984
30 Nov. 1984
30 Nov. 1984
30 Nov. 1984
5 Oct. 1988
23 Feb. 1994
23 Feb. 1994
23 Feb. 1994
23 Feb. 1994
23 Feb. 1994
23 Feb. 1994

23 Feb. 1994
23 Feb. 1994

23 Feb. 1994
23 Feb. 1994



3. Authorization qf Food Irradiation Facilities

China now has more than forty wCo y irradiation facilities with design capacity higher

than 100 Kci of ^Co, Total loading activity is 6MCi. Table 2 show the list of these

facilities. Almost all facilities are multipurpose.

In China, there are more than twenty industrial accelerators, some of them also can

used for food irradiation.

In 1993, In Sichuan Province, following produce are irradiated: pepper products 256

tonnes, sweet potato wine 680T, and meat products (beef, duck) 210T. In total, more than

1000 tonnes. Sichuan province has produced irradiated foods about the same quantities in

1994 in comparison with 1993.

China produced irradiated garlic 10000 tonnes in 1994, the main produce area are in

Henan (Zhengzhou) and Shandong provinces.

In summary, China produced irradiated foods more than ten thousands tonnes in 1994.

Table 2. Cobalt-60 y facilities

No

1
2
3
4
5
6
7
8
9
10
It
12
13
14
15
16
17

Cities

Chengdu
Beijing
Shanghai
Zhengzhou
Shenzhen
Lanzhou
Nanjing

Tianjin
Daqing
Dalian
Beijing
Changsha
Harbin
Shijiazhuang
Jinan
Wuhan
Beijing

Designed
Capacity
(Kci)

500
500
500
500

4000
500
500
500
600
500
1000
500
500
500
500
500
500

Charged
Capacity
(KCi)

430
170
210
65

1000
146
70
150
100
130
330
100
100
150
50
100
300

Time Started
to Use (Year)

1978
1984
1986
1986
1987
1987
1987
1988
1988
1989
1989
1989
1989
1990
1990
1991
1994

Mainuses

food and medical products
injector, infuser, cosmetics
food and medical products
medical products and food
medical and cheni products
medical products
medical products
sterilization
food and medical products
medical products and food
medical products
medical products
sterilization research and food
agriculture products
agriculture products
Chemical products
Agriculture, Special for food
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4. Market Trials

Market trials of irradiated foods have been conducted at Chengdu, Shanghai,

Zhengzhou and Nanjing, the details of the results can be find in another report (1994 Feb.

Tokyo Conference).

In recent year, market trials in Chengdu is continued, the results of public acceptance

are positive.

In Shanghai, the commercialization of packed meat products is under considered, cost-

benefit analysis, test marketing and consumers acceptance should be conducted. In Jinan,

some similar work also have been done.

In Beijing, the food irradiation model project will be continued, the new Beijing y

irradiation center special for agricultural products and food will be established at the early

stage of 1995.

In Beijing, a regional workshop on food irradiation (commercialization, market

feasting) will be held in 1995.

5. Trials and Other Information

In China, the Commercialization of Irradiated Food is the most important task of food

irradiation, The food irradiation technology is being transferred to food processing

industry. Recently, in Changchun, a new gamma facility is under construction by a food

company. In Jilin province, another gamma facility special for food in planning is

supported by China Food Industry Association.

The Detection of irradiated foods was studied at Beijing University"\vifhih the IAEA

ADMIT Project.

In Chengdu, Sichuan Province, irradiated pepper products, sweet potato wine and meat

products will be processed as earlier.
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All the irradiated foods are domestic sold in China. If some irradiated food, the

regulation of importer's country accept, it is possible to export some quantities of these

irradiated food (such as garlic) to importer country, As to the labeling of irradiated foods,

We tliink, It is very important to the freedom of Choice for the consumers, We agree with

labeling of irradiated foods in principle, We will do detailed study on terms to be used to

declare, the use of logo, and many related issues on this in near future.

Now , China enter the ICGFI family, as a newcomer, we hope more communication and

cooperation among us, for the development of food irradiation and for the better future of

human health.

Submitted by:

Prof. Zhu Jiang
Office of IAEA Affairs
China Atomic Energy Authority
Post Box 2102
Beijing 100822
People's Rep. of China

Tel: 86-1 851221
Fax: 86-1 8513717
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GERMANY

Recommendation by the Consumer Committee of the German Federal Ministry of Food,
Agriculture and Forestry Treatment of food by ionizing radiation (food irradiation)

Committee of the Federal Minister of Food, Agriculture and Forestry

In view of the negotiations resumed within the European Union about legal regulations
governing the treatment of food by ionizing radiation, the Consumer Committee of the
German Federal Ministry of Food, Agriculture and Forestry has agreed to issue the following
recommendation:

Present situation of the European Union

The internal market of the European Union (EU) has become effective on January 1, 1993.
Regulations not yet harmonized within the EU include the treatment of food by ionizing
radiation (gamma, electron or X-rays). About half of the EU Member States permit
irradiation of certain foods.

According to the Consumer Committee, there is no need for food irradiation in Germany
where irradiated food has not been allowed for sale so far. This strict prohibition is expected
to be replaced by an EU regulation, however. -Recommendation: Any future EU
regulation should be extremely restrictive. It should according to the present knowledge,
allow not more than the following foods to be irradiated: dried herbs, spices and condiments.

Evaluation under health aspects

Irradiation does not make food radioactive. National and international expert groups and the
WHO consider the consumption of food which was irradiated under controlled conditions to
be not dangerous to human health.

Recommendation: Radiation treatment of the food items mentioned in the first
recommendation should be permitted only when it has been made sure that the food is
irradiated in compliance with the recommendations by the Scientific Committee on Food
(SCF) of the EU Commission.

Need

Treatment of food by ionizing radiation is applied mainly to destroy undesirable
spoilage causing agents and pathogens (microorganisms, insects, parasites), but also
to inhibit sprouting and delay ripening.

Certain foods only are suitable for irradiation. In food not suitable for radiation
treatment undesirable changes in quality may occur. J ~

Recommendation: The food items mentioned in the first recommendation may be
irradiated only when they are suitable f or this treatment, and when the need for such
treatment has been substantiated technologically.
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Misuse

Irradiation of food must not substitute for good manufacturing practice.

Recommendation: Adequate measures of control must be taken to prevent food of
insufficient hygienic quality from being apparently saved and marketed.

Identification methods

Several methods to identify irradiated food have been developed which are available already
for routine controls by official food inspection.

Recommendation: Further effective identification methods should be developed
quickly also with regard to the identification of irradiated food ingredients.

Labelling of irradiated food and consumer options

In compliance with EC directive 89/395/EC irradiated food must be labelled as
"irradiated" or "treated by ionizing radiation". The obligation to label irradiated food
does not apply to food ingredients, however.

Only sufficient and informative labelling - also of food ingredients - will allow
consumers to choose according to their requirements and preferences.

Recommendation: For consumer information and to ensure the freedom of food
choice, it is urgently necessary for comprehensive and informative labelling
regulations - including also irradiated food ingredients - to be adopted at the EU
level.

source: BMELF information 48 (1994)
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MAFF SPONSORED RESEARCH: DETECTION TESTS FOR IRRADIATED
FOOD

Paul Holley
Food Science Division, Ministry of Agriculture, Fisheries and Food
Ergon House, 17 Smith Square, London SW1P 3JR, UNITED KINGDOM

Background

The Food (Control of Irradiation) and Food Labelling (Amendment) (Irradiated Food)
Regulations 1990 came into force on 1 January 1991. The control regulations
introduced a system of licensing for food irradiation facilities. This replaced previous
regulations which had proved prohibitive. The labelling regulations place a
requirement for all foods which have been irradiated to carry an indication of
treatment.

In their 1986 report on the safety and wholesomeness of irradiated food the UK
Advisory Committee on Irradiated and Novel Foods (ACINF) recognised that a
generally applicable test to determine if a food had been irradiated was not available.
The committee considered that, although not a pre-requisite, the existence of a
detection test would be a useful supplement to a control system and do much to
reassure consumers; with this in mind ACENF recommended that detection methods
should be kept under review1.

As a consequence, in 1987 the Ministry initiated a comprehensive R&D detection test
programme. The objectives being:-

i To develop analytical methods for the detection of irradiated food

ii To determine the overall average dose applied to the food.

iii To evaluate the reproducibility and accuracy of detection methods in quality
assurance studies and trials.

Over fifty papers have been published to date as a result of this programme. MAFF
has also been involved in other research associated with irradiation and food safety,
some of which is described in tliis paper. Other UK government departments,
universities and research associations have also maintained an active interest in the
technology. This paper aims to give an overview of recent work fundedunder the
food irradiation programme.

Recent Research

Twelve projects have been supported over the last two years, ten of wliich involved the
development of detection tests for irradiated food. A summary of this work is
presented below.
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Detection Tests

Thcrmolumincsccncc

The Scottish Universities Research and Reactor Centre (SURRC) continued work on
the development of a thermoluminescence (TL) test. Previous work developed a test
to detect irradiated herbs and spices. The method relies on the presence of silicate
material entrained or adhering to the food2. After several European laboratories
validated the method in an EC Community Bureau of Reference (BCR) trial, a
protocol was published by the Ministry in the Food Analysis Collaboratively Tested
Non-Statutory Methods series of reports3. Subsequently research was extended to
fruits and vegetables.

TL is also capable of detecting a range of irradiated fruits and vegetables, but detection
is more difficult due to the low quantity of inorganic material and the necessity to
detect low dose treatment. Optical bleaching did not preclude qualitative identification
and careful separation procedures were required to isolate mineral grains. It was
necessary to use several replicates to overcome the variability of mineral recovery from
'clean' samples. It was also concluded that a technique for imaging TL signals from
individual grains would be beneficial as this may overcome the effects of post-
irradiation mineral contamination.

Current work at SURRC is concentrating on the TL detection of irradiated shellfish
using both the bio-inorganic matrix (i.e. shell and exoskeleton) and mineral grains
entrained within the gut. Photoslimulaled luminescence tecluiiques are also being
investigated as a more sensitive means of detection.

Electron Spin Resonance

A project at The Queen's University of Belfast developed the Electron Spin Resonance
(ESR) method to detect irradiated meat, poultry, fish and seafood via fragments of
bone or shell V>6>7>«. The ESR methodology has been subjected to trials under the
auspices of the EC BCR programme9 and a protocol, for the identification of irradiated
meat wliich contains bone, has been drafted for publication in the Ministry's Food
Analysis series of reports.

2-aIkyIcyclobutnnones

Work at The Queens University of Belfast continued on the development of a GC-MS
test based on the detection of 2-alkylcyclobutanoncs, derived from the radiolysis of
lipids. Research has shown that 2-dodecylcyclobutanonc (2DCB), a radiolysis
product of palmitic acid, and 2-telradecylcyclobutanone (2TCB), a radiolysis product
of stearic acid, are detected in irradiated foods such as meat, poultry and eggs but not
in foods processed by other meanslo>">l2>13. This test is to undergo a ring trial to
establish the methodology.

Pure standards of 2DCB and 2TCB have been synthesised in the laboratory, (the first
reported synthesis of 2-alkylcyclobutanones in the literature) and their GC-MS spectra
chrracterised in order to enable unambiguous identification.
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There is much evidence to suggest that unsaturated 2-alkenyl cyclobutanones formed
from unsaturated fatty acids are also present in irradiated fatty foods and recent work
has substantiated this. Research is now moving on to cover low fat products such as
seafood, fruit and vegetables.

An enzyme linked immunosorbent assay (ELISA) test, based on antibodies which are
specific to the four membered carbon ring, could provide a rapid and sensitive
technique for the determination of cyclobutanones in general (regardless of parent fatty
acid) and a project with this aim is currently underway.

Determination Of Hydrogen

Radiolysis of water produces molecular hydrogen; since water is the major constituent
of most foods, the determination of hydrogen offered a universal marker for
irradiation. A feasibility study used water as a model foodH. The results of the project
indicated that, due to the rapid diffusion of the gas, food would have to be sealed or in
a form which would trap hydrogen.

Differential Scanning Calorimctry

Differential Scanning Calorimetry (DSC) measurements indicate that irradiated
mushroom, chicken and cod show freezing point depression15. With slow cooling,
water turns to ice at a lower temperature in irradiated samples than in non-irradiated
samples. Work at Tony Research Station has concentrated on the development of a
multisample device. Work is now concentrating on examining the effect of other
processing treatments, such as cold storage, on the super-cooling of water in food.

Limulus Amoebocyte Lysate

A test using the Limulus amoebocyte lysate (LAL) test in conjunction with a Gram
negative bacterial count has been developed at the Ministry's Food Science
Laboratories16. The test was developed as a rapid (25 hour) microbiological screening
test to identify abnormal microbiological profiles in poultry meat. Samples shown to
have high endotoxin levels measured using the LAL test and similarly high Gram
negative viable counts have a normal profile and are not considered irradiated. A
profile in which high endotoxin levels are present in the absence of viable Gram
negative bacteria is indicative of a large population of dead bacteria, and in the absence
of any visible signs of processing irradiation may be suspected.

Results of an inter-laboratory study in the UK to validate the method were
promising17. All unirradiated samples were correctly identified and a high proportion
(>80%) of irradiated samples were correctly identified even though chicken samples of
abnormally high quality were used in the trial. A protocol is being drafted for
publication in the MAFF Validated Methods Scries of reports. _ j ^ _

DNA

A radiation product of DNA (dihydrothymidine) has been successfully used to raise
cells capable of producing antibodies, some of which are specific for irradiated DNA18.
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Once these have been isolated an immuno assay may be produced. Although
speculative, this test has the potential to be applied to a large range of foodstuffs.
Another project investigated the fragmentation of DNA as a method to detect
irradiated food. This project demonstrated that genomic DNA fragmentation is
unlikely to offer a conclusive test19. However, techniques such as micro gel
electrophoresis may provide a useful screening test.

Other Research

Pesticide Breakdown

Work at the Norwich Food Science Laboratories has continued on investigating
pesticide residue breakdown following irradiation. Results suggest that in food, as
opposed to model systems there is negligible breakdown.

Neutron Irradiation

Work was commissioned at AEA Teclinology Harwell to evaluate the implications to
consumers eating food that had been scanned by high energy neutrons during cargo
surveillance20. A range of energies up to 14 MeV were studied. The current UK
regulations permit neutron irradiation up to 5 MeV (10 MeV for x-rays and electron
beams). It was concluded that up to doses of 0.01 Gy there were no food safety
concerns. A report was produced for the Advisory Committee on Novel Foods and
Processes (ACNFP), the successor to ACINF. The committee recommended
amending the current exemption applying to the use of neutron surveillance systems in
the Food (Control of Irradiation) Regulations 1990, in order to permit the use of such
systems operating up to ISMeV and delivering an absorbed dose no greater than 0.01
Gy. A report is being forwarded to the European Scientific Committee for Food for
their consideration.

Future Plans

The objectives of the programme were rc-assessed and consequently revised in
September 1992. The revised objective is to enhance the control regime by developing
tests to detect foods likely to be commercially irradiated, in particular foodstuffs such
as high value seafood products and to a lesser extent fruits and vegetables. The aim is
to produce tests to ensure correct labelling and to enforce legislative requirements on
irradiated food.

The technical objectives for this revised programme are:-

i. To develop analytical methods for the detection of irradiated shellfish (and to a
lesser extent fruits and vegetables).

ii To develop a cheap and rapid microbiological screening testTorlrradiated food
which would compliment the LAL Gram negative bacteria screening test for
irradiated poultry.

iii To evaluate the reproducibility and accuracy of these methods in quality
assurance studies and trials, in order to establish tests which will stand up in a
court of law.
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The revised programme gives priority to the detection of irradiated shellfish, a cheap
screening test based on the detection of relative amounts of viable and non-viable (both
Gram positive and Gram negative) bacteria, and validation by collaborative trials.
Resources are to be devoted to establishing tests, rather than funding speculative work.

By the end of the programme robust methods will be available for the detection of
most foods likely to be irradiated. MAFF validated protocols both to screen for
irradiated food and to accurately determine irradiation treatment will be in the public
domain.

The direction of the work lias evolved over the course of the programme. Initially
detection tests were not available, under this programme several have been developed.
Future work is aimed at the consolidation and validation of promising tests which we
plan to put forward as European and international standards.
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Food Irradiation CD-ROM Announced by NATDP

The National Agricultural Library is distributing the third CD-ROM to be produced
in-house by the National Agricultural Text Digitizing Project (NATDP). Entitled "food
Irradiation," the compact disc contains 94 non-copyrighted research reports, surveys, and
conference proceedings on the highest-interest topic.

The U.S. Army Quartermaster Corps produced the publications in the 1950s and
1960s. An information specialist in NAL's Food and Nutrition Information Center selected
the publications for the disc from one of several large, paper-based collections on food
irradiation donated to NAL. Eventually the project hopes to make the entire collections
available in digital form on optical disc.

The NATDP optically scanned the 94 publications included on the CD-ROM to
produce digital, bit-mapped page images. NATDP staff then created enhancing bibliographic
records reflecting the contents of the pages. These records are included on the disc and can
be used for search and retrieval of relevant page images.

This is NATDP's first experiment using bibliographic records for retrieval, rather
than full text. The manual effort to upgrade the text generated by optical character
recognition (OCR) would have been prohibitively expensive for this material, because of its
age and the poor quality of the printing.

The bibliographic records on the disc can be searched and displayed on any standard
DOS-based PC with a CD-ROM player and Extensions 2.x. But because the complete text
is not available in ASCII full text format, the user must be able to bring up the page images
in order to fully utilize the Food Irradiation CD-ROM. The page images are in a proprietary
Laser Data format, which requires the following equipment for display and printing.

o Laser View high-resolution 17 monitor (150 dpi)
o Laser View compression/decompression board
o Ricoh 4080 laser printer with Laser View board
o LaserData parallel cables.

This equipment runs on a standard, IBM PC compatible 286 or 386 microcomputer
with 400 KB free memory, running under DOS 3 x. The retrieval software is Text Ware
Plus.

If funding becomes available, the disc will be remastered using a standard image
format that does not require proprietary display equipment.

NAL is distributing the Food Irradiation CD-ROM to the land-grant libraries equipped
with the LaserView display system. Anyone else with the requisite equipment may obtain
a free copy of the disc by contacting: '• -

Judith A. Zidar
NATDP Project Coordinator
National Agricultural Library, 5th Floor Phone (301) 344-3813
10301 Baltimore Boulevard Fax: (301) 344-5473
Beltsville, Maryland 20705-2351 Internet: JZIDAR@ASRR.ARUSDA.GOV
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NEW CLEARANCES OF IRRADIATED FOOD

CROATIA

List of Foods and Items of General Use Which May Be Treated
by Ionizing Radiation and Maximum Permitted Irradiation Doses

Kind of Food Purpose of
Irradiation

Maximum
Permitted
Irradiation
Dose fkGy)l

1.
2.

3 .

4.

5.
6.

7.

1

Cereals
Products of the muesli
type based on cereals
Dried fruits and
vegetables, mushrooms
and edible parts of plants
Fresh fruits and
vegetables
Frozen fruit luices
Tubers and root vegetables
(potatoes, onions, garlic, etc.)
Tea herbs

2

disinsection
disinsection and
decontamination?.
disinsection and
decontamination

delay of ripening
and decontamination
extension of shelf life
prevention of sprouting

disinsection and
decontamination

3

1
1
10
1
10

3
4
0.5

10

8. Spices, spice and aromatic
herbs and other dried herbs
used for the preparation of
foods but not consumed
as such

disinsection and
decontamination

30

9.

10.

11.
12.
13.
14.

15.

Dehydrated milk products

Powdered eggs, frozen eggs
and egg products
Fish and other sea foods
Frog legs
Frozen meat and poultry
Hog trunk or its parts
thermally untreated
Fresh meat and poultry
chilled to +4°C

disinsection and
decontamination
decontamination

decontamination
decontamination
elimination of pathogens
elimination of - -
Trichinella. spiralis
extension of shelf life

2

3

5
8
7
1

3

1 Maximum permitted irradiation dose = maximum overall average dose
•^decontamination = microbial decontamination
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Kind of Food Purpose of
Irradiation

Maximum
Permitted
Irradiation
Dose fkGvll

1

16. Semi-durable saussages
and related products

17. Various meals (intended
for immuno-suppressed
persons or other purposes)

18. Arabic gum and other
thickeners and stabilizers

19. Enzyme preparations,
liquid and dehydrated,
including immobilized
enzymes

ITEMS OF GENERAL USE

2

decontamination

sterilization

decontamination

decontamination

3

5

4 5

10

10

20. Products for maintaining
personal hygiene, care and
protection and for
embellishment of face
and body

decontamination 10

21. Utensils, cutlery and
food packagings

decontamination
and sterilization

10
15
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Clearance of Irradiated Food in Cuba

Items

Cocoa beans

Cocoa powder

Onions

Potatoes

Garlic

Spice

Dry fish

Sesame seeds

Dry animal blood

Casings

Meat products

Fresh meat

Shrimp

Breaded pork fillets

Alcoholic beverages from cane

Pineapple slices

Mango

Avocado

Oysters

Requirements

Unconditional

Unconditional

Unconditional

Unconditional

Unconditional

Unconditional

Unconditional

Unconditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Conditional

Date

88/04/01

89/01/01

87/04/01

87/04/01

87/04/01

90/08/01

93/05/01

93/10/01

90/01/01

88/10/01

90/03/01

91/08/01

91/01/01

90/03/01

90/12/01

92/04/01

92/07/01

92/08/01

91/01/01

Dose, kGy

0.50

2.00

0.06

0.10

0.08

5.00

1.00

2.00

2.00

7.00

4.00

5.00

3.00

6.00

0.30

3.00

0.75

0.25

3.00
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MEXICO

REGULATION ON FOOD IRRADIATION

A Mexican standard for food irradiation has been published after the authority received
and reviewed public comments of the proposal. The standard is effective as of 7 April
1994.

The standard establishes radiation doses for foods and food additives, treated in Mexico
or imported.

The standard establishes controls for sampling, process inspection, packaging, labelling,
transportation, etc.

The radiation dose limits for classes of food are presented in the following Table.

Class

Bulbs, Roots and Tubers

Fresh Fruits and Vegetables

Cereals, Milled Cereal
Products

Fish and Seafood and their
products and frog legs (fresh
and frozen)

Poultry and poultry products
(fresh and frozen)

Pork meat

Dehydrated products
- Eggs and milk
- Coca powder
- Natural food colours
- Beef or chicken meat
- Soup stock/shrimp, fish,

chicken

Purpose

To inhibit sprouting

To delay ripening
Shelf-life extension
Quarantine requirements

Insect disinfestation

Improvement of hygienic
quality/reduce pathogenic
microorganisms
Shelf-life extension
Control of infection by parasites

Improvement of hygienic
quality/reduce pathogenic
microorganisms
Shelf-life extension

Control of infection from
parasites

To decrease microbial load

Doses (kGy)

Mininnim

0.05

*
*
0.15

0.15

2.0

1.0
0.5

**

**

0.7

2.0

5.0
10.0
5.0

Maximum

0.2

1.0
2.5
1.0

1.0

5.0

3.0
2.0

r 7.0

3.0

3.0

5.0
5.0

10.0
10.0
10.0

**
Minimum dose is according to the variety of the fruit or vegetables
Minimum dose may be specified for particular pest or microorganisms.
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ASEAN/ICGFI SEMINAR ON FOOD IRRADIATION

ANNOUNCEMENT

The International Consultative Group on Food Irradiation (ICGFI) established under the aegis
of the Food and Agriculture Organization of the United Nations (FAO), the International Atomic
Energy Agency (IAEA) and the World Health Organization (WHO), in collaboration with the
ASEAN Secretariat, will jointly convene a Seminar on Food Irradiation at the ASEAN Secretariat
in Jakarta, Indonesia, on 12-16 June 1995.

The Seminar will assess the need for adopting a new technology such as food irradiation with
regard to its effectiveness as a method to (i) reduce postharvest food losses, (ii) control of food-
borne diseases, and (iii) expand trade in food products of ASEAN Member Countries. It will also
address the status of regulations, technological advances, and trade in and consumer acceptance of
irradiated food globally and in ASEAN Countries in particular. The Seminar is expected to lead
to adoption of a unified position of ASEAN for further consideration of Member Governments
with regard to the practical utilization of this technology to overcome non-tariff barriers to trade.

Participation

The ASEAN/ICGFI Seminar on Food Irradiation will be attended by government delegations
and observer organizations accredited to ASEAN, or any of the sponsoring Organizations of
ICGFI. Since the Seminar will address various disciplines involving regulations, health,
agriculture/quarantine, trade, food industry, consumer issues, and nuclear technology, the Seminar
should be attended by government delegations with a balanced representation of these disciplines.
As the Seminar is expected to create greater awareness of the importance and advantages of food
irradiation in ASEAN, the participants should be of senior level in different disciplines to enable
the discussion to be useful.

Member Countries are invited to submit the nominations of their delegations to the ASEAN
Secretariat, before 15 April 1995, at this address:

Dr. Alang P. Zainuddin
The ASEAN Secretariat
70 A Jalan Sisingamangaraja, P.O. Box 2072 , Jakarta, Indonesia

Tel: 7262410, 7262991; Fax: (03) 7398234, 7243348.
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NEW PUBLICATIONS

1. Food Irradiation in the Middle East and Europe, proceedings of teh final
Research Co-ordination Meeting of an FAO/IAEA Co-ordinated Research
Programme, Cadarache, France, 8-12 March 1993. IAEA-TECDOC-754. IAEA,
Vienna (July 1994).

2. Irradiation of Strawberries, A compilation of technical data for its authorization
and control. International Consultative Group on Food Irradiation (ICGFI).
IAEA-TECDOC-779. IAEA, Vienna (December 1994).

3. Safety and Nutritional Adequacy of Irradiated Food. World Health
Organization, Geneva (October 1994).
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COMING EVENTS

1. FAO/IAEA Group Fellowship Training (Study Tour) on Irradiation as a Quarantine
Treatment of Fresh Fruits and Vegetables, University of Florida (Gainesville) in
cooperation with USDA/ARS Laboratories in Orlando, Miami (Florida); Weslaco
(Texas); San Jose (California) and Yakima (Washington); 3 April - May 1995.

2. ICGFI Consultation to Prepare Programme of Work and Budget for 1996 - 1998,
Vienna, Austria, 3 - 7 April 1995.

3. FAO/IAEA/RCA Workshop on Market Testing of Irradiated Food, Beijing, China,
29 May - 2 June 1995.

4. ASEAN/ICGFI Seminar on Food Irradiation, Jakarta, Indonesia; 12 -16 June 1995.

5. FIPCOS (ICGFI) for Operators/Technical Supervisors of Irradiation Facilities, Food
Research and Development Centre, Agriculture Canada, St. Hyacinth, in cooperation
with Canadian Irradiation Centre, Laval, Canada; 26 June - 16 July 1995.

6. Ninth World Congress on Food Science and Technology (including a one-day session
on food irradiation), Budapest, Hungary, 30 July - 4 August, 1995.

7. Short Course on Food Irradiation, Institute of Food Technologists, Tampa, Florida,
16-19 October 1995.

8. First FAO/IAEA Research Coordination Meeting on Market Development of
irradiated food in Asia and the Pacific, Manila, the Philippines, October 1995.

9. FAO/IAEA/RCA Seminar on Food Irradiation, Seoul, Republic of Korea, October
1995 (tentative).

10. Tweiveth Annual Meeting of the International Consultative Group on Food Irradiation
(ICGFI), Vienna, Austria, 7-9 November 1995.
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