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TO THE READER

). The New Year 1991 on food irradiation started off with positive events.
Starting on the New Year Day, the much debated and highly publicized U.K. Food
(Control of Irradiation) Regulations 1990 entered into force. The regulations
permit seven groups of food, i.e., fruits, vegetables, cereals, bulbs and
tubers, spices and condiments, fish and shellfish, and poultry (after 13
February 1991) to be irradiated with specific maximum doses. The regulations
also include provision for licensing irradiation facilities for food
irradiation, importation and exportation of irradiated food. The summary of
the Regulations i£ included in pp.

2. Under the scope of International Consultative Group on Food Irradiation
(ICGFI), the Task Force on Irradiation as a Quarantine Treatment of Fresh
Fruits and Vegetables was convened in Bethesda, Maryland, USA, 7-11 January
1991. The Task Force evaluated scientific data and developments of not only
on the possible use of irradiation but also on other quarantine treatments.
The outcome of the meeting is summarized on pp. which should be of
purticular interest to those involve in regulatory control of and trade in
fresh fruits and vegetables.

3. Activities of the International Consultative Group on Food Irradiation
(ICGFI) continued to piay important role in providing policy guidelines,
specific trainings and information on food irradiation. An excerpt of the 7th
Annual ICGFI Meeting held at FAO Headquarters, Rome, 17 to 19 October 1990 is
i ncluded-

4. This issue reports progress and achievements made under three
co-ordinated research programmes at their meetings held in 1990, i.e. (a)
Final FAO/IAEA Research Co-ordination Meeting (RCM) on Latin American Regional
Programme on Food Irradiation; (b) Final FAO/IAEA RCM on the Use of
Irradiation as a Quarantine Treatment of Food and Agricultural Commodities;
and (c) First FAO/IAEA RCM on Analytical Detection Methods for Irradiation
Treatment of Foods (ADMIT).

5. Under UNDP-funded Regional Co-operative Project on Food irradiation in
Asia, a regional training course on the use of electron machine vs. gamma
irradiator was held at Takasaki Radiation Chemistry Research Establishment,
Japan in November 1990. A technical support was provided by FAO/IAEA to China
in its National Training Course on Food Irradiation held in Nanjing, also in
November 1990.

6. The reader will be interested in reading further developments on
commercialization of food irradiation in France where a new industrial
irradiator in Normandy has recently been commissioned.

Please send your contribution
Newsletter before IS August 1991.

to be included in the next issue of our

Staff Members
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INTERNATIONAL CONSULTATIVE GROUP ON FOOD IRRADIATION (ICGFI)

1. Excerpt from the 7th Annual Meeting

The Seventh Meeting of the International Consultative Group on Food
Irradiation (ICGFI) was held at FAO Headquarters, Rome, from 17 to 19 October
1990. The meeting was opened by the Chairman of 1CGF1, Dr W. Fiszer.

Dr. Hartwig de Haen, Assistant Director General, Agriculture Department,
FAO, welcomed the participants. As the application of food irradiation
technology and therefore trade in irradiated fvjod, were likely to increase,
there was a need for appropriate control measures by governments and by the
food industry. ICGFI had a particular role to play in this regard. The
involvement ot three UN Agencies in work on food irradiation tended to provide
guarantee that all aspects of safety and good irradiation practices would be
given proper consideration. Participation by interested International
Organizations representing the consumers and the trade was desirable.

Review of ICGFI Activities since the Sixth Meeting Market Trials for
Irradiated Foods

The meeting was informed of further market trials, which also confirmed
the acceptance of irradiated food by the consumer. The meeting stressed the
need for properly conducted trials in which the consumer had the opportunity
to make an informed choice between irradiated and un-irradiated food.

Training Manuals for Operators/Food Inspectors

The preparation of two separate traininy manuals was recommended, one for
operators of food irradiation facilities and another for food inspection
services. It is expected that these manuals will be produced during 1991.

Microbiological Criteria for Fojd

The report of the ICGFI Consultation on Microbiological Criteria for
Foods to be further processed, including by Irradiation(WHO/EHE/FOS/89.5) was
referred to the Codex Committee on Food Hygiene for consideration. The
recommendations of the Consultation, which have been incorporated in the
various ICGFI Codes of Good Irradiation Practice (see below), may also be
incorporated in the appropriate Codex Codes of Hygienic Practice, should the
Codex Committee so decide.

Inventory of Product Clearances

Clearences of food products for irradiation communicated to the
Secretariat by governments are being computerized.This involves the
development of standard expressions for the purpose of irradiation,
designations for food items and groups, permitted absorbed doses of radiation
etc. The exercise has shown that there are a number of differences in
approach and terminology used by governments, which could be standardized in
the interest of harmonization and the facilitation of trade in irradiated food.

Checklists of Information for Authorization of Food Irradiation

The meeting decided to abandon the preparation of a checklist of
information required for the authorization of applications of irradiation in
favour of the preparation of compilations of technical data on various
applications of the process. It endorsed the publication of two such
compilations of technical data: one on poultry and another on spices. These
will be published during early 1991 as 'ICGFI DOcomments'



Wholesomeness Data li,r Food treated above lu KGv

The meeting received a preliminary report (toxicity testing, effects on
nutrients and special studies on microbiological aspects) on applications of
food irradiation above 10 kGy, prepared by Prof P.Elias (consultant). The
results of investigations support the safety of irradiated food. The final
report will be published as an ICGFI Document.

PubJ ic \rit_ormaiJon Materiais

The meeting endorsed the publication at fuuj teen 'Fact Sheets' which
address issues of interest to consumers, mass media and national authorities.
These replace the information brochures previously envisaged. The fact sheets
will be published during early 1991.

Recommendat ions of the 'Geneva Conference'

Governments were again invited to inform the Secretariat on action taken
by them on the recommendations of the International Conference on the
Acceptance, Control of and Trade in Irradiated Food (Geneva, 1988).

Outcome of the Inter-American Meeting

The recommendations of the Inter-American Meeting on Harmonization of
Regulations Related to Trade in Irradiated Foods held in Orlando, USA, 1989,
were endorsed by the meeting. The report of the meeting has been published.

Labelling of Irradiated Food

An analysis of national regulations on the labelling of irradiated food
prepared by the Secretariat for the ICGKI meeting revealed that the proposed
amendments to the Codex General Standard for the Labelling of Prepackaged Food
did not reflect current national practices. The meeting referred the results
of this analysis to the Codex Committe on Food Labelling for consideration in
March 1991.

Health Impact of Food Irradiation

The meeting considered the question of studies designed to demonstrate
the effectiveness of food irradiation with respect to food products which are
carriers of pathogens such as Salmonellae. Rather than attempting to prepare
a protocol for such studies, the meeting suggested that countries carry out
work similar to that planned by the Communicable Diseases (Scotland) Unit in
Glasgow (see Room Document prepared for ICGFI, obtainable from the
Secretariat).

Position Statements by Member States

The statements submitted by participants attending the ICGFI meeting will
be published separately. The format of these statements will be standardized
and it is hoped to issue country position statements on a yearly basis.

Training in Food Irradiation

Following the termination of the International Facility of Food
Irradiation Technology (3FFIT) run jointly with the Government of The
Netherlands, it was decided to establish an 'International Network for
Training in Food Irradiation' (INTFI). This new programme will operate under
the aegis of ICGFI with the cooperation of a number of institutes in member
states. The meeting attached great importance to training as a means of



ensuring proper control arid application of the process. ICGF1 placed on
record its appreciation to the Government of The Netherlands for its
continuing support of training activities under IFFIT.

International Inventory of Authorized Food irradiation Facilities

The meeting adopted criteria lor inclusion of food irradiators on the
international 'Inventory' (previously referred to as 'Register') and a list of
information to be included on the Inventory. It charged the Secretatriat to
select., in consultation with Governments, facilities for inclusion on the
Inventory. The Inventory responds to the requirements of the Codex General
Standard food for Irradiated Foods that irradiation facilities should be
properly controlled and staffed by trained personnel. It also reflects the
recommendations of the "Geneva Conference". The Secretariat is in the process
of finalizing the Inventory on the basis of available information and will
publish it during 1991 as an "1CGFI Document".

Certifjcat ion of 1rradiated Food Commodities

The meeting decided to develop a standard certificate for issue by the
competent food irradiation facilities (e.g. those on the International
Inventory). The question of certification will be rediscussed at the 8th
meeting in 1991. Comments of the draft certificates are welcome (copy may be
obtained from the ICGF1 Secretariat).

Various Guidelines and Technical Documents adopted by fCGFI

The meeting adopted a "Codes of Good irradiation Practice" for a number
of groups of food commodities, based on the previous "Provisional Guidelines"
and on comments received. These Codes are complementary to the Codex Standard
for Irradiated Foods, since they describe in detail good practices in
radiation treatment of food products. The meeting also adopted 'Guidelines
for the Preparation of Regulations for the Control of Food Irradiation
Facilities' in response to the requirement of the Codex Standard and the
recommendations of the Geneva Conference that food irradiation facilities
should be properly controlled under the regulations and inspected for safe and
proper functioning and handling/processing of food. The meeting endorsed the
publication of the two technical compilations for poultry and spices. These
two documents provide a package of information required by the national
authorities in considering the authorization of the process or the importation
of irradiated foods from other countries.

List of ICGF1 Documents and other Publications:

Trade Promotion of Irradiated Food. Report of the Task Force Meeting on
Trade Promotion of Irradiated Food held in Vienna, 7-11 October 1985 and
convened under the scope of the International Consultative Group on Food
Irradiation (ICGFI). IAEA, Vienna ,1986, IAEA-TECDOC 391 (124 pp.).

Task Force Meeting on Irradiation as a Quarantine Treatment. Report of a
Task Force Meeting convened under under the scope of the International
Consultative Group on Food Irradiation ICGFI), Cinang Mai, Thailand,
17-21 February 1986 (23 pp.).

Legislations in the Field of Food Irradiation. A Survey conducted by the
International Consultative Group on Food Irradiation (ICGFI). IAEA,
Vienna, 1987, IAEA-TECDOC 422 (75 pp.).

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



Ensure Hygienic Quality of Food held in Vienna, 14-18 July 1986 convened
under the scope of the International Consultative Group on Food
Irradiation ICGFI). World Health Organization, Geneva, 1987,
WHO/EHE/FOS/87.2 (26 pp.).

Guidelines for Acceptance of Food Irradiation. Report of a Task Force
Meeting on Marketing/Public Relations of Food Irradiation convened by the
International Consultative Group on Food Irradiation (ICGFI) and held in
Ottawa, Canada, 15-19 September 1986. IAEA, Vienna, 1987, 1AEA-TECDOC
432 (51 pp.).

Safety Factors Influencing the Acceptance of Food Irradiation
Technology. Report of the Task Force Meeting on Public Information of
Food Irradiation held in Cadarache, France, 18-21 April 1988, convened by
the International Consultative Group on Food Irradiation (ICGFI). IAEA,
Vienna (1989) IAEA-TECDOC 490 (106 pp.).

Consultation on Microbiological Criteria for Foods to be Further
Processed including by Irradiation. Report of a Task Force Meeting
convened by the International Consultative Group on Food Irradiation
(ICGFI) and held in Geneva, 29 May to 2 June 1989. (WHO, Geneva, 1989,
WHO/EHE/FOS/89.5 (30 pp.)).

Regulations in the Field of Food Irradiation. A review of regulations on
food irradiation in various countries conducted by International
Consultative Group on Food Irradiation (ICGFI), TECDOC-585, (153 pp.).

Irradiation as a Quarantine Treatment of Fresh Fruits and Vegetables.
Report of a Task Force convened by the International Consultative Group
on Food Irradiation (ICGFI), at Agricultural Research Institute,
Bethesda, MD, USA, 7-11 January 1991 (35 pp.)

Programme of Work for 1991

The meeting adopted the following work plan for 1991:

1. Facilitating International Acceptance and Trade in Irradiated Foods.

a) Publication of two technical monographs on irradiation of poultry and
spices;

i b) ICGFI Task Force on Irradiation as a Quarantine Treatment;
c) Publication of eight ICGFI Codes of Good Irradiation Practice;
d) Developing an ICGFI Code of Practice on Irradiation of Feed;
e) Developing principles for control of irradiated food moving in

international trade;
; f) Monitor developments on the basis of the conclusions of the Codex
> Committee on Food Labelling;
'* g) Epidemiological studies on possible impact of food irradiation in
i reducing certain food-borne illnesses;
{ h) Preparation of additional technical monographs (e.g. strawberries,

shrimps/frog legs, tubers/bulbs).
L

2. Enhancing Process Control

t a) Development and maintenance of International Inventory of Authorized Food
Irradiation Facilities;

I b) Publication of Guidelines for Preparing Regulations for the Control of
Food Irradiation Facilities;

c) Review and publication of the Manual for Operation of Food Irradiation
Facilities;



d J Development of an Internat ional System of Cer t i f icat ion for Radiat ion
Treatment of Food.

3. Training Network

a) Training Course on Quarantine Treatment (including irradiation) of
Tropical Fruits (USA);

b) Workshop on Techno-Economic Feasibility of Food Irradiation for Asian
Countries (Bangladesh; re-scheduled from 1990);

c) Workshop on Regulatory Control o£ Food Irradiation for Latin American
Countries (Argentina);

d) Support establishment and implementation of global training network;
e) Training Course of EB processing of food (Poland.

4. Inventories

a) Maintain wholesomeness data on irradiated food;
b) Compile and reference wholesomeness data on food treated above 10 kGy;
c) Review of report on wholesomeness data on food treated above 10 kGy;
d) Maintain reference file on national legislations/regulations;
e) Maintain file on clearances of irradiated food;
f) Compile information on volume of irradiated food in trade;
g) Maintain file on packaging materials for irradiated food;
h) Maintain file on results of market testing of irradiated food.

5. Public Awareness and Information

a) Publication of Fact Sheets;
b) Maintain reference file on educational/information materials;
c) Maintain file on policy statements;
d) Strengthening relations with consumer organizations.



2. Summary of Task Force Meeting on Irradiation as a Quarantine Treatment of
Fresh Fruits and Vegetables/ Bethesda, Maryland; 7-11 January 1991.

Irradiation treatment is a relatively new technology with significant
potential application for quarantine programmes. Irradiation often offers
advantages over traditional treatments. In some cases it may be the only
practical method but in other cases it may be only one of several
alternatives. For example, irradiation appears to be the only feasible
quarantine treatment for mango infested with seed weevil. The irradiation
process is notable because it leaves no residue in the food. Also, no
radioactive material is added to the food nor does the food become
radioactive. Increasing concern over pesticide residues makes physical
treatments such as irradiation an attractive choice over chemical treatments.
The effectiveness of the irradiation process depends on the proper application
of the radiation energy. The amount of radiation must be enough to accomplish
the desired quarantine effects, and accepted standard control procedures must
be used.

Research data generated by scientists in several countries, e.g.
Australia, Brazil, Chile, Israel, Mexico, New Zealand, Philippines, Thailand,
and U.S.A. have demonstrated that low-dose irradiation can be effectively used
as a quarantine treatment of fresh fruits and vegetables. Data from research
on more than 10 major species of fruit flies have shown that no adult can
develop from other stages of insects infesting fruits and vegetables after
irradiation with a minimum dose of 150 Gy. Thus, fundamental research on
irradiation as a quarantine treatment against fruit fly species infesting
fruits and vegetables is no longer required. Other data also have shown that
a minimum dose of 300 Gy will prevent other species of insects and mites from
becoming established in non-infested areas.

Most quarantine treatments cause a certain amount of phytotoxicity. In
many instances irradiation results in the least phytotoxic effects because of
the relatively low levels of energy required for quarantine control. In
general, choice of treatment method involves considering the relative merits
of efficacy, phytotoxicity, ease of application, and cost.

Cost analyses indicate irradiation is often less expensive than cold
treatment and is competitive with fumigation and other treatments.

The Task Force concluded that data now available confirm that irradiation
is appropriate for use as a quarantine treatment.

Treatment Schedules

A. General

The Task Force recognized that adequate data to establish radiation doses
that will meet quarantine security now exist for a number of pest species in
various host commodities. Required security levels reflect the quarantine
risk perceived by an importing country and vary accordingly from market to
market. They are best defined in terms of non-emergence of adults capable of
flight or reproduction following irradiation of eggs or larvae. Therefore,
the Task Force adopted a generic dose of 300 Gy as the minimum dose required
to treat any insect stage. Similarly, on the basis of data available for
fruit flies of the family Tephritidae, it adopted 150 Gy as the minimum dose
required to treat eggs or larvae to prevent emergence of such adults.
Further research may more accurately define a lower radiation dose required to
prevent emergence of such adults in specific cases, allowing treatment
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protocols based on these data to be incorporated in the Quarantine Treatment
Manual. Higher doses may give other beneficial effects, but their use would
not be required for quarantine purposes.

B. Treatment Schedules

1. Fresh plant products subject to infestations by insect eggs, larvae,
pupae or adults, except those listed in the following sections;

Exposure of any insect stage present to a minimum dose of 300 Gy in order
to prevent emergence of normal adults from treatment eggs, larvae, pupae,
or other juvenile stages or to sterilize any adults present or emerging
from treated juveniles.

2. Fresh plant products subject to infestation by Tephriditae eggs or larvae:

Exposure to any eggs or larvae present to a minimum dose of 150 Gy in
order to prevent emergence of normal adults.

3. Fresh plant products to iiiiestat ion by eggs or larvae of Queensland fruit
fly, Dacus tryoni:

Exposure of any eggs or larvae present to minimum dose of 75 Gy in order
to prevent emergence of normal adults.

4. Deciduous fruit and other hosts of codling moth, Cydia (Laspeyres ia)
pomonella:

Exposure of any eggs or larvae present to a minimum dose of 250 Gy in
order to prevent emergence of normal adults.

Conclus ions

Research data generated by scientists in several countries, e.g.,
Australia, Brazil, Chile, Israel, Mexico, New Zealand, Philippines, Thailand,
and U.S.A. have demonstrated that low-dose irradiation can be effectively used
as a quarantine treatment of fresh fruits and vegetables. Data from research
on more than 10 major species of fruit flies show that no adult can emerge
from eggs or larvae In infested fruits and vegetables after irradiation with a
minimum dose of 150 Gy. Thus, fundamental research on irradiation as a
quarantine treatment against fruit fly species infesting fruits and vegetables
is no longer required. Other data also show that a minimum dose of 300 Gy
will prevent other insects and mites from booming established in non-infested
areas.

Unlike current chemical and physical treatments which are effective on
specific fruits or vegetables, irradiation offers a broad spectrum quarantine
treatment for most fresh fruits and vegetables without compromising their
quality. Cost estimates show that irradiation is competitive and other more
economical than other residue-free quarantine treatments.

The Task Force conrlnHpH that data now available confirm that irradiaticri
is appropriate for use as a quarantine treatment.
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HESEARCH CO-ORD!NAT:ON MEETINGS

) . Th i r d J_F̂ rjg.l 1 FftO/lAEft Besearc*-, Co-ordination Meeting on Latin American

Heg_ionaj___C2-opera.t_iv_e_. Programme on Food Irradiation (LAFIP), San Jose,

Costa Rica/ 26-30 March 1990

I. INTHODUCTION

The Final Research Coordination Meeting of this programme was held in San
Jose, from 2h to 30 March 1990, hosted by the Atomic Energy Commission of
Costa Rica. Toe meeting was attended by nine scientists from seven countries
in the region. The list o£ participants is given in Appendix I.

The meeting was opened by Mr. Enrique Gongora Trejos, President of the Atomic
Energy Commiscion of Costa Rica. He welcomed the participating scientists and
stressed the n«?ed for better consumer education in order to remove the many
misconceptions v̂ hich prevented application of food irradiation technology.

The Scientific Secretary, Dr. Leslie G. Ladomery, IAEA, expressed his
Organization's gratitude to the Atomic Energy Commission of Costa Rica for
hosting the Third Researcn Coordination Meeting of LAFIP and, in particular,
to Dra. Ana I. Alvarado Silesky, Coordinator of the meeting, for her efforts
in organizing trie meeting.

The meeting was informed that ARCAL had nof included a project on food
irradiation in its future activities. This meant that LAFIP would come to a
close at the end of 1990. Efforts were being made by the Joint FAO/1AEA
Division on Nuc-lear Techniques in Food and Agriculture to secure funds from
external sources in order to be able to continue coordinated research
activities and technical assistance in the field of food irradiation
technology in the Region of Latin America and the Caribbean.

The meeting expressed its surprise at this announcement, since they considered
ARCAL VI (food irradiation) as one of the most important programmes for the
Region. ARCAL VJ represented a valuable contribution by FAO/IAEA to promoting
technological and scientific development and to improving the economy of the
countries of the Region.

The meeting requested Dr. Asher Ludin (Venezuela) and Dr. R. Murioz (Ecuador)
to act as Rapporteurs. Dr. Tatiana Ruhio (Chile), Dr. (forma Kanpett
(Argentina) and Dr. M. Gloria (Brazil) were asked to chair the various
sessions during the meeting.

2. SUMARY REPORTS

Participating scientist presented summary reports of their research work
and of future projects.

Title: Radicidation of Fresh Deboned Chicken Meat

CSi (Country): N. Kaupert (Argentina)
Contract No: 4454/R1/CF
Starting Date: 1 August 1986

RESULTS:

This work was performed on chicken thighs and breasts in order to ensure
hygienic quality *wi *-o imps w e she\t-li€e e»iem.ion. M l the analyzed
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samples were packaged in plastic trays wrapped with a semipermeable plas-'c

film. 400 trays containing chicken samples were analyzed during the whole

experiment. The samples arrived at the E^ei^a Atomic Centre under

refrigerated conditions. rmmediatie'y after arrival, the chicken meat was

irradiated in the Co-60 multipurpose semi-industrial facility. The

irradiation treatment was carried out at the temperature of .uelting ice. The

applied dose was 2.5 kGy (average). The dose late was 100 Gy/min. Alter

irradiation the samples were stored at retrigeration temperature (2°C +

1°C). The D10 value of Salmonel la \XMhi'"Mi iy m L'1'2 I'" this food) was

determined at 0.66 kGy.

Microbiological, chemical and sensory tests were performed periodically

m control and irradiated samples, until they were organoleptically discarded.

After preliminary research, 2.5 kGy was defined as the most suitable dose

treatment.

The initial T.A.B. load was in the order of 10 4 cfu/g. Immediately

after treatment it was reduced by two orders of magnitude. After irradiation

and during the storage period, pathogenic bacteria could not be detected.

When sample T.A.B. loads exceeded 1 x 10° cfu/g, they were considered at the

threshold purchase limit.

Water binding capacity as water content, rancidity as peroxide index,

were analyzed. They showed that irradiation promotes less muscle water

binding capacity and higher rancidity level, as compared with the untreated

samples. Nevertheless, these data did not cause a deleterious effect on

sensory quality of 2.5 kGy irradia-.ed samples stored at (2°C + 1°C).

At the same time, samples irradiated with higher doses (up to 4.5 kGy)

were also sensory-evaluated.

A dose of 2.5 kGy extends the shelf-life of the samples about 2 or 3

times longer than that of the unirradiated ones.

Considering the usual microbial load present in this foodstuff, and

taking into account the experimental data, the industrial application should

be done in a facility providing a minimal dose of 1.5 kGy, a medium dose of

2.5 kGy and a maximal dose of 3.3 kGy (5 log Salmonella cycles).

Assuming that the biggest chicken slaughter factory, located in

Argentina, would apply this working methodology, a study of the irradiation

cost incidence was performed for an annual irradiation requirement of 20 x

10 3 ton. The facility through-put was 300 kGy m 3/daysj the source

activity = 260 x 10 3 Ci of Co-60 and 0.41 the facility efficiency racio.

Estimated facility cost= USS 832,000 annual operation cost= USS 268,000;

irradiation cost/kg = USS 0.013. The process percentage cost incidence kg- 1

will be 0.6% more than the unirradiated food sale price. The refrigeration

cost incidence for the extended shelf-life period was not included in this

study.

CONCLUSIONS:

A dose of 2.5 kGy promotes shelf-life extent ion about two to three times

longer than the unirradiated samples, with good hygienic and sanitary

quali t ies.

OTHER COMPLEMENTARY ACTIVITIES
During the last part of 1988 and the whole of 1989 the food irradiation

activities of the CNEA'S staff were directed to various aspects involved in
this technology.
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(a) In tMs f:eJd, CNEA' s efforts were aimed at satisfying the demands
local industry.

Material

Egg
(powder)

Treat
Objective

Radicidation Polyethylene
+ Kraft paper

Dry seasonir.gs Hadicidation Polyethylene
(onion-garlic
powder)

Spices Radicidation Polyethylene

Bovine blood Radicidation Polyethylene
serum (powder) and Kraft + ;aper

Radur izat iori

Dose (kGy)
Treatment

30

30

b

Dose Rate
Gy/ain

9.1

1.5

1.5

10.55

Mushrooms Radurization Plastic trays
cover with
PVC film

71.22

White Radurization Plastic trays
aspragus covered with
(raw state) PVC film

71.78

(b) Other activities were related to the legal aspects of food
irradiation. On April 1989, Annex 1 and Appendix A were included in the
National Food Code. (Code of Practice and Dosimetry chapter respectively).

Title: Studies of pre-coanercial scale irradiation of onion and
garlic to control sprouting

CSI (Country);
Contract No.:
Starting Date:

O. A. Cur^io (Argentina)
4453/R2/RB
1 August 1986

RESULTS:

This final report shows the results obtained in studies conducted with
oi/ions and garlic bulbs produced in the region of the South National
University (Argentina), and includes:

1. Consumer acceptance of irradiated onion was assessed in a marketing
trial. The responses were evaluated through four marketing trials during
1985, 1986 and 1988 in Bahia Blanca and Buenos Aires, which became the first
experiences of this sort in the country. The results of these trials showed
that irradiated onions are widely accepted by the consumers.

After consuming the irradiated bulbs the consumers rated them very
highly. With regard to intent to purchase irradiated foodstuffs, most of them
(60%) were undecided and said they needed more information about irradiated
foodstuffs in general and about the benefits for each foodstuff in particular
and their physical characteristics after treatment.

This shows that there is an internal market in Argentina in favour of the
introduction this technology and it is clear that the consumer public should
be educated by means of campaigns using the mass media.
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2. The benefits of irrediation of onion and garlic bulbs in terms of both
the regional gross economic benefit and the farmer's benefit was evaluated as
a first step- The work showed that economic benefits are significant at both
levels as a second step, the benefits of introducing this technology in the
region in terms of the economic impact on the net income of the onions sector,
was estimated. The optimun volume of onions to be irradiated is 56% of the
totai production. The treatment of this volume generates an increase of 22.">%
in net income of the regional onions sector, which is an important economic
benefit for this sector from the point of view of internal market.

3. The performance of irradiated Argentinian onions and garlic bulbs after
shipping by boat under practical conditions is of great interest in view of
the probable opening of international markets for irradiated foodstuffs and
Argentina's capacity to export these products.

With this in mind, lots consisting of irradiated onions and garlic bulbs
were shipped to the Netherlands. The control of the commercial quality of the
samples were made at the IFFIT. The irradiation treatment improves the
keeping quality of the bulbs and reduces the loss of weight. The irradiated
garlic and onion bulbs showed a significant improvement from a point of view
of general appearance and the shelf-life was extended for several weeks when
the irradiated bulbs were stored under commercial conditions.

4. The building of an irradiation facility at the UNS will make it possible
to have a non-profit undertaking that will facilitate the growth of the
techno-scientific capacity of the region and to lend irradiation services at
demostration and commercial levels. The execution of the project includes the
design, building and operation of an experimental multipurpose irradiation
facility with Co-60 source.

Bahia Blanca, is the most important city in the south of Argentina and
its direct area of influence represents an important production of food
commodities. The city is served by the major seaport in the country,
important from the point of view of exports, principally regarding the export
of cereals in bulk. An important railway and road system leads into the city,
making the port system a natural exit for the regional products.

In order to reach the objectives of the experimental multipurpose
irradiation facility, it was necessary to collect primary information. Our
strategy was to evaluate the attitude of consumers regarding the purchase of
irradiated products via market tests and asked the opinion of industrialists
and producers in the region, as regards the adoption of this technology.
On the basis of the information obtained in this survey, it can be assumed
thav. most of the food of economic interest produced in the region, is suitable
for developing the proper technology for irradiation processing and the
assessment of the economic benefit.

Title; r u m irradiation for Disinfestation of Mediterranean
Pruit fly in Brazilian Tropical Fruits

CSI (Country; M. Gloria (Brazil)
Contract Ho.; 4455/R1/RB
Starting Pate; 1 August 1986

RESULTS:

A project has been carried out to study the potential of gamma irradiation as
a quarantine treatment for fruit flies infesting tropical fruits in Brazil.
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Initial]/, we investigated the effectiveness of gamma irradiation for
disinfect jtig Brazilian Tropical Fruits that contain eggs and last instar
larvae of the Mediterranean fruit fly. A number of mango varieties and one of
papaya were studied.

Fruits were infested in laboratory cages containing approximately 1,000 mature
fruit flies. The fruits were exposed to the ovipositing flies for 48-72
hours, after which they were placed individually in plastic boxes covered with
cotton screening. The infested fruits at different instars of larval
development were irradiated in a Co-60 source of 600,000 Ci. Fricke
dosimeters were used in each lot of boxes.

The preliminary results with eggs and larvae of the first instar showed that
no adult emerged at a dose of 150 Gy or higher. Larvae of the Mediterranean
fruit fly, C. capitata of the first instar were more sensitive to radiation
than last instar larvae.

Data were obtained through irradiation of Ceratitis eggs and 3rd. instar
larvae placed on moistened blotting paper inside petri dishes. Irradiation
effects on their development were also analysed.

Title; Irradiation of Agricultrual products to reduce
post-harvest losses in Brazil

CSI (Country): R. Domarco (Brazil)
Contract Ho: 4455/R1/RB
Starting Date: 1 August 1986

RESULTS:
This research included the shelf-life extension of mangoes with combined

treatments and the preservation of concentrated orange juice.

1. Shelf-life extension of mangoes with combined treatments:

The variety Haden, the main exportation variety of Brazil, was used.
After previous selection, the samples were separated into three lots which
received three different treatments: (i) hot water dip at 55°C for 5 minutes
followed by cooling in running tap water and irradiation; (ii) hot water plus
fungicide dip (Benlate 0.2t) at 55°C for 5 minutes followed by cooling in
running tap water and irradiation; (iii) irradiation. The applied doses were:
0.7, 0.8, 0.9 and 1.0 KGy. The dose rate was in the order of 1.1 kGy/h.
After the irradiation the mangoes were stored at 11°C for 39 days plus 7
days more at 22°C. Chemical (pH, total acidity, total soluble solids,
ratio), physical and sensorial properties were studied. The results indicated
that, at 39 days of storage period, the mangoes were considered to have
optimal maturity for trade, with better results on mangoes subjected to
thermal treatment and irradiation with doses between 0.7 and 1.0 kGy.

2. Preservation of concentrated orange juice by gamma radiation:

The aim of this work was to evaluate the preservation of concentrated
orange juice, through the synergistic action of heat and irradiation under
different temperatures and periods of storage. All the analyzed samples were
canned in 200-ml recipients. One lot of 200 samples was heated at 50°C for
30 minutes and irradiated and another lot of 200 samples were irradiated at
room temperature (250°C). The applied doses were 2.5, 5.0 and 7.5 kGy, at a
dose rate of 5.37 kGy/h.
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After the irradiation the samples were stored at 0°C, 5°C and room
temperature (22-25°C). Chemical and sensory analyses were done after 1.30,
60, 90, and 180 days of storage. The irradiation doses caused small variation
in the total soluble solids, acidity, pH and ascorbic acid. The degradation
of ascorbic acid was influenced by temperature and length of storage. Colour
changes were detected on the juice stored at room temperature. The
characteristics of quality received a score o£ 5 on a 9 point scale.

3. Other research carried out in CENA:

Disinfestation and decontamination studies of cereals and grains.

Oesinfestation of mangoes and papayas against fruit flies.

Effect of different dose rates on the preservation of potatoes.

Title: Effect of low doses (< 1 kGy) in the coasercial quality of
fresh fruits and vegetables for export.

CSI (country): T. Rubio (Chile)
Contract No: 4456 Rl/RB
Starting Date: 1 August 1986

RESULTS:

The research on the effect of low doses on the commercial quality of
fruits was continued under the renewal of contract No. 4456/RB. The final
objetive of these studies is to analyze the feasibility of the use of ionizing
radiation as a quarantine treatment for Chilean fruits to be exported. This
time two products were studied: pears and raspberries (including a pilot scale
study and a preliminary research with Frankliniella cestrum).

Pears (Pyrus communis): The summer Barlett variety was used. The pears
were irradiated 72 hours post-harvest and, doses of 0.5 and 1.0 kGy were
applied. The product was stored for 84 days at 0°C and 90t R.H.

The controls carried out were: pH, acidity, soluble solids, resistance to
pressure, weight loss,spots, internal browning, colour, moulds (rotting),
general appearance and sensorial evaluation.

The samples irradiated with 1.0 kGy obtained the best scores in the
market quality parameters, such as: resistance to pressure, weight loss,
spots, internal browning, rotting and general appearance. This dose would
also produce a delay of ripening of the pears.

No significant differences in acceptability (sensorial evaluation) were
observed between the different samples at the end of the storage period.

From the market quality point of view, a dose of 1.0 kGy could be used on
pears of the summer Barlett variety, as a substitute for fumigants such as
methyl bromide.

Raspberries (Rubus idaeus L. ). Experimental and Pilot Scale Studies.
These studies were carried out with the Heritage variety. The harvest,
handling and storage conditions were the same that the Chilean companies use
for exporting.

The doses applied for the experimental scale studies were 1.0 kGy. The
fruit was treated 4B hours post-harvest and evaluated during 15 days, at 0°C
and 90* R.H.
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The controls carried out were: pH, acidity, soluble solids, resistance to
pressure, weight loss, humidity, exudation, dessiccation, moulds, colour and
sensorial evaluation.

The results of the experimental scale study demonstrated that a dose of
0.5 kGy does not affect the market quality of raspberries (15 days) and, the
use of higher doses would depend of the extention of the commercial period.

In the pilot scale study a maximun dose of 1.0 kGy was used. The
raspberries - 300 trays of 2.4 kg each - came from different production areas
and exporting companies. The evaluation of the fruit was carried out by seven
enterprises and research institutes, for a 6 day period (0°C, 80-90* R.H.).

The fruit used (control and irradiated) in the pilot scale study had a
good market quality evaluation during the week of the experiment.

At the same time, preliminary studies with Frankliniella cestrum (adults)
were began. The mortality, longevity and fertility of this insect was studied.

Entomological studies determined that 1.0 kGy caused 100% mortality of
Frankliniella cestrum between 8-12 days post-irradiation. Because of the high
perishability of this fruit/ the use of ionizing radiation as a quarantine
treatment must be based on the inability of the insects to produce viable
offsprings and not on their mortality.

A reduction of the offspring with the low storage temperature was
observed.

Title: Oisinfestation of Export Pruits by Irradiation.
Techno-Econoaic Feasibility Study

CSI (Country); S. Zuleta (Colombia)
Contract Ho; 4457/R1/RB
Starting Date: 1 August 1986

RESULTS:

The study on the disinfestation of Colombian export fruits by irradiation
was carried out in the context of a big national plan directed to diversify
agricultural production and exports. The final objective is to establish the
most important technical parameters of the use of ionizing radiation as a
quarantine treatment.

Studies with mango (Manqifera indica), pineapple (Ananas comosus), tree
tomato (Cvphomandra betacea) and avocado (Persea qratissima) was performed in
order to obtain data for disinfestation and on physicochenical and
organoleptic aspects. The controls carried out were: acidity, soluble
solids, pH, weight loss, internal and external evaluation of colour and
general appearance.

The best dose for the mango. Tommy Atkins variety, was: 0.6 - 0.7 kGy for
the following purposes: disinfestat ion (Anastrepha S£. ), delay in ripening and
to control Anthracnose. Combined irradiation with thermal treatment (5 min in
hot water at 55 °C) inmediately after harvest, gives the best result' the
mangoes can be stored for 48 days with good appearance and uniform maturity
under refrigerated conditions (8 - 10 °C and 90t R.H.). Doses between 0.7
and 0.9 kGy are optimal to delay the ripening of pineapple; but additional
studies are necessary to investigate the effects of temperature changes for
the Anthracnose contamination. Tree tomato showed good appearance 83 days

17



after combined treatment (0.3 - 0.4 kGy and hot water dip, 4-5 min/
55 °C). Low doses 30-50 Gy, are enough to delay ripening of avocado, but
the effects of storage temperature 8 - 10°C, and the combined treatment need
complementary studies.

Finally, a first approximation of an economic feasibility study for an
iriadiation plant in Colombia was performed. It shows that the source size
will be 400,000 ci of Co-60, and the total cost of the plant near to
USS 2,000,000.

Title: A Review on the Feasibility of Irradiation Technology to
Increase the Potential of Pood Exports in Latin American
Countries: a case study in Ecuador

CS1 (Country: R.A. Munoz-Burgos (Ecuador)
Contract Ho: 4458/R1/RB
Starting Date: 1 August 1986

RESULTS;

The Joint Division FAO/IAEA has sponsored a Latin American Food
Irradiation Programme (LAFIP), in which Ecuador has been participating for
five years.

During this period the research project has covered the preservation of
fresh fruits, mainly those which are common in the most Latin American
countries and which have a good potential for the export as exotic fresh
fruits.

Strawberries (Fragaria chiloensis), draped with cellophane film,
irradiated with 2.5 kGy. of gamma rays, and stored at 5°C, extended their
shelf-life up to 18 days.

"Babaco" fruits (Carica pentugona, Heilborn) heated at 45°C for 10
minutes, then draped in polyethylene film, and irradiated with 500 Gy,
extended the shelf-life up to 24 days, when stored at 15°C and 70% relative
humidity.

Avocados tPersea americana. Mill.), draped in saran films and irradiated
with 75 Gy, were conserved in good condition at 15°C and 70% R.H. for 15
days.

Fresh juice of tree tomato (Ciphomandra betacea, Cav.) packed in
nylon-polyethylene bags, treated at 60°C for 10 minutes, irradiated with
3 kGy, and with 300 ppm of sulphur dioxide added, were mantained in good
condition during 120 days, when stored at 20°C, and 70% of R.H.

Fresh juice of passion fruit (Passiflora edulis), Packed, in plastic
material heated at 60°C per 10 minutes and then irradiated with 4 kGy
mantained unchanged the sensorial properties, when stored at 20°C and 70%
relative humidy, during 90 days.

Rice attacked by Mediterranean flour moth (Anagasta kuehniella, Zeller)
can be desinfested by 1 kGy of ionizing radiation, since this dose is
sufficient to stop the development of all stages of the insect's metamorphosis.

The irradiated rice did not show any difference when compared to the
unirradiated control.
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Various foodstuffs, when treated with a combined process of: gamma
irradiation after saturation with ammonia vapours, S% of lime solution and 5%
of sodium hypochlor1te, reduced contamination by Asperqi1lus Flavus, and
consequently, the concentration of aflatoxins was reduced drastically.

Spices and tea herbs, which are very important agricultural export
products, were decontaminated by gamma irradiation to comply with
international microbiological regulations. Thus, basil (Ocimum basilicum),
lemon grass (Cymbopogum citratus), ginger (Zinqiber officinale), Roman
chamomile (Matricaria chamomilla), spermint (Henta piperita), wild majoram
(Or iqanum vulqare), garlic (Alliurn sat ivum), and thyme (Thymus vulgar is) were
radurized with doses between 2.0 - 4.5 kGy. The applied doses did not affect
either the aromatic properties, or the chemical composition.

Mushrooms of micorhizai symbiosis, an abundant and cheap protein food,
when irradiated with 2 kGy reduced the microbiological contamination from
107 to 102 u.f.c/g.

Preliminary studies with fruit flies, Drosophila quayllabambae, and D.
melanoqaster, infesting "chirimoya" fruits (Annona cherimolia. Mill.)
demonstrate that low doses of gamma irradiation stop the biological cycle at
the larval stage, confirming the usefulness of this technology as a quarantine
t reatment.

Title: Application of Irradiation to Extend Shelf-Life of Shriaps

CSI (Country): V.J. Martin (Uruguay)
Contract No: 4460/R2/RB
Starting Date: 1 August 1986

RESULTS:

The investigation on the effect that Co-60 gamma irradiation has on
vacuum packed stored refrigerated shrimps (Penaeus paulensis) as a
preservation method was undertaken. The trials carried out in this project
were made in 19B7 and 1989. In the 1987 experiment, freshly caught shrimps
were immediately block-frozen and stored - 18 °C +2 up to the study; three
groups of shrimp samples were prepared: 12 treated with 0.5 kGy, 12 irradiated
with 1.5 KGy, and 12 left as control. In 1989 the experiment was done with
shrimps caught in the industrial way. Experimental contamination with
Enterobacteriacea, Staphylococci and Salmonella sp. was done and an additional
dose treatment of 3.0 kGy included.

The quality evaluation of shrimps was done: (1) by a testing panel using
an organoleptic evaluation card (2) by the chemical Conway microdiffusion
method to determine total basic nitrogen (TBN) and trimethylamine (TMA) (3)
microbiological evaluation by aerobic plate count incubated at 32°C by the
APHMA Method. The Salmonella contamination was evaluated through a
qualitative method (AOAC Method). The samples were irradiated at the Nuclear
Research Centre (C.I.N.) of the University of Uruguay in a gammacell 4000
unit, at a dose rate of 55 Gy/min. The sample bags were introduced into
polyurethane boxes with dry ice for the irradiation treatment. The quality
evaluation was performed the first day after irradiation, and repeated each
seven days later in samples stored at 0 °C. During sensory evaluation
neither off-flavour nor odour was found, but after a week an ammonical smell
was noticed in all samples. Irradiated shrimps became a little bit faded but
they recovered colour after boiling. High sensory scores were obtained for
irradiated shrimps after 14 days in 1987 and 7 days in 1989. The shrimps
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irradiated at 3.0 kGy always got lower scores than the control samples. Total
bacterial count (ABC) diminished in irradiated shrimps and the reduction was
proportional to the irradiation dose. For the samples contaminated with
Salmonella sp. (1989), the qualitative test was positive in all case, from
control to 3.0 kGy.

The chemical test showed that irradiation extended food quality but
erratic figures for TBN and THA were found and there was no correlation with
the organoleptic test. In 1987 no differences in sensorial quality was found
for 0.5 kGy and 1.5 kGy. In 1989 the dose of 1.5 kGy always gat the high
scores ancj the 3.0 kGy got lower scores than the control.

The irradiation doses used have a positive effect on extending shelf-life
of refrigerated vacuum packed shrimps.

Title: Utilization of Low Dose Irradiation for Senescence
Retardation and Disinfestation of Crops important to
Development of Tropical Countries

CSI (Count^yj^ A. Ludin (Venezuela)
Contract tto^ 4867 Rl CF
Starting Date: 1 November 1987

RESULTS:

The following is a summary of the research carried out in the project financed
by the US-Israel Cooperative Development Research Programme.

1. The effect of combined heat-radiation treatment on post-harvest storage
of melons.

Melons (cv Galia) dipped in water at S2°C for 5 minutes had the decay
reduced to 15% as compared 75% in control. Irradiation with 0.5 kGy as an
additional treatment further reduced the decay to 51.

Irradiation at this level without the hot dip was also effective.
However a hot dip at 60°C without irradiation resulted in damage to the peel
of the melon.

2. Low dpse irradiation for delaying ripening of avocados.

The avocado was irradiated at 0.078 - 0.094 kGy, then waxed and stored
for 2 weeks at 5°C and 14°C, and then at 22°C. The softening of the
irradiated fruit was retarded by several days in comparison to ths control.
No significant difference in taste was detected by the evaluation panel.

3. Tolerance of tropical fruits and vegetables to low dose irradiation^

The study of tropical fruits and vegetables tolerance to varying doses of
irradiation., required to disinfest them, was initiated by analysing the lipids
of yams (Manihot esculentum C ) . A relationship was found between the changes
in ]ipid composition and visible deterioration. These changes were related to
certain structural and functional alterations in the membrane of the senescent

organs, which permitted an interaction between the substrates and the enzymes
that caused the changes in colour.
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4. £fjfe?ct of the combined t ceat ment s on pust-harvest maturation of mangoes.

Studies were carried out in Israel and Venezuela/ to evaluate the ability
of gamma iriadiation alone or in combination with heating, to extend their
useful postharvest life. Mangoes of the Haden cultivar were subjected to
treatments ranging from irradiation of 0.2b to 1 kGy with and without heat
treatment raogiug from b2 to 60°C. for periods of 1 to 5 minutes. A
combination ul irradiation that did not exceed O.bu kGy and hot water
temperature that did not exceed 57°C. for 1 minute, were found to be
berieficial for prolonging the shelf life of the mango.

b. Effect of ionizing radiation and synergistic treatments on the spoilage
microorganisms of tropical fruits and veqetables.

The studies involved: 1. Isolation and identification of spoilage
microorganisms on mango (cv Haden), papaya (cv Solo), and melons (cv Galia and
Honey Dew). 2. A study of the phytopathogenici ty of moulds. 3. Test for
resistance to ionizing irradiation of some mould phytopathogens. 4. A study
of the synergistic effect (irradiation and heat) on the development "in vitro"
of an isolated Colletotrichum sp. phytopathogen.

3. GENERAL DISCUSSIONS

3.1 Irradiation as a Quarantine Treatment

Agricultural exports, including fresh tropical fruits and vegetables are
important sources of foreign exchange for many developing countries. A number
of important markets for these products are in countries with quarantine
regulations. Most of these regulations do not take into account food
irradiation treatment to control insect pests. They are generally based on
the use of chemicals and physical treatments such as freezing and heat
treatment. The FAO Plant Quarantine Treatment Manual recommends to
governments to accept radiation treatment schedules which prevent emergence of
adult insects capable of reproduction or flight for insect eggs, larvae, pupae
or adults generally and for Tephrit idae (eggs or larvae), Dacus tryoni (eggs
or larvae), and Sternoshaetus (cryptorhynchus).

The Inter-American Meeting on Harmonization of Regulations Related to
Trade in Irradiated Foods held in Orlando, Florida, U.S.A. (1989) considered
these questions and recommended to governments that they adopt standard
regulations for quarantine treatment of fresh fruits and vegetables and that
data should be developed (in addition to existing data) using a standard
research protocol to be developed by "an ad hoc working group with USDA
participat ion".

The present meeting was aware of a large number of pests requiring
quarantine control in a number of fruits and vegetables exported from a number
of countries. Detailed investigations of all these pest/food/country
conbinations would require considerable investment of resources. The meeting
recognized that countries with quarantine regulations would require
information on the efficacy of the process and other relevant information.
Thus it is necessary to assure the relevance and acceptability of results of
research and to reduce the amount of research work required to practically
achievable levels. Such research must be carried out in a coordinated manner
in order to prevent duplication of work and assure the quality of the data.

The meeting noted that significant amount of data were already available
demonstrating the effectiveness of irradiation in a variety of foods and
against a .lumber of insect pests. There is, however, urgent need for a
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standard researcn prutucul such as suggested by the Orlando Meeting, so that
further research can be carried out in an harmonized and coordinated way. The
results of research can led out according to a standard protocol would
simplify the analysis of the data and would permit experiments to be conducted
more easily at the commercial level. Furthermore, such data would more likely
be accepted by those countries wich have quarantine regulations. This, in
turn, would facilitate the adoption of harmonized quarantine regulations and
faci1i te trade.

The meeting ouygebted that the research protocol should take into account
a number of factors as indicated in the recommendations (see Section 6).

The meeting stiessed the urgency of convening by FAO/IAEA a special
workshop to develop the research protocol and suggested that experts from
countries in the region with significant export trade ir, fresh fruits and
vegetables and with experience in quarantine treatment using radiation
processing, as well as from the USA and other importing countries with
quarantine regulations, should participate in such a workshop.

3-2 Irradiation to ensure Hygienic Quality of food

Extensive research data aie available for ensuring the hygienic quality of
irradiated food, suitable for the transfer of this technology to the
industry. In order to do so, however, more research is needed at the
pilot-scale or industrial level. On the other hand, further basic research is
needed on radiation treatment of food (eg meat and its products) to revent
the transmission o£ parasitic food-borne diseases to humans and livestock, as
well as a demonstration of the practical and economic feasibility of this type
of application. It was recognized that this area of research may require close
cooperation with specialist institutions. The meeting was informed of the
recommendations of the Workshop on the Use of Irradiation to Ensure Hygienic
Quality of Pood held in Buenos Aires, Argentina (1989). It endorsed the views
expressed by the Workshop and, in particular, the recommendation that
countries in the Region should, with the support of Regional Organizations
such as PAHO, establish a reliable register of food-borne disease outbreaks
and their prevalence. The hygienic quality of food also relates to virus
contamination which is a risk to human health. This problem is well known in
the Region and was also considered by the Orlando Meeting as one of the points
that should be taken into account.

3.3 Irradiation for shelf-life extention

Available numerous research data on the viability of this type of application
of food irradiation should be transferred to the industry through tests at
the pilot-scale or industrial level. Further basic research into new
applications is still necessary, including combined treatments with
synergistic effect such as hot-water dipping, refrigeration, appropiate
packaging etc.

3.4 Consumer acceptance

A series of well designed market tests should be carried out, which may reveal
consumer acceptance of irradiated foods. Such tests should involve the actual
sale of irradiated food under real market conditions in collaboration with
existing commercial insfrastructures. Through such market tests with
different treated products, consumers would appreciate the health an economic
benefits of irradiation technology. Market tests also have an educational
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value in promoting public awareness of irradiated foods and leading to better
understanding and acceptance of the process.

3.S Econoaic feasibility and trial-shipaents

In order to promote the transfer of irradiation technology to the industry,
economic feasibility studies should be carried out with the participation of
the interested producers and food industry, especially where consumer
acceptance has been demonstrated and where there is evidence of market
access. Trial-shipments (regional and extraregional) should also be carried
out in order to study the effects of the irradiation process and transport on
the keeping quality of the irradiated food. Trial-shipments should also be
carried out in cooperation with research institutes and the interested food
industry.

3.6 Dosiaetry

Dosimetry must be performed in such a way as to give clear data on dose
distribution, dose rate and absorbed dose. This is especially important in
research at the pilot-scaie and commercial levels. Cooperation between
researchers and nuclear institutions engaged in dose assurance is important.

4 FURTHER WORK IN THE REGION

Following consideration of work carried out under the coordinated
research program (LAFIP) and the needs of the region for further research
activities and assistance, the meeting concluded that the following topics and
food commodities should be investigated:

4.1 Further studies on: (a) quarantine treatment, (b) improvement of the
hygienic quality of food (pathogens, parasities, exchange of
information on viruses) and (c) shelf-life extension.

4.2 Market trials and trial shipments at the commercial level performed
intra-regionally (quarantine treatment, improving the hygienic quality of food
and extension of shelf-life). Those countries that do not have irradiations
facilities at present, should also be included.

4.3 Studies on the application of combined treatments with irradiation, eg.
hot water treatment.

4.4 Studies on intermediate-moisture products using irradiation to improve
hygienic quality.

4.5 Studies on irradiation technology using electron accelerators and x-ray
machines.

4.6 The following food commodities are of special interest to the region:
spices, dry and intermediate-moisture foods, poultry, fish, pork, beef, tuber
crops, (eg. onions, garlic, potatoes, etc), fresh fruits and vegetables,
mushrooms.

5. CONCLUSIONS

Quarantine:

5.1 Most national quarantine regulations do not appear to take into
account FAO recommendations based on prevention of emergence of adult
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insects capable of reproduction or flight. National regulations are not
harmonized, causing difficulties for exporting countries.

5.2 Research so far carried out has shown the effectiveness of
irradiation to satisfy quarantine reaquirements on the basis of the FAO
recommenda t i ons.

5.3 It is essential to include radiation processing as a quarantine
treatment in national regulations, on the basis of clear and agreed
criteria on quarantine requirements, as recommended by FAO.

5.4 There is a need to simplify and optimize experimental design in
order to assure insect pest control, while avoiding unnecessary
duplication of research effort in the region.

5.5 A standard research protocol is needed to ensure a harmonized
approach to research and the acceptability of the data.

Hygiene:

5.6 Despite the numerous data already available, more work is needed
especially on fresh or raw commodities, for which consumer preferance is
increasing.

5.7 More research is needed on parasite control in food in relation to
human and animal health, including consideration of practical feasibility.

5.8 Microbiological results have demostrated benefits of irradiation
technology from the economic and public health point of view.

These results are available for up-grading this technology to the
industrial scale.

5.9 Results of research have demonstrated that irradiation treatment is
useful in controlling some diseases caused by food-borne viruses.

Shelf-life extent ion;

5.10 Available research results are sufficient for transfer to industrial
application, however pilot and industrial scale tests should still be
carried out where necessary.

5.11 There are more potential irradiation applications to extend
shelf-life of fresh produce and processed food, which could be
investigated.

5.12 Available results show great potential for combined treatment with
irradiation, and these could be further investigated and extended to
other products.

Consumer acceptance:

5.13 There is a need for more extensive and properly designed market
tests to determine consumer acceptance of irradiated food. There is also
a need for programmes to improve consumer information about this
technology.

5.14 There is little cooperation between research institutions and
commercial organizations in determining consumer acceptance of irradiated
food.
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Economic feasibility studies and trial-shipaents:

15IS Economic feasibility studies would be improved by the participation
of the interested food industry, especially where consumer acceptance has
been demonstrated, and where there is evidence of market access.

5.16 Trial shipments have involved cooperation between research
institutions and the interested industry.

Education:

5.17 There is a lack of irradiation technology programmes in the
curricula of educational institutes related to food technology.
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Kjtsi Hesearcii C.»- .-r J|r.̂ t • Jii Meet i rig (KCM) of the Research Co-ordination
Programme en Analytical Detection Methods for Irradiation Treatment of
ifoods .(ADMITJ, Warsaw (Jachranka), Poland, 25-29 June 1990

1. INTRODUCTION

The first Hc'search Co-ordination Meeting (RCM) of the Co-ordinated
Research Programme or. Analytical Detection Methods for Irradiation Treatment
of Foods (ADMIT) was neld in Warsaw (Jachranka) from 25 to 29 June 1990, at
•hi- courtesy of the Institute of Nuclear Chemistry and Technology. The RCM
was attended by scientists participating in the Co-ordinated Research
Programme ADMIT as we I J as by other scientists working in the field of
analytical detection methods tor irradiated foods. A list of participants is
yiven in Annex I to this report. The Meeting was convened by the IAEA in
older to review work planned under the Programme and to plan research
activities in the next two years. A report was received from all participants
on their on-going activities and their planned future research work in the
field of identification of irradiated foods.

1.1 Opening_o_f the Meeting

The Meeting was opened by Prof. U'iktor Smulek, Head, Department of
Kadiochem:stry, on behalf of the Director and Scientific Council of the
Institute of Nuclear Chemistry and Technology, who welcomed the participants
and stressed the importance of work on detection methods in order to bolster
confidence in the control and, therefore, the application of the process. He
wished the participants a good meeting.

1.2 Open ing Remarks by the Scientific Secretary

The Scientific Secretary, Dr. L. G. Ladomery, indicated that qualitative
identification methods were needed to check foods claimed to have been
irradiated (eg. so labelled) or vice versa. It was questionable whether
quantitative methods for the determination of absorbed radiation dose were
required, except in some cases. This is why the ADMIT programme had been set
up to develop qualitative methods for the identification of irradiated food
and to encou .'age collaboration between laboratories, including the
interlaboratory testing of promising analytical detection methods.
Eventually, methods developed or identified as being suitable through ADMIT
could be adopted by International Organizations such as IUPAC*, ISO*, AOAC* as
well as by national bodies and endorsed by ICGE'I* and the Codex Alimentarius
Commission.

2. DETECTION METHODS FOR IRRADIATED FOODS

2.1 The Meed tor Detection Methods

Food irradiation is a physical process applied to food either to achieve
a technological effect or to improve its hygienic quality. It can also be
used in quarantine treatment of agricultural produce. It will be possible to
assess the effects of these technological applications of the process on
appropriate food products, using normal methods of inspection and control.
Dosimetry linked to national radiation standards, good manufacturing practice,

IUPAC - International Union of Pure and Applied Chemistry.
ISO - International Organization for Standardization.
AOAC - Association of Official Analytical Chemists.
ICGFI - International Consultative Group on Food Irradiation.
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and documentation determined by nationai legislation will ensure satisfactory
control of the process at the point of irradiation.

Methods of detection of irradiated foods are required to determine
whether a food labelled as having been irradiated has in fact been so treated
and conversely, to establish whether a food not labelled as being an
irradiated food has been irradiated. Thus detection methods are needed for
traded products to check compliance with labelling regulations and to enable
governments, traders and consumers to choose irradiated or unirradiated
products.

It is for this reason that under the ADMIT programme efforts are being
directed towards the development of identification methods so that choice can
be assured. In this programme efforts are being directed towards the
development of qualitative identification methods, rather than quantitative
methods.

Nonetheless, in specific cases a knowledge of the absorbed dose used for
treatment of a food product would be advantageous. This is particularly
appropriate in cases where the doses are close to the overall average dose of
10 kGy. An additional example relates to the control of food hygiene.

It is stressed that proper licensing and inspection of irradiation
facilities are the only reliable ways to ensure that good irradiation
practices are being followed.

The International Consultative Group on Food Irradiation is directing its
efforts towards th<r development of internationally agreed protocols for
controlling food irradiation through proper inspection of food irradiation
facilities and the issue of certificates.

3. PHYSICAL METHODS

3.1 Electron Spin Resonance

3.1.1 Principle

Electron spin resonance, or ESR, spectrometry (also known as electron
paramagnetic resonance, EPR) can be used to detect paramagnetic centres
produced in certain foods exposed to ionizing radiation. In contrast to
radicals formed in soft (aqueous-based) tissues, paramagnetic centres produced
in the rigid matrices of certain foods (e.g. bones, shells, seeds, etc.) are
longer-lived, permitting detection. These "stable" paramagnetic centres are
studied as potential indicators of radiation treatment. In addition,
quantitation of these centres may permit assessment of the absorbed dose from
radiation processing. ESR detection, 'though limited to foods containing bone,
etc., has many advantages, including small sample size requirements and the
non-destructive nature of the measurement (which may be desirable to
regulatory agencies for legal purposes).

3.1.2 State of the art

The current status of the ESR method for the detection of irradiated foods is
summarised below according to their food group.

Meats: For the ESR detection method the useful portion of poultry,
beef, pork and fish is the bone tissue. ESR examination of unirradiated bone
reveals the presence of an endogenous ESR signal commonly observed as a
symmetric singlet (assumed to originate from the organic component of the bone
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tissue). Other background signals have been observed with varying lifetimes
and spectra] features.

Bone tissue exposed to ionizing radiations (X-, and gamma-ray photons and high
energy electron^) contains a paramagnetic centre which is characterized by an
asymmetric ESR signal spectroscopically distinguishable from the endogenous
signal(s). This radiation induced spectrum has been assigned to paramagnetic
centres derived from the hydroxyapatite mineralized component of the bone
tissue. The structure of this centre has not yet been definitely assigned but
is identical with that found in all irradiated hydroxyapat ites, i.e. it is
species independent.

The hydroxyapatite centre induced by radiation has been demonstrated to
be specific to ionizing radiati' n. No other process (e.g. heat, mechanical)
has been demonstrated to generate this characteristic spectrum. Moreover, no
process has been demonstrated to quench fully the hydroxyapatite centre.

Other attractive attributes of the hydroxyapatite radical are that: i)
its lifetime far exceeds the shelflife of meats; ii) the intensity of the ESR
signal increases with increasing absorbed dose; and iii) the ESR detection
method is able to measure with confidence the signal intensity throughout and
below (at least 100 Gy) the working dose range Eor radiation processed meats.

Shellfish: For the ESR detection method the useful portion of
shellfish is the exoskeleton (i.e. shells, cuticle). For certain shellfish an
endogenous ESR spectrum can be observed consisting of six resonances
characteristic c>£ the Mn2 + transition meta) ion. A number of different
radiation-induced ESR signals (of unknown origin) have been observed for a
variety of shellfish species.

Fruits: For the ESR detection method the useful portion of fruits are
seeds, stones, pips, etc. The presence of nanganese may give rise to the
six-line Mn2* BSR spectrum in addition to the commonly observed single
resonance attributed to a quinone radical.

Upon exposufe to ionizing radiation: i) in a majority of "seed" materials
the endogenous single resonance increases in intensity; ii) in some instances
a radical is formed, measured as a triplet of ESR resonances (the central
resonance is obscured by the endogenous signal) and found to be identical to
that of a cellulose free radical; and iii) for grapes and dates a multi-line
ESR spectrum is observed from radical(s) of unkown origin.

Spices and Pry Vegetables: An endogenous ESR signal of unknown origin
is invariably present. Upon exposure to ionizing radiation, the endogenous ESR
signal usually increases in intensity and, sometimes (e.g. Capsicum sp<),
distinctive radiation-induced ESR signals are produced.

3.1.4 Conclusions

For the ESR method as a qualitative yes/no indicator: i) the prospects
for bone are excellent; ii) for shellfish, the potential is good, and could
equal that of bone; iii) fruits are very promising, but may be dependent on

j* the type of fruit; and, iv) for spices/dry vegetables application may be
limited to certain products.

'•:] For the ESR method as a quantitative test of absorbed dose, the current
lr results for bone are impressive and this approach warrants further
f, examination. The ahilitv to. estimate the. attached dose to foods could, be
-.„ useful in some circumstances and may be important to regulatory agencies.
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3.1.S Further work

Future studies m all food groups (not necessarily in order of
importance) should consider:

a) validation of the ESR detect icn metnc.d on a caso by case uasis;

b) determination L. f the nature of the observed paramagnetic species;

c) optimization of the sample preparation method, with a description of
the basic requirements for sample preparation;

d) examination of the effect of radiation processing parameters on the
ESR measurement/ namely: dose, dose rate, type of radiation,
temperature, atmosphere;

e) determinations of signal lifetimes under all storage conditions;

f) effect of thermal processing on the paramagnetic species;

g) effect of hydroxyapatite crystal 1inity on ESR signal intensity;

h) determination of detection l'mits;

i) optimization of the ESR measurements parameters, with a description
of the basic requirements for ESR measurement;

j) refinement of quantification procedures; and

k) development of an affordable dedicated ESR instrument for irradiated
food monitoring.

3.2 Luminescence Methods

3.2.1 Principles of the Methods

Luminescence is caused by emission of light when stored or trapped energy
in the material tested is released. Light emmission is initiated by addition
of a chemical solution (chemiluminescence) or by heating (thermoluminescence)
of the irradiated fooods.

3.2.2 State of the art

Both chemiluminescence (CL) and thermoluminescence (TL) are promising
methods for the identification of irradiated foods, and have been applied
mainly to herbs, spices and dried vegetables. There is considerable
experience and data available in many countries, particularly the Federal
Republic of Germany, where collaborative studies have already been carried
out, and the UK. At present, more than 50 spices or dehydrated vegetables
have been examined by both TL and CL methods. Bach method has been
categorized as "very good, good, limited or bad" for each product by the
response obtained. Seven items have been judged to be suitable for CL
detection, and 20 for TL detection.

Both TL and CL methods are now approved in the FRG as routine official
methods for the identification of irradiated dried foods. The recommended
procedure gives emphasis to ensuring that unirradiattd foods are not
classified as irradiated. The ability to discriminate between irradiated and
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unirradiated foods may be improved in the TL method by separation and analysis
of the mineral dusts associated with the food, because most of the TL signal
arises from these minerals. However, the separation procedure reduces the
speed and simplicity of the method. Whole samples can be ust.j for initial
screening purposes. Mineral separation may be applied only when the
classification is doubtful or of particular interest.

The analysis by TL of minerals accompanying foods offers the potential to
identify irradiation of a number of field products such as fruits, vegetables
and grains which are exposed to soil particles. Successful results have
already been obtained with separated minerals from strawberries and
mushrooms, as well as from the skin itself.

Further extension of luminescence methods appears possible for foods
containing radical-trapping material such as calcified cuticle or shell /TL)
and for deep-frozen products such as shelled shrimps (CL). The latter is not
straightforward, since loss of signal is associated with the thawing process.

The main advantages of luminescence methods are their speed and
simplicity as well as the experience available in their application.
Experiments with a number of spices have indicated that the luminescence
response is similar for Co-60 and lOMeV electron irradiation. Fumigation with
ethylene oxide does not lead to a significant increi. of luminescence.
Therefore, fumigation cannot be confused with irradiation.

A number of problems are encountered such as reduction in the signal
obtained as the storage time increases and the variable response seen with
different dried foods and even different batches of the same food. TL appears
to be a more useful technique than CL, since TL is observed at longer storage
times and is less sensitive to interference ( e.g. by moisture, colour
quenching, etc). This is confirmed by the superior identification rate
achieved with TL referred to above.

3.2.3 Conclusions

CL and, particularly, TL are suitable methods for the identification of
particular irradiated foods and are already at a stage where collaborative
studies are appropriate.

3.2.4 Further work

Further research should be carried out in order to:

a) produce standards and reference materials for calibration of
different techniques and/or equipment;

b) produce guidelines on appropriate methodologies;

c) develop statistical procedures to improve confidence in the
discriminatory power of the tests;

d) clarify the basis for the variations seen in the luminescence
response;

e) understand the nature of the TL response from different minerals
associated with foods;

f) explore the usefulness of luminescence methods for a wider range of
foods;
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g) extend research into the applicability of photostimulated
luminescence using laser illunination which has recently been shown
to have promise; and

h) expand the international collaborative studies already underway.

3.3 Spectrophotoaetric Method - near infrared analysis (MIB)

3.3.1 Principle of the Method

Near infrared reflectance analysis is an analytical technique which uses
the near infrared reflectance characteristics of a sample to measure major
constituents in complex mixtures of biological molecules such as food stuffs.
The second derivative of the NIR spectrum is used to distinguish between
irradiated and unit radiated foods.

3.3.2 State of the Art

Data have been obtained for white pepper, black pepper and paprika which
have been correlated with the absorbed dose of radiation. This research is at
a preliminary stage.

3.3.3 Conclusions

The influence of various factors such as radiation conditions, storage,
heating and moisture on the spectral differences in the NIR spectrum have not
been investigated. In due course, the applicability of the method needs to be
examined for other foods, including herbs, spices and dehydrated vegetables.

3.3 Impedance measurement

3.4.1 Principle of the Method

The inhibition of the sprouting of fresh potatoes can be achieved by
treatment with low doses of radiation. Irradiation of potatoes occurs in bulk
containers and the dose varies, for example, over the range OL 60 to 150 Gy.
There is no commercial advantage in irradiating potatoes at higher doses.
Because a detection method, in practice, only needs to distinguish between
irradiated and unirradiated potatoes there is only a requirement for a
qualitative test.

The procedure involves puncturing a potato tuber with an electrode
connected to an electronic equipment that can measure the impedance at various
frequencies within seconds.

3.4.2 State of the art

The electrical impedance measurement of potatoes is a simple routine
method that can be used to identify irradiated potatoes without expensive
equipment or a trained expert. The impedance ratio (impedance at 50kHz:
impedance at 5kHz) determined at 20°C can identify potatoes irradiated to
50 Gy up to six months after irradiation. However, results have been obtained
only with a few varieties of potatoes. The inpedance ratio can be influenced
by several measuring conditions such as temperature, position on a potato
tuber, electrical current/voltage applied to the tuber and the size of
electrode.
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3.4.3 Conclusion

The measurement of impedance ratios offers the potential of developing
an internationally agreed procedure to determine whether potatoes have been
irradiated.

3.4.4 Further work

a) The optimum conditions for carrying out the test should be defined.

b) If possible the sensitivity of the technique should be extended to
cover the lowest dose which is used commercially for sprout
inhibition.

c) Collaborative testing should be carried out on various potato
varieties stored over the normal storage time, in order to establish
the general applicability of the technique.

3.5 Viscoaetric Method

3.5.1 Principle of the Method

Viscometry is a method which measures the rheological properties of
materials. This method is based on the changes induced on the physical state
of food polymers (particularly starch) by irradiation and has been tested
using spices. Changes in viscosity are detected as changes in the apparent
viscosity using a Rheotest rotational viscometer.

3.5.2 State of the art

Investigations have shown that this method may be used for detecting
irradiated spices with a starch content greater than 251 irradiated at doses
greater than 4 kGy when the spices have been stored for over one year under
dry conditions. However, the viscometric method does not give acceptable
results for spices stored for over one hundred days in a relative humidity of
more than 75%. The technique has shown much promise with black and white
pepper, ginger and nutmeg.

3.5.3 Conclus ions

A definitive method for the test should be written and
used in inter-laboratory comparison and blind trials. For this purpose
it would be useful to have authentic unirradiated spices.

3.5.4 Further work

Further research is needed to establish the optimal parameters for this
method. These include:

the percentage of dry material in the gelatinised suspension;

the optimal size of granule in the suspension;

the alkalinity of the suspension;

the optimal temperature for measurement of apparent viscosity;

the selectivity of the processes against other food processing
treatments;
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tj the range of spices and other foods to which this technique may be
applicable; and

g) the possibility of extending the sensitivity of the test to doses
below 4 kGy.

4. CHEMICAL METHODS

Chemical techniques for detecting irradiated foodstuffs are based on the
measurement of certain compound(s) which may be present in different amounts
in irradiated foods compared with those in the unirradiated controls or
produced by other food processing treatments.

4.1 Lipid-Derived Volatiles - Hydrocarbons

4.1.1 Principle of the Method

On irradiation, fatty acids undergo preferential cleavage in the
ester-carbonyl region giving rise to "key hydrocarbons" in measurable
amounts. Two of these, from each fatty acid, are particularly useful as
indicators of irradiation: one has 1 caibon atom less than the substrate fatty
acid; the other has 2 carbons less and one extra double bond. The formation
of these compounds is proportional to dose.

4.1.2 State of the Art

The mechanism responsible for the formation of these compounds has been
established and documented. The method involves extraction of fat, separation
of the volatiles and quantitative analysis by gas chromatography. Although
only one hydrocarbon needs to be used, it is suggested that the three most
sensitive be measured; the dose is computed on the basis of standard curves
prepared for each compound.

The relative error for the method based on 95% confidence was found to be
approximately 10%. The presence of air or moisture, heating, lipid oxidation,
or storage at -20°C for 16 weeks, had no significant effect on the
quantitative pattern. Blind tests with chicken, beef and pork, irradiated at
0.25, 0.5, 1.0 and 2.0kGy, have recently been conducted. For a total of 81
meat samples, the technique gave correct determinations of whether irradiation
had been applied in 100% of the samples. Correct dose estimations were 86%,
96% and 70% for chicken, beef and pork, respectively.

Five other laboratories have confirmed the effectiveness of the
technique. Collaborative testing is underway at an international level.
Problems: Care must be taken to avoid interference from artifacts which may be
caused by contamination from solvents, silica, GC septa and column bleeding,
etc.

4.1.3 Conclusions

The method is relatively simple and may be applicable to any food
containing lipids. Its reliability has been demonstrated with meat samples
irradiated at doses between 0.25 and 3.0kGy with no interference from other
processing treatments. It requires standard analytical skills and equipment.

4.1.4 Purther work

a) A detailed description of the technique should be made available and
collaborative testing among different laboratories started as soon
as possible.
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b) The method should be tested with other food items, e.g. seafood.

c) The method should be tested using different types of radiation e.g.
gamma rays, x-rays and electrons.

4.2 Lipid-Derived Volatiles- Cyclobutanones

4.2.1 Principle of the Method

Cyclobutanones are formed from fatty acids as a result of interaction
with ionising radiation. A mechanism for their formation has been proposed.

Studies have concentrated on the analysis of dodecylbutanone derived from
palmitic acid (C16:0).

4.2.2 State of the Art

Research has been carried out using chicken meat as a prototype for foods
containing lipids. Extraction methods have been developed to prepare specific
lipid fractions for analyses by combined gas chromatographic- mass
spectrometric (GC/MS) techniques to confirm identity. A method is available
for extracting cyclobutanone with near 100% efficiency from chicken meat.

Chromatographic conditions are available which gave a specific GC peak
reproducibly for over 100 chicken samples. This peak is present in irradiated
samples and absent in unirradiated samples under the conditions used. The
compound is present in irradiated/cooked and cooked/irradiated samples.

It is possible to estimate quantitatively the presence of the
cyclobutanone and determine its post-irradiation stability in fresh chicken
(4°C). It is present for 28 days, although there is some reduction in
concentration at this time. The current method is capable of detecting
cyclobutanone in 200 mg of lipid (less than 10 g of chicken) and at
irradiation doses of 0.2kGy.

Cyclobutanone determination has been subjected to a blind trial and has
successfully distinguished (100%) both irradiated and unirradiated samples.

4.2.3 Conclusions

The method as developed needs sophisticated equipment for chemical
analysis as required for definitive chemical confirmation. Extraction and
clean-up procedures are time consuming and only limited quantities of the
reference cyclobutanone are available.

However, analysis of cyclobutanone(s) offers the potential of developing
a general purpose detection method which will be appropriate for foods and
food products containing lipids.

4.2.2 Further work

(a) Research should continue on the conditions that affect the concentration
of cyclobutanones in foods.

(b) The technique should be simplified in order to make it widely applicable
for a wide variety of foods containing lipid.

(c) Adequate quantities of the reference material (dodecyl cyclobutanone)
should be made available for interlaboratory testing and evaluation of
the procedure.
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4.3 o-Tyrosine

4.3.1 Principle of the Method

g-tyrosine is formed by the reaction of pheny]a]anine with radiation-
generated OH radicals.

Meat is freeze dried hydrolised and o-tyrosine is determined by HPLC with
fluorescence and/or electrochemical detection. Caution: using GC/MS for the
detection of o-tyrosine gives false values (40mg/kg) in the unirradiated
samples.

4.3.2 State of the act

With this method o-tyrosine can be detected in irradiated chicken, pork,
fish and shrimps. Unirradiated meat (40 different chickens plus other meats)
contained less than 0.1 mg/kg o-tyrosine. After irradiation with 5 kGy at
20°C, the content of o-tyrosine varied between 0.8 and 1.2 mg/kg, and after
irradiation with 5kGy at -18°C variation was between 0.5 and 0.8 mg/kg.

The amount of o-tyrosine is proportional to the applied dose, but depends
also on the dose rate and the temperature during irradiation.

4.3.3 Conclusions

Under some conditions problems can arise in achieving clear separation of
o-tyrosine. The HPLC method is judged to be suitable for detection of
unirradiated meat and meat products with the possibility of being used for
other food containing phenylalanine.

4.3.4 Further work

a) It is important to establish whether o-tyrosine may be produced by
other processing treatments.

b) Further work is required on the factors which could alter the
concentration of o-tyrosine and hence the sensitivity of the method.

r.) The method should be tested for application on other foods.

d) A standard methodology should be prepared and disseminated for
interlaboratory testing.

4.4 Other Cheaical Methods

It is recognized that, like other food processing treatments, food
irradiation will induce a wide variety of chemical changes e.g. lipid
peroxidation, DNA cleavage, polymerisation, depolymerisation, hydrogen gas
production etc. Therefore, extreme care is necessary to distinguish between
chemical changes which may affect the product and changes which may be used
for developing satisfactory detection methodologies.

Lipid peroxidation for example, is a general chemical phenomenon
encountered in foods and is induced by a variety of factors and food
processing treatments (e.g. oxygen, storage, heat trace metals and enzymes)
other than irradiation.

It is, therefore, unlikely that the products of lipid peroxidation will
provide a satisfactory basis for the detection of irradiated foods.
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Chemical changes in carbohydrates do not at present offer potential for
- detection methods. On irradiation of sweet potato liquor, ethanol gives rise

tr. three optical isomers of 2,3-butanediol, which can be analyzed by GC and
poiarimetry. The presence of d-2,3-butanediol indicates that irradiation has
taken place, since in unirradiated Jiquor only the 1- and mesoforms are
present due to microbial action. Further research is needed on how different
conditions influence the results, before the method could be used in liquors,
wine, etc. In addition, the production of optical isomers in food with a high
content of carbohydrates merits further investigations.

Other cheaical changes may be explored with the objective of developing
chemical methods, eg:

(a) hydroxylation of aromatic compounds in plant material (onions,
fruits, vegetables);

(b) Alterations in aroma compounds, analyzed by multivariate statistical
analyses; and

(c) immunoassay.

4.5 DNA

DNA is a general component of foods and chemical change is induced by
irradiation. It is, therefore, possible that detection methods based on its
radiolysis products may be developed in thp future. There is promise in the

• detection of DNA strand breaks by a simple alkaline elution technique (for
frozen sea-food) or electrophoretic analysis (for meat). Most DNA techniques
are time consuming and need highly skilled personnel. Due to rapid progress
in the field of DNA technology, new methods may emerge and be developed. If
specific antibodies to irradiated DNA could be raised, an immunoassay of
irradiated food could be possible. To date, however, no sat. a ory method
has been elaborated and nothing is currently available for inteilaboratory
evaluation.

5. BIOLOGICAL METHODS

5.1. Microbiological

j

5.1.1 Principle of the Method

Food commodities, such as herbs and spices, are known to be contaminated
«. with spoilage microbes such as bacteria, moulds and yeasts in the range of
1 10^ - io"/g. Combined use of the direct epifluorescent filter technique

j. (DEFT) and the aerobic plate count (APC) measures the total numbers of viable
',! microorganisms present before and after irradiaf'on. Standard protocols for
) DEFT and APC techniques have been published. A sample may be indicated as

having been irradiated, if the DEFT count is considerably greater (>4
ji logarithmic units) than the APC count.

i 5.1.2 State of the art

/ The method has been applied to irradiated spices and meat products and
'•ji has provided a reasonably reliable indicator of whether the food had been
•••* irradiated. However, experience with this technique is in general quite
:fi limited. The storage time after irradiation can affect the microbial counts,
,r but the difference in counts between the DEFT and APC methods can still
^ classify irradiated or unirradiated foods correctly. The method has the
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advantage that is easily incorporated in normal microbiological control
analyses.

S.I.3 Conclusions

Some problems are encountered with microbiological methods. The method
is not applicable if microbial levels are below an APC of about 10^/g. A
major problem is that other decontamination methods, (e.g. fumigation, heat)
wi.ll result in similar change to that observed in irradiation. If an apparent
positive result for irradiation is obtained, a chemical analysis is
necessary. Heat treatment may not be unambigously detected, although in some
instances the form of the spice may indicate that heat treatment has
occurred. None-the-less the microbiolgical DEFT-APC method is a possible
method for the qualitative identification for irradiated spices and meats
which have been neither fumigated nor heat treated. Final confirmation of
irradiation may require the application o£ a second detection method

5.1.5 Further work

Further research is necessary:

a) to determine how widely the technique is applicable to different
varieties and forms (cut, ground, whole) of spices,

b) to determine if the fumigation or heating process will confound the
results,

c) to determine the reproducibility of the method through collaborative
testing using appropriate spice samples, and

d) to establish the suitability of The method for food products other
than spices which are contaminated laicrobiologically.

5.2 Babryo test

5.2.1 Principle of the Method

The embryo test is based on the inhibition of the ability of individual
embryos selected from a single seed to develop a shoot. An assessment is made
of the percentage of embryos which shoot after incubation, for example after
three to four days of incubation at 35 °C for citrus fruit. Shooting in
under 50% of the embryos is used as the criterion to establish whether these
fruits have been irradiated. The sensitivity of thest is at least 0.15 kGy.

5.2.2 State of the art

Preliminary studies have been carried out in a single laboratory on the
seeds of citrus such as grapefruit, oranges and lemons. The method is rapid
compared with methods based on germination of intact seeds. It is simple to
perform, requires no special apparatus and appears to be unaffected by
variety, time after harvest, or storage conditions. The test identifies
irradiation throughout the practical dose range used for disinfestation
(approx. 0.3-1.0 kGy) or maturation control of horticultural products. This
method is capable of discriminating satisfactorily between irradiated and
unirradiated samples, because the sensitivity is lower than the dose which is
appropriate for technological purposes.

The major restriction of the method is that it can only be applied to
foods which have seeds.
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5.2.3 Conclusions

Te test is promising for all foods containing viable seeds and deserves
wider study.

5.2.4 Further work

It is considered that further work is required:

a) to extend the current research to a wider range of foods,

b) to validate the method in a number of laboratories, and

c) to progress toward a standard method which can be used in
collaborative studies.
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3. Report of the Final FAQ/IAEA Research Co-ordination Meeting on the Use of
Irradiation as a Quarantine Treatment of Food and Agricultural
Comtnodit ies, Malaysian Agricultural Research and Development Institute
(MARDI), Kuala Lumpur, Malaysia, 27 - 31 August 1990

The BCM was opened by Mr. Embin Yusof, Deputy Director General of MARDI.
He stated that the convening of the RCM was timely as Malaysia has stepped up
its effort in increasing production of tropical fruits for export. MARDI has
assigned top priority for research on tropical fruits for its next fiscal
year. Some fruits such as papaya and star fruits have gained export markets
in Europe in addition to the traditional markets in Singapore and Hong Kong.
Effective quarantine treatments are needed to enable Malaysia to export its
fruits to lucrative markets in the USA, Australia and Japan.

Mr. P. Loaharanu, Scientific Secretary of the RCM, expressed the
appreciation on behalf of the sponsoring organization to the Government of
Malaysia through MARDI for hosting and making the necessary arrangements for
the RCM. He stated that significant amounts of research data have been
generated under this programme in the past 5 years. These data will play an
important role in overcoming restrictions on quarantine regulations of major
food importing countries. The objective of the BCM was to review all research
data generated under the scope of this programme to recommend actions which
could lead to the practical use of this technology to overcome quarantine
barriers in international trade in fresh fruits and vegetables. He also
thanked the 12 participants for their active contribution in the work of this
programme and for attending this RCM.

Mr. Mohamad bin Osmari, Director of the Fruit Research Division of MARDI,
was invited to chair the first session of the RCM. He was assisted by Dr.
J.H. Moy of the University of Hawaii, Honolulu, in chairing other sessions.
Drs. N. Heather and A.K. Burditt, Jr. served as rapporteurs of the RCM.

Mr. p. Loaharanu, made an overview of significant developments of food
irradiation in the past decade. These developments have led to approvals of
irradiation as a method for processing one or more food items in 37 countries
at present. Twenty-four of these countries are using the technology to treat
some food items for commercial purposes. Irradiation as a quarantine
treatment has been approved by the USDA for Hawaiian papaya in 1989.

The Co-ordinated Research Programme (CRP) on the Use of Irradiation as a
Quarantine Treatment of Food and Agricultural Commodities was initiated in
1985, with the first and second RCHs held in Chiang Mai, Thailand in early
1986 and Orlando, Florida, USA, in 1988, respectively. The aim of this CRP is
to investigate the efficacy of irradiation as a quarantine treatment.
Specifically, it should determine the irradiation dose required to provide
quarantine security from pests of international quarantine significance,
assess the tolerance of host products to this irradiation dose, and thus
develop optimum doses and operational parameters for the use of this
technology in overcoming quarantine barriers to allow for expansion of trade
in agricultural products.

The Task Force convened by the International Consultative Group on Food
Irradiation (ICGFI), established under the aegis of FAO, IAEA and WHO in 1984,
made important recommendations and provided policy guidelines to the ICGFI and
this CRP.

The following are summaries of the work carried out under this CRP.
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Title : : Effects of ionising energy on fruit flies and seed weevil in
Australia mangoes

CS1 (country): N.W. Heather (Australia)
Contract No. : 4055/CF
Starting Date: 25 March 1986
Object ives : 1. To determine the comparative tolerance to irradiation of

life stages of Bactrocera (Dacus) trvoni (Fcoggatt) and B.
jarvisi (Tryon) as pests of mangoes.

2 To undertake disinfestation trials against these fruit
flies and mango seed weevil to confirm the dose required to
achieve quarantive security at the efficacy level of probit 9.

Results and Conclusions: The fruit fly irradiation trial achieved probit
9 security 99,9968*, demonstrated at the 95* probability level
as no adult survivors from 100 000 treated individuals. The
dose used was a minimum of 75 Gy and was based on the treatment
level shown to be effective in oranges and avocados by Rigney
and Wills (1985)*. However, because the actual dose ranged
from 74 to 101 Gy, probit 9 security is proven at the level of
101 Gy despite the probability of greater max/min ratios in
commercial treatments. On this basis some quarantine
authorities may require 100 Gy although this would overestimate
the dose needed for probit 9. Commercial treatment could thus
apply 200 Gy to some fruit assuming a 2:1 max/min ratio.

Mango seed weevil presents a different problem as field control
has been shown to be difficult. Results of multiple sampling
over an 11 week period after irradiation showed that immediate
mortality is incomplete for 4 weeks. Preliminary observations
had shown occasional surviving larvae after 3 months. However,
in subsequent trials with large numbers of fruit no emergence
occurred from fruit treated at 298-339 Gy. Neither hygiene
programs nor insecticide sprays can ensure freedom of fruit
from seed weevil in any year although they can reduce
infestation to low levels. However, because new plantations of
mangoes established in isolation from other older trees are
generally free of seed weevil for the first 10 years export
fruit could be sourced from these a~eas. It is highly likely
that a well executed plantation quarantine program could extend
the weevil free period idenfinitely. Plantations can be
monitored for seed weevil presence by destructive sampling at
levels commensurate with the level of risk deemed acceptable.
Irradiation could then provide the quarantine assurance without
complications of larval interception and concern about whether
the fruit had been irradiated.

Title : : Irradiation effects on Australian fruit and its efficacy as a
postharvest treatment against Queensland fruit fly (Bactrocera
trvoni, Froggatt, Diptera: Tephritidae)

CSI (country): Andrew J. Jessup (Australia)
Contract Wo. : 3059/CF
Starting Date: 15 February 1982
Objectives : To determine the suitability of irradiation as a quarantine

treatment against Queensland fruit fl" (Bactrocera trvoni).

Rigney, C.J. and Wills, P.A. 1986. Suitability of low dose irradiation
for disinfestation of several fruits. In "Radiation Disinfestation of Food
and Agricultural Products. Ed. J.H. Moy. Hawaii Institute of Tropical
Agriculture and Human Resources, Honolulu, pp. 129-134.
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Hesults

Conclusions

dose of 75 Gy was found to be effecti

iu=itc avocados. Preliminary experiments on third instar
larvae subjected to 75 Gy show no survivors in "Floradade"
tomatoes, "Common" mangoes and "Supreme" sweet cherries.

Detailed studies on the effects of irradiation on fruit quality
show that irradiation at 500 and 1000 Gy retarded skin
colouration of "Kensington Pride" mangoes with some
commercially unacceptable skin bronzing developing at 1000 Gy.
A hot benomyl dip (5 minutes at 55°C) in combination with
irradiation of 75 to 600 Gy preserved fruit quality with
negligible adverse phytotoxic effects.

Doses of 600 and 1000 Gy accelerated skin discoloration in
"Bengal" lychees but with no adverse effects on fruit flavour
or shelf life. Skin colour was not affected if irradiated
lychees were stored in humidified conditions free of ethylene
and carbon dioxide. At doses less than 600 Gy there were no
adverse effects on skin colour, flesh moisture, taste or shelf
1 ife.

In our studies irradiation even at duses as low as 75 Gy caused
commercially unacceptable internal damage to "Fuerte" avocados,
"Lisbon" and "Eureka" lemons. Other researchers show opposite
effects. To solve this problem studies on the effects of
irradiating soon after harvest or after a postharvest "curing"
period may be required.

Kiwifruit ("Hayward") and cherries ("American Bing", "Rons
Seedling" and "Lambert") tolerated irradiation doses of up to
2000 Gy (kiwifruit) and 1000 Gy (cherries)-the dose limits
tested. There were no adverse effects on external and internal
appearance. Vitamin C content or softening in kiwifruit or
cherries. There appeared an effect on "Lambert" and "American
Bing" cherries where ripening was delayed.

Doses up to 300 Gy caused no decrease in total ascorbic acid
content of "Valencia" oranges. Preliminary studies on the
effect of irradiation on the anatomy of Queensland fruit fly
larvae showed that irradiation at 75 to 300 Gy caused a marked
decrease in the ratio of the size of the supraoesophageal
ganglion to that of the proventriculus. A single, quick
dissection method was devised to ascertain the ratio with two
pins and a binocular microscope.

It is concluded that irradiation at a minimum dose of 75Gy will
prevent the emergence of adult Queensland fruit fly from eggs
and larva in host fruit and vegetables.
In preliminary or detailed experiments no commercially
unacceptable adverse effects have been recorded for "Valencia"
and "Washington Navel" oranges, "Granny Smith" "Red Delicious"
and "Jonathon" apples, "Kensington Pride" mangoes,
"American Bing', "Ron's Seedling" and "Lambert" sweet cherries,
•'Floradade" tomatoes, "Floridagold" peaches, "Sundowner"
nectarines, babaco, "Thompson's Seedless" grapes, "Hayward"
kiwifruit, or "Bangal" lychees at a dosu suitable for
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Queensland truit I 1 y disinf estat ior. (75 Gy). Serious adverse
effects o£ irradiation were encountered in "Puerte", "Hass" and
"Wurtz" avocados and "Lisbon" amd "Eureka" lemons.

Title : ionizing radiation as a quarantine treatment for Caribbean
fruit flies in citrus and mangoes.

CS1 (Country): O.I,, von Windeguth (A.K. Buruitt, Jr.) (USA)
Agreement No.: 2967/CK
Ob ject i ves : To investigate dosage-mortality curves for eggs and larvae of

Caribbean fruit fly (Anastrepha suspensa), when irradiated
within the infested host fruit. Also, to treat pallet size
load of grapefruit in commercial irradiator to determine dose
variability and range in large-scale application.

ResuIts : Grapefruit infested with eggs and larvae of the Caribbean fruit
fly were subjected to ionizing radiation at several low doses
followed by cold storage for 0 to 8 days. Analyses of the data
indicated that a dose of 50 Gy followed by 5 days of cold
storage will give in excess of probit 9 (95.9968% mortality)
quarantine security. A large scale test of over 100,000
insects confirmed the efficacy of this treatment. A similar
large scale test showed that a dose of 150 Gy, without exposure
to cold, was an effective quarantine treatment. The latter
test was conducted in a commercial cobalt irradiator. The
former tests were done in a research irradiator.

Mangoes were evaluated for quality asid decay following exposure
to doses of 150 to 1500 Gy. Ripening of "Tommy Atkins" mangoes
was delayed for 2 to 3 days by 150 and 250 Gy and accelerated
by 1500 Gy, pH of juice decreased and titratable acidity
increased as dose increased, peel injury and mangoes did not
show differences in these effects. Both cultivars showed
reduction in peel color and scald at and above doses of 500 Gy,
and flesh darkening at 1500 Gy.

Carambola fruit infested by Caribbean fruit fly eggs and larvae
were irradiated in a research irradiator at dose ranging from 1
to 250 Gy. Analysis of these data indicated that the dose for
quarantine security would be less than 50 Gy. A large scale
test showed that no adults were recovered from a population in
excess of 100,000 insects. No damage was observed when "Arkin"
fruit were treated at doses between 25 and 600 Gy.

Title

CSI (Country)
Contract No-
Starting Date
Objectives

Result

Effect of gamma radiation on insect mortality and fruit quality
of Philippine mangoes (c.v. Carabao or Manila Super).
Eugenia C. Manoto (Philippines)
5000/RB
April 1988
To establish the irradiation treatment protocol for quarantine
treatment of Philippine mangoes.

Results showed the mature larvae of the Oriental fruit fly to
be the most tolerant stage to irradiation and the eggs the most
sensitive. On treating more than 100,000 mature larvae in
mangoes, a minimum dose of 100 Gy is required to prevent
emergence of adult fruit flies.

Radiation doses of 100, 150 or 250 Gy resulted in fruits of
acceptable quality. At 350 Gy a low but significant incidence
of pulp discoloration was found, albeit in only one trial. In
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contrast to VHT, no internal breakdown was induced by
irradiation, even at a dose of 350 Gy. Both gamma irradiation
and VHT need to be supplemented with the hot water treatment
(52-55°C for 10 min) for effective and more consistent
disease control. Although irradiation appeared to delay
ripening, this effect was largely on peel color development.

Commercial trials
implemented.

and economic studies have yet to be

The use of irradiation as a quarantine treatment for the
"Carabao" (Manila Super) mango is. therefore, recommended.

Conclus ions: Gamma irradiation at a minimum duse of 100 Gy is an appropriate
quarantine treatment of Philippine mangoes infested with the

Oriental fruit fly and that doses < 250 Gy have no adverse
effect on fruit quality.

Title : Irradiation as a quarantine treatment for Mexican Mangoes.
CSI (Country): Maria Emilia Bustos Ramirez (Mexico)

and

Walter R. Enkerlein Holfich (Mexico)
Contract No. : 5150 and 5350
Starting Date: January 1989
Objective : To determine the overall average absorbed dose of Co-60 gamma

radiation to mangoes infested with A. ludens, A. serpentina, A.
obiiqua and C, capitata third instar larvae to inhibit the
emergence of adults or impede their reproduction. To confirm
each dose applied to mangoes infested with each of the species.

Result : The effect of the irradiation in all Anastrepha genus was very
similar, i.e they required 60 Gy to inhibit adults emergence.
In the case of A. serpent ina emergence of adults occurred at
the interval of doses from 10 to 40 Gy but males and females
died before reaching sexual maturity.

Treated larvae of A. ludens up to 40 Gy could emerge as adults
which reached sexual maturity. However, the percentage of
fertility was 45%. C. capi tata is the most radio-resistant
species.
The dose required to give Probit-9 for ftnastrepha species is
100 Gy and for Ceratitis capitata is 150 Gy.
Experiments were conducted using 100 Gy to treat 87,234 larvae
of A. ludeus, 105,225 larvae of A. serpent ina and 9092 larvae
of C. capitata and in the three cases the adults emergence was
0%.

Conclusion : Due to these results from Anastrepha genus and C. capitata, a
dose of 150 Gy can be recommended as a standard dose for fruit
flies of economic importance in Latin America.

Title : The use of irradiation in solving plant quarantine problems in
exporting horticultural products.

CSI (Country): P. Komson (Thailand)
Contract No. : 4278/RB
Starting Date: March 1986
Objectives : To evaluate irradiation as a quarantine treatment which can be

effective in meeting the plant quarantine requirements of
countries importing perishable commodities.

Result
(i)
mango,

Assess the degree of natural fruit fly infestation of
longan, mangosteen by randomly selected the fruits from
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the orchard and market. The results revealed that the degree
of natural fruit fly infestation is very low. No fruit fly was
found in undamaged longan and mangosteen, but only one mango
from 24,000 fruits was found to be infested by thirteen fruit
f1ies.

(ii) Studies on dose-response of oriental fruit fly, Dacus
dorsalis Hendel at the different developmental stages (egg, 1,
3 and 5 day-old larvae) in artificial media exposed to
different doses of radiation (20, 30, 40, 50 and 60 Gy). The
result showed that the old larvae were more tolerant to gamma
radiation than the young larvae or egg.

(iii) Dose-response of 5 day-old larvae of D. dorsalis Hendel
in Nang Klangwan mango exposed to 150 Gy. Mangoes (1880
fruits) were infested with D. dorsal is and stored for 6 days.
The fruits were irradiated in boxes. The results indicated that
a dose of 150 Gy achieved better than the probit 9 level of
mortality, based on non-emergence of adults.

(iv) Effect of irradiation and hot water treatment on post
harvest diseases and quality of Nang Klangwan mango. Fruits
were irradiated at doses of 150 Gy, 300 Gy and 600 Gy; hot
water treatment at 55°C for 5 minutes and combination of
irradiation and hot water. The results indicated that
irradiation, with or without hot water treatment, delayed
colour development whiJe hot water treatment alone had no
effect on colour but did reduce the incidence of anthracnose.
Vitamin C was decreased compared with the control for all
treatments. No difference of water content was seen between
treatments. Total reducing suger and soluble solids of
irradiated mangoes tended to increase with irradiation,
(v) Evaluation of irradiated mango (var. Nang Klangwan) for
shipment to Australia. Two days after harvest mangoes graded
packed in boxes, and irradiated at doses of 150, 300 and 450
Gy. The fruits were shipped to the Queensland Department of
Primary Industries, Brisbane, for evaluation. The results
indicated that "Nang Klangwan" is susceptible to physiological
as well as visual, sensory and chemical disorders when treated
at 150 Gy. Controlled ripening with ethylene reduce some of
these effect and suggests that it might be better to control
ripen the fruit before applying the irradiation treatment.

(vi) Studies on the efficiency of oriental fruit fly laying
egg and survival in mangosteen. The healthy fruits, the fruits
which holes are made on the skin but not reaching the pulp, the
fruits holes are made on the skin reaching the pulp and the
cracked fruits were infested with oriental fruit flies In the
cages for 15 minutes. The results revealed that fruit flies
can lay eggs into cracked fruits and fruit with holes reaching
the pulp. Eggs can develop to become adult flies.

(vii) Effect of irradiation on the physiological and chemical
quality of mangosteen. Fresh mature mangosteens were
irradiated at the absorbed dose of 150, 300 and 450 Gy. The
treated and non treated mangosteens were then held at 24 -
25°C (60-65% HH) and daily inspected for freshness of calyx,
ground color of the shell, soluble solids, titratable acidity,
color of the flesh and internal shell, weight loss and shelf
life. The result revealed that no significant difference in
quality was observed among the treated fruits and the control.
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(viiij Effect of irradiation on different development stages of
oriental fruit fly in mangosteen. The different stages of
larvae (1, 3, 5 and 7 day-old larvae) in mangosteen were
treated with the absorbed dose of 75 Gy, 100 Gy, 125 Gy and 150
Gy. The results showed that the efficiency of the absorbed
dose of 7b Gy and lOOGy to the 1 day-old larvae were not
significantly different, but they were less effective than the
absorbed dose of 125 Gy. All treated larvae were significantly
different to non-irradiated larvae. The 3, 5 and 7 day-old
larvae irradiated at 125 Gy were not significantly different in
tolerance, but they were signif ic?ntly more tolerant than 1
day-old larvae.

Title : Gamma irradiation as a quarantine treatment of carambola,
papaya, mango and guava.

CSI (country): Mr. S. Vijsysegaran (Malaysia)
Contract No. : 5041/RB
Starting Date: 1 May 1988
Object ives : To determine the suitability of gamma irradiation as a

quarantine treatment for tephrited fruit flies infesting fresh
fruit in Malaysia.

Results

a) Hadiosensitivity and dose /mortality studies
Experiments on the eggs and larvae of Bactrocera (Dacus)
dorsalis complex in carrot media showed the following:-

1. The eggs were most susceptible to irradiation as no pupae were
formed at 250 Gy and above. Tolerance to irradiation
increased with the age of the larvae and the late third instar
larvae were observed to be the most resistant. Even at the
highest doses of 500 Gy, 100% pupation occurred.
Despite high numbers of pupae formed, adult emergence from
pupae resulting from the irradiated imature stages was
extremely low. Again, tolerance to irradiation increased with
the age of the insect. No adult emergence was recorded at the
lower doses of 25 Gy for the eggs, first and second instar
larvae. For the early and late third instar larvae 0.5 and 1.5
percent adult emergence was observed at 2b Gy. No emergence
occurred at higher doses.

2. Experiments with the eggs and larvae in carambola fruit
confirmed that the developmental stage most resistant to
irradiation was the third instar larva. A total of 33 adult
flies emerged from carambola fruit irradiated at 25 Gy. Eggs
collected from these flies did not hatch into larvae when
placed on carrot media. Unfortunately the data for the 50 Gy
treatment was not available due to a mechanical error of the
equipment that led to an overdose. No adult emergence occurred
at 100 Gy and above.

3. Small-scale tests were conducted on 3rd instar larvae in
Carambola fruit. A total of 1432 pupae were obtained from the
infested fruits held as controls and 1299 adults emerged from
these pupae (90.7% adult emergence). At the highest dose used
i.e. 80 Gy, 867 pupae were obtained but only one fly emerged as
an adult. This fly died one day after emergence despite being
fed water, sugar and protein.
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b) Fruit Injury Studies

1. Carambola: For fruits stored at ambient temperatures (23°C),
irradiation injury was observed as darkening of the ribs or
outer edges of the wings of the fruit. Such injury occurred at
a dose of 200 Gy and above. It was also observed that doses in
excess of 200 Gy accelerated ripening as indicated by the
colour of the skin. At the highest dose of 1 kGy the fruits
were observed to lose their glossiness and become dehydrated.
Studies on Physico-chemical changes showed that doses that up
to 1 kGy did not show major changes in the fruit with respect
to total soluble solids and pH. With regard to firmness and
moisture content, at a dose of 1 kGy there appeared to be some
softening of the fruit and some dehydration. Total sugar
levels as measured by fructose, glucose and sucrose appeared to
decrease with increasing doses of irradiation. This is an
important factor and needs to be investigated further.

2. Papaya: i) Respiration rate and ethylene evolution of papaya
irradiated up to 300 Gy were normal. The fruits exhibited the
normal pattern of respiration expected of climacteric fruit,
ii) Fruits irradiated up to the highest dose of 1 kGy all
ripened normally when stored at 23°C with no signs of
irradiation injury (no skin discolouration). Flesh colour and
texture also appeared normal. iii) Organoleptic evaluation:
The organoleptic properties of papaya var. Eksotika were not
significantly altered at doses up to 750 Gy. However, the
organoleptic properties were altered at a dose of 1.0 kGy. A
dose of 250 Gy in fact showed an enhancement of the
organoleptic properties. It is recommended that this dose also
be used for commercial treatment purposes.

An additional benefit of irradiation was also observed for
papaya var. Eksotika. Normal untreated fruits exhibit an
undesirable freckling of the skin which increases in intensity
as the fruit ripens. Such freckling was significantly reduced
at doses of 250, 500 and 750 Gy.

3. Mango: Mango var Harumanis irradiated up to 1 kGy did not show
any irradiation injury (browning of inner epidermis). All

•• treated fruits appeared normal. Diseases especially
* anthracnose and stem end rot were not controlled when stored at

both 15 and 23°C. Control fruits and those treated at 1 kGy
and stored at 23°C were softer when compared to those treated
at 250, 500 and 750 Gy. At a storage temperature of 15°C,

V; fruits treated up to 500 Gy did not develop any skin
'* discolouration. However those fruits exposed to 750 and 1 kGy
f developed browning just below the skin and around the seed.
!* Conclusion : From the preliminary experiments carried out on the effects of
f irradiation on carambola, papaya and mango, with regard to

fruit fly treatment, fruit injury, physico-chemical and
v« organoleptic properties, it appears that irradiation can be

successfully developed and should be investigated further as a
{. quarantine treatment for these fruits. Carambola is the most
,. sensitive to irradiation and quarantine security must be
,." exhibited at doses not exceeding 200 Gy. Papaya var Eksotika
}f and mango var Harumanis tolerate irradiation well and
$ quarantine security is expected to be successfully achieved in
|| future experiments at an experimental dose of 150 Gy and a
& commercial application dose of 250 Gy.
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Title : Radiation Disinfestation of Fruits - Effectiveness and Fruit
Quality.

CS1 (Country): J. H. Moy (USA)
Contract No : 3180/R2/CF
Starting Date: 1 July 1982
Objectives : To determine the effectiveness of low dose gamma-radiation for

disinfesting selected California stone fruits and citrus of
medflies, and to evaluate the effects of the treatments on the
qualities of these fruits; and (2) to explore the effectiveness
of combining low-dose gamma radiation with heat and a non-toxic
chemical solution for disinfesting papayas of Oriental fruit
flies.

Results : Gamma-radiation at dose lavel of 0.40 to 0.60 Gy was effective
in preventing 55 to 99% of the medfly eggs from hatching in
eight varieties of California nectarines. Hatch rates of
medfiy eggs oviposited in several varieties of peaches,
apricots, cherries and plums were greatly reduced (88 to 100%)
at this dose range. A few eggs hatching into larvae did not
survive into the pupal stage. When nectarines implanted with
larvae were irradiated at 0.50 to 0.60 Gy, no eclosion was
found in all the samples treated.

Combined treatments of infested papayas (var. SoloJ with a
heated chemical solution (2% Lurcidin or 2-5% Basic H at 49°C
for 20-30 min) and gamma-radiation at 0.26 to 0.50 Gy rrJuced
the hatchability of oriental fruit fly eggs by 99% and the
hatched larvae died within 24 hrs. However, this combined
treatment showed little synergism. The skin of the papaya was
scalded. Therefore, the combined treatment used in our
experiments was not considered feasible. Further studies are
needed to determine if this idea is workable.

Qualities of California stone fruits and Valencia oranges were
retained after irradiation at doses between 0.30 and 0.75 kGy,
with oranges stored at 7°C for 7 weeks. Very minor
differences from the controls in sensory qualities of stone
fruits were noted, but the irradiated fruits were not rated
lower than the controls

Conclus ions : 1. Gamma-radiation was found effective in controlling medfly
and Oriental fruit fly infestation in California stone fruits
and oranges at 0.15 to 0.26 kGy. To minimize egg hatch, higher
doses of 0.50 - 0.60 kGy could be used without affecting the
qualities of these fruits. Better marketability of these
fruits by minimizing egg hatch might be the benefit for using
the higher dose.

2. Combining heat, a non-toxic chemical solution and
irradiation has not shown to be a workable method as a
quarantine treatment of fruits due to problems of penetration
of the solution to the ovipository points and scalding of the
papaya skin. Further studies would be desirable to prove this
idea.
3. Response of medfly eggs to gamma-radiation in stone fruits
(peach, nectarine, plums, cherry, etc.) differed in different
fruits in teems of egg mortality. The composition of a fruit
seems to play a role. Other factors might be involved. More
studies are needed to generate data and provide better
understanding of this phenonmenon.
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Title

CSI (Country)
Contract No
Starting Date
Objectives

Hesults

Conclusions

irradiation Quarantine Treatment to Sterilize Quadraepidiutus
perniciosus and Neotermes chilensis.
F. Sanchez (Chile)
4783/RB
March 1987
To evaluate irradiation sensitivity of Chilean insects of
quarantine importance in the fresh table grape export.
Among the major pests of quarantine importance in the Chilean
fresh table grapes and export fruit agrobusiness are the San
Jose scale Quadraspidiotus pernic iosus and the termite
Neotermes chilensis. These two insects and their different
biological instars were reared under laboratory conditions and
they were subjected to an irradiation treatment of 100 Gy,
200 Gy and 300 Gy with the purpose to evaluate in a preliminary
stage the sterilization efficiency against these two species.

In the case of the San Jose scale, an unpredicted 100%
mortality occurred in the three irradiated instar versus 100%
survival rate on the control. Eighty individuals divided in
four groups of twenty were assayed per each treatment.
The percentage survival of worker nymph termites was lower than
the pre-adult and adult specimens. The control nymphs
pre-adults and adults showed 83.7% and 90% survival rate higher
than the irradiated treatment, which on average was 51.2%,
53,2% and 46.2% sixteen days post irradiation. Female termites
irradiated at 300 Gy oviposited 9.1 eggs on average per
individual compared to 24 eggs per control female. After 120
days of incubation, eclosion was 0 in eggs oviposited by
irradiated females and 85% eclosion in the control.
Preliminary results showed that 300 Gy doses of irradiation
affected fecundity and fertility of different species under
studies.

Title

CSI (country)i
Contract No. :
Starting Date:
Objectives :

Results

Irradiation as a quarantine treatment for agricultural products
infested by the acorid mites fAcari : Acaridae).
Stanislaw Ignatowicz (Poland)
4659/RB
15 December 1987

a) Irradiation of the immature stages of mites to determine
the dosage required to prevent full development to normal
adults;

b) Irradiation of adult mites of both sexes to determine the
dose required to prevent the production of viable offspring;

c) Develop a simple test, based on non-fecundity, to ensure
that treated mites do not pose a quarantine risk. The
following species were studied: Tyrophaqus putrescentiae
/Schrank/, T. neiswanderi Johnson et. Bruce and Rhizoglyphus
echinopus P. et R.
When the eggs of the acarid mites were treated at a dose of 0.3
kGy, some larvae emerged, but soon died. With lower doses,
sterile adults were occasionally obtained. The sensitivity of
eggs to radiation seems to depend upon their age. Eggs
irradiated at 0-1 day old were the most susceptible. No adults
developed from larvae irradiated at 0.35 kGy or higher doses
but some sterile adults did develop from treated protonymphs
and deutonymphs.
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Radiosensitivity o£ the acarid mites decreases during their
development. The adult stage is most resistant to gamma
radiation. Adults of the moid mites given a dose of 2.11 kGy
were dead after 3 days.

Sterility in mites is achieved following irradiation of adults
at much lower doses than needed to kill these pests. When both
sexes of the acarid mites were irradiated with a dose of
0.25-0.3 kGy or higher doses, the mites produced several eggs
all of which were steiile.

Conclusions

Normal mites produce eggs during almost the whole period of
their life. Irradiated mites produce eggs during the first
weeks, being infecund thereafter. The test based on non-
fecundity of treated mites may be used for the identification
of irradiated mites which were given 0.3 kGy or higher doses of
gamma radiation. Counting of eggs visible within bodies of
females isolated from irradiated or non-treated products may
also help with the identification of mites which have been
subjected to irradiation.
Irradiation as a quarantine treatment for the acarid mites in
agricultural commodities may be considered in the following
general terms. For immediate mortality of the mites, doses
higher than 2 kGy of gamma radiation are required. Doses in
the range of 1.3 to l.b kGy would be sufficient if lethality
within a few weeks is the goal. A dose of 0.25-0.3 kGy would
be effective if the goal is sterility of the living mites.

Title : Use of irradiation as a quarantine treatmenc of tropical fruits.
CSI (country): Dr. Rezaur Rahman (Bangladesh)
Contract No. : S033/RI/RB
Starting Date: April 1, 1988
Objectives :

a) Collection and identification of fruit flies of the family
Tephritidae (Diptera) in Bangladesh.

Results

b) Determination of anatomical
species following irradiation.

changes in the Tephritid fly

1. Five Tephritid species : Dacus do£saj^s (Hendel), p. cucurbitae
(Cog.), and p. zonatus (Saunders), p. diversus (Coq.) and p.
tau (Walker) were identified from different areas of
Bangladesh. Among those, p. cucurb i tae and p. dorsal is were
found to be more widespread.

Conclusions

A standardized method for possible identification of treated
insect to ensure that a particular fruit consignment have been
irradiated with the required dose was developed. A significant
area reduction of supraoesophageal ganglion (72-75%) along with
a non-responsive proventriculus in 3rd instar mature larvae of
p. dorsalis and p. cucurbitae treated at several stages with
different doses of gamma radiation was observed.
The size reduction of irradiated supraoesophageal ganglion
appears to provide an indication of treated larvae, specially
when corrected for the size of the non-responsive
proventriculus. However, the present data require further
confirmation on other related species of fruitflies as well as
under semi-pilot/pilot scale conditions before it can be
recommended as a routine detection method of irradiated insects.
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CONCLUSIONS OF THE CRP

I. fc'f feet i veness of 1rradial ion as a Quarantine Treatment Against Fruit
Fly Species

Members attending the RCM presented reports of their research contracts
and agreements conducted in the past 5 years. Results of studies on the
effect of irradiation on some 10 species of fruit flies were covered in these
reports. In general the data presented served to confirm laboratory studies
that had been presented earlier. Confirmatory tests involving populations in
excess of 100,000 eggs and larvae were conducted for most of the species.
They showed that a dose of ISO Gy or less provided probit 9 quarantine
security based on prevention of emergence of normal adults. This dose
(150 Gy) was the minimum dose against fruit fly of Tephritidae family adopted
at the Task force Meeting on Irradiation as a Quarantine Treatment convened by
the ICGF1 in Chiang Mai, Thailand, in February, 1986.

Data presented at the RCM showed that doses lower than 150 Gy would be
adequate to provide quarantine security for several species of. fruit flies.
For example, a dose of 75 Gy was shown to be adequate for the Queensland fruit
fly, Bactrocera (Dacus) tryoni; a dose of 100 Gy, or less, was reported to be
adequate for fruit infested by the Mexican fruit fly, Anastrepha ludens, the
West Indian fruit fly, A. obiiqua, and a third species A. serpent ina. This
dose also was adequate for the Western cherry fruit fly, Rhaqolet is
indi ffjrens (Burditt and Hungate 198B*). The subject of quarantine efficacy
as related to treatment schedules was considered by those in attendance at the
meeting. A quarantine treatment is not a substitute for good agronomic
practices, however.

The Group concluded that optimum use of pest management must continue in
order to provide high quality commodities with a minimum population of pest
present at the time of harvest. The Grou^j considered whether irradiation at a
minirum absorbed dose of 150 Gy would result in survival of larvae which could
continue to feed and damage fruit quality. It was agreed, however, that in
commercial practice, irradiation at this minimum dose would result in the
majority of fruit in a container receiving doses higher than 150 Gy. Such a
treatment would provide an additional safeguard to fruit quality and minimize
survival and/or reduce feeding activity and life span of treated larvae.

The continued revision of the family Tephritidae has resulted in
proliferation of fruit fly species and regrouping of the species. Testing
each of these species in line with established protocols may not be feasible.
A review of differences in radiation sensitivity is needed to determine if
such differences are due to species or due to differences in age or stage of
development of the insects being tested. The dose calculated to give 95%
mortality could serve as a basis for comparisons of egg hatch, larval pupation
or adult emergence. Similarities between species may be useful in reducing
the amount of testing required to meet research protocols.

The Group considered that the criterion for quarantine effectiveness
should be inability of the pest to reproduce in the new environment. However
this could result in finding adult flies in traps that could initiate a
quarantine action such as increased trapping, larval surveys or implementation
of a spray program. Therefore, the Group recommended that the criterion for
effectiveness of irradiation as a quarantine treatment should be non-emergence
of normal adult capable of flight.

Burditt, A.K., Jr., Hungate, F.P. 1988. Gamma irradiation as a quarantine
treatment for cherries infested by Western Cherry fruit fly (Diptera:
Tephritidae). J. Econ. Entomol. 81, 859-862.
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II. Effectiveness of Irradiation as a Quarantine Treatment
Against Mites and Insects other than Fruit Flies

Research programs under this CRP included the effectiveness of
irradiation against a number of insects and mites (*) in addition to fruit
flies. These pests infest a range of produce from fruit and vegetables to cut
flowers and stored products.

Protocols developed for the determination of treatment efficacy for
quarantine purposes for fruit flies were found to be generally inapplicable to
these other pests. This may be due to the non-availability (often
impossibility) of laboratory culture methods; to extended life cycles of the
pests often beyond the postharvest life of the commodity; to the size of the
pests, especially mites, thrips and microhymenoptera; and to the multiplicity
of stages which might be present in the produce.

These problems were recognised by the ICGFI task force on irradiation as
a quarantine treatment which met at Chiang Mai, Thailand, in 1986. That group
recommended a generic dose of irradiation treatment which would ensure at
least sterility in the pest population treated. This generic dose set at
300 Gy minimum, would ensure quarantine security against any stage of any
arthropod pest and should not require a minimum of further efficacy data.

Results of studies by members of the CRP in all instances supported the
integrity of the 300 Gy generic dose. Mortality of the mango seed weevil was
shown to be complete when estimated at the end of the life cycle (7 months).
Irradiation is very important as a quarantine disinfestation treatment as
there are currently no alternative measures available for this pest. The
results of studies on N. xanthoqraphus, a pest of export grape from South
America, were more preliminary in nature but were in complete accord with
those for mango seed weevil.

Radiosensitivity of mites falls between beetles and moths. A dose of 250
- 300 Gy sterilised adult mites and stopped development of immature stages.
Therefore this generic dose of 300 Gy would achieve quarantine security while
irradiation for immediate kill would require a dose of 2 kGy.

Coleoptera (beetles) Naupactus xanthographus
Sternochaetus mangiferae
Sternochaetus olivieri
Sitophilus oryzae
Sitophilus granarius
Acanthoscelides obtectus

Hemiptera (bugs, scale insects) Quadraspidiotus perniciosus
Isoptera (termite) Neotermes chilensis

Although quarantine security can be achieved in all instances, individual
pests not yet dead at inspection after treatment would create a problem for
quarantine inspectors. This has been overcome in a number of countries (Chile
Australia, New Zealand and others) by a quality assurance process during
production. This can minimize the likelihood of the presence of pests in
export commodities. It is achieved through integrated preharvest pest
management programs and surveillance during packing and grading procedures.
It would be desirable if such a practice led to registration of producers.

Residues of chemicals are becoming increasingly unacceptable to
consumers. This could lead to the early loss of alternative disinfestation
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treatments such as methyl bromide fumigation. While non-persistent chemicals
can be used in the preharvest phase to reduce residues at harvest, residue
free postharvest methods are essential. Currently, the only nethods which
meet this criterion are cold, heat and irradiation. No one treatment is
applicable to all uses but there are some where irradiation is the only option
if export of a commodity is to be achieved. Certainly irradiation is more
broadly effective and is less phytotoxic than either heat or cold.

III. Assurance of Product Quality and Administrative Control Procedures

Ample and comprehensive literature from over 30 years of research on the
effects of irradiation on various horticultural commodities is available.
Experimental data have shown negligible phytotoxic effects of irradiation on
many products treated at doses higher than those necessary to ensure
quarantine security.

However, in order to put into practice irradiation 3S a quarantine
treatment procedure with assurance of quality, a comprehensive and harmonised
programme should be formulated and implemented to facilitate international
trade in fresh produce.

1. Product Tolerance to Irradiation

Results generated by this CRP pointed out that many commodities will
tolerate irradiation at doses above those necessary to ensure quarantine
security. Experimental results obtained by this group showed no phytotoxicity
at a dose level of ISO Gy which is recommended as the quarantine treatment for
fruit fly control in most tropical, subtropical and temperate fruits. These
results agree with previous research findings.

It was found that most fruit tolerated doses much higher that 150 Gy.
For example, papaya, longan, Kiwi fruit, etc. will tolerate a dose of 1000 Gy
or higher. However, the tolerant dose range will vary depending on product
origin, cultivar, handling practices and local conditions. This is evidenced
in mangoes from different regions (eg. Australia, Mexico, Philippines and
Thailand).

2. Need for Transport Trials and Market. Testing . .

The Group concluded that there were insufficient data on transport trials
and market testings of irradiated fruits. These data are essential to the
industry to evaluate the use of irradiation as a quarantine treatment for
export.

3. Quality Control and Assurance

To assure high quality of irradiated produce, interested industries
should consider on integrated approach by having:

good agronomic practices - including adequate pest and disease control
efficient handling and transport to minimize post harvest stress as much
as possible; ,.'.
proper inspection, conditioning, processing and culling; '*
good manufacturing practices in the packing house, irradiation treatment
facility and loading areas;
internationally standardised dosimetry;
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4- Potential for Developing a Technique to Confirm Treatment of Irradiated
Insects.

Preliminary data were generated on using part of an insect found
infesting a fruit on arrival in an importing country (e.g. the size of the
supraoesophageal ganglion in fruit fly) as a marker of the insect's having
been irradiated. These experinents suggest a potential technique that can be
developed to aid a quarantine inspector in determining if an insect discovered
in a supposedly treated fruit will progress to an adult at which stage it may
become a quarantine problem.

5. Benefits of Combination Treatments

Exported fruit is subject to decay by postharvest organisms and disorders
other than insects (e.g. fungi, bacteria and chilling injury). Treatments
combining irradiation, heat and perhaps others (such as non-toxic chemicals)
may help to maintain the highest quality attainable for each product.

List of Participants

Dr. Neil Heather
Queensland Department of

Primary Industries
Meliers Rd Indooroopilly,
Old 4068 Phone : (07) 3779382
AUSTRALIA Pax : (07) 3710766

Mr. A. Jeri p
NSW Agriculture & Fisheries
P.O. Box 355
Gosford NSW 2250
AUSTRALIA Fax : (043)280310

Or. R. Rahman
Institute of Pood and Radiation Biology (IFRB)
Atomic Energy Research Establishment
G.P.O. Box No. 3787
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BANGLADESH

Mr. Fernando Sanchez Arellano
Fundacion Chile
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Santiago Fax : 56-2-242-6900
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Mr. S. Vijaysegaran
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TkAlNINl,

i. UNDP/IAEA/FAO Regional (RCA) Workshop
for

the Technoecononic Feasibility of Using Electron Bean
versus Isotopic Sources of Radiation

for Food Processing
Takasaki, Japan, 22 October - 2 November 1990

Purpose. The course was to familiarize the participants from member countries
of the Regional Cooperative Agreement for Research, Development and Training
Related to Nuclear Science and Technology in Asia and Pacific Region (RCA)
with the irradiation technology of electron accelerators, and to help them
make educated choice of the type of electron accelerator appropriate for each
use.

Location. The Takasaki Radiation Chemistry Research Establishment was founded
in 1963. It is one of the largest radiation center in the world. It is
located 10 km east of the center of Takasaki City, which is about 100 km
north-west of Tokyo, Japan.

Responsible Individuals. Dr. Ari Brynjolfsson, project Director IFFIT, on
behalf of the Joint FAO/IAEA Division, was Technical Officer responsible for
the overall organization ai>d conduct of the training course. Dr. Hitoshi Ito,
on behalf of Takasaki Radiation Chemistry Research Establishment was Training
Course Director and responsible for the local arrangements and conduct of the
Training Course.

Training aod Workshop Facilities. Th»re are several cobalt-60 gamma-ray faci-
lities at the Establishment:

a. Co-60 irradiation facility No. 1 has 3 irradiation cells, and a 462 kCi
source stored in a water-filled pool.

b. Co-60 irradiation facility No. 2 has 3 irradiation cells, and a 462 kCi
source stored in annexing source storage facility with a capacity of
1500 kCi.

c. Co-60 food irradiation facility has 2 irradiation cells, equipped with a
package conveyor. When not in use the source is stored in water-filled
pool.

d. Two self-contained (lead shielded) sources, a 0.56 and a 0.014 kCi
source respectively.

There are several electron accelerator facilities at the Establishment:

a. A 2 MeV , 60 kW Cockroft-Walton type electron accelerator, with two
separate beam output.

b. A 3 MeV, 75 kW Dynamitron type electron accelerator.

c. A 0.3 MeV, 30 kW linear cathode, self-shielded type electron accelera-
tor.

The many laboratories specializing in the different disciplines of radiation
research are well equipped, and the scientists highly trained and skilled with
long experience. The lecture rooms are pleasant and well equipped. The
Takasaki Research Establishment is truly an exceptional place, fascinating and
inspiring for the workshop participants.
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The participants visited also Sumitomo's Electron Beam Center with the new 5
MeV. 200 kK Dynamitron in Tsukuba City.

The Center is next to the large "N ional Food Research Institute" in Tsukuba
City.

Participants. List of participants is shown in Annex 1.

Prograa. The program of the Workshop is shown in Annex 2.

Faculty. List of Faculty is shown in Annex 3.

Evaluation. The course benefited greatly from the long list of exceptionally
well qualified faculty from the Takasaki Radiation Laboratories, Radiation
Dynamicsi Sumitomo Heavy Industry, Nissin High Voltage Company, Mitsubishi
Electrical Industries, National Food Research Institute, Tokyo Agricultural
University, Irradiation Development Association. The participants were very
satisfied and felt the course had been of great value to them.

On behalf of the participants who were extremely satisfied with the course,
the Joint FAO/IAEA division is deeply grateful for the excellent support of
the Japanese organizer and the faculty for their contribution and support.

Annex 1.
List of Participants

1) AUSTRALIA »

BANGLADESH

3) CHINA

14) INDIA

Mr. P.H. MOORE
Australian Suclear Science ar.d Technology
Organisation (AHSTO)

Lucas Heights Research Laboratories
New Tliawarra Road
LUCAS HEIGHTS I!SH

Telex: AA 2U562
Phone: 5^3 35S1
Fax: (02) 5*»3 5097

Mr. Sslah-uddia AHMED
E 4 GS Unit
P.O. Box 3787
Rama
DHAKA

Telexi 632202 BATOM BJ
Phone: U191I479. 509831

Mr. SHA Zhen-Yuan
Shanghai Irradiation Csntrs
P.O. Box 800-20U
SHANGHAI 201800

Telex: 30910 SINES CN
?hone: 9530998

Mr. A.D. KAIK
Irradiatora and Industrial Products Operations
Board of Radiation and Isotope Technology (BRIT)
V.5. Purav Marg
BOMBAY LOO 09U
Telex:
Phone:

011-72212 BRIT IS
5515535

» At no coat to the IAEA
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5) INDONESIA

6) MALAYSIA

7) THAILAND

8) VIETNAM

Annex 2:

Mr. Muhannad NATSIR
Centre for Application of Itotopcs and
Radiation

National Atonic En«rrcr Agency (PAIR-BATAfl)
J l . Cinera Paaar J':sst
P.O. Box 2
KBl 122U0
JAKARTA SELATAN

Telex: U6351* JUMATOM
Phonei 7690709

Mr. Mohd. Sidek HJ OTHMAH
Nuclear Energy Unit
Priae Min i s t er ' s Department
Xoopleks PUSPATI
3angi
U3000 KAJASG SELANCX)R D.E.

Telex: MA 31619 ATOMAi
Phone: (6O)(O3) 3250510
Fax: 6038258262

Mr. Dome PHOTTHUHA
Office of Atomic Energy for Peace (OAEP)
Vibhavadi Bangsit Boai
EangXhen
BASOKOK 10900

Telex: 87l6l ATSNPEA TH
Phone: 579 5230
Fax: 66-2-5606013

Mr. TRAN Dtii Nghiep
Section of EB Applications
Hanoi Institute tor Nuclear Technology
HAHOi
T«lex: U11518 VAEC
Phone: Ul*926

Program of Training Workshop for the Technoecononic Feasibility of Using Electron
Beam vs. [sotopic Sources of Radiation for Food Processing.

TIB*

Mon
22

Oct.

Tue
23

9:10 -

Physical

10:40

Regist-
ration.
Orienta-
tion I

Characte-
ristics of EB and
X-ray Irradiation
(L-3)

11:10 - 12:40

Openning Orienta-
tion II

Process and
Product Controls
of Potato irradi-
ation (L-4)

13:40 - (5:10

Introduction to
EB Processing for
Food Irradiation
(L-l)

Up-to-Date Research
1.General Outline
2.Waste water.

Sludge
3. Exhaust Gas

15:40 - 17:10

New Developments
in Radiation Chas-
istry Applications
in Japan (L-2)

on EB Processing
4. Bio-Tech. Appl.
5.Sterilization

(1-5 - L-9)
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Program of Training Workshop for the Technoeconoaic Feasibility of Using Electron
Beam vs. Isotopic Sources of Radiation for Food Processing.

T •••
Oat*

Wed
24

Thu
25

Fri
26

Sat- Sun

Mon
29

Tue
30

Wed
31

Thu
1

Nov.

Fri
2

9:10 - 10:40

Industrial EB
Machine for Food
Irradiation(L-10)

Design of Accele-
rator Facility for
Food Irradiation
(L-12)

Management of EB
for Food
Processing(L-14)

11:10 - 12:40

Status and
Prospect of Foci
Irradiation in
Japan (L-11)

Techno-economic
Evaluation on EB
Processing(L-13)

Conversion of EB
to X-rays (L-15)

13:40 - 15:10 15:40 - 17:10

Discussion on Status and
Future of EB Processing in
Each Countries(D-I)

Visit to
EB Facili-
ties in
TRCRE(V1)

Dosi»etry Study for EB Processing
(Ex-1)

Selection of Accelerator Parameters
for Different Applications(Ex-2)

(JAERI Holiday) Sight Seening Tour. Transfering to the site of Tech. Visits

Technical Visits to Industrial EB Processing Plant(Sunitomo EB Irradiation
Center) and National Food Research Institute (V-2)

Radiation
Dosinetry for EB
(L-16)

The Eng.neering of
Accelerators
(L-18)

.inear Accele-
rators for Food
Processing (L-20)

Application of
EB for Food
Irradiation(L-)7)

Safety and
Sielding of EB
Facility(L-l9)

EB Processing for
Food Irradiation
(L-21)

General Discussion and Evaluation on
the Course (D-3)

Radiation Technology for X-rays
Processing (Ex-3)

Classrooa Exercise on Radiation
Sielding (Ex-4)

General Discussion on Application
Field of EB for Food Irradiation

(D-2)

Closing

(L): Lecture (Ex): Exercise (D): Discussion (V): Technical Visit
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Annex 3: list of Faculty

List of Lecturers

L-I : Dr. Ari Brynjolfsson. IAEA

L-2 : Dr. S. Machi. JAEftI (Japan Atomic Energy Research -nstitute)

L-3 : Dr. N. Tamura. Irradiation Development Association

L-4 .- Dr. T. Kume. JAERI

L-5 : Dr. S. Machi. JAERI

L-6 : Dr. H. Arai. JAERI

L-7 : Dr. 0. Tokunaga. JAERI

L-8 : Dr. M. Kumakura. JAERI

L-9 : Dr. I. Ishigaki. JAERI

L-10 : Mr. T. Suzuki. Mitsubishi Electric Industries, Ltd.

L-]l : Dr. T. Hayashi. National Food Research Institute

L-IZ : Dr. M. Cieland. Radiation Dynamics Inc.

L-13 : Dr. K. Mizusawa. Nissin High-Voltage Co., Ltd.

L-14 : Dr. Ari Brynjolfsson. IAEA

L-I5 : Dr. J. Okamoto. JAERI

L-16 : Dr. R. Tanaka. JAERI

L-I 7 : Dr. H. I to. JAERI

L-18 : Mr. S. Taniguchi. Nissin High-Voltage Co.. Ltd.

L-19 : Mr. K. Yotsunoto. JAERI

L-tO : Dr. K. Odera. Sumitomo Heavy Industries. Ltd.

L-21 : Dr. M. Takehisa. Tokyo Agricultural University

Ex-1 : Mr. K. Kojima. JAERI

£x-2 : Dr. M. Cieland. Radiation Dynanics Inc.

Ex-3 : Mr. H. Sunaga. JAERI

Ex-4 : Mr. K. Yotsumoto. JAERI

: Mr. H. Tachibana. JAERI

Orientation: Mr. M. Washino
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2. Summaiy of National Training Course on Food irradiation, Nanjing, China;
1-14 November 1991.

The National Training Course on Food Irradiation was held at the Nanjing
Radiation Center, Nanjing, China, under the auspice of the Bureau of Foreign
Affairs in China National Nuclear Corporation, International Atomic Energy
Agency and National Center for Rural Technology Development, State Science and
Technology Commission of China, from 1-14 November, 1990. The Training Course
was attended by 38 participants from 31 units of 19 provinces, and 17 of them
are senior experts according to the Appendix 1. Appendix II is the list of
lecturers and some staffs in the training course.

The purpose of the training course was to facilitate the progress of food
irradiation commercialization in China. During the training courses a umber
of lectures were given by Dr. Ari Brynjolfsson and Dr. G. Giddings who
represented the IAEA. A test was taken at the end of their lectures, the
results of which were satisfactory.

In addition to the lectures delivered by foreign experts, 9 special
reports were given out by the domestic experts and 10 experiments were
arranged to show the lab skills in food irradiation research.

All the programmes were completed in time according to the schedule. It
was believed that the training course contributed effectively to promote the
food irradiation commercialization in China, and speed up the transfer of food
irradiation technology to food industry and light industry.
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Appendix I
Participants at the National Training Course on

Food Irradiation
Nanjing, p.R. China
1 - 1 4 November 1990

Mr. Song Yunzhi
Associate Professor
Shijiazhuang Radiation Center
Zip Code O5nO91
Tel: 32648
32652

Mr. zeng Defeng
Associate Professor
Institute of Rice
Jiangxi Academy of

Agricultural Sciences
Zip Code 330200
Tel: 41491

Mr. Zhu Dening
Associate Professor
Wuhan Radiation Center
Zip Code 430071
Tel: 813712-584

Mr. Yu Shengfu
Associate Professor
Shandong Agricultural University
Zip Code 271018

Mr. Zhang Xinfcui
Director
Institute of Application

of Atomic Energy
Xinjinang Academy of

Agricultural Sciences
Zip Code 830000
Tel: 414311-372

Mr. Yan Min
Engineer
Zhengzhou Radiation Center
Zip Code 4S0052

Mr. Tang Nianxin
Associate Professor
Institute of Application

of Atomic Energy
Hubei Academy of

Agricultural Sciences
Zip Code 430 064

Mr. Zhang Keling
Director
Nanjing Commercial

Preservation and
Transfer Company

Zip Code 210015

Hr. Hang Jide
Lecturer
Institute of Application

of Atomic Energy
Xinjiang Academy of

Agricultural Sciences
Zip Code 830000
Tel: 414311-372

Hr. Wu Wenyuan
Lecturer
Wuxi Light industry College

Mr. Zhang Chunhe
Tianjin Academy of

Agricultural Sciences

Mr. Xu Dcchun
Lecturer
Heilongjiang Academy

of Agricultural Sciences
Zip Code 150086
Tel: 64921

Ms. Deng Huachuan
Lecturer
Sichuan Institute of

Nuclear Technology
Zip Code 610066
Tel: 444267

Mr. Kuang Zhixin
Assistant
Guangdong Radiation Center
Zip Code 510642
Tel: 511299-311

Ms. Jiang Mengyue
Lecturer
Institute for Application

of Atomic Energy
Chinese Academy of

Agricultural Sciences
Zip Code 100094
Tel: 2581177-273
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Ms. Jiang Shan
Assistant
Xian Radiation Center
Zip Code 710024

Mr. Zhang VJenzhi
Assistant
Ningxia Academy of

Agricultural Sciences
Zip Code 750002
Tel: 34127

Ms. Lou Ping
Assistant
Beijing Radiation Center
Zip Code 100815

Ms. Fan Xiumei
Assistant
Beijing Institute of

Nuclear Engineering
Zip Code 100840
Tel: 8413311-411

Ms. Gong Yalin
Oandong Jinjiangshan

Radiation Technique
Company Limited

Zip Code 118009
Tel: 55402

Ms. Li Junlin
Shijiazhuang Radiation Center
Zip Code 050091
Tel: 32648

Mr. Xu Qianyong
Assistant
Northwestern Institute

of Nuclear Technique
Zip Code 710024
Tel: 363614

Mr. Wang Shoujing
Assistant
Shandong Academy of

Agricultural Sciences
Zip Code 250100
Tel: 43721

Ms. Hu Jinhui
Lecturer
Beijing Radiation

Application Center
Zip Code 100012

Mr. Yu Xionghua
Fujian Radiation Center
Zip Code 350012
Tel: 572896

Mr. Bao Jianzhong
Assistant
Institute of Yangzhou

Lixiahe Agricultural Sciences
Zip Code 225002
Tel: 342161

Mr. Deng Gangqiao
Assistant
Hunan Radiation Center
Zip Code 410125
Tel: 48787-329

Ms. Zhao Rong
Assistant
Shanghai Radiation Center
Zip Code 200333
Tel: 2549300-26

Mr. Wu Enan
Associate Professor
Shanghai Academy of

Agricultural Science
Zip Code 201106
Tel: 2598861-75

Ms. Wang Guilan
Associate Professor
Bangbu high College for

Professional Training
Zip Code 233030
Tel: 42394

Mr. Chen Zhongdao
Professor
Southwest Agricultural University
Zip Code 630715
Tel: 3964

Mr. Xu Dengyi
Associate Professor
Southwest Agricultural University
Zip Code 630715
Tel: 3964

Mr. Wan Zhaoliang
Associate Professor
Southwest Agricultural University
Zip Code 630715
Tel: 3964

Mr. He Shouling
Associate Professor
Southwest Agricultural University
Zip Code 630715
Tel: 3964
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Ms . N le Guany M : i.IJ
Associate Proftssoi
Southwest Agricultural University
Zip Code 630V IS
Tel: 3964

Ms. Liu Guangzhen
Associate Professor
Southwest Agricultural University
Zip Code 63071b
Tel: 3964

Ms. Wu Qingxiany
Associate Professor
Southwest Agricultural University
Zip Code 630715
Tel: 3964

Mr. Long Yunsen
Graduate Student
Southwest Agricultural University
Zip Code 630715
Tel: 3964

Appendix 11
List of Lecturers and Staff of the Training Courses

Lectu re r

Dr. A. Brynjolfsson
Project Director
IFFIT
P.O. Box 230
6700 AE Wageningen
The Netherlands

Dr. G.G. Giddings
Food Preservation Section
Joint FAO/IAEA Division of

Nuclear Techniques in
Food and Agriculture

IAEA
P.O. Box 100
A-1400 Vienna
Austria

Prof. Yin Daochuan
(Director of the course)
Director
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sciences
Nanjing 210014
China

Dr. Xie Zong Chuan
(Deputy director of the course)
Director of Radiation

Processing Lab.
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanging 210014
China

Dr. zhu Jiang
Bureau of Foreign Affairs
China National Nuclear

Corporation (CNNC)
P.O. Box 2102
Beijing 10622
China

Prof. Dai Yin
Institute of Food Hygienic

Inspection
Ministry of Hygiene
Beijing
China

Dr. Li Chenghua
Chinese Academy of

Metrological Sciences

Dr. Yang Renli
Sichuan Institute of

Nuclear Technology
Chengdu 610066
China

Prof. Wang Xuexiu
Nanjing Agric. University

Dr. Qi Chengyun
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China

Dr. Dai Honggui
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China

Mr. Huang Rongmi,,
(Interpreter)
Institute for Application

of Atomic Energy
Zhejiang Academy of

Agric. Sci.
Hangzhou 310021
China
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Lecturer Staff

Ms. Gao Meixu
(Interpreter)
Institute for Application

of Atomic Energy
Chinese Academy of

Agric. Sci.
Bejing 100094
China

Ms. Wei Qijian
(Interpreter)
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China

Ms. Liu Fan
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China

Mr. Wang Lu
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China

Ms. Shi Huizhu
Nanjing Radiation Center
Jiangsu Academy of

Agric. Sci.
Nanjing 210014
China



SUMMARY OF NEW REGULATIONS ON FOOD IRRADIATION FROM THE U.K.

S T A T U T O R Y I N S T R U M E N T S

1990 No. 2490

FOOD

The Food (Control of Irradiation) Regulations 1990

Made 10th December 1990

Laid before Parliament - 11th December 1990

Coming into force
for purposes relating to food

other than poultry 1st January 1991
for purposes relating to

poultry 13th February 1991

The Minister of Agriculture, Fisheries and Food, the Secretary of State for Health and
the Secretary of Slate for Wales, acting jointly, in relation to England and Wales, and the
Secretary of State for Scotland in relation to Scotland, in exercise of the powers conferred
on them by sections 4(1), 6(4), 16(1) and (3), 18(1), 19OXD), 26, 45 and 48(1) of, and
paragraphs 1 and 4(b) of Schedule 1 to, the Food Safety Act 199000 and of all other
powers enabling them in that behalf, hereby make the following Regulations, after
consultation in accordance with section 48 of the said Act with such organisations as
appear to them to be representative of interests likely to be substantially affected by the
Regulations:-

Title and commencement

1. These Regulations may be cited as the Food (Control of Irradiation) Regulations
1990 and shall come into force-

(a) for purposes relating to food other than poultry, on 1st January 1991, and
(b) for purposes relating to poultry, on 13th February 1991.

Interpretation

2.—(1) In these Regulations, except where the context requires otherwise-
"the Act" means the Food Safety Act 1990;
"food" has the meaning which it has in section 16(SXa) of the Act;
"ionising radiation" means any gamma rays, X rays or corpuscular radiations which
are capable of producing ions either directly or indirectly other than-
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(a) those rays or corpuscular radiations-
(i) which are emitted by measuring or inspection devices,
(ii) which are emitted at an energy level no higher than the appropriate

maximum level, and
(iii) the dose of energy imparted by which does not exceed 0.5 Gy, and

(b) those rays or corpuscular radiations applied in respect of food prepared
under medical supervision for patients requiring sterile diets,

and for the purposes of this definition the appropriate maximum level is 10 MeV in
the case of X rays and 5 MeV otherwise;
"irradiation licence" means a licence to subjec: food of a particular description lo
treatment by ionising radiation;
"licensing authority" means-

fa) in i elation to premises in England and Wales-
(i) except in respect of the recovery of charges, the Minister of

Agriculture, Fisheries and Food, the Secretary of State for Health and
the Secretary of State for Wales acting jointly,

(ii) in respect of the recovery of charges relating to premises in England,
the Minister of Agriculture, Fisheries and Food, and

(iii) in respect of the recovery of charges relating to premises in Wales, the
Secretary of State for Wales, and

(b) in relation to premises in Scotland, the Secretary of State for Scotland;
"official authorisation" means authorisation granted by a competent authority in a
member State of the European Economic Community other than the United
Kingdom to subject food of a particular description to treatment by ionising
radiation in a particular plant;
"sell".includes possess, offer, expose and advertise for sale, and "sale" shall be
construed accordingly.

(2) For the purposes of these Regulations-
la) "properly irradiated food" means food-

(i) which falls within one of the seven permitted descriptions of food,
(ii) which, when subjected to treatment by ionising radiation, either was so

subjected alone or was so subjected as part of a batch each item of food
comprised in which was food which fell within the same permilted
description of food, and

(iii) which has not been over-irradiated,
and "proper irradiation" shall be construed accordingly;

(b) food falls within one of the seven permitted descriptions of food when
(excluding the weight of any added water) no less than 98 per cent of it by weight
falls within that description, and "item", in relation to a batch of food, means
each item within that batch intended to be capable of being sold individually;

(c) the seven permitted descriptions of food are-
(i) fruit,
(ii) vegetables,
(iii) cereals,

(«) 1990 c.l 6.
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(iv) bulbs and tubers,
(v) spices and condiments,

(vj) fish and shellfish, and
(vii) poultry;

(d) in those seven permitted descriptions of food-
(i) "fruit" includes fungi, tomatoes and rhubarb,

(ii) "vegetables" excludes fruit, cereals, bulbs and tubers and spices and
condiments but includes pulses,

(iii) "cereals" has the meaning which it has in the Intervention Functions
(Delegation) Regulations 1972(a);

(iv) "bulbs and tubers" means potatoes, yams, onions, shallots and garlic,
(v) "spices and condiments" means dried substances normally used for

seasoning,
(vi) "fish and shellfish" includes eels, crustaceans and molluscs, and

(vi;) "poultry" means domestic fowls, geese, ducks, guinea fowls, pigeons,
quails and turkeys;

(e) food has been over-irradiated when the overall average dose of ionising
radiation absorbed by it, measured by the approved method of measurement,
exceeds, in the case of food falling within the permitted description of-

(i) fruit, 2 kGy,
(ii) vegetables^ 1 kGy,
(iii) cereals, 1 kGy,.
(iv) bulbs and tubers, 0.2 kGy,
(v) spices and condiments, 10 kGy,

(vi) fish and shellfish, 3 kGy, or
(vii) poultry, 7 kGy,
or when the maximum dose of ionising radiation absorbed by it, or by any food
in a batch of which it forms part, is, when so measured, a dose of kGy higher
than the lower of 3x and 1.5y where x is the minimum dose of kGy so absorbed
when so measured and y is the overall average dose of kGy specified in the
paragraph of this sub-paragraph relating to that permitted description; and

(f) the approved method of measurement relating to food subjected to treatment
by ionising radiation is the method of measuring doses of ionising radiation
required by the irradiation licence or, as the case may be, official authorisation
under which that food has been subjected to that treatment.

Prohibition on treatment without licence

3.—(1) No person shall in the preparation of any food for sale subject it or any part of
it to treatment by ionising radiation unless-

(a) he holds a current irradiation licence,
(b) the food so subjected is food which he is authorised by that irradiation licence

to subject to that treatment, and
(c) that treatment is carried out in accordance with the conditions of that

irradiation licence.

(«) S.I. 1972/1679, amended by S.I. 1988/1000.
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(2) Each person who in the preparation of food for sale subjects it or any part of it to
treatment by ionising radiation shall, on expiry of his irradiation licence, retain such
records relating to that food as be is required by the licence to keep throughout its
currency until five years have passed from the date of that treatment.

(3) Schedule 1 below shall have effect in relation to the grant of irradiation licences by
the licensing authority, the terms and conditions, variation, withdrawal, suspension and
extension of those irradiation licences and publication and charges payable to the
licensing authority relating to those matters and the specification of things done by the
licensing authority in respect of which such charges are payable.

Restriction on importation

4.—(1) No person shall import into Great Britain for the purpose of sale any food
which has been subjected to treatment by ionising radiation unless that food is properly
irradiated food, is of a recognised appropriate origin and is accompanied by appropriate
documentation.

(2) Schedule 2 below shall have effect in relation to the recognition and withdrawal of
recognition of appropriate origins and specification of appropriate documentation.

(3) This regulation applies to food which has (as well as food which has not) become
an ingredient of other food before importation.

Restriction on storage

5.—(1) No person shall store or transport for the purpose of sale any food which has
been subjected to treatment by ionising radiation unless either he is the holder of the
irradiation licence relating to that food or that food is stored or, as the case may be,
transported in accordance with the requirements of Schedule 3 below.

(2) This regulation applies to food which (as well as food which has not) become an
ingredient of other food before storage or, as '.he case may be, transportation.

Restriction on sale

6. No person shall sell any food which or any part of which has been subjected to
treatment by ionising radiation unless-

(a) eilher-
(i) that treatment took place in Great Britain in accordance with regulation 3

rbove and all requirements of the irradiation licence relating to that food
have been observed, or

(ii) that food was imported in circumstances in which compliance with
regulation 4 above was observed, and

(b) any storage or transportation of that food was carried out in circumstances in
which compliance with regulation 5 above was observed.

Activities taking place in Northern Ireland

7. In relation to food which has been subjected to treatment by ionising radiation,
compliance with any provision (corresponding to a provision of these Regulations) of
legislation having effect in Northern Ireland which regulates the subjection to treatment
by ionising radiation, importation, storage and transport of that food shall, in respect of
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any activity which look place in Northern Ireland, be treated for the purposes of these
Regulations as if il were compliance with corresponding provision of these Regulations.

Defence in relation (o exports

8.—(1) In any proceedings for an offence under these Regulations it shall be a defence
for the person charged to provc-

(a) that the food, in respect of which the offence is alleged to have been committed,
was intended for export to another member State of the E'iropean Economic
Community and that the food complied with that member State s domestic
food legislation relevant to the alleged offence; or

(b) that the food, in respect of which the offence is alleged to have been committed,
was intended for export to a country which is not a member of the European
Economic Community for sale to the ultimate consumer within that country.

(2) In this regulation "ultimate consumer" has the meanin? which it has in the Food
Labelling Regulations 1984(a).

Penalties, enforcement &<uf functions of ffcensfng authority

9.—(1) If any person contravenes or fails to comply with any of the foregoing
provisions of these Regulations or, for the purposes of these Regulations, makes any false
statement or uses any document containing t false statement either recklessly or knowing
it to be false, he shall be guilty of an offence and shall be liable-

(a) on summary conviction to a fine not exceeding the statutory maxi-num or to
imprisonment for a term not exceeding six months or both; and

(b) on conviction on indictment, to a fine or to imprisonment for a term not
exceeding t\yo yean or both.

(2) If any person ^ho holds an irradiation licence contravenes or fails to comply with
any condition of that irradiation licence other than the condition required to be included
by paragraph 17 of Part II of Schedule 1 below he shall be guilty of an offence and shall be
liable-

fa) on summary conviction to a fine not exceeding the statutory maximum or to
imprisonment for a term not exceeding six months or both; and

(b) on conviction or indictment, to a fine or io imprisonment for a term not
exceeding tvvo years or both.

(3) The licensing authority shall enforce the provisions of these Regulations in so far
as they fall to be observed by the holder of a current irradiation licence and (without
prejudice to any power conferred on it by the Act or these Regulations) shall, so far as is
reasonably practicable, carry out regular inspections during the currency of an
irradiation licence for the purpose of examining whether it should in relation to that
irradiation licence exercise any power available to it under paragraphs 1 to 3 of Part IV
of Schedule I below.

(4) The licensing authority and each food authority within its area shall severally
enforce the provisions of regulation 3 above in so far as they fall to be observed by arty
person other than the holder of a current irradiation licence.

(5) Each fevd authority shall enforce within its area trie provisions of these
Regulations save in so far as they fall to be enforced under paragraph (3) or (4) above.

(») S.I. 1984/1305,10 which there are amendments not relevant to these Regulations.
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(6) Each authority concerned in the administration of these Regulations shall give to
each other authority so concerned such assistance and information as that other
authority may reasonably require for the purpose of its duties under these Regulations.

(7) In this regulation "food authority" does not include the appropriate Treasurer
referred to in section 5(1 )(c) of the Act (which deals with the Inner Temple and the
Middle Temple).

(8) Where any charge under these Regulations or under an irradiation licence granted
by the licensing authority falls to be paid to the licensing authority but remains
outstanding, that charge shall be recoverable by the licensing authority as a civil debt.

Application of various provisions of the Food Safety Act 1990

10.—(1) The following provisions of the Act shall apply for the purposes of these
Regulations as they apply for the purposes of section 8, 14 or 15 of the Act and, unless the
context otherwise requires, any reference in them to the Act shall be construed for the
purposes of these Regulations as a reference to these Regulations-

(a) section 2 (extended meaning of "sale" etc.);
(b) section 3 (presumption that food is intended for human consumption);
(c) section 20 (offences due to fault of another person);
(d) section 21 (defence of due diligence);
(c) section 22 (defence of publication in the course of business);
(f) section 30(8) (which relates to document; ry evidence);
(g) section 33 (obstruction etc. of officers);
(h) section 36 (offences by bodies corporate);
(i) section 44 (protection of officers acting in good faith);
(j) section 58(1) (which relates to territorial waters).

(2) Section 8(3) (which makes presumptions in the case of batches etc. of food) of the
Act shall apply to food which it is an offence to sell under these Regulations as it applies
to food which fails to comply with food safety requirements.

(3) Section 9 (inspection and seizure of suspected food) of the Act shall apply for the
purposes of these Regulations as if food which it were an offence to sell under them were
food which failed to comply with food safely requirements.

(4) Section 34 (which relates to time limits for the beginning of prosecutions) of the
Act shall apply in relation to offences under these Regulations as it applies to offences
punishable under section 35(2) of the Act.

Revocation of existing regulations

11.—(1) The Food (Control of Irradiation) Regulations 1967(a) and the Food
(Control of Irradiation) (Amendment) Regulations 1972(b) are hereby revoked.

(2) The Food (Control of Irradiation) (Scotland) Regulations 1967(c) and the Food
(Control of Irradiation) (Scotland) (Amendment) Regulations 1972(d) are hereby
revoked.

(») S.I. 1967. *,i1; the relevant amending instrument is S.I. 1972/205.
(b) S.I. I972/2OJ.
(c) S.I. 1967/388 (S.29); the relevant amending instrument is S.I. 1972/307 (S.2I).
(d) S.I. 1972/307 (S.21).
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In witness whereof the Official Seal of the Minister of Agriculture, Fisheries and Food is
hereunto affixed on 7lh December 1990.

John Setwyn Gumtner
Minister of Agriculture, Fisheries and Food

Stephen Don-ell
10th December 1990 Parliamentary Under Secretary of State for Health

David Hunt
7:h December 1990 Secretary of State for Wales

Strathclyde
10th December 1990 Parliamentary Under Secretary of State, Scottish Office

SCHEDULE 1 Regulation 3

IRRADIATION LICENCES

PARTI

GRANT OF IRRADIATION LICENCES

Application for an irmdiation licence

1. Any person who seeks to be granted an irradiation licence shall apply for its grant by sending
to the licensing authority the following particulars in writing-

(a) his name,
(b) bis address,
(c) an identification of the premises at which he proposes to subject food to treatment by

ionising radiation,
(d) details of any licence or registration under other legislation which enables him to use

ionising radiation at those premises in circumstances where, but for that licence or
registration, that use would be unlawful,

(e) each description of food which he proposes, subject to paragraph (ii) of sub-paragraph (f)
below, to subject to treatment by ionising radiation,

(0 in respect of each description of food specified pursuant to sub-paragraph (e) above~
(i) the purpose for which he proposes to subject that description of food to treatment by

ionising radiation,
(ii) whether or not he proposes to use microbiological criteria in deciding whether or

not to subject that description of food to treatment by ionising radiation and, where
he proposes to use them, the type and frequency of microbiological examination
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which he proposes is to be used in assisting him to reach that decision and the
qualifications of any person who he proposes will undertake that examination,

(iii) the overall average dose, maximum dose and minimum dose of ionising radiation
which, subject to paragraph (ii) above, he proposes to apply to that description of
food,

(iv) the method (including instrumentation and frequency) by which he proposes to
measure any dose of ionising radiation and the dosimetry standard which he
proposes to use to calibrate the dose meters used to measure it,

(v) whether or not he proposes, subject to paragraph (ii) above, to subject that
description of food to treatment by ionising radiation in packaging in contact with
the food and, if so, a specification of the packaging which he proposes to use, and
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ESNA WORKING GROUP ON FOOD IRRADIATION

Report of Working Group on Food Irradiation, XXIst Annual Meeting of the
European Society for New Methods in Agricultural Research (ESNA), 3-7
September 1990, Kosice, Czechoslowakia.

Report of Working Group 1: Food Irradiation

by W. Fiszer
University of Agriculture, Poznan, Poland

The Working Group on Food Irradiation held five sessions at this Annual
Meeting: two of them were held jointly with Working Group 12, from which 5
contributed papers were presented, and with Working Groups 9 and 10, from
which 3 contributed papers were presented.

The Food Irradiation Group is still the largest and most active unit of
ESNA, with 38 participants from 12 countries attending our sessions, while the
average number of participants per session was around 25.

Three colleagues from non-European countries also participated actively
in the Working Group programme. Two from Nordion International Inc., Canada,
and one from CH2M HILL of the USA.

According to our coustom followed during the first two sessions, reports
on the status of food irradiation in the participant's countries, as well as
on activities of international co-operation preceeded our scientific
programme. The participants were acquainted with recent activities of the
International Consultative Group on Food Irradiation with reference to
promotion of technology transfer, training, public information, legislative
aspects and international trade.

Important information was provided by Mr. McKinley from the United
Kingdom on the progress and difficulties of food irradiation in the European
Communities. The Common Market Countries are expecting the adoption, by the
European Parliament, of harmonized regulations in 1992 including those on food
irradiation. Rreference was also made to the adoption by the British
Parliament oC regulations on tood irradiation within the coming months.

During further sessions of Working Groups, 18 contributed papers were
presented, plus a video film from Poland, covering various aspects of food
irradiation. The great number of contributions at our sessions makes it
impossible to describe, in detail, all presented papers. The programme of the
Working Group Sessions is given at the end of this report.

As mentioned above, the papers presented by members of Working Group 12
from Canada, Czechoslovakia and Austria indicate that irradiation technology
is beginning to play a more and more important role as an efficient method
acceptable from a point of view of environmental protection.

In the part devoted to irradiation of food items, several scientific
papers from Canada, USA, GDR, Egypt, Hungary, Bulgaria, Czechoslovakia, The
Netherlands and Poland were presented and the following subjects were
discussed:

- technological aspects of food irradiation,
microbiological and chemical effects,
identification of irradiated food,
techno-economic aspects,
market testing and packaging.
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A poster on irradiation of smoked turkey fillets was presented by the
participant from the GDR'*'.

Two papers from Poland concerned various aspects of pest control and
these were delivered during the joint session with Working Group 9 and 10.
The papers presented by both young and also experienced scientists were of
high scientific level.

During the last session held jointly with WG 9 and 10 there was a general
discussion on various topics of food irradiation. In case of irradiation and
combined treatment the idea of model studies was discussed on the basis of the
conclusions and recommendations of the FAO/IAEA Consultant's Meeting to
Evaluate the Potential Role of Irradiation in Combination Processes for Food,
1987.

While discussing the economic evaluation of food irradiation the need for
sufficient data, including social impact studies, were recognized.

With respect to consumers' attitude it was noted that, because only a
very limited amount of irradiated food is available on the market, consumers
cannot exercise a choice and make a proper reasoned decision. At the same
time, an increasing activity of the anti-irradiation lobby was observed.

Legislative problems relating hto irradiated foods were also discussed
and activities in this field in Poland were presented in detail. Particular
attention was paid to harmonization of regulations on food irradiation in
Common Market Countries.

It was agreed that major food safety issues in ESNA member countries
would become an essential part of status reports during the next ESNA meeting.

The meeting proved again how fruitful discussions and exchange of ideas
between scientists from different countries can be. For younger participants
the meeting provided an opportunity to enhance their scientific experience.

List of contribution presented at the Working Group Sessions

September 3, Monday, Afternoon Session: Chairman - J. Farkas

Recent activities of the International Consultative Group on Food
Irradiation. Fiszer, W., Poland.

Report on the current state of food irradiation in the European
Communities. McKinley, R.C., Great Britain.

Present Status of food irradiation in participants countries:

Canada: Kunstadt, P., : Update on food irradiation in Canada
Czechoslovakia: Duchacek, V.
Egypt: Farag, S.E.
German Dem. Republic: Dollastadt
Great Britain: McKinley, R.C., : Position over the introduction of food

irradiation in the U.K.
Hungary: Frakas, J.,
Netherlands: Langerak, D.,
Poland: Zabielski, J.,
USA: Sivinski, J.,: Status of major L.S. initiatives in food irradiation

technology.

' 'The nesting was held prior to the reunification of the two Gernanies.
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September 4, Tuesday, Morning Session: Chairman - G. Hiibner

Status report (contd..)

Kunstadt, P., Canada: Marketing of irradiated foods and consumer
attitudes.

Sivinski, J., USA: Regulatory activities and technology transfer
facilities for food irradiation in the USA.

Luther, T., Dotcher, H., Hiibner, G., Germany Dem. Republic:
Quality retention of storing onions by gamma irradiation with respect to
new agrotechnical treatments.

Stptember 4, Tuesday, Afternoon Session: Chairman - J. Sivinski

Kotler, J., Canada: Overview of gamma radiation processing of
wastes in North America.

Vacek, K., Pastuszek, F., Sedlacek, M., Vzechoslovakia: Radiation
processing applications in the Chechoslovak water treatment
technologies.

Vacek, K., Czechoslovakia: Contemporary progress and perspectives
of waste irradiation processing.

Genringer, p., Austria: Oxidation of contaminants in water by
means of the combined udse of ozone and radiation.

Kovacs, E., Hungary: The effect of irradiation and dielectric
heating on the ultrastructure and biological value of soybean.

Beczner, J., Kiss, I., Mailath, P.P., Hungary: Identification of
irradiation of spices and herbs by chemolurninescence.

Sedlackova, J., Czechoslovakia: The quality of hazel nuts irradiated
and sot red under different conditions.

September 6, Thursday, Morning Session: Chairman - D. Lanqerak

Bachman, S., Witkowski, S., Poland: Some chemical changes in irradiated
^uCo spices (Cordiandes sativum).

Kaminski, E., Wasowicz, E., Zawirska-Wojtasiak, R., Czaczyk, K.,
Trojanowska, K., Poland: The influence of the dose level of irradiation

on sensory characteristic and microbiological contamination of
selected herbal seasonings.

Smierzchalska, K., Swiniarski, 0., Horbowicz, M., Poland: Irradiation
of mushrooms to reduce moulds, bacterial disease and some
biochemical changes.

Farag, S.E., Egypt: Chemo-physical changes of irradiated tomatoes
under controlled atmosphere storage.

Zegota, H., Bachman, S., Poland: Effect of irradiation on the sensory
properties of apple juice concentrate.

Szczawinska, M., Poland: Effect of packaging on radioresistance of
Salmonellae.

Magnuski, T., Fiszer, W., Poland: Preliminary investigation on
preservation of fresh-water fish (rainbow trout) by irradiation.

Banati, D., Farkas, J., Hungary: Extension jf shelf-life of
minced pork meat by combined application of antimicrobial factors.

Hristova, M.G., Bulgaria: A new type of portable gamma irradiator
NIGU-6.

September 6, Thursday, Afternoon Session: (Jointly with W.G. 9)

Wroblicka-Sysiak, M., Brzostek, G., Ignatowicz S., Poland: Irradiation
of pesticide-resistence and pesticide susceptible strains of stored
product pests.

Ignatowicz, S., Poland: Identification of mites (Acarida, Acaridae)
which have been subject to irradiation.
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General discussion - suggested topics: Chairman - W. Fiszer

Irradiation and combined treatments,
Economic evaluation of food irradiation.
Consumer attitudes to irradiated food.
Legal measures and regulations for food irradiation,
European Communities' 92 harmonization issues,
Eastern/Western Europe irradiated food market integration.
Major food safety issues for ESNA member countries.

COMMUNICATIONS RECEIVED

1. New Industrial Irradiation Facility in Normandy (France)

J.L. Evette
Managing Director
Societe Normande de Conserve et Sterilisation
Rte de Paris, Osmanville
]423O Isigny-Sur-Mer, France

The new facility of the Societe Normande de Conserve et de la
Sterilisation has opened its doors in January 1991, after installation of the
source in November 1990.

This regional service facility was created following two initiatives:

Work carried out by the Cooperative d'ISIGNY on irradiation of soft
cheeses using raw milk for improving their microbiological
properties.

Study of the regional potential for products to be irradiated,
carried out by the Comite d'Expansion Economique de Basse - Normandy.

It seemed that markets for food, cosmetic, pharmaceutical and
medico-surgical products could justify a regional irradiation facility.

A company has, therefore, been established with regional industrial
participation. The facility was designed to treat perishable products. For
this reason, it was necessary to ensure good homogeneity of treatment and to
work with relatively small thickness, as compared with the 100 x 120 cm
pallets used by other facilities.

In fact, with food products the margin between minimum dose, which
assures the desirable effect on the reduction of the number of bacteria in the
product, and the maximum dose which may cause undesirable changes in taste,
is often narrow.

The facility has been designed to receive 1 Mega Curies. Treatment is
carried out in carriers in a refrigerated environment at 6°C, in order to
preserve freshness.

This facility, which is located in a region with an important food and
agro-industry in the field of meat and dairy products and prepackaged
vegetables,is likely to promote the use of irradiation for ensuring the
hygienic properties of food.
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2. Market Research Programme

Michel Timsit
Societe d'Etudes pour le Marketing

1'Engineering e t la Gestion (GEM)
58 A, Rue du Dessous-Des-Berges
75013 Paris
France

GEM, a French consulting firm which specializes in the food industry, has recently

launched a market forcost analysis of food irradiation h Europe.

The originality of this study lies in the fact that it considers irradiation as a technique for

preservation amongst others in the food industry.

This project has 3 stepts :

* 1st step : inventory of the research concerning the use of irradiation for fresh products

including these which can be kept for extended periods : what are the potential

theoritical applications of irradiation in preserving food stuffs.

This stage has been completed.

* 2nd step : the potential uses of irradiation by testing the technological and economic

acceptability of its application within industry as well as attitudes of distributors, consumer

organizations and regulatory bodies. This stage is in the process of beginning in five

different EEC countries.

* 3rd step : conclusion of above stages and determination of the possible role of

irradiation in food processing.

For any further information, please contact Michel TIMIST or Florence MOUTON.

GEM : 58A, rue du Dessous-des-Berges - 75013 PARIS - Tel: 16 (1) 46.84.01.94.

NEW PUBLICATIONS

The following publications have been recently issued by the IAEA, copies
of which are available upon request.

1. Regulations in the field of food irradiation (IAEA-TECDOC-585).

2. Analytical detection methods for irradiated foods - A review of the
current literature (IAEA-TECDOC-587).

3. The Preservation of Food by Irradiation - A factual guide to the
process and its effects on food. Published by IBC Technical
Services, London, UK.
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The
Preservation
of Food by

Irradiation
A factual guide to the process
and its effect on food

by CWA Consultants

Food Technology Department

Author: Dr Don Robins

Foreword by

Professor Geoffrey Campbell-Platt

Department of Food Science

and Technology

University of Reading

Regulat ions permitting food irradiation in theUK

r i c a m e into force in January 1991. All those

industries that deal with processed and preserved

foods wil l be affected by the issues surrounding

irradiation, and there is a pressing need for those

involved to have a cleat and informative guide to food

irradiation.

While MAFF is confident about the future of food

irradiation, opposition persists among consumer activists

and parts of the UK food indjstry.

The whole issue of food irradiation rus become the centre

of considerable public controversy. A great deal of

confusion surrounds perceptions of the process, its utility

and its effects upon foodstuffs and consumers. Much of

this arises from alarmist, and often inaccurate, technical

discussions by opponents of the process. For this reason

there is a lack of informed public debate on the issue, and

those involved with any aspect of handling or distributing

irradiated food can unwittingly find themselves the centre

of unwelcome controversy.

This book does not fall into the trap of fully explaining only

one side of the argument. It sets out to address all salient

issues of food irradiation in a clear, concise and

authoritative text. It deals with the process itself, the

effects of irradiation upon foodstuffs, the choice of

appropriate foods, safety studies, consumer reaction, the

current worldwide legislative position, and future

developments.

The book is intended for all those who may become

involved with irradiated food and who will require access

to a guide which is both technically comprehensive and

easy to read. The audience is, therefore, verv wide. It

ranges from the food processing industry through to

handling, transportation, distribution, retail and all forms

of catering. It wil l form an essential and unbiased work of

information and reference for all those professionally

involved in these fields.

Dr Don Robins, CChem, MRSC. MIFST, has extensive

research experience in the study of radiation damage and

its measurement in both organic and inorganic materials,

both as an academic and consultant scientist.

For more information about THE PRESERVATION
OF FOOD BY IRRADIATION please contact:

Dr. Debra Goring

Technical Publications Manager

IBC Technical Services, Bath House (3rd Floor)
56 Holborn Viaduct, London EC1A 2EX

l: 071-236 4080, Fax: "71-489 0849

Published hy IBC Ttctmicil Sarvicu Umiud
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COMING EVENTS

1. 1CGF1/IAEA Workshop on Use of Electron Accelerators for Food Processing,
Warsaw, Poland, 10-21 June 1991.

2. Final FAO/IAEA Research Co-ordination Meeting (RCM) on the Use of
Irradiation to Control Infectivity of Food-Borne Parasites, Mexico City,
Mexico, 24-28 June 1991.

3. ICGFI Workshop on Techno-Econoraic Feasibility of Food Irradiation in
Asian Countries, Dhaka, Bangladesh, 1-11 July 1991.

4. Second UNDP/FAO/IAEA Research Co-ordination Meeting on Asian Regional
Co-operative Project on Food Irradiation: Process Control and Acceptance,
Jakarta, Indonesia, 15-19 July 1991.

5. XVIIIth International Congress on Refrigeration (include a session on
Food Irradiation), Montreal, Canada, 12-16 August 1991.

6. ICGFI/IAEA Group Training on Food Irradiation, Laval, Canada, 18
August-20 September 1991 (Tentative).

7. Colloquium on Food Irradiation, Karlsruhe, Germany, 11-12 September 1991.

8. ICGFI Workshop on Process Control of Food Irradiation for Latin America,
Buenos Aires, Argentina, 30 September - 11 October 1991.

9. Eight Annual Meeting of international Consultative Group on Food
Irradiation (ICGFI), Vienna, Austria, 4-6 November 1991.

10. FAO/IAEA Training Course on Food Irradiation for African Countries,
Cairo, Egypt, 9 November - 6 December 1991.

11. FAO/IAEA/1CGFI Group Training for Latin America and the Caribbean on
Commodity Treatments (including irradiation) to Satisfy Quarantine
Regulations, Miami and Gainsville, Florida, USA, 18 November - 13
December 1991 (Tentative).
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