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Introduction

Food irradiation is increasingly accepted and applied in many countries in the past
decade. Through its use, food losses and food-borne diseases can be reduced
significantly, and wider trade in many food items can be facilitated.
The past five decades have witnessed a positive evolution on food irradiation
according to the following:
1940s: discovery of principles of food irradiation
1950s: initiation of research in advanced countries
1960s: research and development were intensified in some advanced and deve-
loping countries
1970's: proof of wholesomeness of irradiated foods
1980s: establishment of national regulations
1990s: commercialization and international trade

Development of national regulations

A major milestone on food irradiation occurred in 1980 when the Joint FAO/IAEA/WHO
Expert Committee on the Wholesomeness of Irradiated Foods (JECFI) concluded that
'irradiation of any food commodity up to an overall average dose of 10 kGy causes no
toxicological hazard; thus, toxicological testing of food so treated is no longer required'. The
JECFI also stated that irradiation of food up to 10 kGy introduces no special nutritional and
microbiological problems. In subsequent years, a number of national and regional authorities
convened their own expert committees independently to evaluate data on wholesomeness of
irradiated food. All these committees arrived at a similar conclusions as the JECFI. The
conclusions and recommendations of the 1980 JECFI were elaborated into international
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standard under the procedures of the Codex Alimentarius Commission (CAC) of the Joint
FAO/WHO Food Standards Programme. The CAC has its primary objectives in protecting
consumer health and ensuring fair practice in the food trade. The procedures of the CAC
require several rounds of governments' comments. In 1983, the CAC then represented by
some 130 governments, decided to adopt a Codex General Standard for Irradiated Foods
and a Recommended international Code of Practice for Operation of Radiation Facilities CJsed
for Treatment of Food. The Codex Standard was recommended by the CAC to all its member
governments for acceptance in 1984.

The Codex Standard provides important incentives for national authorities to introduce
regulations on food irradiation. In fact, starting from the early 1980's, several advanced
countries including Canada, Denmark, France, the Netherlands, U.K., CISA, etc., and many
developing countries including Bangladesh, Brazil, Chile, China, India, Republic of Korea,
Mexico, Thailand, etc. have introduced their regulations on food irradiation following the
principles of the Codex Standard. In doing so, several countries invited public comments prior
to finalizing their national regulations. Such action led to wide public debates concerning the
safety and necessity of irradiated food. A number of pressure groups emerged from essentially
'middle of no-where' to oppose the use of this technology. Most governments have, however,
recognized the safety and benefits of food irradiation and decided to introduced regulations
on this subject. Currently, some 40 countries have approved the use of food irradiation for
over 100 food items or groups of food, either on an unconditional or restricted basis.

With increasing interest in using irradiation to sterilize a number of food products to render
them shelf-stable for specific populations (hospital diets, immuno-cotnpromised population,
food for specific recreation/sport activities, armed forces) and to increase the availability and
variety of shelf-stable foods for the general public, FAO, IAEA and WHO convened a Joint
Study Group on the Wholesomeness of Food Irradiated with Doses above 10 kGy in Geneva,
Switzerland, 15-20 September 1997. After considering data on toxicological, nutritional,
microbiological and radiation chemistry aspects of food irradiated with doses above 10 kGy,
the Joint Study Group concluded that food irradiated under proper conditions appropriate to
the intended technological objectives, is safe to consume and adequate for nutrition. Food
irradiation is therefore deemed to be wholesome for all technological dose range either below
or above 10 kGy.

The conclusions of the Joint Study Group will have to be elaborated under the Codex
procedures with a view to amend the existing Codex General Standard for Irradiated Foods.
Once the Codex Standard has been revised, national authorities will be invited to considered
accepting irradiation as a process for treating food without a maximum dose. Such a
consideration is in line with other physical food processes, e.g. heating or freezing preservation
of food, which also has no maximum or minimum limit relative to their applications.

Commercial application of food irradiation

Following the success in using irradiation commercially to inhibit sprouting of potatoes in
Japan in 1973, several countries have recognized the benefit of using this technology on a
commercial scale to combat food losses and ensure hygienic quality of food. Since then, the
number of countries which use irradiation for processing food for various commercial
purposes has increased steadily to 29 at present (Table I). The majority of the increase in
recent years is in developing countries which either need irradiated products for their domestic
market or seeing an opportunity to develop markets overseas.
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Table 1
COMMERCIAL ACTIVITIES ON FOOD IRRADIATION

(As of July 1997)

Country

Alqeria
Argentina

Bangladesh
Belgium
Brazil

Canada
Chile

China

Croatia
Czech Rep.
Cuba
Denmark
Finland
France

Germany
Hungaru
India

Indonesia

Location (starting
date for food
irradiation)
Mascara
Buenos Aires
(1986)
Chittagong (1993)
Fleurus (1981)
Sao Paulo (1985)
Piracicaba
Mana us
Laval (1989)
Santiago (1983)

Chengdu (1978)
Shanghai (1986)
Zhengzhou (1986)
Nanjing (1987)
Jinan (1987)
Lanzhou (1988)
Beijing (1988)
Tienjin(1988)
Daqing (1988)
Jianou(1991)
Beijing (1995)

Zaqreb(1985)
Prague (1993)
Havana (1987)
Riso* (1986)
Homantsi (1986)
Lyon(1982)
Paris (1986)
Nice (1986)
Vannes* (1987)
Marseille (1989)

Munich (1997)
Budapest (1982)
Bombay
Nashik
Vashi, New
Bombay
Pasar Jumat (1988)
Cibitung (1992)

Products

Potatoes
Spices, spinach, cocoa powder

Potatoes, onions, dried fish
Spices, dehydrated vegetables, deep frozen foods
Spices, dehydrated vegetables
Fruits, vegetables, grain

Spices
Spices, dehydrated vegetables, onions, potatoes,
poultry meat
Spices and vegetable seasonings, Chinese sausage,
garlic.
Apple, potatoes, onions, garlic, dehydrated vegetables
Garlic, seasonings, sauces
Tomatoes
Not specified
Not specified
Not specified
Not specified
Not specified
Not specified
Rice, garlic, spices
Spices, food ingredients, dried beef noodles
Spices, dry food ingredients
Potatoes, onions, beans
Spices
Spices
Spices
Spices, vegetable seasonings
Spices/herbs
Poultry (frozen deboned chicken)
Spices, vegetable seasonings, dried fruit, frozen frog
legs, shrimp, poultry (frozen deboned chicken).
Spices
Spices, onions, wine cork, enzyme
Spices
Onions, potatoes
Spices

Spices, rice
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Iran

Israel
Italy

Japan
Korea, Rep.
Mexico

Netherlands

Norway
Poland

Peru
South Africa

Thailand

united Kingdom
USA

Yugoslavia

Tehran (1991)
Yazd*(1997)
Yavne (1986)
Bergamo* (1996)
Padoa*
Shihoro (1973)
Seoul (1986)
Mexico City (1988)
Mexico City (1997)
Ede (1981)

Kjeller (1982)
Warsaw (1984)
Wlochy* (1991)
Lodz (1984)

_ Lima (1996)
Durban (1989)
Pretoria (1968)
Kempton Park
(1982)
Cape Town (1986)
Patumthani (1989)
Learn Chabang
(1998)
Swindon(1991)
Rockaway, ISJ
(1984)
Whippany, MJ
(1984)
Tustin, CA (1984)
Ames, IA* (1993)
Mulberry, FL (1992)
Schaumberg, IL
Columbus, OH
Morton Grove, IL
Haw River, NC
Salem, NJ
Hilo, HI
(1998)Spices
Belgrade (1986)

spices
Dried fruits, nuts
Spices, condiments, dry ingredients
Spices
Spices
Potatoes
Garlic powder, spices and condiments
Spices and dry food ingredients
Spices and dry food ingredients
Spices, frozen products, poultry, dehydrated
vegetables, egg powder, packaging material
Spices

Spices, food additives, animal feed
Spices
Shelf-stable food
Spices
Fruits, spices

Onions, Fermented pork sausages, enzymes, spices
Service irradiator for food and non-food products

Spices
Spices
Spices
Spices
Spices, poultry
Fruits, vegetables, poultry, spices
Spices
Spices
Spices, fruits
Spices
Spices
Tropical fruits

Spices

Facilities with locations in italic are under construction or planned;

Countries in /ta//c are irradiating food for commercial use

(All facilities use Co-60 as radiation source except those indicated by * which are electron beam facilities)

Although several countries have already used irradiation to process some food products
during the 1980's, it was not until the early 1990's when significant awareness of the use of
this technology was realized by governments, food industry and the media, especially in the
USA, following the opening and commercial processing of food by Vindicator, Inc., Mulberry,
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Florida in early 1992. The first batch of strawberries irradiated by the first commercial food
irradiator in the USA attracted wide publicity. The retailed sale of irradiated strawberries and
other produce which followed, also attracted wide attention both within the USA and elsewhere
(Marcotte, 1992; Pszczola, 1992). A retail store in Chicago area reported overwhelm successes
in selling irradiated produce. Irradiate strawberries outsold the non-irradiated berries by a ratio
up to 20:1. It also reported a significant saving by reducing spoilage losses (about 10% for
non-irradiated strawberries) to about 2 % for irradiated berries. The reduction of spoilage not
only provided this store with additional profit margin but enable it to compete with larger
retailers by offering better quality products at the same price charged by other stores for lower
quality products (Corrigan, 1993). The success of sale of irradiated produce has led to sales
of irradiated chicken starting from 1993 and tropical fruits from Hawaii starting from 1995
which were also successful (Pszczola, 1993; Moy, 1996).

Trade developments

a. Replacing fumigation of food

Fumigation of food and food ingredients with various chemicals, such as ethylene
dibromide (EDB), methyl bromide (MB), and ethylene oxide (ETO), either has been prohibited
or is being increasingly restricted in most advanced countries for health, environmental, or
occupational safety reasons. EDB was banned by the U.S. Environmental Protection Agency
since 1984 (EPA, 1983). The importing from other countries of any food treated with EDB
for sale in the USA is also prohibited. Most countries have followed the USA in banning the
use of EDB for fumigating food and food ingredients for insect disinfestation purposes.

It appears that MB, the most widely used fumigant for food and agricultural products
against pests such as insects and nematodes, will likely suffer the same fate as EDB. MB has
been listed under the Montreal Protocol (an international treaty for the regulation of ozone
depleting substances worldwide and under the auspices of the united Nations Environmental
Programme) as one of the substances which causes depletion of ozone layer. The original
phase-out schedule of MB was set for the year 2000. However, the last meeting of the Parties
to the Montreal Protocol held in Montreal, Canada in September 1997 had revised the
phase-out schedule of MB according to the following:

Advanced countries:

Developing countries:

25% reduction by the year 1999
50% reduction by the year 2001
70% reduction by the year 2003
Phase-out by the year 2005 (with exemption for critical uses)
20% reduction by the year 2005
Phase-out by the year 2015

The use of MB for quarantine purposes and for preshipment fumigation was exempted
from the phase-out schedule under the Montreal protocol.

The global phase-out of MB is complicated by the fact that Ihe (JSA has a Clean Air Act
which requires that any chemical substance which has an ozone depleting potential (ODP) of
0.2 and above must be deregistered for use. MB is reported to have ODP of 0.7. The U.S.
Environmental Protection Agency has published the final rule for MB on 30 November 1993
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which will terminate production and consumption of MB on 31 December 2000 (EPA, 1993).
There is no exemption for the ban of MB in this regulation. Although there is a movement in
the CIS Congress to delay the phase-out schedule of MB to be in conformity with that of the
Montreal Protocol, it is clear that MB is on the way out and that it will not be available for
controlling pests in food and agricultural products in the near future.

Ethylene oxide (ETO), another widely used fumigant for decontaminating insects and
microorganisms in dry food ingredients, particularly spices and dried vegetable seasonings,
was banned by the European Union starting from 1 January 1991 (Dickman, 1991). The CIS.
Environmental Protection Agency has issued a final rule which prohibited the use of ETO for
fumigating processed spices on 22 March 1996 (EPA, 1996). However, EPA has not enforced
the rule pending further review of data submitted by the spice industry. Again, it is clear that
ETO is also on the way out in the USA as well.

Irradiation has been demonstrated as an effective method to replace the fumigants
mentioned above. Low-dose irradiation between 0.2 and 0.7 kGy can control effectively insect
infestation of grain and other stored products (IAEA, 1991a). unlike fumigation, irradiation
does not leave any residues in or on the products. To prevent re-infestation, grain and stored
products must be properly packaged in insect proof containers.

Low-dose irradiation is being considered as an alternative to EDB and MB fumigation of
fresh agricultural products to overcome quarantine barriers in trade. A minimum dose of 0.15
kQy is effective as a quarantine treatment of fresh fruits and vegetables against fruit fly of
tephritidae family, and a minimum dose of 0.3 kGy effective against other insect species (IAEA,
1991b). unlike other competing techniques, irradiation is a broad spectrum quarantine
treatment, not specific to insect species or host commodities. Its application as a quarantine
treatment of fresh horticultural produce is endorsed by regional plant protection organizations
operate within the framework of the International Plant Protection Organization, i.e. North
American Plant Protection Organization (NAPPO), European and Mediterranean Plant Pro-
tection Organization (EPPO), Asian and the Pacific Plant Protection Commission (APPPC),
etc. The C1SDA has issued a Notice of Policy on 15 May 1996 which permits irradiation as a
quarantine treatment of fresh fruits and vegetables against fruit flies regardless of host
commodities (CISDA, 1996).

The use of irradiation to replace ETO to ensure hygienic quality of spices and vegetable
seasonings has increased significantly following the ban of ETO by the ECJ in 1991. In term
of volume, the production of irradiated spices and dried vegetable seasonings worldwide has
increased from about 10,000 tonnes in 1990 to over 60,000 tonnes in 1996 as it offers a
broad spectrum treatment for sanitizing spices and vegetable seasonings, often at a more
competitive cost than other competing processes. Irradiation is therefore being used as a
routine process for sanitizing spices and other dried food ingredients in several countries.

b. Satisfying hygienic standard in food trade

With the increasing recognition of food-borne outbreaks from pathogenic microorganisms
and parasites, irradiation is being considered as a method to ensure hygienic quality of more
solid food of animal origin, in particular raw poultry, red meat and seafood. These products
are often contaminated by bacteria such as Salmonella, Campylobacter, E. colt 0157:H7,
Listeriamonocytogen.es, Vibrio spp., etc., which can cause health hazards and even deaths.
Thus, consumption of food of animal origin in the raw form represents a high risk to health.
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Relatively low dose irradiation can significantly reduce the risk from these foodborne patho-
gens without affecting the physical characteristics and sensory quality of these food (Loaha-
ranu, 1996).

Health authorities in many countries have introduced stricter hygienic standards in food
trade. Such standards often require zero tolerance of pathogens such as Salmonella and
Vibrio cholerae in imported food products. Some countries, notably the USA, have already
introduced zero tolerance for L. monocytogenes in ready-to-eat food in trade. In September
1994, the CJSDA proposed a legislative bill to the Congress on 'Pathogen Reduction Act' which
will require inspection for pathogenic microorganisms in meat and poultry, recall of meat
products contaminated by such organisms and penalties for selling such contaminated
products. In addition, the USDA/FS1S has reclassified E. coli 0157:H7 as an adulterant
although it will limit its current reclassification of this pathogen only to raw ground beef. Such
a CJSDA reclassification could serve as an "important legal point" for the same pathogen in
other products as well as other similar pathogens in raw meat, poultry and seafood. The recent
massive recall of 10,000 metric tonnes of frozen hamburgers contaminated by E. coli
0157:H7 in the USA had resulted in increasing demand for the use of irradiation to ensure
hygienic quality of such food. The US-FDA is under an active consideration to approve the
use of irradiation for this purpose in the near future.

c. GATT Agreement on the application of sanitary and phytosanitary measures

The positive conclusion of the Uruguay Round of GATT Multilateral Trade Negotiations in
December 1993, especially the adoption of the Agreement on Sanitary and Phytosanitary
Measures - entered into force when the World Trade Organization (WTO) was established in
1995, will add further incentive to international trade in irradiated food. Under the Agreement,
government which is a member of the WTO could be required to furnish justification for food
import restrictions based on national regulations that are stricter than standards, guidelines
and recommendations of the following organizations:

• Codex Alimentarius Commission (food safety and human health)

• International Plant Protection Convention (plant protection and quarantine)

• International Office of Epizootic (animal health).

An exception is made if the importing county can provide scientific proof that the
importation of such food could endanger health of their citizens, animals or plants.

The safety and effectiveness of irradiation as a method of food processing/preservation
have been recognized by the Codex Alimentarius Commission when it adopted a Codex
General Standard for Irradiated Foods in 1983. The Standard and its associated Code of
Practice were recommended to all member governments of the Codex for acceptance in
1984. Regional plant protection organizations operate within the framework of the Interna-
tional Plant Protection Convention including NAPPO, EPPO, APPPC, etc. have endorsed
irradiation as an effective quarantine treatment of fresh agricultural products since 1991. With
the increasing stricter hygienic and phytosanitary standards required in international food
trade and the prohibition and restriction of chemical preservatives and fumigants in and on
food, irradiation is likely to play a more prominent role in food trade in the near future.
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Conclusions

After decades of research, development and public debate, food irradiation is moving to
centre stage along with other technologies in its quest to feed the increasing world population
and to overcome barriers in food trade. At the top of the list of application of this technology
are its use to ensure hygienic quality of more solid food, especially those of animal origin and
spices and other dried food ingredients; as a quarantine treatment of fresh agricultural
produce; as a method to protect grain and other stored products from insect infestation; and
as an innovative method, in combination with other food technologies, to improve safety and
quality of food with less energy requirements. The Agreement on the Application of Sanitary
and Phytosanitary Measures, adopted during the Uruguay Round of GATT Multilateral Trade
Negotiations, will add further incentive to international trade in irradiated food.
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Public Health Aspects of Food Irradiation1

F. Kaferstein
Director, Programme of Food Safety and Food Aid

WHO, Geneva, Switzerland

Abstract

Post-harvest losses due to sprouting, insect infestation and spoilage by microorganisms
is a serious problem in many counties and commonly aggravates the problem of food
shortages. In addition, many developing countries also depend largely on agricultural
produce, such as grain, tuber and tropical fruit, as major export crops to earn foreign
exchange. The use of ionizing radiation as an effective means of disinfecting and/or
prolonging the self-life of several food products has been well documented in a number
of developing countries. The World Health Organization (WHO) encourages its Member
States to consider all measures to eliminate or reduce foodbome pathogens in food and
improve their supplies of safe and nutritious food. In regard to its contribution to food
safety, food irradiation may be one of the most significant contributions to public health
to be made by food science and technology since the introduction of pasteurization.
Because the promotion of a safe, nutritious and adequate food supply is an essential
component of its primary health care strategy, WHO is concerned that the unwarranted
rejection or limitation of this process may endanger public health and deprive consumers
of the choice of foods processed for safety.

Introduction

From the earliest civilizations, all societies have had to develop means for ensuring
adequate supplies of safe and nutritious food to-meet the needs of their people. Ideally, such
supplies would be of high quality, contain a wide variety of food items and be affordable to
even the most disadvantaged members of society. In meeting these needs, humanity has had
to confront a number of constraints including unpredictable variations in agro-climatic

Based on an article by Drs F.K. Kaferstein and G. Moy which appeared in the Journal of Public Health
Policy, 14 (2): 149-163 (1993)
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conditions, insufficient technical knowledge and inputs, inadequate infrastructure, seasonality
of production and the inherent perishability of most food products. While various strategies for
addressing these difficulties have been devised, it may be said that adequate food supplies could
not have been achieved without some reliance on food processing and preservation technologies.
This is particularly true of the contemporary world where a growing proportion of the population
lives in urban centres far removed from the points of primary food production.

Current technologies include a variety of processes, s o m e of which, such as drying,
fermenting, pickling and salting, are of considerable antiquity, while others, such as fumiga-
tion, canning and pasteurization, are of more recent origin (see Table 1). After more than forty
years in research and development, treatment by ionizing radiation is beginning to be more
widely used to supplement existing technologies for certain applications. One such applica-
tion, which has significant public health potential, is the reduction of pathogenic microorga-
nisms in solid foods. Food irradiation can also contribute to improvements in both the quality
and quantity of the food supply, which means better health and nutritional status. Irradiation,
as a process used to meet quarantine requirements, also holds great promise a s an alternative
to chemical fumigation and other me thods for disinfestation.

However, before considering these public health benefits, the scientific evaluations con-
cerning the wholesomeness of irradiated food should be review. After all, consumers have a
right to expect that the highest s tandards of safety are met before food irradiation is permitted
as a processing method.

Table 1
Current Technologies for Processing Food

DRYING

FERMENTATION

CHEMICAL TREATMENT

THERMAL TREATMENT

COLD TREATMENT

MODIFIED ATMOSFHERE
MICROWAVE RADIATION

IONIZING RADIATION

Radiant (solar) drying
Air drying
Spray drying
Freeze drying
Yoghurt
Soya sauce
Vinegar
Cheese
Wine and beer
Sauerkraut
Salting
Sugaring
Fumigating
Pickling
Smoking
Food aditives
Cooking (many forms)
Pasteurizing
High-temperature short-time
Blanching
Aseptic filling
Retortina
Refrigerating
Freezina
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Wholesomeness of irradiated food

Before introducing any new food processing technology, adequate and reliable evidence
must be evaluated to provide sufficient assurance that not only would the process produce
the desired results in food but also that it would not have any unacceptable toxicological,
nutritional or microbiological effects. For food irradiation, the gathering of this evidence at
the international level was coordinated by the International Project in the Field of Food
Irradiation, beginning in 1970. The adequacy and reliability of data generated by this project
and from other sources were reviewed at a series of international meetings organized by the
World Health Organization (WHO), often in collaboration with the Food and Agriculture
Organization (FAO), and the International Atomic Energy Agency (IAEA). This series of
international deliberations culminated in 1980 with the convening of the Joint
FAO/1AEAAVHO Expert Committee on the Wholesomeness of Irradiated Food at WHO
Headquarters in Geneva. In their report, this Committee concluded that the "... irradiation of
any commodity up to an overall average dose of 10 kGy presents no toxicological hazard:
hence, toxicological testing of foods so treated was no longer required" (WHO, 1981). It also
found that irradiation up to 10 kGy "introduces no special nutritional or microbiological
problems". These conclusions, then, clearly established the wholesomeness of any food
irradiated up to a maximum absorbed dose of 10 kGy.

In subsequent years, a number of national and regional authorities convened their own
expert committees to review and evaluate the data independently of the international review
and evaluation conducted by WHO in collaboration with FAO and IAEA. Reviews were
conducted, for example, in Denmark, France, the United Kingdom, the united States, and
by the Scientific Committee for Food of the Commission of European Communities. No new
concerns were raised by any of these reviews.

Based on these reviews as well as on information available at the time from other sources,
the Joint FAO/WHO Codex Alimentarius Commission, in consultation with its Member
Countries, reviewed the use of irradiation as a food technology and at its 15th session in 1983
adopted the Codex General Standard for Irradiated Food and the Recommended Internatio-
nal Code of Practice for the Operation of Radiation Facilities for the Treatment of Food. With
the endorsement of Codex, the organizations involved hoped that countries would begin in
earnest to apply food irradiation for the full benefit of their people, regardless of the country's
stage of development.

updated review of the safety and nutritional adequacy of irradiated food

Although there is nearly unanimous agreement within the scientific and regulatory communities
regarding the safety and nutritional adequacy of food irradiated under the conditions defined, those
opposed to food irradiation have continued to raise what they believe to be important and unresolved
issues. By exploiting the public's fear of anything "nuclear", opponents of food irradiation have been
successful in delaying the enactment of legislation to permit or expand its use in a number of
countries. At tine request of one such country, WHO in May 1992 convened a consultation to prepare
an updated report on food irradiation based on a review of all relevant safety studies carried out since
the 1980 Expert Committee, as well as on many of the older studies that had been previously
considered. Such controversial issues as the —discounted— finding that irradiated food induced
polyploidy in malnourished children, and the unsubstantiated claim that irradiation destroyed the
nutritional value of food, were given particular consideration. After reviewing all the evidence, including
over 200 toxicological studies, the group reaffirmed the earlier findings and concluded that irradiated
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food under established Good Manufacturing Practices (GMP) can be considered safe and
nutritionally adequate (WHO, 1994).

Public health eispects

At first glance, the involvement of an international health organization such as WHO in the
promotion of a technological process might be surprising. However, it is quite understandable
once it is recognized that food irradiation has two applications that can contribute to the health
and well-being of humanity, namely:

(i) the elimination or reduction of certain foodborne pathogens, thus making food safer,
and

(ii) the preservation of food by the destruction of pests and retardation of deterioration,
thus increasing the supply of high quality food.

The food irradiation process has, therefore, the potential to contribute to one of the
essential components of primary health care defined by WHO and ÜNICEF in their Declaration
of Alma-ata in 1978, namely, the promotion of a safe, adequate and nutritious food supply.

Improving food safety

In 1983, a Joint FAO/WHO Expert Committee on Food Safety concluded that foodborne
diseases, while not well-recognized, are nevertheless one of the most widespread threats to
human health and an important cause of reduced economic productivity (WHO, 1984).
Foodborne diseases are caused by infectious or toxic agents that enter the body through the
ingestión of food. Foodborne diseases are particularly serious for infants and young children,
pregnant women, the immuno-compromised, the hospitalized and the elderly. Many of the
estimated 7,000 people that die each year in the United States from foodborne diseases are
in one of these groups (Roberts, 1989). While not suffering the high mortality rates as among
vulnerable groups, the general population also suffers a very heavy burden from foodborne
diseases, mainly salmonellosis, campylobacteriosis and shigellosis. Other foodborne diseases
are caused by Escherichia coli (0157:H7), Yersinia enterocolitica, Listeria monocytogenes,
and Clostridium perfringens, as well as other foodborne microorganisms, such as protozoa,
helminths and viruses. In the united States, the total annual incidence of foodborne diseases
has been estimated at up to 99 million cases with direct and indirect costs of $23 billion (CIS)
(Garthright et al, 1988), while the reported cases of known bacterial causes of 6.3 million is
only a small fraction of the extrapolated reality (Bennett et al, 1987).

Several other industrialized countries have similarly reported high incidences of foodborne
diseases, particularly salmonellosis and campylobacteriosis (WHO Surveillance Programme
for Control of Foodborne Infections and Intoxications in Europe, 1992). There is also strong
evidence that this burden has been increasing in recent times. Figures 1 and 2 present the
situations as reflected by official health statistics in England, Wales and Ireland (PHLS, 1989)
and in Germany (SBW, 1991) respectively.

While epidemiológica! surveillance systems in developing countries are even less reliable,
foodborne diseases in those countries are still commonly reported among the leading causes
of both morbidity and mortality. The microbiological contamination of food is possibly
responsible for up to 70% of the estimated one thousand four hundred million episodes of
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Figure 1 - Incidence of gastrointestinal infections in England and Wales (1980-1992)
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diarrhoea and 3.5 million associated deaths occurring annually among children under the
age of five worldwide, mainly in developing countries (Esrey, 1990).

At least in industrialized countries, this dramatic increase in foodborne diseases appears
to be related to increased consumption of foods of animal origin and, perhaps, to socio-cul-
tural changes which have altered domestic food handling practices. While the framework of
this paper does not allow us to examine in detail the various factors responsible for these
rather disturbing statistics, two points should be made:

(i) The data reflected in the official health reports are but a small portion of the true
incidence. WHO has reason to believe that the actual morbidity due to foodborne diseases
in many countries may be 100 or more times greater than that reported.

(ii) In countries with reasonably good epidemiological systems, animal-derived food
products and especially poultry products have been identified as an important sources of
disease, particularly salmonellosis and campylobacteriosis.

While health problems related to food contamination often differ between countries and
regions of the world, the basic principles for prevention and control are similar. For this
purpose, three lines of defense are available. The first line of defense is to improve the hygienic
quality of raw foodstuffs at the agricultural and fisheries level. By applying accepted codes of
good agricultural and animal husbandry practices, including improvement in the environmen-
tal However, it is unlikely that certain foods of animal origin will ever be entirely free of
foodborne pathogens.

The second line of defense is the application of food processing technologies, as mentio-
ned at the beginning of this paper, which can prevent or reduce the transmission of foodborne
pathogens as well as extend shelf-life. For example, in spite of the steady improvement in the
hygienic quality of milk over the past one hundred years in most industrialized countries, no
responsible public health authority would recommend abandoning the pasteurization pro-
cess, since it is still not possible to consistently produce safe raw milk. In the case of raw
poultry products, improvements in production methods can only be expected to reduce such
pathogens as Salmonella and Campylobacter but not eliminate the contamination of raw
products (Yule et al, 1988).

The third and last line of defense is most critical to protect the health of consumers,
especially when the first two fail. This concerns the education of food-handlers on the
principles of safe food preparation. Professionals as well as those responsible for food
preparation in the home need to be more aware of the hazards posed by certain foods likely
to be contaminated and to take care to assure they are handled safely. Greater efforts should
be made by government, industry and other organizations, such as consumer groups, in this
regard. However, for foods which are consumed in their raw or processed states without
further preparation, consumers must rely on the first two lines of defense for protection against
foodborne health hazards.

Because many foodborne pathogens are sensitive to doses of irradiation in the range of 2
to 7 kGy, the introduction of irradiation for the treatment of animal-derived food products,
particularly poultry products, is expected to yield significant public health benefits as had the
pasteurization of milk.
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Improving the food supply

While the reduction of foodborne disease is of considerable public health importance, the
role of food irradiation in promoting nutritional status should not be overlooked, as good
nutritional status is often considered synonymous with good health. For example, it is known
that good nutritional status can ward off infections and reduce the risk of certain noncom-
municable diseases, including cancer. Because good nutrition requires that food be safe,
available and affordable, the food preservation capabilities of irradiation can make a contri-
bution to improving both the quality and quantity of the world's food supply.

Some of the current applications of food irradiation in industrialized countries have been
directed at increasing the diversity and quality of the food supply through improved shelf-life.
Greater availability and affordability means that more consumers will have the opportunity to
purchase a wider variety of foods. While this diversity has obvious nutritional benefits,
consumers throughout the world appreciate some variety in their diets. Food irradiation can,
therefore, make life healthier and, at the same time, more enjoyable, particularly in parts of
the world where the food transport infrastructure is underdeveloped.

However, just assuring basic supplies of food may prove to be increasingly difficult in the
future and, here again, food irradiation may make a contribution. In view of the agricultural
over-production of many industrialized countries, it may be hard for some people to imagine
food shortages and famine becoming widespread. However, the earth's population continues
to increase at an alarming rate. At the turn of the last century, our planet was inhabited by
about 1.5 billion people. Our current global population of around five billion is expected to
exceed the six billion mark by the year 2,000 and further substantial increases are likely. Most
of these increases, about ninety percent, will occur in developing nations. In the face of limited
arable land, declining soil fertility and water resources and potentially disastrous environmen-
tal change, it remains to be seen if all these people can be fed, much less fed nutritiously.
With these ominous signs on the horizon, prudence would dictate that we take all measures
necessary to prepare for any shortfall in the world's food reserves (WHO, 1992).

In this context, any preventable losses of food should be clearly targeted. In those,
developing countries where a warm climate favours the growth of spoilage organisms and
hastens the deterioration of stored food, current losses are often enormous.

In such countries, the estimated storage loss of cereals, grains and legumes is at least 10%.
With non-grain staples, vegetables and fruits, the loss due to microbial contamination and spoilage
is believed to exceed 50%. With commodities such as dried fish, insect infestation is reported to
result in a loss of 25% of the product with an additional 10% lost due to spoilage (WHO, 1988).
While not all of these losses can be prevented by food irradiation, the technology does offer unique
potential to destroy insect infestation and reduce spoilage in order to effectively increase the supply
of certain foods and, thereby, contribute to overall food security.

Low dose treatment by irradiation can also be used to meet quarantine requirements, a
use which is becoming increasingly important as a number of chemical fumigants have been
banned or restricted for various reasons. With few feasible alternatives, food irradiation may
be particularly important for developing countries which rely on their food exports to earn
important foreign currency.
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Public acceptance of food irradiation

In a number of countries, consumer groups are opposed to food irradiation, their
opposition often based on a lack of understanding of its real risks and benefits. However, food
irradiation is not the first instance where public health advice on a new food technology has
not been immediately accepted. Pasteurization of milk is a good case in point. When it was
introduced about 100 years ago in North America, Europe, and other parts of the world, many
milk consumers, as well as some scientists, voiced objections based on perceived hygienic,
nutritional and economic concerns (Hall and Trout, 1968).

Today, pasteurization of milk is almost universally accepted as an essential public health
technology that enjoys the confidence and support of the consuming public. Perhaps in a
case where the exception proves the rule, milk-borne salmonellosis was a particular health
problem in Scotland during the period from 1970 to 1982 when more than 3500 people fell
ill and 12 died. After the introduction of milk pasteurization in Scotland in 1983, milk-borne
salmonellosis virtually disappeared and can now only be found among those in the farming
community who continue to drink raw milk (Sharp, 1988).

Whereas pasteurization was introduced mainly to interrupt the transmission of bovine
tuberculosis, brucellosis and other milk-borne diseases, the most important public
health applications of food irradiation are to destroy or reduce the ubiquitous and
largely unavoidable pathogens that contaminate raw foods, especially those of animal
origin. A Task Force on the Use of Irradiation to Ensure Hygienic Quality of Food
concluded in 1986 that, at that time and in the foreseeable future, production of
certain raw foods such as poultry or pork can not be guaranteed to be free from such
pathogenic microorganisms as Salmonella and Campylobacter and such parasites as
Toxoplasma gondii and Trichinella. In view of the declining quality of coastal waters
in many parts of the world, shellfish species may also be considered likely candidates
for irradiation to assure their safety and availability for human consumption, especially
in reference to Vibrios such as Vibrio cholerae. Therefore, this Task Force believes
that where certain foods are important in the epidemiology of foodborne diseases,
irradiation treatment must be seriously considered (WHO, 1987).

WHO has incorporated this recommendation into its Golden Rules for Safe Food
Preparation (Table 2). The first of these ten Golden Rules advises the consumer to
purchase foods processed for safety and gives as an example the recommendation to
buy pasteurized as opposed to raw milk and to select fresh or frozen chickens which
were treated with irradiation. Since only one of the ten Golden Rules refers to
irradiation, it is obvious that this technology can't be expected to produce food safety
miracles. For this and other reasons, WHO has stressed that food irradiation should
not be seen as a panacea to all the various food safety and supply problems humanity
is facing. On the other hand, food irradiation is a perfectly sound food processing
technology which can offer the consumer food products which have an additional
margin of safety. Seen from this perspective, the unwarranted rejection of food irradia-
tion is not only contrary to the public health, but also inconsistent with the rights of
consumers to protect themselves and their families by choosing foods processed for
safety.
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Table 2
The WHO Golden Rules For Safe Food Preparation

1. Choose foods processed for safety
2. Cook food thoroughly
3. Eat cooked foods immediately
4. Store cooked foods carefully
5, Reheat cooked foods thoroughly
6. Avoid contact between raw foods and cooked foods
7. Wash hands repeatedly
8. Keep all kitchen surfaces meticulously clean
9. Protect food from insects, rodents, and other animals
10. use pure water
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Abstract

This current world population has significantly added to the pressures placed upon
our finite resources and our resulting ability to feed ourselves. In order to cope with
current and future demands, the two established lines of action, that is, reduced
population growth and expansion of agricultural production, must be supplemen-
ted with the parallel activity of reducing food losses during and after harvest
For developing countries in particular, enormous post-harvest losses result from
spillage, contamination, pests and physiological deterioration during storage.
Studies in these countries indicate that post-harvest losses are enormous and
amount to tens of millions of tons per year valued at billions of dollars. Programs
to reduce post-harvest losses, if applied properly, can result in realistic yield
increases between 10 and 30%, wich can be directly converted into increased
consumption for humans.
Post-harvest losses vary greatly and are a function of the crop variety, pest
combinations in the environment, climate, the system of harvesting, storage,
handling, marketing, and even the social and cultural environment. Pests are
among the most criticáis of these factors. Because of the disastrous potential
consequences of such pests, quarantine regulations prohibit the entrance of plants
or products wich might hide the unwanted pest from countries where it is known
to exist. Quarantine treatments are can be chemical, physical or ionizing radiation
treatment. Numerous investigaations on the use of ionizing radiation for the
disinfestation of fresh plant materials indicate that rather low dosages will control
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fruit-fly problems, thus making it well suited for quarantine treatment. The
effectiveness of irradiationas a broad spectrum quarantine treatment of fresh fruits
and vegetables was recognized by the several plant protection organizations
around the world.
Currently, some 40 countries have approved one or more irradiated fodd items or
groups of food including fresh fruits and vegetables for consumption. It is anticip-
pated that the CJSDA will soon allow irradiation to be used as a quarantine
treatment against major species of fruit flies regardless of commodities on a routine
basis. The interest in usig irradiation as a quarantine treatment of fresh and stored
food products has increased recently because methyl bromie (MB), the most
widely used fumigant to control insects in food and agricultural commodities, is
being phased-out globally under the international treaty for the regulation of ozone
depleting substances (Montreal protocol). Thus, the potencial application of ioni-
zing irradiation as aquarantine treatment appears to be very promising.

Introduction

The world population is currently at about 6 billion people. This level of population has
significantly added to the pressures placed upon our finite resources and our resulting ability
to feed ourselves. In order to cope with current and future food demands, the two traditional
lines of action, that is, reduced population growth and expansion of production, must be
supplemented with the parallel activity of reducing food losses during and after harvest.

In all countries, but developing countries in particular, enormous post-harvest losses result
from spillage, contamination, insect attack, birds, rodents and physiological deterioration
during storage. Studies in these countries indicate that post-harvest losses of major food
commodities are, indeed, enormous and amount to tens of millions of tons per year valued
at billions of dollars. If we take these loss figures and multiply them by the current production
figures, we start to see the enormity of the problem. Programs to reduce post-harvest losses,
if applied properly, can result in realistic yield increases between 10 and 30%, which can be
directly converted into increased consumption.

Post-harvest losses vary greatly and are a function of the crop variety, the pest combinations
in the environment, climate, the system of harvesting, storage, handling, marketing, and even
the social and cultural environment. The actual causes of post-harvest losses are numerous
and can be classified into two major groups, the primary and secondary causes of post-harvest
losses.

The primary causes of loss are those causes that directly affect the food and are classified as:

(a) Biological. This relates to consumption of food by insects, rodents, birds, which result
in direct disappearance of food. Sometimes the level of contamination of food by the excreta,
hair and feathers is so high, that the food is condemned for human consumption. Insects
cause both weight losses to the consumption of food and quality losses because of the
webbing, filth and odors that they impart to the foods.

(b) Microbiological. This refers to damage of stored food by fungi and bacteria. Although
microorganisms usually consume only small amounts of food, they damage it to the point
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where it can become unacceptable because of rotting or other defects. Toxic substances
produced by molds, such as mycotoxins, can cause food to be condemned and not even
usable as feed.

(c) Chemical. Many of the natural chemical constituents present in foods can react causing
loss of color, flavor, texture and nutritional value. An example is the Maillard reaction that
causes browning in dried fruits.

(d) Biochemical. A number of natural enzyme-activated reactions such as polyphenol
oxidase can occur in foods during storage giving rise to off-flavors, discoloration and
softening. Another example of this problem is the unpleasant flavors that develop from frozen
vegetables that have not been blanched in order to deactivate the responsible enzymes before
freezing.

(e) Mechanical. Bruising, cutting, excessive peeling or trimming of agricultural products
also results in losses.

(f) Physical. Excessive or insufficient heat or cold can spoil foods. Improper atmosphere
in closely confined storage at times causes very significant losses.

(g) Physiological. Natural respiratory losses which occur in all living organisms account
for a significant level of weight loss and, moreover, generate heat. Changes which occur during
maturation such as ripening, wilting, and sprouting, may also increase the susceptibility of
the commodity to mechanical damage or infection by pathogens. A reduction in nutritional
level and consumer acceptance can also arise with these changes.

Of the above primary causes of losses, the biological, microbiological, mechanical and
physiological factors are responsible for the majority of losses in perishable crops.

Secondary causes of losses are those that lead to conditions that encourage a primary
cause of loss. They are usually the result of inadequate or non-existent storage structures,
technologies and quality control. Some examples are as follows:

(a) Inadequate harvesting, packaging and handling skills.

(b) Lack of appropriate containers for the transport and handling of foods.

(c) Inadequate storage and transportation facilities.

(d) Most important of all, is the lack of knowledgeable management and technology that
is essential for maintaining food in good condition during storage and marketing.

It is, of course, impossible to cover in detail all the implications of inadequate post-harvest
practices, however, the topic of insect infestation will be examined to illustrate some of the
issues involved. It is fairly evident what the consequences of direct food consumption by
insects is; it is simply less food available for people. A very important secondary consequence
is the removal of affected food commodities from trade, as a result of quarantine.

The world today is characterized by intensive traffic of people and goods. Modern air, sea
and ground transportation brings the most distant places of the earth in close contact with
one another. This situation is desirable and of great benefit to us all. However, it also creates
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some dangers which did not previously exist. Among these is the movement of pests such as
insects from country to country.

These pests have evolved through an equilibrium with their natural environment. When
such pests move from their home country to new areas, without their natural enemies, they
can become unmanageable and flourish, often resulting in very serious consequences.
Introduction of pests to new environments has become the major avenue by which insects
become pests.

Insects are distributed by international trade and by tourism. To prevent or minimize this
risk, countries have established quarantine measures supported by laws and regulations. This
can create significant barriers to international trade and the free flow of plants and plant
products.

An example is the Mediterranean fruit fly, or medfly, which is one of the most feared pests
of many countries. The medfly originated from East Africa, and spread during the 19th and
20th centuries to many countries in the tropics and sub-tropics. The female flies deposit their
eggs in ripe fruit and the larvae dig into the fruit itself, resulting in microbial decay. All types
of fruit, including citrus fruit and many other tropical fruits are among the casualties. Such
damage can result in losses of 80-100% of the crop.

Quarantine measures

Because of the disastrous potential consequences of such pests, quarantine measures are
enforced by law. Quarantine regulations prohibit the entrance of plants or plant products
which might hide the unwanted pest from countries where it is known to exist. Inspections
are carried out in the ports of entry with the objective of intercepting and destroying
contaminated material.

Exemption from such quarantine is granted only on assurance that agreed measures to
disinfect the plant material have taken place. Such measures could consist of specific
treatment of the material at the point of origin, in transit or at the port of entry.

Quarantine treatments can be placed into 3 categories

Chemical treatments - these are fumigants for pests which occur inside or on the surface
of the plant or plant product. Until a few years ago, Ethylene-dibromide (EDB) was the most
common example of this. In 1984, the U.S. banned it's use on grain, after it was recognized
as a possible carcinogen. Since then it's use as an agricultural pesticide has been banned in
most countries. A victim of this ban has been the Caribbean Basin Initiative which was
organized to promote the import of fruit to the US from the Caribbean. Before it got off the
ground, EDB use was banned and untreated fruit was excluded from import.

Non-chemical methods comprise the next 2 categories

B. Physical treatments - These are high or low temperatures treatments applied in various
ways. Cold treatment as a quarantine measure for fruit flies is a rather old method. It requires
the long-term storage of 10 to 15 days of the packed fruit (citrus) at temperatures ranging
from 0.5°C to 2.0°C. unfortunately, the method is 3 to 5 times more expensive than EDB and
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this long period may fail due to the breakdown of cooling or monitoring equipment. It is also
relatively damaging to certain varieties of fresh fruits or vegetables which cannot tolerate
excessive cold such as papayas, avocados and mangoes.

High temperature treatments, such as double hot water dipping, are also used for mangoes
and papayas, but fruit quality can suffer substantially.

C. Ionizing radiation. Numerous investigations on the use of ionizing radiation for the
disinfestation of fresh plant materials for quarantine purposes have been completed. Recent
studies show that rather low dosages of ionizing radiation will control fruit fly problems. This
makes the use of irradiation for quarantine treatment a practical possibility.

The role of irradiation as a quarantine treatment of fresh fruits and vegetables was first
evaluated internationally by a group of experts convened by FAO and IAEA in 1970 (IAEA,
1971). Although it was recognized at that time that irradiation was an effective quarantine
treatment of such commodities, there was no economic incentive in using it commercially in
view of the wide application of fumigation , especially using ethylene dibromide (EDB), to
overcome quarantine barriers.

Following the ban of EDB in the USA in 1984, the International Consultative Group on
Food Irradiation (1CQFI), convened a Task Force on Irradiation as a Quarantine Treatment
to evaluate available data on radiation sensitivity of various fruit fly species and other arthropod
pests, and phytotoxicity of commodities treated for this purpose. On the basis of these data,
the Task Force recommended a generic dose of 0.15 kGy (minimum) as a quarantine
treatment of fresh fruits and vegetables against fruit flies of the Trephritidae family, and 0.30
kGy (minimum) against other arthropod pests including mango seed weevils (1CGF1, 1986).

Additional data on radiation sensitivity of several more fruit fly species, other insects and
mites were generated by the FAO/1AEA Co-ordinated Research Program on the use of
Irradiation as a Quarantine Treatment of Food and Agricultural Commodities, in operation
between 1986 and 1990. Data from this international co-ordinated research program together
with those on the use of conventional quarantine treatments were evaluated by the second
Task Force on Irradiation as a Quarantine Treatment of Fresh Fruits and Vegetables,
convened by the 1CGFI, in 1991. The Task Force recognized that adequate data exist to
establish radiation doses that will meet quarantine security for a number of pest species in
various host commodities. The security levels were defined in terms of non-emergence of
adults capable of flight or reproduction following irradiation of eggs and larvae. As data
generated since 1986 strengthened the earlier findings, the Task Force reaffirmed the earlier
recommendations made in 1986 on the acceptance of generic doses of irradiation as a
quarantine treatment of fresh agricultural commodities. It also stated that irradiation is an
effective broad spectrum quarantine treatment against various species of fruit flies and other
insect pests regardless of the host commodities (ICGFI, 1991).

Recognition of irradiation as a quarantine treatment

The effectiveness of irradiation as a broad spectrum quarantine treatment of fresh fruits
and vegetables was recognized by the North American Plant Protection Organization (NAPPO)
in 1989. In addition to NAPPO, other regional plant protection organizations which operate
within the framework of the International Plant Protection Convention, including European
Plant Protection Organization (EPPO), Asia and the Pacific Plant Protection Commission
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(APPPC), Comité de Sanidad Vegetal del Cono Sur (COSAVE), Organism International
Regional de Sanidad Agropecuaria (OIRSA), etc., endorsed irradiation as a quarantine
treatment of fresh horticultural products at the Technical Consultation of Regional Plant
Protection Organizations, held in San Salvador in 1992 (FAO, 1992).

At the NAPPO Annual Meeting in 1994, the CiSDA tabled a "Position Discussion (Document
III) on the Application of Irradiation to Phytosanitary Problems" for discussion among NAPPO
delegates (representatives of national plant protection from Canada, Mexico and CIS A). The
discussion at the NAPPO Meeting had provided sufficient incentive for the ÍISDA/APHIS to
issue a clear policy on irradiation as a phytosanitary treatment in May 1996. This policy will
allow irradiation to be used as a quarantine treatment of fresh fruits against major species of
fruit flies, at specified minimum doses, regardless of host commodities and countries of origin
(CJSDA, 1996). In response to the petition from Hawaii, the CJSDA has approved the use of
irradiation as a quarantine treatment of fresh papaya, lychees and carambola against fruit fly
infestation at a minimum dose of 250 Gy in July 1997 (CJSDA, 1997). NAPPO has also issued
a standard on irradiation as a phytosanitary treatment of fresh horticultural produce in April
1997 (NAPPO, 1997).

Currently, EPPO is evaluating quarantine procedures and measures as a follow-up to the
European Single Law Act which has been in force since 1993. The Act allows free circulation
of any goods including food and agricultural products, throughout its member countries
without restrictions. A number of food and agricultural commodities imported from other
regions may harbor insect pests which could damage local agriculture in some member
countries of the ECI, especially those in the sub-tropical areas around the Mediterranean.
Countries such as Spain, Israel, Egypt and Morocco which are members of EPPO, are
producing increasingly large quantities of fruits such as mangoes, papaya, pineapple, and
banana which may become host to a number of exotic fruit fly species. Thus, quarantine
barriers may soon be imposed by the ECI to protect local agriculture. Irradiation as a
quarantine treatment of fresh horticultural products is being considered by EPPO, along with
other treatments, as a measure to overcome such barriers.

Approval of irradiated fresh fruits and vegetables

Although the Codex Alimentarius Commission recommended acceptance of all foods
irradiated with doses up to 10 kGy, most governments opted for approval of irradiated food
on an ¡tem-by-item basis, and occasionally on specific groups/classes of food, e.g. fruits,
vegetables, cereals, roots and tubers, etc. Currently, some 40 countries have approved one
or more irradiated food items or groups of food including fresh fruits and vegetables for
consumption. It is significant to note that while the U.S. Food and Drug Administration has
approved all types of irradiated fresh fruits and vegetables, treated up to a maximum dose of
1 kGy, the CJSDA/APHIS, however, has issued a specific regulation on irradiation as a
quarantine treatment of only three fruits from Hawaii against fruit fly infestation. It is
anticipated that the C1SDA/APHIS will soon allow irradiation to be used as a quarantine
treatment against major species of fruit flies regardless of commodities on a routine basis.

Future prospects of irradiation as a quarantine treatment

Irradiation offers a broad scope as a quarantine treatment of fresh horticultural produce.
However, with the exception of Trephritidae fruit flies and codling moth, there is little data to
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demonstrate the efficacy of this treatment against a range of other arthropod pests of
quarantine importance. The Joint FAO/IAEA Division of Nuclear Techniques in Food and
Agriculture therefore decided to sponsor an international Co-ordinated Research Program
(CRP) on use of Irradiation as a Quarantine Treatment of Mites, Nematodes and Insects other
than Fruit Flies since 1992. Data generated under this program during the past 5 years will
be presented at the final meeting of its research workers in Honolulu, 3-7 November 1997
demonstrate that irradiation has a potential to be used as a quarantine treatment against a
wide range of pests such as mites, thrips, weevils, and nematodes.

The interest in using irradiation as a quarantine treatment of fresh and stored food products
has increased recently because methyl bromide (MB), the most widely used fumigant to
control insects in food and agricultural commodities, is being phased-out globally under the
international treaty for the regulation of ozone depleting substances (Montreal protocol). At
the last meeting of the Parties to the Montreal Protocol, held in Montreal, in September 1997,
it was agreed that MB should be phased-out according to the following schedules:

Advanced countries

Developing countries

25% reduction bv 1999
50% reduction by 2001
70% reduction by 2003
Phase-out bv 2005
20% reduction bv 2005
Phase-out bv 2015

The USA which is the main producer and exporter of MB faces a different situation because
of its Clean Air Act of 1990. Cinder this Act, any substance which has an ozone depleting
potential (ODP) of 0.2 and above must be phased out immediately. MB is reported to have
ODP of between 0.5 to 0.7. The US Environmental Protection Agency has already issued a
Final Rule to prohibit the production and consumption of MB by 31 December 2000, with no
exemption (EPA, 1993).

Research data have demonstrated that irradiation could be used as a quarantine treatment
instead of MB for a number of food and agricultural commodities. With the phase-out date
of MB in the USA drawing near, there will be an increasing pressure to use irradiation as a
quarantine treatment within the USA. A small commercial irradiator will soon be built in Hawaii
to treat a number of fruits from this State to the OS mainland market. Such commercial
application could result in increasing trade in irradiated fruits and vegetables, treated to
overcome quarantine barriers, between the USA and its trading partners.

Implications to international trade in irradiated food

The Agreements adopted during the Uruguay Round of GATT Multilateral Trade Negotia-
tion, especially the one on the Application of Sanitary and Phytosanitary Measures (SPS),
which have already entered into force since 1 January 1995, will have a far reaching impact
on international food trade including irradiated food. Cinder the Agreement, governments
which have import regulation stricter than recognized international standards, guidelines and
recommendations, may be requested to furnish justifications based on scientific grounds to
the World Trade Organization (WTO). Cinder the SPS Agreement, the following international
competent bodies are recognized to advise the WTO with regard to settling trade dispute in
food and agricultural products:
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a. Codex Alimentarius Commission (food safety and human health).

b. International Plant Protection Convention (plant protection and quarantine).

c. International Office of Epizootic (animal health).

As stated earlier, there is already a worldwide standard for irradiated food recommended
by the Codex Alimentarius Commission to all its member governments for acceptance in
1984. Regional plant protection organizations operating within the framework of the IPPC,
have endorsed the use of irradiation as a quarantine treatment for fresh horticultural products
since 1992. Thus, non-tariff barriers to foods by importing countries solely because of an
irradiation treatment is no longer be acceptable under the WTO procedures. International
trade in irradiated food including fresh fruits and vegetables to overcome quarantine barriers,
therefore, is likely to increase in the near future.

Insect quarantine measures serve as only one example. There are several other applications
for food irradiation in the reduction of post-harvest losses. Although extensive research has
documented the usefulness and safety of ionizing radiation for these purposes its potential
value can only be realized if it is put to practical use.

The actual dose of radiation employed in any food processing application represents a
balance between the amount needed to produce a desired effect and the amount the product
can tolerate without suffering unwanted changes. In fresh fruits and vegetables, excess
irradiation may cause softening and increase tissue permeability. On the other hand, since
irradiation slows down the rate of ripening of fresh fruits and vegetables, properly stored and
packaged products remain in usable condition considerably longer than they would without
radiation processing.

Some other examples of the use of radiation to enhance the safety and quality of food are
explained below:

Control of sprouting and germination

Control of sprouting is critical for the effective storage of certain commodities. Currently
sprout inhibition is carried out through a combination of chemical treatment and cold storage.
Most people do not realize that many common foods such as potatoes receive chemical
treatment to prevent sprouting. This is understandable because potatoes don't look like they
have been treated and they are not labeled. Several chemical compounds are permitted for
use as sprout inhibitors. Maleic hydrazide is applied in the field and works systemically. It is
first absorbed by the leaves and then is translocated to the tubers. Isopropyl-N-Chlorophenyl
Carbamate or Chlorpropham is another chemical used, but is directly applied to the potatoes
before storage. Tetrachloronitrobenzene or Tecnazene which has come under fire from U.K.
environmentalists is also commonly used as a sprout inhibitor.

An alternative is ionizing radiation. It brings out a rather interesting issue. Many people who
are concerned with the environment have a natural aversion to anything remotely related to
nuclear energy. Yet, it seems logical that the irradiation of potatoes would be far more benign
to the environment than is the current application of chemicals such as chlorinated hydro-
carbons.
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Controlling the germination of barley during malting is of considerable economic impor-
tance. Low doses applied to air-dried barley do not prevent the emergence of shoot tips and
tendrils during malting, but does retard root growth. In this way, high quality malt can be
obtained while the losses resulting from root growth are reduced. Since this effect of radiation
processing persists for many months, treatment can be applied before the barley is put into
storage, with the added benefit of destroying any insect pests that may be present in the grain. In
fact, small radiation doses (0.01-0.10 kGy) stimulate the germination of barley, a result that can
be used to shorten the malting process and increase the production capacity of malting plants.

Shelf-life extension of perishable foods

One of the principal uses of food irradiation is for killing the microorganisms that cause
spoilage or deterioration of the product. The shelf-life of many fruits and vegetables, meat,
poultry, and fish and other seafood can be considerably prolonged by treatment with
combinations of refrigeration and relatively low doses of radiation that do not alter flavor or
texture. Many food spoilage microorganisms are killed at doses of less than 5 kGy. Various
fresh fruits, including strawberries, mangoes and papayas, have been irradiated and marketed
successfully.

Delaying ripening and aging of fruits and vegetables

Exposure to a low dose of radiation delays the ripening and/or senescence of some fruits
and vegetables, thereby extending their shelf-life. The magnitude and even the direction of
such changes depend on the size of the dose and the state of ripeness at the time of treatment.
A measurable extension of shelf-life may be obtained with does of 0.3-1.0 kGy. This level of
exposure will increase the shelf-life of mangoes by about one week and that of bananas by
up to two weeks. Maturation of mushrooms and asparagus after harvesting can be retarded
with doses in the range of 1.0-1.5 kGy. Currently chemical treatment is used to delay ripening.

Destruction of parasites

Irradiation inactivates certain parasitic organisms that are responsible for both human and
animal diseases. The parasitic roundworm Trichinella spiralis, which causes trichinosis and
is found in pork, is inactivated by radiation at a minimum dose of 0.15 kGy. Other parasites,
including pork and beef tapeworms, the protozoan in pork responsible for toxoplasmosis, and
various flukes that infest fish are rendered non-infective by low dose radiation treatment.

Irradiation is beneficial in controlling the microbial contamination of dry food ingredients,
and this improves the safety and storage properties of foods prepared with them. Spices, dry
vegetable seasonings, herbs, starch, protein concentrates, and commercial enzyme prepara-
tions used in the food industry are very often heavily contaminated with spoilage and
pathogenic organisms.

Currently irradiation will find practical uses only in advanced post-harvest systems where
the distribution infrastructures are reliable and highly efficient. With the possible exception of
plantation crops such as large scale roots and tubers, coffee, tea, and spices or seafood, food
irradiation has very limited use at present in developing countries. The focus in these countries
will continue to remain on improving of small-scale village storage and marketing systems to
ensure minimum losses.
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The benefits that flow from the establishment of an orderly and efficient post-harvest system
are very significant. Such a system creates the climate of confidence required to persuade
subsistence farmers to produce beyond what they require for themselves. It substantially
increases the availability of food, it improves people's well-being through improved nutrition,
and it reduces the outflow of foreign currency resulting in general economic benefits for all.

Rationally conceived, well-ministered post-harvest systems have helped to make the supply
of food crops more consistent and reliable, as well as discouraging cycles of boom and bust,
with resultant wildly fluctuating price levels. In addition, an orderly post-harvest system offers
many opportunities for increased rural and urban employment, that is, employment in
harvesting, grading, storing, transportation, processing and marketing.

A good post-harvest system has other benefits too. It reduces spoilage and will enhance
the acceptability, utility and nutritional quality of foods. It leads to the establishment of entirely
new industries that produce processed foods and provides a consistent year-round demand
for indigenous crops.
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above 10 kGy

F. Kaferstein
Director, Programme of Food Safety and Food Aid

WHO, Geneva, Switzerland

Abstract

Strictly from the scientific point of view, no ceiling should be set for food irradiated
with doses greater than the currently recommended upper level of 10 kGy by the
Codex Alimentarius Commission. The food irradiation Technology itself is safe to
such a degree that as long as sensory qualities of food are retained and harmful
microorganisms are destroyed, the actual amount of ionizaing radiation applied
is of secondary consideration. That was the main conclusion of a week -long
meeting on high dose irradiation organized jointly by the World Health Organiza-
tion (WHO), the united Nations Food and Agriculture Organization (FAO) and the
International Atomic Energy Agency (IAEA).
The knowledge of what can and does occur chemically in high dose irradiated
foods which derives from over 50 years of research tells us that one can go as high
as 75 kGy, as has already been done in some countries, and the result is the same
—food is safe and wholesome and nutritionally adecúate.

Background

The fact that international organizations such as WHO, as well as the Codex Alimentarius
Commission, had limited the dose level for irradiation of food to 10 kGy has frequently been
interpreted as the maximum dose limit above which toxic substances could be introduced or
the nutritional adequacy of foods so treated could be negatively influenced. To overcome this
wrong interpretation and to open up opportunities for applications of food irradiation requiring
doses above 10 kGy (e.g. sterilization of precooked meals for long-term storage at even
elevated (tropical) ambient temperatures) WHO, together with FAO and IAEA, decided to
convene a Study Group on High Dose Food Irradiation. The Study Group was held in Geneva
in September 1997 with the following objectives:
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1. To review all relevant data related to the toxicological, microbiological, nutritional,
radiation-chemical, and physical aspects of foods exposed to doses above 10 kGy, and to
determine if foods so treated are wholesome.

2. To consider if a maximum dose needs to be specified.

The full report of this Study Group will be published in WHO's Technical Report Series
towards the end of 1998. Its conclusions and recommendations are as follows:

Conclusions

Wholesomeness: Safety and nutritional adequacy

The Study Group concluded that food irradiated to any dose appropriate to achieve the
intended technological objective is both safe to consume and nutritionally adequate. This
conclusion is based on extensive scientific evidence that this preservation process can be used
to effectively eliminate spores of proteolytic strains of Clostridium botulinum and all spoilage
microorganisms, that it does not compromise the nutritional value of the foods, and that it
does not result in any toxicological hazard. Recognizing that in practice the doses applied to
eliminate the biological hazards would be below those doses that might compromise sensory
quality, the Study Group concluded that no upper dose limit need be imposed. Accordingly,
irradiated foods are deemed wholesome throughout the technologically useful dose range
from below 10 kGy to envisioned doses above 10 kGy.

Substantial equivalence

The Study Group in assessing risk concluded that irradiation to high doses is essentially
analogous to conventional thermal processing, such as the canning of low acid foods, in that
it eliminates biological hazards (i.e. pathogenic and spoilage microorganisms) from food
materials intended for human consumption, but does not result in the formation of physical
or chemical entities that could constitute a hazard. Abundant and convincing data indicate
that high-dose irradiated foods do not contain either measurable levels of induced radioactivity
or significant levels of any radiolysis products distinct from those found in unirradiated foods.
The theoretical maximum levels that might be formed would be so low as to be of no
toxicological consequence. Accordingly, none of the toxicological data derived from extensive
animal feeding studies reveals any teratogenic, carcinogenic, mutagenic, or other harmful
effects that are ascribable to high-dose irradiated foods. For these reasons, the application
of "risk assessment" in the currently accepted sense1 is not appropriate to the toxicological
assessment of foods preserved by high dose irradiation. In this context, the concept of
"substantial equivalence" may be more appropriate. High-dose irradiated foods are indeed
as safe as food materials sterilized by thermal processing, which humans have been eating
for over a century.

The Codex Atimentarius Commission has adopted in 1997, or an interim basis, the following definition
for risk assessment: "A scientifically based process consisting of the following steps: (i) hazard
identification; (¡i) hazard caracterization; (Hi) exposure assessment; (iv) risk caracterization.
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Applications

The Study Group concluded that high dose irradiation, following both Good Manufacturing
Practices (GMP) and Good Irradiation Practices (GIP), would be applied to several types of
foods to improve their hygienic quality, to make them shelf-stable, and to produce special
products. It is envisaged that these foods would include, but not be limited to: spices and
other dry food ingredients; prepackaged precooked foods that could be stored at ambient
temperature for extended periods; and sterilized meals for specific target groups (such as
disaster victims, campers, and the immunocompromised). Components of all classes of
foods whose sensory qualities are not compromised could be irradiated to high doses, either
singly or in any combination. Packaging materials that are technically applicable and approved
would be used as appropriate.

Global standardization

The Study Group concluded that appropriate steps need to be taken to establish the
technological guidelines implied by these conclusions and to communicate them through
Codex Alimentarius standards.

Recommendations

1. The substantial benefit to food safety and food availability that would accrue directly
from the broad application of food irradiation requires that steps be taken to put this
technology into wider practice. These steps will involve standardization, communication,
and education.

2. WHO, in collaboration with FAO and IAEA, should:

• coordinate the preparation of documentation and the drafting of appropriate technical
language for adoption of standards by the Codex Alimentarius Commission.

• prepare appropriate brochures and documents that integrate food irradiation into
existing guidelines and rules governing the safe production, distribution, and handling
of food in order to minimize the spread of microbiological contamination and
incidence of foodborne illnesses.

• organize and participate in appropriate training courses and workshops that educate
food regulators and food workers about the role food irradiation could, and should,
play as a control measure in the framework of the application of the HACCP system.

3. WHO should take the lead in advising international agencies and national ministries of
health on implementing integrated strategies, including food irradiation, for preventing
the transnational spread of pathogens in food and feed, for controlling foodborne
illnesses, and for enhancing the availability of safe and nutritious foods.
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The Application of High Dose Food Irradiation
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Atomic Energy Corporation of South Africa

South Africa

Abstract

During the 1950's to end 1970's the United States Army developed the basic
methodology to produce shelf stable irradiated meat, seafood and poultry pro-
ducts. These products are normally packed without gravy, sauce or brine, as liquid
is not required to sterilize the product as in the canning process. This leads to the
distinctive "dried cooked" taste normally associated with roasts opposed to the
casserole taste usually associated with tinned meats. The meats are cooked,
chilled, portioned, vacuum packed and irradiated to the required minimum dose
of 25 to 45 kGy (depending on the product) at a temperature of between -20 and
-40 °C to ensure absolute sterility even under tropical conditions. The product is
packaged in a high quality four layer laminate pouch and will therefore not rust
or burst even under adverse weather conditions. The product can be guaranteed
for more than two years as long as the integrity of the packaging is maintained.

Historical background

Researchers have been experimenting with the irradiation of foodstuffs for more than 100
years. The first patent to irradiate food was issued in 1909 for the control of Lasiderma beetles
in tobacco, by using X-rays. In 1943 researchers at MIT published a paper on "Effect of X-ray
irradiation on the bacterial count of ground meat". During the early 1950's isotope sources
became available and research started in earnest. These studies gained greater impetus with
the "Atoms for Peace Program" which President Eisenhower proposed to the UN in 1953.

The groundbreaking research into irradiation of food at high doses was carried out in the
united States of America. Between 1953 and 1962 studies were undertaken by the Army's
Laboratories at the Quartermaster Food and Container Institute in Chicago, Illinois, while
between 1962 to 1980 research was continued at (JS Army Natick R&D Command in Natick,
Massachusetts*^ &>• <3>.
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In 1963 FDA clearance was obtained to irradiate bacon at high dose. The irradiation of
packaging materials to be used as food contact materials, was approved between 1964 and
1967(it unfortunately during 1958 the Food Additives Amendment to the Federal Food, Drug
and Cosmetic Act was tabled whereby irradiation was regarded as an additive. The Act
specified that food had been adulterated if it had been irradiated intentionally. Such foods
can therefore not be sold unless the food is irradiated under prescribed conditions that have
been proven to be safe(4'.

In 1966 the US Army petitioned the FDA to approve irradiated ham based on the approval
of bacon. This petition was finally turned down in 1968 and in the same year the clearance
for bacon was revoked*1''(2'. This lead to the reduction of most high dose research programs
throughout the world(2). Following the FDA's requirements the protocol for animal feeding
studies to determine the wholesomeness of irradiated food was changed considerably1'. The
results of these studies were used as a major source of data for the WHO appointed Study
Group which recently published it's findings as: "foods treated with doses greater than 1 OkGy
can be considered safe and nutritionally adequate when produced under established Good
Manufacturing Practice. "(5).

One of the first commercial applications for shelf stable irradiated food was in 1977 when
the Fred Hutchinson Memorial Hospital in Seattle placed an order for pre-cooked irradiation
sterilised hospital meals for use by bone marrow transplant patients*6', unfortunately in 1988
the Fred Hutchinson Memorial Hospital stopped using radiation sterilised meals, as the source
that had been used to sterilise the products became too weak*7'. In 1995 the FDA approved
the irradiation of frozen meals at a minimum dose of 44 kGy for use by NASA astronauts'8'.

Process parameters

The basic procedure used to irradiate shelf stable products was developed at Natick and
can be summarised as follows*7':

Cook to attain internal temp of 75°C
(inactivation of enzymes)

i
Slice or portion if needed

i
Vacuum pack

(multi-layer aluminium foil barrier pouch)

i
Freeze to -40°C

(cryogenic or mechanical)

i
Irradiate to minimi
(Temperature bet\

Figure 1. Irradiation process

Irradiate to minimum dose (25 to 45 kGy)
(Temperature between -40°C and -20°C)
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Microbiological, chemical and temperature parameters

The dose required to produce irradiation sterilised products has to be sufficient to kill off
12 log cycles of Clostridium botulinum, a highly toxic, radiation resistant anaerobic orga-
nism^0>. In Table I some of the results are listed which were obtained at Natick to determine
the minimum irradiation sterilising dose required to ensure absolute sterility of the products.
It must be noted that the nitrite containing products like corned beef, bacon and pork sausage
have a lower 12D due to the anti-botulinal effect of nitrite.

Table 1
Minimal irradiation sterilising (12D) doses in ( '

Food

Beef
Chicken
Ham
Pork
Codfish cake
Corned beef
Pork sausage
Bacon

Irrad. Temp
ra-30+10
-30+10
-30 + 10
- 30 ± 10
- 30 ± 10
- 30 ± 10
-30+10
5 to 25

Method of establishina 12 D dosea

Extreme value
41.2
42.7
31.4
43.7
31.7
26.9
25.5
-

Spearman-Karberc

43.3
44.3
38.1
39.2
32.4
24.4
26.5
25.2

Source: RB Rowley, Natick labs

a Based on recoverable botulinal cells and an assumed one most resistant strain/can

b Based on an assumed exponential spore death rate with an initial shoulder

c Based on an assumed exponential spore death without an initial shoulder

During the planning of an inoculation pack study to determine 12D doses, the envisaged
processing parameters should be adhered to strictly as changes in temperature during
irradiation'1 * as well as the chemical formulation of the meat product12)'(13) have a significant
effect on the 12D value.

Packaging requirements

Originally tinplate cans were used for the packaging of shelf stable foods, however with the
development of flexible pouches this is now the preferred material. The requirements for the
packaging material were(14>

1 must be easily heat-sealed

2 must withstand the processing at -40°C without delaminating, cracking, or losing seal
strength

3 must withstand shipment and handling hazards

4 must provide an oxygen and moisture barrier

5 must be inert to the food in the pouch

6 must protect the food from microbial or other contamination
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Because of potential changes in the material caused by irradiation, the safety of any
material has to be tested before use. Migration of chemicals in the packaging is affected and
harmful volatile decomposition compounds can migrate directly into the food. FDA therefore
requires that food irradiation packaging materials must conform to regulations (21 CFR
179.45) and be based on appropriate testing <4). The material used by Natick is a three-layer
composite consisting of: nylon 6 film on the outside, aluminium foil in the middle and
polyethylene terephthalate-polyethylene film on the inside(14).

Advantages and quality of irradiated foods

Irradiation leads to a high quality product, which cannot easily be distinguished from a
similarly processed equivalent. Because of the process the products can be served in bulk as
whole beef or pork roasts, or in individually portioned servings. These products have a typically
"dry cooked" flavour which cannot be produced by any other sterilisation process. The process
reduces or eliminates the need for chemical preservatives. The product normally has a higher
nutritional value than heat sterilised food because there is less destruction of vitamins and
essential amino acids(9)'(15\

Irradiation tenderises the meat by degrading connective tissue therefore lower quality
meats can be used, however meat must be trimmed of bone, excess fat and gristle. Irradiated
meats are slightly drier than meat products produced by other processes, but this can be
solved by the addition of sodium chloride and phosphates prior to cooking which ensures a
tender, juicy end product'3'.

The South African experience

Introduction

During the late 1970's the South African Defence Force requested the Atomic Energy
Corporation of South Africa (AEC) to develop shelf stable meats products for use under special
conditions. The radappertisation techniques developed by the USA Defence Force laborato-
ries at Natick^ were therefore optimised for South African conditions.

In all cases meat with low internal muscle fat is used and bone, gristle and excess fat is
trimmed off the meat before cooking. Vacuum packaging is done in a four laminate flexible
pouch consisting of Nylon/Foil/ Polyester/LLDPE.

The freezing is mechanical and the product freezes down to -40°C in about 8 h. During
irradiation the product is maintained at low temperature by placing dry ice on top of the
product in the irradiation totes.

The dose used throughout is a minimum of 45 kGy as that dose was found to be equivalent
to a 12D dose for the "worst case" product i.e. Roast beef without any preservatives or
phosphates. Inoculation pack studies were carried out using Clostridium sporogenes to
establish the 12D dose(1°>. Nitrite containing products like bacon can be irradiated at a
minimum of 26 kGy, which provides 12D safety due to the added anti-botulinal effects of the
nitrite'17). However, for practical reasons it was decided not to irradiate different products at
different minimum doses.



36, Seminario Nacional de Irradiación de Alimentos /><??><

The South African Bureau of Standards (SABS) requires that the total production be
incubated at 38°C for 10 days and not just a percentage as is done in the canning industry.
They are still slightly wary of this "new" technology and are strictly monitoring the production.
After completion of the incubation, sampling is done by the SABS and microbiological and
sensory evaluation of the product is carried out. A Certificate of Compliance is then issued
before the product may be sold.

Meat products

A number of meat dishes were successfully developed: Roast beef with gravy, Roast chicken
with gravy, Beef steak with tomato and onion, Bacon, Beef curry, Beef stroganoff, Bobotie,
Roast pork with gravy, Chicken curry, Chicken and tomato and Country sausage. The meat
products are of high quality and have a good taste and texture profile, although optimisation
of some of the sauces is still required(7>.

Studies have shown that starch based thickeners used with the meat products are seriously
affected by the freezing*18*. A pea protein based thickener has been used to create a stable
sauce, but the protein imparts an unacceptable taste and it can therefore not be used at
present. This work is still underway and final results are therefore not available.

Vegetables

Experimentation was carried out with various vegetables. Initial studies were carried out by
cooking the vegetables, which were then frozen and irradiated further. It was found that the
products became very soft and mushy after processing. Subsequently the products were only
blanched and then packed, frozen and irradiated. After irradiation the products were initially
marginally acceptable but after a three month period the product again became very soft and
mushy.

In summary it is possible to produce some shelf stable vegetables but on the whole they
are not that appetising in appearance and taste and are fairly expensive due to the process.
It is therefore possible to buy canned vegetables of equivalent or better quality at roughly a
third of the price. However vegetable dishes could possibly be investigated since being value
added products the price is not such a problem.

Starches

Initial work with starches showed that they became very soft and mushy after processing
and it was therefore decided to only partially cook them for later studies. However par-boiling
did not solve the problems.

In summary except for the kidney beans none of the starches tested were acceptable
because of the damage to the starch compounds by the freezing and irradiation and the
subsequent moisture loss. All of the products were edible but not palatable and the cost of
the process and packaging is again a major stumbling block in contrast with the meat where
the raw product is already a much higher priced commodity and can therefore absorb the
process costs.

Details of the South African research into shelf stable food products can be found in
Appendix B of lAEA-TECDOC-843<7>.
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Sales of irradiated meat products in South Africa

Military sales

During 1989 general clearance was obtained from the Department of Health to supply
shelf stable irradiated food to the South African Defence Force (SADF)

Between 1989 and 1995 approximately 1.8 million portions were sold to the SADF. Due
to the restructuring in the South African Government and therefore the SADF no contracts
are currently in existence. The SADF has absorbed members from the three different freedom
fighting groups and it's numbers have therefore increased from approx. 60 000 to approx.
120 000 troops. This has gone hand in hand with massive cuts in the defence budget, which
allows for few "luxuries" such as irradiated shelf stable foods.

General George Meiring, Chief of SA National Defence Force, has written a letter in which
he confirms the military use of the food. He states: "Many of our special forces used them
(irradiated meat products) for long periods as their sole protein intake, and not a single
negative health report is on record. We have found the meat packs to be consistently of the
highest quality and with their guaranteed shelf life (without refrigeration) of 3 years, they were
invaluable for military and emergency operations. "(19)

Shelf stable outdoor sales
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Figure 2: Sales of shelf-stable meat products to outdoor enthusiasts in South Africa

Outdoor sales

During 1992 AEC obtained special approval from the South African Department of Health
to sell to outdoor enthusiasts subject to certain conditions. Prior to this clearance, outdoor
enthusiasts could only buy directly from the AEC. Sales are allowed through selected
hiking/outdoor shops that act as agents. Sales to corporate clients are also allowed by
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obtaining approval from the Department of Health to sell to that specific client as long as it
is used in-house and not resold.

Shelf stable meats have been used by:

• 1st South African Mount Everest expedition

• Cape to Rio international yachtsmen,

• Hiking and outdoor enthusiasts in South Africa

• 4 x 4 Clubs and Safari's in South Africa and the rest of Africa

• Other outdoor adventures such as river rafting, pony trekking etc.

Typical comments by some of these users:

"I like it, it can be compacted very small after use and the packaging can be used as a plate
in itself... As a quick and easy food, THE BEST I HAVE FOUND YET." - Charlotte du Toit,
Camping for Africa (A hiking shop owner), Johannesburg. South Africa.

"Such a wonderful application in difficult cooking situations - yachting especially. Open
cooking is dangerous aboard a yacht - this solves that problem. Great "K1TCHENEER1NG!".
This is my second irradiated Cape to Rio!" Robin Stamper, Cape to Rio Yachtsman.

Consumer response

A commercial firm of market analysts conducted a marketing survey on the attitude of
consumers towards irradiated shelf stable foods. The people attending the session were
selected at random from the general population. When asked initially whether they would buy
irradiated foods, 15% said they were likely to and 65% said that they were unlikely to.

After the consumers were exposed to visual information, 54% said they were likely to buy
the food and 29% said they were unlikely to. After audiovisual information and tasting of the
food, 76% said they would likely buy the product and 5% said they would probably not buy
the food. These results confirm those obtained by various researchers in the united States^20'-
(21), (22) _

Conclusions

High quality shelf stable meat products can be produced using high dose irradiation. The
process parameters have been well defined and coupled to Good Manufacturing Practices
lead to safe, healthy products. These products are well received by the general public without
undue negative reaction to the irradiation process.
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Background

There was a widely held opinion during the 1970's and 1980's that consumers
would be reluctant to purchase irradiated food, as it was perceived that consumers
would confuse irradiated food with food contaminated by radionuclides. Indeed,
a number of consumer attitude surveys conducted in several western countries
during these two decades demonstrated that the concerns of consumers on
irradiated food varied from very concerned to seriously concerned.
This paper attempts to review parameters conducted in measuring consumer
acceptance of irradiated food during the past three decades and to project the
trends on this subject. !t is believed that important lessons learned from past studies
will guide further efforts to market irradiated food with wide consumer acceptance
in the future.

Consumer attitude surveys

Public debate on food irradiation started in the early 1980's when a number of govern-
ments, notably Australia, Canada, ÜK and CJSA started introducing national regulations on
food irradiation following the recommendation of the Codex Alimentarius Commision to
accept Codex General Standard for Irradiated Foods in 1984. In doing so, their proposed
regulation were subjected to public comments. A number of consumer groups, some
self-appointed and aligned themselves with anti-nuclear movement, emerged to oppose the
use of this technology. Their tactics ranged from spreading inaccurate and unscientific
propaganda against the technology or lobbying members of congresses/parliaments, issuing
threats to food companies that expressed an interest in using food irradiation, picketing food
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stores which conducted (or wish to do so) market trials of irradiation food. Their sensational
actions were often picked up by the media which generated controversy on this technology.

The controversy and public debate on food irradiation during the 1980's which, in some
small way, is spilling over into this decade has motivated a number of consumer groups,
academic institutions, food industries and companies specializing in consumer responses,
conducted a number of consumer attitude surveys to determine whether consumers would
be willing or prepared to accept irradiated food. Most of these surveys were conducted through
telephone interviews, home interviews or mailed questionnaires, especially in advanced
coutnries such as Canada, CIK and USA at the time when irradiated foods were not available
for retail sale. Early surveys indicated that consumers were not familiar with irradiated food
(Anon., 1984,1986; Titelbaum et. al, 1983; Weise Research Associates, 1984; Bruhnei. a/.,
1986). The outcome of these surveys led to further public debate whether consumers will
accept irradiated food or not. An interesting outcome of these surveys showed that the public
and health professionals gained a better understanding of the technology and often made
positive statements about it. From these surveys, Bord and O'Connor (1989) concluded that
the extent to which the public will accept or reject irradiated food depends on the presence
or absence of information about the topic. Interviews with those who knew something about
irradiation and responded correctly to information about the technology were significant more
willing to accept irradiated food.

Starting from the late 1980's, universities, professional societies and industry groups have
included irradiation in their public information programmes, and information began to reach
the public especially those in western countries. Initially, coverage by the media, the primary
source of information, has frequently focused on special interest groups who oppose
irradiation (Bruhn, 1993). More recently, however, major newspapers especially in the USA
have gained a better understanding of various issues related to irradiation and reported ot the
public. The public in the USA was accurately informed about this technology when several
television networks, notably ABC's 20/20 programme, began to air accurate information
regarding this topic.

The outbreaks of E. coli 0157:H7 in the west coast of the USA in early 1993 when several
children died and hundreds of individuals were hospitalized because of the consumption of
undercooked hamburgers contaminated by this pathogen, resulted in the first public interest
in using irradiation to ensure hygienic quality of food of animal origin.

The American Meat Institute funded a nation-wide three-part study conducted by Gallup
Organization, university of Georgia's Centre for Food Safety and Quality Enhancement, and
Abt Associates, to measure consumer attitudes to irradiation in relation to food safety (AMI
Foundation, 1993). The Gallup survey found that while most consumers were aware of food
irradiation, few were knowledgeable of the process. Seventy three percent of consumers had
heard of irradiation. However, only five percent knew a lot about the process, while 19% knew
something about it. According to the survey, after the benefits of irradiation are explained and
endorsements by health organizations such as American Medical Association, Food and Drug
Administration, World Health Organization are mentioned, 54% of those interviewed said they
were willing to purchase irradiated meat rather than non-irradiated meat. Sixty percent of the
survey participants said they would be willing to pay a 5% premium for hamburgers with
bacterial counts greatly reduced by irradiation. Consumers viewed irradiation as more
necessary for meat, seafood and poultry products than for fruits and vegetables.



Seminario Nacional de irradiación de Alimentos, 43

In the simulated supermarket selling study conducted by the Centre for Food Safety and
Quality Enhancement, University of Georgia, 50% of consumers tested chose irradiated
ground beef over non-irradaited ground beef. After the consumers tested learned more about
the irradiation process and how it affects raw meats, those choosing irradiated beef increased
to 70% of the sample size.

The conclusions from various consumer attitude surveys, conducted mainly in advanced
countries, showed that consumers at large are still not knowledgeable about food irradiation.
They need accurate information about the safety, benefits and limitations of food irradiation
to be able to make an informed decision whether they will accept irradiated food or not. Similar
conclusions could be made about consumers in developing ocuntries.

Market testings and retail sales

The opinion of consumers about irradiated food is quite different when they are given the
opportunity to select and purchase the food. During the past two decades, a number of market
trials of several irradiated food items with clear labelling indicating the treatment, were carried
out in both advanced and developing countries. A variety of irradiated food including onions,
potatoes, garlic, mangoes, papaya and other tropical fruits, strawberries, dried fish, fermented
pork sausages, cheeses, etc. were put onsale, often alongside non-irradiated ones. Positive
results, which showed that consumers either preferred irradiated food or were willing to accept
irradiated food at the same level as non-irradiated ones, were registered in all countries, i.e.
irradiated mangoes and papaya in the USA in 1986 and 1987 (Giddings, 1986; Bruhn and
Noel, 1987), irradiated strawberries and camembert cheese in France (Timsit, 1987; Bougie
andStahl, 1993); irradiated potatoes in Poland (Fiszer, 1988), irradiated apples, garlic, ginger,
hot pepper and meat products in China (Zhu, 1994), irradiated fermented pork sausages
locally known as Nham in Thailand, which is almost always consumed raw (Prachasitthisak,
1989), irradiated onions in the Philippines (Lustre et. al., 1985), irradiated dried fish in
Bangladesh (Matin et al., 1988), irradiated onions and garlic in Argentina (Curzio et. al.,
1986), etc. In none of these trials, actually carried out in market places where consumers
could make own choice whether to buy ¡radiated food or not, was there any evidence to
indicate that informed consumers will not accept irradiated food.

Following the operation of the first commercial food irradiator in the USA at Mulberry,
Florida, in 1992, consumers in the USA have had more opportunity to purchase several types
of irradiated food. Most of the success in market trials and commercial sale of irradiated food
could be attributed to a pioneering effort of Carrot Top, Inc. a small grocery store in
Northbrook, Illinois, which decided to start marketing irradiated strawberries, citrus, mu-
chroom, onions in 1992. Again, when the ÜSDA approved the irradiation of poultry in 1993,
this grocery store started to offer irradiated chicken to its customers with success. It was
clearly demonstrated by Carrot Top that the demand for irradiated food could be overwhel-
ming once consumers are aware of the safety and benefits of irradiated food. For example,
the sale of irradiated strawberrries over non-irradiated ones was 11 to 1 in 1992 and 20 to 1
in 1993 (Corrigan, 1993). Starting from 1995, several batches of papaya, lychees, cherimoya,
rambutan from Hawaii were irradiated in Chicago area and marketed widely in the midwest
of the USA. The total quantity of such irradiated fruits marketed to date was about 50 metric
tonnes. The fruits were well received by consumers and there appears to be an unlimited
demand for such fruits.
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Through such market trials, consumers learned how to weigh risk versus benefits of
irradiated food in comparison with either untreated food or food treated by pesticides. For
example, consumers in Thailand were so convinced that irradiation has removed the risk from
microbial and parasitic infection, often associated with consumption of raw fermented pork
sausages (Nham), that several manufacturers of the product are marketing it routinely in most
supermarkets in Bangkok. Similarly, consumers in Bangladesh were pleased with irradiated
dried fish instead of products which were previously fumigated with various pesticides
including DDT. Irradiated dried fish has been marketed with success since the semi-commer-
cial scale food ¡rradiator came into operation in Chittagong in early 1994. In France where
there is strict microbiological standards, irradiated frog legs hae been marketed routinely in
supermarkets in the past ten years.

What have we learned from past experience?

Both consumer attitude surveys and market trials of irradiated food provided us with the
following important information:

• consumers are conservative about new technologies

• consumers' attitudes and willingness to purchase are influenced by information

• consumers are largely unaware of the safety and benefits of irradiated food

• labelling of irradiated food, if properly done, can have positive effect on consumer

The most important factor which has influenced consumers' attitude or decision to
purchase irradiated appears to be information given to them. If the consumers received mainly
negative information about irradiated food, it is likely that they will not be willing to purchase
the food. However, if the information is well-balanced by pointing out the problem (s) which
may or may not be familiar to consumers as well as the solution which irradiation, in
comparison with other technology, can bring, consumers would likely be more willing to
purchase irradiated food.

The pros and cons about irradiated food have provided much needed information to
governments, the food industry and the media. These three key players have realized that
irradiation is strongy supported by science. They have therefore become more objective in
considering the acceptance and application of this process. This was domonstrated very
recently following the outbreaks of E. coli 0157:H7 and the largest ever recall involving some
10,000 metric tonnes of frozen ground meat in the (JSA. The food industry and the media
have been unanimous in demanding the use of irradiation to ensure hygienic quality of meat.
It appears that the government would also be willing to approve such use, especially after the
Congress passed an FDA reform bill which includes an approval of irradiation for red meat
within 60 days.

It is therefore clear that consumer acceptance of irradiated food is not a najor issue as was
once perceived. The more important and overiding issue is to put irradiated food in the market
so consumers could exercise their freedom of choice and learn the real benefits of irradiation.
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Abstract

The number of products being radiation processed is constantly increasing and
today includes such diverse items as medical disposables, fruits and vegetables,
bulk spices, meats, seafoods and waste effluents. Not only do the products differ
but also many products, even those within the same groupings, require different
minimum and maximum radiation doses. These variations create many different
requirements in the irradiator design.
The design of Cobalt-60 radiation processing facilities is well established for a
number of commercial applications. Installations in over 40 countries, with some
in operation since the early 1960s, are testimony to the fact that irradiator design,
manufacture, installation and operation is a well established technology. How-
ever, in order to design gamma irradiators for the preservation of foods one must
recognize those parameters typical to the food irradiation process as well as those
systems and methods already well established in the food industry.
This paper discusses the basic design concepts for gamma food irradiators. They
are most efficient when designed to handle a limited product density range at an
established dose. Safety of Cobalt-60 transport, safe facility operation principles
and the effect of various processing parameters on economics, will also be
discussed.

Introduction

The process of treating food with radiant energy is not new. The sun's energy has been
used for centuries to preserve meat, fruits, vegetables and fish. Lately, infrared and microwave
radiation have been introduced for heating food. Microwave ovens are now commonplace in
both domestic and commercial kitchens. Today, intense radiant energy, known as ionizing
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energy includes gamma rays produced by radio-isotopes, and X-rays and electron beams
produced by electron accelerators.

The treatment of food with ionizing energy benefits food producers, manufacturers and
consumers. It can extend the shelf life of animal or plant products by destroying spoilage
organisms. It can provide an alternative to the chemical fumiganst now used to satisfy
quarantine requirements for stored grain, fruits and vegetables. It can destroy pathogenic
microorganisms and parasites in frozen, fresh and processed foods, thereby reducing the
incidence of food- borne diseases. And, since it slows the ripening of some fruits, it can extend
their marketable shelf- life or allow them to be harvested closer to maturity, improving quality.

Ionizing energy

Food is routinely processed using different wavelengeths of radiant or electromagnetic
energy. These include infrared waves used in traditional baking and broiling, microwaves used
for quick cooking, and sunlight used for drying.

These forms of energy are parts of the electromagnetic energy spectrum which ranges
from the low intesity broad waves of radio at one end to the very short high intensity
wavelengthes of X- rays and gamma rays at the other (figure 1). The latter are used for food
irradiation processing.

Picowave processing

Solar cooking

Broiling

Microwave ovens

k 1 0
J 1D3 10*
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Figure 1. Food Irradiation with Electromagnetic Energy.
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Gamma rays, X - rays and accelerate electrons are known as ionizing radiation because as
they pass through food, they interact with the molecules to form positively and negatively
charge ions. These unstable particles change rapidly into highly reactive free radicals which
in turn react with each other and with unchanged molecules. The effect of these reactions in
the molecules of plant material brings about effects such as the inhibition of sprouting and
the retardation of ripening. Large molecules such as deoxyribounucleic acid (DNA) are
particularly susceptible to being broken into smaller molecules. This chemical change causes
damage to the DMA, which prevents living cells from dividing, thus causing the sterility or
death of contamination organism such as parasites, insects, larvae, bacteria, mould spores
and viruses. The more simple the organism, the higher the radiation dose needed to kill it.

Ionizing energy that passes through food creates biochemical changes but leaves no
residual radioactivity. Just as radiotherapy does not make cancer patients radioactive irradia-
tion does not make food radiactive. This is because the energy levels used are too low to
induce nuclear activation.

Sources of ionizing energy

Two types of technology can be used to produce ionizing energy: radioisotopes (usually
Cobalt-60) or electrical machines systems electron linear accelerator and X-ray machines.

Whereas radioisotopes continously emit-energy gamma rays or photones in a 360 degree
arc, linear accelerators produce unidirectional beams of charged particles or electron beams,
and high powered X-ray machines produce a focused beam of photones.

Gamma rays have a greater capacity than electron beams to penetrate dense objects. Their
greater depth and uniformity of penetration can accomodate the widest variety of product
forms and densities, gamma irradiation is the only irradiation technology capable of procce-
sing bulky products such as cases of fruits and vegetables or animal carcasses. Where the
product is thin or not very dense treatment by high-powered linear accelerators may be
suitable choice.

Cobalt 60

Cobalt-60 is the primary source of ionizing energy that is used in gamma radiation
processing facilities. Deliberately produced Cobalt-60 is an isotope of Cobalt-59, a nonra-
dioactive metal which is mined from ore deposits. Refined Cobalt-59 slugs are nickel plated
and welded into a Zirconium alloy (Zircalloy) "Inner Capsule". Inner capsules are assembled
into Reactor Target Bundles and placed into a nuclear reactor, usually for a period of 18-24
months. While in the reactor, the Cobalt-59 atom absorbs one neutron to become radioactive
Cobalt-60.

The Cobalt-60 atom is naturally unstable because of the extra neutron in its nucleus. As
everything in nature converges towards equilibrium and stability, the Cobalt-60 atom will emit
an electron and a gamma ray, and in time decay to the stable, non-radioactive, NickeI60.

After activation, target bundles are extracted from the reactor and transferred into an
approved shipping container, for transportation to the Cobalt Processing Facility, where the
bundles are dismantled and further sealed in stainless steel "Outer Capsules". The finished
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product is most often the Nordion "C-188 Cobalto Source Pencil" (figure 2), which has
become the world wide industry standard.

Inside the gamma processing facility, the source pencils are assembled into a modular
rack, that is raised from its storage pool to treat products.

Figure 2. C-188 Cobalt 60 irradiation source

Gamma irradiation equipment

A typical gamma irradiation facility consists of three main components:

Cobalt-60 radiation source;

radiation chamber and storage pool;

irradiation mechanism.

The Cobalt-60 radiation source is kept inside a shielded concrete room known as the
radiation chamber. It is typically 7 meters by 7 meters in area and about 2.5 meters in height.
The concrete wall thickness varies from 1.5 meters to 2.5 meters depending on the maximum
source capacity. Inside the radiation chamber is a water filled pool, 6 to 7 meters in depth for
the safe storage of the radiation source when the facility is idle. During use, the radiation
source is raised from the storage pool into its active position, (figure 3)

The product transport mechanism is used to bring the product inside the irradiation chamber,
pass it around the source in a predetermined pattern and remove it from the chamber once the
irradiation is complete.

Irradiation facilities are characterized by the type of irradiator mechanism used. For
simplicity, we have selected the following typical examples of four basic irradiator designs
which are generally suitable for food irradiation:
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HOIST

SOURCE RACK

Figure 3. Source rack and hoist.

(1) Tote box concept - Figure 4

(2) Carrier concept Figure 5

(3) Pallet carrier concept Figure 6

(4) Pallet conveyor concept Figure 7

In the tote box concept, the product
is packed in metal or fibreglass boxes
called totes. A tote has typically a volume
of approximately 0.25 rrr and can accom-
modate a multitude of product boxes. Ac-
tual sizes vary to accommodate users'
specific needs. In the batch version, the
totes are transported into the irradiation
chamber on handcarts and placed on the
irradiator mechanism manually. In the
automatic mode, the totes are transported
in and out of the irradiation chamber on
automatic conveyors. In both cases the
irradiator mechanism indexes the totes
around the radiation source in a way that
ensures maximum utilization of the source
and best dose uniformity. Most tote box
irradiators are designed with'overlapping
product' source configuration. This confi-
guration offers superior cobalt utilization
efficiency. It requires the product totes to
pass around the radiation source four ti-
mes: once at the upper and once at the
lower level on both sides of the source.
Figure 4 illustrates the automatic version
of the tote box irradiator concept.

The carrier concept uses tall (approximately 3 meters high) aluminum carriers. The carriers
are suspended; they move through the irradiation chamber and around the cobalt source on
an overhead monorail system. The carriers have a large internal volume and can accommo-
date a wide range of product sizes. In the batch version of this concept, the carriers are moved
in and out of the irradiation chamber manually; in the automatic version, the carriers are
moved by pneumatic or hydraulic cylinders. Most carrier irradiators are designed with
overlapping source configuration to allow maximum throughput. The automatic version of
the carrier irradiator concept is illustrated in figure 5.

The pallet irradiator is similar to a carrier, but larger. This makes it possible to irradiate
product stacked on standard transportation pallets. This concept reduces the labour intensive
handling of the the product often required in tote and carrier irradiators. The loaded pallet
are placed in suspended aluminum containers even larger than those used in the carrier
concept, and conveyed through the irradiator on a powered monorail system and around the
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Figure 4. Tote box irradiator-automatic.
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Figure 5. Carrier irradiator, with vertical and horizontal load/unload positions.
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source in a specially indexed sequence, to compensate for the large carrier dimensions and
to ensure good dose uniformity. The processing capability of the pallet irradiator per curie of
Cobalt-60 is not as high as the tote box and carrier designs. However it has the advantage of
being the least labour intensive of the three concepts and it is capable of much greater
throughputs. Various source and carrier geometry alternatives are available to address specific
dose and throughput requirements. Cobalt utilization efficiences vary from case to case. As
a general rule, pallet carrier irradiators are designed with'overlapping source' configurations.
However, there are designs aimed at improved cobalt utilization efficiency by using'overlap-
ping product'. Switching stations must be added in this case to allow for each pallet to make
its journey through the irradiation chamber in both the upper and the lower compartment of
the carrier. An example of an eight posifion pallet irradiator with overlapping source is
illustrated in figure 6.

Source hoist
mechanism

Control console

Storage pool

Source rack

Pallet carrier

Figure 6. Pallet carrier irradiator-automatic.

Electron accelerators

The other source of ionizing energy is high speed electrons, produced from devices called
accelerators that combine electricity and magnetism to accelerate electrons to the desired
energy level. Because the accelerator directs the electrons into a tight beam, this source is
referred to as an electron beam. The energy can be emitted either continuously or in short
intense pulses. Accelerators offer flexibility in a production system since they can be turned
off when not is use. However, since electrons can penetrate only to a depth of about 3cm in
water, products to be irradiated must be processed in thin layers. (In contrast, gamma rays
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can penetrate 25 to 50 cm in a solid food product.) Products can be irradiated by an electron
beam on both sides, by turning them over and passing them through the electron beam a
second time, giving a total product penetration of 7 cm. However, this is conditional on the
product being able to tolerate the additional handling. Also this will significantly increase
handling and processing time.

Irradiated product Hydraulic power supply Source pass conveyor
storage area Source hoist mechanism ^ - ^ ^ s ^ ^ - — ^ * > ^ / Radiation

Hydraulic cylinders \ _—•"L"v-«i 'H ^ > C shield
Air compressor

_ - _ _ -.. JS^yy.a
Control console \ l \ \ ">í^ü.^!SS«S£f»iaWf«S--'n:- k* \'^Zi¿*~\ •>

Source rack

Source storage
pool

Figure 7. Pallet conveyor.

The penetration limitation of electrons can be overcome by converting them into X-rays,
another form of ionizing energy. X-rays are produced when high speed electrons are stopped
by a metal target such as tungsten. While X-rays will give product penetration similar to
gamma rays, it is at present an expensive process; much of the energy is lost when electrons
are converted to X-rays. The conversion efficiency is estimated to be only 8%. The remaining
92% of the electron energy is transformed into heat, which presents additional technical
problems. Research is currently underway to increase the efficiency of converting electrons
to X-rays. A typical electron beam facility is shown on figure 8.
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Figure 8. Electroon beam processing facility. Courtesy AECL.

Worker safety considerations

The fundamental criteria for the design of safe radiation processing equipment is to ensure
that access to the radiation room is denied while the source is exposed and to ensure that
the source cannot be exposed while any personnel are inside to irradiator.

To provide safe storage for the source during maintenance periods, a water filled pool is
provided. There is over 12 feet of water between the top of the source rack and persons
working in the irradiation cell when the source is fully lowered. The radiation level inside the
cell when the source is lowered, is at the natural background level.

Just outside the shield wall is the operator's station where the source is raised and lowered
from a control console. The console also indicates source position, the positions of product
carriers inside the cell, as well as various alarms and warning lights.
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In order to avoid inadvertent entry into the irradiation eel!, the following safety measures
are in effect:

a. The keys required to operate the source are controlled. The operator has the only one
key. It is attached by a short steel cable to a portable Geiger Mueller radiation detector. The
source key is required to open the cell door. This can only be removed from the console by
switching the keyswitch to the "off position, sending the source down into the pool.

b. The cell background radiation monitor must be tested to verify that it is functioning
properly before power can be supplied to the electric door lock. This monitor is de-energized
if the source is not fully in its stored position, and entry will be prevented. Once the monitor
is tested successfully, opening the door deactivates a switch which also signals the source to
descend to the bottom of the pool.

c. Just past the access door, the operator is confronted by a chain stretched across the
maze passageway which impedes further progress. Removing this chain blocks the compres-
sed air supply which drives the source hoist, and exhausts any air which may already be in
the hoist, making it impossible for the source to be raised.

d. The operator is required to carry the portable radiation detector which is attached to the
key. This will give visual and audible warning if radiation levels are high. The meter is required
to be turned on and tested prior to entry. A small check source is located next to the maze
entry door.

To ensure that someone cannot enter the cell during startup, the operator must turn a
keyswitch located well inside the cell, thus forcing verification that nobody is still inside. To
start up, the operator takes the master key and, with the portable radiation survey meter,
carries out an inspection of the maze and radiation room by walking through them to actuate
the 90-second key-operated safety timer located in the radiation room. After returning through
the maze, the operator secures the source interlock chain in the maze, closes the door at the
main entrance and inserts the master key into the control console "Machine" keyswitch,
turning it 'on'. This operation raises the source and sets the conveyor in motion. The plant is
shut down by simply turning the same "Machine" keyswitch'off. This operation stops the
product conveying mechanism and lowers the source into the storage pool.

To prevent the possibility of the pool water level becoming low due to leakage or failure of
the regular water makeup system, a low level float switch causes a fault signal and illuminates
a fault light on the console. This disables the door locks and prevents access to the cell. If the
water level becomes dangerously low, the cell background radiatidn monitor will sense the
increase in background radiation levels and similarly disable the door lock.

Public safety and environmental considerations

a. Radiation from the product. The cobalt 60 gamma photons have sufficient energy to
kill harmful microorganisms, insects etc., but are well below the threshold of activation
energies of all common elements. It is therefore not possible for an irradiated product to
become radioactive or contaminated.
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b. Escape of radiation from the plant. The process of irradiation takes place inside a cell
shielded by approximately 6 feet (2m) thick reinforced concrete walls, constructed as a maze,
or labyrinth. This design eliminates the scattered gamma rays outside the cell.

c. Seismic activity. The biological shield and the source storage pool are generally
designed as separate structures free to resist lateral ground accelerations independently. In
areas where there are significant risks of seismic activity, a seismic detector will automatically
send the source down within 30 seconds into safe storage in the pool if a preset ground
acceleration level is exceeded.

d. Integrity of the C-188 Cobalt 60 pencils. C-188 type cobalt 60 pencils are manufac-
tured and tested under a very stringent quality assurance program. The cobalt slugs are
nickel-plated, then seal welded inside zircalloy source elements, and finally seal welded into
the stainless steel outer capsule, Before oxidation of the cobalt could occur, these three
barriers would have to be breached. In any event, cobalt is insoluble and highly corrosion
resistant in both air and water.

e. Fire protection. Temperature sensors are located on the cell roof between the source
and the ventilation ducts. These are set to actuate at 160°F. A smoke detector is mounted
on the ventilation filter housing. To prevent the product from igniting and burning, a sprinkler
system which circulates pool water and/or a CO, system can be provided.

f. Integrity of the source storage pool. The pool is completely lined with stainless steel
and is designed with no drains. The water in the pool is continuously circulated through a
deionizing unit via a pool skimmer which removes floating foreign matter. The deionizer
removes ions from the poor water to maintain the conductivity below specified levels. A float
switch, interlocked with the deionizer and the fresh water supply, maintains the preset water
level of the pool. This float switch also prevents room entry and causes a visible and audible
alarm signal should the water level fall below an allowable level. Another signal is also activated
by this switch should pool water rise above a preset level. Wipe tests are performed on the
source pencils at least once per six months.

Safe operation training

Planned and well structured training is essential to consistent, safe and efficient irradiator
operation. Formal courses and seminars are an effective component of safety training, but
they must be complimented by a well structured on-job-training program. This program must
be deliberate, scheduled, monitored and documented.

a. Training for Operators. No one should be allowed to operate an irradiation facility
unless they have completed a training program consisting of the following:

"Radiation Safety in Industrial Irradiator Operations" Course. This course has a pre-requi-
site of high school education.

"Industrial Irradiator Operator" Course. This course has Radiation Safety in Industrial
Irradiator Operations as a pre-requisite.

Hands-on Practice. The U.S. Nuclear Regulatory Commission (CISNRC), for instance,
requires at least one month of on the job training after passing the Radiation Safety Course.
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Refresher Training, it is also a legal requirement in the USA that every operator must take
refresher training annually.

b. Training for Radiation Safety Officers (RSO). The RSO is responsible for implemen-
ting the radiation safety program and ensuring that radiation safety activities are carried out
in accordance with approved procedures and local regulatory requirements. The recommen-
ded minimum training for an RSO consists of:

40 hours on radiation physics and safety

40 hours on radiation safety, directly applicable to irradiator operations

At least 3 months of related practical experience

c. Training for other individuals permitted unescorted access to the irradiator. Anyone
having to work inside an irradiator (e.g. maintenance staff) must have completed the
"Radiation safety for Industrial Irradiator Operations" course.

The safety record of the radiation processing industry is excellent. At the present, there are
180 full scale production irradiators in 50 different countries. The total quantity of cobalt 60
in service is approximately 155 million curies. Hundreds of irradiator-years of safe operating
experience have been accumulated. To date, there has been no damage to shields that has
caused increased radiation'exposure to workers or the public. Nordion International Inc. is
justifiably proud of the gamma processing industry's excellent safety record.

Present international status of food irradiation

Today, over 40 countries hace collectively approved irradaiton of more than 50 different
foods.

Specific examples include the Netherlands wher significant amounts of shell- fish are being
treated for salmonella control. The Dutch also irradiate spices, vegetables, fish, chicken, bread
• an frog legs. In South Africa a growing number of food itesm including mangoes, strawberries,
chicken wieners and some vegetables are irradiated and sold, labelled as such in supermar-
kets. Japan irradiates about 20,000 tonnes of potatoes each year to prevent sprouting. The
ukranians are reported to be irradiating close to 50,000 tonnes of wheat in their Odessa faciltiy
each year. Additionaly, irradiated foods, mostly in the form of ingredients, are being consumed
in the united Sates, Canada, Hungary, France, Belgium, Czechoslavakia, Isarel, Thailand and
elsewhere.

united States

Clearences are in place for spices and dry ingredients, fresh fruits and vegetables, pork,
poultry and food enzymes. The USFDAs most recent approval focuses on the use of irradiation
for pathogen control in poultry. This clearance in likely the most significant one granted to
date and will surely save lives and hospital days, once commercialized.

Additionally, the American Society for testing and Materials (ASTM), generates Standard
Guides for the irradiation of poultry and meat, fresh fruits seafoods, food packaging materials
and others.
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Canada

In 1989, Health and Welfare Canada reclassified food irradiation as a process rather than
an additive. This eliminated the need for toxicological testing of foods in subsequent clearence
submissions. This reflects Codex Alimentarius position that foods irradiated up to doses of
10 kGy (1 Megarad) are safe. Canda is a member of the United Nations Codex Alimentarius.
Foods cleared for irradiation in Canada to date include potatoes, onions, grains, spices and
dry ingredients.

European Community

Presently, individual countries in Europe have differing legislative clearances in place
Differences range from countries such as the Netherlands, Belgium an France who routinely
irradiate major foods, to Germany which disallows food irradiation altogether.

Negotiations on harmonized EC regulations are underway. The outcome of these nego-
tiations is hard to predict, but it is expected that the end result will be positive.

Of great interest is the Brittish Government's repeal of its long-time ban on food irradiation.
This stance bodes well for the commercialization of irradiation in the U.K.

Throughout the world , countries are putting legislations in place to enable the use of food
irradiation. International interest in the process in widespread and increasing.

Labelling

Labelling of foods treated with ionizing energy has been one of the most controversial
issues related to commercial production . The joint FAO / IAEA/ WHO Expert Committee
concluded that for irradiate foods which had been approved as safe to eat, there was no valid
scientific reason for identifying the products with a label at the retail level when similar labelling
is not required for the other commonly used processing methods (WHO, 1981).

The united Nation's Codex Alimentarius Commision, after receiving the recommendations
of the Joint FAO/IAEAAVHO Expert Committee, referred the labelling issue to its Committee
on Labelling. This committee, which meets every 2 years, usually in Ottawa, Canada, is
concerned with uniformity in labelling among the approximately 130 codex member coun-
tries, including the united States, to facilitate international grade. The committe agreed to
recommend that the use of a logo or symbol be optional, but that the label of an irradiated
food should carry a written statement indication that it have been irradiated.

In both the United States and Canada wholly irradiated foods, which are sold either in pre
packaged or bulk form, must be identified as having been irradiated, by using the international
irradiation symbol. Additionally, the statement "Treated With Radiaiton" "treated by Irradia-
tion" or "Irradiated" is required. Other statement that explain the reason for irradiation or the
benefits may be used on the same label. Ingredients in processed foods i. e. spices have no
labelling requirements.
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in Canada, irradiated ingredients representing 10% or more of a finished product are to
be described as "Irradiated" on the list of ingredientes. Foods which have been subjected to
irradiation treatment are to be identified as such in any advertisements.

Legislative comparasion with conventional processes

Irradiation is the best researched food preservation process. After decades of research in
just about every country of the world, one is hard-pressed to identify an unanswered scientific
question. It is a well known fact that irradiation-induced property changes, such as loss of
nutrientes, chemical and organoleptic changes, etc. are less than processes using heat. Yet,
there is hardly and legislation limiting the application of heat and, certainly there is no
requirement for a label to indicate that such treatment has taken place.

A similar observation can be made in comparasion to processes like freezing, refrigeration,
chemical fumigation etc. There is not even any regulation limiting the use of some highly
reactive (if not aggressive) additives such as spices salts and acids.

This excessive international legislative limitation of irradiation is often justified by fact that
irradiation is a relatively new process and there is a need in a modern society to subject new
processes to a state-of the art scrutiny. One could accept this rationale, however, within the
past few years, the microwave treatment emerged and enjoyed practically un-inhibited
commercial development. Technically, microwave and ionizing energy have a lot in common.
Both cases a high level radiation is used and precautions need to be taken to prevent
unintended exposure.

Clearly, food irradiation in comparasion to all other food preservation processes, physical
or othervise in intemationnaly regulated to an excessive degree.

Food irradiation aplications

Dose ranges

Three dose ranges have been established for different treatments effects as shown in table
1. Most uses of ionizing energy on food except for sterilization, requiere low to medium doses
of less than 10 kGy . Low or medium dose food irradiation does not eliminate the need for
refrigeration.

The lowest dose range is between 0.01 and 1 kGy. At this minimal level, irradiation inhibits
sprouting in root crops and retards the ripening of fruits. It also acts as a pesticide, controlling
insects and other pests by sterilizing, killing or preventing their growth to new life stages.

The medium dose range, between 1 and 10 kGy produces radiation pasteurization. This
level of tretment reduces the number of spoilage and disease- causing organisms. The
process is useful for extending the shelf life of some foods and reducing disease causing
pathogens caried by others.

The highest dose range, usually above lOkGy, produces radiation sterilization. It is applied
to heat treated, hermetically sealed foods to reduce the quantity of live microorganisms to
levies at which the product can be stored without refrigeration for many months. The
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technique can be likened to the thermal sterilization of canned foods. It is presently not being
considered for broad commercial use because the dose used is higher than the currently
recommended international standard, although this is expected to change as further asses-
sments of the research are carried out. Recently South Africa began selling commercially
prepared irradiation —sterilized meals for campers, emergency ratios and other uses.

Table 1
Dose applications for food irradiation

TREATMENT EFFECT EFFECTIVE DOSE
(kGy)

Low - Dose Applications

a)

b)

c)

d)

e)

f)

Inhibits sprouting of potatoes, onions, etc
Sterilizes infesting insects to prevent adult emergence or
propagation
Kiils infesting insects including eggs and larvae
inactivates parasites (Trichinella Spiralis)
Delay ripening of certain fruits and vegetables
Reduces levels of common spoilage microorganism in and on
fresh produce (eg. berries.)

0.05-0.15

0.10-0.30

0.25 -1.50
0.25 - 0.50
0.25-1.0

0.50-1.5

Intermediate Dose Applications

a)

b)

c)

d)

e)

f)

Reduces spoilage bacteria and fungi on "fresh" meat, poultry
and & seafood
Reduces mould on baked goods
Delays cap opening and spoilage of mushrooms
Destroys substantial pathogenic bacteria (e.g.m salmonella) in
perishable animal products (e.g., milk and egg powders) and
frozaen foods (e.g., frog legs, shrimp, egg)
Sterilizes packaging material
Decontaminates spices, herbs and other dry foods

1 -3

2 - 4

1-2

1.5-10

3-10
5-10

(Future) High - dose Applications

a)

b)

Sterilizes precoked and processed "low - acid" meat, poultry
and seafood products in hermetically sealed packages
Reduces or eliminates virus contamination

10-50

10-100

Pathogen reduction in meat and poultry

A potentially important application for food irradaition is to reduce food-borne diseases
carried by meat, fish and poultry products. The main diseases are salmonellosis and
campylocteriosis, but others such as shigellosis, listeriosis, trichinosis, tape wrom infestation
and toxoplasmosis are also of concern to heath officials.

Diseases produced by eating infected food have always been endemic in developing
nations. Now their incidence is increasing in developed countries, as well.
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Irradiating animal feed would help reduce the levels of pathogens in meats and poultry since
contaminated animal feed is one of the sources of salmonella infection. However, the surest way
to remove microorganism from flesh and to ensure a hygienic finished product would be to use
medium - dose irradiation after packaging . Good handling and cooking practices still need to be
rigorously observed by process distributers, retailers, restauranteurs. And consumers.

Special applications

Irradiated food was eaten by the Apollo astronauts on the moon and on the joint American
soviet Apollo - Soyuz space flight. American astronauts have continued to consume irradiated
beef, pork, somoked turkey and corned beef aboard the space shuttle flights. NASA, at the
outset of their space program, recognized the importance of pathogen free on board meals,
for obvious reasons.

Bone marrow trasnplant patients, recovering in sterile isolation to avoid infection, have
been served irradaited food in a (J. S cancer centre and in some institutions in the U.K. This
practice is also effective for other immune - compromised patients, such as organ transplants,
AIDS patients, etc.

Market potential for irradiated foods

Where market conditions are right, excellent opportunities exist for irradiated foods. The
markets for these foods are equally diverse because irradiation has varied effects on foods,
from insect disinfestation to microbial control. For example, in countries where root crops
are a staple food, irradiation has tremendous potential to reduce large crop losses through
its sprout - inhibiting effects. In North America and Europe, there is a tremendous demand
for fresh foods and for exotic food experiences. The potential for food irradiation is excellent
in this market. For example, it could mean that northern Canadians can experience tropical
fruits and America could enjoy having better accesss to mango and papayas, all year round.

There is no doubt that there is a worldwide market potencial for irradiated food. However,
the big question is: will consumers buy irrradiated food?

We believe the answer is "YES". Irradiated foods can meet many consumer demands. However,
it is a complex sitution comparable to the introductionof heat - pasteurized milk in the 1940s and
1950s and the introduction of microwave food cooking technology in the 1950s and 1960s.

Consumer needs and demands

The demand for fresh food

"Fresh" has become the operative word in the food industry in North America ever since
the 1980s. North Americans increasingly feel the need to consume more fresh or minimally
processed foods. This trend is confirmed by the declining sales of canned and frozen food
products, balanced by the increasing sales of fresh foods. Fresh foods are perceived to be
quality foods. This is evidenced by the fact that many consumers will choose imported fresh
products over processed alternatives, when, in fact, they may be of very poor quality after
spending several weeks in transportation and distribution.
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The demand for exotic food

Related to the incresing demand for fresh food, is the trend for consumers in developed
countries to seek new food experiences. This is reflected in the dramatic increase and success
of ethnic restaurants in major population centres. But people are also interested in bringing
these experiences into their homes. Ethnic and gourmet cooking are popular past -times that
often requiere the purchase of exotic ingredientes such as spices, fruits and vegetables that
are no always readily available.

The demand for alternatives to chemical treatment of foods

The desire for fresh food has been accompanied by a growing concern about chemical
additives and treatments of food. This concern has been the driving force in the increaing
and profitable business of "organic" and "health" foods. However, it is becoming increasingly
evident that, given the existing food distribution systems, "organic" and "health" food have
no tangible benefit to offer to the majority of North American consumers.

Increasing numbers of consumers indicate high levels of concern about pesticide and
chemical residues in food. Bacterial contamination, additivies and preservatives concern
consumers, as well.

Irradiation can provide alternatives to the use of chemical pos-harvest fumigants, chemical
ripening accelerators and decelerators, chemical sprout and mould inhibitors and chemcial
food preservatives.

Economics of food irradiation

No market analysis is complete without a discussion of process costs or market prices and
its effect on the product price. Based on numerous cost analyses, it is evident that the costs
of irradiation are low in comparison to the wholesale costs or market prices of some foods in
some situations. It is important, however, that feasibility studies be carried out for each product
and market so situation-specific judgements can be made.

Generic cost analyses, taking into consideration both capital and annual operating
expenditures of typical gamma processing facilities, indicate costs varying from 0.6£/kg for
potatoes and onions to 2.5£/kg for poultry, strawberries and fish and to 6£/kg for spices and
dried seasonings. Of course, these numbers are contingent on realistic economies of scale.
They do not, however, include: potentially significant savings which could be realized from
reduced spoilage, and/or reduced energy costs; and potentially significant marketing advan-
tages resulting from offering improved quality or increased availability.

Test marketing activities and practical experience in countries where irradiated foods are
more commonly available, provide consistent and clear evidence that consumers are willing
to pay a higher price for irradiated foods if they perceive them to have a quality or an attribute
advantage. This is not surprising and is routinely taught in all North American business
schools. What is however surprising is that these results have been achieved in the face of
strident opposition, and the face of inhibitory labelling regulations in most countries. In the
longer-term, the label "Irradiated" is likely to become synonymous with "good quality".
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Consumer trends and demands, as well as market tests and consumer attitude research,
all indicate good market potential for irradiated foods. There is a need for a coordinated and
comprehensive program to strengthen the foundation for consumer understanding and
acceptance. If the industry wants to retain the irradiation option and if it wants public
acceptance to grow, the industry will have to become Proactive in terms of coordinated
irradiated product introductions and planned education efforts.

Given the regulatory mechanisms now in place to allow the sale of many irradiated foods
in North America and elsewhere, focused marketing efforts and information campaigns can
pave the way for increasingly broad Public acceptance. Irradiation technology is prove"
effective, safe and economical. It can help the food industry to diverse products, to a broader
market.
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Electron Beam Accelerators

Ahmet Cokragan
Vice President Sales & Marketing
¡on Beam Application, Belgium

Abstract

The Electron Beam accelerators installed in the last 2 years are able to provide
beams with specifications both in energy (any energy between 5 and 10 MeVand
in power (150 to 200 KW depending on choosen energy that open to way to efficient
and cost - effective electronic pasteurization of food products. These accelerators
called Rhodotrons are very different from linear accelarators. They present a large
number of unique features. The Rhodotrons can provide the same penetration into
the product tham gamma irradiators, by efficiently converting electrons to X rays.
They can also be use (provide the product is treated in thin packaging in direct
electon beam mode, providing high product throughputs at reduced cost. Apart
from the initial investment, the main cost is electricity that is needed to operate
the facility.

The Electron Beam accelerators installed in the last 2 years are able to provide
beams with specifications both in energy (any energy between 5 and 10 MeV) and
in power (150 to 200 kW depending on chosen energy) that open to way to efficient
and cost-effective electronic pasteurization of food products. These accelerators
called Rhodotrons are very different from linear accelerators. They present a large
number of unique features. The Rhodotrons can provide the same penetration into
the product than Gamma irradiators, by efficiently converting electrons to X rays.
They can also be used (provided the product is treated in thin packaging) in direct
electron beam mode, providing high product throughputs at reduced cost.

Apart from the initial investment, the main cost is electricity that is needed to
operate the facility.
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Abstract

In the irradiation process, absorbed dose is the key parameter that must be
controlled. In general, the minimum absorbed dose needed to accomplish a
desired effect, such as insect disinfestation or pathogen reduction, is already
known from previous research, and is often prescribed by government regulations.
The irradiation process is effective, however, only if the food can tolerate this dose
without experiencing unwanted changes in flavor or appearance. The dose that
food can tolerate often depends on such things as the variety of the fruit or
vegetable, where it was grown, the season in which it was harvested and the length
of time between harvesting and irradiation.

Once the minimum and maximum doses are established, the irradiator operator
must make sure that these dose limits are not exceeded. First, a dose mapping
using many dosimeters must be undertaken to determine the locations of the
minimum and maximum dose in the overall process load. From then on, the
process load must always be the same, and, as a key step in the overall process
control, dosimeters need to be placed from time to time only at the minimum or
maximum locations. The dosimeters must be calibrated and directly traceable to
national or international standards, and a fool-proof method of labeling and
segregating irradiated from unirradiated product must be used. Radiation sensitive
indicators that may help identify irradiated from unirradiated food should not be
relied upon, and are not a substitute for proper dosimetry.
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Introduction

The irradiation process can provide a wide range of very useful effects on many food and
agricultural products. The effects, for example, range from inhibiting sprouting of potatoes
and onions at very low doses (0.030-0.150 kGy), to sterilizing all insects in fruit, inhibiting
opening of mushrooms, deactivating trichinella in pork, retarding ripening of mangoes,
extending the shelf-life of fish, eliminating vibrio cholerae in frogs legs, inhibiting mold in
strawberries, reducing spoilage in meat, and reducing salmonella in poultry (at 3-7 kGy). At
relatively high doses of 20-40 kGy, all viruses are eliminated, and sealed food packages
become shelf stable and will last for years without refrigeration.

Although the gamma rays, x-rays, or electrons that are used for the irradiation process will
raise the temperature of most foods by less than 1 C° for every 4 kGy, the radiation will have
some effect on the product. The important information that must be determined is what dose
is needed to accomplish the desired effect and what dose will start to cause an undesirable
effect. From a safety point of view, an expert Joint Study Group that was convened at the
World Health Organization (WHO) headquarters in Geneva in September 1997, concluded
that "foods treated with doses greater than 10 kGy can be considered safe and nutritionally
adequate when produced under established Good Manufacturing Practice". From a scien-
tific point of view, they concluded that "no ceiling should be set for food irradiated with doses
greater than 10 kGy". The important point here is that the upper dose, where changes in
taste and appearance start to occur, should be determined from tests using the actual
products produced and packaged in the region of interest, and not because of any safety
considerations, unfortunately, many countries, including the united States and Mexico, have
placed restrictive upper limits on the doses that can be used.

Dose limits

The dose that is required to accomplish the desired effect on the food product, whether it be
ripening retardation, insect deactivation, or salmonella reduction, should be available from the
literature, and in many cases is dictated by governmental regulations. The question is: will the
food product be able to tolerate this required dose without the food becoming damaged in some
way, such as a slight change in taste or a discoloring of the skin? This same question applies to
other food processes. In the case of the irradiation process, this is complicated by the fact that
when irradiating commercial quantities of product loaded In large cartons or stacked on pallets,
the product will receive a range of doses instead of all receiving exactly the same dose.

Dose distribution

In practice, it is impractical to get a uniform dose for commercial quantities of product, and
so, efforts are made to minimize the range of dose experienced in each box or pallet load of
produce. There are a number of parameters that affect the dose distribution within the product.
Figure 1 shows a case where gamma pencils in a source plaque are irradiating a carrier loaded
with boxes of product passing by. The dose absorbed at any point within one of the boxes will
depend on the type of the source pencils (^Co or 137Cs), their strength, their positioning
(geometry) within the plaque, the amount of time the carrier spends near the source, the distance
(d), the density of the food product, and the loading pattern in the carrier. Clearly, this dose
distribution will change if there is a change in any of these parameters. A similar set of parameters
apply when produce passes in front of an electron beam or an x-ray source.
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Strength and type of source
Dwell time
Geometry of source
Distance d
Thickness of carrier
Density of food product
Loading pattern in carrier

Figure 1. Parameters affecting absorbed dose.

As can be seen from figure 2, the absorbed dose will be higher at position A than at position
B. To minimize the dose differences in the product (to bring the maximum to minimum dose
ratio as close to unity as possible), the usual procedure is to irradiate the product from two
sides as shown in figure 3. There are many engineering methods to make the dose distribution
more uniform, including 4-sided irradiation, using selective shielding, altering the distribution
of the pencils in the plaque, or using other shaped plaques. In the case of electron-beam
machines, the product usually makes multiple passes, each time presenting a different face
toward the target.

Gamma
source

Absorbed
dose

A
front
face

distance B
back
face

Figure 2. Absorbed dose as a function of penetration into product.
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Depending on the food product and its density, the maximum total (combined) dose for
two-side irradiation of pallet loads of produce (at positions A and B in Figure 3) can be as
much as 3 times the minimum dose, which would be normally located somewhere in the
center of the pallet load. This maximum/minimum dose ratio can be lowered, of course, by
reducing the width of the load, but this would usually require that the boxes of product be
unloaded from their original pallets for treatment.

A

A

A

B

B

B

Absorbed
dose

Total

Figure 3. Typical absorbed dose distribution from a 2-sided gamma irradiation.

Dosimeters

Dosimeters are used to measure absorbed dose and ensure that the food product receives
the required treatment. Selection of an appropriate dosimetry system requires matching its
performance with the specific application criteria. This selection process is described very well
in Standard Guide E1261 "Selection and Application of Dosimetry Systems for Radiation
Processing of Food", published by the American Society for Testing and Materials (ASTM).
Briefly, the dosimeters must be accurate, be usable in the absorbed dose range of interest,
be rugged, be stable with time, have minimum sensitivity to environmental conditions
(temperature, humidity, stray light, etc.), and be traceable to national standards. Radiation-
sensitive indicators (often known as Go/No-Go labels), on the other hand, can only indicate
that some irradiation has occurred, and because they cannot be calibrated, they cannot be
used to assure a minimum dose has been achieved. The limitations of these labels are
described in ASTM Standard Guide El 539 "Use of Radiation-Sensitive Indicators".

Dose mapping

The precise procedures for determining the absorbed dose in food are documented in two
ASTM Standard Practices: El204 "Dosimetry in Gamma Irradiation Facilities for Food
Processing" and El 431 "Dosimetry in Electron and Bremsstrahlung Irradiation Facilities
for Food Processing." They outline the exact procedures to be followed in irradiator charac-
terization, process qualification, and routine processing of food to ensure that all the product
has been treated within a predetermined range of absorbed dose. Briefly, the process involves
conducting an exhaustive 3-dimensional "dose mapping" throughout each product loading
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configuration using many replicate dosimeters to determine the exact locations of minimum
and maximum dose. This dose mapping must be performed for all product configurations
prior to routine production operations.

Routine dosimetry

Once the dose mapping is complete for a given product loading configuration, and for a
given set of operating parameters, dosimeters are placed periodically only at the maximum
and minimum locations during routine operations. If the maximum or minimum locations
are not readily accessible, however, dosimeters may be placed at "reference dose positions"
where a relationship can be established between the absorbed doses at the reference position
and the maximum or minimum absorbed dose positions.

The placement of a dosimeter on each box of produce, on the other hand, is unnecessary
and indeed may be misleading. This is because it would be highly coincidental if these
dosimeters happened to be situated at either the maximum or the minimum dose locations;
therefore, the resulting dose measurements would give intermediate readings between the
true maximum and minimum doses. The resulting massive amounts of data would have littte
value since they would provide neither of the two desired numbers, and would, in fact, show
an artificially narrow dose distribution.

The concept of "overall average dose" is also of little or no interest in radiation treatment
of food products. Again, the only doses of interest are the minimum dose and, to a lesser
extent, the maximum dose.

Dosimetry standards

For irradiation treatments to be reproducible in the laboratory and then in the commercial
environment, and for products to have certified absorbed doses, standardized dosimetry
techniques are needed. This need is being satisfied by standards being developed by ASTM
Subcommittee El 0.01, which consists of a group of ~ 170 experts from 46 countries. A total
of 21 ASTM dosimetry standards have been published in Volume 12.02 of the 69-volume
Annual Book of ASTM Standards. An additional 10 standards are under development or are
in the process of being balloted, a procedure that requires unanimous technical consensus
of all the interested parties. Twelve of the standards are practices on how to use specific
dosimetry systems for radiation processing. Seven of the standards are practices on how to
characterize and use gamma, x-ray, and electron beam irradiation facilities. The other
standards give procedures on how to calibrate dosimeters (making them traceable to national
or international standards); how to treat dose uncertainties; how to perform dose mappings;
and how to run a standards calibration laboratory. In addition, the first 20 of the 21 completed
ASTM standards are in the process of being balloted as international standards by the
International Organization for Standardization (ISO).

Dose assurance

ASTM standards El 204 and E1431 for conducting dosimetry in irradiation facilities for
food processing give very specific procedures for performing dosimetry during routine
production processing of food. They also cover certification, documentation, facility logs, and
retention of records.
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Similar irradiation procedures have been used widely and routinely in the (JS, Mexico,
Canada, and Europe for a number of years by the medical devices industry for sterility
assurance. Procedures and standards generated by ISO and the Association for the Advan-
cement of Medical Instrumentation (AAMI) are relied upon by the US Food and Drug
Administration and similar national regulatory bodies in other countries. For example,
Document ISO 11137 "Sterilization ofHealth Care Products - Requirements for Validation
and Routine Control - Radiation Sterilization" covers validation, process control, and routine
monitoring in gamma, electron beam, x-ray, and bremsstrahlung radiation facilities for
processing health care products. This ISO standard, which refers to the ASTM standards for
specific dosimetry systems, describes the requirements for assuring that the activities
associated with the process of radiation sterilization are performed properly. These activities
comprise documented work programs designed to demonstrate that the radiation process,
operating within specified limits, will consistently yield products treated with doses that fall
between predetermined limits.

Overall security of the process

As with the sterilization of medical instrumentation, the process of food irradiation has to
rely on a validated and rigorously controlled protocol. For the overall process to be acceptable,
however, attention has to be given to the prior status of the product being irradiated, including
its packaging and handling. Clearly, a shipment of fruit with numerous live larvae will be
unacceptable to the customer whether or not the larvae are sterile or deadl!

As a result, as with the hot water, hot gas, fumigation, or other quarantine treatments, for
example, it is imperative that the fruit and vegetables are of high quality and are essentially
insect free before treatment. Again, as with those other treatments, fruit and vegetables that
are undamaged will hold up to irradiation much better than mishandled product. The
irradiation treatment should not be used to "clean up" the product, but should be used to
provide the additional overall security. Irradiation, in many cases, fits perfectly into the system
of process controls to Prevent food safety problems known as the "Hazard Analysis and
Critical Control Points (HACCP)" method.

Conclusions

It is clear from the above discussions that standardized dosimetry procedures for food
irradiation are in place and have been used routinely for years for other applications in the
US, Mexico, and elsewhere. In the case of medical devices, the assurance of sterilization has
been provided to the satisfaction of regulatory agencies simply by rigorous quality assurance
(QA) and quality control (QC) programs along with these standardized dosimetry techniques.
The use of similar procedures for the release of food products, when there still is no readily
available test to determine if the product has undergone the treatment, should be equally
acceptable to regulatory agencies, worldwide.

In summary, the technology to release food products on the basis of dosimetry, when
combined with a proper QA/QC program, is proven, reliable, and routine.
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Resumen

En 1980 se instaló en México, en el Instituto Nacional de Investigaciones Nuclea-
res, un ¡rradiador modelo JS-6500 de manufactura canadiense. Actualmente es la
planta más grande en la República Mexicana que ofrece el proceso de irradiación
gamma a nivel comercial a diversas industrias.
Este ¡rradiador fue diseñado para esterilizar productos desechables de uso médico.
Sin embargo, dado que la demanda para esterilizar dichos productos no ocupaba
la capacidad de irradiado, se optó por incursionar en otro tipo de productos.
Durante 17 años se han irradiado gran variedad de productos agrupados de la
siguiente manera:
Alimentos deshidratados, productos desechables de uso médico, cosméticos,
medicamentos, varios.
Actualmente la capacidad del Irradiador está saturada, en virtud de que se opera
las 24 hrs. del día los 365 días de año y únicamente se suspende la operación para
darle mantenimiento preventivo o correctivo.
Sin embargo, el mercado de los alimentos frescos no se está atendiendo dado que
este Irradiador fue diseñado para dosis mayores de WkGy (1.0 Mrad).

Introducción

En 1980 se instaló un irradiador modelo JS-6500, de manufactura canadiense. La Planta
de Irradiación Gamma del Instituto Nacional de Investigaciones Nucleares es la única planta
de la República Mexicana, que ofrece el proceso de irradiación gamma a nivel comercial a
diversas industrias.
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La instalación

El modelo del irradiador con que cuenta el IN1N, modelo JS, serie 6500, es tipo
contenedores, (figura 1) que originalmente se diseñó para la esterilización de productos
desechables de uso médico, sin embargo, actualmente se utiliza para irradiar alimentos,
cosméticos y fármacos, que utiliza contenedores de aluminio donde se cargan los productos.

PfcHEQES DE
1.5 n DE ESPESOR QE CflNCfiSTÜ

CONSOLA re erjHTflOL

FUENTE DE
CaBALTO-CDEN
pasaoH re
«JittCEMAMEHTCt

Figura 1 .Irradiador JS-6500.
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El costo del servicio de irradiación está basado en el número de contenedores ocupados y
en la dosis de irradiación. La capacidad máxima del contenedor es de 45 kg o un volumen
máximo de 0.44 x 0.44 x 0.88 cm (figura 2).

11 cm ,.-..-'

BASE DE FIBRA DE VIDRIO

Figura 2. Contenedores de aluminio.

Para asegurar el uso óptimo del proceso, se usa un mecanismo de transporte automático
que continuamente lleva los contenedores con los productos hacia adentro y fuera de la
cámara de irradiación (figura 3).

CAMA DE
TRANSFERENCIA

P1S
SALIDA

Figura 3. Transportador de contenedores.
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ALTO-SO
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Figura 4. Fuente de irradiación

La fuente es rectangular tipo placa y está formada por lápices de Co-60 de varias
actividades (figura 4) distribuidos en todo el bastidor, la actividad total para el Io de enero de
1997 fue de 557,917 Ci (figura 5), a partir de 1992 se han venido realizando recargas de

ACTIVIDAD DE LA FUENTE DE Co-60
DEL IRRADIADOR INDUSTRIAL JS-6500

ACTIVIDAD DE LA FUENTE DE Co-60 IR-77

S m

199S-1997
' RECARGA DE MATERIAL RADIACTIVO (Co-60)

Las acIMtíades estSn refe.iaas al l " de caca mes.

80 81 82 83 84 85 86 87 88 89 90 9V 921 93' 94 95' 96' 971

AÑO

* RECARGA OE MATERIAL RADIACTIVO

Figura 5. Actividad de la fuente radiactiua.
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material radiactivo, a la fuente de Co-60, con el objeto de aumentar la actividad de la fuente,
disminuir tiempos de irradiación y por consiguiente aumentar la capacidad (Mrad x cont.).
Para almacenar la fuente se tiene una piscina llena de agua desmineralizada como blindaje
a la radiación.

Las paredes de Ja cámara de irradiación son de concreto baritado con una densidad de
2.36 gr/cc y espesor de 1.5 m aproximadamente para garantizar el blindaje de seguridad a
las áreas adyacentes, tales como el cuarto de control y las áreas de almacenaje de producto
no irradiado e irradiado. El cuarto de control alberga la consola de control de operación y
seguridad.

Capacidad del irradiador JS-6500

Capacidad programada es aquella que se proyecta en base a 300 días (1 día = 24 horas)
de operación anual considerando además, que las recargas de material radiactivo (Co-60)
se realicen en la fecha programada.

Capacidad utilizada es la capacidad real utilizada durante el período anual.

En la figura 6 se muestra la comparación de las unidades de servicio (Mrad-contenedor)
realizadas en el JS-6500 desde 1987 a 1996. La utilización de la capacidad del Irradiador
JS-6500 ha venido en aumento conforme crece la demanda del servicio, como se puede
observar en la figura 7. En dicha figura se muestra, que para el año 1980 la utilización de la
capacidad fue de 3% y en 1996 se tuvo una capacidad del 92.5%.

UNIDADES DE SERVICIO ANUALES REALIZADAS
EN EL IRRADIADOR INDUSTRIAL JS-6500

,_ 140-

1 1 2 0

i 10°
" 80

40

20-J

0

87 88 89 90 91 92 93 94 95 96

AÑO

Figura 6. Unidades de servicio anuales realizadas en el irradiador industrial JS-6500.
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PORCENTAJE DE UTILIZACIÓN DE LA CAPACIDAD
INSTALADA EN SERVICIOS DE IRRADIACIÓN

|

O
Q

3

1 1 i I I I 1 I
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96

AÑO
UTILIZACIÓN = CAPACIDAD UTIUZADA/CAPACIDAD PROGRAMADA

(Depende de las recargas realzadas en el año).

Figura 7. Porcentaje de utilización de la capacidad instalada en servicios de irradiación.

Especificaciones del Irradiador JS-6500

IRRAD1ADOR TIPO CONTENEDOR (JS-6500)
Capacidad max. fuente
Geometría de la fuente
Dimensiones de la fuente
Dosificación
Volumen del producto por cámara
Producto

Dosis
Tiempo de exposición

Dimensiones contenedor
Volumen por contenedor
Peso máximo por contenedor
Capacidad anual

1,000,000 curies
Tipo placa
1.68 x 1.90 m
En uno o más ciclos
57 contenedores, 9.69 m aproximadamente
Principalmente:alimentos deshidratados, deshechables
de uso médico, medicamentos y cosméticos.
Normalmente 10 y 15 kGy (20, 25 y 30 kGy)
Aproximadamente 2.85 h con 558,000 Ci a una dosis
de 10kGy(Tc= 30 min)
44 x 44 x 88 cm
0.17 m3

45 kg
6,480 ton (lOkGy)*

* La capacidad anual está en función de la actividad actual.
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Demanda comercial

Actualmente en México el servicio de esterilización por radiación gamma ha tenido mucha
demanda gracias al mayor conocimiento de las ventajas de esta tecnología, por lo tanto el
servicio se ha extendido a una gran variedad de productos comerciales y a la realización de
pruebas para estudios de factibilidad técnica.

El servicio que presta el irradiador cumple con los objetivos y/o necesidades industriales,
tales como: esterilización, desbacterización, sanitización, etc., como resultado de esto la
variedad de productos comerciales ha aumentado, teniendo para el período del 1 de enero
de 1996 al 31 de diciembre de 1996 un total de 198 usuarios con 472 productos diferentes,
englobados en los siguientes grupos:

• Productos desechables de uso médico.

• medicamentos.

• Alimentos.

• Cosméticos,

• Varios.

En la figura 8 se presenta en forma porcentual la distribución de la demanda de servicios
de irradiación por grupos de productos, durante 1995 y 1996, así observamos que la
irradiación de alimentos tuvo más demanda en dichos períodos.

USUARIOS DEL SERVICIO DE IRRADIACIÓN
Distribución porcentual

MEDICAMENTOS

DESECHABLES
13%

COSMÉTICOS
Y VARIOS

3%

MEDICAMENTOS
10%

DESECHABLES
19% COSMÉTICOS

Y VARIOS
2%

1995 1996
CANTIDAD DE PRODUCTO IRRADIADO

1995 1996
TIPO DE PRODUCTO CANTIDAD TIPO DE PRODUCTO CANTIDAD

ALIMENTOS
DESECHABLES
COSMÉTICOS
MEDICAMENTOS
VARIOS

3447 ton
2148 m3
189m3
561 ton
81 ton

ALIMENTOS
DESECHABLES
COSMÉTICOS
MEDICAMENTOS
VARIOS

3417 ton
2997 m3
167 m3
475 ton
86 ton

Figura 8. Distribución porcentual de usuarios del servicio de irradiación.
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Promoción

La promoción adecuada del proceso de irradiación a nivel comercial da como resultado
un aumento gradual en la demanda del servicio, esto se ve reflejado en el aumento de la
eficiencia como se mencionó anteriormente.

Dicha promoción va dirigida a asociaciones, escuelas, profesionales, empresas, usuarios
y visitantes y consta de una explicación del proceso, ya sea con video o con esquemas.

Es importante recalcar que el factor principal de venta es el testimonio mismo de los
usuarios del servicio, satisfechos de la calidad y disponibilidad que se les proporciona.

Costo del servicio

El crecimiento y diversificación de la demanda del servicio de irradiación, permite estimar
el precio de venta actual del servicio para la industria, el cual va de $60.00 a $200.00 más
IVA por contenedor (CJSD 7.59 a USD 25.31; USD I = $7.90), para una dosis de 10 a 30 kGy.

Validez del proceso

La irradiación está considerada como parte del proceso de manufactura de ciertos
productos, por lo que el Departamento del Irradiador Gamma cuenta con una licencia
sanitaria expedida por la Secretaría de Salud desde 1980. Así, el usuario tiene la responsabi-
lidad de probar, ante la Secretaría de Salud que el proceso logra el nivel de esterilidad deseado
en su producto, de manera confiable y reproducible. La reglamentación exige que un
producto estéril esté identificado ante el consumidor por alguna leyenda, donde indique lo
siguiente:

. . . "en caso de que el envase o sello presenten ruptura previa, no se garantiza la esterilidad
de este producto".. .

También el fabricante está obligado a informar a la Secretaría de salud del uso del proceso
como parte de la documentación requerida para obtener los registros del producto, licencias
o permisos legales.

La Planta de Irradiación Gamma cuenta con dos licencias de uso y Posesión de Material
Radiactivo expedida por la Comisión Nacional de Seguridad Nuclear y Salvaguardias
(CNSNS), las cuales corresponden una al irradiador industrial JS-6500, y la otra a los
irradiadores de investigación Gammacell-220 y VickRad 2000.

Dichas licencias tienen vigencia de dos años, al término de los cuales se deben renovar
cumpliendo los requisitos exigidos por la CNSNS.

Control del proceso

una vez calibrado el irradiador, la única variable que se controla es el tiempo de recorrido
del contenedor dentro de la cámara de irradiación y para cuantificar la dosis que se le aplica
a un producto, se emplean los sistemas dosimétricos Perspex Rojo 4034 y Gammachrome
YR los cuales cuentan con una curva de calibración generada por el fabricante.
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Para el uso de un nuevo lote de dosímetros, se requiere calibrarlos a las condiciones de
trabajo a las que se va a emplear, y así generar la curva de calibración que se compara con
la del fabricante, tanto para detectar alguna falla en el lote, como para su aprobación en la
utilización del lote de dosímetros de rutina e investigación.

El sistema dosimétrico Perspex Rojo 4034 se emplea para rango de dosis altos (de 5 kGy
a 50 kGy) y el Gammachrome YR para dosis bajas (de 100 Gy a 3 kGy).

Cuando se irradian los dosímetros presentan un cambio en su absorbancia (densidad
óptica) el cual es cuantificado en un espectrofotometro, y así obtener la medida de la dosis
recibida por el producto. Para mayor confiabilidad del sistema dosimétrico se realizan
intercomparaciones con el Organismo Internacional de Energía Atómica y Laboratorios del
Instituto Nacional de Investigaciones Nucleares.

En la certificación de la dosis para cada lote de producto irradiado se reporta una dosis
mínima y una dosis máxima, avalada por la firma de los responsables de Dosimetría y el Jefe
del Departamento del Irradiador Gamma.

De acuerdo a los lincamientos de la Secretaría de Salud, el IN1N únicamente certifica la
dosis de irradiación recibida por el lote de producto, no entrega certificado de esterilidad. La
esterilidad es responsabilidad del usuario.

Se cuenta también con una manera visual de llevar el control de un producto irradiado
utilizando etiquetas sensibles a la radiación, que tienen la particularidad de cambiar su color
inicial (de amarillo a rojo) al ser irradiadas (figura 9). Además el producto no irradiado se
almacena en áreas separadas.

ETIQUETA FOTOSENSIBLE

SIN IflñAQIAR (AMARILLO! IRRADIADO iñOJOl

Figura 9. Dosímetros Harwell.
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Segundad en la operación del irradiador

El personal que labora en la Planta de Irradiación Gamma está capacitado para llevar la
operación del irradiador con seguridad y el estricto control del proceso.

Los procedimientos de seguridad de las operaciones de la Planta de Irradiación Gamma
son inspeccionados regularmente por la CNSNS.

Mensualmente se prueba el buen funcionamiento de los sistemas de seguridad completos.
En caso de cualquier falla durante el proceso, ya sea mecánico o eléctrico, la fuente baja a
su posición de almacenamiento en la piscina.

Organización

Es importante mencionar la organización del personal que labora actualmente en forma
rutinaria en el Departamento del Irradiador Gamma del ININ (figura 10).

Figura 10. Organigrama del Departamento del Irradiador Gamma.
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Como el irradiador Gamma trabaja 24 horas continuas, se cuenta con 4 grupos de
operación, cada uno formado por 3 Técnicos en Irradiadores, los cuales cubren con todas
las necesidades de operación, mantenimiento y dosimetría del turno.

Todo el personal cuenta con licencias y permisos expedidos por la CNSNS, que exige la
capacitación necesaria para la operación segura de los irradiadores.

Pruebas de irradiación e investigación

En esta área, las empresas de nuevo ingreso al proceso e instituciones o escuelas
profesionales realizan las pruebas iniciales sobre compatibilidad de materiales y selección de
dosis.

Este servicio es promovido
por el ININ, con el propósito
de que un mayor número de
industrias conozcan práctica-
mente el proceso de irradia-
ción y se interesen el él,
considerándolo como alterna-
tiva para un mejor proceso y
mayor aceptación de sus pro-
ductos en el mercado.

El servicio se proporciona
sin costo alguno.

De igual manera, se presta
el servicio de investigación a
áreas internas del ININ que lo
requieran.

El ININ cuenta con dos irra-
diadores autoblindados que
se emplean para investiga-
ción:

Irradiador marca Nordion
(antes AECL); modelo Gam-
macell; serie 220, con una cá-
mara de irradiación de 15 cm
(6") de diámetro x 20 cm
(81/8") de altura. Cuenta con
una actividad de 631 Ci de
Cobalto-60 al 1 de enero de
1997 (figura 11).

Figura 11.- Irradiador de investigación Gammacell-220
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Irradiador marca Vickers Radiation Division England; modelo VickRad; serie 2000, con un
cámara de irradiación de 8 cm (31/8") de diámetro x 16 cm (61/4") de altura. Cuenta con
una actividad de 23 Ci de Cobalto-60 al 1 de enero de 1997 (figura 12).

INTERRUPTOR

PUERTA DE
SEGURIDAD

BLINDAJE DE PLOMO

FUENTE DE COBALTO-60

CÁMARA DE IRRADIACIÓN

SUMINISTRO DE AIRE

PISTON NEUMÁTICO

CLAVIJA

Figura 12.- Irradiador de investigación VlCKRAD-2000.

A futuro

Actualmente se tiene problemas de almacenaje, por lo que se construirá un almacén y se
recargará la fuente de Cobalto-60 del Irradiador JS-6500, hasta una actividad máxima de
720,000 Ci para poder continuar ofreciendo la dosis de 1.0 Mrad.

También, dada la baja actividad que tienen los irradiadores de investigación, se adquirirá
un Gammacell-220 nuevo con un actividad de 6,000 Ci.

Dado el auge de esta técnica en nuestro país, empresarios mexicanos y extranjeros están
actualmente considerando la instalación de nuevos irradiadores, principalmente para el área
de alimentos frescos.
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Resumen

En cualquier proceso industrial se busca una rentabilidad atractiva, que sea
satisfactoria desde el punto de vista empresarial y social. El uso de la tecnología
de irradiación en alimentos permite conservarlos higiénicamente, lo que con lleva
a un abasto de alimentos sin riesgo para la salud y a un incremento o apertura de
nuevos mercados y en general a una reducción de pérdidas. En otros productos
—cosméticos o desechables de uso médico—que se esterilizan por irradiación,
este proceso permite que sean usados por el consumidor con toda la seguridad.
El costo de la inversión de una planta de irradiación depende principalmente del
tamaño de la planta y de la recarga del material radiactivo que principalmente es
Co-60 y estos dos parámetros están en función del tipo de productos a irradiar y
de las dosis seleccionadas.
En este trabajo se presenta el cálculo económico y el costo del financiamiento para
diferentes capacidades de plantas y diferentes productos. En términos generales se
determina una utilidad adecuada que indica que este proceso es rentable. De acuerdo
a las condiciones económicas y comerciales del país se consideraron dos tipos de
crédito para el financiamiento de estos proyectos. Uno utilizando recursos de crédito
internacional y otro con crédito nacional.

Antecedentes

En el mundo la esterilización por irradiación de productos médicos desechables se inicia en
los años 60. En México este servicio se ofrece a partir de 1980 en el Irradiador de Co 60 modelo
JS-6500 ubicado en el Instituto Nacional de Investigaciones Nucleares (ININ) —manufacturado
por la Compañía Nordion de Canadá— que en 1986 inicia el servicio de irradiación para la
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descontaminación de especias, condimentos y en general alimentos secos o deshidratados.
Ese año se irradiaron 300 ton de estos alimentos procedentes de 6 compañías.

Las ventajas que ofrece esta tecnología con respecto al uso de la fumigación química con el
óxido de etileno o el empleo de calor para la descontaminación de estos productos, ocasionaron
que el número de usuarios se incrementara de tal manera, que para el siguiente año se registraron
700 ton y así sucesivamente hasta llegar a la máxima capacidad de la planta.

En la actualidad, hay empresarios y productores de alimentos que tienen la inquietud de saber
cuál es el costo de inversión para un planta de irradiación. Además, el surgimiento de otros
problemas como la suspensión del dibromuro de etileno (DBE), fumigante químico utilizado en
frutas de exportación —como el mango y cítricos que tienen restricciones cuarentenarias para
el comercio con los Estados unidos— ponía en riesgo las exportaciones de estos productos si
no se encontraba una alternativa rápida de solución. Por los resultados reportados, se sabía que
la radiación ionizante es efectiva para inhibir el ciclo biológico de los insectos y se vislumbra con
mucha seguridad el empleo de radiaciones como método de desinfestación. Adicionalmente,
como en el irradiador del ININ no se pueden tratar productos frescos, el interés por conocer
el costo de inversión y los niveles de rentabilidad para una planta de irradiación aumentaban,
por lo que se pensó en hacer una evaluación económica para los diferentes tipos de producto.

Cálculo económico

El proceso de radiación permite tratar una gama muy amplia de productos con diferentes
objetivos (tabla 1). Desde la dosis más pequeña para la inhibición de brotes hasta la dosis de
esterilización para los productos medicos y desechables. Ya que se tiene un intervalo de dosis
de dos órdenes de magnitud, tener un irradiador para toda la gama de productos podría no
ser muy eficiente y/o poco práctico.

Tabla 1
Aplicaciones de la irradiación de productos

Producto

Bulbos, raíces v tubérculos
Frutas y vegetales

Cereales y sus productos
Pescado crudo, productos del mar y sus
derivados
Pollo crudo y sus productos

Cosméticos, materias primas
Antiaüedades
Especies, condimentos, hierbas, productos
deshidratados
Desechables de uso médico
Alimentos almacenados a temperatura ambiente
Plásticos

Productos farmacéuticos

Beneficio

Inhibir la brotación
Prolongar la vida de anaquel
Tratamiento cuarentenario
Control de insectos
Reducción de microorganismos
patógenos
Reducción de microorganismos
patógenos
Descontaminación
Preservación
Disminuir carga microbiana

Esterilización
Esterilización
Mejoramiento de propiedades
físicas
Esterilización

Dosis
máxima
0.2
2.5
1.0
1.0
5.0

7.0

10.0
10.0
30.0

30.0
70.0
>10

>10
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En este trabajo se estimaron los niveles de utilidad sobre ventas e inversión para cuatro
¡rradiadores que trabajan con fuentes de Co-60 de actividades diferentes, lo cual permite
irradiar productos en intervalos de dosis más específicos. En la tabla 2 se presenta el cálculo
económico para irradiar anualmente 60,000 ton de frutas y hortalizas con fines de desinfes-
tación o incremento o de vida de anaquel en un intervalo de 0.05- 0.3 kGy; en la tabla 3 se
presenta el ejercicio para una planta de irradiación de productos del mar y cárnicos en un
intervalo de dosis de 1 -7kGy. En la tabla 4 se presenta el ejercicio para irradiar 15,000 ton
de alimentos y/o cosméticos tratados de 5 a 10 kGy. Y en la tabla 5 una planta para la
esterilización de 7,500 ton de productos médicos y desechables.

Costo de inversión

Para las cuatro plantas se consideró el mismo tamaño de terreno —6, 000 m2— y una
area de construcción de 4,400m2, de 110 m x 40 m. En la figura 1 se muestra el área asignada
a cada una de las instalaciones que componen la planta de irradiación: el patio de maniobras,
los almacenes de producto irradiado y no irradiado, los compresores, el taller de refacciones,
baños y vestidores, el área del comedor, oficinas, laboratorios, estacionamiento y el irradia-
dor. Además de calcular el costo del terreno, la construcción y el equipo necesario, la carga
de Co-60 se calcula de acuerdo a la capacidad de la planta y es precisamente este rubro el
parámetro más significativo en el aumento en el costo de inversion.

AREA REQUERIDA = 110 m X 40 m = 4400 n i

Figura 1. Area asignada a cada una de las instalaciones que componen la planta de irradiación.

Costo de operación

Para el cálculo de este costo se toma en cuenta la recarga del material radiacivo que es
el 12% de la carga inicial de Curies de Co-60, además de salarios, servicios, mantenimiento
y refacciones asi como los suministros de operación y los gastos de administración y
operación.

Costo de depreciación

La depreciación, es decir, la disminución en el valor de los activos fijos de la planta se
calculó de acuerdo a los siguientes porcentajes: maquinaria y equipo, 7%; equipos de alto
desgaste, 20% y obra civil 3%.

El tiempo de operación anual de la planta de irradiación se consideró de 8000 hrs.
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La cantidad de Curies (Ci) de Co-60 que se requieren, de acuerdo al rango de dosis, se
calcula mediante la siguiente ecuación.

187 x D ( Mrad ) x Capacidad ( kg/hf)
eficiencia(ri)(%)

El costo unitario = costo total del proceso / volumen anual

Costo total del proceso = costos de operación + depreciación

La utilidad bruta = ventas del servicio - costo total del proceso.

La utilidad neta = utilidad bruta - impuestos1

Venta del servicio de irradiación

Con base en la información obtenida de la venta del servicio de irradiación, los precios,
que están en función de las dosis aplicadas pueden ser:

$ 50 ÜS/ton, para la frutas y vegetales.

$ 170 CIS/ton para productos del mar y cárnicos.

$ 200 ÜS/ton para alimentos y cosméticos.

$ 600 CIS/Ton para productos médicos y desechables.

Con el valor de la utilidad neta, se obtiene la utilidad sobre ventas y la utilidad sobre la
inversión.

Factibilidad financiera

De la tabla 6 a la 9 se presentan los ejercicios para ilustrar las posibles alternativas de
factibilidad financiera para este proyecto.

De acuerdo a los resultados obtenidos de la utilidad sobre la inversión en cualquiera de
los 4 tipos de instalaciones, se observa que si se hace una inversión directa, el capital se
amortiza en 4 años.

Con recursos de tasas de interés internacionales, usando relaciones de capital fresco, crédito
de 50/50 o de 25/75, el proyecto es perfectamente rentable, para amortizarse en cinco años.

Con recursos de crédito nacional base CIDI' S NAFIN influido para las altas tasas de interés
más la incertidumbre del factor inflacionario, cualquier corrida financiera demuestra que este
crédito para cualquier proyecto es un trampa y prácticamente impagable.

En México los impuestos correspondientes son: 35% de impuesto sobre la renta y 10% sobre la utilidad
del trabajo = total 45%
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Tabla 2
Cálculo económico de un planta para irradiación de frutas y hortalizas

Operación anual
Dosis
Capacidad
Cobalto

Costo de inversión

Costos de operación

Depreciación

Costo total del proceso

Edificios y construcciones

Irradiador y carga

Maquinaria y equipo

Cobalto 60

Inversión diferida

Capital de trabajo

Total

Recarga del cobalto

Salarios

Servicios

Mantenimiento y refacciones

Suministros de operación

Administración y capacitación

Total

Edificios y construcciones

Maquinaría

Equipo

Total

Costos de operación

Depreciación

Total

Costo unitario ($ÜS/ton)

Ventas del servicio de irradiación 60,000 x $50 (ÜS/ton)

Utilidades

utilidad bruta

Impuestos

Utilidad neta

Utilidad/ventas

Utilidad/Inversión

8,000 horas
0.05 - 0.3 kGv
60,000 ton
60,000 Ci

$l'993,471.50

1761,450.00

698,000.00

90,000.00

382,434.00

183.176.00

5'108,531.50

11,250.00

320,400.00

22,677.00

172,952.00

52,201.00

183,785.00

763,265.00
56,801.54

161,754.95

16,568.00

235,124.49

763,265.00

235,324.00

998,389.00
16.64

3'000,000.00

2'001,611.00

900,724.95

1 "100,886.05

36.70%

21.55%



Seminario Nacional de Irradiación de Alimentos, 89

Tabla 3
Cálculo económico de un planta para irradiación de productos del mar y cárnicos

Operación anual
Dosis
Capacidad
Cobalto

Costo de inversión

Costos de operación

Depreciación

Costo total del proceso

Edificios y construcciones

Irradiador y carga

Maquinaria y equipo

Cobalto 60

Inversión diferida

Capital de trabajo

Total

Recarga del cobalto

Salarios

Servicios

Mantenimiento y refacciones

Suministros de operación
Administración y capacitación

Total

Edificios y construcciones

Maquinaria

Equipo

Total

Costos de operación

Depreciación

Total

Costo unitario ($CJS/ton)

Ventas del servicio de irradiación 20,000 x $170 (ÜS/ton)

Utilidades

utilidad bruta

Impuestos

utilidad neta

Utilidad/ventas

Utilidad/Inversión

8,000 horas
1 - 7 kGv
20,000 ton
438,281 Ci

$l'993,451.50

1761,450.50

689,710.00

657,421.00

339,967.00

185,000.00

5'627,000.00

78,890.00

320,000.00

22,676.00

172,979.00

52,201.00

183,625.00

830,371.00

56,801.00

161,754.00

16,568.00

235,123.00

830,371.00

235,123.00

1*065,494.00

53.27

3'400,000.00

2'334,506.00

1'050,527.70

1283,978.30

37.76%

22.82%
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Tabla 4
Cálculo económico de un planta para irradiación de alimentos y cosméticos

Operación anual
Dosis
Capacidad
Cobalto

Costo de inversión

Costos de operación

Depreciación

Costo total del proceso

Edificios y construcciones

Irradiador y carga

Maquinaria y equipo

Cobalto 60

Inversión diferida

Capital de trabajo

Total

Recarga del cobalto

Salarios

Servicios

Mantenimiento y refacciones

Suministros de operación

Administración y capacitación

Total

Edificios y construcciones

Maquinaria

Equipo

Total

Costos de operación

Depreciación

Total

Costo unitario ($US/ton)

Ventas del servicio de irradiación 15,000 x $200 (ÜS/ton)

utilidades

utilidad bruta

Impuestos

utilidad neta

Utilidad/ventas

Utilidad/Inversión

8,000 horas
5 -10 kGy
15,000 ton
1'160,000 Ci

$1793,451.00

1761,450.00

620,974.00

1'553,125.00

300,000.00

182.000.00

6'211,000.00

210,375.00

320,000.00

22,676.00

172,972.00

52,201.00

183,625.00

961,849.00

56,801.54

161,754.55

16,568.00

235,124.09

961,849.00

235,124.00

l'l 96,973.00

79.80

3'000,000.00

l'803,027.00

811,362.15

991,664.85

33.06%

15.97%
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Cálculo económico de
Tabla 5

un planta para irradiación de productos
Operación anual
Dosis
Capacidad
Cobalto

Costo de inversión

Costos de operación

Depreciación

Costo total del proceso

Edificios y construcciones

Irradiador y carga

Maquinaria y equipo

Cobalto 60

Inversión diferida

Capital de trabajo

Total

Recarga del cobalto

Salarios

Servicios

Mantenimiento y refacciones

Suministros de operación

Administración y capacitación

Total

Edificios y construcciones

Maquinaria

Equipo

Total

Costos de operación

Depreciación

Total

Costo unitario ($US/ton)

Ventas del servicio de irradiación 7,500 x $600 (CJS/ton)

utilidades

Utilidad bruta

Impuestos

utilidad neta

utilidad/ventas

Utilidad/Inversión

médicos y desechables
8,000 horas
10 -25Gy
7,500 ton
l'500,000Ci

$l'800,000.00

1762,000.00

700,000.00

2'138,000.00

390,000.00

200,000.00

6'990,000.00

210,375.00

352,000.00

22,676.00

172,952.00

53,000.00

183,785.00

994,788.00

50,801.00

152,701.00

16,568.00

220,070.00

994,788.00

220,070.00

1 '214,858.00

161.98

4'500,000.00

3'285,142.00

1'478,313.950

l'806,828.10

40.15%

25.85%
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Tabla 6
Costo financiero de una planta de irradiación para frutas y hortalizas

Costo total del capital ($ÜS) $5'108,531.50

Aportación de socios 50% ($US) $2'554,265.75

Crédito internacional 50% ($ÜS) $2'554,265.75

Periodos de pago (años)
Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$255,426.58

$2554,265.75

$204,341.26

$459,767.84

5

$255,426.58

$1'532.559.45

$122,604.76

$378,031.33

10

$255,426.58

$255,426.58

$20,434.13

$275,860.70

Total

$2'554,265.75

$1'123,876.93

$3'678,124.68

Costo total del capital ($ÜS) $5'108,531.50

Aportación de socios 25% ($US) $l'068,707.39

Crédito internacional 75% ($CIS) $4'039,824.11

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa LJbor)

Total (abono + interés)

1

$383,139.86

$3'831,398.63

$306,511.89

$689,651.75

5

$383,139.86

$2298,839.18

$183,907.13

$567,047.00

10

$383,139.86

$383,139.86

$30,561.19

$413,791.05

Total

$3'831.398.63

$1'685,815.40

$5'517,214.02

Costo total del capital ($CIS)

Aportación de socios 50% ($ÜS) $2'554,265.75

Crédito nacional 50% ($ÜS) $2'554,265.75

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

40% de interés (Base ÜDl'S)

Total (abono + interés)

1

$255,426.58

$2'554,265.75

$l'021,706.30

$1'277,132.88

5

$255,426.58

$1'532,559.45

$613,023.78

$868,450.36

10

$255,426.58

$255,426.58

$102,170.63

$357,597.21

Total

$2'554,265.75

$5'619,384.65

$8'173,650.40
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Tabla 7
Costo financiero de una planta de irradiación para productos del mar y cárnicos

Costo total del capital ($CIS)

Aportación de socios 50% ($CJS)

Crédito internacional 50% ($US)

$5'627,000.00

$2'813,500.00

$2-813,500.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$281,350.00

$2'813,500.00

$225,080.00

$506,430.00

5

$281,350.00

$l'688,100.00

$135,048.00

$416,398.00

10

$281,350.00

$281,350.00

$22,508.00

$303,858.00

Total

$2'815,500.00

$1'237,940.00

$4'051,440.00

Costo total del capital ($ÜS) $5*627,000.00

Aportación de socios 25% ($ÜS) $1'406,750.00

Crédito internacional 75% ($(IS) $4'220,250.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$422,025.00

$4220,250.00

$337,620.00

$759,645.00

5

$422,025.00

$3770,090.00

$l'508,036.00

$1'620,576.00

10

$422,025.00

$3207,390.00

$1282,956.00

$1'395,496.00

Total

$4220,250.00

$l'856,910.00

$6'077,160.00

Costo total del capital ($US) $5'627,000.00

Aportación de socios 50% ($ÜS) $2'813,500.00

Crédito nacional 50% ($CIS) $2'813,500.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

40% de interés (Base ÜDI'S)

Total (abono + interés)

1

$281,350.00

$2'813,500.00

$l'125,400.00

$1'406,750.00

5

$281,350.00

$l'688,100.00

$675,240.00

$956,590.00

10

$281,350.00

$281,350.00

$112,540.00

$393,590.00

Total

$2'813,500.00

$6'189,700.00

$9'003,200.00
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Tabla 8
Costo Financiero de una planta de irradiación para alimentos y cosméticos

Costo total del capital ($CJS) $6'211,000.00

Aportación de socios 50% ($ÜS) $3'105,500.00

Crédito internacional 50% ($ÜS) $3'105,500.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$310,550.00

$3'105,500.00

$248,440.00

$558,990.00

5

$310,550.00

$l'863,300.00

$149,064.00

$459,614.00

10

$310,550.00

$310,550.00

$24,844.00

$335,394.00

Total

$3'105,500.00

$1366,420.00

$4*471,920.00

Costo total del capital ($ÜS) $6'211,000.00

Aportación de socios 25% ($ÜS) $1'552,750.00

Crédito internacional 75% ($ÜS) $4'658,250.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$465,825.00

$4'658,250.00

$372,660.00

$838,485.00

5

$465,825.00

$2794,950.00

$223,596.00

$689,421.00

10

$465,825.00

$465,825.00

$37,266.00

$503,091.00

Total

$4'658,250.00

$2'049,630.00

$6707,880.00

Costo total del capital ($ÜS) $6'211,000.00

Aportación de socios 50% ($ÜS) $3'105,500.00

Crédito nacional 50% ($C1S) $3'105,500.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

40% de interés (Base ÜDI'S)

Total (abono + interés)

1

$310,550.00

$3'105,500.00

$l'242,200.00

$1'552,750.00

5

$310,550.00

$1'863,300.00

$745,320.00

$1'055,870.00

10

$310,550.00

$310,550.00

$124,220.00

$434,770.00

Total

$3'105,500.00

$6'832,100.00

$9'937,600.00
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Tabla 9
Costo financiero de una planta de irradiación para productos médicos y desechables

Costo total del capital ($CJS) $6'990,000.00

Aportación de socios 50% ($ÍIS) $3'495.000.00

Crédito internacional 50% ($ÜS) $3'495.000.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$349,500.00

$3'495.000.00

$279,600.00

$629,100.00

5

$349,500.00

$2'097,000.00

$167,760.00

$517,260.00

10

$349,500.00

$349,500.00

$27,960.00

$377,460.00

Total

$3'495.000.00

$l'537,800.00

$5'032,800.00

Costo total del capital ($ÜS) $6'990,000.00

Aportación de socios 25% ($CJS) $1747,500.00

Crédito internacional 75% ($US) $5'242,500.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

8% de interés (Tasa Libor)

Total (abono + interés)

1

$524,250.00

$5'242,500.00

$419,400.00

$943,650.00

5

$524,250.00

$3'145,500.00

$251,640.00

$775,890.00

10

$524,250.00

$524,250.00

$41,940.00

$566,190.00

Tota]

$5'242,500.00

$2306,700.00

$7'549,200.00

Costo total del capital ($ÜS) $6'990,000.00

Aportación de socios 50% ($ÜS) $3'495.000.00

Crédito nacional 50% ($ÜS) $3'495.000.00

Periodos de pago (años)

Abono a la deuda

Saldo insoluto

40% de interés (Base ÜDI'S)

Total (abono + interés)

1

$349,500.00

$3'495.000.00

$1398.000.00

$1747,500.00

5

$349,500.00

$2'097,000.00

$838,800.00

$1'188,300.00

10

$349,500.00

$349,500.00

$139,800.00

$489,300.00

Total

$3'495.000.00

$7'689,000.00

$ll'184,000.00
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Conclusiones

Para los empresarios interesados en hacer una inversión en una planta de irradiación es
recomendable pensar sobre un grupo de productos que trabajen en un intervalo e dosis
definitivamente el proceso seria mas rentable.

El proceso de irradiación en rentable en cualquiera de las 4 plantas presentadas ya que el
costo unitario del proceso realmente viene siendo una parte pequeñas con respecto a los
precios de venta, lo cual permite la recuperación del capital en un tiempo de 5 años siempre
y cuando exista un plan de financiamiento adecuado.
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Rentabilidad de un Irradiador de Co 60
Semi-industrial Tipo Gamma Beam 651 Pt

Epifanio Cruz Z.
Instituto de Ciencias Nucleares

UNAM, México

Resumen

Se describe la capacidad en volumen de material procesado por irradiación de
interés para la industria y la cantidad de muestras de laboratorio que puede
procesarse. Se muestran los costos del procesamiento anual, es decir, la relación
entre el volumen de material esterilizado y su costo, esto nos da idea de la
rentabilidad para este tipo de irradiadores gamma diseñado para capacidad baja,
donde es necesario definir el área efectiva de esterilización usando dosimetría de
altas dosis. También se comparan los costos de mantenimiento, operación y
salarios incluyendo devaluación monetaria en función de la producción real del
procesamiento por irradiación. Finalmente se señalan los objetivos y las caracte-
rísticas esenciales de este irradiador semi-industrial.

Introducción

La utilización de la radiación ionizante gamma ha side de enorme interés no sólo de apoyo
experimental en la investigación científica, sino también de aplicación industrial directamente.
Como ejemplo, se le ha empleado en estudios de modificación de propiedades en diferentes
materiales expuestos a la radiación, interacción de la radiación con la materia en forma
líquida, sólida y gaseosa, etc. Otro ejemplo, es la preservación de alimentos; ya sea para
desinfestar, o alargar el proceso de maduración de frutas frescas o evaluar los cambios de
propiedades fisicoquimicas de frutas y granos perecederos. Esta aplicación ha representado
un considerable ahorro económico a las industrias.

El desarrollo de irradiadores gamma en la década de los sesentas y su uso cada vez mayor,
fue muy importante y generó nuevas normas para usarse como una herramienta más de
trabajo. También permitió desarrollar mucho trabajo sobre la instalación de irradiadores de
distintas capacidades y usos, problemas de blindajes y en la medición de la dosis absorbida
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en los productos de diferentes densidades, el desarrollo de dosímetros para bajas y altas
dosis, etc.

El irradiador gamma semi-industrial

En este irradiador semi-industrial de 46 776 Ci, un razgo importante es la razón de dosis
variable. Se puede elegir la cantidad necesaria y altura de las fuentes para el proceso. Esto
lo hace muy atractivo en usarlo come apoyo en los trabajos de investigación y también en
irradiación de productos industriales a diferentes dosis. Come veremos, puede automante-
nerse por sus servicios a la industria, lo que indica que se podría contar con otros irradiadores
aun de mayor capacidad en la industria en co-inversión con algunas universidades del pais.

Este irradiador fue diseñado por Atomic Energy of Canada Limited (Nordion International
Inc), sus fuentes de Co-60 están encapsuladas en "lápices" de acero inoxidable sellados,
tienen una longitud de 45. 15 cm y 1.11 cm de diámetro. Cada lápiz puede tener del orden
de decenas de kilo Curies, dependiendo del tiempo de enriquecimiento en ei reactor nuclear,
con un peso total aproximado 105.6 gramos cada lápiz. Cada uno de ellos se les identifica
con un número de serie y una posición definida dentro de la piscina. El material radiactivo
está almacenado en una piscina de 5.20 metros de profundidad donde el agua es un blindaje
contra la radiación, y las paredes y piso de la piscina son recubiertas de concreto y una camisa
de acero inoxidable.

El diseño del Gammabeam 651PT es tal que permite las mismas condiciones de operación
y seguridad radiológica que un tipo industrial. Este irradiador semi-industrial consta de las
siguientes partes principales que se muestran en la figura 1.

El grosor de las paredes que sirven de blindaje a la cámara de irradiación está diseñada
de acuerdo a la capacidad máxima de carga de material radiactivo, las paredes tienen una
densidad de concreto 2.36 gm/cm3 y un ancho de 70 cm si es doble pared y en pared sencilla
de 1.22 m. Los dispositivos de seguridad en el irradiador mantienen el nivel de Habilidad en
la operación y mantenimiento preventivo, éste es verificado periódicamente de acuerdo a un
orden de importancia que se establece en el Manual de Procedimientos de Seguridad
Radiológica y de emergencia. La verificaciones y auditorías son a cargo de la Comisión
Nacional de Seguridad Nuclear y Salvaguardias de México y del proveedor. Los indicadores
de falla de operación correcta del irradiador, están en la consola de control remoto. Estos
indicadores han contribuido a evitar accidentes de consecuencias graves donde puede
involucrarse el material radiactivo.

El campo de exposición dependerá de la carga almacenada, y la exposición exterior a la
cámara de irradiación están dentro de los límites establecidos por la Agencia Internacional
de Energía Atómica y cumplen la reglamentación de la CNSNS. Los campos de exposición
dentro de la cámara de irradiación son muy bien conocidos, para ello se efectúan evaluacio-
nes de dosimetría que permite definir el área efectiva de esterilización y obtener la distribución
de dosis de este irradiador, ver la Figura 2. Todo esto permite ubicar las posiciones de
irradiación de las muestras de laboratorio, y optimizar el tiempo de irradiación de los
productos industriales.
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Figura 1. Descripción del irradiador Gammabeam 651 PT. 1. Alberca de almacenamiento de las
fuentes radiactivas. 2. Cámara de irradiación. 3. Mecanismo para el movimiento de las fuentes. 4.
Laberinto de acceso a la cámara de irradiación. 5. Consola de control. 6. Posición de las fuentes. 7.
Cuarto de compresores de aire, filtro de aire, planta purificadora de agua para la alberca, y tableros
de control.

utilización del irradiador

Los objetivos de este irradiador gamma, ya sea para fines de comercialización industrial
o para uso en investigación, son muy claros: enseñanza, apoyo a la investigación e irradiación
a la industria. Se apoya a cursos de licenciatura en la universidad, se irradian las muestras
de diferentes materiales para estudios de laboratorio y se está empleando el mayor tiempo
posible para irradiar productos a la industria, ver Tabla 1. Actualmente se están procesando
2 Toneladas por día con dosis variables, desde 5 kGy hasta 25 kGy, dependiendo del tipo de
producto o material expuesto a irradiación.
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Figura 2. Niveles de exposición en el irradiador semi-industrial Gammabeam 651 PTcon actividad
de46,776Ci.

Tabla 1
usos del irradiador GB651 PT

Diversos cormpuestos poliméricos
Ácidos, arcillas y otros

Cristales y geles

Diversos vegetales
Prueba de equipos o materiales

Cosméticos

Condimentos naturales
Material de laboratorio

Material médico

Estudios de reticulación degradación, injertos.
Investigación en evolución qufrnica y de química de
radiaciones.
Estudios de daños en estructuras y respuesta a la
radiación gamma, evaluación de propiedades
dosimétricas.
Estudios de modificación de desarrollo.
Análisis de respuesta de equipos y materiales en
atmósferas corrosivas y de envejecimiento por radiación.
Esterilización de shampoo, pinceles, brochas, lápices,
borlas, almidón óxidos.
Pimienta orégano, cilantro, ajo, cebolla, canela y otros
Esterilización de material de vidrio y plástico para cultivo
celular.
Material plástico (guantes, bo[sas, etcétera).

Conclusión

Teniendo en cuenta la capacidad baja de este irradiador, se puede apreciar en la relación
de costo un incremento de precio anual del servicio, ver Figura 3, con un tiempo real de
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operación de 20 horas diarias en 6.5 dias de la semana. Se observa que faltan horas de
operación, ello se debe a la característica particular de este irradiador manual. Pero al
aumentar la cantidad de material radiactivo al irradiador, se obtiene un incremento en la
cantidad de material irradiado y en consecuencia el costo del servicio no aumenta rápida-
mente. Los costos de operación y salarios son pagados por la universidad, parte del
mantenimiento y la compra del material radiactivo son pagados por el servicio que da el
irradiador a la industria, en promedio este irradiador puede recargarse cada año con 20 000
Ci considerando el problema del incremento del costo del material radiactivo y la depreciación
del peso, Figura 4. Dado que este irradiador fue diseñado para irradiar muestras de
laboratorio, su eficiencia para irradiar productos industriales aumenta conforme la cantidad
de material radiactivo.

S 1O 1S 20 2Í> 3O

Figura 4. Costo y producción de proceso.
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Currently Developing Opportunities in Food
Irradiation and Modern Irradiation Facilities

Robert Wanke
Director Business Development
SteriGenics International Inc.

USA

I. Factor currently influencing advancing opportunities for food irradiation include:

Heightened incidence and awareness of foodborne illnesses and causes.

Concerns about ensuring food safety in international as well as domestic trade.

Regulatory actions regarding commonly used fumigants/pesticides e. g. MeBr.

II. Modern irradiator design: the SteriGenics "MiniCell".

A new design for new opportunities.

Faster installation of facility.

Oprationally and space efficient.

Provides local "onsite control".

I Red Meat: A currently developing oportunity

In June 1994, a petition requesting authorization for commercial irradiation of red meat
was submitted to the FDA. Despite overwhelming suppoting technical data representing
scientific research conducted over several decades, the petition languished and was not acted
upon by the agency.

Although several organiztions conducted additional "consumer attitude surveys" and
organoleptic testing regarding irradiated meats, encouraging responses from the private
sector did not significantly advance the petition review.
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Unfortunately, several months ago an incident of E. Coli 0157:H7 contaminated meat
resulted in the recall of 25 million pounds of ground beef wich had been processed by the
Hudson Foods Co. In addition to the recall —by ÜSDA— a major fast food chain announced
publicly that they cancelled all future orders from Hudson. The processing plant was closed
and placed under regulatory control. Within a few weeks, the plant was sold, as was the
reminder of the company, primarily poultry processing.

These unfortunate events created incredibly media attention to the larger issue of food
safety,as well as focussing attention, particularly within the legislature, on the lethargic review
of the aging petition to permit the commercial irradiation of red meat.

Now that attentionhas been appropiately centered on an expeditious (finally) review of the
3+ year old petition, we may see approval within 6 months or so.

Question: What will happen after regulatory approval?

While we cannot definitively predict everything that will happen, we know this: Irradiation
of ground beef will become a viable option for processors, distributors and retailers wishing
to assure their customers of safe product. Irradiation will ultimately become an established
step in effective HACCP programs. Progressive, forward-thinking food companies will begin
to avail themselves of this effective technology in the ongoing battle to safeguard the food
supply.

A crucial step in the implementation of red meat irradiation will then become reviewing,
selecting and implementing irradiation processing capability within progressive meat proces-
sing firms. How long might this take?

Fortunately, much preparatory ground work has alreadybeen performed by SteriGenics in
anticipation of increased demand for food irradiation. This leads me to the second part of my
presentation today: the SteriGenics Minicell.

The "MiniCell" irradiator

Given that we design, construct and operate commercial contract irradiation facilities —12
currently operating in the USA alone—we have been listening carefully to the evolving needs
of our current customers as well as attempting to anticipate the furure needs for expanded
food irradiation capability.

Traditional gamma facilities are large "Mega-facilities", generally involving massive cons-
truction operations wich may require 15-18 months from groundbreaking to launch of
commercial operation. While such facilities perform their intended functions very well, they
are anherently capital intensive and relatively inflexible within operating parameters.

Numerous discussions with customers and potential customers lead us to the conclusion
that there is a need for irradiation facilities wich:

1. Can be constructed/co-located near customers existing facilities, to provide onsite
control of operations, including QA. In addition, onsite location minimizes both additional
material handling and ever-increasing freight cost, while reducing inventory wich may be
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distributed to the "additional operations" such as pathogen reduction/QA "hold" for test
results.

2. Offer space-efficient, design flexibility to enable incorporation into existing processing
facilities.

3. Significantly reduced timeframe from project inception to launch.

4. Reduced capital requirements, lower break-even point.

The SteriGenics "MiniCell" accomplishes each of these objectives, as I will now discuss.

1. The "MiniCell" can easily be erected on the customers' exist in site and within an existing
building. Unique, CJS-MRC approved shielding configurationsare an important feature in this
design

2. The "MiniCell" features incredibly efficient utilization of sapee and enables potential
custom-design applications unmatched by traditional "Mega-facilities". Processing equip-
ment space requirements for a basic Minicell are less than 3,000 square feet, with clear ceiling
height of about 16 feet.

3. The modular design and unique shielding configuration of the MiniCell results in onsite
erection and launch of operations from within 4-6 months total, following site/permit
approvals. This is approximately 1 year less than a traditional facility.

4. Capital requirements: The MiniCell is available under operating lease conditions through
SteriGenics. Total lease costs will vary according to capacity requirements and include
isotope. In most cases, this arrangement will enable the customer to realize the benefits of
the system without excessive out of pocket costs.

Due to the unique design and operating capabilities of the "MiniCell", we do not distribute
generic brochures, catalogues or price lists.

We offer unique, professional problem diagnosis to organizations thata may benefit from
our services.

I thank for your kind attention today.
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Regulations Related to Trading of Irradiated Food
in Europe Countries

Dieter Ehlermann
Institute of Food Engineering,

Federal Research Centre for Nutrition, Karlsruhe, Germany

Abstract

Only recently, the European Union has prepared a new draft of a Directive to
harmonize the food laws of the 15 member states with regard to food irradiation.
At present 3 members have not regulated food irradiation, 4 other members have
a total ban, the remaining 8 members have widely varying clearances. Members
of the European Economic Area (zone of associated European states) will have to
adopt such a Directive once in force. It is expected that the European Parliament
soon will pass the Directive which only provides for spices irradiated up to 10 kGy.
However, for a transition period of five years it will allow members states to
continue with national regulations. The European Single Market should provide
for free trade in any item legally marketed in any member state and, hence, for
marketing irradiated food to member states which have not yet a clearance or not
for that particular food.

Other European countries, ie the former members of the COMECON, have widely
varying clearances; some are still in the process of renewing their respective

juridical systems, and food irradiation is not a priority. For such reasons, imports
of irradiated food from such countries into the EUare difficult and diverse.
The main factor causing a lack of commercial application of food irradiation and
of inter-EU trade is the low interest of food industry and food trade. Consumer
acceptance is of second consideration. The European Directive will fulfill the most
prominent demand of consumer organization, the labelling of irradiated food with
no exception, even for the most minute ingredient.
There is no reliable information about quantities of irradiated food in Europe; for
official statistics it is considered not different from other food.
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Introduction

Radiation processing of food by ionizing radiation is not of commercial significance in
Europe; only France and The Netherlands have industrial applications worth mentioning. In
contrast, the number of clearances is considerable (see Table 1), however, there is no real
exploitation. For these both reasons together, consumers believe that there is a considerable
amount of irradiated food in the market which is unlabelled. All countries with clearances have
also regulations on labelling; but minor ingredients which usually are not mentioned on the
label are not to be listed only for the reason of radiation processing. The lack of harmonization
is considered a barrier to international trade and the European union has taken steps since
1988 without much success. The new international developments, namely the WTO-agree-
ment and the associated TBT (Technical Barriers to Trade- and SPS (Sanitary and PhytoSa-
nitary measures)-agreements and their effects are completely ignored. Only recently, the
focus of public attention has shifted towards genetically modified food where now the same
discussions take place as before on irradiated food.

Regulations ofECI-member states

Eight of the 15 members of the European union (Table 1) have clearances for radiation
processing of food ranging from limited individual applications (e.g. only spices) to permissions
for groups or classes of food and lists of individual items. Even where the same applications are
permitted the regulated radiation doses are at variance between countries. All such regulations
provide for imports in general if the radiation treatment abroad was executed in accordance with
the respective national provisions; no bilateral agreements exist, within the ECI nolonger inspec-
tions at borders are permitted and the official control of any trade is difficult.

Table 1
Food Irradiation in Europe

European Union
Clearances

Ban
No regulation

Belgium1, Denmarkf pM, FinlandSpM, France01. Italy1, The.
Netherlands, Spain, united Kingdorrr
Austria, Germany, Luxembourg, Sweden
Greece+, Ireland-, Portugal"

other than European Union
Clearances Croatia' Hungary, Norway , Russian Federation, Switzerland,

Ukraine, Yugoslavia

LEGEND: Clearances by

roup, 'ndividual, Spices, erbs, sterile Meals
+ equals permission," equals ban

underlined = commercial exploitation

Four members of the EÜ have an absolute ban of food irradiation, but of these only
Germany takes effective measures to encounter imports of irradiated food. No regulation, i.e.
not mentioning in the laws, implies a ban in Ireland and Portugal; but, in the contrary, it implies
a general permission in Greece.
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The granting of a clearance does not imply commercial utilization. In consequence, only
radiation treatment of spices in order to reduce the microbial load is a common application.
In many countries also, flexible multi-purpose irradiators are not available and only high-dose
processing of spices is technically feasible.

Regulations in other european countries

Also countries other than members of the European union have clearances for food
irradiation and practical applications for limited amounts, mostly spices. However, no reliable
information is available on kind^and quantity. Formerly, in Odessa, CJdSSR, now Ukraine, the
world's largest application took place: about 400,000 t annually of grain were irradiated for
insect disinfestation. Today it is assumed that this facility is no longer in use.

Factors affecting trade

Europe is not different from other areas, the factors hampering trade in irradiated food are
everywhere the same (Table 2). Mainly it is the fact that there is not enough quantity irradiated
in order to allow for significant trade. Furthermore, it is the lack of interest from the relevant
industries which refer for excuse to a supposed consumer resistance to irradiated products.
As a consequence, the irradiated food items already on the market are not easily visible to
the consumers and the acceptance can not be tested under practical circumstances.

Table 2
Factors affecting trade and specific problems

Trade factors

Import/export problems

- quantities available in market
- diversity of regulations/labelling
- lack of interest from industry
- presupposed consumer resistance

- within European Union (Single Market implies no-borders)
- across common Ed-borders (ie no-borders)
- mutual inspection/control
(harmonization of food control systems)

A very special situation prevails in the European Union where since 1993 a 'Single Market'
exists. It implies that there are no longer any borders for trade within the EC1. Even the problem
of different rates of value-added-tax in member states has already been overcome by
administrative measures. Any goods legally marketed in one member state must have free
access to all other member states. Imports from third party countries should comply with the
regulations of the importing ECl-member state. A harmonized regulation (see below) is not
yet in force. These unresolved issued make also national food control and inspection difficult.
Mutual agreements on this topic are not yet planned and the national food control systems -
going to be adapted to similar and common standards - are far from harmonization. This is
also true for food irradiation.

Harmonization within the European union

Already in 1988 the Commission of the EU drafted a first directive to harmonize food laws
with regard to food irradiation in member states. This draft was modified after discussion by
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the European Parliament and slightly amended in 1989. However, Germany and
Luxembourg of the at that time still 12 members, used their blocking minority. Only
in May 1997 a new draft was adopted by the now 15 members (Table 3). It consists of
a general part which is not under dispute and a 'positive list' which now provides only
for spices. The intention of the anti-members like Germany is that any application
other than spices shall finally become banned within all the EÜ. Of course, this is not
acceptable to progressive countries like France and The Netherlands. For this reason
a transition-period of 5 years shall be used to develop finally a 'positive list' binding all
15 member states. The general part of the draft demands a labelling of irradiated food
without exception, as also regulated in the Codes Alimentarius Standard on labelling.
This implies that even the most minute ingredient if processed by ionizing radiation
would have to be mentioned on the label. In Europe the analytical methods for the
detection of irradiated components in complex food are highly refined and with
corresponding high effort and costs an enforcement of such regulations seems to
become possible.

Regardless of the solution which might be found for harmonization within the EÜ it can be
foreseen that the new draft and its associated 'positive list' are not in line with WTO-, TBT-
and SPS-agreements. However, such disputes must first be brought before the WTO (cf.
'hormone meat').

Table 3
New Harmonization-Directive

(EÜ Council of Ministers, 21 May 1997)

Draft consisting of

(national laws/regulations remain valid)

- general regulation

- 'positive list'
(only spices, 10 kGy)

- transition period of 5 years

- final 'positive list'
(superseding any national regulation)

- labelling without exception

A special case in Germany

The 'Single Market' of the European Union without a harmonization of the respective food
laws of the member state is in contradiction to some specific provisions. For example,
Germany still can maintain the national ban on food irradiation and on marketing of food
irradiated in Germany. As soon as such item is legally marketed in another ECl-member state,
however, the transfer (no longer borders = no import) of such irradiated items to Germany
can not be prohibited. In a 'General Decree' (Table 4) Germany had to invalidate some legal
provisions partially. This lead to the ridiculous situation that only spices irradiated in France
may be marketed in Germany. Food inspection now has not only to detect the fact of a
previous ionizing processing but also to identify the place where this took place.
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Table 4
German speciality

'General Decree' 10 March 1997
(exemption according to §47a Federal Food Law)

- spices (list of items)
- only if irradiated in France
- marketed in EÜ or EEA member state
- intended for further commercial use
- labelling (not yet regulated)
(to make clear the deviation from 'usual consumer expectations' in Germany)

Summary

As elsewhere, the legal and practical situation of processing food by ionizing radiation is
diverse and diffuse in Europe. The European union has taken the initiative to harmonize the
laws of the member states with regard to food irradiation.
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Regulation on Trading of Irradiated Food
in Latin America

Nélida Lucia Del Mastro
IPEN-CNEN/SP
Sao Paulo, Brazil

Abstract

The international Consultative Group on Food Irradiation (ICGFI) was established
in 1984 under the aegis of FAO, IAEA and WHO, following the adoption by the
Codex Alimentarius Commission of the Codex General Standard for Irradiated
Foods and the Recommended International Code of Practice for the Operation of
Radiation Facilities for the treatment of Food.
Today, several countries from South America and the Caribbean have regular
representatives in the ICGFI. Some of the countries also have regulations about
food irradiation about food irradiation: Argentina, Brazil, Chile, Costa Rica, Cuba,
Mexico, Peru and Uruguay.
After a meeting in Peru in April 1997, Latin American countries agreed to attempt
a harmonization of national laws according to an approved regional model
regulation on irradiated food, The model legislation is based on the principles of
the Codex General Standard for Irradiated Foods and Recommended Code of
Practice for the Operation of Radiation Facilities used for the Treatment of Foods,
as well as on the relevant recommendations of the ICGFI. The model regulation
establishes the authority, objectives, scope, definitions, general requirements,
facilities, control procedures, documentation inspection, labeling and also provi-
des and advisory technological dose limits by classes of food.

It is well established that irradiation has the potential to reduce the incidence of foodborne
diseases through the reduction of pathogen contamination in foods and to also reduce
post-harvest food losses. It can be used as an effective quarantine treatment for fruits and
vegetables, and thus contribute to international trade by replacing chemicals to kill insects.
International experts in public health, food technology, microbiology and toxicology have
supported the use of radiation processing as one of the few technologies we have to improve
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the safety of certain foods, mainly from animal origin, by eliminating pathogens and
parasites*).

The International Consultive Group on Food Irradiation (1CGFI) was established in 1984
under the aegis of FAO, IAEA and WHO, following the adoption by the Codex Alimentarius
Commission of the Codex General Standard for Irradiated Foods and the Recommended
International Code of Practice for the Operation of Radiation Facilities for the Treatment of
Food<2>.

Today, several countries from South America and the Caribbean have regular repre-
sentatives in the 1CGF1. Some of the countries also have regulations about food irradiation:
Argentina, Brazil, Chile, Costa Rica, Cuba, Mexico, Peru and Uruguay.

After a meeting in Peru in April 1997(3), Latin American countries agreed to attempt a
harmonization of national laws according to an approved regional model regulation on
irradiated food, which is quite similar to the promulgated model regulation for Africa. The
model legislation is based on the principles of the Codex General Standard for Irradiated
Foods and Recommended Code of Practice for the Operation of Radiation Facilities used for
the Treatment of Foods(2), as well as on the relevant recommendations of the ICGFI. The
model regulation establishes the authority, objectives, scope, definitions, general require-
ments, facilities, control procedures, documentation, inspection, labelling and also provides
an advisory technological dose limits by classes of food.

The aim for using a model regulation on irradiated food is to ensure that the benefits of
food irradiation were achieved without risk to safety, health and the environment, but also to
increase international trade. Concomitantly, a project: IAEA-ARCAL XXIX on "Development
of food irradiation on a commercial scale" was approved for the biennium 1997-1998 where
6 countries from the region: Argentina, Brazil, Chile, Paraguay, Peru and Uruguay are involved.
One of the goals of the referred project is the establishment of national task groups with the
responsibility of updating current legislation on irradiated food in their own countries
according to that model.

Assistance to developing countries in introducing commercial-scale food irradiation was
one of the items placed on the February 1993 agenda of the IAEA Board of Governors. Since
then, by request of the respective goverments, one mission on feasibility studies for commer-
cial application of food irradiation was sent to Mexico and two to Brazil.

In 1995, in an ICGFI workshop on the implications of GATT agreements on trade in
irradiated food'4', extensive discussion took place on possible ways in which ICGFI might
expedite global trade in irradiated food. Since then, an extra effort has been applied in liaising
with food industry and trade to ensure an early adoption and application of food irradiation
in order to overcome trade problems. As established before(5), as one of the recommendations
of an Inter-American Meeting on Harmonization of regulations on food irradiation in the
Americas, Orlando, 27th November-1st December 1989, obstacles to trade, such as insect
quarantine restrictions and food-borne disease agents should be closely monitored. Food
irradiation as a method to overcome these barriers should be researched and effectively
supported by concerned authorities, both in exporting and importing countries. In my opinion,
what is important here is that there will be no increase in the application of food irradiation
by developing countries, without a simultaneous acceptance and approval by highly indus-
trialized ones.
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Latin America includes a group of countries that can be broadly classified as being in a
developing stage, meaning that a significant part of their resources are not fully utilized. Trade
provides for developing countries the key to escape their poverty cycles. One of its benefits
is to receive in exchange for their exports, not only monetary returns, but also the contribution
of new capital and technology which helps them increase their efficiency and diversify their
exports in order to obtain greater values for their initial production(6).

In the case of fruits and vegetables, an area of production for which Latin America is greatly
advantaged, trade has been the means by which a whole new industry has developed over
the past years, based on the supply of fresh off-season fruits and vegetables to the developed
nations in the Northern hemisphere. Mexico, Colombia, Ecuador, Argentina, Brazil and Chile
are the main producers of fruit and horticultural products in Latin America.. Argentina and
Chile are the main producers of deciduous fruits, while Brazil, Argentina, Uruguay and Mexico
are the main producers of citrus fruits. Honduras, Costa Rica, Colombia and Ecuador are
among the main producers of tropical fruits.

As far as the meat market is concerned, a 20% increase in beef trade is supposed to occur
between 1997 and 2005, as well as a 16% in swine meat and a 21% in poultry. The region
where imports will increase the most will be Asia/Pacific. On the American continent, the
increase in Mexican imports will be neutralized by the decrease of Canadian imports.
Nevertheless, united States imports will increase sharply, about 35%. All these estimations
were published last May, in Washington, in a report of the Western Hemisphere Association
of Meat Marketers*7*. Following the same considerations, in 2005 Argentina will export around
500,000t of beef, Brazil 400,000t and the USA 1.4 million tons. The main imports will first
take place in the USA and Japan with 1.2 million tons each, followed by Russia with more
than 600,000t, South Korea with 400,000t and Mexico and Canada 200,000t each.

In 1996, three countries from Latin America, Brazil, Mexico and Argentina ranked in the
first 15 countries in terms of attraction of investments^. As can be noticed, the region has a
huge potential for trading in irradiated foods.

In any case, we cannot expect further increase in trade of irradiatiated food without
significant increase in international trade as a whole. This will become possible by reducing
the gap between developed and developing countries. The ÜNCTAD(8> warns that the social
and economical disparity among the countries and even inside them is reaching such
proportions, that the phenomenon of globalization itself is at risk as a consequence of
occasional political reactions coming from either the industrialized North or from the
developing South. Those reactions might compromize beneficial reforms already adopted by
the developing countries in the last years and reduce the rhythm of realizations resulting,
precisely, from the globalization.
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Regulations on Trading in Irradiated Food in Africa

Ingrid De Bruyn
Atomic Energy Corporation of South Africa

South Africa

Abstract

Few African countries currently have regulations to allow industry to sell irradiated
food. In order to help countries write their own regulations on AFRA workshop on
"Guidelines foradapting and Preparing Harmonised Legislation on Food Irradia-
tion" was held in Accra, Ghana during October 1995. The aim was to create
harmonised Legislation throughout AFRA, ASEAN and Latin America regions.

Introduction

Few African countries have regulations to allow industry to sell irradiated food. In order to
solve this problem an AFRA workshop on "Guidelines for adapting and preparing harmonised
Legilation on Food Irradiation was held in Accra, Ghana, during October 1995. The workshop
was well attended by delegates representing 10 African countries. Each country was repre-
sented by a representative from the authorities and a scientiste involved in food irradiation.

Regulation

The AFRA model was drafted and accepted by delegates. It is based on the ASEAN model,
which aims to legislate food irradiation accordin to food classes. The ASEAN model is again
based on the Codex Alimentarius Standars on Food Irradiation.

Status in Africa

South Africa

In South Africa irradiated food may be sold after approval has been obtained from the
Department of Health to irradiate a specific item at a specific irradiator for a specific client. If
another client wants to irradiate the same product, new clearance has to be obtained.
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Egypt

The Egyptian authorities have cleared the sale of irradiated dried spices, onions and garlic.

Ghana

Ghana is preparing food irradiation legislation, which will be enforced by the Ghana
Standards Board.

Conclusion

The AFRA model, which was adopted by all countries present, will be a valuable tool for
promulgating and enacting harmonised legilation in the African continent.
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Commercial Developments in Food Irradiation
in North America

Frank Fraser
MDSNordion

Canada

Introduction

The 1990's mark significant progress in the commercialization of food irradiation in the
USA. This progress is, to a large extent, the result of a long list of approvals by the CIS Food
and Drug Administration (FDA), which started in earnest in 1986 by the approval of pork,
fruits, vegetables, grains, enzymes and dry ingredients. With the establishment of the first
dedicated food irradiator in Rorida and the subsequent approval by FDA and CISDA of fresh
and frozen raw poultry, as well as the pending approvals of red meat and seafood, combine
into a complete set of positive conditions for a successful commercial launch.

Food technology services LTD

When Food Technology opened in January of 1992, they were only approved to irradiate
fruits and vegetables. During the remainder ofthe fruit and vegetable season in Florida that
year, strawberries, tomatoes, onions and mushrooms were shipped to retail stores in Illinois,
Ohio, Indiana and Rorida. The products were displayed in the stores with the required signage
letting the consumer know the product had been irradiated. Non-irradiated products were
also made available. The irradiated products sold at a ratio as high as 20/1 over nonirradiated
products even though the irradiated products sold at a higher price. This made a strong case
that irradiated foods would be purchased by the consumer when the products were available.

nations pride

Nations Pride was set up in January of 1992 to be a sales and marketing company for
irradiated food products and also to establish some brand identity for irradiated foods in the
market place. In the beginning it was felt that there would be some resistance from the poultry
processors having their label associated with irradiation. By establishing the Nations Pride
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Label, we could make it possible for a processor to enter the market place by using the Nations
Pride Label to find out what consumer acceptance would be for irradiated foods.

Poultry irradiation, regulatory developments

In October of 1992 FS1S approved the irradiation of fresh and frozen raw poultry. The
petition to do this had been submitted about 2-1/2 years prior to its approval. The approval
to irradiate poultry was only the first step in getting the whole package put together. Still to
come was approval for the packaging film, the soaker pad, and the Styrofoam tray. The
regulations state that any packaging material that comes in contact with the poultry must be
approved for irradiation. The FDA ruled that the only film approved for use on irradiated
poultry must be an oxygen permeable film. This approval did not come until 9 months after
the final approval on poultry. The next step was to get approval for the soaker pad that fits
inside the tray to soak up any moisture that might be released from the poultry. This took
three attempts before the final approval was given. Clearance for the soaker pad, in the first
attempt, was denied because the pad was held together with adhesives and no studies were
available for this. The second attempt was made on a soaker pad containing no adhesive but
was constructed from recycled paper. This was also turned down because no studies were
available. The third attempt was successful with a soaker pad made from virgin paper and no
adhesives. It took 6 months to get this approval.

The final step on the packaging approval was to get the Styrofoam tray approved. The
Amoco Company had agreed to have the research done and submit the petition for approval
since they were a major manufacturer of Styrofoam trays to the poultry industry. After 21/2
years the tray was finally approved but instead of approving a yellow colored tray that the
poultry industry uses, they approved a white tray, until the yellow tray is approved, we will use
the white tray.

Poultry irradiation early marketing efforts

While we were waiting for these approvals on poultry and packaging materials, a source
to supply us with poultry needed to be found. Over the next 6 months, a number of poultry
processors were visited and all of them said they had no problem with irradiation and agreed
that it would eliminate their major problem of salmonella contamination. They all agreed that
shortly they would be using the irradiation process, but none wanted to be the first one. Their
reluctance to be first was due to their not wanting to be harmed by an activist group. One of
these groups had threatened to picket the stores where the product would be sold. This activist
group has made many threats since we started in 1992 but has never carried any ofthem
through.

Poultry irradiation / the metamorphosis

In the beginning this activist group had been able to get coverage in the news media on
television and newspaper and put out a lot of negative information about irradiation. After a
short while, the news media found the information this group was putting out was totally false.
Now we hear nothing but positive things from the newspaper and television media.
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Consumer education

We knew from the beginning that we would need to develop an ongoing education program
for the consumer to explain to them the benefits of food irradiation. We decided that this
could be accommodated by developing good and informative advertising pieces and brochu-
res to be used at trade shows and seminars.

A strong effort was made to speak about food irradiation to as many service clubs and
chefs associations as possible. We were very successful in these areas and were able to remove
any doubts that some consumers might have. These meetings were so successful that we
were being asked to speak at more meetings than we could attend.

Show attendance

The other area we felt was necessary to help with the education was the participation in as
many national and state trade shows as possible. Since 1992, we have participated each year
in the National Restaurant Show, The Food Marketing Institute, The International Poultry
Expo, The National Hospital Association, the State of Florida International Food Expo, united
Fresh Fruit and Vegetable Association, Produce Marketing Association, International Meat
Industry and a number of food service distributors food shows.

Experience at the 1994 Florida State fair

In February of 1994, Nations Pride distributed irradiated chicken wings at the Florida State
Fair in Tampa. The experience and insights gained in handing out 23,000 samples to fair
goers, supported many ofthe observations made in the above paragraphs. It also taught us
something new and useful.

Nations Pride offered fairgoers samples of irradiated chicken wings and strawberries from
its booth in one of the fairgrounds permanent pavilions. About 23,000 chicken wings and
5,000 strawberries were distributed over 17 days, making it the largest informal consumer
survey ever performed with actual irradiated foods. Over 95% ofthose offered a sample,
accepted and ate it. The fairgoers formed a representative sample of American consumers.
All visitors were told that the chicken was irradiated to reduce Salmonella and that the process
was approved by the U.S. Food and Drug Administration and the American Medical Associa-
tion. Only 6 people made verbal objections to irradiated foods over the 17 day period.
Twenty-eight thousand samples were consumed and long line-ups were frequent.

Next steps

After all of this, why have we not progressed further? I would have to answer that by saying
what 1 said earlier, and that is the reluctance of major poultry processors to step forward and
say "yes I am willing to be first." This could be changing soon. We have recently had a large
processor of food service poultry step forward and enter into a marketing agreement with
Food Technology, Nations Pride and MDS Nordion. That Company is Filet of Chicken located
in Atlanta, Georgia. Filet ofChicken will fümish us with poultry packed under the Nations Pride
Label as well as marketing & sales and transportation help. We also had Harrison Poultry in
Georgia agree to pack I.Q.F. frozen retail poly bag chicken parts for us under the Nations
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Pride label. These two processors give us the ability to market to all segments of the Food
Service, Health Care and Retail areas.

Supwiciry

We have made considerable progress since our beginning in January 1992. We feel
strongly that there will be á bright future for food irradiation. We feel the consumer will §ppn
feel about food irradiation the same way they feel about pasteurization, and that is aricitHer
way to assure safe foods for their families.
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International Standards, Agreements and Policy
oñ Food Irradiation

Péter B. Roberts
Institute of Geological and Nuclear Sciences

Lower Hutt, New Zealand

Abstract

There aré few internationally recognised standards and agreements related to
irradiated foods. Codex Alimentarios has its General Standard for Irradiated Foods.
This sets standards for the production of irradiated foods that are safé and
nutritionally adequate. Guidelines fur the proper processing of foods by irradiation
are covered in the Codex Recommended International Code of Practice for the
Operation of Radiation Facilities Used for the Treatment of Food.
For irradiation as a quarantine treatment ¡or fruit, vegetables and other plants, the
relevant international organisation is the international Plant Protection Convention
(IPPC), ¡PPC has no standards or guidelines for irradiation treatments. However,
regional organisations within IPPC are moving towards recognition of irradiation
as a technically viable and effective method of insect distnfestation. Espacially
notable are actions within the North American Plant Protection Organisation
(NAPPO). NAPPO has endorsed a standard on the use of irradiation as a quarantine
treatment.
Other speakers have provided considerable detail on the Codex Standard and on
the situation with regard to quarantine issues, ¡n this talk I will concentrate on
irradiated foods as commodities that will be traded internationally in increasing
amounts as we approach the next century.
International trade is governed by bilateral arrangements. However these arran-
gements should be consistent with the overarching multilateral agreements of the
World Trade Organization (WTO) . The WTO Agreements do not refer directly to
irradiation or irradiated foods. However, in this talk I will try to interpret the
implications of the Agreements for trade in irradiated food.



122, Seminario Nacional de Irradiación de Alimentos

Introduction

There are few internationally recognised standards and agreements related to irradiated
foods. Codex Alimentarius has its General Standard for Irradiated Foods. This sets standards
for the production of irradiated foods that are safe and nutritionally adequate. Guidelines for
the proper processing of foods by irradiation are covered in the Codex Recommended
International Code of Practice for the Operation of Radiation Facilities Used for the Treatment
of Food.

For irradiation as a quarantine treatment for fruit, vegetables and other plants, the relevant
international organisation is the International Plant Protection Convention (IPPC). IPPC has
no standards or guidelines for irradiation treatments. However, regional organisations within
IPPC are moving towards recognition of irradiation as a technically viable and effective method
of insect disinfestation. Especially notable are actions within the North American Plant
Protection Organisation (NAPPO). NAPPO has endorsed a standard on the use of irradiation
as a quarantine treatment.

Other speakers have provided considerable detail on the Codex Standard and on the
situation with regard to quarantine issues. In this talk 1 will concentrate on irradiated foods as
commodities that will be traded internationally in increasing amounts as we approach the
next century.

International trade is governed by bilateral arrangements. However these arrangements
should be consistent with the overarching multilateral agreements of the World Trade
Organisation (WTO). The WTO Agreements do not refer directly to irradiation or irradiated
foods. However, in this talk I will try to interpret the implications of the Agreements for trade
in irradiated food.

Irradiated foods and trade

Irradiation can assist with

- compliance with food hygiene standards

- compliance with quarantine restrictions

- storage technologies

- control of maturation, decay, shelf life

Irradiation can therefore increase the ability of exporting countries to offer novel or
out-of-season products to importing countries, or to meet excess demand. The barriers to
trade in irradiated foods include -

- regulations which are not harmonised

- protectionism and non-tariff barriers

- industry caution
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- political caution

The WTO Agreements relate to the first and, particularly, the second of these barriers.

World Trade Organization

The WTO was established as a successor to the General Agreement on Tariffs and Trade
(GATT). The final round of talks under GATT, the Uruguay round, paid far greater attention
to food and agricultural commodities than previous rounds. The Uruguay round was
completed in December 1994 and involved several individual agreements. The purpose of
the talks was to liberalise global trade and, particularly, to minimise the use of technical
(non-tariff) barriers to trade.

Governments that ratify the Agreement to establish the WTO automatically agree to be
bound by all multi-lateral trade agreements attached to the main Agreement. The Agreement
sets out procedures to settle trade disputes. However, only when a trade barrier has been
challenged and ruled upon can the exact meaning or legal standing of clauses within
Agreements be resolved. As no rulings on trade in irradiated foods have been made, any
interpretation has to be preliminary at this stage.

General principles

The WTO Agreements -

- maintain the sovereign rights of Governments to take all necessary measures to meet
legitimate objectives (e.g. national security, health, prevention of deceptive practices).

- forbid misuse of measures for protectionism or for creating unnecessary trade barriers.

- affirm that levels of protection (e.g. for health) cannot be challenged; however, measures
taken to achieve that level can be challenged.

- demand that measures shall not be more trade restrictive than necessary to achieve the
legitimate objective; the least restrictive measure should always be taken.

Trade in food and agricultural commodities may be affected by both the principal
Agreements within the overall WTO Agreement. These are the :

(1) Technical Barriers to Trade (VET) Agreement

This concerns any measure relating to a wide range of legitimate objectives. Examples
would be regulations on labelling, deceptive practices, consumer rights. Issues such as
regulations concerning extension of shelf-life, storage, organoleptic properties of food would
come under TBT.

(2) Sanitary and Phytosanitary (SPS) Agreement
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This concerns any measure related to the specific objective of prbtéctirig the health of
human, animal or plant life. The §PS could be regarded as a special exception to TBT. As a
more specific Agreement, the SPS takes precedence over the TBT.

SPS Agreement

The SPS Agreement recognises relevant international standards guidelines and recom-
mendations of competent organisations, including the :

Codex Alimeritarius Commission (Food Safety and Human Health);

International Office of Epizootics (for Animal Health);

International Plant Protection Convention (for Plant Health);

We have already noted that CbdeX has a World-Wide General Standard for irradiated Food.
Also regional organisations Within IPPC are moving towards recognition of irradiation as a
technically Viable and effective method of insect disihfestátion for quarantine purposes.

The SPS Agreement has as its basis :

(a) the right of Governments to establish the level of protection they consider necessary;

(b) national measures shall be based on international standards, guidelines and recom-
mendations where these exist, and on scientific evidence and risk assessment;

(c) countries can take measures fnbfé stringent than international standards etc, if they
have scientific evidence, or if the standards do not provide their acceptable level of protection,
as shown by rigorous risk analysis procedures.

(d) the equivalence of different measures to achieve the level of protection is to be
recognised;

(e) decisions on acceptable level of risk cannot be varied from situation to situation (or
measure to measure);

(f) importers may take precautionary measures while awaiting further scientific evidence;

(g) exporters can request reasons, or ultimately challenge, if restrictive measures are not
based on international standards.

There is a general consensus that trade restrictions on irradiated foods based on a need
to defend public health could be difficult to justify. This is because of the requirement of the
SPS Agreement to account for international standards and scientific evidence. There is a vast
amount of scientific data on the safety of irradiated food and its efficacy as a plant quarantine
treatment. Further, there is a Codex General Standard which permits irradiation of any food
up to an overall average dose of lOkGy.
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TBT Agreement

The TBT Agreement requires:

(a) relevant scientific data and risk assessment to be taken into account;

(b) deviations from relevant international standards to be explained if requested;

(c) any measure taken to be the least restrictive to trade possible; note that a ban is usually
the most restrictive measure possible.

There is & general consensus that as scientific evidence is only to be considered arid is
not a mandatory requirerfieriti restrictions falling within the TBT will be easier to defend.
However, it should be noted that consumer issues can generally best be dealt with by labelling
requirements rather than by bans, and that there aré international labelling standards.

Summary

The SPS and TBT Agreements are jbairt of international efforts to liberalise world trade.
Measures restricting irradiated foods that -

- have nó scientific justification;

- are more stringent than for competing processes when subject to á risk analysis;

- could be replaced by less trade restrictive measures;

have the potential to be challenged under the §PS and TBT Agreements.

The Agreements are part of a general trade environment that would see significant growth
in exports of food from Mexico, including in irradiated foods.
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El Tratado de Libre Comercio en la Aplicación
de la Irradiación de Alimentos

Andrés Rosenzweig P.
Director General de Estudios del Sector Agropecuario

SAGAR, México

Es un honor estar con ustedes el dia de hoy para discutir el uso de la irradiación de
alimentos. Agradezco al Instituo Nacional de Investigaciones Nucleares la oportunidad de
participar en este Seminario.

De acuerdo con las explicaciones previas que nos dio el Insituto Nacional de Investigacio-
nes Nucleares, se desprende que la tecnología de irradiación de alimentos ha sido aprobada
y aceptada en varios países tales como EE. CICI., Francia, Alemania, Canadá entre otros.

En los EE.ÜÜ, la irradiación de alimentos se utiliza a nivel comercial como método de
protección a la salud humana en algunos productos.

La Secretaría de Agricultura, Ganadería y Desarrollo Rural no ha recibido ningún plantea-
miento fomal relacionado con el uso de la irradiación de alimentos en el comercio exterior.
Dado el gran potencial que brinda esta tecnología para prevenir daños a la salud humana,
las plantas y los animales, existe la mejor disposición de la SAGAR de analizar a fondo esta
tecnología, basándose en los datos y la experiencia que han sido aportados por la comunidad
científica nacional e internacional en este campo.

uno de los aspectos en los cuales se debe profundizar es en la difusión de esta tecnología.
A través de distintos medios de comunicación debe darse a conocer con detalle a los
consumidores, a efecto de que conozcan los beneficios que ésta brinda, y queden plenamente
convencidos de que los alimentos irradiados no representan daño alguno para su salud y la
preservación del medio ambiente.

Tanto en la Organización Mundial del Comercio, como en el Tratado de Libre Comercio
de América del Norte, no existe disposición explícita sobre el uso de la irradiación de
alimentos. Cada país tiene la posibilidad de fijar los niveles de protección en materia sanitaria
y fitozoosanitaria que consideren convenientes, siempre y cuando existan argumentos
científicos que los respalden. Igualmente, en dichos acuerdos se establece el principio de
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equivalencia, es decir, que un país exportador puede utilizar diferentes métodos para
garantizar la seguridad de los alimentos que exige el país importador. En los acuerdos ya
mencionados, se reconoce el concepto de "Zonas libres de enfermedades y plagas".

México produce una gran variedad de productos agropecuarios. Persisten todavía seg-
mentos de la producción en los cuales no ha sido posible erradicar algunas plagas y
enfermedades. Sin embargo, el concepto de Zonas libres ha permitido a México penetrar en
nuevos mercados, y en este sentido la irradiación de alimentos puede ampliar aún más los
mercados potenciales para los productos agropecuarios.

En el caso de algunas importaciones y exportaciones agropecuarias se utiliza el método
de fumigación con bromuro de metilo y, en algunos productos, se utiliza el tratamiento
hidrotérmico. Por lo que se refiere al bromuro de metilo ha sido demostrado científicamente
que produce daños a la capa de ozono del planeta. De hecho, en el Protocolo de Montreal,
del cual México es signatario, se establece la necesidad de disminuir gradualmente su uso,
y en caso de que exista un método alternativo, se eliminaría completamente su utilización.

El tratamiento hidrotérmico, por su parte, incide en los costos de productos y disminuye
la vida de anaquel de los productos perecederos. En este sentido, la irradiación de alimentos
traería consigo grandes beneficios para su comercialización, ya que los productos tratados
con esta tecnología tienen una mayor vida de anaquel.

En conclusión, el desarrollo de nuevas tecnologías para evitar problemas fitozoosanitarios
es uno de los retos más importantes en el umbral del siglo XXI, ya que de otra suerte la
expansión del comercio mundial sería menor y no podrían aprovecharse al máximo las
ventajas comparativas de cada país.
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The Application of Irradiation to Phytosanitary
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Washington, D.C. USA

Abstract

the first formally adopted regulatory policy for irradiation as a phytosanitary
treatment in the united States was issued in 19f}9 and was based on Title 7 of the
Code of Federal Regulations . These regulations authorized irradiation as a
quarantine treatment for papayas intended for movement from the State of Hawaii
tó the continental united States (Ü.S.), Guam, Puerto Rico, and the Ü.& Virgin
Islands, this authorization was specific for commodity, place of origin, and
program, but was designed for a complex óf three fruit flies rather than a single
pest Routine commercial shipments were never realized under this regulation due
to the lack of a treatment facility in Hawaii. However, the authorization has proven
useful from the standpoint of beginning to establish policies for irradiation as a
phytosanitary treatment in the united States.
The United States Department of Agriculture (CJSDA), Animal and Plant Health
Inspection Service (APHIS), Plant Protection and Quarantine (PPQ) remains dedi-
cated to using the most up-to-date, appropriate and least intrusive technology to
provide quarantine security. The need for alternative treatments for pest mitigation
systems is greater than ever. Global trade pressures and the possible loss of methyl
bromide make it imperative that all practical treatment options be explored.
Since 1989 irradiation treatment concepts have matured significantly. Technolo-
gical advances, greater experience, and an increasingly larger body of research
indicate that irradiation has important potential as a treatment for quarantine pest
problems. It is in this light that PPQ is expanding its regulatory framework, is
addressing irradiation treatment options, and is developing comprehensive policy
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statements intended to facilitate the development and Normalization of new
treatments for phytosanitary applications^

Policy summary

. :|es

whicji remain valid to the extent that tHey would apply to any new PPQ regulations for
irradiation as a phytosanitary treatment. Tríese principles or policies which to commodities
shipped between various areas within the U.S. are: (1) requirement that irradiation facilities
meet APHIS standards that are now being developed; (2) monitoring based on inspection of
treatment records and unannounced visits; (3) policy that CJSDA is not responsible for damage
to the product resulting from intolerance to the prescribed dose; (4) reliance on the authority
and regulations of the U.S. Nuclear Regulatory Commission (NRC) to ensure that U.S. facilities
are constructed and operated in a safe manner; and (5) reliance on the U.S. Food and Drug
Administration (FDA) to ensure that irradiated foods are wholesome for human consumption.

Due to the range of commodities, pests, treatments, and operational issues potentially
involved with the approval of irradiation treatments for phytosanitary problems, APHIS has
identified 28 additional policies spelled out in Reference 2 to provide the necessary clarity and
completeness for the broad spectrum of potential treatments utilizing irradiation technology.
These additional policies take into account new information needs to be considered in
adjusting existing policies, and program designs for unique situations created by authorizing
treatments conducted outside the U.S.2 Exporters, importers and others interested in utilizing
radiation technology and exporting to the U.S. should review these policies which are intended
to clarify numerous questions centered around the use of irradiation as a treatment for
phytosanitary problems.

Treatment protocol

1. General PPQ Requirements for the Acceptance of Irradiation as a Quarantine Treatment

Irradiation as a single treatment, part of a multiple treatment, or combined with other pest
mitigation measures as a component of a systems approach, must have a scientifically
demonstrated level of efficacy. The research necessary to demonstrate efficacy for PPQ begins
with laboratory scale tests designed to provide results that can be analyzed statistically to
hypothesize the parameters necessary to attain a defined level of quarantine security.

unlike most other PPQ treatment approvals, irradiation may not always require a second
level of confirmatory testing to demonstrate that the treatment is efficacious under commer-
cial treatment conditions. Therefore, the equipment and dosimetry for a specific treatment
facility shall be approved and monitored by PPQ to ensure that commercial treatments comply
with the treatment schedule. However, determining the feasibility of treatments for commer-
cial applications is outside the scope of PPQ s authority and responsibility. Likewise, concerns
related to phytotoxicity and quality are not the responsibility of PPQ. The research and
commercial sectors will therefore need to ensure that proposed treatments demonstrated as
efficacious against pests of quarantine concern are also practical for commercial use.
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2.General research protocol

a. Determination ofpest(s) of quarantine significance

A list of pests of a quarantine significance that would be expected to be found on or within
the commodity at the time of export should be submitted to PPQ. PPQ will assess the risks
associated with any quarantine pest(s) and will determine if irradiation or other treatments
serve as a means of mitigating the risk(s) identified in the risk analysis process.

b. Determine the most tolerant life stage

For pest(s) expected to be on the commodity at the time of treatment, the life stage that
is most tolerant to irradiation must be determined. If this information is not documented in
the literature, it must be determined through research. This research can be done on the
naked pest outside the commodity, and this information must be submitted to PPQ for
concurrence.

c. Minimum dose (Dmin) absorbed

The means of determining absorbed dose, the calibration of the dosimetry system and the
dose uniformity must be described in detail and in accordance with relevant accepted
standards, such as those published by American Society of Testing and Materials (ASTM) or
similar organizations. Experimental design must utilize sampling methods and sample sizes
appropriate for statistical tests. Efficacy may be inferred from the literature for related species
and commodities when laboratory investigations are not possible. Quarantine security may
be defined in terms of mortality or in terms of other criteria that would ensure survivors would
not be able to reproduce and also are not confused with untreated pests encountered inside
and outside the commodity. In the case of fruit flies, PPQ has established the criterion as the
non-emergence of adults, referring to interruption of the developmental sequence leading to
an adult that cannot emerge from the commodity.

The experimental design must show that, by testing large numbers of organisms, the
proposed irradiation dose will provide quarantine security. The data must be analyzed
statistically and submitted to PPQ for concurrence. The proposed treatment methodology
describing conditions necessary for commercial application along with specification of Dm¡n
and Dmax must be submitted to PPQ for review. The quarantine security for a single fruit fly
treatment is defined as the prevention of adult emergence at the 99.9968 percent level with 95
percent confidence as demonstrated statistically. For other pests, quarantine security is defined
as 99.9968 percent sterility or mortality at the 95 percent confidence level depending on the pests.
Information on quarantine security is fully described in the 1996 APHIS policy statement.2

3. System integrity

The policy measures to ensure system integrity in the application of irradiation as a
phytosanitary treatment focus on pretreatment, treatment, and posttreatment conditions as
well as required documentation and monitoring.
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Pretreatment conditions require packers and treatment facilities to maintain records
concerning the sources of commodities; how untreated commodities are stored and handled
in the irradiation facility; and packaging requirements.

Treatment conditions include the accurate measuring and monitoring of the minimum
absorbed dose prescribed by PPQ; standardization of the absorbed dose range which includes
dose mapping of the minimum and maximum dose regions utilizing calibrated dosimeters;
facility requirements; and other procedures prescribed by PPQ to ensure that the validity of
the overall treatment procedure.

Post treatment conditions are critical. For some commodity treatments, the pests may
continue to live and develop following treatments. Therefore, confidence in the adequacy of
irradiation treatments rests with the assurance that the treatment is efficacious against the
pest under specific conditions and has been properly conducted and the commodity
safeguarded. Ensuring that these conditions are met requires strict research protocols,
dosimetry, well designed and closely monitored systems for treatment delivery, and safe-
guards that assure system integrity. Also, following treatment, packages must be marked and
labeled with the treatment lot numbers and other identifying features which provide sufficient
information for tracing the products source.

A phytosanitary certificate will be accepted as certification of treatment. Minimum infor-
mation to provide includes identification of the shipment by treatment lot and certification of
the target minimum dose and the verified minimum absorbed dose. The treatment operator
must have reliable and probative evidence of correct treatment for each lot certified.

Current initiatives

1 .Doses for fruit flies

The Agricultural Research Service (ARS) has conducted an exhaustive review of the
scientific literature regarding the efficacy of irradiation treatments for fruit flies in fresh fruits
and vegetables with the goal of determining whether fruit fly generic dose could be recom-
mended. The results of this review are given in Table I2.

Table 1
Summary of fruit flies and minimum irradiation dosages required for phytosanitary treatment
Tephritid species
Bactrocera dorsalis
Ceratitis capitata
Bactrocera cucurbitae
Anastrepha suspensa
Anastrepha ludens
Anastrepha obliqua
Anastrepha serpentina
Bactrocera turoni
Bactrocera iarvisi
Bactrocera latrifons

Common Mame
Oriental fruit fly
Mediterranean fruit flv
Melon flv
Caribbean fruit fly
Mexican fruit flv
West Indian fruit fly
Sapote fruit flv
Queensland fruit fly
(No common name)
Malaysian fruit fly

Min. Absorbed dose
250
225
210
150
150
150
150
150
150
150
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The doses in Table 1 are generic in the sense that the per scribed dose is deemed
appropriate regardless pf the commodity. lr\ cases where more than one of t̂ ie listed species
is pf concern, the prescribed «Jose would be the $ose for the most radiation tolerant species.

2.Modificatipn pf 7 CFR 318.13-4Í (Papaya from Hawaii),3

The regulations in 7 CFR 318.13-4Í1. published in ^989 have not been used fpr routine
commercial shipments due to the lack of a radiation treatment facility in Hawaii. This
regulation was amended on July 10, 1997, to include, in addition to papayas, carambolas
and litchis and to increase the treatment dose from 150 Gy to 250 Gy for the tri-fly complex.
Also, litchis must be inspected and found free of the litchi fruit moth and other plant pests.
In this amendment, irradiation treatment may be done in Hawaii or in non-fruit fly supporting
areas of the mainland united States. This regulation includes several amendments to the
requirements for irradiation procedures and facilities and the handling of treated and
untreated fruits and vegetables. It also amends the definition of inspector to allow State plant
regulatory officials as designated by the APHIS Administrator. As a result of this amendment,
over 95,000 pounds of papaya, rambutan, litchi, carambola, banana, Korean melon, otemo-
ya, mango, sweet potato and Chinese taro have been irradiated near Chicago, Illinois and
sold routinely at 180 retail outlets in several Midwestern states and in California. There was
no reluctance from consumers to purchase these irradiated fruits.

3.CJniversal Treatment for Logs, Lumber and unmanufactured Wood Products

Russian researchers have conducted research and provided data in support of adopting a generic
dose for treating raw logs. PPQ formed a science panel in 1995 to establish a research protocol,
review data, and oversee the research effort toward a generic dose providing probit 9 mortality for
all organisms of concern in logs from Russia. If approved, the treatment will be included among the
universal treatment options in 7 CFR 319.404. Further, interest is high in exploring the full potential
to use irradiation as a means of solving phytosanitary problems in raw wood products.

Summary

This paper has outlined the policies of the Animal and Plant Health Inspection Service
regarding the use of irradiation for plant pests of quarantine significance in the United States.
In developing this policy statement, all contemporary information concerning irradiation as
a phytosanitary treatment or potential treatment was reviewed and evaluated. This information
has been examined against the background of regulatory and operational parameters
associated with APHIS, Plant Protection and Quarantine (PPQ) mission and authority. The
objective of the policies is to generate a reference document that describes policies,
procedures, and regulations specifically related to irradiation as a phytosanitary treatment.
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Irradiación de Alimentos
Legislación Vigente

Maricela Verdejo S.
Secretaría, de Regulación y Fomento Sanitario

Dirección de Riesgos Radiológicos
SSA, México

Resumen

La legislación oigente en México en Materia de Irradiación de Alimentos tiene
fundamento en la Constitución Política de los Estados unidos Mexicanos, en sus
artículos 4o. por lo que se refiere a la Secretaría de Salud, 27 a la Secretaría de
Energía y 123 a la Secretaría del Trabajo y Preoisión Social.
Las leyes y reglamentos emanados de la propia Constitución establecen los
lineamientosgenerales que dan el marco normativo a esta actividad. El reglamen-
to General de Seguridad Radiológica expedido por la Comisión Nacional de
Seguridad Nuclear y Salvaguardias, plantea las especificaciones que deben
cumplir las instalaciones industriales que utilizan radiación ionizante, entre los
que que se encuentra este giro; asi como los requisitos para los responsables de
seguridad radiológica y de la operación de estos establecimentos. El proyecto de
Reglamento de la Ley General de Salud en Materia de Control Sanitario de Bienes
y Servicios, que en breve tiempo habrá de ser oficializado, incluye un capítulo
específico para la irradiación de alimentos que considera las recomendaciones de
los Organismos Internacionales y la armonización reglamentaria planteada para
América Latina, cuya elaboración estuvo a cargo de una grupo especializado en
el que participó México.

Adicionalmente, la Secretaría de Salud cuenta con una Norma Oficial Mexicana
NOM -033 - SSA1 -1993 "Irradiación de Alimentos; Dosis permitidas en alimentos,
materias primas y aditivos alimentarios" vigente desde el ario 1995, en la que se
establecen los requisitos asociados a los registros de control, constancias de
servicio y los límites de dosis para diferentes grupos de alimentos, además de los
lineamientos específicos para su proceso. Esta norma habrá de ser igualmente
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adecuada considerando la actualización del Reglamento de Bienes y Servicios y
los límites que establece el Reglamento para América Latina.
Las leyes asociadas cubren en términos generales lo que habrían de ser los
requisitos para irradiación de alimentos aunque como tal no se maneja el término.

1

Articulo 4

RRADIACIÓIM DE ALIMENTOS

Constitución Política
de los Estados Unidos Mexicanos

Secretaría
de Salud

Artículo 23
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REGLAMENTO GENERAL DE SEGURIDAD RADIOLÓGICA
IRRADIACIÓN DE ALIMENTOS TIPO IA

Requisitos del Encargado
de Seguridad Radiológica

Requisitos de permisos
y licencias

• Construcción
• Operación

• Profesional (Física, Química, Biología)
• Curso avanzado de seguridad radiológica
• 3 años de experiencia
• Residencia en la localidad

• Informe de Seguridad Radiológica (Manual)
• Diseño de la instalación
• Organización
• Programas de garantía de calidad
• Fuentes de radiación
• Plan de emergencia
• Estimación de equivalente de dosis
• Impacto ambiental

• Fianza o caución garantizando
daños a terceros

REGLAMENTO DE CONTROL SANITARIO
DE BIENES Y SERVICIOS
IRRADIACIÓN DE ALIMENTOS

Objetivo

• Descontaminar
• Esterilizar
• Desinfectar
• Retrasar maduración
• Prevenir germinación
• Prolongar conservación

Esterilizar envases para alimentos
Esterilizar alimentos para pacientes

Fuentes • Rayos gamma (^Co, 137Cs)
• Haz de electrones
• Rayos X
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REGLAMENTO DE CONTROL SANITARIO
DE BIENES Y SERVICIOS
IRRADIACIÓN DE ALIMENTOS

• Lotes
• Irradiaciones repetidas
• Límite de dosis absorbida media global acumulada: 10 kGy
• Establecimientos especializados

>• Laboratorio
>• Area de almacenamiento
>- Señales de peligro
>• Vestimenta y dispositivos de protección
> Registros dosi métricos

REGLAMENTO DE CONTROL SANITARIO
DE BIENES Y SERVICIOS
IRRADIACIÓN DE ALIMENTOS

• Etiqueta e identificación documental

>• "Producto irradiado"
• Símbolo internacional
• Ingredientes

• Envases

• Seguros
• Material no contaminante
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DOSIS DE APLICACIÓN PERMITIDA

•

•

•

PRODUCTO

Bulbos, raíces y tubérculos
Frutos frescos y vegetales
Cereales
Pescado y productos del mar
Pollo
Cerdo

DOSIS
MÍNIMA MÁXIMA

0.05
0.01 -0.15

0.15

0.5-2.0

1.0-2.0

0.3
Hierbas secas, frutas secas, condimentos 0.15 - 5.0
Productos deshidratados 2.0 -10.0

0.2
1.0-2.5

1.0
2.0-5.0
3.0-7.0

1.0
1.0-10.0
5.0-10.0

NOM-033-SSA1-1993
<DOF 7 de marzo de 1995)

IRRADIACIÓN DE ALIMENTOS: DOSIS PERMITIDAS
EN ALIMENTOS, MATERIAS PRIMAS Y ADITIVOS ALIMENTARIOS

Producto
Lote
Fuente utilizada
Dosis máxima y mínima

•
•

•

Usuario
Producto
Lote
Cantidad
Envase y empaque
Propósito
Vida de anaquel
Irradiación repetida

Constancia


