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INTRODUCTION

Processing food to preserve it for later use is a familiar technique. Can-
ning, freezing, drying, pasteurization, sterilization, and chemical treatment of
foods are commonly used and accepted processes. Methods of food processing
are continuously being improved through research and development to bring
high-quality, wholesome products into the marketplace.

Another preservation process, food ionization or irradiation, has been the
subject of research and development for over 40 years. Although not as well
known to consumers in the United States, it is used to preserve many different
food products throughout the world. For example, potatoes are treated in Japan
to inhibit sprouting, frozen fishery products are treated in the Netherlands to
extend shelf life, and mangoes are treated in South Africa for insect disinfesta-
tion (Van Koij 1986).

The American consumer is not as likely to encounter food that has been
irradiated as are consumers in other parts of the world. The United States Food
and Drug Administration (FDA) is known internationally for its strict food
safety program. Extensive testing is required before FDA will approve the
preservation of food products using new methods. Once approved, newer meth-
ods often replace existing ones. Currently, there is speculation that the ionizing
radiation technique may, in the future, replace chemical use in the processing of
many foods, particularly fresh fruit (Loaharanu and Urbain 1982, USDA 1987),
because it eliminates any possible chemical residue from post-harvest treat-
ments. In food-related surveys, consumers have indicated that they prefer ir-
radiated foods over foods preserved with chemicals (Sloan 1985). Use of
irradiation to replace chemical treatment in food processing would parallel its
adoption for the sterilization of medical products during the past 20 years. In-
deed, the United States consumer is more likely to use irradiated food-packag-
ing, pharmaceutical, and cosmetic products than irradiated food products
(Markovic 1985).

Treatment of Alaska-produced food products by ionizing radiation may
benefit the seafood and agricultural industries and the Alaskan consumer. A
feasibility study to evaluate the potential social and economic benefits and
risks as well as the costs of using the process in Alaska on Alaskan products is
being coordinated by the Institute of Northern Engineering. A research and
development project to determine effects on the quality of Alaskan products
could be the next phase in the introduction of a new food-preservation technique
to Alaska.




FOOD IRRADIATION PROCESS

Irradiation is used primarily to extend shelf life of food. The shelf life of
perishable foods such as fresh fish, poultry, and meats can be extended two to
three times. It may be used with other conventional processes or used alone as a
single process replacing other techniques. Products are exposed to an ionizing
radiation source that produces charged particles or ions. Because of this, the
technique also is called ionizing energy preservation. Doses of radiation vary
depending on the product, and the levels which can be used are regulated (Lecos
1986).

Irradiation can be used to preserve food (fig. 1) because ions passing
through the food break chemical bonds in the microorganisms destroying them.
Insects can be killed or sterilized. Further ripening and sprouting of fruits and
vegetables also can be slowed as seen in Figure 2. The food does not become
radioactive during the ionizing process any more than one's teeth become
radioactive after a dental X ray. The irradiation process produces little, if any,
change in the appearance of the food because the temperature of the food is
raised only a few degrees (IFT 1983). There are small changes in the structural
bonds that may alter the product slightly. For example, irradiated dried peas
and beans cook faster than the conventionally dried product, and irradiated
meat is tenderized. Potatoes do not turn green after exposure to light, indicating

that solanin, a naturally occurring toxin, is not formed (Loaharanu and Urbain
1982).

Radiation

Radiation Source
(Radioisotope or Machine)

Figure 1. How food irradiation works.




Figure 2. Sprout inhibition of supermarket potatoes stored at room temperature for

one month. Control samples that received no additional treatment have sprouted
after the one month storage period. Treated samples have not sprouted (Photographs
courtesy of H. Farrar, IV, and G. Subbaraman).




LABELING

Foods treated with irradiation look like, or in some cases look better
(Bruhn and Noell 1987) than, traditionally handled foods. Unlike foods pre-
served by some other processes, labeling is required in the United States so that
the primary purchaser is aware that the food has been processed by ionization
(FDA 1986). The logo in Figure 3 is the international radura (irradiation) sym-
bol used for labeling.

There are labeling guidelines for all irradiated foods sold directly to con-
sumers. At the present time, one of the following statements must accompany
the radura logo: 1) "treated with radiation,” or 2) "treated by irradiation." Such
unpackaged products as potatoes or papayas must either be labeled individually,
on the bin, or with a counter sign or card at the point of purchase (FDA 1986).
When combination food products like cake mixes and salad dressings contain
irradiated ingredients, such as spices, the package does not have to be labeled.
Small quantities are involved, and it is considered obvious that the product has
been processed in some way (FDA 1986).

Any product that is irradiated prior to wholesale distribution must also be
labeled. This regulation is to prevent the reirradiation of foods during process-
ing. The FDA allows a product to be irradiated only once, no matter how small
the total dose would be. The statement "treated with radiation, do not irradiate
again” or the statement "treated by irradiation, do not irradiate again" is re-
quired (FDA 1986).
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Figure 3. Radura logo required for labeling (FDA 1986).




CURRENT USES OF IRRADIATED FOODS
IN THE UNITED STATES

The FDA determines what food products can be treated with ionization and
at what levels and for what purposes in the United States. The agency has ap-
proved ionization treatment of the food products in Table 1. Poultry and fish
are not presently on the approved list. Because of the presence of Salmonella, a
common source of food-borne illness (food poisoning), and increased awareness
of the high levels of this and other disease-carrying bacteria present in products
reaching retailers' shelves (Kampelmacher 1985), a petition has been filed to
allow irradiation of poultry (Josephson and Brynjolfsson 1987, USDA-FSIS
1986). A petition to allow irradiation of fish for commercial sale is expected in
the near future.

The FDA's approval for some food products dates from the 1960s, although
the average American consumes little irradiated food. This is not true for
American astronauts who began eating irradiated food in outer space during the
Apollo missions (IFT 1983). In at least one United States hospital, patients who
cannot tolerate disease-carrying organisms, consume irradiated foods. Foods
eaten by these patients range from pastry and bread products to beverages and
are preferred over the alternatives because they have normal appearance, taste,
and texture (Aker 1984).

Table 1. Foods approved for irradiation in United States.

Food Year Approved Purpose

Wheat, wheat flour 1963 Insect control

White potatoes 1964 Sprout inhibition

Pork 1985 Trichinella spiralis control;
parasite causes trichinosis

Dehydrated herbs, spices, seeds 1986 Kill insects and control

teas, vegetable seasonings microorganisms

Fresh fruit and vegetables 1986 Insect control;

Maturation inhibition

(Lecos, C.W. 1986, FDA 1986.)

Irradiated spices and dehydrated vegetables are the only food items that
are likely to be consumed by the general public. There is some speculation that
irradiated fresh fruits and vegetables may reach supermarket shelves in the
near future. In test markets, southern California consumers purchased 13




pounds of conventionally processed papayas versus 150 pounds of labeled, irra-
diated papayas during a one-day sale period (Bruhn and Noell 1987). The pa-
payas were displayed side by side in supermarkets, and consumers were en-
couraged to ask questions about the process and to taste the papayas. Labeled,
irradiated mangoes also sold well in Florida (Puzo 1986). Appearance and
quality of these tropical fruits encouraged consumer purchases in these mar-
kets. Although response was positive in these market tests, extensive market
testing of irradiated food products has not been done in the United States.
Despite its limited use with food products, many products that American

consumer s use every day are irradiated. A few representative examples are
listed in Table 2.

Table 2. Commonly used items that are irradiated in the United States."

Baby bottle nipples Nonstick cookware
Tampons Baby Powder

Water Food packaging materials
Food containers Cosmetics

First aid packs Burn ointments

1
40 irradiators are operating in the United States (Markovic 1985).




FOOD WHOLESOMENESS

Food safety, or wholesomeness, is a major concern for the consumer and
the food industry alike. For that reason, a major emphasis of food irradiation
research and development during the last 40 years has been the safety issue.
Foods treated with irradiation are considered safe to eat if: 1) no significant
toxic effects or radioactivity are produced in the food product by processing, 2)
nutritional quality is not significantly decreased when the irradiated food is
compared to the fresh product or the same food processed using traditional
methods, and 3) harmful microorganisms and microbial toxins are not present.

Toxicological Safety

Consumers frequently confuse irradiation with radiation and radioac-
tivity, and fear that irradiated food is radioactive. However, exposing foods to
low-dose ionizing energy will not make the food radioactive, and the consumer
is never exposed to radiation (Josephson and Brynjolfsson 1987).

When foods are treated with ionizing energy to kill microorganisms or de-
lay sprouting, a few (6 out of 10-million) chemical bonds are broken in the foods,
producing new compounds. These compounds produced from the food's natural
components are known as radiolytic products. Low doses of ionizing energy cre-
ate very small amounts of these compounds. Some consumers fear that these
compounds are unnatural or hazardous (Josephson and Brynjolfsson 1987). In
fact, most of these radiolytic products, including free radicals, have been found
in the same or other foods. Some of these products are produced when foods are
cooked or processed using traditional methods. Trace amounts of other radi-
olytic products that are chemically similar to natural food compounds also may
be formed (FDA 1986). Recent studies in which humans consumed irradiated
foods revealed no need for concern (Brynjolfsson 1987). Similarly, no ill effects
have been reported among individuals who have eaten irradiated foods as part
of a daily diet.

Nutritional Quality

Under today's processing conditions, low-dose ionizing energy preserva-
tion has little effect on the overall nutritive value of the food. Carbohydrates
and proteins retain their nutritional quality. Fats also are relatively stable,
although a slight loss of unsaturated fatty acids may occur with storage. This
loss is similar to that found after wheat is ground, and its effect on nutritional




quality is insignificant. Nutritional quality of iron, calcium, and other min-
erals is not affected by irradiation. Some vitamins such as riboflavin, niacin,
and vitamin D also are very stable. However, levels of others, including thi-
amin, vitamin E, and vitamin A, may be reduced, but not any more so than by
other commercial processing methods (IFT 1986, Josephson et al. 1978). In
some cases, nutrient retention may be enhanced when ionizing energy preser-
vation is used instead of other commercial processes (IFT 1986).

Microbiological Safety

Spoilage and disease-carrying microorganisms are reduced by ionizing
energy preservation. Shelf-life is extended, lowering food losses when spoilage
microorganisms are reduced (Loaharanu and Urbain 1982). Levels of disease-
carrying microorganisms, such as Salmonella, Campylobactor jejuni, and
Clostridium perfringens also are lowered, reducing potential health hazards
and monetary losses due to illness (Josephson and Brynjolfsson 1987, Kam-
pelmacher 1985, USDA-FSIS 1986). However, foods treated with low-dose
ionizing energy are not sterile, so proper handling and storage continue to be
very important to prevent multiplication of surviving microorganisms. The
USDA is developing guidelines to ensure that irradiated meats and poultry are
handled safely and properly during processing (Engel 1987). Other foods must be
handled according to FDA's good manufacturing guidelines (FDA 1986).

International Opinions

The United States Congress, like many consumers, expressed concern
about the safety of irradiated foods as interest in this process has been renewed
in the last several years. As a result, that body requested a scientific review of
research, both pro and con, conducted on food irradiation. Four years later, a
report was issued which concluded that:

from all the available scientific evidence foods exposed to ionizing energy under the
conditions proposed for commercial application are wholesome, that is, safe to eat.
Their nutritional adequacy compares favorably with that of fresh foods or with that of
foods processed by well established conventional methods. (CAST 1986).

In addition, the FDA completed an extensive review prior to the recent ap-
provals of additional foods for irradiation processing (FDA 1984, 1986). The
American Medical Association has also endorsed the process for foods (AMA
1985).




Similar studies have been conducted worldwide. British scientists con-
cluded that irradiated foods were safe, wholesome, and nutritious (ACINF 1986)
in a study requested by the Ministry of Health. The Canadian government (1987)
also concluded that "food irradiation is effective and does not pose a hazard to
health." Earlier, the World Health Organization of the United Nations issued a
report stating that food irradiation was safe at approved levels (WHO 1981).

The current international standards and a code for operation of food ir-
radiation facilities were adopted in 1983 by the Codex Alimentarius Commis-
sion (CAC) (CAC 1984). The CAC is a United Nations body that sets international
standards to protect consumers, facilitate international trade, and aid develop-
ing countries.




THE IRRADIATION FACILITY

The construction of a facility or facilities in Alaska to irradiate food prod-
ucts is a potential new use of a radiation source in the state. However, the use of
radiation sources in Alaska is not new. There are numerous sources located at
various sites throughout the state (Heidersdorf 1987). All facilities utilizing X
rays whether in dentist offices or airport security stations employ radiation.
This radiation energy is generated electromechanically. Gamma radiation
sources are used by Providence Hospital in Anchorage to provide radiation
therapy services and are also used for research and industrial purposes at vari-
ous locations in-state. Many of the questions and concerns expressed about the
location of a food-irradiation facility in Alaska center on the type of source that
will be used, design of the facility, regulations regarding transportation of the
radiation source, and geologic elements influencing location of a facility.

Ionization Source

Ionizing energy used in the irradiation of food can be generated by ma-
chine sources or gamma radiation sources. Machine sources include high-en-
ergy electron beams and X ray photons. Cobalt 60 and cesium 137 are potential
gamma radiation sources. The technology using both types of sources is not re-
ally new, although more recently, gamma sources have been preferred for food
irradiation. Only limited amounts of cesium 137 are available, and the produc-
tion of more is unlikely. Adequate supplies of cobalt 60 are anticipated in the
future (Sloan 1987). However, machine sources also are currently used in food
irradiation facilities in several foreign countries. Electron beam accelerators
and X ray photon machines also are routinely used for sterilization of medical
products and food containers; crosslinking of plastic and rubber materials; and
the curing of inks, coatings, and adhesives on a wide range of packaging mate-
rials, including those used for food.

There are both positive and negative aspects associated with each type of
source. High-energy (10 MeV) electron beams do not have the penetrating capa-
bility of X rays or gamma sources, which may be a problem if conventional
handling and packaging procedures are used. This problem may be overcome by
using X rays rather than high energy electron beams. The penetration
capability of X rays at levels used for food irradiation is slightly higher than
that produced by the gamma source, cobalt 60. An in-line X ray converter may
be used to increase the penetration of electron beams. However, the conversion
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to X rays can drop the efficiency of high-energy electron beams by as much as 92
percent (Rodrigues 1985). The advantage of machine sources is their relative
safety. Transportation concerns are moot because there is no isotope source to
be transported and locational concerns such as geologic factors are minimized
(Rodrigues 1985). If the safety of the machine is compromised it is turned off.

Photon emissions from a gamma radiation source are shielded by
lowering the source into a pool of water or into a lead cask that acts as a shield
(United Fresh Fruit and Vegetable Association 1986).

Transportation and Security of the Source

If machine-generated ionizing energy is used for food preservation, trans-
portation safety is not a concern. However, consumers frequently express con-
cern about transportation of gamma radiation sources. Regulations and pro-
cedures for transporting gamma sources in Alaska are in place (18 AAC 85.320)
because these sources are currently used for medical, industrial, and research
purposes in the state. The regulations regarding intrastate movement and
storage must be as stringent as those for interstate transport (U.S. NRC 1984).
Interstate transportation of all radioisotopes is governed by the United States
Department of Transportation (DOT) as well as by the Nuclear Regulatory
Commission (NRC).

Both cobalt 60 and cesium 137, the gamma radiation sources commonly
used in food irradiation facilities, are transported to and from facilities in spe-
cially designed casks which have been rigorously field tested. Films of these
tests show the cask intact after being dropped 2000 feet on its most vulnerable
point. There were no leaks in the cask after a freight train that was transporting
it was rammed against a barrier, nor after the truck trailer on which the cask
had been placed melted in a fire.

Irradiation Facility Design

A typical design of a commodity irradiation facility is shown in Figure 4.
This design is similar to a commercial potato irradiator that has been operating
in Shihoro, Japan, since 1974 (Kameyama 1985). It uses cobalt 60 as a radiation
source, although the basic design would not change if a machine source had been
used. Among the 133 irradiation facilities operating worldwide, 71 use cobalt 60
as a source. Plants are operating in 41 countries ((Markovic 1985).

At the center of the irradiation chamber is the source (1). The source
chamber is completely shielded by concrete walls, ceiling, and floor (2). Com-
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modities to be irradiated are placed in containers and loaded onto the entrance
conveyor (3) that carries them into the irradiation chamber, past by the source
(4), and out of the chamber (5). This process irradiates one side of the commodi-
ties. A turntable (6) rotates the containers 180 degrees and the process is re-
peated. The containers are then removed at the exit point (7). All functions are
performed by an operator from the control room (8) outside the irradiation
chamber and can be viewed through a window (9).

. SOURCE

. CONCRETE WALL
ENTRANCE LINE

. IRRADIATION CONVEYOR
LINE TRANSFER
TURNTABLE

EXIT LINE

. CONTROL ROOM

. VIEWING WINDOW
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Figure 4. A typical food irradiation facility (Adapted from: Kameyama 1985).

Facility Safety

There are three safety components within an irradiation facility: shield-
ing, ventilation, and interlocking. Shielding must fully surround all ionizing
areas. The amount of shielding (e.g., concrete or earth) necessary in a facility
using a machine source is less than that necessary in a facility using a gamma
radiation source. This is because the auxiliary equipment used to generate the
radiation can be housed in a minimally shielded area outside the fully shielded
irradiation chamber (Ramler 1982, Rodrigues 1985). Ventilation of the irradia-
tion chamber disperses trace amounts of ozone and nitrogen oxides that are
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