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ABSTRACT 

The application of ionizing radiation as a 

preservation method for food is described and examined. The 

prospects and problems of introducing radiation technology 

for food preservation are discussed under the following 

aspects: 1. technical feasibilities; 2. irradiator design 

requirements; 3. facilities' cost analysis, and 4. 

legislation. 

Within the specified limits, ionizing radiation 

provides an efficacious food preservation treatment which 

will not lead to radioactivity induction or prejudice the 

safety and wholesomeness of the food. A brief introduction 

and description of the design approach of an industrial 

scale irradiator is given with an illustrative example. 

Assessments of the cost of radiation treatment of food of 

some commercially available irradiators are cited and 

analyzed. The international regulatory efforts and the 

present status of clearance, standardization and legislation 

of food irradiation is reviewed and discussed. 

It is concluded that food irradiation is ready for 

commercial applications and could be effectively regulated 

by pertinent health and safety authorities. 
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CHAPTER 1 

INTRODUCTION 

It is known that all foodstuffs are subject to 

physiological, biochemical and microbial decay. In general, 

the most common form of deterioration of foods is caused by 

microorganisms and desiccation. Long ago our ancestors 

devoted great efforts to finding ways of preserving or 

protecting food from microorganisms, insects and pests. 

Presumably, drying was one of the first techniques 

developed; then came salting and smoking. As the technology 

grew, more advanced methods were invented; these included 

freezing, refrigerating, canning, use of preservatives and 

pesticides. Today, a promising new technique, irradiation, 

will soon be an important addition to food protection 

methods. This process has been studied by scientists for 

decades and is maturing and becoming accepted for release 

for commercial operation. The term, food-irradiation, means 

to use ionizing radiation as a preservation method to 

inactivate or kill the microorganisms present in the foods 

to achieve the effects of disinfestation, sterilization, 

decontamination, and pasteurization. 
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Ionizing radiation has been used for a long time in 

the medical industry for sterilization of medical products. 

It also is commercially used for polymerization of monomers 

in the chemical industry, production of wood-plastic and 

concrete-plastic combinations and improvement of thermal 

resistance and other properties of plastic films. Its 

applications in research are virtually unlimited, including, 

for example, treatment of solid and liquid waste, blood 

irradiation to control leukemia, and the study of organ-

implant rejection mechanism. It serves as a tool in many 

areas of biology, medicine, physical science and 

engineering. A more detailed compilation of some 

applications is tabulated in Table I. 

Table I. List of Examples of Some of the Applications and 

Possibilities of Gamma Irradiation. — Buckingham (1987). 

1. MEDICAL SUPPLIES 

Syringes, needles 
Gowns, drapes 
Tubing, catheters 
Electrodes 
Sets, kits 

Gloves, non-woven sets 
Sponges, dressings 
Sutures 
Dialysers 
Lubricating jelly 

2. FOODS 

Grains 
Spices 
Vegetables 
Poultry 
Processed food 
Pet foods 
Enzymes 

Tubers 
Fruits 
Fish 
Meat 
Juices 
Animal feed 
Hospital meals 
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(Table I Continued) 

3 * LABORATORY SUPPLIES 

* Containers * Bio-assay 
* Culture flasks * Pipettes 

4. PHARMACEUTICAL SUPPLIES 

* Droppers * Dispensers 
* Tubing * Packaging materials 
* Containers * Talcums 

5. PHARMACEUTICALS 

* Eye ointments * Burn ointments 
* Tetracyclines * Cortizones 
* Vitamins * Water 

6. COSMETICS AND SANITARY PRODUCTS 

* Facial cosmetics * Artificial eye lashes 
* Mascara * Baby powder 
* Baby bottle nipples * Sanitary napkins, tampons 
* Packaging materials 

7. WASTES 

* Human and animal wastes * Concentrated preparations of 
* Infected tissue wastes pathogens 
* Genetic engineering wastes 

8. OTHER APPLICATIONS 

* Radiation hardening of * Sterilization of wine corks 
electronic components * Wood/polymer flooring 

* Food packaging materials * Flowers 

It is not the purpose here in this study, however, 

to analyze all the applications and range of possibilities 

of ionizing radiation. Rather the focus will be on a single 

application, food preservation by irradiation using cobalt-

60 as the gamma-ray source, analyzing its technical 
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features, the design concept of the irradiator, its economic 

factors, and last but not least its licensing problems. 

Irradiation here is taken to be the use of ionizing 

radiation, either from radioactive isotopes, cobalt-60 or 

cesium-137, or from devices that produce a controlled amount 

of beta radiation or x-rays on food. This process does not 

make the food radioactive. The most commonly used radiation 

source is cobalt-60 because of the high penetrating 

qualities of its radiation and ease of large scale 

production of the radioisotope. The penetrating power 

depends on the energy of the gamma rays, the specific mass 

of the packing material, and the density of the target. 

This penetrating quality will affect the uniformity of the 

radiation dose in the packaging. The required uniformity is 

determined by the sensitivity of the products to 

irradiation. Poor dose uniformity will cause bad taste, 

odor, color differences and improper preservation. 

As far as food preservation is concerned, different 

doses of radiation are used for different purposes such as 

disinfestation, sterilization, inhibition of sprouting, 

delay of growth and ripening and others. As the word 

preservation suggested, its main purpose is to prolong shelf 

life so that food products from one place can be transported 

elsewhere in the world without loss because of spoilage and 

that the time effects become negligible. This economic 

benefit by reducing the loss of foods because of spoilage 
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would be tremendous. However the economic benefit is not 

always the main criterion for a decision which may often be 

governed by safety and health considerations and other less 

obvious factors. 

The basic components that govern the shelf-life and 

quality of most foodstuffs are the number and variety of 

microorganisms in and upon the product, and biochemical 

processes in the product, as well as desiccation. 

Irradiation treatment inactivates most of the micro

organisms; also it has a delaying effect on senescence by 

reducing the enzyme activity in the product. However, it 

cannot prevent desiccation. 

To achieve optimal results with the application of 

irradiation, it is desirable to know the initial conditions 

of the product. Thus, the initial quality, ripening stage, 

initial contamination, duration of irradiation, as well as 

the packaging, storage and transport conditions, and dose 

rate are all points of consideration as well as required 

data inputs. 

In the approach to designing a commercial scale 

gamma irradiator, one has to consider the variation in 

product density. Variations in requirements lead to 

variation in the irradiator design. It will be evident that 

irradiators are most efficient when designed to handle a 

limited product density range at an established dose. 

Requirements for irradiators to process a multitude of 
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different products at different doses would lead to a 

reduction of irradiator efficiency and result in an 

increased processing cost. 

The design of radiation processing facilities 

employing cobalt-60 is well established for a number of 

c o m m e r c i a l  a p p l i c a t i o n s .  T o d a y  t h e r e  a r e  i n  e x c e s s  o f  1 3 2  

industrial installations worldwide (see Appendix A). This 

total includes approximately 102 designed primarily for the 

sterilization of medical products, 15 designed primarily as 

food irradiation facilities, as well as another 15 that are 

known to be processing some quantities of food. 

In principle, the product to be irradiated in an 

irradiator is moved around the radiation source by a 

conveyer system in order to assure uniformity of dose 

throughout the product. Parameters important for irradiator 

design are: the amount of product to be treated, the 

treatment desired, and the density and dimensions of the 

unit product. These parameters lead to the determination of 

the amount of source activity required to effect the 

treatment, a geometric configuration between source and 

target to achieve the highest efficiency. 

Food irradiation technology is capital intensive. 

Building a commercial scale irradiator requires a large 

investment in special shielded structures, conveyer 

machinery and source material. The cost of building and 

operating an irradiator can be divided into capital and 
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operating costs. Together they constitute the total cost of 

operation for a given level of output. The capital costs 

consist of the cost of hardware, shielding, source, 

land/office and warehouse. The operating cost implies the 

costs of isotopic source replenishment, operating staff, 

maintenance and utilities. These costs are usually 

expressed on an annual basis so that the total cost can be 

divided by annual output to derive unit cost. 

A comparison of capital and operating costs among 

various types of irradiators is made and discussed. The 

performance and efficiency differences among the currently 

commercially available irradiators are also compared and 

evaluated (see Chapter 4). 

The application of ionizing radiation to foodstuffs 

is a delicate matter under any circumstances. The nature 

and administration of the regulations vary greatly from 

place to place and are greatly influenced by public opinion. 

Since food marketing is of international concern, the 

international legal aspects need to be examined and 

considered. There are certain factors that play a role when 

trying to reach agreement on international regulations. For 

example, the simplest one is the maximum permissible dose. 

These limits are the result of years of international 

research carried out by international cooperative projects 

in the field of food irradiation. 



1  7  

Thus, despite the delays in implementation of 

international agreements and slow enactment of required 

legislation to facilitate international trade in irradiated 

food, other barriers still exist, such as: lack of 

realistic technological and economic feasibility studies by 

the food industry and the uncertainty regarding consumer 

acceptance. 

This study explores in detail a single application 

of radioisotope engineering, food irradiation, by analyzing 

its technological feasibility, design concept, its costs and 

legislative problems, so that it provides an example of how 

isotope engineering may be usefully employed in practice in 

contemporary food technology. 

What has been said so far provides the background on 

which this study of the food irradiation technology was 

based. The organization of this study is as follows: 

( a )  C h a p t e r  2  e x a m i n e s  t h e  t e c h n i c a l  f e a t u r e s  a n d  

feasibility of gamma rays upon irradiation of foodstuffs; 

( b )  C h a p t e r  3  d i s c u s s e s  t h e  d e s i g n  c o n c e p t  f o r  a  c o m m e r c i a l  

food irradiator approached from an engineering point of 

view; 

( c )  C h a p t e r  4  e x a m i n e s  t h e  e c o n o m y  o f  s u c h  a  p r o c e s s .  T h e  

capital and operating cost, the performance and the 

efficiency among various types of currently commercially 

available irradiators are described and analyzed; and 
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( d )  C h a p t e r  5  d e a l s  w i t h  t h e  s t a t u s  o f  c u r r e n t  i n t e r n a t i o n a l  

legislation on food irradiation, including national and 

international rules and regulations. 
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CHAPTER 2 

TECHNICAL ASPECTS OF IONIZING RADIATION 

The Nature of Ionizing Radiation 

Food irradiation is a process involving the exposure 

of food to ionizing radiation which may be carried out in 

several ways and at various intensities. Different applied 

doses can be used to achieve different purposes. Low doses 

can be used to inhibit sprouting or to delay ripening of 

fruit and vegetables and to achieve insect disinfestation. 

Higher doses can be used to reduce the microbial load in 

food and to kill parasites in meat. In general, the purpose 

of the process is to provide an alternative to some existing 

methods of preserving or maintaining the quality of foods. 

There are many forms of radiation but only certain 

types can produce ions (positive and negative charged 

particles) when they are absorbed by matter. Radiation with 

this property is called ionizing radiation. Examples of 

ionizing radiation are gamma rays, x-rays or electron beams 

and these are considered likely to be used for food 

irradiation. When these ionizing radiations are absorbed by 

material, the ions produced undergo various reactions 

leading to chemical changes in the food and cause the 
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particular effect desired. For example, bacteria in food 

are killed by chemical changes produced within them by the 

process. Besides, the process also produces various 

chemical changes in the constituents of the food itself, and 

these must be studied to decide upon the safety of 

irradiated food. However, these chemical changes are beyond 

the scope of this study. In addition, chemical changes are 

also produced by other traditional methods of food treatment 

such as cooking or heating and are believed to have much 

more severe chemical changes than those produced by ionizing 

radiation. 

As mentioned earlier, . the possible ionizing 

radiations for food treatment are gamma rays produced by 

radioactive isotopes or electron beams by machine sources. 

They are electromagnetic radiation and have all the physical 

properties of other electromagnetic radiations such as radio 

waves, infra-red, visible light, ultra violet, and cosmic 

rays. Electromagnetic radiation occurs in a wide range of 

wavelengths. The shorter the wavelength, the greater is the 

quantity of energy in one quantum or photon, the names given 

to unit of electromagnetic radiation. 

Radiation Source 

In general, only gamma rays and electron beams are 

currently employed for food irradiation. There are many 

radioisotopes available that emit gamma rays but the number 
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in use are effectively limited by requirements for energy, 

intensity and reasonably long halflife. 

In this respect, the two most widely used 

radioisotopes are cobalt-60 and cesium-137. Cobalt-60 has 

two gamma rays of energies 1.17 and 1.33 MeV and a halflife 

of 5.3 years, while cesium-137 has a gamma ray energy of 

0.66 MeV and a halflife of 30.1 years. Electron beams are 

produced by machine which can be built to produce electrons 

of any desired energy level. However, at present, the limit 

for the energy level is 10 MeV when it is used for food 

irradiation because of the possibility of the induction of 

radioactivity in food by the process (gamma, n). 

Cobalt-60 is a reactor-produced source which is 

produced by irradiating cobalt metal (cobalt-59) in a 

nuclear reactor for about one year. In the reactor, the 

metal is bombarded by neutrons which are absorbed to form 

cobalt-60. Cesium-137 is a separated fission product, which 

is produced in nuclear reactor as a result of fission of 

uranium isotopes, and then extracted as a by-product of the 

reprocessing of spent fuel elements. Because of the ease of 

production and its higher gamma ray energy level, cobalt 

sources are currently more readily available and convenient 

to use than cesium sources. 

Induced Radioactivity 

All foods are slightly ra d i o a c t i v e  b e c a u s e  o f  t h e  
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presence of certain radioactive isotopes which occur 

naturally or arise from various human activities- An 

example of this is potassium-40 in the red bone marrow. 

This naturally radioactive element emits electrons from the 

nucleus at the rate of 130 disintegration per second per 

kilogram of tissue. In water, there are trace amounts of 

elements such as radon and polonium that undergo radioactive 

decay by emitting helium nuclei from the nucleus. Some 

forms of ionizing radiation can cause a nuclear reaction 

which leads to the induction of radioactivity in the 

irradiated food. Hence, it is necessary to study the degree 

of the level of radioactivity that might be induced in food 

by the use of ionizing radiation. The details of such a 

study are out of the scope of this thesis. However, it is 

known that the formation of radiolytic products depends on 

the following factors: 

1. The presence of water in the food which leads to 

reactions with radicals formed from the radiolysis 

of water. 

2. The chemical nature of the food, for example, fat 

content. Saturated fats are more resistant to 

radiolysis than unsaturated fats. 

3. The presence or absence of oxygen. If fats are 

irradiated in the presence of oxygen, oxidative 

rancidity will occur more readily than in the 

absence of oxygen. 
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4. Viscosity of the food. High viscosity can restrict 

the movement of the free radicals and therefore 

reduce the chance of diffusion and reaction in food. 

5. Temperature, PH, surface area and other variables 

also have effects. 

In addition, the most commonly used isotopic sources 

(cobalt-60 and cesium-137) emit radiation of a maximum 

energy equal or below 1.33 MeV, which is lower than that 

causing any induced radioactivity. It is only significant 

when considering machine sources, however, induced 

radioactivity is virtually negligible and is very short

lived below an energy level as high as 16 MeV. Even when 

the worst case assumptions are made about the concentration 

of certain elements in food and the dose and energy of 

radiation employed, the estimated induced radioactivity 

would remain well below the level of any possible 

significance for human health. The significant dosage is 10 

KGy using gamma rays or x-rays or electrons with a maximum 

energy of 5 MeV or electrons with a maximum energy of 10 

MeV. It is believed that significant radioactivity cannot 

be induced in food irradiated within these limits. 

Dose 

The unit used for the dose of radiation is Gy 

(Gray): 1 Gy = 1 Joule/Kg absorbed radiation energy = 100 

rad (Radiation Absorbed Dose). For most food products, the 
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C /? 
work range is between 1-10 KGy (i.e. 1x10 -1x10 rad) 

depending on the treatment desired and the density of the 

products. 

Control of the radiation dose is a crucial factor in 

the operation of food irradiation plants. The amount of 

dose received depends on the type and penetration qualities 

of the source, the position of the target and its time in 

the radiation chamber; all these factors can be controlled 

and recorded. Reliable methods have been developed to 

measure the radiation dose at various points in the food and 

thus records of the dose measurements can be made and kept. 

An example of dose monitor is the use of thermo-

luminescence dosimeters. It makes use of the luminescence 

phenomena exhibited by many natural substances; for example, 

LiF, CaF2 and Al2 0^ crystals, after exposure to ionizing 

radiation, emit visible light if they are stimulated by 

heating. The luminescence intensity is measured by a reader 

consisting of a stimulating device (i.e. heater), 

photomultiplier, and auxiliary electronics. The light 

intensity vs. temperature can be integrated in fixed 

intervals and displayed directly as electronic charge which 

can be converted to dose according to calibration. It has a 

high accuracy (approximately 2-3% error) and is applicable 

in a wide range of doses and dose-rates. 

However, the most common and direct method used in 

food irradiation is colorimetric dosimetry which employs 
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thin-film or plastic dosimeters containing radiation-

sensitive dyes that change color when irradiated. They are 

small, cheap and easily calibrated. Calibration is done by 

comparing the color changes with a standard reference 

dosimeter based upon a known level of radiation. The 

drawback of this dosimetry is that it is more inaccurate 

than thermoluminescent dosimeters (approximately 20%). The 

dose received by the irradiated food can be monitored 

effectively with the use of various kinds of dose 

indicators. However, it is difficult to determine the 

absorbed dose in the food itself, and therefore, dose 

control can only be exercised in the irradiation plant to 

ensure that proper dose control is observed. 

It is impossible to achieve an absolute uniform dose 

within an item of irradiated food because of the nature of 

ionizing radiation. Hence, the radiation dose is usually 

expressed as an overall average dose, which is the average 

of the doses measured at various points in the food batch. 

The maximum and minimum doses occurring in a food 

can also be specified and measured. It is usually referred 

to as the required uniformity of radiation dose in the 

packaging: the D /D . ratio, where D is the highest 
* ^ max' mm ' max ^ 

absorbed dose in the food product and D . the lowest. 
mm 

Uniformity is a function of source-to-target geometry, 

target geometry, target thickness, the density and atomic 

number of the product. Great uniformity of radiator dose 
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implies a small Dmax/Dmin ratio, which can be achieved by 

irradiating the target on two sides or reducing the 

dimensions (i.e. thickness) of the packaging. The details 

of the adaptation will be discussed later. 

Usually, the required uniformity is determined by 

the sensitivity of the individual food product and the 

treatment desired. Not all food products require great 

uniformity; for example, onions treated to prevent 

sprouting. It is possible to use a comparatively large 

container (e.g. 1x1x1m) for the packaging to achieve 

the treatment required. However, large differences in 

uniformity of radiation doses in most of the food products 

may lead to non-acceptable taste, odor and color 

differences. Hence, dose uniformity is related to the 

quality requirements of the food products. 

In this respect, as both gamma rays and electron 

beams are used in food irradiation because of the less 

penetrating quality of the electrons and the consequences of 

their effects, they are usually used for light or surface 

irradiation. For heavy irradiation or bulk packaging, gamma 

rays are more suitable. 

Dose and Application 

It is known that ionizing irradiation offers a 

number of specific possibilities in food preservation 

according to the absorption dose. From low doses to inhibit 
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sprouting of vegetables to high doses for bacteriological 

sterilization, the required dose varies according to the 

product density, its initial quality, and treatment desired. 

Over the years a wide range of possibilities has 

been developed by irradiation research carried out through 

international cooperation. Table II below shows the dose 

ranges that have been recommended for certain purposes in 

food preservation. Nevertheless, the maximum dose for all 

food products is restricted to 10 KGy in most countries at 

the present time. 

Table II: Recommended Dose Ranges for Certain Purposes — 
Advisory Committee on Irradiated and Novel Foods 
( 1985 ). 

Process Approximate Dose Range (KGy) 

Inhibition of sprouting 0.05 - 0.15 

Delaying ripening of various 

fruits 0.2 - 0.5 

Insect disinfestation 0.2 - 1.0 

Elimination of various parasites 0.03 - 6.0 

Shelf life extension by reduction 

of microbial load 0.5 - 5.0 

Elimination of non-sporing pathogens 3.0 - 10.0 

Bacterial sterilization up to 50.0 
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Condition for Irradiation Treatment 

In order to achieve the optimal results with the 

application of irradiation, it is necessary to know the 

initial conditions of the product before treatment. 

Irradiation cannot convert a bad product into a good one but 

it can prevent product deterioration; hence, the initial 

quality of the product has to be good. 

The initial contamination is also an important 

factor in determining the optimal dose because the 

microorganisms have different resistances with regard to 

irradiation. When the level and type of contamination are 

known, it is possible to estimate a dose at which all 

microorganisms are inactivated. 

In case of agricultural products, the ripening stage 

can only be delayed by irradiation when the product is in 

the climacterium. In controlling decay, irradiation of ripe 

fruits is more successful than in unripe products, where the 

natural resistance to decay may be reduced by irradiation. 

In addition, the product should be irradiated as 

soon as possible after harvesting because with aging 

irradiation is less effective. After harvesting, the number 

of microorganisms increases rapidly, and with the 

possibility that the microorganisms become more resistant 

with storage, a higher dose becomes necessary. 

The strength of the gamma-source should be strong 

enough to minimize the irradiation time to an acceptable 
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limit. A weak source strength will increase the irradiation 

time for a fixed dose and therefore increase the decaying 

time of the products. The effect of irradiation will 

therefore be reduced. 

The packaging has to be adapted to irradiation 

procedures. Because irradiation does not prevent 

desiccation, hermetically sealed packaging is therefore 

required. It also protects against the possibility of re

infection . 

Finally, the storage condition has to be adapted to 

both the product and the irradiation procedure. For 

example, in the case of raw materials where there are few or 

no enzyme activities present, the effect of irradiation on 

the inactivation of microorganisms in a product with a low 

moisture content is usually less effective than when the 

moisture is high. In other words, a high oxygen content 

promotes the inactivation of microorganisms by irradiation. 

Comparison with other Preservation Methods 

It is interesting to know how irradiation influences 

the shelf-life in food, particularly in agricultural 

products, compared with other preservation methods such as 

cooling, heating and chemical additives. In this respect, 

the governing factors for shelf-life and quality of fruits 

or vegetables are: (1) the quantity of microorganisms 

present in the product; (2) biochemical processes in the 

products; and (3) desiccation. 
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It is known that cooling can only delay the growth 

of the microorganisms but cannot destroy them. The rate of 

senescence (ripening) is also delayed by cooling. Open 

packaging which permits cooling by allowing cold to 

penetrate also promotes desiccation. Heat treatment kills 

microorganisms, arrests senescence by inactivation of 

enzymes and also promotes desiccation. Unlike the results 

with cooling, however, the fresh character of the prdduct 

disappears. 

Irradiation treatment, like heating, inactivates 

most of the microorganisms. It also has a delaying effect 

on ripening by reducing the enzyme activity in the product. 

However, the effect on senescence is less radical than that 

of cold or heat. 

Very often, a combination of irradiation with a 

moderate cooling or heating treatment is required. No extra 

desiccation appears with irradiation. Like cooling, it does 

not change the fresh character of the product as there is no 

temperature increase during the process. With certain 

limits on the dosage, i.e. below 10 KGy, it is believed that 

irradiation is harmless to the product. 

Chemical treatment of food diminishes the number of 

microorganisms but in general has no effect on the 

biochemical process, on desiccation or on the product. 

However, the application of chemicals leaves residues which 

could be harmful. 
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Effect of Ionizing Radiation 

The absorption of ionizing radiation by food in 

order to achieve disinfestation, decontamination, 

sterilization, inhibition of sprouting and delaying ripeness 

leads to various chemical changes which may destroy, kill or 

inhibit the growth of microorganisms. The precise changes 

which lead to inhibition or destruction vary according to 

the type of microorganism present in the food and they 

generally involve changes in the genetic material. The 

sensitivity of the microorganism is often expressed as the 

D1(j value, which is the dose of radiation needed to produce 

a ten-fold reduction in the population of the microorganism. 

The dose required to eliminate a particular microorganism in 

a food product depends upon the initial number of the 

microorganism present, its resistance to radiation and 

certain environmental conditions, as mentioned earlier. For 

example, doses of up to 5 0 KGy would be necessary to achieve 

the complete elimination of certain highly resistant 

organisms such as Clostridium botulinum, while most of the 

food poisoning organisms like those of the salmonella 

require a dose of 2-8 KGy. 
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CHAPTER 3 

THE CONCEPT OF IRRADIATOR DESIGN 

A gamma irradiator system consists of a radioactive 

source, the target, conveyer system, shielding, building, 

storage and handling facilities. The idea governing the 

design of a large scale irradiator is to permit the targets 

to move around the radioactive source to attain the dose 

necessary for the desired treatment of the product. The 

design task usually starts with a given set of parameters 

specified by the customers such as the quantity of product, 

required treatment, the dimensions and density of the unit 

product. From these will be determined, with irradiator 

efficiency and economy as goals, the amount of source 

activity required and the best geometric configuration 

between source and target. Before moving on to further 

discussion of the design concept, it is necessary to define 

some parameters relevant to irradiator design. They are 

listed in Table III and are discussed below. 
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Table III Parameters for Irradiator Design 

Symbols Definitions Units 

1 . D . 
Dmin 

yinax 

Minimum total dose in target Rads 
2. 

D . 
Dmin 

yinax 
Maximum total dose in target Rads 

3. 

D . 
Dmin 

yinax Dose uniformity, D /D
m-n 

Mass flow rate of tlrget1 

(Dimensionless) 
4. W 

Dose uniformity, D /D
m-n 

Mass flow rate of tlrget1 lb/hr 
5. Q Capacity of irradiator, W x D . 

Target thickness in 

Rads-lb/hr 
6 • ht 

Capacity of irradiator, W x D . 
Target thickness in ft 

7. Ht',Lt Target height; source length ft 
8. Pt Target density lb/ft 
9. Hs',Ls Source height; source length 

(extended source) ft 
10. Sg source specific activity 

(activity per unit mass) Ci/g -
1 1 . Sa Source activity per unit area Ci/cm 
12. E 

t£ 
Source utilization efficiency -

13. 
E 
t£ Total residence time in the 

irradiator hr 
14. V Linear velocity of target 

package ft/hr 

Minimum and Maximum Doses 

The minimum dose is the lowest dose required for the 

treatment of the product and the maximum dose is the highest 

dose which the product may receive during the treatment. 

Dose Uniformity (U) 

This is the ratio of the maximum to minimum dose of 

the product. 

D . 
mm 



3 4  

Mass Flow Rate (W) 

This is the amount of product weight per unit time 

passing through the irradiator chamber. 

Irradiator Capacity (Q) 

The irradiator capacity is determined from the 

product of the mass flow rate and the minimum dose. It is 

given in units of power, usually rad-lb per hour or megarad-

ton per hour, where, 

Q = W x D . 
v min 

Target Dimensions (ht, Ht', Lt) 

The required dose uniformity determines the maximum 

target thickness, and also depends on target (product) 

density, atomic number and photon energy. These factors 

affect the overall dose attenuation and absorbed dose 

variation within the target. The target dimensions of 

length and height are related to the mass flow rate, 

uniformity, source size and its geometry. 

Source Dimensions (Hs', Ls) 

The source height is usually governed by the target 

height. The length is related to the ease of handling 

during encapsulating and shipping. Its usual length is from 

several inches to a foot. 



Source Strength Per Unit Area 

The source strength per unit area for a fixed value 

of specific activity may be varied by adjusting the source 

thickness or increasing the layer of source elements. It 

usually ranges from 5 to about 500 Ci/g for cobalt-60 source 

and activities up to 25 Ci/g for cesium-137. 

Source Utilization Efficiency (Eu) 

This is defined as the ratio of the power absorbed 

at the minimum dose point in the target divided by the total 

power emitted by the source, therefore, 

E _ energy absorbed in target at minimum dose point 
u total electromagnetic energy emitted from source 

K, Q • 
Or, E . -1--51S. 

u V 

where Q . = Capacity 
mm 

C = Source strength in curies 

K1 = Power absorption conversion factor: 1.26 watts 

per Megarad-lb/hr 

K2 = Isotopic gamma power (0.0148 W/Ci for cobalt-

60, 0.00324 W/Ci for Cesium) 

Efficiency is related to the source photon energy, 

source dimensions, source density, source-to-target 

geometry, target dimensions and target density. Losses in 

efficiency are due mainly to: (1) self-absorption in source 

and cladding; (2) absorption in non-target material; and (3) 



3 6  

excess energy absorbed in target material above the required 

minimum dose. 

Practical Irradiator Design Concept 

The idea behind the design concepts for a large 

scale irradiator is to arrange the targets so that they move 

around the source, usually in the form of a rectangular slab 

or cylindrical geometry, to attain the required dose for the 

desired treatment of the product. Design also considers 

dose uniformity and irradiator efficiency. Dose uniformity 

in an irradiator depends on the target thickness, density, 

and source-to-target geometry. The maximum target thickness 

is controlled by the specification for maximum allowable 

dose variation. It is therefore limited by target density, 

atomic number, and photon energy. Uniformity is a composite 

effect of depth and lateral dose distribution in the target. 

Dose depth variation is minimized by two-sided 

irradiation of the products through the use of a multipass 

irradiator system. Lateral dose distributions depend on the 

source-to-target geometry. Variation can be minimized by 

introducing additional source material or overlapping the 

source in the vicinity of the low dose target regions, or, 

as commonly used in practicing irradiator systems, by 

allowing the target to move past the source at a uniform 

rate of speed or in a stop-dwell motion. 

The operation methods of some of the large-scale 
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irradiator systems commonly used in industry which are based 

on the design concept described above are as follows: 

Irradiator Type 

A. Stationary Rectangular Slab Type 

A.I. Single-slab, two-position 

The target is moved into positions 1 and 2 with 

surfaces 'A' and 'B' facing the source for a predetermined 

equal time period for both positions to attain the required 

dose and uniformity for the desire treatment. 

POS.#Z 

i t A  B ' i  

SOURCE 
y/ PLAOUE 

POS. # I 

HA B' > 

^IRRADIATION 
CHAMBER 

Fig. 1 Single-slab, Two-position Stationary Irradiator. 

— Rizzo et al. (1972). 

A.2. Single-slab, multi-position 

This is a modified operation method from above, for 

which a sequential motion having several target packages are 

placed in the irradiation chamber at the same time. The 
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advantage of this method is to achieve a better depth and 

lateral dose uniformities. 

SOURCE 

1 
x IRRADIATION 

POS. 
*6 

POS. 
#3 

ACB 

POS. 
*4 

POS. 

CHAMBER 

Fig. 2 Single-slab, Multiposition Stationary Irradiator. 

— Rizzo et al. (1972). 

A. 3. Two-slab, single position 

The target is moved into the center line position 

between the two sources for a predetermined period in the 

chamber. 

SOURCE 

Fig. 3 Two-slab, Single-position Stationary Irradiator. 

— Rizzo et al. (1972). 



A.4. Two-slab, Multiposition 

This is a combination method of A(2) and A(3) 

fSOURCE #1 

L_. I J 

IRRADIATION 
CHAMBER 

Fig. 4 Two-slab, Multiposition Stationary Irradiator. 

— Rizzo et al. (1972). 

A.5. Two-slab Three-position 

This is a combination methods of A(1) and A(3) 

^ / \ 

,4 . B-
c 

,A . B, 
c 

/ / 
SOURCE 
*2 

SOURCE 
+ 1 

Fig. 5 Two-slab, Three-position Stationary Irradiator. 

— Rizzo et al. (1972). 
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B- Single Direction, Multipass Irradiator 

B.1. Single-slab, two-pass 

The target is moved past the source plaque parallel 

to the plane of the source in sequential motions. Basically 

the same idea of method in A(2), with the traverse motions 

changed into parallel motions along the source inside the 

chamber. 

PLAN 

'SOURCE PLAQUE 

Fig. 6 Single-slab, Two-pass Single-direction Irradiator. 

— Rizzo et al. (1972). 

B.2. Single-slab, multipass 

This is a modification of method B(1) (i.e. a 

combination of B.1. and A.3.) with two additional passes, 

one on each side, which serve to minimize the lateral dose 

distribution and increase irradiator efficiency. 
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-Q3-

-eg-

Fig. 7 Single-slab, Multipass Single-direction, Stop-dwell 

Irradiator. — Rizzo et al. (1972). 

C. Two-Direction, Multipass Irradiator 

C.1. Quadrant irradiator 

The target material is moved vertically and 

horizontally alongside the slab-source. 

•p "P 

•p J"P 

JRCE PLAQUE JRCE PLAQUE 

p"[ "P 

PL. V PL. 

A 8 A e 

* " 1 
0, 

c ! o C 0 
A ! e A e 

1 -U, } > 

o
 

o
 

C 0 

PLAN ELEVATION 

Fig. 8 Two-direction, Multipass Irradiator. 

— Rizzo et al. (1972). 



C.2. Multiposition, Shuffle-dwell 

The system is a modification of method C(1) with a 

combination of B(2) by which lateral dose distributions are 

usually uniform and high efficiency can be achieved. 

PLAN 

ELEVATION-SIDE 

f 

ELEVATION - END 

Fig. 9 Two-direction, Multipass, Multiposition, 

Shuffle-dwell Irradiator. — Rizzo et al. 

( 1972 ). 

D. Cylindrical Source Irradiator 

D.1. Carrousel type 

The target undergoes a 360° revolution relative to 

the source without changing its orientation. 
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SOURCE 

Fig. 10 Carrousel Irradiator. — Rizzo et al. (1972). 

D.2. Cylindrical-target, turntable-batch 

All targets are brought into position at the same 

time in batch form and rotate about their axes for a 

predetermined time until they receive the required dose. 

o ° o  
o © o 

Fig. 11 Cylindrical Source, Cylindrical Target, 

Turntable Batch Irradiator. — Rizzo et 

al. (1972). 
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Dose Calculation in Irradiator System 

In this section, the approximation techniques for 

dose calculation in a complex irradiator are described. The 

techniques are illustrated by two irradiator systems: one 

is the single-slab, two-pass single-direction irradiator, 

and the other one is the single-slab multiposition 

stationary irradiator. Both are cobalt-60, stop-dwell 

systems with a heterogeneous target consisting of regularly 

arranged cans of food. 

In the calculation of dose in these practical 

irradiator systems, several assumptions have to be made. 

These basic assumptions are: (1) Static equivalent system, 

(2) Source absorptions, (3) Attenuation in the absorbers, 

(4) Differences in scattering effects for different absorber 

positions, (5) Heterogeneous targets. 

Assumptions: 

1. Static equivalent system (SES) 

It is a static representation of the irradiator 

geometry that yield results exactly equal to the result that 

would be obtained from the equivalent dynamic system. It is 

generated by interchanging the source and target motions in 

the system. Therefore SES permits the calculation of the 

center line dose using a static source of height H which is 

the real height of the source and length L which is 

equivalent to the array of the irradiator system. 



Fig. 12 shows a static equivalent system for a 

single-slab two-pass, single-direction irradiator. For this 

system, the center-line dose for the target is calculated as 

follows: 

D = Dose on left edge + Dose on right edge 
max r 

D . = 2 x Dose on center 
mm 

(Since the product passes the source twice in the 

irradiator system) 

|C L_ 
i-i-i 

PLAN 

SOURCE PLAQUE 

ELEVATION 

Fig. 12 Single-slab, Two-pass Single-direction 

Irradiator. — Rizzo et al. (1972). 

Figures 13a and 13b show the static equivalent 

system for a single-slab, multiposition, two-direction 
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irradiator. In the equivalent dynamic system, target points 

A & B are located at the center of the outside surfaces of 

the target packages and point C at the center of the 

midplane of the unit package. For a symmetrical system, the 

center-line dose can be calculated by the following general 

equations: 

F°r  "max 1  DB " BS + D0 + Dn + 2  (Dn-2 + Dn-4 + •" 

+ D2> 

For D. : D„ = 2 (D ,+D -> + c + +D.) 
mm C n-1 n-3 n-5 1 

where n = total number of passes in the irradiator 

D = the total dose at point P„ 
n n 

A B 

c 

POS POS. POS 
«6 #5 • 4 

A B A R A C B  
> • < >•« i A C B  

C C 1 
1 

1 

i-

-SOURCE 

POS POS POS. 
• 3 #2 * 1 

1 

A B A B A B 
1 
1 A B • i i < i • i 

C 

1 

1 
1 

C c 1 
1 
1 
1 
1 
1 

C 

t ^ "^IRRADU IRRADIATION 
CHAMBER 

Fig. 13a Single-slab, Multiposition Stationary 

Irradiator. — Rizzo et al. (1972). 



4 7  

SOURCE 

CLADDING AND ABSORBER — — CLADDING AND ABSORBER 

| AIR GAP 
—Z •z— 

AIR GAP' :-5" SOURCE OVERLAP 

OL. 

OL 

O.L. 

POS 6 POS 5 POS 4 POS 3 POS 2 POS I 

Fig. 13b Static Equivalent System for Stationary-type 

Irradiator. — Rizzo et al. (1972). 

2. Absorptions 

As shown in fig. 14 below, the source absorptions 

can be accounted into four parts. Absorber A is accounted 

for the self-absorption by a cobalt metal absorber which is 

semi-infinite in extent and equal in thickness to half the 

total thickness of the source. Absorber B is the stainless 

steel of the shielding semi-infinite slab in plaque shape 

parallel to and overlapping the source. Absorber C is the 

wall of a product carrier. Again the absorber is a semi-

infinite slab of material parallel to both the source and 

the front surface of the target. Absorber D is the air gap 

between source and target. It is treated as a variable. 
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AIR GAP 

ABSORBER;f 
A 

AIR GAP 

.HOMOGENIZED 
/ TARGET 

ABS. C 

ABS. 8 

ABS. C 

v HOMOGENIZED 
TARGET 

Fig. 14 Calculation of Dose Attenuation. 

— Rizzo et al. (1972). 

3. Attenuation in the absorbers 

Attenuation in the absorbers is assumed to be 

perpendicular to the source. This includes any absorber 

besides the above mentioned ones (such as food cans, carrier 

boxes and frames) between the source and target. 

4. Difference in scattering effects resulting from different 

absorber position 

It is assuming that all the absorbers have the same 

attenuation and build up effects regardless of their 

position/location. Therefore, two separated absorbers can 

be treated as a combined one anywhere between source and 

target. 
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5. Heterogeneous targets 

For simplicity the heterogeneous target is replaced 

with a homogenous one with a calculated effective density. 

6. Source overlap 

The effect of source overlap upon the minimum dose 

point can be neglected in the calculational model as it is 

only a correction to centerline doses. However, the overlap 

portion of the source must be included in the size of the 

source plaque in calculating the centerline doses. 

The calculation of dose in a complex irradiator 

system presents problems that very often require the use of 

specialized computer programs, computational aids and 

approximation methods. It is because the solution of gamma 

photon energy transport is quite complicated for finite 

source target geometries, even with the use of the usual 

computer techniques. Very often, techniques such as the 

method of moments lend themselves only to simple and 

idealized geometries such as a point isotopic source, or a 

plane mono-directional source in an infinite medium. Monte 

Carlo Methods offer a means of solution but require 

unreasonably large amounts of computer time and storage and 

become quite complex for multiboundary systems. 

In this respect, computer codes written specifically 

for irradiator calculations were developed at Brookhaven 

National Laboratory and Los Alamos National Laboratory. The 
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FUDGE Series Computer Codes were written at Brookhaven 

National Laboratory specifically for plane source gamma 

irradiator dose calculations. The codes use a calculation 

method indirectly based on a point kernel integration over a 

source area by means of Gauss quadrature techniques rather 

than point-by-point. 

The QAD Series Code, which is a point kernel code 

developed by the Los Alamos National Laboratory, differs in 

details in the way that the input describes the boundary 

between regions, the source spatial distribution, and 

especially in the way that build-up is treated. These 

computer codes for dose calculation in gamma irradiator can 

be obtained from the two laboratories mentioned above. 

Example of a Practical Irradiator Design 

In order to summarize briefly for the design 

procedures for a gamma irradiator, it is best illustrated by 

solving an irradiator design problem with some typical 

specifications and assumptions. The details of the 

calculation methods and techniques cannot be covered in this 

example because of the complexity in dose calculation of the 

irradiator system which involves the use of specialized 

computer programs, computational aids, and approximation 

methods; however, valuable data can be obtained from an 

irradiator design manual such as "Computational Method of 

Gamma Irradiator Design" (Manowitz, BNL 889, 1964), 

"Tabulation of Dose Distribution Data for Gamma Irradiator 
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Design" (Rizzo, BNL 50147, 1969), "Tabulated Dose Uniformity 

Ratio and Minimum Dose Data of Gamma Irradiator Design" 

(Rizzo, BNL 50145,1969) and "Irradiator Design Calculational 

Techniques Based on Centerline Depth Dose Distributions" 

(Rizzo, BNL 50146, 1969). The availability of these reports 

simplify the task of the irradiator design by providing the 

dose distribution information necessary to perform quick, 

easy, and reasonably accurate calculations of the dose 

distribution characteristics of irradiators when using 

either cobalt-60 or cesium-137 plaque sources. 

Illustrative Example 

A The Design Requirements 

1. The effective density of the food product = 0.7 g/cc. 

2. Throughput = 290 lb/hr 

3. Minimum dose = 2.5 megarads 

4. Uniformity ratio = 1.2 

5. Maximum residence time in the irradiator = 21 hr. 

6. Shape of unit package : rectangular, size : unspecified 

7. Source : Cobalt-60 

B Approach and Assumptions 

The parameters and design variable to be determined for this 

problem are: 

1. irradiator geometry, 

2. size and shape of unit package, 
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3. total source activity and specific activity, and 

4. irradiator efficiency. 

The problem is approached in the following procedures: 

1. Select an Irradiator Geometry 

With the given uniformity ratio requirement of 1.20, 

which is a small ratio and a difficult one to meet, the 

irradiator most suited would be the two-direction, multipass 

type. Since this system is capable of delivering lowest 

uniformity ratios and at the same time with highest 

efficiencies. Fig. 9 illustrates the four-pass, two-

direction type of this system which has a 5 x 5-unit package 

array, one each of the four passes. 

2. Determine the Size and Shape of the Unit Package 

For the design of the unit package, one has to 

optimize the target thickness to achieve the optimum 

efficiency and yet meet the uniformity requirement. This is 

accomplished by using data for uniformity ratios obtained 

from "Tabulated Dose Distribution Data for Gamma Irradiator 

Design" (Rizzo, BNL 50147, 1969). 

For this case, centerline dose distribution for an 

infinite plaque should be used since in two-directional 

systems very large plaques are generated. The data for a 

120 x 120-inch cobalt-60 plaque, using a 0.7 g/cc target in 

a four-pass irradiator with a source to target air gap of 



3.0 inch are reproduced from (Rizzo, BNL 50147, 1969) in the 

following: 

Target thickness (inch) Uniformity ratio 

2 1.031 

4 1.093 

6 1.177 

8 1.283 

10 1.412 

12 1.564 

From the given table, the 4 inches thick target with 

a centerline uniformity of 1.093 is the optimum which allows 

between 5 and 10% for lateral dose variations in the target. 

Once the optimum thickness is determined, then 

determine the length and width of the unit package. These 

are found from the throughput of the irradiator, the number 

of dwell positions in the irradiator (i.e. 4 x 25), and the 

maximum residence time in the irradiator (21 hr). 

If a target package occupies 100 irradiator 

positions in 21 hours (1260 min.), then the time it spends 

at each position is about 12 min. with a transition time of 

0.6 min. from position to position. With the throughput of 

290 lb/hr, this implies each target carrier contains 

approximately 58.0 lb of product (therefore 5 carriers per 

hour) and has a volume of 1.33 ft . Since the target 

thickness is set at 4.0 inch, then the crossectional area 
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2  
should be 4 ft . Therefore, the unit package size can be 

determined to be 24 x 24 x 4 inch. 

3. Determine the Total Source Activity and Specific Activity 

Before moving on to the calculation of source 

activity required, it is necessary to perform a dose 

calculation in the irradiator selected for use. As 

mentioned earlier, for dose calculation, it often requires a 

specific computer program to perform the task. It would be 

helpful to set up a simplified calculational model and make 

approximations and assumptions as described earlier. 

In this respect, for the calculation of the maximum 

and minimum doses in this system, a static equivalent system 

and a simplified calculational model as shown in the figures 

below are used. The calculation model consists of a 120 x 

120-inch stationary plane source (24 x 24-inch actual) and a 

stationary target consisting of 4 semi-infinite slab targets 

(2 on each side of the plane), each 4.0 inch thick with a 

material density of 0.7 g/cc. 

Between the plane source and the target, there are 

three semi-infinite plane absorbers and a 3.0-inch air gap. 

The three absorbers are: 

1. a 0.03-inch cobalt metal absorber (one half the 

thickness of the source), 

2. a 0.036-inch stainless steel absorber, and 

3. a 0.25-inch aluminum absorber. 
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The centerline maximum and minimum doses for this 

irradiation can be obtained from the tabulated data in 

"Tabulated Dose Uniformity and Minimum Dose Data for Gamma 

Irradiator Design" (Rizzo, BNL 50147, 1969, p. 35) as the 

absorber thickness used in calculating the doses in that 

report are the same as those selected in this example. 

Therefore, the maximum dose 

D = Dn + D. + 2D_ 
max 0 4 2 

and the minimum dose 

D . = 2 (D, + D,) 
min 3 1 

The depths of target points are (in inch): 

PQ = 0, P1 = 2.0, P2 = 4.0, P3 = 6.0, P4 = 8.0 

and the centerline specific dose rate as obtained from the 

2 
report are (in rad/hr/Ci/cm ): 

DQ = 19.65 x 104, D1 = 12.99 x 104, D2 = 9.38 x 1 04 

D3 = 7.02 x 104 and D4 = 5.36 x 104 

so, D = 43.77 x 104 rad/hr/Ci/cm^ '  m a x  i i i  

D . = 40.02 x 104 rad/hr/Ci/cm^ 
min ' ' 

therefore centerline uniformity ratio U = 1.094 
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Assuming that it allows 7.5% of the minimum dose 

variation in the midplane of the target, and reducing this 

amount in the previously obtained minimum dose, the results 

become; 

Dmin = -*7.02 x 1°4 rad/hr/ci/cm2 

D = 43.77 x 104 rad/hr 
max ' 

and U = 1.18 

The actual plaque size is 24 x 24-inch, which is 

2 
equivalent to 3716 cm , and the throughput rate equals 5 

4 
boxes per hour at a minimum dose of 37.02 x 10 rad per Ci 

. 2 
per cm . Hence, in order to fulfill the minimum dose 

requirement of 2.5 megarads, the total source strength 

required in the irradiator can be calculated as follows: 

5 x 2.5 x 106 x 3716 Ci 
Total activity = •? 

37.02 x 10 

= 1.25 x 106 Ci 

that implies a source activity per unit area (Sa) equal to 

33.6 Ci/cm2. 

The specific activity of the required cobalt can be 

found as: 

e_ _ Total activity (Ci) _ 911 ri/ 
" Weight of cobalt metal (g) 

Finally, the utilization efficiency can also be obtained as: 
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E _ 1.26 (watts/meqarads-lb/hr) x 2.5 meqarads x 290 lb 

u 0.048 (watts/Ci) x 1.25 x 105 Ci 

A summary of the irradiator parameters for the 

design problem is given as follows: 

1. Source: cobalt-60 

2. Source plaque (actual size) : 24 x 24 inches 

3. Cobalt metal thickness : 0.06 inch 

4. Source-to-source air gap : 3.0 inch 

5. Source cladding : doubly encapsulated in stainless 

steel (total thickness of cladding = 0.036 inch) 

6. Target : food product with an effective density of 

0.7 g/cc 

7. Unit target dimensions : 24 x 24 x 4 inch 

8. Other absorber between the source and target : 0.2 5 

inch of aluminum (this includes the metal in the 

carrier boxes and other aluminum absorbers) 

9. Irradiator geometry : two-direction, four pass, 5 x 

5 positions shuffle-dwell irradiator 

10. Uniformity ratio : 1.18 

11. Throughput rate : 290 lb/hr 

12. Minimum dose : 2.5 megarads 

13. Product residence time : 21 hr 

5 
14. Total source activity : 1.25 x 10 Ci 

2 
15. Surface activity of the source plaque : 33.6 Ci/cm 

16. Specific activity of the source : 211 Ci/g 

17. Source utilization efficiency : 49% 
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CHAPTER 4 

COST ANALYSIS 

For the purpose of cost analysis, a gamma 

irradiation system used for food processing consists of four 

major parts: (1) The radiation source; (2) The radiation 

shield and the source shield; (3) The product holder and 

conveyer system; (4) The building, storage facilities and 

handling equipment. 

The radiation source assembly consists of the 

encapsulated radioisotope and the framework used to rigidly 

position the encapsulated sources in a predetermined array. 

Encapsulation is required to prevent the spread of 

radioactive contamination through the irradiation facility 

and possibly into the product being irradiated. A crank 

system is employed to move the source assembly from a 

shielded storage container into a fixed position for 

irradiating the product and to return it to the storage 

container. The shielded storage container is required to 

provide safe entry into the irradiation facility for 

maintenance and inspection. The irradiation shield of the 

irradiator is required to shield the surrounding area when 

the source is out of the storage container within the 
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irradiation facility structure. The facility structure also 

provides other supports to the irradiation process such as 

temperature and humidity controls. The product conveyer 

mechanism is the device used to move the product in 

container into and out of the irradiator. The building and 

storage facilities are for product handling. 

During installation, local labor such as plumbers, 

riggers and electricians are needed. Source shipping 

containers involve shipping and rental costs. These 

constitute the initial cost or capital investment required 

for basic construction of the system. 

During operation of the system, continuing costs 

will be incurred. These are the costs of labor, utilities, 

maintenance, source replenishment and its shipping, and the 

rental and installation of containers. These components for 

capital and operational costs are, in principle, common to 

all facilities. 

Currently there are approximately 132 gamma 

irradiation facilities in over 40 countries. The largest 

and leading manufacturer of these installations is the 

Atomic Energy of Canada Limited - Radiochemical Company 

(AECL-RCC), which has designed, manufactured and installed 

80 facilities in 34 countries. 

There are three design concepts considered to be 

most suitable for food irradiation by the company: (1) 
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Tote-box Concept: batch or automatic; (2) Carrier Concept: 

batch or automatic; and (3) Pallet Concept: automatic. 

In the tote-box concept, the product is packed in 

metal or fiberglass totes. The typical volume of the tote 

3 3 
is approximately 0.27 m (60 x 50 x 90 cm ) which can 

accommodate a multitude of product boxes. For the batch 

mode, the totes are transported in and out of the irradiator 

manually. For the automatic mode the totes are transported 

in and out of the irradiator on automatic conveyers. 

Usually the maximum capacity of the cobalt-60 source 

for a batch facility is lower than that of the automatic 

facility (i.e. 400 KCi for batch facility and 1000 KCi for 

automatic facility in this design). Figures 15 and 16 show 

the two versions of this concept. 

In the carrier concept, aluminum carriers 

approximately 2 meters high with a typical volume of 1 cubic 

meter are used. They are suspended and driven through the 

irradiation chamber and around the radiation source by an 

overhead monorail system. A wide range of product sizes can 

be accommodated because of the large internal volume of the 

carriers. 

In the batch version the carriers are moved in and 

out of the irradiation chamber manually, and automatically 

by a powered monorail system in the automatic mode. The 

typical capacity of the radiation source for both versions 
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is 1.3 x 10 Ci. Figures 17 and 18 show the batch and 

automatic mode respectively. 

In the pallet concept, the product is stacked on 

transportation pallets which can reduce the labor intensive 

handling of the product of the previous concepts. The 

loaded pallets are placed in containers larger than the 

carrier concept and conveyed through the irradiator 

automatically. A typical pallet irradiator has a capacity 

of 2 x 106 Ci cobalt-60. In this design the processing 

capability per curies of cobalt-60 is less then that of the 

other two concepts but has an advantage as the least labor 

intensive operation and is capable of much greater 

throughputs at low doses. Fig. 19 illustrates this concept. 

In addition, the batch versions require the irradiators to 

be shut down for product loading and unloading whereas the 

automated versions can process continuously and thus have a 

greater throughput capacity, although they have somewhat 

higher capital costs. 
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Cost Composition 

A. Capital Costs 
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A.I. Irradiator and Its Installation 

The cost of an irradiator includes the complete 

irradiator mechanism, product conveyer system, source hoist 

mechanism, control system, monitoring and safety features. 

It also includes the fees for installation, commissioning of 

equipment, on-site operator and maintenance training. 

A.2. Building and Shieldings 

The cost includes construction of the concrete 

shield, storage pool, utilities (e.g., electricity, water, 

ventilating, etc.), operators control room and service room. 

It may also include the cost of land, warehouse and office; 

however, if the site is attached to an existing food 

processing facility, this cost may be significantly reduced. 

A.3. The Radiation Source 

This cost includes the delivery of cobalt-60 

radiation source sealed in standard capsules with a fixed 

period of warranty against leakage, and the rental charges 

for shipping containers to transport the source to customer 

facilities. These containers are manufactured and licensed 

to meet IAEA transport regulations. 
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A.4. Shipping Cost 

This is the shipment charge by sea freight of the 

packaged irradiator components and the initial cobalt-60 

radiation source from the manufacturer to the overseas 

customers. 

A.5. Local Labor Installation 

Plant installation personnel has to be assisted by 

local craftsmen such as riggers, plumbers and electricians. 

These costs are based on man-days required for each facility 

at a variable rate depending on local labor cost. 

B. Operating Costs 

B.1. Labor Cost 

The salary costs for personnel to manage and operate 

a facility vary significantly from country to country. It 

is important to note that the labor cost depends on the 

quantity of product to be handled (i.e. throughput volume) 

and the plant size and type. In addition, it must be 

emphasized that if the plant is fully automated, the 

anticipated labor cost may be significantly reduced; but 

high capital expense for highly automated equipment will be 

required. However, there obviously must be a point of 

diminishing returns and depends on various factors such as 
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site location, labor cost and interest rate. In any event, 

careful advance economic analysis is essential. 

B.2. Radiation Source Replenishment 

Since the radiation source decays at a rate of 12.3% 

per year, a source replenishment is required to maintain the 

annual throughput. This cost includes the source 

replenishment, shipping, and source container rental, as 

well as installation fees. At the time of source 

replenishment, the source supplier's engineering personnel 

will conduct a series of inspections of mechanical, 

electrical and safety system of the irradiator. 

B.3. Miscellaneous 

These are the costs for utilities, maintenance 

control and service supplies, and other items. 

In the following, there is an attempt to quantify 

the irradiation cost in the previously described irradiator 

plant types. The figures given in the tables are based on 

the capital costs provided by AECL-RCC and their estimated 

annual operating costs for each facility. Also, the figures 

presented in the tables are the best estimates for 

facilities commencing operation during 1987 and believed to 

be realistic. 

Table IV shows the capital cost associated with the 

items that are essential for installation of a gamma 
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irradiation facility. Cost of land is not included as it is 

assumed that the facility will be constructed on the site of 

an existing food processing plant. The inclusion of 50% of 

the total source capacity as initial source strength 

reflects the varying throughput capabilities of each 

facility in the analysis. Eighty percent of the capital 

cost is amortized over 15 years at 12% annum, assuming that 

the user makes a 20% down payment and mortgages the balance. 

Table V shows the operating costs of such a gamma 

irradiation facility. It summarizes the items included in 

labor and direct charges. These charges are then added to 

the annual amortized capital and 25% of the down payment to 

arrive at the total cost per year for each facility type for 

the first four years. 

In Tables IV and V, comparison of the costs are made 

for the three design concepts and for batch and automatic 

versions. 



Table IV Captlcal Costs for Irradiators (In U.S. Dollars). — Gay, (1985). 

Pallet 

Tote Irradiator Carrier Irradiator Irradiator 

Batch Automatic Batch Automatic Automatic 

Irradiator Source 

Capacity 0. 4 MCi 1 HCl 1.3 MCi 2 MCi 

1) Irradiator including 

Installation $ 267,780 $ 527,000 $ 495,000 $ 793,230 $1,019,255 

2 )  Totes $ 6,000 $ 31,500 - - -

3) Building £ Shield $ 400,000 $ 400,000 $ 500,000 $ 500,000 $ 600,000 

4) Initial Source 

(50% of capacity) $ 232,000 $ 570,000 $ 741,000 $ 741,000 $1,120,000 

5) Shipping Costs 5 30,000 $ 30,000 $ 35,000 $ 45,000 $ 45,000 

6) Rental of Containers $ 2,900 $ 8,700 $ 11,600 $ 11,600 $ 19,500 

7) Local Labour During 

Installation $ 11,000 $ 12,750 $ 11,800 $ 15,710 $ 15,720 

0) Product Handling 

Equipment $ 3,000 $ 3,000 $ 7,000 $ 7,000 $ 14,000 

TOTAL $ 952,680 $1 ,582,950 $1 

O
 
© 

o
 

C
D
 

*
 $2 ,113,540 $2,833,475 

80% of total amortized over 

15 years § 124 per year 

YEARLY PAYMENT S 109,785 $ 182,416 $ 207,590 $ 243,561 $ 326,525 



Table V Estimated Operating Costs During First Years (in U.S. Dollars). — Gay, (1985). 

Pallet 
Tote Irradiator Carrier Irradiator Irradiator 

natch Automatic Batch Automatic Automatic 
labour (1) 
1) Manager $ 35,000 $ 35,000 $ 35,000 $ 35,000 $ 35,000 
' 2) Secretary $ 12,000 $ 12,000 $ 12,000 $ 12,000 $ 12,000 
3) Operator/RSO $ 25,000 $ 25,000 $ 25,000 $ 25,000 $ 25,000 
4) Product Handlers 

8 $12,750/yr. $102,000 $102,000 $102,000 $102,000 $ 51,000 
51 Maintenance $ 20,000 $ 20,000 $ 20,000 $ 20,000 $ 20,000 

Sub-Totalt $194,000 $194,000 $194,000 $194,000 $143,000 
y 

Direct 
1) Maintenance $ 5,000 $ 7,000 $ 5,000 $ 7,000 $ 7,000 
21 Utilities $ 35,000 $ 35,000 $ 35,000 $ 35,000 9 35,000 
3) Office Supply $ 2,000 $ 2,000 $ 2,000 $ 2,000 $ 2,000 
4) Cobalt Reload (12.34) $ 31,075(2) $ 02.500 $101,087 $101,007 $154,000 
5) Shipping Costs $ 4,000(2) $ 8,000 $ 8,000 $ 0,000 $ 8,000 
6) Container Rental $ 1,450(2) $ 2,900 $ 2,900 $ 2,900 $ 2,900 
7) Installation $ 0,750(2) $ 17,500 $ 17,500 $ 17,500 $ 17,500 

Sub-Totali $ 08,075 $154,900 $172,287 $174,287 $226,400 
Amortized Capital/Year 
(Proa Table I) $109,705 $182,416 $207,590 $243,561 $326,525 

Oownpayuent -201 Amortized Over 
4 Years Without Interest $ 47,634 $ 79,140 $ 90,070 $105,677 $141,674 

TOTAI./YKAH $439,494 $610,464 $663,947 $717,525 $037,599 

Totai/Monl li $ 36,624 $ 50,072 $ 55,329 $ 59,793 $ 69,800 
NOTE: 1) labour coats may be significantly reduced if the irradiator ia attached to an axiatinq food 

processing facility 
2) Figures represent 50% of Costa incurred once every two years. 
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CHAPTER 5 

INTERNATIONAL ASPECTS OF FOOD IRRADIATION 

During the past decade world-wide interest has been 

shown in the clearance, standardization and legislation of 

food irradiation by several international organizations and 

public health authorities in various countries. Neverthe

less, progress in the commercial use of the process has 

generally been slow. In the early stage, absence of 

comprehensive data to demonstrate that it is harmless to the 

consumer leads to caution and the institution of cumbersome 

safety clearance procedures by most governments before they 

will permit the process. Besides, the uncertainty of 

acceptance by the general public and the worldwide food 

industry's lack of confidence and its consequent reluctance 

to invest the capital required to install irradiation plants 

also hampered in commercial use of food irradiation. 

In recent years, however, use of the process has 

increased. Specific food applications have been agreed to 

in many countries, including France, the Netherlands, 

Belgium, Japan, South Africa, Canada, the United Kingdom and 

the United States of America (see Tables VI and VII). Some 
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of these countries currently appear to be moving toward 

approval of more general applications. 

This growing interest is largely stimulated by the 

efforts of international organizations including the Food 

and Agriculture Organization of the United Nations (FAO), 

the International Atomic Energy Authority (IAEA) and the 

World Health Organization (WHO), which have convened 

international meetings since 1960. In 1970, the Inter

national Food Irradiation Project (IFIP) was set up by 19 

countries to undertake and sponsor research "in food 

irradiation. 

The organizations joined together to form the Joint 

FAO/IAEA/WHO Expert Committees on the Wholesomeness of 

Irradiated Foods (JECFI) and at meetings in 197 0 and 1976, 

reported that certain foods, irradiated for specific 

purposes and within certain dose limits, were 

unconditionally safe for human consumption. Thereafter, 

work continued both within the IFIP and elsewhere with a 

view to establishing general clearance procedure for new 

safety and suitable safeguard methods. 

Another JECFI meeting was convened in 1980, and on 

the basis of comprehensive data assembled by the IFIP 

concluded that the irradiation of food up to an overall 

average dose of 10 KGy presents no toxicological hazard and 

introduces no special nutritional or microbiological 

problems. 



Table VI Clearances of Irradiated Foods Since 1976. 

— Kooij, (1972). 

Country of 
organization Product 

Category 
of acceptance 

Argentina 

Australia 

Belgium 

Czechoslovakia 

France 

Hungary 

Japan 

Netherlands 

South Africa 

Potatoes 

Frozen shrimp 

Potatoes 
Strawberries 
Black pepper 
Shallots 
Garlic 
Onions 

Potatoes 
Onions 
Mushrooms 

Onions 
Garlic 
Shallots 

Mixed dry 
ingredients for 
canned hashed meat 

Onions 

Peeled potatoes 
Chicken 
Soup greens 
Frozen frog's legs 
Rice, ground rice 
products 
Rye bread 
Various fish fillets 

Potatoes 
Onions 
Garlic 
Chicken 
Papaya 
Mango 
Strawberries 
Dried bananas 
Avocados 

Unconditional 

Provisional 

Provisional 
ff 
II 
II 

Provisional 

Provisional 

Provisional 

Unconditional 

Provisional 
Unconditional 
Provisional 

Unconditional 

Provisional 



(Table VI Continued) 

Joint FAO/IAEA/WHO 

Expert Committee,1976 Potatoes 
Onions 
Papaya 
Strawberries 
Wheat and ground 
wheat products 
Rice 
Chicken 
Cod and redfish 

Unconditional 
Provisional 
Unconditional 

Provisional 
Unconditional 
Provisional 



Table VII Year 

Item 

of 

or 

First 

Group 

Clearance In a Country for a Given Food 

of Related Proudcts. -- Koolj, (1987). 
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The codex Alimentarius Commission (CAC) is a joint 

FAO/WHO body set up in 1962 with the purpose to achieve 

general acceptance of the food irradiation process. Its 

major task is to prepare international food standards and 

codes of practice with a view to their acceptance by 

governments. The commission adopted in 1970 a "Recommended 

International General Standard for Irradiated Food" (see 

Appendix B) and an associated "Recommended International 

Code of Practice for the Operation of Radiation Facilities 

for the Treatment of Foods" based on the work done by the 

JECFI in 1976. 

In 1980 the two documents were revised by JECFI to 

reflect conclusions and revisions adopted by the Commission 

in July 1983. The adopted General Standard and the Code of 

Practice, including its revised versions, which were 

designed to permit free trade among member states of the 

CAC, was distributed for government acceptance.. 

Examples of some of the major amendments proposed in 

the revised version of the General Standard are as follows: 

1. inclusion of x-ray sources in the list of acceptable 

radiation sources; 

2. the overall average dose absorbed by a food 

subjected to irradiation processing should not 

exceed 10 KGy; 

3. repetition of irradiation within the overall average 

dose of 10 KGy should be limited to the case of food 
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commodities of low moisture content in which re-

infestation by insects cannot be effectively 

prevented under practical conditions of storage and 

transport; 

4. repetition of irradiation is also considered 

acceptable when the food to be irradiated is a 

processed form of a food that has already undergone 

low-dose treatment and when it includes irradiated 

minor ingredients; 

5. omission of the mandatory requirement to label foods 

for retail sale that they have been treated with 

ionizing radiation. 

In general, the identity of irradiated food up to 

the point of retail sale in international trade is being 

maintained. International trade in irradiated foods 

requires approval for importation by relevant authorities of 

the importing countries. In this respect, the Joint 

FAO/IAEA/WHO Advisory Group in 1977 prepared the "Model 

Regulations for the Control of and Trade in Irradiated 

Food", which were published by IAEA. Model Regulations were 

based on the provisions of the Standard for Irradiated Food 

adopted by CAC in 1979. 

The purpose of the Model Regulations is to provide: 

(1) the basis for an agreement governing the control of 

irradiated food moving in international trade among member 

countries which have accepted the Standard for Irradiated 
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Foods and its amendments, and (2) a common pattern for 

individual national legislation in order to ensure a similar 

and effective control over the irradiation of food. In many 

countries it is necessary to satisfy the requirements of a 

particular system as a condition for acceptance of the 

regulations. Hence, the "Model Regulations" may be used to 

constitute, in some countries, a framework for laws passed 

by parliament while in other countries it could constitute a 

general regulation implemented by the relevant administra

tive authority. 

Present Status 

As shown in Tables VI and VII, the acceptance of the 

process is more often found in advanced countries than in 

developing countries. An investigation was carried out in 

1980 in Asia and the Pacific indicated that only Thailand 

has regulated under a Food Contract Act the trade of 

irradiated food. It is subject to licensing by the Food and 

Drug Administration of the Ministry of Public Health. Food 

irradiation legislation is being considered in Indonesia, 

Korea, and Malaysia. It did not exist in 1980 in 

Bangladesh, India, Pakistan, the Philippines, Singapore, and 

Sri Lanka. 

In the United States, the Food and Drug 

Administration (FDA) amended its regulations in April, 1986 

to permit the use of ionizing radiation for food. The 

amended regulations are as follows: 



1. Permit manufacturers to use irradiation at doses not 

to exceed 1 KiloGray (KGy) to inhibit the growth and 

maturation of fresh foods and to disinfect food of 

arthropod pests, 

2. permit manufacturers to use irradiation at doses not 

to exceed 30 KGy to disinfect dry or dehydrated 

aromatic vegetable substances (such as spices and 

herbs) of microorganisms, 

3. require that irradiated foods be labeled to show 

this fact both at the wholesale and at the retail 

level, 

4. require that manufacturers maintain process records 

of irradiation for a specified period and make such 

records available for FDA inspection. 

These regulations, promulgated on the agency's 

initiative, were considered necessary to permit the safe use 

of ionizing radiation. 

In the United Kingdom, as early as 1962, the then 

Ministry of Health set up a working party on the irradiation 

of food to review the medical and scientific information 

available about the effect of irradiation. In its report in 

1964, the Working Party's main conclusion was that the use 

of irradiation for the treatment of food should be 

controlled and safety conditions be kept under review. In 

consequence, the Government implemented the regulations in 

two complementary ways: 
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1. Regulations were made in 1967 which effectively 

prohibited the application of ionizing radiation to 

food intended for sale for human consumption and 

also the marketing or importation of food subjected 

to ionizing radiation (an exception was the 

application of not more than 0.1 Gy of irradiation 

so as to permit the continued use of certain types 

of nucleonic equipment for quality control purposes 

in food processing). This action did not represent 

the view that food irradiation needed to be banned 

on safety grounds. It merely established . a 

procedure for subjecting proposed specific uses of 

the process to close scrutiny; when appropriate, 

clearance would have been effected by the exemption 

of the particular use from the scope of the 

Regulations. 

2. The Advisory Committee on the Irradiation of Food 

was established in May, 1967 to advise Ministers 

generally on matters relating to the irradiation of 

food, and on the acceptability of applications for 

exemption from the prohibition on the sale and 

importation of irradiated food intended for human 

consumption. 

The Regulations were amended in 1969 to permit the 

process for patients needing sterile diets. In 1972, 

further amending Regulations raised the permitted limit for 
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low level irradiation to 0.5 Gy. In view of the significant 

conclusions of the JECFI of 1980, a more flexible approach 

to the process was taken, and in 1982, the committee was 

reformed to give it broader authority. 

"To advise Health and Agriculture Ministers of Great 

Britain and the Head of the Department of Health and Social 

Services for Northern Ireland on any matters relating to the 

irradiation of food or to the manufacture of novel foods or 

foods produced by novel processes, having regard where 

appropriate to the views of relevant expert bodies." 

Retail Labeling 

As mentioned earlier, the identity of irradiated 

food up to the point of retail sale in international trade 

has to be maintained in order to obtain the approval for 

importation by the relevant authorities of the importing 

countries. In retail sale, it is required that any 

irradiated foods must be labeled in order to permit their 

sale in most of the member countries. The purpose of 

labeling is to ensure that the consumer is informed of the 

nature of the food, is not misled, and has sufficient 

information to make an informed choice. 

The symbol below is to be used as the distinctive 

identification mark to be applied on all retail packages of 

irradiated foods along with the statement "treated with 

radiation". 
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6 n ̂  

This symbol has been used internationally to convey the fact 

that the food has been irradiated. 
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CHAPTER 6 

SUMMARY AND CONCLUSION 

By now it should be clear that ionizing radiation 

provides a wide spectrum of application possibilities in 

many areas. So far as food irradiation is concerned, it 

constitutes a powerful and economical method which 

contemporary food technology has applied to extend the shelf 

life of food products, reduce losses due to spoilage and 

infestations, and eliminate pathogens. 

To summarize briefly: Irradiation can be used to 

kill or reduce the number of pathogens or spoilage organisms 

in food, control insect infestation of grain and other 

products, delay the ripening of fruit, and inhibit sprouting 

of certain vegetables. Since the 1950's many potential 

applications of the process have been studied, identified, 

and demonstrated in pilot plant experiments. It is a clean, 

simple and effective process which surely has much to 

commend it. 

Undeniably, the process has its restrictions. For 

example, at present, its long-term effects on human biology 

are unknown, and because of this food technologists and 

other involved persons are conservative in the use of the 
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process. However, its future is promising, especially where 

conventional techniques are inadequate or too expensive 

because of lack of fossil energy. 

From the safety standpoint, there is no evidence of 

any hazard to human health from the consumption of food 

irradiated up to an overall average dose of 10 KGy. On the 

other hand, irradiation might reduce potentially toxic 

substances in food. Although there are some minor areas 

where the data on this aspect of irradiated foods are 

incomplete, it is likely that new data will continue to be 

made available and in more detail for classes of food that 

are not covered at present. Nevertheless, there will be a 

continuing need to review data on irradiated food. 

For progress in the commercial use of the process, 

the speed depends largely on public regulatory policies. In 

turn, more favorable policies will depend on progress in 

making available comprehensive and conclusive data on the 

safety aspects which will permit the modification or 

abandonment of the present cumbersome safety clearance 

procedures. Then, the process may become more widespread 

than currently anticipated, and possibly irradiated food 

could become a major part of the diet. 

During the past several decades, the challenge to 

accept food irradiation, to clear research findings, to 

formulate and adopt standards and to enact positive 

legislation has been taken up by several international 



8 7  

organizations and by the public health authorities in 

various countries. After years of research and development 

programs on food irradiation carried out by these 

organizations and authorities, the door is now open for 

clearance of more irradiated foods in more countries. 

Difficulties, however, still arise in the 

international trade of irradiated food. One reason is that 

it is difficult to define the exact nature of dose controls 

and types of radiation, especially if food products are 

imported after irradiation overseas. 

Second, although procedures for obtaining clearances 

and some forms of legislation for the control of food 

irradiation have already been adopted among the member 

countries of the international organizations, these 

countries, however, have individual legislative systems 

which differ slightly from each other. Furthermore, in many 

countries, there is an absence of legislation on irradiated 

food that make the situation iuo*-e complicated. Problems of 

technical or legislative controls over food irradiation in 

international trade are important, but a greater obstacle to 

progress in commercial use is the reluctance of consumers to 

accept irradiated food. As a matter of fact, helping people 

to understand the process is the best way to gain their 

cooperation. Therefore education programs through the media 

and other feasible channels could be the appropriate way to 

gain public acceptance. 
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In the designs for a commercial food irradiator 

presented in this study the methods of approach given are no 

more than a general introduction and description and are not 

to be used for final design exercise. The accuracies 

required for a large irradiator can only be obtained by 

exact calculations (usually with the use of specific 

computer programs) for each specific application. 

In the cost analysis of a food irradiation facility, 

some commercially available irradiators and its costs are 

described and analyzed. The estimated costs are based on a 

specific set of assumptions and input prices. In addition, 

all the costs indicated are for the radiation treatment 

alone. Very often, transportation cost for the product has 

to be added, especially for large irradiator plants which 

have to draw on a larger geographic area for their through

put. Although usually the unit costs decline as the 

irradiator's size increases, the transportation costs may 

outweigh the gains. 

For a complete assessment of the economic 

feasibility of food irradiation, many other factors need to 

be considered. These include the appropriate plant size, 

transportation costs, continuity of production and marketing 

chain with sufficient volume, obstacles to current marketing 

procedures, enough profit to cover the cost of the process, 

public acceptance of the product and other similar matters. 



APPENDIX A 

WORLD LIST OF INDUSTRIAL GAMMA IRRADIATORS 

TOTAL PLANTS WORLDWIDE: 

PLANT DESIGN: 

132 in 39 countries 

71 AECL/Canada 
11 AEC/USSR 

9 Marsh/England 
5 CEA/France 
5 Radiation Sterilizers/USA 
4 JAERI/Japan 
3 CNEA/Argentina 
3 International Nutronics/USA 
3 Radiation Technology/USA 
3 Sulzer/Switzerland 
2 IPL/England 
1 AEC/E. Germany 
1 AEC/Spain 
1 Applied Radiant Energy/USA 
1 BNL/Taiwan 
1 Gammatom/ltaly 
1 INER/Taiwan 
1 IRE/Belgium 
1 Irrad/ltaly 
1 Isomedix/USA 
1 Italgamma/ltaly 
1 Neutron Products/USA 
1 Nuclear Chemicals/England 
1 Precision Materials/USA 

TOTAL COBALT-60 IN SERVICE WORLDWIDE: 106 MCi 
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WORLD LBST OF INDUSTRIAL GAMMA IRRADIATORS 
COUNTRY OPERATOR LOCATION PLANT DESIGN 

ARGENTINA (3) CNEA (3 plants) Buenos Aires 
Ezeiza 
Mar del Plata 

CNEA 
CNEA 
CNEA 

AUSTRALIA (3) Ansell International 
(2 plants) 

Johnson & Johnson 

Dandenong 
Sydney 
Sydney 

AECL 
AECL 
AECL 

BELGIUM (2) IRE (2 plants) Fleurus 
Fleurus 

Sulzer 
IRE 

BRAZIL (3) Embrarad 
IBRAS-CBO 
Johnson & Johnson 

Sao Paulo 
Campinas-Est 
San Jose Dos Campos 

AECL 
AECL 
AECL 

CANADA 13) Ethicon 
Isomedix 
Sterirad 

Peterborough, Ontario 
Whitby, Ontario 
Markham, Ontario 

AECL 
AECL 
AECL 

CHILE (1) CCEN Santiago AEC-Spain 

CZECHOSLOVAKIA (11 Kovo Brno AECL 

DENMARK 13) Novo Alle 
Nunc 
Molnlycke Steritex 

Copenhagen 
Roskilde 
Espergaerde 

AECL 
AECL 
AECL 

EGYPT 11) NCRT Cairo AECL 

EL SALVADOR (11 Delka San Salvador AECL 

FEDERAL REPUBLIC 
OF GERMANY (5) 

Beiersdorf 
Braun Melsungen 
Ethicon 
Gammaster Muenchen 
Willy Ruesch 

Hamburg 
Melsungen 
Hamburg 
Allershausen 
Rommelshausen 

CEA France 
Sulzer 
Marsh 
AECL 
AECL 

FINLAND (1) Kolmi-Set Oy llomantsi AECL 

FRANCE 13) Conservatome 
(3 plants) 

Dagneux CEA France 

GERMAN DEMOCRATIC 
REPUBLIC 11) 

GAEC Dresden AEC E. Germany 

GREECE (1) Dimes Athens AECL 

HUNGARY (1) Medicor Debrecen AECL 

INDIA (Z) IDEA 
Isomed 

Trombay 
Bombay 

AECL 
Marsh 

IRAN (1) AEOI Teheran AECL 

IRELAND (2) Becton Dickinson 
Imed 

Dublin 
Letterkenny 

AECL 
AECL 

ISRAEL (1) Sor-Van Radiation Yavne AECL 
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COUNTRY OPERATOR LOCATION PLANT DESIGN 
ITALY (6) Ethicon 

Gammarad 
Gammatom 
ICO 
IPAS 
haloamma 

Rome 
Bologna 
Como 
Ascoli Piceno 
Guanzate 
Nettuno 

AECL 
Marsh 
Gammatom 
AECL 
Irrad 
Itelgamma 

JAPAN (71 JAERI <2 plants) 
Japan Radioisotope 

Association 
Radia Industry 
Terumo (2 plants) 
Tochigi-Siki 

Takasaki 
Koka 

Takasaki 
Kofu 
Tochigi 

JAERI 
AECL 

JAERI 
AECL 
JAERI 

KOREA (1) KAERI Seoul AECL 

MALAYSIA (1) Ansell International Melaka AECL 

MEXICO (2) IN IN 
USDA 

Salazar 
Tapachula 

AECL 
AECL 

NETHERLANDS (2) Gammaster (2 plants) Ede AECL 

NEW ZEALAND 11) Coopers Animal 
Health 

Upper Hutt AECL 

SAUDI ARABIA (2) Alshifa 
King Faisal Research 

Centre 

Dammam 
Riyadh 

AECL 
International Nutronics 

SINGAPORE (1) Travenol Laboratories Singapore AECL 

SOUTH AFRICA (31 Atomic Energy 
Hepro 
IsoSter 

Pelindaba 
Tzaneen 
Johannesburg 

AECL 
AECL 
AECL 

SWEDEN (2) Johnson & Johnson 
Radona 

Rotebro 
Skaerhamn Island 

AECL 
Marsh 

SWITZERLAND (1) Steril Catgut Neuhausen Sulzer 

TAIWAN (2) INER 
ITRI 

Kneeling 
Taipei 

INER 
BNL 

THAILAND (1) Gammatron Bangkok Marsh 

UNITED KINGDOMCIOI Becton Dickinson 
Ethicon 
Gillette 
Isotron (4 plants) 

Johnson & Johnson 
Surgikos 
Swann Morton 

Plymouth 
Edinburgh 
Reading 
Bradford 
Reading 
Swindon (2 plants) 
Slough 
Livingston 
Sheffield 

AECL 
Nuclear Chemicals 
Marsh 
AECL 
Marsh 
IPL 
Marsh 
AECL 
Marsh 
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COUNTRY OPERATOR LOCATION PLANT DESIGN 
U.S.A. (36) American Pharmaseal El Paso, TX AECL 

(Convenors Operation) 
(2 plants) 

Applied Radiant Lynchburg, VA Applied Radiant Energy 
Energy 

Becton Dickinson North Canaan, CT AECL 
(3 plants) Broken Bow. NB AECL 

Sumter, SC AECL 
Cobe Laboratories Denver, CO Radiation Sterilizers 
Ethicon (2 plantsl Somerville, NJ AECL 

San Angelo, TX AECL 
Internationa) Irvine. CA International Nutronics 

Nutronics (2 plants) Palo Alto. CA International Nutronics 
Isomedix (10 plants) Libertyville, IL AECL 

Morton Grove, IL AECL 
Northborough, MA AECL 
Columbus, MS AECL 
Parsippany, NJ Isomedix 
Whippany, NJ AECL 
Groveport, OH AECL 
Vega Alta, Puerto Rico AECL 
Spartanburg, SC AECL 
Sandy City. UT AECL 

Johnson & Johnson Sherman, TX AECL 
Neutron Products Dickerson. MO Neutron Products 
Precision Materials Mine Hill, NJ Precision Materials 
Radiation Sterilizers Tustin, CA Radiation Sterilizers 

(4 plants) Atlanta, GA Radiation Sterilizers 
Schaumberg, IL Radiation Sterilizers 
Westerville, OH Radiation Sterilizers 

Radiation Technology West Memphis. AR Radiation Technology 
(A plants) Haw River, NC Radiation Technology 

Salem, NJ Radiation Technology 
Rockaway, NJ AECL 

Sherwood Medical Norfolk. NB AECL 
(3 plants) Deland. FL AECL 

Commerce, TX AECL 
Surgikos Arlington, TX AECL 
Travenol Laboratories Aibinito, Puerto Rico AECL 
3M Company Brookings, SD AECL 

USSR (1981) (11) Grand Total: 11 industrial gamma irradiators 
(4 medical, 3 food, 4 chemical) 

VENEZUELA (1) IVIC Caracas AECL 

YUGOSLAVIA (1) Nuclear Institute Vinca CEA France 
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APPENDIX B 

CODEX GENERAL STANDARD FOR IRRADIATED FOODS 

— IAEA - TECDOC-258 (1981) 
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SCOPE 

This standard applies to foods processed by 

irradiation. It does not apply to foods exposed to 

doses imparted by measuring instruments used for 

inspection purposes. 

GENERAL REQUIREMENTS FOR THE PROCESS 

Radiation Sources 

The following types of ionizing radiation may be 

used: 

(a) Gamma rays from the radionuclides ®^Co or ^^Cs; 

(b) X-rays generated from machine sources operated 

at or below an energy level of 5 MeV. 

(c) Electrons generated from machine sources 

operated at or below an energy level of 10 MeV. 

Absorbed Dose 

The overall average dose absorbed by a food 

subjected to radiation processing should not exceed 

10 KGy. 

Facilities and Control of the Process 

Radiation treatment of foods shall be carried out in 

facilities licensed and registered for this purpose 

by the competent national authority. 

The facilities shall be designed to meet the 

requirements of safety, efficacy and good hygienic 

practices of food processing. 
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The facilities shall be staffed by adequate, trained 

and competent personnel. 

Control of the process within the facility shall 

include the keeping of adequate records including 

quantitative dosimetry. 

Premises and records shall be open to inspection by 

appropriate national authorities. 

Control should be carried out in accordance with the 

Recommended International Code of Practice for the 

Operation of Radiation Facilities used for the 

Treatment of Foods (CAC/RCP 19-1979, Rev. 1). 

HYGIENE OF IRRADIATED FOODS 

The food should comply with the provisions of the 

Recommended International Code of Practice - General 

Principles of Food Hygiene (Ref. No. CAC/RCP 1-

1969, Rev. 1, 1979) and, where appropriate, with the 

Recommended International Code of Hygienic Practice 

of the Codex Alimentarius relative to a particular 

food. 

Any relevant national public health requirement 

affecting microbiological safety and nutritional 

adequacy applicable in the country in which the food 

is sold should be observed. 
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4. TECHNOLOGICAL REQUIREMENTS 

4.1 Conditions for Irradiation 

The irradiation of food is justified only when it 

fulfills a technological need or where it serves a 

food hygiene purpose and should not be used as a 

substitute for good manufacturing practices. 

4.2 Food Quality and Packaging Requirements 

The doses applied shall be commensurate with the 

technological and public health purposes to be 

achieved and shall be in accordance with good 

radiation processing practice. Foods to be 

irradiated and their packaging materials shall be of 

suitable quality, acceptable hygienic condition and 

appropriate for this purpose and shall be handled, 

before and after irradiation, according to good 

manufacturing practices taking into account the 

particular requirements of the technology of the 

process. 

5. RE-IRRADIATION 

5.1 Except for foods with low moisture content (cereals, 

pulses, dehydrated foods and other such commodities) 

irradiated for the purpose of controlling insect 

reinfestation, foods irradiated in accordance with 

sections 2 and 4 of this standard shall not be re-

irradiated. 
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For the purpose of this standard food is not 

considered as having been re-irradiated when: (a) 

the food prepared from materials which have been 

irradiated at low dose levels e.g. about 1 Kgy, is 

irradiated for another technological purpose; (b) 

the food, containing less than 5% of irradiated 

ingredient, is irradiated, or when (c) the full dose 

of ionizing radiation required to achieve the 

desired effect is applied to the food in more than 

one instalment as part of processing for a specific 

technological purpose. 

The cumulative overall average dose absorbed should 

not exceed 10 KGy as a result of re-irradiation. 

LABELLING 

Inventory Control 

For irradiated foods, whether prepackaged or not, 

the relevant shipping documents shall give 

appropriate information to identify the registered 

facility which has irradiated the food, the date(s) 

of treatment and lot identification. 

Prepackaged foods intended for direct consumption 

The labelling of prepackaged irradiated foods shall 

be in accordance with the relevant provisions of the 

Codex General Standard for the Labelling of 

Prepackaged Foods. 



Foods in bulk containers 

The declaration of the fact of irradiation shall 

made clear on the relevant shipping documents. 
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