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INTRODUCTION 

 
Ionizing radiation has high energy which is enough to break the molecular bonds and ionize 
atoms. As a result, materials exposed to this radiation undergo modification in their physical, 
chemical and biological properties. At present, the principal industrial applications of this 
radiation are sterilization of health care products including pharmaceuticals, irradiation of 
food and agriculture products (for various end objectives, such as dis-infestation, shelf life 
extension, sprout inhibition, pest control and sterilization etc.) and materials modification 
(such as chain scission, polymer cross linking and gemstone colorization etc.) 

 
A significant impetus was given to the radiation processing industry with the advent of 
nuclear reactors, which have the capability to produce radioisotopes. Cobalt-60, the gamma 
ray emitter is widely used as the radiation source for industrial use mainly because it is 
readily available from simple nuclear reactions in nuclear reactors and is non-soluble in 
water. In recent times, the use of electron accelerators as a radiation source (and sometimes 
equipped with X ray converter) is increasing. However, gamma irradiators standout when it 
comes to irradiation of non-uniform and high density (thicker) materials. This is due to the 
deeper penetration of gamma in a given material.  

 
This document describes various aspects involved with gamma irradiators, which are used for 
various radiation processing applications.  

 
Gamma processing has several advantages over other treatment methods; for example, 
sterilization of health care products using either EtO or wet steam as a sterilant.  In the case 
of gamma sterilization, such advantages include: 

 

 Products of any shape can be sterilized because powerful gamma rays penetrate right 
through the package and products. 

 Being a cold process, heat sensitive plastic medical devices and pharmaceutical products 
can safely be sterilized. 

 Flexibility in packaging as the products can be packed individually in sealed bags and 
sterilized in the fully packed form. 

 Since sterilization is effected after final packaging, products sterility is retained 
indefinitely provided the package is undamaged. 

 This is a continuous, fully automated process with a single parameter to be controlled, 
namely the time of exposure. Steam sterilization and ETO apart from being batch 
processes; require more than one parameter to be controlled. 

 The treated product can be used immediately. 

 This is a very precise and reproducible treatment process. 
 

GROWTH OF INDUSTRY 
 
The commercial use of gamma radiation to sterilize health care products began in the late 
1950s, and the technology of processing products with gamma radiation is now well 
entrenched. With increasing experience and confidence in the technology, more 
applications are being investigated, and more facilities being built. With continuous 
increase in the use of radiation, the manufacturers and suppliers are responding by 
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improving and modifying the existing types of irradiators as well as designing new types. 
Such a proliferation of designs is a boon for the potential facility operator, but it also 
places a responsibility on him to meticulously compare various available irradiators and 
make the best selection for his needs. Correct selection affects not only the ease of 
operation but also yields higher efficiency, and thus improved economy. 
 
Presently 10 gamma ray irradiators are operating in the country which have come up 
under MOU with BRIT. Apart from these, 3 irradiators belonging to the Department of 
Atomic Energy and 1 facility under private sector have been rendering radiation 
processing services in the country. Many more irradiators are under various stages of 
completion.  
 
 

                        RADIATION STERILIZATION AND HYGIENIZATION 

 
In radiation processing, a product or material is intentionally irradiated to preserve, 
modify or improve its characteristics. It is a simple and safe process involving exposure of 
product or material to ionizing radiation emanating from the source (such as cobalt-60) 
for a pre-determined time so as to impart a prescribed dose. A fraction of the radiation 
energy that reaches the product is absorbed by the product; the amount depending on its 
mass and composition, and time of exposure. For each type of product, a certain amount 
of radiation energy is needed to realize the desired effect in the product; the exact value 
is determined through research. 
 
However, the product that is irradiated with gamma rays does not become radioactive, 
and thus it can be handled normally. This is similar to X ray examination in a hospital for 
diagnostic purposes; the patient is exposed to radiation (X rays) but he/she does not 
become radioactive. 
 
Sterilization 

Radiation sterilization using gamma radiation is a well established industrial process in 
India. It is a very efficient and convenient technique for achieving a high level of sterility in 
medical supplies. Hermetically sealed medical products in cardboard cartons or aluminum 
tote boxes are generally exposed to a minimum dose of 25 kiloGray. Exposure of medical 
products, manufactured under Good manufacturing Practices (GMP), to minimum 
radiation dose of 25 kGy ensures sterility assurance level (SAL) of the order of 10-6. This 
dose provides an extremely high safety factor, and when the product has low initial 
microbial count (<103 CFU per unit), the probability of any microbial survival can be 
expected to be less than one in one million.  

Gamma radiation is very effective in inactivating microorganisms. As the bacterial count of 
each item should be as low as possible, products should be handled as little as practicable 
in the course of manufacturing. Premises should be clean and dry, ventilated with clean 
air, and the constructions and furnishings conducive to regular and thorough cleaning. 
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Packaging 

The packaging should provide a complete barrier to the entry of microorganisms and 
should be designed to facilitate aseptic removal of contents. The materials to be 
sterilized are packed in impermeable films for example, polyethylene, cellophane-
polyethylene or paper-polyethylene laminates, which can be heat, sealed thus ensuring 
maintenance of sterility. Unsupported polyethylene films of 300 gauge (or 3 mil) 
thickness are suitable for soft products and of 500 gauge for rigid products. 

Products Commonly Sterilized by Radiation 

List of the Products covered under Drugs and Cosmetic Act Rules, 1945 and are cleared 
by Food and Drug Administration, Maharashtra for routine sterilization for use in the 
country and for export purposes is as follows: 

Absorbent Cotton Wool and Absorbent Gauze Products  
 
1. Bandages - Crape, cotton crape, gauze 
2. Cotton - buds, pads, swabs 
3. Dressings - finger dressings, first field dressings, paraffin gauze dressings, shell 

dressings 
       Kits - Maternity/Dai, Minor Surgery, Vasectomy 
4. Sutures: with or without needles (Absorbable/Non-absorbable) - catgut, linen, 

polyester and silk 
5. Hemostate Medical Devices: Absorbable gelatin sponge, Perfusion sets, 

Hypodermic syringes and needles,  Intra-uterine contraceptive devices (IUCD) 
6. Pharmaceuticals, Powders and Others: Debrisan, Neomycin sulphate powder, 

Prickly heat powder (containing boric and salicylic acid), Fluorescein sodium 
strips, Catalin tablets 

 
Ophthalmic Ointments in Paraffin Base 
 
1. In Collapsible Aluminum Tubes: Atropine Sulphate, Chloramphenicol, 

chlorotetracycline, Gentamycin sulphate, Neosporin (Neomycin sulphate, 
polymixin, and bacitracin), Tetracycline 

2. In Soft Gelatin Capsule: Chloramphenicol 
3. Skin Ointments in Polyethylene Glycol Base: Neomycin sulphate Hydro-

cortisone acetate, alpha chymotrypsin 
4. Cosmetics : Artificial eyelash, Eyebrow pencil, Face powder, Kajal, Lipstick, 

Talcum powder 
5. Veterinary Products : Quinapyramine chloride and sulphate 

 
Ayurvedic Products and Raw Materials 
 

1. Special Products (mainly for export) : Belladonna dry extract, Ergot Powder, 
Papain, Rawolfia serpentine 
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List of the Products not covered under Drugs and Cosmetic Act Rules, 1945 
 

1. Cellulosic : Nappies, Sanitary napkins, Tampons, Umbilical cord tapes 
2. Metallic Products: Aluminum caps and containers, Empty aluminum tubes 

(collapsible), Orthopaedic implants, Surgical blades, Surgical tools 
3. Plastic and Rubber : Cannulae, Catheters (Folley, Gibbon etc.), 

Pharmaceutical Containers/Closures, Droppers (eye, nasal), Plugs and 
sprinklers, Drapes (polyethylene), Forceps, Hydrocephalus shunts, Latex 
rubber gloves and Bungs, Petri dishes, Scalp vein sets, Shunt valves, Silastic 
rings, Tapes (for sealing), Trays, Trolley Covers, Tubings (endotracheal, 
duodenal, feeding, Ryles etc.), Urine drainage bags 

 
Miscellaneous   

Bone grafts (deproteinated, degreased and lyophilised), Bone wax, Cellulose acetate 
membrane (for bacterial filtration), Contact lens solution,  Face masks, Gelatin 
(photographic grade), Glass fibre filters, Glass vials and bottles (pharmaceutical), Hip 
joint, Normal saline and Ringer's lactate solution (for kidney perfusion and cleaning of 
wounds), Starch (for gloves), Media strips and plates. 

List of some of the radiation stable polymeric materials and their reported use is given in 
Annex-1 & 2. 

In our country, Ceric-cerous sulphate dosimeters are used for routine measurement of 
dose absorbed in the product and quality control of the irradiated products. The 
dosimeters are placed in maximum and minimum dose positions of the product boxes 
and it is ascertained that a minimum dose of 25 kGy is imparted to the products. The 
consignment of radiation sterilized medical devices is released to the customer, if the 
products receive the specified minimum absorbed dose of 25 kGy. 
 
International Standards 
 
Several standards are available from International Organization for Standardization (ISO) 
and American Society of testing Materials (ASTM), which provide guidelines for 
irradiation process, validation, dosimetry and microbiological aspects of radiation 
processing.  See Annex - 3. 
 
Guidelines for Medical Products covered by Drugs & Cosmetics Act 1940 and Drugs & 
Cosmetics Rules 1945 
 
The following guidelines apply for radiation sterilization of pharmaceuticals and medical 
products which come under the purview of the Drugs & Cosmetics Act and rules there 
under.  

 
Approval of Local Food and Drug Administration (FDA)   
 
Specific approval from the Office of the commissioner, local FDA is required for radiation 
sterilization of the products covered by the Drugs & Cosmetics Act & Rules. Any product 
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not included in the list and requiring FDA approval needs specific approval from FDA. For 
products like injections of antibiotics, approval of the Drug Controller of India is required. 
See Annex-4. 

 
Hygienization 
 
Availability of hygienic, safe and nutritious food is essential for sustainable human 
development. Food security is an important element of economic stability and self reliance 
of a nation. Though the need to preserve food has been felt by mankind since time 
immemorial, it is even stronger in today’s context. The rising population and increasing gap 
between demand and supply, agro-climatic conditions, inadequate, post-harvest practices, 
seasonal nature of produce, and long distances between production and consumption 
centers underscore the need to devise improved conservation and preservation strategies. 
The climatic conditions in India are quite favorable for the growth of insect pests and 
micro-organisms that destroy stored crops and cause spoilage of food. Spoilage also occurs 
due to biochemical and physiological changes in stored foods. During the course of 
harvesting, handling and storage, food could be easily contaminated with harmful 
pathogens and parasites, which could lead to food borne illness.  
 

As in the other parts of the world, India also uses traditional and conventional 
methods of food preservation. These include 

 Pickling  
 Fermentation 
 Drying (Sun drying & mechanical  drying) 
 Refrigeration 
 Freezing 
 Canning 

Each of these methods has advantages and limitations and search has always been for 
newer methods of food preservation. Radiation processing of food is a relatively new 
technology to enter this arena. Milestones in the development of the technology of 
radiation processing of foods are given in Annex-5. The chronology of events leading to 
clearance of radiation processing of food in India is given in Annex-6.  

 

 

PRESERVATION OF FOOD AND AGRICULTURAL COMMODITIES 

 

ROLE OF THE DEPARTMENT OF ATOMIC ENERGY 

Department of Atomic Energy (DAE) has encouraged research and development work related 
to peaceful uses of nuclear energy. This includes production of radioisotopes and developing 
their useful applications. Radioisotopes and radiation find variety of applications in the 
diverse fields such as medicine, industry, agriculture and food preservation. Radiation 
processing of foods is one of the newly emerging technologies with a high potential for 
improving food security and food hygiene.  
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AVAILABILITY OF COBALT-60 

 
Cobalt-60, the radioisotopes which is normally used in radiation processing, is produced in the 

nuclear reactors by absorption of neutron in Cobalt-59. Cobalt-60 thus produced is processed 

at RAPPCOF at Kota and used in the fabrication of source pencils in the laboratories of the 

Board of Radiation and Isotope Technology (BRIT). Pencils containing Coballt-60 slugs are 

used as the source of radiation in the facilities for radiation processing. BRIT undertakes to 

supply Cobalt-60 source required initially, as well as later to replenish, for the proposed plants 

on chargeable basis. 

AVAILABILITY OF TECHNICAL KNOW-HOW 

A great deal of research effort has gone into the development of application of radiation 

energy for preservation and hygienization of food, both of plant and animal origin. Research 

and development work in BARC over nearly four decades has shown that radiation processing 

of foods is effective method for preservation of foods. It can be successfully used to 

complement and supplement existing methods for food preservation. BRIT has the required 

expertise and experience in designing, erecting and commissioning of radiation processing 

facilities. Over a period of time, It has developed vendors for carrying out the above jobs. In 

the larger interest of the society and nation, the DAE desires to promote the technology of 

radiation processing of food. The farmers, producers, processors, traders, consumers can 

benefit a great deal from this technology. The technical know-how for setting up food 

processing plants and the process details of the technology are available to interested 

entrepreneurs from the Board of Radiation and Isotope Technology (BRIT).  Advice for getting 

statutory clearances from the Atomic Energy Regulatory Board can be provided by BRIT. BRIT 

can also undertake radiation processing of different food samples from the prospective users 

on trial basis in order to optimize dose and appraisal of the desired benefits.  

TRAINING FOR PLANT PERSONNEL 

BRIT can provide refresher training to the staff, including operators, radiological safety, and 

quality control personnel, of a proposed radiation processing plant, in one of their existing 

facilities on the various aspects of plant operation and safety.  

DOSIMETRY FACILITIES AND ADVICE 

Dosimetry is an important aspect of radiation processing. The Department can provide help in 

standardization of dosimetry procedures, and carrying out dosimetry. Standard dose meters, 

dose calibration and inert-comparison of dosimetry can also be provided by BRIT.  

INCREASING PUBLIC AWARENESS 

The Department of Atomic Energy and its constituent units also undertake programmes to 

increase public awareness about the technology. The knowledge about the technology and its 
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benefits is spread through the awareness programmes using platforms offered by the various 

professional bodies, associations, and industry through seminars, symposia, and group 

discussions. These activities are also conducted in the regional languages.  Special emphasis is 

laid on allaying the misconceptions and apprehensions about the technology in the minds of 

public based on misguided fears.  

BRIT would provide full support to an entrepreneur or industry for setting up a radiation 

processing facility for foods after signing a memorandum of understanding (Annex-16). This 

support on all aspects of the facility would be provided on a globally competitive basis.   

 

DETAILS OF THE RADIATION PROCESSING TECHNOLOGY 

 

THE PURPOSE OF RADIATION PROCESSING 

Radiation processing of food involves controlled application of the energy of short wave 

length radiations of the electromagnetic spectrum, which includes radiowaves, microwaves, 

infrared, visible and ultraviolet light. These short wave length radiations are also known as 

ionizing radiations and include gamma rays, accelerated electrons, and X-rays.   

Radiation processing of food can achieve different   objectives in different foods. Some of the 

major benefits of radiation processing of food are: 

 Insect disinfestation of dried stored products 

 Phytosanitation to overcome quarantine barriers in fruits and vegetables. 

  Inhibition of sprouting in tubers, bulbs and rhizomes. 

 Delay in ripening and senescence of fruits 

 Enhancement in shelf –life by destruction of spoilage microbes 

 Elimination of pathogens and parasites 
 
The dose of radiation is measured in the SI units known as Gray (Gy). One Gray (Gy) dose of 
radiation is equal to 1 joule of energy absorbed per kg of food material. In radiation 
processing of food the doses are generally measured in terms of KGy (1000 Gy) [The old unit 
of absorbed dose was rad (1 Gy=100 rad)]. On the basis of the dose of radiation the 
application of radiation to food processing is generally divided into three main categories: 
  

                Process                 Dose (kGy) 
 
I. Low dose applications (< 1 kGy) 
 
Sprout inhibition of tubers, bulbs, rhizomes   0.02 – 0.2 kGy 
Delay in ripening of fruits      0.2   – 1.0 kGy 
Insect disinfestation of cereals, legumes and their products 0.25 – 1.0 kGy 
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II. Medium dose applications ( 1 - 10 kGy) 
 
Shelf life improvement of meat, fish, fruits and vegetables 1.0 – 3.0 kGy 
Elimination of pathogens in various foods                 1.0 – 7.0 kGy 
Hygienization of spices      6.0 – 14.0 kGy 
 

 
 
 
 
 
III. High dose applications ( >10 kGy) 
 
Sterilization of packaged food and hospital diets   5.0 – 25.0 kGy 

 
 

BENEFITS OF RADIATION PROCESSING OF FOOD 
 

 Radiation processing is a cold process and therefore, unlike heat, it can be used on 
agricultural commodities without changing their fresh-like character 
 

 Radiation processing does not alter significantly nutritional value, flavour, texture and 
appearance of food. 
 

Fig.2a. Radiation Processed Onion (Left) / Non processed onion (Right) 

Fig.2b. Radiation Processed Potato (Left) / Non processed Potato (Right) 

Fig.3. Radiation Processing improves shelf-Life and hygienic quality 

of fish, meat, poultry (Top) and spices (bottom) 
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 Radiation using Cobalt-60 cannot induce any radioactivity in food and does not leave any 
harmful or toxic radioactive residues on foods as is the case with chemical fumigants 
 

 Due to the highly penetrating nature of the radiation energy , it is very effective method 
 

 Pre-packaged foods can be treated for hygienization and improving shelf-life. 
 

 The radiation processing facilities are environment friendly and are safe to workers and public 
around. 
 
LIMITATIONS OF RADIATION PROCESSING OF FOOD 

 

 Radiation processing is a need based technology and cannot be applied to all kinds of foods. 
 

 Radiation processing cannot make a bad or spoiled food look good. 
 

 It cannot destroy already present pesticides and toxins in foods. 
 

 Amenability of a particular food commodity to radiation processing has to be tested in a 
laboratory.  

 

 Only those foods for which specific benefits are achieved by applying appropriate doses and 
those duly permitted under the Atomic Energy (Radiation Processing of Food and Allied Products) 

Rules, 2012 can be processed by radiation. 
 
The process of irradiation has to be coupled with good manufacturing practices for all foods 
(Annex-7). The foods approved under that Atomic Energy (Radiation Processing of Food and 

Allied Products) Rules, 2012 are listed in Annex-9a,9b,9c,9d. The radiation processing is carried 
out in accordance with the above rules and the Codex General Standard for Good Irradiation 
Practice. 
 

WHOLESOMENESS AND NUTRITIONAL ADEQUACY OF  
RADIATION PROCESSED FOODS 

 
Wholesomeness and nutritional adequacy of radiation processed foods have been studied 
extensively all over the world for more than four decades. All the aspects of toxicology, 
nutritional adequacy and wholesomeness of radiation processed foods have been studied in 
detail. These include: 
 

 Radiological safety 
 

 Safety of chemical changes 
 

 Microbiological safety 
 

 Toxicological safety 
 

 Nutritional adequacy 
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It is not possible by the rules of physics to induce radioactivity in foods with Cobalt-60 gamma 
radiation. Hence the question of (residual) radioactivity in the material does not arise. 
Chemical changes in relation to formation of free radical are not unique to the irradiation 
process and do not lead to any toxicity. Micro flora of food after irradiation at low or medium 
doses may undergo selective reduction which is also encountered with other processes like 
heat. This does not pose any health risk if foods are processed by irradiation following Good 
Manufacturing Practice (GMP) and Good Irradiation Practices (GIP). Irradiation does not 
induce any changes in micro-organisms that potentiate their risks. On the contrary it reduces 
the fitness of the surviving micro-organisms. Studies have shown that irradiation does not 
change the main nutrients in food. As is also the case with other processing techniques, 
vitamins do show varied sensitivity to radiation. Vitamins A, E, C, K and B1in foods are 
relatively sensitive to radiation, while riboflavin, niacin, and vitamin D are more stable. The 
change induced by irradiation depends upon the dose of radiation, type of food, conditions of 
irradiation and packaging. Very little change in vitamin content is observed in food exposed to 
doses upto 1 kGy. Numerous studies on laboratory animals in the various laboratories around 
the world have shown that the consumption of radiation processed foods does not pose any 
health risks. Studies carried out on human volunteers also have shown no adverse effects of 
consumption of radiation processed foods. 
 

 

INTERNATIONAL SAFETY STATUS 

 
The Joint Expert committee of the Food and Agricultural Organization (FAO), World Health 
Organization (WHO), and International Atomic Energy Agency (IAEA), in 1980 concluded that 
food processed by radiation upto a dose of 10 kGy is safe for human consumption and does 
not pose any special nutritional, microbiological or toxicological problems. These conclusions 
have also been reviewed and endorsed later by the similar Joint Expert groups set up from 
time to time and also by a number of scientific and technical associations and bodies    
(Annex-12). Today food irradiation is allowed in over 60 countries worldwide, including India.  
 
 

NATIONAL APPROVAL 

 
The Government of India set up a National Monitoring Agency (NMA) in 1987 to consider the 
various aspects of radiation processing of foods. It approved radiation processing of potato, 
onion, spices and frozen seafood for export, and thereafter the proposal was notified as draft 
under Prevention of Food Adulteration Act (PFA), Rules in 1992. The notification of approval 
for both export and domestic consumption under PFA was published in 1994 vide GSR No. 
614(E) dated August 9, 1994. In June 2012, a notification for radiation processing of food 
items class wise was issued vide G.S.R 158 dated June 26, 2012 under Atomic Energy 
(Radiation Processing of Food & Allied Products) Rules, 2012 (Annex-9a,9b,9c,9d). 
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DETECTION OF RADIATION PROCESSED FOODS 

 
It is not possible to detect the process of irradiation carried out on food by sight or smell, or 
even by simple chemical tests. This only shows that food does not undergo discernible change 
after radiation processing. It is possible to detect some of the changes in radiation processed 
foods using sophisticated methods such as electron spin resonance (ESR), 
Thermoluminiescence (TL) or gas chromatography coupled with mass spectrometry (GCMS). 
The search is however on for development of simple and quick methods for detection of 
radiation processed foods.  
 
 

GOOD IRRADIATION PRACTICES (GIP) IN RADIATION  

PROCESSING OF FOODS 

 
SPROUT INHIBITION OF BULB AND TUBER CROPS 

Bulbs, tubers, and rhizomes undergo a natural process of sprouting during storage and 
transport. Due to sprouting the commodities lose weight, appearance and thus marketability. 
The crops permitted for radiation processing as per PFA rules include potato, onion, shallots 
(small Madras onion), and fresh ginger. The sole purpose of radiation processing here is to 
inhibit sprouting during storage and transport. The radiation may not destroy rot causing 
microbes, and would thus control only sprouting in these commodities which is a 
physiological process.  
 
Onion: Only varieties suitable for radiation processing and long term storage should be used. 
The bulbs should be of uniform maturity. The onion should be harvested after the foliar fall-
over is complete and dry. The bulb should preferably be topped 3-5 cm above the neck. The 
bulbs for radiation processing should be fully mature, sound, firm, and well covered with dry 
scales. The effectiveness of sprout inhibition caused by radiation processing may vary with 
variety, soil, and climatic conditions. Proper curing of onion prior to radiation processing is 
essential. Curing may be done by field drying or artificial drying. Radiation processing carried 
out soon after harvest is the most effective. Post- processing storage should be as best as for 
the commodity not processed by irradiation would normally demand. The onion could be 
stored in well ventilated storage structures to remove heat of respiration. Onions stored in 
net bags or open crates may also need proper ventilation for air circulation. Onions can be 
stored   upto 4-6 months at ambient temperatures with adequate ventilation. Radiation 
processing may cause a brownish discoloration of the inner bud or growth centre which is 
generally inconsequential to most uses of onion.   
 
Potato: Only varieties of proven storage ability and suitable for radiation processing should 
be used. The tubers should be dry and fully mature prior to radiation processing. Immature 
potato has a weakly developed skin (periderm) and should not be used. After harvesting, 
potato may be held for a period upto four weeks at ambient temperature to allow maturing. 
Potato should be stored in well ventilated structures protected from light in order to prevent 
greening and solanine (a toxic glycoalkaloid) production. Potato after irradiation processing is 
best stored at 10° - 15° C. Processing should be done soon after the harvest when the tubers 
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are naturally dormant. Since natural wound healing process of potato is inactivated by 
irradiation, the post-processing storage and handling is important. The handling should be 
minimized and the storage should be properly ventilated. Potato can be stored upto 4-6 
months under above conditions. In certain varieties a little darkening may be observed after 
cooking.   
 
Ginger, garlic, and shallots (small onions): Conditions of maturity at harvest, curing, post-
harvest storage, irradiation and post-processing storage as applicable to the commodities of 
this class also apply these commodities. 
 
In all the commodities irradiated for sprout inhibition, procedures such as screening, sorting, 
grading and packaging, are applicable as for the normal commodity under the best of the 
farming or trading practices.  
 

DELAY IN RIPENING OF BANANA AND MANGO 
 
The purpose of radiation processing of banana and mango is to extend their normal shelf-life 
by delay in their ripening. Other possible effects of radiation processing such as reduction of 
spoilage micro-organisms or insect disinfestation may be secured, but is not the primary 
purpose here. 
 
Fruits to be processed should be freshly harvested. Only sound, clean fruits free of any 
mechanical injury or physiological disorder and without indication of microbial spoilage or 
insect disinfestation should be used for radiation processing. Radiation processing cannot 
make up for the initial poor quality of fruits. The fruits should be harvested under cool and 
dry conditions and stored under good ventilation. The maturity of fruit at the time of harvest 
is a critical factor. The fruits should be harvested at the hard mature state and should not 
have entered climacteric state marked by ethylene evolution and respiratory outburst. 
Radiation processing of immature fruit is to be avoided as such fruits fail to ripen normally. 
Similarly, radiation processing of fruits after the onset of ripening may accelerate the ripening 
process rather than delaying it. 
  
Banana: Bananas are harvested in mature green state, given fungicide treatment, and 
appropriately packed prior to processing by radiation treatment. Irradiation should be carried 
out with a minimum delay after harvesting. A minimum delay of 7-8 days could be achieved at 
ambient temperature after processing by radiation. Best results are obtained when the fruits 
after radiation processing are stored at lower temperatures.  
 
Mango: Mango should be picked in mature green stage with a specific gravity index of more 
than 1.0. Fruits should be thoroughly dried before packaging and processing by radiation. Hot 
water treatment at 45° C for 2-5 min could be given prior to radiation processing to obtain the 
best results. Radiation processing of immature fruits should be avoided. A delay in ripening of 
7-14 days could be obtained at ambient temperature after processing. However, the best 
results are obtained when fruits are stored at lower temperatures.   
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      MICROBIAL DECONTAMINATION AND DISINFESTATION OF SPICES 
 
The specific purpose of the radiation processing of spices, herbs and dry vegetables are to 
eliminate or reduce microbial load, eliminate pathogenic microbes, and insect disinfestation. 
Use of chemical fumigants has several disadvantages and therefore is being phased out all 
over the world. The radiation processing offers several advantages. Unlike fumigants it does 
not leave harmful residues and it is safe for the environment and workers. It is a cold process 
and at the same time it is highly effective. The usual considerations regarding the quality and 
good manufacturing practices would apply to all these commodities, as radiation processing 
cannot be used to correct quality deficiencies. These commodities being of agricultural origin 
get contaminated with micro-organisms and insects. The quantity and quality of the biological 
burden on spices vary with the nature of material, conditions of climate, harvesting, 
processing, handling, storage and the transport employed by the persons dealing in 
commodity.  A dose of 10 kGy can inactivate all stages of storage insects, eliminate 
pathogenic bacteria, and bring down the load in the range of 0-100 colony forming units   
(cfu) /g, which is below the acceptable safe levels by a magnitude of 10-100. 
 
Only pre-packaged spices, herbs and dry vegetables can be processed by radiation. In order to 
avoid recontamination and re-infestation after processing, the product should be properly 
packed and sealed. Packaging material impervious to insect pests should be used to prevent 
re-infestation. It is useful to pack the commodity in its final distribution form. Adequately 
packed spices, herbs and dry vegetables after radiation processing can be stored at ambient 
temperature for long period upto 1 year or even more. Both whole and ground spices can be 
processed in bulk provided they are packed in appropriately lined, air tight packaging.    
 

INSECT DISINFESTATION OF CEREAL GRAINS, GRAIN PRODUCTS, PULSES AND PULSE 
PRODUCTS 

 
Dry cereal grains such as rice, wheat products such as atta, semolina, sooji or rawa, pulses 
(legumes) and pulse products can be infested with insects. Storage insects severely damage 
these commodities resulting in huge economic losses. Insect activity also increases moisture 
content of the commodity and promotes microbial activity. The initial moisture content of the 
commodity is crucial for the quality of these commodities and hence must be strictly 
controlled as a part of the good manufacturing practices. Packaging material that cannot be 
penetrated by insects should be used to avoid post-processing infestation. It is possible to 
carry out grain processing but this should be coupled with storage in insect proof silos or 
containers.   
 

INSECT DISINFESTATION OF DRY FRUITS AND RAISINS 
 
Insect infestation of dry fruits and raisins is a major problem during storage. Radiation 
processing of these commodities can destroy metamorphic stages of storage insects and 
prevent their emergence and subsequent damage. As for other radiation disinfested 
commodities, packaging material that cannot be penetrated by insects should be used to 
avoid post-processing infestation. 
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INACTIVATION OF PATHOGENS AND PARASITES AND ENHANCEMENT OF SHELF-LIFE OF 
MEAT AND POULTRY 

 
Raw meat products, such as chopped or comminuted meat, mechanically deboned meat and 
poultry meat, whether fresh or frozen, can be processed by radiation. The purpose of 
radiation processing is to inactivate pathogenic microorganism present in meat and thereby 
make it safer for human consumption. The process can also inactivate protozoan and 
helminthes parasites present in these meats. The radiation processing is also carried out for 
assurance of quality and extension of shelf-life fresh meats by reducing the population of 
spoilage microbes.  
 
Relevant international codes for hygienic, good manufacturing practices and prescribed 
microbiological standards in these commodities should be adopted. These include 
slaughtering of only healthy animals, hygienic dressing operations, prompt and effective 
reduction of product temperature to 4° C or below, and appropriate cutting, trimming and 
deboning, and grinding (if required) operations. The low product temperatures should be 
maintained during transport and storage. In case of frozen meats the final product 
temperature should be below 0-20° C. Packaging should be done prior to processing by 
radiation and should be functionally protective.  

There are mechanisms other than bacterial action which cause meat spoilage. Additional 
measures, such as vacuum and inert packaging, may be required to prevent these changes 
during storage of meat. To avoid the risk of botulism the packaged material should always be 
stored below 4° C.  

 

CONTROL OF PATHOGENS AND MICROBIAL LOAD IN FISH AND SHRIMP 
 
Frozen fish and shrimp may be contaminated with pathogenic bacteria. Radiation processing 
can inactivate pathogenic bacteria in pre-packed frozen fish and shrimp. In case of fresh fish 
and shrimp radiation processing can bring down the microbial load and extend the Shelf-life 
when kept under refrigeration. It can also inactivate the pathogens present in these foods. 
The fish or shrimp should be dressed, handled and stored as per the good manufacturing 
practices. In case of frozen fish or shrimp the freezing should be carried out on product 
produced under good manufacturing practices. Quick freezing should be practiced. Packaging 
should be adequate and functionally protective and should be approved for the purpose. 
Additional measures, such as vacuum packaging may be applied for preventing non-bacterial 
spoilage. In order to prevent risk of botulism, fresh fish should be stored at temperature 
below 3°C. Frozen products should be maintained below -20°C during radiation processing 
and post-processing storage and transport.  
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                                                           DISINFESTATION OF DRIED FISH 

Dried fish can be infested with storage insects. These insects feed on the fish tissue and cause 
damage and economic losses. Radiation processing can be used as an effective means of 
disinfestation of dry fish. Although mould growth can cause spoilage of these foods, doses 
employed for insect disinfestation may not control it. Therefore, mould growth should be 
prevented by using other measures such as salting and using preservatives. Good 
manufacturing practices should be followed in maintaining the initial quality of fish before 
and during drying and also during pre-process handling and packaging. Packaging should be 
done in packaging material impervious to insect. Improved packaging under vacuum and 
inert atmosphere can give better product quality. The moisture level should be maintained 
below 14 % during pre- and post-processing storage. Radiation processed dry fish can be 
stored up to 6-9 months at ambient temperatures without changes in quality.  
 

 

REQUIREMENTS FOR PACKAGING/ STORAGE 

Where packaging is essential to prevent post-treatment recontamination the food should be 
packaged before treatment. Package size, especially with bulk packs should be such that they 
should be amenable to efficient handling. The choice of the packaging material and the 
nature of the container for specific food is usually determined by the purpose they are 
required to serve such as prevention of moisture loss or moisture uptake, to provide an 
atmosphere devoid of air, or to avoid mechanical damage to food. Foods processed for 
microbial decontamination must be packed in sealed packages which do not allow entry of 
micro-organisms and insect pests. Also, where disinfestation is the purpose, the packaging 
material should be impervious to insect penetration from outside. Flexible plastic containers 
because of their low density are highly suitable for packing foods processed by radiation. 
Films over 76 /lm thick are satisfactory for preservation of radiation processed products. 
Only those packaging materials approved under PFA Rules should be used. It should be 

noted that the quality and shelf-life retention is best maintained with the best of the 

packaging material used.  

 

 RE-IRRADIATION  

Except for foods with low moisture content (cereals, pulses, dehydrated foods and other such 
commodities irradiated for the purpose of controlling insect re-infestation) radiation 
processed food shall not be re-processed by radiation. Generally, food is not considered as 
having been re-irradiated when (a) the food prepared from materials which have been 
processed at low dose levels, e.g. about 1 kGy, is processed again by radiation for another 
technological purpose, (b) the food containing less than 5% of radiation processed ingredient 
is again processed by radiation, or when ( c) the full dose of ionizing radiation required to 
achieve a desired effect is applied to the food in more than one installment as part of 
processing for a specific technological purpose. The cumulative overall average dose 
absorbed should not exceed 10 kGy as a result of first and second radiation processing. These 
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aspects form the special requirement for radiation processing. Re-irradiation would be 
permissible only as per the PFA rules.  
 

     QUALITY ASSESSMENT OF INCOMING PRODUCT FOR  
RADIATION PROCESSING  

 

Food and food ingredients of all types coming in for processing in a facility should be 
processed as per good manufacturing practices (GMP). These include hygiene during 
harvesting and post-harvest processing (curing, bleaching, drying, cleaning, grinding, packing, 
transportation and storage). The incoming product would be subjected to quality control 
inspection at the facility for radiation processing (Annex-10). The facility may ask for a 
certificate of quality from the manufacturer of food for processing by radiation carried out 
under a loan licence under PFA rules. 
 

     CONSUMER RESPONSE TO RADIATION PROCESSED FOODS  

Consumer acceptance is a major factor in commercialization of radiation processing 
technology. A number of surveys have been conducted nationally and internationally to study 
the response of consumers to radiation processed food. These surveys as well as limited 
market trials have demonstrated that consumers are receptive towards radiation processed 
food. A review on consumer attitudes and market response to food processed by radiation 
has shown that though consumers express concern about food processed by radiation, when 
presented with correct information, the acceptance is improved.  

To evaluate the public perception on radiation processed foods in India, a questionnaire was 
prepared. The target groups of consumers were contacted in various scientific seminars and 
BARC staff canteens, covering a wide spectrum of urban consumers. More than 1500 
consumers participated in these trials. They were served snack items such as 'vadas', 'bhajias’ 
made from radiation processed potato (0.1 kGy) and onion (0.06 kGy), respectively. After 
tasting the snacks, consumers were requested to answer the questionnaire. Apart from the 
personal data, they were asked whether they knew about radiation processing of food 
before, whether they liked the food, would they eat/buy radiation processed food in future 
and other remarks, if any. Data collected was statistically analyzed. An overwhelming 
majority of the participants did not find any difference in the food items prepared from 
radiation processed commodities. In another study sensory evaluation of radiation-processed 
spices was carried out by housewives in Anushaktinagar (DAE staff quarters), college 
canteens and quantity cookery laboratory of SNDT Women's University, Mumbai. A good 
percentage of participants preferred radiation processed (and stored) spices.  

It has been observed that a majority of urban consumers have an open mind to radiation 
processed food. A small percentage of consumers were apprehensive about the technology. 
From the general comments made by the consumers, it appears that they were concerned 
about safety, cost, nutritional value and quality of radiation processed foods. Providing 
factual information about the benefits of radiation processing of foods in terms of improved 
shelf-life, quality, toxicological safety and nutritional adequacy would lead to increased 
consumers' confidence.  
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RADIATION PROCESSING FACILITIES FOR FOOD –INFRASTRUCTURE   

THE SOURCES OF RADIATION 

A radiation processing facility can either use a radioisotope, an electron accelerator, or an 
electron accelerator with X-ray conversion facility as the sources of radiation. The 
characteristics of different sources employed for radiation processing of food are given 
below:  
 

 

 

 

 

 

 

 

 

 

 

 

 

A TYPICAL RADIATION PROCESSING FACILITY 
 

In a typical gamma radiation processing facility, food processing is carried out inside a 
radiation processing chamber which is shielded by 1.5 - 1.8 m thick concrete walls. Pre--
packed food material placed in suitable containers is sent into the irradiation chamber with 
the help of an automatic conveyor. The conveyor goes through a concrete wall labyrinth, 
which prevents radiation from reaching the work area and the operator room. When the 
facility is not in use the radiation source is stored under 6 m deep water. The water shield 
does not allow radiation to escape from the stored source into the radiation chamber, thus 
permitting free access to personnel for carrying out plant maintenance. For treating food, the 
source is lifted and brought to the irradiation position, above the water level after activation 
of all safety devices. The goods in aluminium carriers and tote boxes are mechanically 
positioned around the source rack and are turned, so that the contents are irradiated on both 
the sides. The absorbed dose is determined by the residence time of the carrier or tote box in 
irradiation position. Absorbed dose is checked by placing dose meters at various positions in a 
tote box or carrier which in turn will depend upon the source strength. Food can be 
processed by radiation only in those facilities which are authorized by the Atomic Energy 
Regulatory Board and Licensed by the Competent Authority.  

INFRASTRUCTURAL REQUIREMENTS 

Radiation processing facilities can be categorized as research, pilot and commercial types. 
Research facilities are designed with a view to have a high versatility in their use, application 
of a range of doses, dose rates and varying conditions of temperature during processing, 
handling of different kinds of products of various densities etc. They offer very low efficiency 
of radiation use and economics of processing do not apply.  

 Source  Half-life (Years)      Energy (MeV)            

(i) Radioisotope  
 Cobalt-60     5.3                 1.17, 1.33 
 Caesium-137                                 30                                  0.66 

ii) Machine  
 Accelerated Electrons  Not applicable                   10                    
           X-rays                                                  -                                7.5 
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Pilot scale facilities are generally designed with limited versatility and higher product 
throughput. They may be required to satisfy a few experimentally proven processes and for 
taking up processing in different quantities for process evaluation and market acceptance 
studies. The economics of processing play a secondary role.  
 

Commercial facilities on the other hand are driven by the economics of processing. The 
facility design should satisfy the stringent demands of the process requirements. It is 
challenging to evolve an optimum economic design of a general purpose food radiation 
processing facility, for a wide range of applications, from sprout inhibition to sterilization of 
food without compromising on the factors like source utilization efficiency and the uniform 
dose distribution. A number of factors such as product density, range of doses, dose rate, 
volume of products to be handled and radiation source to be used are to be considered 
before finalization of the design. Because of their high penetrating ability, gamma rays could 
be used for relatively thick products or product boxes.  
 

MAJOR COMPONENTS OF A RADIATION PROCESSING FACILITY 

 A source of gamma radiation (Cobalt-60)  

 A radiation processing cell (irradiation cell)  

 Product conveyors and control mechanisms  

 Safety devices and interlocks  

SITING OF IRRADIATORS 

Site selection is an important aspect of setting up of a radiation processing facility. Geological 
features of the site that could affect the integrity of radiation shields should be evaluated. 
Areas of potential or actual surface or subsurface subsidence, uplift or collapse should be 
taken into consideration while assessing the suitability of site. Other factors that are not 
necessarily due to natural features (e.g. underground mining) that could result in instability 
should also be considered. The minimum levels of subsoil ground water should not cause 
flooding of irradiator, or influence pool water level or cause damage to structure. In areas 
with potential for seismic disturbance, gamma irradiators may be equipped with a seismic 
detector which on being activated by any disturbance will trigger appropriate control 
mechanism to shield the source automatically. In locating the irradiator a minimum distance 
from the boundary wall of the irradiator as mentioned below should be maintained:  
 
a) ammunition storage, explosive dumps, civil and military air fields   : 2 km 
b) residential area and public places               : 30 m    
 
 
THE GAMMA RADIATION SOURCE 
 
Source strength and throughput: Throughput of a food item in a radiation facility using      
Cobalt-60 source or other power sources may be related to the dose requirements of a 
process and source strength by the following equation:  
 

Throughput (kg/h) = Power in kW of source X 3600 
         Dose in kGy 

X  E (Efficiency of irradiator) 
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Where E is the efficiency of the radiation energy utilized in the process expressed in fraction.       
MCi or 37.5 PBq of Cobalt-60 = 15.0 kW of power.  
 
Internal design: The source design must satisfy the specifications prescribed by the 
competent authority. After construction, shielding should be evaluated thoroughly. 
Shielding design requires the expertise of specialists. The shielding properties of 
materials are well documented. Access to irradiation cell and reliability of the interlocks 
are the other areas of design. It is essential to put radiation level monitors at the 
product monitor exit. A radiation monitor is also needed in the water treatment system. 
Other important aspects to be considered are fire protection, design of electrical power 
systems, ventilation requirements, water treatment systems etc.  

Source sealing: The radioactive material is properly encapsulated and stored. Each 
sealed source has at least two encapsulations. The material of encapsulation is either SS-
304L or of equivalent metallurgical properties. The encapsulation facilitates efficient 
transfer of decay heat to the outermost surface during storage and use. The source may 
be either a single sealed source or several sealed sources forming an integral source 
unit. The sealed sources are classified in accordance with AERB/SS/3 (Rev.1).  

Source storage: The source frame remains in its shielded position except when moved 
to irradiation position by the operator following the procedure specified by the 
manufacturer in the operating manual. The maximum radiation level at any accessible 
location outside the radiation cell should not exceed 1 µSv/h. The structure of the 
storage area should have adequate mechanical strength to support the source transport 
container. Means are provided for continuously removing decay heat from radiation 
source at all times while the source is stored. This may be achieved by either forced 
ventilation or water circulation. In the first case adequate means are provided to control 
and monitor the source coolant.  

Water pool: The materials of construction of the water pool should be resistant to 
corrosion. The inner surface of the pool should be lined with either stainless steel or 
ceramic tiles so as to prevent seepage of water. The loss of water through the pool 
surface should not exceed 0.1 % of its total volume in 24 hours. Depth of water is such 
that when filled with water up to its normal level, the radiation level outside the pool for 
sources of maximum design capacity should not exceed 1 µSv/h. Means are to be 
provided to monitor water level in the pool at three locations corresponding to maximum, 
normal and low levels. Means are also provided to automatically replenish water when the 
level falls below the low level.  
 
Pool water quality: The pool water should be demineralized and free from turbidity, fungal 
growth or any other dissolved solid matter and should all have an electrical conductivity not 
exceeding 10 µ mho /cm. The quality of water is maintained by means of an online clean up 
system.  

Pool guard: A radiation resistant physical barrier should be provided over the pool to prevent 
accidental fall of persons or objects into the pool. This arrangement may be removed to 
facilitate source loading/unloading and other controlled servicing operations.  
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RADIATION PROCESSING CELL 
 
Radiation shielding: The maximum radiation level at any occupied location outside the walls 
and above the ceiling of the cell should not exceed 1 µSv/h. This is accomplished by enclosing 
the cell with concrete walls (1.5 m to 1.8 m thick)  

Access control: Entry into radiation processing chamber or irradiation cell is through a 
personnel access door. The radiation incident on the personnel access door should undergo at 
least three scatters. The safety and accidental entry is ensured through multiple interlocks.  

Cell ventilation: The irradiation cell is provided with ventilation through air entry and exhaust 
fans and the cell is maintained under negative pressure. There are at least six air changes per 
hour to prevent the concentration of O3, NOx and other toxic gases exceeding their 
corresponding safe levels. Gas detectors should be provided in installations where NOx 
concentrations are likely to be significant. Time delay interlock should be provided to prevent 
personnel entry into the cell immediately after the source has returned to its fully shielded 
position in case of all categories of irradiators.  

Fire safety: Heat and smoke sensors with audio visual display are installed in the radiation 
processing cell. An automatic fire extinguishing system with means to prevent accidental 
operation may be provided. Chemical substances that could adversely affect the integrity of 
the source should not be used in the fire extinguishing system. Power supply to the cell and 
the cell ventilation system should automatically be cut off in the event of fire or presence of 
smoke inside the cell.  

OPERATING SYSTEMS 

The processing may be carried out by either moving the source close to the product or by 
positioning the product close to the fixed source. In the first case the source movement may 
be either vertical or horizontal. Motive power to the source movement system and the 
product positioning system may be electrical, pneumatic, or hydraulic and this power should 
be cut off during any servicing or maintenance operation.  
 

Source frame: The integral sources are firmly fixed in a rigid frame such that the sources do 
not get dislodged from the frame under normal use and accident conditions. The material of 
the source frame should not corrode or deteriorate in its storage. Tools and implements 
required for positioning and removing the sources should be capable of being operated from 
outside radiation shields.  

Maintenance of source frame: The source frame should be capable of being moved from its 
shielded position to the irradiation position by at least two wire ropes of identical 
specifications. Wire ropes used for moving the source frame should conform to the 
specifications as per the Bureau of Indian Standards.  

The source frame should automatically return to its fully shielded position in the event of any 
one of the following:  

1) Power failure (2) Smoke/fire alarm (3) Snapping or loosening of wire ropes (4) Ground 
motion in excess of threshold of seismic detector (5) Emergency stop from the control panel 
(6) Disengagement of the door latch bar (7) Actuation of entry control device at product 
entry/exit ports (8) Failure of cell ventilation (9) Product carriers jammed (10) Pressure plate 
sensing (11) Reduction of compressed pressure or lower level of oil in hydraulic system (12) 
Fall of pool water level in the source pool.  



Radiation Processing of Foods –Technical Document, 2014 
 

25 
 

Product movement: The product movement system should be such that any malfunction of 
the system leads to termination of radiation processing and lowering the source in shelved 
position. All components of this system shall be designed for fail safe operation. Means 
should be provided at product entry/exit ports to prevent inadvertent entry of any person in 
the radiation processing cell during operation. Means should also be provided to terminate 
operation from inside the cell. Such a device should be conspicuously labelled and marked. 
Actuation of this device should cause visual or audible warning in control room.  

Control console: All operations of the irradiator should be performed from the control 
console by qualified operators. The selection and status of critical equipments should be 
displayed on the control console. An on-demand display of other parameters is to be 
provided. Control and display for routine operations is physically separated and distinctly 
marked from the control and display. for emergency operations. There shall be a clear and 
permanent display of the following process parameters on the control panel:  
 
 

 Radiation level     : Normal /Abnormal 
 
 Cell Ventilation     : On /Off 
  
 Position of product carrier, container, etc.  : Clear / Jammed 
 
 Personnel access door    : Open /Closed 
 
 Water level      : High /Normal /Low  

Apart from normal parameters, emergency situations and abnormal conditions should also be 
displayed on the panel by means of audio or visual indications. The control console should 
have a programmable logic circuit with provisions for auto diagnosis and indication of an 
abnormal situation. Permanent display of source position should also be provided on the 
personnel entry door in a prominent manner.  

Safety interlocks: The following mechanisms should be electrically mechanically or 
hydraulically interlocked with source position so as to interrupt/terminate the irradiation 
process when any of these are actuated. These interlocks shall be of fail-safe design.  

 Personnel access door and cell radiation level  

 Personnel access door and water level  

 Personnel access door and  

 Personnel access door and ventilation system  

 Product movement system  

 Smoke/fire alarms & power supply to the cell  

 Tensions in wire ropes of source handling system  

 Roof plug, if any  

 Alarm from seismic detector, if any  

 Pressure plate sensing  
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Power failure: Means should be provided to ensure that the irradiation process is 
automatically terminated in the event of loss of power supply exceeding ten seconds. Diesel 
generators should be provided to resume power operation in the event of persistent loss of 
on-line power.  

Quality assurance: An adequate quality assurance programme including appropriate quality 
control measures shall be established for the design and operation of irradiation plants. The 
quality assurance program shall meet the requirements of       IS 9000 or IS 14000. Records of 
all quality assurance procedures should be maintained for the entire life of the irradiator. 
Loading and unloading of sources, transport of sources and packaging and transport of 
radioactive sources should be in accordance with the provision of the AERB Safety Code 
SC/TR/01.  

Installation of sources in the source frame: The source loading and unloading operations may 
be carried out either from inside the irradiation cell or from outside the cell through a loading 
port. The source transport container may be brought to the cell either through an opening on 
the cell roof or through product entry/personnel entry route. When an opening is provided 
on the cell roof, the opening should be kept closed by a shield plug during operation of the 
irradiator. Operation of the irradiator is automatically prevented If the roof plug, if any, is not 
properly fixed in its place. Loading of sources from outside the cell is through individual 
source channels clearly marked and identified from the loading  

port.  

Every source position on the loading port and transport should have a shutter action which is 
interlocked with the selection and alignment of relative channels. Actual source transfer 
(either from the loading or the transport flask) should be possible only after ensuring 
selection and correct alignment of the relative channel positions and verified by trial 
operations.  

SYSTEMS TO ENSURE SAFETY AND RELIABILITY 

Safety philosophy: Radiation processing facility should have a comprehensive safety 
philosophy having the following features:  

Defence in depth: This ensures provision of several levels of protection and minimal need for 
human intervention. This concept applies to access control, shielding and confinement of 
radioactivity, control of the facility by automatic activation of safety systems and by operator 
action. The levels of defence in depth can be identified. The first level aims at preventing 
deviations from normal operation. The aim of the second level is to detect and respond to 
deviations from normal operations. The objective of the third level is to mitigate the 
consequences of an accident. The facility is operated only if all the levels of defence are 
functioning.  

Redundancy: Redundancy lies in using more than the minimum number of items needed to 
accomplish a given function. This principle helps to improve the reliability of safety systems. 
Redundancy enables the failure or unavailability of one system to be tolerated without loss of 
function. An instance in point is the provision of three or four interlocks when two are 
sufficient.  

Diversity: Provision of diversity improves reliability. This concept is to be applied very 
discretely. One has to weigh the benefits with the disadvantages of making the operation 
complicated.  
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Independence: Reliability of the system can be enhanced by maintaining independence 
among redundant systems and components.  

Safety analysis: The facility should demonstrate how the design and operational procedures 
will contribute to the prevention of accidents and mitigation of the consequences. The formal 
safety analysis has a very useful role. Several conditions may be examined in the analysis:  

 Loss of access control  

 Malfunctions and failures of structures, systems and components  

 Loss of control over the source movement system  

 Loss of system or component integrity, including the shielding source encapsulation and 
pool integrity  

 Electrical distribution faults, from very localized faults to complete loss of external energy 
sources  

 Failure resulting from external causes such as storm, floods, earthquakes or explosions  

 Failure of personnel to observe safe procedures  

 Breakdown of procedures for preventing access to the facility by unauthorized persons  

 Breakdown of administrative procedures leading to unsafe practices  

 

RESPONSIBILITIES OF DESIGNERS AND MANUFACTURERS 

The following information should be provided to the operating organization by the 
manufacturers:  

 Detailed description of design and operation of irradiator, safety systems, and control  
circuits  

 List of components identified as per the following classification:  

 Group A   : Replaceable by manufacturer or with his explicit consent  

 Group B    : Replaceable to exact specifications  

 Group C    : Replaceable without restrictions  

 Site specific data as given in site selection criteria  

 Operating and maintenance procedures including type and frequency of checks for  
various systems  

 Safety analysis report of the facility  
 Test procedures and reports establishing conformance of each component system,  
           subsystem, and its operation in accordance with its design and relevant standard   
           specifications  
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 Schedule of tests and checks on various component systems, subsystems, and  
          procedures to accomplish these  
 Instructions and procedures to be followed in emergency situations  

 Reports on the pre-commissioning tests and their results  

The following information regarding sources shall be maintained by the source manufacturer 
and operating organizations: 
 Identification and model number of each source, source activity as on date of   
          installation, and its location in the source frame  
 Source classification designation certificate issued by the competent authority  
 Bend test certificate  
 Leak test certificate by the manufacturer  
 Contamination test certificate issued by manufacturer  
 Special form radioactive certificate issued by the competent authority  
 Any other information as specified by the competent authority  

RESPONSIBILITY OF OWNERS & OPERATORS 

Radiation processing facilities are to be commissioned on the build, own, and operate (BOO) 
basis.  

TRAINING OF MANPOWER FOR OPERATION AND INSPECTION 

The operating organization shall ensure that those of their employees who are engaged in 
work with ionizing radiation receive such information, instructions and training as it will 
enable them to conduct that work in accordance with the requirements of their written 
instructions.  

 The nature of ionizing radiation  
 The health hazards from exposure to such irradiation  
 The basic principles of radiation protection (shielding etc.)  
 The basic understanding of working and operation of radiation measuring devices 

(meters, detectors etc.)  
 A clear understanding of the plant safety systems and their operations   
 

Training must be updated regularly and whenever staff changes occur. Suitable training 
should be imparted at an institution or industry where the technology is well established. 
Trained operators should have a certificate from the training institute which should be 
updated and endorsed from time to time. Written administrative instructions governing the 
responsibility on the use of radiation processing plant and the associated radiation safety 
programme should be provided to the authorized personnel. These instructions should be 
fully understood by all the authorized personnel.  

Qualified operators - responsibilities: Because qualified operators usually have the closest 
association with the radiation processing plant, day to day responsibility for the safe 
operation is generally theirs. Operator training, experience, attitude and competence will 
establish the degree of safety associated with operation of the irradiation plant. Each 
individual who operates or maintains plant shall have a responsibility to ensure that the laid 
down safety procedures are observed and should hold an appropriate certificate of 
competence and approved training which is recognized by the competent authority.  
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DOSIMETRY AND PROCESS CONTROL  

Control of food processing in all types of facilities involves the use of accepted methods of  
measuring the absorbed radiation dose, the distribution of that dose in the product package, 
and of monitoring of the physical parameters of the process.  

Dosimetry for food irradiation is analogous to temperature monitoring in thermal processing, 
with dose meters being the analogs of thermocouples in that they are employed to provide 
an accurate measure of the rate of energy delivery, total energy delivered or absorbed and 
the over dose ratio. There are several types of dose meters, the most common ones being 
based on a chemical change that is linear within a practical dose range. Dosimetry is the 
keystone of the proper radiation processing. Careful dosimetry is required to ensure that a 
technologically useful dose has been applied, while maintaining the best possible dose 
uniformity ratio. Therefore, prior to commissioning of the plant, extensive dosimetric 
calibrations of the irradiator are carried out and followed during the processing by routine 
dosimetry.  

Because it is not possible to distinguish irradiated from non-irradiated products by sight, smell 
or taste, it is important that appropriate indicator devices which undergo radiation induced 
colour change be attached to each container/package, and that physical barriers be employed 
in the radiation plant to keep processed and non-processed products separated from each 
other.     
 
 

 

DOCUMENTATION AND RECORD KEEPING  

 

Documentation and record keeping is an essential function of a food irradiation facility, and 
must be maintained in a complete and reliable manner. Records are kept to provide 
information on various aspects of a facility operation which include:   

 Facility characteristics, maintenance, etc.  

 Personnel and environmental safety  

 Food product receipt, treatment and shipment  

 Government licensing, authorization, etc.  

 Personnel qualifications, training, performance, safety, etc.  

 Customer relations  
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INSPECTION OF RADIATION PROCESSING FACILITIES  

 

 Checking that the operation meets all the conditions laid down in the licence and that  
          the plant is well maintained  
 
 Reviewing the logs and records, the results of various tests, maintenance and         
          monitoring programs  
 
 Conducting periodic audits to ensure that the quality assurance programme is being   
          properly carried out  
 
 Checking that the recommendations made after a previous inspection have been taken  
          into account  
 
 Updating of emergency plans, conducting a survey of the availability of emergency  
          equipment and witnessing the emergency drills  
 
 Preparing reports on regulatory inspection activities  

 Carrying out regulatory inspections during decommissioning to ensure that the facility is   

           decommissioned safely and is maintained in a safe and secure condition.  

 

 

STATUTORY REQUIREMENTS AND REGULATORY APPROVALS  

Both the safety of foods processed by radiation and the safety of radiation processing 
facilities have undergone intense scrutiny by the scientific institutions as well as law enforcing 
agencies around the world. The Government of India has enacted rules and regulations and 
provided guidelines and standards to ensure high degree of product and process safety.  

The commercial radiation processing of food in India is regulated by two sets of rules: 
 

 Atomic Energy (Radiation Processing of Food and Allied products) Rules, 2012 

 Prevention of Food Adulteration Act (Fifth Amendment) Rules, 1994  
 
The Atomic Energy Regulatory Board (AERB) enforces radiation safety provisions in respect of            

     gamma radiation processing plants in India (Annex-13)  

The safety of food processed by radiation is regulated under the Prevention of Food 
Adulteration Act (PF A) Rules, 1955, enforceable by the local Food and Drug Administration 
(FDA).  

Thus radiation processing of foods would require following licenses:  

 Licence from the Department of Atomic Energy under Atomic Energy (Radiation 
Processing of Food and Allied products) Rules, 2012, for the operation of radiation 
processing facility  

 Licence under PFA Rules from the local Food and Drug Administration for radiation 
processing of a food item  
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REGULATORY APPROVAL FROM THE DEPARTMENT OF ATOMIC ENERGY 
 

CONDITIONS OF LICENCE 
 

A licence is needed to operate any radiation processing facility. The regulatory approvals 
pertaining to irradiation facilities are enforced by the Licensing Authority and the Competent 
Authority. The Atomic Energy (Radiation Processing of Food and Allied products) Rules, 2012 
envisage issuance of a licence from the Licensing Authority appointed by the Department of 
Atomic Energy, after the applicant has obtained an approval from the Competent Authority. 
The Chairman, Atomic Energy Regulatory Board (AERB) is appointed as the Competent 
Authority. A licence can be obtained from the Licensing Authority only after a certificate of 
approval has been granted by the Competent Authority. For obtaining the certificate of 
approval, an application has to be submitted to AERB along with the following documents:  

 Description of radiation source, address of the supplier, operating conditions, 
source drive system etc.  

 A site plan (1:500 scale or as appropriate) of the installation indicating the 
location of buildings including residential complexes, occupancy within 50 meters 
radius of the facility  

 Architectural blue prints (appropriate scale) showing layout of equipment  

 Details on geology of the location, water table, soil characteristics and seismicity  

 Complete design drawings of the facility including details of shielding surrounding 
the source, wall thickness and labyrinth access if applicable; openings, voids, 
reinforcements, mechanical and electrical safety systems, ventilation and fire 
protection systems  

 Source movement system (where applicable)  
 Safety analysis report to demonstrate the adequacy of radiation safety under 

normal and anticipated accident conditions  

 Operating and emergency procedures  

 List of calibrated radiation monitoring equipment in working condition  

 Description of the organizational structure including delegation of authority and 
responsibility for operation of the facility  
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A certificate of approval is granted by the Competent Authority, after the applicant 
satisfies that the facility is designed in conformity with the general conditions for design, 
operation and efficiency criteria. The essential requirements are: safety of the design, 
availability of qualified personnel, availability of monitoring instruments, system for 
verifying doses delivered to foods and availability of good operating and emergency 
procedures. If the applicant does not satisfy the above requirements, the Competent 
Authority may refuse the certificate of approval after giving the applicant a reasonable 
opportunity of being heard against the proposed refusal. The Competent Authority may 
suspend the certificate of approval on the basis of inspection reports stating that the 
facility has ceased to conform to the safety and efficiency criteria detailed in the rules.  

Operating procedures: The safe operating procedures to be followed by a radiation 
processing facility aim at ensuring that the operational limits are not exceeded. In 
particular, procedures are required for access control, security of radiation processing 
facility, radiation surveillance, safe transport of radioactive sources, and maintenance of 
records. Suitable log-books and records of food irradiation are required to be maintained. 
Suitable certificate of irradiation and irradiation voucher have to be issued by the 
licensee. Conditions for the operation of radiation processing facilities for food concern 
radiation processing plants, dosimetry and process control, good radiation processing 
practices and product inventory control. Great stress needs to be laid on dosimetry.  

Inspection of facilities: The Competent Authority or persons authorized by the 
Competent Authority at a short notice shall inspect the radiation processing facility at 
least once in a year, but the maximum gap between the two visits shall not exceed eight 
months. The inspections help to verify whether the facility comply with the provision of 
the rules. The licensee is bound to provide all reasonable facilities to the inspectors. The 
inspectors have the right of access to the irradiation facility and to all documents related 
to the facility. They may also check the performance of the unit and carry out dosimetry. 
The inspection report and the copies of the order of suspension in case of non-
compliance will be sent to the Licensing Authority by the Competent Authority. The 
Competent Authority would enter the particulars of inspection in the certificate of 
approval. The Competent Authority may revoke the suspension if it is satisfied that the 
defects mentioned in the suspension order have been rectified.  

Personnel: The food irradiation facility shall have a radiological safety officer, operator 
and a quality control officer recognized by the Competent Authority. The minimum 
qualifications required for these posts as laid down in the rules are shown below.  
 
Radiological Safety Officer: He should be a science graduate with Physics as one of the 
subjects. He can also be a diploma holder in engineering with minimum five years 
experience in radiation surveillance supported by personnel monitoring badge (TLD) 
service in a radiation processing facility. He should have successfully undergone 
instructions specified for the training of a radiological safety officer (RSO). He should have 
also successfully undergone instructions for the training of a RSO Level III as specified by 
the AERB and should possess a valid certificate to that effect. The subjects for instructions 
should include fundamentals of radiation physics and radiation protection, concept of 
dose, use of instruments, survey techniques in radiation detection and knowledge of 
personnel monitoring equipments, inspection and maintenance of safety interlocks, 
operation and emergency procedures.  

Operator: The operator should be a science graduate or a diploma holder in mechanical 
or electrical engineering. The operator has to undergo instructions in subjects prescribed 
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for a RSO, in addition to the instruction in elements of Food Technology and Radiation 
Processing Technology for foods. The topics are detailed in the above rules.  

Quality Control Officer: The quality control officer should be either M.Sc. in Microbiology, 
Food Science or Food Chemistry or B. Tech (Food Technology).  

Radiological safety: The licensee shall provide monitoring devices to every person 
entering the irradiation facility. The RSO shall instruct radiation workers in his 
charge on the hazards of radiation and on suitable safety measures and work 
practices aimed at minimizing radiation exposure to them. He is expected to 
investigate and initiate prompt and suitable safety measures in respect of any 
situation that could result in radiation hazards. The RSO shall make available to his 
employees reports of hazardous situation along with details of remedial measures 
that may have been initiated by them.  

The duties of RSO include carrying out leakage tests specified by the Competent 
Authority. For this, he must check the resin bed in the water de-ionizing system with a 
radiation survey instrument. In case any radioactivity is detected, the water circulation 
system shall be stopped and the plant withdrawn from service. Besides this, the pool 
water has to be checked using an on-line radiation monitor. The rules specify leakage 
tests for dry storage facility as well.  

Emergency procedures: The licensee of a radiation processing facility is bound to 
prepare a brief and clear list of emergency procedures, describing anticipated 
emergency situations and the action to be taken to minimize the radiation dose to 
the persons in and around the irradiation facility.  
 
Decommissioning of facility and disposal of radioactive sources: The Competent 
Authority shall specify the manner in which the radiation processing facility has to 
be decommissioned. In order to release the site for other uses, the licensee has to 
get a certificate of release from the Licensing Authority. The Licensing Authority shall 
issue it only after getting a report from the Competent Authority.  

Design safety: Radiological safety of food irradiation facilities can be achieved by ensuring 
that they comply with the provisions of the relevant safety codes and standards 
presented by AERB. Generally, a gamma irradiation facility consists of a radioactive source 
(Cobalt-60) of very high activity in the form of slugs which are encapsulated in stainless 
steel or other appropriate metal claddings. The radioactive source and the source 
assembly itself have to satisfy several specifications prescribed in the AERB Standard 
Specifications (Testing and Classification of Sealed Radioactive Sources, AERB/SS/3 
(Rev.1). These tests include tests related to impact, temperature, vibration, pressure etc. 
In addition, the AERB Standard Specifications (Land based Stationary Gamma irradiators, 
AERB-SS-6 Rev.1) specifies design safety requirements in respect of irradiators: Stringent 
site selection criteria have also been laid down in this standard.  

Interlocks can be by-passed during maintenance with a special service key control. This 
has to be done by authorized persons only. The design of all safety systems should follow 
the defence-in-depth philosophy. Each safety system should be redundant and diverse to 
improve its reliability. The major components of each system should be duplicated by 
supporting systems of different types to reduce the risk of multiple failures. Safety 
systems are also independent so that a fault in one system should not cause the collapse 
of the other. All safety systems are designed to be tamper-proof and difficult to over ride 
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without the use of special tools. Systems are so designed that in case it fails, the device is 
left in safe condition. The test requirements in respect of the irradiators are specified in 
AERB Standard Specifications (Land based Stationary Gamma irradiators, AERB-SS-6 
Rev.1).  

Review process: AREB has set up a multi-tier review procedure to issue the certificate of 
approval. A Design Safety Review Committee will review the design of the irradiation 
facility and the siting requirements pertaining to radiological and conventional safety. 
Their recommendations will be reviewed by a higher committee, the Safety Review 
Committee for Applications of Radiation (SARCAR) with specialists in fields such as 
engineering, radiation safety, medicine, radiological physics and medical physics. A Dose 
Verification Committee set up by the Director, BARC shall examine the aspects of food 
dosimetry. The certificate of approval is given by AERB only after it receives the 
recommendations from the Design Safety Review Committee. A special training 
programme for operators is organized by RPAD, BARC to satisfy the training requirements 
specified in the rules. AERB ensures that the qualified personnel are in place in the 
irradiation facility before the certificate of approval is granted.    
If the licensing authority is satisfied that the applicant is capable of operating a radiation 
processing facility in accordance with the Atomic Energy (Radiation Processing of Food 
and Allied products) Rules, 2012, it shall issue a licence.  

Offences and Penalties: Section 24 of the Atomic Energy Act stipulates that whoever 
contravenes any order made under section 14 or any condition subject to which a licence 
is granted under that section or contravenes any rule made under section 17 or any 
requirement, prohibition or restriction imposed under any such rule or obstructs any 
person authorized by the Central Government under subsection (4) of section 17 in the 
exercise of powers under that section shall be punishable with imprisonment for a term 
which may extend to five years, or with fine or with both. Atomic Energy (Radiation 
Processing of Food and Allied products) Rules, 2012 have been promulgated by exercising 
the powers conferred by section 30 read with sections 14 and 17 of the Atomic Energy 
Act, 1962.  

 

REGULATORY APPROVAL UNDER PFA 
 
Under the PFA Act permission of the local Food (Health) Authority has to be obtained in 
the form of a licence for processing of foods approved under PFA Act in a radiation 
processing facility. The producer or the manufacturer of the food item interested in 
irradiating his produce in an authorized irradiation facility is required to obtain a loan 
licence from the Licensing Authority under the local Food (Health) Authority appointed by 
the state government for the purpose.  
 
LICENCES  
 
Licence for operation of a Radiation processing facility for food:  A radiation processing 
facility for food duly approved under the Atomic Energy (Radiation Processing of Food 
and Allied products) Rules, 2012, under the Atomic Energy Act, 1962 (33 of 1962) has to 
apply to the local Food (Health) Authority for licence to carry out irradiation of food. The 
applicant shall furnish in the application a detailed information regarding location of the 
facility and its approval under Atomic Energy (Radiation Processing of Food and Allied 
products) Rules, 2012, under the Atomic Energy Act, 1962 (33 of 1962). On receipt of such 
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application the Licensing Authority shall, after inspecting the premises, grant the 
applicant a licence on payment of fees prescribed under the rules. The licensee shall 
abide by the provisions of the Atomic Energy (Radiation Processing of Food and Allied 
products) Rules, 2012, under the Atomic Energy Act, 1962 (33 of 1962) and those under 
the Prevention of Food Adulteration Act, 1954 (37 of 1954) and Prevention of Food 
Adulteration (Fifth Amendment) Rules, 1994.  

Loan licence for irradiation of an article of food: A person interested in processing his 
produce by radiation in a licensed facility not owned by him, has to apply for a loan 
licence for carrying out the process of irradiation on his produce. The loan licence shall be 
granted by the local Food (Health) Authority to the manufacturer for carrying out 
radiation processing of his produce in a facility approved under the Atomic Energy 
(Radiation Processing of Food and Allied products) Rules, 2012, under the Atomic Energy 
Act, 1962 (33 of 1962).The applicant shall furnish in the application form the required 
information regarding the product to be processed and the name of the facility where the 
irradiation would be carried out. On receipt of an application the Licensing Authority shall 
after ascertaining the suitability and need of the manufacturer grant the applicant a loan 
licence on payment of prescribed fees.  

Records to be maintained by the licensee: A facility licensed to carry out radiation 
processing of food shall maintain records of the goods received by it for irradiation, the 
name of the manufacturer, loan licence number, lot number, date of manufacture, 
quality control report, if any, pre-irradiation quality control inspection, records of the 
dosimetry done and the issue of certificate of irradiation.  

Quality control inspection and in-plant quality control procedures: Food received at the 
facility for the purpose of preservation of food by radiation processing shall be subjected 
to a pre-irradiation quality control inspection and undergoes an in-plant quality control 
procedure in order to ensure Good Irradiation Practices (Annex-8).  
 

LABELLING REQUIREMENTS FOR IRRADIATED FOODS 

All foods shall be labelled in accordance with the provisions of PFA Rules. The label shall 
bear a logo of Radura symbol and include following information:  

 

 

 

 

 

 

Irradiated commodities like potato and onion have only food value and should not be 
used for cultivation. This fact should be displayed on the food package.  

RE-IRRADIATION 

Food once processed by radiation shall not be processed by radiation again unless 
specifically permitted under the PFA rules.  

PROCESSED BY IRRADIATION METHOD  
DATE OF IRRADIATION______________ 

 

                                                              

LICENCE NO.______________________ 
PURPOSE OF IRRADIATION___________ 

http://upload.wikimedia.org/wikipedia/en/0/0c/Radura_international.svg
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ENGINEERING  DESIGN 

 

Two radiation processing plants have been set up by the Department of Atomic Energy 
for radiation processing of foods. The facility at Lasalgaon in Nashik district of 
Maharashtra, KRUSHAK has been upgraded to process wide range of food products 
requiring low dose to medium dose exposure (dose range 60 Gy - 4000 Gy). RPP, Vashi, 
Navi Mumbai, has been processing spices and allied products. A conceptual design of a 
multi-tasking plant is also presented. Multi-tasking plants have high utilization efficiency 
of the source and the infrastructure and are likely to be more beneficial.  

    DESCRIPTION OF KRUSHAK PLANT 
 

This facility has been set up primarily for providing radiation processing of low dose 
agricultural commodity like onion, potato etc. It is designed for maximum source strength 
of 300 kCi of Cobalt-60 with a four pass, once through continuous overhead monorail 
conveyor system. The irradiator has been set up over an approximate area of 2100 m2 
and to provide a maximum throughput of 10 tonnes/h of onion or potato. Some of the 
factors relating to site selection include geographical location, local population density, 
vicinity to growers/market, seismological activity of the region etc. A special type of 
foundation has been considered so that in the event of seismic conditions the whole 
building behaves as a monolith structure and maintains integrity. The material, onion or 
potato is brought in gunny bags to the facility and it is loaded manually into tote boxes. 
These in turn are loaded automatically into carrier boxes suspended from a monorail 
conveyor which carries it through the maze of concrete into the cell (Annex-P1, P2). 

However the facility has been upgraded to convert it into a multiproduct processing unit. 

 The irradiator consists of the following major components:  

 Biological Shield  

 Source Storage Pool  

 Radiation Source  

 Source Drive Unit  

 Product Conveying System  

 Product Loading System  

 Operational Controls and Safety Interlocks  

 Auxiliary System  

 Laboratories 
 
Biological Shield  

The biological shield is made of ordinary concrete (2.3 gm/cc). It is about 1.7 m thick 
around the cell of approx. size 10m x 12 m x 6 m (h). Besides inlet and outlet points for 
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the carriers, a stepped plug door is provided for source cask and personnel entry. The 
plug door is provided with a motor driven and manually driven mechanism both of which 
are coupled to the safety interlocks. A metal gate is also provided on the cell side of the 
plug door.  

Source Storage Pool  

The source when not in use, is shielded by water contained in the source storage pool of 
size 3 m x 1.6 m x 6.5 m (depth). The pool walls and base are made to ensure 
containment of the water shield. Storage pool is stainless steel lined and is provided with 
safety grill and stainless steel plate for storage of lead flask containing the source storage 
during loading and unloading operations of source.  

Radiation Source 

The standard source pencil consists of metallic Cobalt-60 doubly encapsulated in stainless 
steel sheath of 316L type. The pencils are Cobalt-60 AERB approved ISU- W type, meeting 
test requirements stipulated under AERB/SS/3(Rev.1) specifications. The source plaque 
assembly consists of a planar array of source pencils of standard design having 27 mm dia 
and 420 mm length. The plaque is a stainless steel rigid frame of approximately 1.2 m (l) x 
1.5 m (h). The frame can house 6 inner racks distributed in 3 tiers of 2 racks each. Each 
inner rack can securely hold a maximum of 16 pencils.  

Source Drive Unit 
The source frame is provided with 2 tight ropes on sides for guiding. Two hoisting ropes 
are connected to the middle of the frame and are fastened to a winding drum and a 
motor through an electromagnetic clutch. The source driving unit is installed on the roof. 
Total travel (7 m) needs about 10 rotations of the drum and is monitored by a position 
sensor. In case of a scram the clutch is de-energized and the source frame gets lowered to 
the water pool by self weight. There is no driving element between the clutch and the 
drum. A safety interlock has been provided in the form of key interlock called service 
keys. With the help of these keys, the operator can stop the operation of the source raise 
system, for personnel safety. The conveyor system can however be operated on manual 
mode during maintenance work for testing. 
 
Product Conveying System  

Monorail: Monorail is an I-Beam (Size 300 mm x 140 mm x 66 m long) which is 
constructed of straight portions (44 m) and curved portions (22 m). The portions are 
matched without step or hump so that the carrier trolley moves smoothly over the 
monorail. This I -Beam is fixed to cross beams by suitable means.  

Carrier: A carrier is a four sided container. The sides are stiffened appropriately. It is 
open from two sides. Two small hinge gates are provided to prevent product box from 
slipping out. It has got a stem at the upper face. Chain pusher pushes this stem on 
carriers. It is expected to push each carrier by a force of 50 kg (10% of weight). The 
carrier is fastened to a trolley.  
 

Product box: The product box (850 mm x 600 mm x 1450 mm) is manufactured from 
M.S angles and wire-mesh. It has 4 casters at the bottom plate. The bottom have 
sufficient gap (100 mm) for fork lift. Casters have sufficient strength to support 300 kg of 
material. Four gunny bags of onion or 3 bags of potato can be loaded inside this product 
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box. The product box is fitted with a shutter to prevent this product from slipping out. 
The product box is pushed in or pushed out of the carrier by a pushing mechanism. The 
product box is loaded with product, placed inside the carrier and taken around the 
plant. The product box is then pushed out and the material is removed. The empty 
product box is again loaded with fresh materials for processing. The loading of the 
product is carried out manually.  

Carrier drive assembly: The total pusher chain is driven by drives. Each drive is a geared 
motor. Output of geared motor is provided with a spur gear which is coupled to another 
spur gear mounted on a drive shaft assembly. Initial speed can be altered by changing of 
gear ratio. Reduction of speed by source depletion is achieved by a speed control. The 
motor gear box unit is designed for round the clock operation for at least 50 weeks a 
year. The speed of geared motor is regulated through a variable frequency controller.    

Chain sprocket system: All carriers are pushed by a chain sprocket system. A pusher   
120 mm is bolted to the hollow pins of the chain. This pusher is attached to 4 pins of 
both the chains. The total chain system (75 m) is divided into various sectors for the 
following reasons:  

 The chain path is curved and it takes the desired turns  

 Speed of different sectors is different for the operational reasons  

 Four sectors operate continuously. The fifth sector operates in ON-OFF mode  

All sectors are synchronized for a smooth operation. The chain can sag and is supported in the 
rear and downward direction. Tension in the chain is adjusted by the appropriate fixtures.  
 
Chain guiding & chain support system: A duplex chain with a 38 mm pitch is provided which 
has and to get off the sprocket. A bracket is fabricated and fastened to the cross beam at 
regular interval to minimize sag.  

Drive shaft assembly: Drive shaft assembly connects the sprocket and the geared motor. A 
3.5 m long shaft passes through the ceiling sleeve assembly. Upper end is provided with a 
spur gear. Design allows shaft to be supported on 2 bearings. Upper bearing assembly is at 
the ceiling while the lower bearing is mounted on the cross beam.  

Transfer mechanism: The transfer mechanism shifts the carrier from one monorail to the 
second and the parallel monorail. Transfer mechanism has a cut monorail which slides from 
one position to the other by a pneumatic cylinder of 1 m stroke. The cut monorail is 
supported on guide rollers for smooth movement. A frame is fixed for supporting structure to 
support cylinders, rollers, guide, etc. Weight of a filled carrier is 500 kg. A set of sensors are 
fitted onto the frame to detect position of the carrier and align it.  

Irradiation cell support structure: There is a 1020 mm wide passage on both sides of the hot-
cell and 150 mm wide ledge is provided on both the sides. Cross beams (30 nos.) are installed 
all along the cell passage. These cross beams are to provide a solid support to the monorail 
system and transfer mechanism. Long beams are part of the cell structure like cross beams 
within the cell structure. Four long beams are mounted along the cell to support the main 
monorail and the associated systems.  

Outside supporting structure: Supporting structure holds monorail outside the cell area. It 
also holds the driving unit and the turning unit for empty carrier at extreme end. Pushing 
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system assembly for product box unloading after irradiation is mounted on the top of the 
structure. Appropriate covering is provided on the top of the structure.  

Bottom guide supports: Bottom guide supports provide a track for the carrier to avoid swing. 
It intersects trolley rails. This one portion of the bottom guide is made removable to facilitate 
trolley movement.  

Switches & cables: All switches are mounted and wires are terminated at connector/terminal 
strip.  

Product Loading System  
 
It consists of:  

 Feed Conveyors  

 Door Actuating Mechanism  

 Pushing Mechanism  

  
The loading and unloading of product is a semi-automatic operation. It involves alignment of 
the carrier and product box, opening door of the carrier, pushing the product box into the 
carrier and then closing the door of the product box. This assembly is a separate module but 
is integrated with the product handling system.  

Products are to be received in gunny bags of average filled size 800 mm x 500 mm x 300 mm. 
Filled gunny bags with onion normally weigh 50 kg. Four gunny bags are to be manually put 
inside the product box. The gross weight of the product box is 350 kg. The product box is kept 
over the feed conveyor system, using a fork lift. The feed conveyor moves by a pre-defined 
distance (1000 mm) and aligns the product box with carrier in first loop. Door opening 
mechanism presses the door of the empty carrier to rotate opens it. This is sensed and the 
control system actuates the pushing system to slide the product inside the carrier and pusher 
comes back to its normal position. The door opening mechanism comes back to its home 
position and thus closing the door of the loaded carrier. The control system further gives 
signal to the chain drive system to continue the process.  

Feed conveyor: This is basically a flat top conveyor chain system with M.S. top plates. The 
centre distance of the sprockets is around 10m. Then product boxes each with a pitch of 1 m, 
are on the top of the conveyor system. Desired linear speed of the conveyor is 4 m/min. It is 
driven by an electric motor and its mode of operation is ON/OFF. OFF time is 15 sec. to allow 
pushing of product box into the carrier. This means the opening of the door of the carrier, 
pushing of the product box into the carrier, bringing back the pusher to its original position 
and closing back the carrier door, are to be finished within 15 sec. In the next 15 sec. the 
conveyor system moves by 1 m pitch to bring the next product box to the loading platform. 
Chain pitch is 125 mm and the width of the flat top is 900 mm. Bottom of the flat top is to be 
supported by fixed flat plates with suitable rollers. Both sides of the belt conveyor top are 
guided up to the height of 150 mm except at the point of pushing the product box. The top 
surface of the belt conveyor is 200 mm above the ground level.  

Door actuating mechanism: This is a cantilever (arm), actuated by a pneumatic cylinder, 
through a rack and pinion system. Normal position of the arm is around 90°, in vertical 
position, to clear the path of the carrier. Once the carrier is stationary at the loading point, 
the arm rotates and presses the "one-point-hinged" door of the carrier to open it.' Once the 
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product box is pushed fully inside the carrier and pusher comes back to its normal position, 
the arm rotates to cause closing of the door. Door is operated at a height of 300 mm from the 
floor. To allow for radial shift during door opening/closing, the arm is provided with a 
restrained knuckle joint.  
 
Pushing mechanism: This is an assembly of pneumatic cylinders with a plate (300 mm x 300 
mm x 6 m) fixed to its rod. The plate is guided to arrest its rotation during operation. Pushing 
is done at a height of 900 mm from the ground level. Pneumatic cylinder has 1000 mm stroke 
and 60 mm bore. The stroke and pressure is adjusted during the operation.  
 
Operational Controls and Safety Interlocks  
 
The purpose of this system is to provide absolute safety in operation. This is achieved by 
means of operational features and safety interlocks of the control system supplemented by 
audio visual alarms.  

The source can be raised only after fulfilling desired conditions such as:  

 All doors are closed in a proper sequence through the key-lock system to ensure that  
          no personnel is locked in the exposed area  

 Water level in the storage pool is normal  

 Source is connected to two wire ropes both of which are to be healthy  

 Ventilation system is operational  
 
The source will get lowered if -  

 Product is not loaded continuously  

 One of the ropes or cables of the source rack breaks  

 Water level in the source storage pool is less than minimum  

 Jamming of any product conveyor system  

 Failure of key interlock system  

 Fire or smoke is detected in working area  

 Person gets locked in radiation zone (by use of emergency button)  

 Low pressure in pneumatic system  

 Failure of power system  

 Failure of exhaust fan/ventilation system  

 Source will follow gravity scram if  

- a person trapped in cell pulls the rope         

- switch an operator presses scram button  
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Auxiliary System 

This includes the ventilation system, the pneumatic system / compressor and the deionizer 
plant. The ventilation system is aimed at maintaining the ozone level at less than 0.1 ppm 
within the cell when 100 kCi of Cobalt-60 source is loaded in the plant. Air is drawn through 
the inlet duct provided with the cell. The exhaust air is discharged to the atmosphere through 
a chimney exterior to the cell.  
 
A deionizer unit having on-line conductivity meter forms part of the water re-circulation 
system which maintains pool water re-circulation and conductivity below 10 µmho. A 
compressor, pneumatic system, diesel generator and uninterrupted power supply system of 
desired capacities are also required to operate the plant on regular basis and during power 
shut down conditions. Arrangements for emergency lights in the cell and control room and 
firefighting equipment and smoke alarm equipment are other requirements of the plant.  
 
Laboratories  
 
The KRUSHAK plant with its biological shielding is housed in a building having facilities for 
product handling and storage operations as well as laboratories that are concerned with:  

 Quality control and analysis for incoming and outgoing product  

 Dosimetry for monitoring the doses administered to food product during irradiation and 
carry out the dose mapping of source, dose distribution of source before and after source 
replenishment work and dosimetry when different products are irradiated in the plant. 

 Room or area for installation of demineralizer plant, diesel generator, control room, and 
workshop  

 Areas for storage of unprocessed and radiation processed commodities.  
 
 
                RADIATION PROCESSING OF SPICES -  A TYPICAL MEDIUM DOSE FACILITY 
 

Radiation Processing Plant, Vashi is set up by Department of Atomic Energy primarily for radiation 

processing of spices. The facility is ideally located within close proximity to a large spice trading and 

exporting market of Navi Mumbai. This contract service facility treats spices such as black pepper, 

chilli, turmeric, dehydrated ginger in whole or ground form, curry powder mixes and other spice 

blends for microbial decontamination. Other products that are treated in this plant include herbal and 

ayurvedic raw materials, pet feed for hygienization, packaging materials and health care products for 

sterilization. 

PLANT DESCRIPTION  

The plant is located at BRIT Vashi Complex in Navi Mumbai and has a built up area of 2200 m2 
Area allotted to the product storage is over 1200 m2; the radiation cell area is about 350 m2  
while the balance area accommodates service rooms, laboratories and offices                     
(Annex-P3,P4,P5,P6,P7). A 20 m wide, asphalt approach road to the 'facility provides 
adequate space the movement of heavy trucks and container carriers. A security guard house 
provides the plant.  
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The plant has following components:  

Radiation source: The Cobalt-60 source used in the plant is manufactured indigenously by 
BRIT and is type approved by AERB. Sources of this design are already in use in other 
operating radiation plants in the country for the past several years. Maximum source capacity 
of the plant is 1 MCi (37.5 PBq). Due to the obvious merits, a wet source storage system has 
been used in the plant. The source assembly is in a plaque form with spare positions to 
facilitate periodical augmentation of source strength. The movement of source frame from 
shielded to operational position is performed by a hydraulic cylinder through a wire rope and 
pulley system.  

Radiation shielding: The radiation shield of the plant is designed for exposure levels less than    
30 mSv/year outside the radiation cell, which is a stipulated radiation exposure limit in the 
country. Concrete walls 1.9 m thick, a 6 m deep water pool and a maze access with multiple 
bends are some of the features incorporated in the design of radiation shield to limit the 
exposure levels below the stipulated value. Radiation level is continuously monitored by 
radiation area monitors installed at suitable location. The conductivity of source storage pool 
water is maintained low (less than 20 µmho) to guard the source pencils against corrosion by 
an online water demineralizer plant.  

Product conveying system: The expected- throughput for 1 MCi source strength, at an 
average dose of 10 kGy is approximately 30 tonnes/day. Product is expected to arrive in the 
plant in bulk quantities, sealed in sacks or in cardboard cartons containing consumer packs 
and are manually loaded into the standard tote boxes made of aluminium alloy. The size of 
the tote box is 590 mm (l) x 450 mm (w) x 1100 mm (h). With such large dimensions the tote 
boxes accept any unit spice package commonly used for shipments in bulk.  

The tote boxes are -mechanically inserted into the carriers with two shelves, hanging on 
overhead monorail track, in a 2+2-pass configuration at the source pass mechanism. Powered 
through a series of chain and pusher loops, the carriers are continuously moving on the 
overhead tracks at set speed, transporting the product around the source. To achieve higher 
dose uniformity in the product, product overlap geometry in combination with changing of 
the levels of totes in carriers and mechanisms for changing the sides of totes across the 
source is incorporated. The conveyor drive system is mounted on cell roof top, away from the 
radiation zone. To enable irradiation at gradually enhanced source strengths, ranging from 
100 kCi to    1 MCi and for doses ranging from 8 kGy to 25 kGy, a variable speed drive, with a 
wider speed range, is provided in the drive system. Adequate safety measures for the 
protection of the process and the product are also incorporated in the plant design.  
 
Dosimetry considerations: Average weight of product per tote box is maintained at 50 kg 
approximately, irrespective of the product density through the adjustments of product 
volume. This facilitates simultaneous irradiation of products with varying density. Separation 
of high and low-density products for batch-wise treatment, frequent changes in conveyor 
speed and flushing of products between batches is therefore eliminated. For the lighter 
product like chilli, the overdose ratio is about 1.3, whereas, for the heavier product like 
turmeric it is of the order of 1.6.  

Plant control system: The safety interlocks provided in the plant are as per the guidelines of 
AERB and also conform to the recommendations of International Atomic Energy Agency 
(IAEA) on the subject. The control system of the irradiator is designed on fail-safe principles. It 
means that in the event of any fault or emergency, situation the radiation source is 
automatically lowered to the safety of the water pool, which provides total shielding from 
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radiation. The control system is built around a rugged programmable logic controller (PLC) 
known for its high reliability. To enhance operational safety of the plant redundant 
emergency backup relays shut down the plant in the event of any malfunctioning of the PLC. 
Status of various process signals can be displayed online as well as on demand through a user 
friendly, interactive, touch sensitive LCD screen, which also works as an interface between the 
plant and the operator. Process conditions and fault status as reported by PLC are also 
printed online, for records.  

The control system allows the plant to go operational only after:  
 A thorough search of interiors of irradiation cell is made for the presence of a human  
          being or an obstacle in the path of product conveyor  

 All entries and openings into the radiation cell are closed  

 

The control system prevents the plant to go operational if there is:  

 Someone trying to force entry into the cell when the plant is in operation  

 Snapping of source lifting wire ropes  

 Loss of ventilation in cell  

 Failure of product conveyor to start  

 Fire breakout in cell  

 Wide fluctuations in the supply voltage  

 

Utilities: Utilities in the plant include water demineralization plant, ozone extraction 
system (ventilation) and firefighting system. A large area is provided for the storage 
of products awaiting irradiation as well as for the processed products and is 
physically separated from each other to prevent their accidental mix up. The handling 
of product at loading and unloading conveyor is manual, aided by unit material 
handling equipment e.g. pellet trucks, stackers etc. The processed products can then be 
palletized and handled with the forklift depending on users' requirements.  

Quality control and microbiology laboratories are provided to supervise and control the 
radiation processing of spices coming in the plant for the treatment as per the PFA rules.  

The design and construction of the plant is based on the provisions of various codes and 
standards such as:  

 Atomic Energy Regulatory Board (AERB) Standard Specification SS6 –Rev.1 

 International Atomic Energy Agency (IAEA) Safety Series 107  

 American National Standards Institute (ANSI) ANSI 43.3  

 International Standards Organization (ISO) ISO 2919  

 

The vendor development was an important activity on which BRIT focused its attention, 
primarily to be able to effectively implement projects of this nature in future while 
maintaining the high standards of engineering and safety demanded by such plants.  

 
 



Radiation Processing of Foods –Technical Document, 2014 
 

44 
 

MULTI-TASKING RADIATION PROCESSING PLANT – A CONCEPT 
 
A majority of the Cobalt-60 radiation processing plants existing in the world today were 
designed and built primarily for the sterilization of medical products at a dose of about 
25 kGy. This high dose application has relatively higher cost of treatment that can be 
easily recovered owing to the higher cost of the basic product. The source utilization 
efficiency of such plants is below 30% due to practical limitations. Even with such low 
efficiencies more than 200 such plants are being commercially operated throughout the 
world. Higher quality of product processed by radiation compensates for lower plant 
efficiencies.  
 
When another group of products, with high societal importance such as food items are considered for 
treatment by radiation at relatively low doses for improving shelf-life and hygiene, the economical 
scenario does not remain so attractive, primarily due to the low cost nature of these commodities. A  
multi-tasking radiation processing facility increases the economic viability of radiation processing.   
 
A. SPLIT SOURCE FRAME TYPE: 
 
In this design, source frame is split in two parts. Central source frame is designed to house 
fewer source pencils (~ 100 kCi) and can be raised to exposed position independently or along 
with main source frame. When low dose irradiation is required, only central source frame can 
be raised and in case of high dose requirement, complete source frame can be raised. This 
design is useful for irradiation of various products which require low to high range of dose.  
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B. PROVISION OF MOBILE SHIELD: 
 
In this design, mobile shields made from steel and lead, are provided between source frame 
and product boxes on both sides of source frame. If low dose irradiation is to be done, mobile 
shields are moved in between source frame and product boxes on both sides and if medium 
to high dose is required then mobile shields are moved out and locked in parked positions. 
This design is also useful for irradiation of various products which require low to high range of 
dose.  
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C. Multi conveyor configuration: 

This design incorporates two independent product conveying loops (Annex –P8), i.e. a high 
dose conveyor loop and the low dose conveyor loop; the functions of which are outlined 
below:  
 
High dose conveyor: This is the main conveyor system to be used for the transport of those 
products around the radiation source which require high dose treatment (in the range of 10 
to 25 kGy). The products that can be processed with the help of this conveyor include 
medical products, spices, herbs, medicinal tablets and bulk drug formulations, rubber latex, 
wood plastic composites, etc. With certain modifications in product boxes food Items like 
meat, chicken and frozen sea-foods could also be considered for processing on this 
conveyor. The limitations in processing all or some of the above products in a plant may not 
be technical but could stem from restrictions imposed by controlling agencies like FDA for 
processing such a variety of products in one location.  

The product boxes, with dimensions 59 cm (l) x 34 cm (w) x 43 cm (h), cardboard boxes or 
metallic tote boxes are mechanically inserted into the carriers with five shelves, hanging on 
overhead monorail track, in a 3+3 pass configuration at the source pass mechanism. 
Powered through a series of chain and pusher loops, the carriers are continuously moving 
on the overhead tracks at set speed, transporting the product around source. To achieve 
higher dose uniformity in the product, product overlap geometry in combination with 
changing of the levels of product boxes in carriers and a mechanism for changing the sides 
of totes across the source is incorporated. The conveyor drive system is mounted on cell 
roof top, away from the radiation zone. An infinitely variable speed drive, with a wider 
speed range, provided in the drive system can run the conveyor system to suit different 
source loadings. Adequate safety measures for the process and product are also 
incorporated in the plant design.  

For a dose of 25 kGy, which is the sterilization dose for medical products, the residence time 
for the products in the radiation processing cell will be approximately 8 h at 1 MCi source 
loading. The plant operating in a continuous mode will, however, process a box of 15 kg 
product at every two-minute interval.  

Low dose conveyor: This is a secondary conveyor system installed in radiation processing 
cell, in a zone beyond the high dose conveyor and it can process food products for 
disinfestation. Since this conveyor is far away from the radiation source and much of the 
radiation is already attenuated by the product in high dose conveyor, the dose rate available 
at secondary conveyor is much lower but ideal for processing the products that require 
doses less than 1 kGy. This conveyor is simple in construction, having trolleys towed by floor 
mounted chains carrying product around the source; the chains moving on power and free 
principles. Vertical shuffling of product is not required as radiation field is quite uniform in 
this zone. It has 2+2 passes on each side of the source. The products filled in sacks can be 
dumped in the product boxes running on trolleys manually and can be removed out of it by 
tripping them over. The size of the box is     59 cm (l) x 40 cm (w) x 60 cm (h) and can carry a 
payload of about 100 kg per box.  
  
Radiation shielding: The maximum source capacity of the plant is generally about        
1 MCi of Cobalt60. For this source strength the radiation shield of the plant is designed 
for exposure levels less than 30 mSv/year outside the irradiation cell, which is a 
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stipulated radiation exposure limit in the country. Concrete walls 1.9 m thick and 6 m 
deep water pool and a maze access with multiple bends are some of the features 
incorporated in the design of radiation shield to limit the exposure levels below the 
stipulated value. The radiation shield is constructed of ordinary, vibrated concrete of 
2.5 g/cc density. A full partition of a barrier within the radiation cell, between two 
conveyor loops provides total isolation of products being carried by them. This helps 
prevent mix up of products corning out of the two streams.  

A 6 m deep water pool is used for safe storage of radiation source when not in use. The 
conductivity of source storage pool water is maintained low (less than 20 µmho) to guard the 
source units against corrosion by an online water demineralizer plant.  

Control and safety system: The controls and safety systems of the plant are PLC based. 
PLC systems are rugged, reliable and yet highly flexible. The level of safety to be 
inducted into the design of the type of plant is of the same order as that of the 
conventional radiation plant.  

Utilities: Utilities like demineralizer water plant and ozone extraction system for the 
irradiation cell are required for this plant.  

Laboratories: A quality control, microbiology and dosimetry laboratory is essential 
during the routine operation of the plant.  

Product storage area: The radiation cell needs to be incorporated in the plant building 
in such a way that the two types of products are all the time isolated from each other. 
A large storage area for holding product on both sides (to hold for about 8 days stock) 
is further required to be partitioned as processed product and un-processed product 
area. Sufficient passages to facilitate the efficient movement of material handling 
equipment like fork lift or pallet-trucks are also needed in these areas.  

SALIENT FEATURES  

Salient points influencing the selection of multi taking radiation plant are:  

 The revenue potential of the multi-tasking plant is expected to be twice that of the 
single purpose irradiator as it utilizes the same source for processing of products conveyed by 
both conveyors. Therefore, from commercial considerations setting up of multi-tasking plants 
is desirable.  
 

 Multi-tasking plant is expected to cost 30% more than the single purpose plant for the 

same source strength.  

 For optimum utilization of the plant capacity for two types of products, i.e. requiring 
high dose and low dose should be available at the location of the plant in large 
quantities.  

The Flow Chart of activities during the setting up of a radiation processing plant for food 
products is given in Annex-15. Regulatory approvals are given by AERB stage-wise during the 
facility set up (Annex-14).  The list of operating Radiation Processing Facilities in India is given 
in Annexure 11. 
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ECONOMICS OF RADIATION PROCESSING OF FOOD 
 

 
The design of the facility and therefore the economics of radiation processing depend on the 
parameters associated with radiation processing of food. These parameters include dose 
range, nature of food product, density of product, irradiator efficiency, annual operating 
hours, throughput, Cobalt-60 loaded, replenishment of Cobalt-60 required and the number of 
handlers employed. The major cap 
ital items include:  
 

 Land  

 Building  
 Radiation processing cell and shielding  

 Cobalt-60  
 Product handling and conveying system  

 Auxiliary equipment  

 Warehousing facilities  

 
The operating items include:  
 
 Salary of staff  
-    Facility In-Charge  
-    Radiological Safety Officer   
-    Quality Control Officer  
-    Operators  
-    Product handlers  

    Cobalt-60  

 Utilities and communications  

 Taxes and interest  

 Administration  

 
The total processing cost would thus include the total operating costs, depreciation of capital 
and cost of money. The unit processing cost could be calculated by dividing total processing 
cost with the annual throughput.  
 
Commercial Viability of Radiation Processing Plants: 

For entrepreneurs desirous of setting up of radiation processing plants, it is necessary to carry 
out the exercise of checking commercial viability like for any other project. This exercise has 
to account for so many factors, which need to be considered, some of which are specific to 
site location. 

In general, for any project of this nature to be commercially viable, the following is important: 

- Substantial profit margins 

- Availability of products to be processed round the year for targeted utilization capacity 

The above two issues get interrelated if the products to be processed have to arrive from 
parties located away from the plant site because of transportation costs involved. A customer 
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may be willing to get the product processed at a particular rate only if the transportation 
costs involved are not high. Ideally the plant location should be in proximity to both 
production center as well as demand center. 

 
Plant Utilization: 

Ensuring availability of product round the year becomes sometime difficult when the plant is 

suitable for a very small range of dose delivery requirements restricting the number of 

products, which can be processed. This is particularly true for products of seasonal in nature 

e.g. onions or potatoes. Also there can be locations where only very restricted variety and 

quantities of products are produced. This also reduces the chances of higher utilization of the 

plant.  For radiation processing, the applications are classified in to three categories: 

 

- Low Dose Applications requiring dose   < 1.0 kGy 

- Medium Dose Applications requiring dose 1.0 -10.0 kGy 

- High Dose Applications requiring dose > 25 kGy 

 

From utilization point of view, entrepreneurs would prefer being able to process the whole 

range. Batch type plants, which allow for small to moderate throughputs, this is very much 

feasible. This, however, becomes difficult for conveyor type large industrial plants because of 

large variation in the dose delivery requirements e.g. for processing of onions the dose 

requirement is 0.06kGy (avg.) whereas for medical sterilization it is 27.5 kGy (avg.) making a 

multiple of 450 approximately. In conveyor type of radiation processing plants, to run the 

conveyor in this speed range does not become feasible. Normally, a speed range of 2-30 

boxes per hour is generally available with the present level of technology of conveyors. So, 

clubbing two of the above-mentioned categories normally becomes feasible. Another 

technique applied to increase the range is called “shuffle and dwell” where the conveyor can 

be moved at say the lowest speed and to give still higher doses than are feasible at that low 

speed the conveyor is stopped at various intermittent locations. Another concept, which can 

allow increase the range of applications is a two-conveyor plant or split source plant. In the 

concept of two conveyors- a high dose conveyor close to the source and a low dose conveyor 

beyond the high dose conveyor are provided. This concept not only can allow increasing the 

range of applications but allows better utilization of the source also. This, however, has its 

limitations. The outer low dose conveyor can be used only when inner high dose conveyor is 

occupied. 

 
Profit Margin: 

High profit margin is the key to the success of any commercial venture. For this one has to 

carry out capital budgeting exercise. Before we go into this let us see what are the costs 

involved. 
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Capital Cost or Project Cost: 

A typical conveyor type radiation processing plant will cost a total of about Rs. 10 crores 

(excluding the cost of Radiation Source). The cost of major components is as follows: 

 Land cost and development ( variable, based on locality) 

 Major civil works including irradiation cell, storage facilities, utilities area etc. (Rs. 400 

lakhs) 

 Product handling & Source hoisting system- (Rs.400 lakhs) 

 Auxiliary Equipment (controls & instrumentation & laboratory equipment)- (Rs. 100 

lakhs) 

At present the cost of Co-60, the radiation Source is Rs. 70/Ci 

 

Operating Costs: 

Operating and running cost for such a plant include the following: 

- Co- 60 replenishment cost  

- Staff salaries 

- Interest on capital 

- Cost of utilities (electricity & water) 

- Maintenance costs 

 

Cobalt decays at a rate of 12.3% per year necessitating for replenishment of the same at 
regular intervals, normally after every 2 to 3 years of time.  For a plant operating with a 
source strength of 500 kCi, the decay charges will amount to Rs. 43 lakhs per year.  
 
Staff salaries will constitute major component of operating cost apart from Co-60 
replenishment costs.  
 
Maintenance costs of the plant are estimated to be 1 to 2 % of the plant cost depending upon 
the age of the plant. Utilities charges can be taken as Rs. 10 to 12 lakhs per year for such a 
plant at full utilization.  

   
    While estimating the cost of project, following points also should be considered: 

1.Cost of land and that of plant building is dependent on location, quantum of work, user's  
   Specifications etc. and hence may vary considerably from case to case.  
 
2.Interest on borrowings is dependent on total capital cost  
 
3.Depreciation may vary from type of work and policy of the plant owner  
 
4.The power demand for Cobalt-60 radiation plant is of the order of  25 kW.  
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Some of the commonly used terms in radiation processing 
 
Absorbed dose 

Amount of radiation energy absorbed by material while exposed to a radiation source 

 
Gray (Gy) 

Unit of absorbed dose, equivalent to 1 joule per kilogram of material 

 
Radioactivity 

Strength (or power) of a gamma radiation source (like cobalt-60) 

 
Curie (Ci) or Becquerel (Bq) 

Unit of radioactivity of a gamma radiation source (like cobalt-60) 

 
Half-life 

Characteristic of a gamma radiation source; time taken for the activity of a radiation source to 
decay to half of its value. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Radiation Processing of Foods –Technical Document, 2014 
 

52 
 

BIBLIOGRAPHY 

   
  

1. Diehl, J.F. “Safety of Irradiated Foods “, Marcel Dekker, Inc. New York, 1995 
 

2. Josephson, E.S and Peterson, M.S. (Eds.). “Preservation of Food by ionizing Radiation “,    
Vol. I, II, & III CRC Press, Inc. Boca Raton, FL., 1983. 
 

3. WHO. Wholesomeness of Irradiated Foods. Technical report Series 659, Geneva, 1981. 
 

4. WHO. Safety and Nutritional Adequacy of Irradiated Food, Geneva, 1994 
 

5. Atomic Energy (Control of Irradiation Food) Rules, 1996 
 

6. Prevention of Food Adulteration (Fifth Amendment) Rules, 1994. G.S.R. 614 (E) dated 
August 9, 1994. 
 

7. AERB Standard Specifications “Radiological Safety for the Design and Installation of Land 
Based Stationary Gamma Irradiators “, AERB-SS-6. 
 

8.  AERB Safety Code Operation and Maintenance of Land- Based Stationary Gamma 
Irradiators, AERB-SC-IRRAD. 
 

9. AERB Standard Specifications “Testing and classification of Sealed Radioactive Sources” , 
AERB/SS-3. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Radiation Processing of Foods –Technical Document, 2014 
 

53 
 

         Table 1 - Radiation Stable Polymeric Materials and their Reported Use  
 

Vinyl Unplasticized PVC Anesthetic airways endo tracheal tubes, 
tracheostomy tubes, M-to-M double airways, 
mounts and adaptors, containers  

  Plasticized PVC Tubing, catheters, cannulae, infant feeding 
tubing, blood giving and taking sets, blood and 
plasma bags, aprons and other sheeting 

Olefins Polyethylene-low density, high 
density 

Implants, ossicles, artificial tear ducts, tubing, 
film- especially bags for containing sterile 
articles, film laminates 

  Poly(methyl pentene) ; 
ethylene/ vinyl acetate 

Syringes, connectors, tubing, plungers 

Styrene Polystyrene Hypodermic syringes, sponges, phials 

Polyamides Nylons Sutures, gauze filters, intravenous tubing, 
cannulae, uteric and angiography catheters, 
connectors, adoptors, film for packing 

Fluorocarbon Poly trifluorochloro- ethylene; 
fluorinated 
ethylene/propylene resins 

Transfusion sets, chambers, filters, implants, 
specialized cannulae, woven yarn fabric for 
aortic valves and arterial grafts 

Polyester Polyethylene terphthalate Film and film laminates, sutures 

Epoxide resins   Electrical insulation such as for cardiac 
pacemakers 

Natural and 
Silicone rubbers 

  Tubings, implants, hydro-cephalous valves, 
arterio- venous shunts 

Acetals Polycarbonate Oxygenators, syringe components 

Thermosetting 
materials 

Phenol formaldehyde; urea 
formaldehyde 

Bottle caps and closures 

 

 

 

 

 

 

 

 

 

 

 

 

Annex-1 
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         Table 2  -    Radiation Stability of Polymers used for Medical Applications  

MATERIAL STABILITY COMMENTS 

Thermoplastics     

Acrylonitrie/Butadiene/Styrene (ABS) Excellent   

 Aromatic Polyesters(PET,PETG) Excellent No discoloration 

Cellulosics- Fair Esters are better than cellulose 

Esters and Ethers     

 Cellulose Acetate     

Fluoropolymers     

 Tetrafluroethylene(TFE) Poor   

 Polychlorotriflurorethylene (PCTFE) Poor   

Polyvinly Fluoride Good   

Polyvinylidene fluoride Good Tend to cross link 

Ethylene-Tetrafluorethylene(ETFE) Good Tend to cross link 

Fluorinated ethylene propylene(FEP) Fair Okay for some applications 

 Polyacetals (Delrin, Celcon) Poor Irradiation causes severe embitterment, 
discoloration and cracking over time 

Polyacrylics Fair Yellow discoloration which tends to fade 
over time. Stabilized and tinted material 
available 

 Polymethylmethacrylate-     

 Polyacrylonitrile     

 Polyacrylate     

 Polyhydroxacrylate     

 Polycyanoacrylate     

 Polyallomers Good Copolymer of polyethylene and 
polypropylene reduces oxidation 
embitterment 

Polyamides(Nylons)-     

 Aliphatic Good Slight discoloration. Tends to cross link 
increasing tensile strength 

 Aromatic Excellent   

Polycarbonate Excellent Yellows slightly. Mechanical properties 
not affected much. Tints and stabilizers 
available 

Polyethylene Excellent Cross links, tensile strength increases and 
modulus of elasticity decreases 

Poly(ethylene-acrylate) Good   

Polymethylpentene Good   
 

 

Annex-2 
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MATERIAL 

 
STABILITY 

 
COMMENTS 

Polyamides Excellent Doses exceeding 1000 Mrads are okay 

Polyphenylene Sulfide Excellent Doses exceeding 5000 Mrads are okay 

Polypropylene Good-Poor Stabilization required to prevent 
embitterment. Exercise caution because 
effects may increase with time-months 
after irradiation . 

Polystyrene Excellent Slight yellow discoloration possible 

Polysulfone Excellent Natural material is yellow 

Polyvinyl formal Good Less stable than PVC 

Polyvinylbutyral Good Less stable than PVC 

Polyvinylchloride(PVC) Good Can discolor but stabilizers are available 
to prevent yellowing. 

Polyvinylidene chloride Good Less stable than PVC 

Styrene/Acrylonitrile(SAN) Excellent Less stable than Styrene alone 

Thermosets     

Allyl Digycol carbonate (polyester) Excellent Maintain excellent optical properties 

Epoxies Excellent Aromatic curing agents are 
recommended 

Phenolics Excellent Mineral fillers increase stability 

Polyesters Excellent The use of minerals fillers or glass fibers 
further increase stability 

Polyurethanes Excellent Discoloration is normal. 

Elastomers     

Butyl Fair   

Ethylene-Propylene Oiene Excellent   

Fluroro Good   

Natural Excellent   

Nitrile Good Discoloration is normal 

Polyacrylic Fair   

Polychloroprene (Neoprene) Good Some discoloration, aromatic politicizes 
improve stability. 

Silicones Good Phenyl substitutes material are more 
stable than methyl silicones. 

Styrene-Butadiene Excellent   

Urethane Excellent   

 

Excellent-       Doses more than 100 Mrad may not cause significant damage 

Good-            Doses in range of 20 to 100 Mrads may cause significant damage 

Fair-              Doses in range 5 to 20 Mrads may cause significant damage 

Poor-             Significant damage may occur at doses of 2 Mrads or less 
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Table 3 -  International Standards on Radiation Sterilization 
 

Standard Description/Title Year  

ISO 11137 Sterilization of Healthcare Products- Requirements for 
Validation and Routine Control - Radiation Sterilization 

1991, 1995 

ISO 14937 Sterilization of health care products - General requirements 
for characterization of a sterilizing agent and the 
development, validation and routine control of a 
sterilization process for medical devices 

2000 

ISO/ASTM 51400 Practice for Characterization and Performance of a High 
Dose Gamma Radiation Dosimetry Calibration Laboratory 

2002 

ISO/ASTM 51205  Practice for Use of a Ceric-Cerous Sulfate Dosimetry System 2002 
 

ISO/ASTM 51607 Standard Practice for Use of the Alanine-EPR Dosimetry 
System 

2002 
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Table  4 -  List of select products approved by FDA, Maharashtra for Radiation     
                   Sterilization at ISOMED 
 

Approved for Routine Radiation Sterilization 

1. Bandages - Crape, Cotton Crape, Gauze 

2. Cotton - buds, pads, and swabs 

3. Dressings - paraffin gauze, shell and finger 

4. Gauze pads 

5. Kits - maternity, minor surgery and vasectomy 

6. Absorbable gelatin sponge 

7. Quinapyramine chloride and sulphate 

8.  
Ophthalmic ointments in paraffin base- atropine sulphate, chloramphenicol, 
gentamycin sulphate, tetracycline 

9. 
Skin ointments in PEG base - neomycin sulphate hydrocortisone acetate 
alpha chyotrypsin 

10. Sutures - catgut, linen, polyester and silk 

11. Herbal and Ayurvedic products 

Approved for Export Purpose Only 

1.  Belladonna Dry Extract 

2. Chlorotetracycline 

3. Ergot Powder 

4. Hydrocortisone neomycin 

5. Rawolfia serpentina (powder) 
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Annex-5 

 

MILESTONES - RADIATION PROCESSING OF FOOD' 

   

 

1905  First patent for a food preservation process that used ionizing radiation to  

 kill bacteria in food.  

1916  Experiments on irradiating strawberries were performed in Sweden.  

1921  A U.S. Patent was granted for a process to kill Trichinella spiralis in meat  

 using X-rays.  

1925-1927  Animal feeding studies were performed to assess the wholesomeness of  

 irradiated food.  

1943  Scientists at the Massachusetts Institute of Technology showed that  

 X-rays can be used to preserve ground beef.  

1953  President Eisenhower proposed the "Atom-for-Peace" policy to the United  

 Nations. The U.S. Government, as a result, formed the National Food  
 Irradiation Program.  
 --  

1955-1965  The Army Medical Department of USA initiated a programme to study  
 the safety and wholesomeness of irradiated food items.  

1958  The United States created an Inter-departmental Committee on Radiation  

 Preservation of Food.  

1958  The Food Additive Amendment to the Food, Drug and Cosmetic Act was  

 enacted by the United States. This Act defined food irradiation as a new  
 food additive. The Food and Drug Administration (FDA) administered  
 this Act.  

_   

1958  USSR allowed irradiation of potato.  

1960  Canada allowed irradiation of potato.  

1961  The U.S. AEC built a food irradiation laboratory for the U.S. Army,  

1963  The FDA and the United States Department of Agriculture (USDA),  

 acting on a petition submitted by the Army in 1962, approved irradiation  
 as a means of sterilizing bacon. The FDA approved irradiation for insect  
 disinfestation of wheat and flour.  

1964  The FDA approved irradiation to inhibit white potato sprouting.  

1964-1968  The US AEC and U.S. Army petitioned the FDA for approval of  

 irradiation of several packaging materials. The FDA approved these  
 petitions in 1971.  



Radiation Processing of Foods –Technical Document, 2014 
 

59 
 

1965  The U.S. Army Surgeon General concluded from a study of several food  

 items during 1955-1965 that food irradiated up to specific doses or energy  
 levels are safe and wholesome.  

1966  The U.S. Army petitioned the FDA and USDA to approve irradiation of  

 ham.  

1971  The U.S. Army Medical Department awarded a contract to a commercial  

 company to study the wholesomeness of irradiated beef.  

1974  Japan began commercial irradiation of potato.  

1976  The U.S. Army awarded contracts to commercial companies to study the  

 wholesomeness of irradiated ham, pork and chicken.  

1980  The U.S. Army's food irradiation program is transferred to USDA.  

1980  The Joint IAEA/WHO/F AO Expert Committee on the Wholesomeness of  

 Irradiated Food convened in Geneva concluded that irradiation up to 10  
 kGy introduced no special toxicological, nutritional or microbiological  
 problems  

1985  The US FDA approved irradiation at specific doses for pork to control  

 parasites that cause Trichinosis in both swine and humans.  

1986  The US FDA approved use of specific doses of radiation to delay  

 maturation, to inhibit growth, and to disinfest food, including vegetables  
 and spices.  

1986  The Food Safety and Inspection Services (FSIS) of the U.S. amended the  

 Federal Meat Inspection Regulation to permit the use of gamma radiation  
 for control of Trichinella spiralis in fresh or frozen pork.  

1990  The US FDA ruled that irradiation was a safe and effective means of  

 controlling Salmonella and other food-borne bacteria in poultry.  

1992  The first US irradiation facility for treating food opened in Florida.  

 Strawberries irradiated at this facility were sold commercially.  

1992  At the request of the National Food Authority of Australia, WHO  

 convened an Expert Committee to re-examine the safety of irradiated  
 foods, which re-affirmed the 1980 conclusions on the safety of irradiated  
 foods.  

1994  Government of India approved irradiation of onion, potato and spices for  

 internal marketing and consumption.  
 ---  

1997  
Germany agreed to import spices irradiated in France or in other EU 

countries. 

 

 

 

 

 

1997  An Expert Group set up by WHO affirmed the safety of food irradiated to  
 doses above 10 kGy up to 100 kGy.  

1997 US FDA approved irradiation of meat for pathogen control 

   1999   US FDA approved irradiation of meat for pathogen control. 

   2013  Australia and New  Zealand approve import of irradiated mangoes from India 

   2013 USDA APHIS approves  import of irradiated pomegranates from India 
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                Annex -6 

 

CHRONOLOGY OF EVENTS IN THE CLEARANCE  OF 
RADIATION PROCESSING OF FOOD IN INDIA 

 
 .~;,  -  

1967  Setting up of Food Irradiation & Processing Laboratory (FIPLY) in India  

1987  Government of India approved in principle irradiation processing of food  

 stuff for human consumption. National monitoring Agency (NMA) under  

 the Ministry of Health and Family Welfare was constituted.  

1987  NMA cleared spices, onion and potato and frozen sea foods for export.  

1991  Atomic Energy (Control of Irradiation of Foods) Rules, 1991 published in  

 the Gazette of India, March 2, 1991.  

1992  Amendments to Prevention of Food Adulteration Act (PFA) Rules to  

 introduce food irradiation under PFA was published in the Gazette of India,  

 July 3, 1992 for public review.  

1994  Government of India approved irradiation processing of onion, potato and  

 spices for domestic use. PFA Act amended to include food irradiation and  

 notified in the Gazette of India, No. 329, dated August 9, 1994.  

1996  Atomic Energy (Control of Irradiation of Foods) Rules, 1996 published in  

 the Gazette of India, June 22, 1996 in supersession of the Atomic Energy  

 (Control of Irradiation of Food) Rules, 1991.  

 

 

   1998 

Government of India approved irradiation processing of rice, semolina 

(Sooji or rawa), wheat atta and maida, mango, raisins, figs and dried dates, 

ginger, garlic and shallots, meat and meat products including chicken 

notified in the Gazette of India, No.112, dated April 6, 1998. 

   

   2007   First shipment of Indian mangoes to U.S.A. after an 18 year hiatus 

2012 

Government of India published a Notification in the Gazette of India, G.S.R.158 

dated June 26, 2012, Atomic Energy (Radiation Processing Food & Allied 

Products) Rules, 2012  in supersession of the Atomic Energy (Control of 

Irradiation of Food) Rules, 1991 
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                    Annex - 7 

 

GOOD MANUFACTURING PRACTICES (GMP) 

 

1. Food articles brought in for radiation processing shall be of good quality.  

2. The facility shall be clean and shall have proper hygiene and sanitation and shall be free 

from cobweb, insect, cockroaches, rodents, etc.  

3. The walls of the facility shall be free from seepage and capable of being kept clean. The 

flooring shall be smooth and even, and kept clean. The rooms of the facility shall be dust 

free.  

4. The facility shall have adequate arrangements for light; control of temperature and 

humidity.  

5. The incoming food material shall be properly stored and duly identified. 

6. The unprocessed food material shall be separated from unprocessed food material by 

means of partition.  

7. The workers employed in the facility shall be free from any infectious disease and shall 

wear clean apparel to be provided by the facility suitable for the work. Adequate facilities 

for personal cleanliness such as clean towels, soap, and wash premises shall be provided 

for workers. Separate provision shall be made for lavatories work shall be kept clean.  
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    Annex- 8 

 8. 
 

GOOD IRRADIATION PRACTICES (GIP) 
 

 

Good Irradiation Practices is a complementary code to the Codex General Standard for 
Irradiated Foods. Each class of food has a separate code of GIP as documented by the 
International Atomic Energy Agency*.  

1.   Only good quality food and food produced under good farming practices and good 
manufacturing practices should be subjected to irradiation. It should be free from natural 
toxins, chemicals and pesticides.  

2. A commodity brought in for irradiation should be stored as per its natural requirements of 
temperature and humidity under good manufacturing practices and should be segregated 
from the irradiated commodity.  

3. Irradiation should be carried out in a facility approved and licensed to irradiate food 
products.  

4. A pre-irradiation quality control inspection on the commodity should be undertaken and a 
proper record of the inspection should be maintained.  

5. Application of the prescribed dose of gamma irradiation should be ensured through proper 
dosimetry and dose mapping before undertaking irradiation of the commodity.  

6. The commodity should be held under temperature and other conditions specified in good 
manufacturing practices for the non-irradiated commodity, both prior to, during and after 
irradiation.  

7. The irradiated commodity should be properly labelled and identified with a go-no-go 
indicator and should be segregated from the non-irradiated commodity to avoid any mix-
up. Food once irradiated should not be re-irradiated unless specifically permitted.  
 

8.    The record of the irradiation of the commodity and dosimetry should be maintained up to      
        a   period of three years and should be made available to 1 the inspectors as and when   
        required.  

9. A certificate of irradiation should be given for the commodity irradiated with its proper 
identification.  

__________________________________________________________________________ 

*Code of Good Irradiation Practices for each class of food is available from the International Atomic Energy 

Agency, Wagramerstasse 5, PO Box 100, A-1400 Vienna, Austria.  

 

 

 



Radiation Processing of Foods –Technical Document, 2014 
 

63 
 

 

 Schedule - I 
[see clause (b) of rule 6] 

 
Classes of Food Products and Dose Limits for Radiation Processing  

 

Class Food  Purpose Dose limit (kGy) 
Min.            Max. 

Class 1 Bulbs, stem and root tubers and 
rhizomes 

Inhibit sprouting   0.02 0.2 

Class 2 Fresh fruits and vegetables 
(other than Class 1) 

Delay ripening 0.2 1.0 

Insect disinfestation 0.2 1.0 

Shelf-life extension 1.0 2.5 

Quarantine application 0.1 1.0 

Class 3 Cereals and their milled 
products, pulses and their 
milled products, nuts, oil seeds, 
dried fruits and their products 

Insect disinfestation 0.25 1.0 
Reduction of microbial load 

 

1.5 5.0 

Class 4 Fish, aquaculture, seafood and 
their products (fresh or frozen) 
and crustaceans 

Elimination of pathogenic 
microorganisms 

1.0 7.0 

Shelf-life extension 1.0 3.0 

Control of human parasites 0.3 2.0 

Class 5 Meat and meat products 
including poultry (fresh and 
frozen) and eggs 

Elimination of pathogenic 
microorganisms 

1.0 7.0 

Shelf-life extension 1.0 3.0 

Control of human parasites 0.3 2.0 

Class 6 Dry vegetables, seasonings, 
spices, condiments, dry herbs 
and their products, tea, coffee, 
cocoa and plant products 

Microbial decontamination 
 

6.0 14.0 

Insect disinfestation 0.3 1.0 

Class 7 Dried foods of animal origin and 
their products 

Insect disinfestation 0.3 1.0 

Control of moulds 1.0 3.0 

Elimination of pathogenic 
microorganisms 

2.0 7.0 

Class 8 Ethnic foods military rations, 
space foods, ready-to-eat, 
ready-to-cook/minimally 
processed foods 

Quarantine application 0.25 1 

Reduction of 
microorganisms 

2 10 

Sterilization 5 25 
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Schedule - II 
[see clause (b) of rule 6] 

 
Dose Limits for Radiation Processing of Allied Products 

 

Sr. No. Allied product Purpose  Dose limits (kGy) 

Min Max 

1 Animal food and feed Insect disinfestation  0.25 1.0  

Microbial decontamination 5.0 10.0 

2 Ayurvedic herbs and their 
products, and medicines 

Insect disinfestation 0.25   1.0 

Microbial decontamination 5.0 10.0 

Sterilization 10 25 

3 Packaging materials for 
food/allied products 
 

Microbial decontamination 5.0  10.0 

Sterilization 10 25 

4 Food additives  Insect disinfestation   0.25    1.0 

Microbial decontamination 5.0 10.0 

Sterilization 10 25 

5 Health foods,     Dietary 
supplements and 
nutraceuticals 

Insect disinfestation 0.25 1.0  

Microbial decontamination 5.0 10.0 

Sterilization 10 25 

6 Bodycare and cleansing 
products 

Microbial decontamination 5.0 10.0 

Sterilization 10 25 

7 Cut flowers Quarantine application  0.25 1.0 

  Shelf-life extension 0.25 1.0 
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Schedule - III 
[see clause (c) of rule 6] 

Packaging Material for Radiation Processing of Food and Allied Products 

Sr. 
No. 

Packaging material Maximum 

tolerable 

dose 

(kiloGray) 

1 Kraft paper (flour packaging only) 0.5 

2 Biaxially oriented polypropylene (BOPP) 10 

3 Cardboard cartons with polyethylene liners 10 

4 Cardboard kegs 10 

5 Glassine paper 10 

6 Hessain sacks 10 

7 Multiply paper sacks 10 

8 Multiply paper sacks with polyethylene liners 10 

9 Nitrocellulose coated cellophane 10 

10 Nylon-11 10 

11 Polyethylene terephthalate film containing coatings comprising a 

vinylidine chloride co-polymer with one or more of the following co-

monomers: acrylic acid, acrylonitrile, itaconic acid, methyl acrylate, and 

methyl methacrylate 

10 

12 Polyethylene terephthalate film containing coatings of polyethylene 10 

13 Polyolefin film (e.g. Polyethylene, BOPP) 10 

14 Polyolefin film containing coatings comprising a vinylidine chloride co-

polymer with one or more of the following co-monomers: acrylic acid, 

acrylonitrile, itaconic acid, methyl acrylate, and methyl methacrylate 

10 

15 Polystyrene film 10 

16 Rubber hydrochloride film 10 

17 Vinylidene chloride copolymer-coated cellophane  10 
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18 Vinylidene chloride-vinyl chloride co-polymer 10 

19 Wax-coated paperboard 10 

20 Woven polypropylene sacks 10 

21 Polyethylene coated multiply paper sacks 10 

22 Ethylene vinyl acetate co-polymer film 30 

23 Polyethylene polyester laminates 30 

24 Nylon-6 film 60 

25 Polyethylene film 60 

26 Polyethylene terephthalate film 60 

27 Vegetable parchment 60 

28 Vinyl chloride-vinyl acetate co-polymer 60 

29 Acrylonitrile copolymers 60 
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  Schedule - IV 

[see clause (d) of rule 6] 
Dosimetry Systems for Food and Allied Products 

 
Dosimeter  Readout system  Usable absorbed dose range 

(Gy) 

Alanine Electron Paramagnetic Resonance 

spectrometer 

1 - 105 

Dyed polymethyl 

methacrylate 

 Spectrophotometer 102  - 105 

Clear polymethyl 

methacrylate 

 Spectrophotometer 103  - 105 

Cellulose acetate Spectrophotometer 104  - 4 X 105 

Lithium borate, lithium 

fluoride 

Thermoluminescence reader 10-4  - 103 

Lithium fluoride (optical 

grade) 

Spectrophotometer 102  - 106 

Radiochromic dye films, 

solution, optical wave 

guide  

Spectrophotometer 1 - 105 

Ceric cerous sulfate 

solution 

Spectrophotometer or potentiometer 103  - 105 

Ferrous sulfate solution Spectrophotometer 20 - 4X102 

Potassium/Silver 

dichromate 

Spectrophotometer 103  - 105 

Ferrous cupric sulfate 

solution 

 Spectrophotometer 103  - 5X103 

Ethanol chlorobenzene 

solution  

Spectrophotometer, colour titration , 

high frequency conductivity  

10  - 2 X106 

Amino acids Luminescence reader 10-5  - 104 

Metal Oxide 

Semiconductor Field 

Effect Transistor 

Voltmeter 1  - 102 
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Annex -10 
9. 
 

Quality control inspection procedures 
 

 

RECORD OF RADIATION PROCESSING OF FOOD 

Name of the Facility: ……………………………………………..  

Identification Number: __________PNI No.: __________    No. of Units: ________  

 S.No. Particulars 

 

 

 

1 

Name of Product  

2 
Date and Time of receipt  

3  

3 

Quantity (MT)  

4  

4 

Mode of Transport 

(Vehicle Registration No.) 

 

5 

5 

Packaging Material 

 

i) Primary 

ii) Secondary 

 

6  Batch/Lot No. 

 

 

7 

Remarks on quality of received product 

 

 

8       

       Name & Address of the Customer 

i)  FDA/Loan Licence no. 

ii) Issuing authority for loan licence (if applicable) 

iii) Date of issue 

iv) Period of Validity  

 

9  

9

      

Purpose of Radiation Processing  

10 Dose 

 

i)    Dose desired by customer     

ii) Whether this dose is within the range notified by the              

iii)  Government of India 
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11 iv) If ‘NO’ then provide country of destination. 

v) Customer has provided information the dose desired   

by him is acceptable as per the legal provisions in the 

country mentioned 

 

12          Date & time of processing  

13 Dosimeter used 

 

 

14 Dose delivered   

15 Labeling details Sr. No. 

from      to        

16  Serial Number of certificate of  radiation processing  

17  Remarks on processed product  

18 Date & time of delivery to the   customer  

19 Destination 

 

i)    Shipping details / date of dispatch 

    ii)   Mode of transport (Vehicle Registration Number) 

 

20 General remarks, if any; and signature of 

 

i) Quality Control Officer 

ii) Authorized signatory (licensee or his authorized  nominee)                                                                                      

 

 

 

Date:                  Quality Control Officer 

                              (Name & Designation) 

 

 

Date:                       Licensee of Radiation Processing Facility 

                               (Name & Signature with seal of Institution) 
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List of Radiation Processing Plants operating  in India 

                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. No. Name of the Facility 
 

Product 
 

1 Isomed, Trombay,  Mumbai Medical Products 

2 Shriram Applied Radiation Centre, Delhi Medical Products 

3 Radiation Processing Plant, Vashi, 
Navi Mumbai 

Spices & Allied Products 

4 Krushak, Nasik, Maharashtra Food Products 

5 
 

M/S Organic Green Foods Ltd., Kolkata  
 

Food & Medical Products 

6 
 

M/S A.V. Processors Pvt. Ltd., Mumbai. 
 

Food & Medical Products 

7 
 

M/S Universal Medicap Ltd., Vadodara 
 

Food & Medical Products 

8 M/S. Microtrol Sterilisation Services Pvt. Ltd, 
Bangalore 
 

Food & Medical Products 

9 M/S Agrosurg Irradiators (I) Pvt Ltd, Mumbai 
 

Food & Medical Products 

10 M/S Gamma Agro Medical Processing Pvt Ltd, 
Hyderabad. 

Food & Medical Products 

11 M/S Jhunsons Chemicals Pvt Ltd., Bhiwadi, 
Rajasthan 
 

Food & Medical Products 

12 M/S Innova Agri Bio Park Ltd., 
Malur, Bangalore, Karnataka 

Food &  Medical Products  

13 M/S Hindustan Agro Co-Operative Ltd.,  Rahuri, 
Maharashtra 

Onion & Other Agricultural 
Produces 
 

14 M/S Nipro India Corporation Pvt Ltd,  Pune Medical Products 
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Annex -12 

 10. 
SCIENTIFIC AND TECHNICAL ASSOCIATIONS AND BODIES                                   

ENDORSING FOOD IRRADIATION 

 
 

 American Medical Association  

 American Frozen Food Institute  

 American Meat Institute  

 Institute of Food Technologists  

 American Dietetics Association  

 American Gastroenterological Association Foundation  

 Council for Agricultural Science & Technology  

 National Association of State Departments of Agriculture  

 Scientific Committee of Food of the European Economic Community  
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SAFETY AND REGULATORY ASPECTS OF GAMMA RADIATION PROCESSING PLANTS 
(GRPPs) 

 
The regulatory control for enforcing radiation safety provisions in respect of gamma 

radiation processing plants is mainly governed by the following. 
 

 The Atomic Energy (Radiation Protection) Rules {AERPR}, 2004. 

 Atomic Energy (Radiation Processing of Food and Allied products) Rules, 2012 

 Prevention of Food Adulteration Act Rules, 1994 

 Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, GSR-125, 1987. 

 AERB Safety Standard on Land–Based Stationary Gamma Irradiators. (AERB/RF-

IRRAD/SS-6 (Rev-I), 2007) 

 AERB Safety Code on Operation & Maintenance of Land Stationary Gamma 

Irradiators. (AERB-SC-IRRAD, 1993)  

 AERB Safety Standard for Testing and Classification of Sealed Radioactive Sources. 

(AERB-SS-3 (Rev-I), 2001) 

 AERB Safety Guide on Security of Radioactive Material during Transport. (AERB/NRF-

TS/SG-10, 2008) 

  AERB Safety Guide on Security of Radioactive Sources in Radiation Facilities  

(AERB/RF-RS/SG-1, 2011) 

 

 
Above regulatory documents, information on radiation safety and regulatory aspects in 
respect of gamma radiation processing facilities and the applicable proformas/documents are 
available on website of AERB at, “http://www.aerb.gov.in”. 
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Stage-wise regulatory approvals by AERB  

 

Stages for regulatory 
approval  

Documents to be submitted Multi-tier Safety review by 
AERB for regulatory Consent 

Siting Site map, geotechnical 
investigation report, soil 
characteristics, seismic 
characteristics of the region, 
relevant documents/clearances 
form local governmental 
authorities and details as per 
AERB-SS-6 (Rev.1)  

Consent for site to install the 
gamma radiation processing 
facility and clearance for 
construction 

Design Application for design approval as 
per Appendix-IV  of AERB –SS-6 
with preliminary safety analysis 
report and evidence of QA 
programme 

Consent for the Design of 
facility 

Source Loading System test reports, submission of 
application for certified staff such 
as RSO, operators, QC officer, 
operating/servicing /emergency 
procedures and schedules etc. 

Consent for source loading 
and pre-commissioning tests 
after inspection of systems 
and verification of their 
functional performance by 
AERB 

Commissioning Report on pre-commissioning 
tests 

Consent from AERB 

Routine operation Submission of final safety report Inspection by AERB and the 
consent for routine operation 

Source Replenishment Proposal to be submitted to AERB 
and quarterly safety status reports 

Authorisation by AERB for 
source replenishment 

Decommissioning  Decommissioning procedures as 
per AERB-SC-IRRAD 

Inspection of facility by AERB 
and consent for 
decommissioning 
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Flow Chart for setting up a Gamma Radiation Processing Plant (GRPP) 
(Food & Medical Products) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IDENTIFICATION OF PRODUCTS GROUP FOR PROCESSING 
 

PRELIMINARY MARKET SURVEY 

 

SELECTION OF LOCATION AND SITE FOR PLANT 

 SITE ASSESSMENT AND APPROVAL FROM AERB 

 

SIGNING MOU WITH BRIT 

 

PREPARATION OF PRELIMINARY SAFETY ANALYSIS REPORT 
(PSAR) FOR AERB’S APPROVAL (INCLUDING ANALYSIS ON 
RADIATION SAFETY, SEISMICITY, FLOODING, SCREENING 

DISTANCES ETC.) 
 

COMPLIANCE WITH AERB’S COMMENTS, IF ANY 

 AERB’S APPROVAL FOR CONSTRUCTION/LAYOUT 

 

FABRICATION OF EPs 

 TENDERING OF VARIOUS WORKS 

 

AERB’S CONSENT FOR CIVIL CONSTRUCTION 

 EXECUTION OF CIVIL, ELECTRICAL WORKS OF CELL & 
BUILDING 

 

INSTALLATION OF IRRADIATOR SYSTEM 

 STAFF EMPLOYMENT (RSO, OPERATOR, QUALITY 
CONTROL OFFICER AND TRAINED SERVICING AND 

MAINTENANCE PERSONNEL) 
 

PRE-COMMISSIONING TEST OF SUBSYSTEMS & 
THEIR INTEGRATION 

 

SUBMISSION OF ACCEPTANCE TEST REPORT, RADIATION PROTECTION 
MANUAL AND APPLICATION FOR OBTAINING THE AUTHORISATION 

FOR PROCUREMENT OF CO-60 SOURCE TO AERB 
 

AERB’S INSPECTION OF GRPP 

 COMPLIANCE WITH AERB’S COMMENTS, IF ANY 
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AERB’S CONSENT FOR SOURCE LOADING 

 SOURCE LOADING IN GRPP 

 

COMMISSIONING TRIALS i.e. RADIATION SURVEY, 
MEDICAL PRODUCT DOSIMETRY ETC. 

 

SUBMISSION OF FINAL SAFETY ANALYSIS REPORT, QUALITY ASSURANCE 
MANUAL, DOSIMETRY REPORT TO AERB 

 
COMPLIANCE WITH AERB’S COMMENTS, IF ANY 

 

LICENCE FROM AERB FOR ROUTINE OPERATION OF GRPP 
FOR PROCESSING OF MEDICAL PRODUCTS 

 
DOSIMETRY OF FOOD PRODUCTS IN GRPP 

 REVIEW OF FOOD DOSIMETRY REPORT BY AERB 

 COMPLIANCE WITH AERB’S COMMENTS, IF ANY 

 

APPLICATION TO AERB FOR OBTAINING CERTIFICATE OF APPROVAL 
& LICENCE 

 CERTIFICATE OF APPROVAL & LICENCE FROM AERB  
 

APPLICATION TO DAE FOR OBTAINING LICENCE FOR PROCESSING 
OF APPROVED FOOD PRODUCTS 

 
LICENCE FROM DAE  

 approved  Food products 

 APPLICATION TO FDA FOR OBTAINING LICENCE FOR PROCESSING 
OF APPROVED FOOD PRODUCTS 

 LICENCE FROM FDA  
 

COMPLETION OF PROJECT STAGE 

APPROVED Food products 

 processing approved Food products 

 Approval for processing approved Food products 

 

ROUTINE PLANT OPERATION FOR PROCESSING MEDICAL & FOOD 
PRODUCTS 
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Annex-16  

MEMORANDUM OF UNDERSTANDING (MOU)  

 

 

 

 

 MEMORANDUM OF UNDERSTANDING 

 

BETWEEN 

 

DEPARTMENT OF ATOMIC ENERGY (DAE) 

 
& 

 

M/S _____________________________________ 

 

FOR 

 

RADIATION   PROCESSING PLANT 

 

 

This MoU is made this ____ day of ________ 20_ between the President of India acting through 
and represented by Department of Atomic Energy, Government of India, having its office at 
C.S.M. Marg, Mumbai-400001 (hereinafter called DAE, which expression shall include its 
successors –in-interest and assigns) of the one part 
 

                                                              and  

M/s _____________________________________, a company incorporated in India, having its 
office at ____________________________________________ 
_____________________ (hereinafter called ________) which expression shall include its 
successor-in-interest and assigns) acting through its authorized representative of the other part. 
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PREAMBLE 

Whereas Department of Atomic Energy, Government of India, is engaged in activities with the 
objective of generating knowledge and techniques for use of radioisotopes in industry, health 
and agriculture. 
 
Whereas promoters of ___________ are part of __________________________ engaged in 
the business of ________________________________ etc. and are now interested in setting 
up a commercial radiation processing facility for ___________ (products) at __________ in 
_________(state) 
 
 
 
NOW IT IS HEREBY AGREED TO BY AND BETWEEN DAE AND ___________ to sign this 
MOU as follows: 
 
1. The MOU supersedes all previous correspondence and discussion. 

 
2. PERIOD OF MOU AND ITS EXTENSION 
 

This MOU comes into effect from the date of its signing and will remain in force for 3 years 
initially. Its validity can be extended by mutual agreement between both the parties at the 
appropriate time. 
 

3. SCOPE OF MOU 
 

Setting up of one radiation processing facility for food and medical products in India using 
Cobalt – 60 irradiation technology for large scale irradiation of items which are cleared by 
the Government of India for radiation processing from time to time. 
 

 
4. ROLE AND RESPONSIBILITY OF DAE 
 

During the period of this MOU, DAE (Department of Atomic Energy, Government of India) 
will provide the following: 
a) Process technology and its validation, concerning doses to be given to different 

products etc. 
b) Training of four plant operators for a period of 1 month as per Atomic Energy Regulatory 

Board (AERB) stipulations.   
c) Establishing dosimetry and standardization of dosimetry procedures after 

commissioning trials are over. M/s. _____________ will provide raw materials, 
chemicals, dosimeters and lab equipment at site.   
 
Apart from the above, role of DAE will be advisory as far as statutory clearances and 
marketing of the product are concerned. 
 
 
 
 
 

5. ROLE AND RESPONSIBILITY OF ___________ (other part) 
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___________ (other part) will be responsible for design, manufacture, installation and 
operation of the plant. ___________ would ensure adequate financial support for smooth 
and effective implementation of the irradiator project and its proper operation. Visiting 
scientists from BRIT called for discussion, etc would be paid all expenses including travel 
by ___________ 
 
 

6. COBALT – 60 SOURCE SUPPLY 
___________ (other part) will get the initial supply as well as replacement of Cobalt–60 

source from BRIT at the prevalent price on full payment depending on availability.  The 
supply can also be made on deferred payment basis for which an initial down payment of 
25% of the total value of the ordered quantity will need to be paid and balance amount can 
be paid in two or three installments within a period of one year along with interest at 
prevalent Government interest rate. Bank guarantee will also have to be provided for the 
outstanding amount. No further supply of Cobalt-60 source will be given unless all previous 
outstanding amounts have been cleared. 
 
 

7. FINANCIAL TERMS AND MODE OF PAYMENT 
 

___________ shall pay Rs. 5 lakhs (Rupees Five Lakhs only) towards know-how 
development fee on terms mutually agreed. Payment shall be made in installments in the 
following manner. 
 
a) First installment of Rs. 1 lakh (Rupees One lakh only) has been paid simultaneously with 

the signing of this MOU. 
b) Second installment of Rs. 1 lakh (Rupees One lakh only) shall be payable immediately 

after clearance of safety report. 
c) Third installment of Rs. 1 lakh (Rupees One lakh only) shall be payable immediately after 

start of civil construction. 
d) Fourth installment of Rs.1 lakh (Rupees One lakh only) shall be payable at the end of 

commissioning of the project and before any actual production run. 
e) Fifth and final installment of Rs. 1 lakh (Rupees One lakh only) shall be payable at the 

end of one year of commercial operation. 
 
 

8. PROJECT MONITORING 
 

A task force shall be set up with members from DAE and ___________ (other part) to 
monitor the progress of the project. 
 

9. CONFIDENTIALITY CLAUSE 
 

___________ (other part) undertakes with DAE not to transfer for any consideration to be 
received by it, the know-how/data obtained from DAE through this MOU, to any other party 
in any manner whatsoever without the prior written approval of DAE whether within and 
beyond the period of this MOU. ___________ shall take all necessary measures to ensure 
that the know-how/data obtained under this MOU is not passed on or disclosed. 
 

 
10. NO LIABILITY CLAUSE 
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DAE shall not be responsible for any loss or damage whatsoever, resulting due to the 
implementation of its technology at the premises of the user(s) or due to testing of the 
same at the premises of ___________ (other part). 

 
11. DISCLAIMER: 

 
DAE has entered into this MoU with ___________ (other part) for providing services as 
covered in para 4.0. 
 
DAE or any of its officials do not take responsibility for technical and financial capability of 
___________ (other part) and any institution providing finance to M/s ___________ (other 
part) for this project may verify as per its own procedures and regulations. 

 
12.    NON-EXCLUSIVE NATURE OF THIS MOU 
 
          This MOU between DAE and ___________ (other part) is and shall be non-exclusive in its 

nature for all purposes. 
 
13.    MOU AND ITS AMENDMENTS 
 
           This MOU shall be sole repository of the terms and conditions agreed to between the 

parties and no amendment thereof shall take effect or be binding on DAE and 
___________ (other part) unless such amendment is authorized by DAE and 
___________(other part)  and is recorded in writing and signed by the representatives of 
DAE and ___________(other part). 

 
 
14. ARBITRATION 
 

If any dispute(s) or difference(s) between the parties hereto arise so as to the construction, 
interpretation, effect and implication of any provision of this MOU including the rights or 
liabilities or any claim or demand of any party against the other or in regard to any other 
matter under these presents, but excluding any matters, the manner of resolution  or 
determination of which is expressly provided for this MOU, such dispute(s) or difference(s) 
shall be referred to the two signatories of this MOU or their nominees for an amicable 
settlement in the first place failing which arbitration will be resorted to.  A reference to the 
arbitration under this clause shall be deemed to be submission within the meaning of the 
Arbitration and Conciliation Act, 1996 or any other statutory modifications thereof. 
 
The awards/ decisions of the Arbitrator shall be final and binding upon the parties 
concerned.  The venue of the Arbitration shall be Mumbai. 
 
In witness whereof the parties hereto have executed this MOU through their authorized 
representatives. 
 
 
 
 
FOR AND ON BEHALF OF                    FOR AND ON BEHALF OF 
THE PRESIDENT OF INDIA                 M/S ________________________                                                                               
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Signature:          Signature: 
 
Name:           Name: 
 
Designation:             Designation:     

 
        Witness:                    Witness: 
 
 

1. 1. 
 
 
 
2. 2.      
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                        Schematic diagram of Radiation Processing Plant, Vashi 

 

 

                                      Product box movement in irradiator cell 
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          Annex-P4 
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