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MEASURES TO ENSURE SAFETY OF RADIOACTIVE MATERIALS IN INDIA
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Abstract. In India, the use of ionizing radiation sources in industry, medicine, agriculture and research registered
a significant increase during recent years. The basis of legislative control of the use of radiation in India is the
Atomic Energy Act from 1962, which empowers the central Government to provide control over radioactive
substances. Exercising these powers, the central Government has promulgated several radiation safety rules,
which specify the requirements of licensing, the duties and responsibilities of radiation safety officers, powers of
inspection, etc. Later in 1983, by the Act, the Atomic Energy Regulatory Board (AERB) was constituted by the
central Government to exercise regulatory and safety functions. The report describes the existing system of
regulatory control of radiation sources in India and in particular, refers to the regulatory documents prepared by
the AERB, the type approval of radiation equipment, the regulatory consent for every person handling
radioactive sources, and the inspection activities and enforcement of regulatory actions. The report also explains
how management of disused sources is carried out in India, including the handling of accidents and emergency
activities.

INTRODUCTION

The use of ionizig radiation sources for various applications in industry, medicine, agriculture
and research registered phenomenal growth during the last decade. The equipment containing
radioactive sources used includes gamma irradiators, gamma chambers, industrial gamma
radiography exposure devices and industrial ionizing radiation gauging devices. Consumer
products such as radioluminous timepieces, gaseous tritium light sources (GTLSs), gaseous
tritium light devices (GTLDs), ionisation chamber smoke detectors (ICSDs), fluorescent light
starters, antistatic devices and incandescent gas mantles containing thorium are in use.

Industrial radiography is widely in use for NDT and quality control. It is an important method
of quality assurance for welding and casting of products used in various spheres of industrial
activity. The sources, in common use are Ir-192 and Co-60. Around 1100 gamma radiography
exposure devices housing integrated activity of approximately 1100 TBq (30 000 Ci) of Ir-192
and 110 TBq (3000 Ci) of Co-60, 200 industrial X-ray machines and 9 high energy
accelerators are deployed in this field.

The number of gamma irradiation facilities is increasing all over the world. In India twelve
high intensity gamma irradiation facilities using 1016 Bq or more of activity of cobalt-60
source are in operation and one more facility is under construction. The most widespread use
of these facilities is for the sterilization of medical and pharmaceutical products, the
preservation of food stuffs, the vulcanization of rubber latex, the production of composite
materials such as wood plastic polymers and in the management of public health and
environment.

There has been a phenomenal increase in the use of radiation sources for therapeutic and
diagnostic purposes in the medical field. Around 230 teletherapy units containing Co-60 and
Cs-137 radioactive sources, and 141 brachytherapy units of both remote afterloading and
manual afterloading versions are in operation at the various centres located all over the
country. These are 600 nuclear medicine centres including the radioimmunoassy (RIA)
laboratories. Radioisotopes generally used in nuclear medicine departments are 1-131, Tc-
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99m, P-32, Tl-201 and Ga-67 for therapeutic applications such as treatment of thyrotoxicosis,
polycythemia vera and thyroid cancer.

Nucleonic gauges are used in several industries for the measurement and control of process
parameters such as thickness, density, level and composition. A nucleonic gauge is a very vital
tool in oil exploration field. Over 6500 nucleonic gauges are used in various industries in
India. These gauges contain very insignificant quantities of different radioisotopes and are
used as level gauges, density & moisture gauges, thickness gauges, well logging devices,
betascopes etc.

Radionuclides are added in consumer products to make use of ionizing radiation to achieve a
particular intended performance. The most widely used consumer products in India are gas
mantels containing Th-232. Around 225 institutions are involved in manufacturing of
consumer application products such as radiotracers, gas mantles, dial painting, fluorescent
lamp starters etc.

REGULATORY FRAMEWORK

ACT AND RULE

The basis of legislative control of use of radiation in India is the Atomic Energy Act, 1962,
which provides the basic regulatory framework for all activities related to atomic energy and
the use of ionizing radiation in India. The use of the radioactive substances and radiation
generating equipment is governed by the Act. Of its 32 sections, those related to safety are
sections 3(e) (i), (ii), (iii), 16, 17 and 23. Sections 3 (e) empowers the central Government to
provide control over radioactive substances. Sections 16 and 17 deal with the control of
radioactive substances and special safety provisions. Section 23 relates to the administration
of the provisions of the Factories Act, 1948.

Sections 24 and 26 of the Act stipulate offences and penalties of imprisonment/fine in
accordance with the offence. Section 27 empowers the central Government to delegate any
authorities conferred or any duty imposed on it by the Act to relevant officers or authorities of
the central or state Governments.

Exercising the powers conferred by the Atomic Energy Act, 1962, the Central Government
promulgated the following radiological safety related rules:

1. Radiation Protection Rules, 1971, GSR 1691, The Gazette of India, Part II Section 3
(i), October 30, 1971

2. Atomic Energy (Safe Disposal of Radioactive Wastes) Rules, 1987, GSR 125, The
Gazette of India, Part H, SEC 3 (i), February 28, 1987

3. Atomic energy (Control of Irradiation of Food) Rules, 1996, G.S.R. 254, The Gazette
of India Part II, SEC 3(i), June 22, 1996.

The rules specify the requirements of licensing or authorization, power to revoke or modify or
withdraw licences, the duties and responsibilities of radiological safety officers, their
qualifications, radiation surveillance procedures, powers of inspection of radiation
installation, sealing and seizure of radioactive material among others. Each of these rules also
confers authority on the central Government to designate a competent party to enforce the
rules.
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ATOMIC ENERGY REGULATORY BOARD

The Atomic Energy Regulatory Board (AERB) was constituted by the central Government in
November 1983 to exercise the regulatory and safety functions envisaged under Sections 16,
17 and 23 of the Atomic Energy Act, 1962. The Board has five members including a full time
chairman an ex-officio member, three part time members and a full time secretary, hi India,
the Chairman, of the AERB is the competent authority to enforce provisions of radiation
safety. The AERB has powers to lay down safety standards and frame rules and regulations
about regulatory and safety requirements envisaged under the Act. The regulatory control
covers radiation safety and industrial safety of all the nuclear fuel cycle activities and radiation
facilities under the Department of Atomic Energy (DAE) and of radiation installations in the
medical, industrial and research institutions in India.

SYSTEM OF REGULATORY CONTROL

AERB NOTIFICATIONS

AERB has published several safety standards specifications, codes, guides and manuals. They
elaborate safety requirements and the way to fulfil them. Rule 15 of the Radiation Protection
Rules, 1971, empowers the competent authority to notify appropriate surveillance procedures.
The competent authority incorporates safety requirements through such notifications. Such
surveillance procedures are prescribed for medical applications of radiation, safe transport of
radioactive material and industrial radiography. It is mandatory for any person handling
radiation sources to comply with the requirements of all the above notifications issued by the
competent authority. The handling of radioactive source means manufacture, possessing,
storage, use, transfer by sale or otherwise, export, import, transport or disposal.

TYPE APPROVAL OF RADIATION EQUIPMENT

hi India, it is mandatory that any device designed to handle radioactive sources and radiation
generating equipment should have a type approval certificate from the competent authority.
Type approval is primarily concerned with the built-in safety requirements. The AERB has
published several standard specifications for radiation equipment such as industrial
radiography devices, telecobalt & brachytherapy units, medical X-ray units, and medical
accelerators. These documents have been prepared by AERB in accordance with the
international standards. These standards specify the built-in safety design features to be
incorporated into the design, manufacture and operations, quality assurance programme,
probabilistic safety analysis etc. Demonstration of compliance with AERB standards is
mandatory for type approval.

The AERB has issued type approval for eight types of gamma chamber, 130 types of
nucleonic gauge, 14 types of industrial radiography device and 28 types of ionization chamber
smoke detectors.

REGULATORY CONSENT

Every person handling radioactive sources has to obtain regulatory consent from the
competent authority. Consent is granted in the form of a licence, an authorization, a
registration and an approval depending upon the category of the facility, the particular activity
with associated hazard potential and radiation sources involved. A licence is applicable to the
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highest hazard radiation sources and mere registration to lowest hazard sources while the
practices and devices using very small quantities of radioactive materials are exempted from
regulatory consent e.g. consumer products. The consent for high intensity gamma irradiators,
high-energy accelerators, and medical teletherapy machines is in the form of a licence valid
for three years. The consent for brachytherapy, gamma radiography is issued as an
authorization while for diagnostic X-rays, nuclear medicine laboratories, and nucleonic
gauges, registration is issued in the form of consent. Consent is issued at the stages of
manufacture, possession, use, transport, disposal, import, export or transfer of radiation
sources and stipulates conditions such as validity, surveillance requirements, and submission
of periodic safety status reports to the office of the competent authority.

INSPECTION AND ENFORCEMENT

The strict adherence to recommended regulatory measures by every user of radioactive
materials is verified through the compliance assurance programme (CAP) of the competent
authority. One of the main organs of CAP is a periodic review of the detailed inventory of
radioactive materials received in the Office of the Board. Submission of a safety status report
of radiation installation, including details of the source inventory, is a mandatory condition
for issue of regulatory consent by the competent authority. Another organ of CAP through
which the effective control can be exercised over safety and security of sources is periodic
regulatory inspections. The AERB created the Directorate of Regulatory Inspection and
Enforcement (DRI & E) on 31 December 1993 and one of its major functions is to carry out
regulatory inspections and enforce appropriate regulatory actions.

The regulatory inspection can be routine or special. Any person duly authorized by the
competent authority carries out the inspections. The inspector can inspect any radiation
installation, equipment or transport package and carries out the tests and measurements as
may be necessary for radiation hazard evaluations etc. The inspection is carried out through
the examination of procedures, records and documents, direct surveillance of structures,
systems and components, and personal interviews. The inspections are carried out for site
approval, during construction, precommissioning, commissioning, routine operations and
decommissioning of radiation facilities. All radiation equipment and installations are checked
regularly before source replenishment to ensure the proper functioning of the built-in safety
features.

The possibility of incidents or malfunctioning involving high exposure is greater in industrial
gamma radiography. Therefore, the ad hoc inspections are carried out to find out the actual
working conditions at field radiography sites and to evaluate the authenticity of the
information periodically provided by the user. A committee convened by the chairman of the
AERB, reviews the violations observed during the inspection. The AERB enforces regulatory
actions as per the RPR-1971 on the basis of assessment of radiological risk to the
occupational workers and members of the public from unsafe handling and inadequate
physical security of radioactive materials. The regulatory action can include warning to the
institutions, suspension or withdrawal of licence and withdrawal of certificates of certified
staff according the nature of violations and severity of the hazards. Show-cause notices and
warning letters are issued before enforcement of regulatory actions.
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MANAGEMENT OF DISUSED SOURCES

Radioactive waste management in India is governed by the Atomic Energy (Safe Disposal of
Radioactive Wastes) Rules, 1987, GSR-125. It is mandatory for every user of radioactive
material to obtain authorization from the AERB for the disposal of disused sources or waste.
The AERB permits the disposal of disused sources only by transfer to an authorized waste
management agency for disposal at specially designed facilities. A specialist committee
reviews the applications from industrial, medical and research institutions. The authorizations
specify terms and conditions, and are valid for three years. The renewal of the authorization is
issued only after reviewing the annual reports from the institution. India has a well-structured
regime of safety regulations for radioactive waste management.

ACCIDENTS AND EMERGENCIES

The AERB has published safety guides on handling radiation emergencies in different
applications and has made it mandatory for every user of radioactive material to have written
emergency procedures in the regional and national languages, displayed in strategic locations,
and for appropriate emergency handling tools to be made available at working sites. The
emergency procedures include descriptions of probable types of emergency that can arise,
required actions by the authorized persons and recovery procedures of radioactive material
and shielding along with a list of names and telephone numbers of persons to be contacted in
such a situation. Only the radiological safety officer/site-in-charge is authorized to handle the
radiation emergency and it is the responsibility of the user to inform the AERB immediately
regarding an unusual incident and the actions initiated to normalize the situation. The AERB
along with BARC extends its full co-operation with the user if he fails to normalise the
emergency. The responsibilities of the user, operator and safety personnel are outlined in the
safety guide.

The loss or theft of radiography sources is viewed seriously by AERB, because the source can
affect members of public who are totally ignorant of the hazards associated with radiation
sources and if the source loss is reported AERB deploys technical experts to help. The user
makes every possible effort to locate the source by employing all available radiation survey
meters with reasonably high range, the management of the facility lodges a complaint with the
local police authority and the expert team carries out extensive search and interrogation with
the help of local police. If the expert team fails to locate the source, the management may
announce the details of the loss of source, preferably with photographs, the radiation symbol
and precautions to be taken by the public if the source is found through the media. The search
for the source is abandoned only after confirming that the source has not reached members of
the public or is not likely to result in radiation doses.

Most cases of loss or theft of radioactive sources and radiation injuries are reported from
industrial radiography practice, which has made regulators further strengthen existing
regulatory control over safe handling and adequate physical security of radioactive materials
in this field. For the physical security of radiography sources, the AERB advises, through the
safety guides, on the size and shape of source storage rooms. For the storage of radiography
radiation sources, the size of room is of the order of 300 cm X 300 cm housing at the centre, a
storage pit of 90 cm X 90 cm with MS cover and locking arrangements including fencing
around the main storage room. Similar advice is rendered by the AERB for other applications
of radiation sources and, additionally, the required administrative controls are approved by the
AERB for all the radioactive sources to ensure their physical security.
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CONCLUSION

The radiation protection programme has been in existence in the country since the inception of
the nuclear programme and today, an adequate regulatory infrastructure ensures radiation
safety and security in various applications of radioactive materials. Nevertheless, the
regulatory programme is constantly being reviewed, taking into account experience, and
newer national/international standards and every effort is being made to avoid theft, illicit
trafficking and misuse of radioactive materials.
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