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Abstract. Sealed radiation sources (SRS) of various types and activities are widely used in industry, medicine,
agriculture, research and teaching in Pakistan. The proper maintenance of records of SRS is mandatory for
users/licensees. Since 1956, more than 2000 radiation sources of different isotopes having activities of Bq to TBq
have been imported. Of these, several hundred sources have been disposed of and some have been
exported/returned to the suppliers. To ensure the safety and security of the sources and to control and regulate the
safe use of radiation sources in various disciplines, the Directorate of Nuclear Safety and Radiation Protection
(DNSRP), the implementing arm of the regulatory authority in the country, has introduced a system for notifying,
registering and licensing the use of all types of SRS. In order to update the inventory of SRS used throughout the
country, the DNSRP has developed a database.

INTRODUCTION

Sealed Radiation Sources (SRS) of various types and activities are widely used in industry,
medicine, agriculture, research and teaching in Pakistan. The proper maintenance of records of
SRS is mandatory for users/licensees under the Pakistan Nuclear Safety and Radiation
Protection (PNSRP) Regulations of 1990. No major incident has so far occurred; however,
there is always a risk associated while handling any type of SRS. Loss of control of radiation
sources may give rise to unplanned exposures of workers, patients and members of the public.
In order to control and regulate the safe use of radiation sources in various disciplines, the
Directorate of Nuclear Safety and Radiation Protection (DNSRP), the implementing arm of
the regulatory authority in the country, has introduced a system for notifying, registering and
licensing the use of all types of SRS. In order to update the inventory of SRS used throughout
the country, the DNSRP has developed a database.

REGULATORY FRAMEWORK FOR THE USAGE OF RADIATION SOURCES IN
PAKISTAN

The Government of Pakistan promulgated the Pakistan Nuclear Safety and Radiation
Protection (PNSRP) Ordinance in 1984 [1]. The Ordinance prohibited all activities involving
ionizing radiation except under license to be issued by the Pakistan Atomic Energy
Commission (PAEC), investing authority in PAEC to append such conditions to licence, as it
deemed necessary for enforcement.

Pursuant to the ordinance, PAEC constituted the Directorate of Nuclear Safety and Radiation
Protection (DNSRP) in 1985 in order to formulate the Pakistan Nuclear Safety and Radiation
Protection (PNSRP) Regulations and implement them thereafter. The Regulations were
prepared and gazette notified in 1990 [2]. To make the regulatory body more independent and
distinct from PAEC, the Pakistan Nuclear Regulatory Board (PNRB) was created in 1994 [3].
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The Organizational setup of the Board is shown in Figure 1.
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Fig 1. Organization structure ofPNRB.

Pursuant to the PNSRP Regulations, a system has been developed for the implementation of
these regulations. Salient features of this system are discussed in this paper.

The first step in the implementation process is to communicate the regulatory requirements to
the users of radiation sources. In Pakistan, the official mode of communicating the regulations
passed by the Government, or any amendments made therein, is the Gazette of Pakistan. The
PNSRP Regulations were gazette notified on September 12, 1990. Subsequently any
amendments that are made are notified in the official gazette.

RADIATION SOURCES

According to the PNSRP Regulations, any premises in which radiation sources/apparatus,
radioactive material are to be stored or installed require registration. On receiving application
by the owner, the DNSRP:

a) gets plans, maps, blueprints, and statement of type, capacity, description, quality and
quantity of the proposed radiation source/apparatus of radioactive material;

b) checks the suitability of the site and gets the feasibility and preliminary assessment
reports;

The DNSRP registers the premises if it is satisfied that they meet the safety requirements.

LICENSING OF PREMISES USED FOR RADIATION SOURCES

After registration, any person or firm desirous of obtaining a license for radiation sources is
required to apply to the DNSRP. The applicant has to provide all relevant information to
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establish that the purpose for which license is required is not hazardous to workers or the
public.

After considering all the aspects relating to safety and security of radiation sources, the
DNSRP — if satisfied — issues a license for a specified period, purpose and terms and
conditions.

NO OBJECTION CERTIFICATE FOR IMPORT/EXPORT OF RADIATION
SOURCES

Pursuant to the PNSRP Ordinance, the policy on import/export of radioactive
materials/apparatus was gazette notified on July 17, 1993 [4]. According to this, any person
desirous of importing or exporting radiation sources, radioactive material, or radiation
apparatus must apply to DNSRP to obtain a No Objection Certificate (NOC). The DNSRP
may ask the applicant to fulfil such requirements as it may deem necessary under the safety
standards laid down in these regulations.

INSPECTION OF RADIATION SOURCES

A regulatory inspection of every licensee is performed at the time of licensing, followed by
annual inspections on a routine basis. In addition to these routine inspections, additional
inspections may also be performed whenever needed.

ENFORCEMENT AND IMPLEMENTATION OF REGULATIONS

The DNSRP has established a Regulations Enforcement Division, which works in co-
ordination with the Regional Radiation Protection Inspectorate of the DNSRP and keeps a
check on the activities of licensees. If the licensee violates any provision of the PNSRP
Regulations or Ordinance or any of the terms and conditions of the license, DNSRP may order
immediate stoppage of work, or order any other such action as may be necessary to stop,
minimize or check the increase in level of radiation.

MANAGEMENT OF DISUSED SOURCES

According to the National Policy on Management of Sealed Radiation Sources (SRS) [5],
SRS with a half-life greater than one year and initial activity of 100 GBq or more should be
purchased by the users/importers with the undertaking from the manufacturer/supplier, to
accept the return of these sources when no longer useful for the intended purpose. This
condition shall be included in the purchase contract as binding to the supplier. Without the
inclusion of this condition, an NOC will not be issued by DNSRP.

The policy also provides guidelines for the disposal of disused sources that have already been
acquired without the condition of returning to the vendor being incorporated in the purchase
contract. These sources may be transported within Pakistan only with prior information to
DNSRP. Special arrangements have been made for disposing of such sources at two sites
where pits have been constructed for this purpose, namely at KANUPP for users in Sindh and
Balochistan provinces, and at PENSTECH for users in Punjab province, NWFP and Capital
Territory.
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EMERGENCY PREPAREDNESS

The guidelines on emergency preparedness [6] require all licensees/users of radiation and
nuclear facilities to ensure that emergency plans and procedures are prepared and properly
maintained. Furthermore, the national regulatory body and its regional inspectorates ensure
that an effective emergency preparedness and response capability together with sufficient
infrastructure exists at all radiation and nuclear facilities.

The primary responsibility of an accident lies with the licensee/user, who is required to
prevent an accident the first place or to reduce the release of radioactive materials, and prevent
exposure of workers and of members of general public. The licensee/user is also responsible
to inform the regulatory body immediately.

The regional inspectorates will also inform the duty officer at the National Radiation
Emergency Coordination Center (NRECC) at the DNSRP. The DNSRP is the National
Contact Point under the International Conventions on Early Notification of Nuclear Accident
and Assistance in the Case of Nuclear Accident or Radiological Emergency.

RECOVERY OF ORPHAN SOURCES

The matter of safety and security of radiation sources is given utmost importance at the
DNSRP. The owners of radiation sources are recommended to ensure safe custody by keeping
the sources under lock and key and maintaining movement registers for their location.
However, if in — spite of all efforts — a radioactive source is lost, the licensee is required to
inform the DNSRP immediately.

Considering the gravity of this issue, the PNSRP Regulations address the loss of radioactive
material in a special clause. According to the regulations, when a radioactive source is lost,
the DNSRP may direct the owner to submit a report pertaining to the circumstances of the loss
or theft along with any remedial action taken or proposed to be taken in this regard. The
DNSRP may also direct such other action to be taken that seems necessary to minimize the
consequences.

EDUCATION AND TRAINING IN THE SAFETY OF RADIATION SOURCES AND
SECURITY OF RADIOACTIVE MATERIAL

Under its public awareness programme, the DNSRP/RRPI officers deliver lectures on
radiation safety at various educational institutions, medical centres etc. Also, elaborate
training programmes are organized in collaboration with the teaching institute of PAEC, i.e.
the Pakistan Institute of Engineering and Applied Sciences (former Centre for Nuclear
Studies). In addition, a brochure "Living With Radiation" and display charts have been printed
and distributed to the users of radiation.

BRIEF DESCRIPTION OF USES OF SRS

The uses of SRS in medicine, industry, research and teaching are varied. They may be
categorized under the following principal techniques:
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i. Irradiation
ii. Industrial radiography
iii. Gauging
iv. Miscellaneous

Each of the techniques involving the use of SRS is briefly described in the following sections.

IRRADIATION TECHNIQUES

The specific applications are:-

• Radiation beam therapy (teletherapy)
• Brachytherapy
• Radiation sterilization of medical products.
• Food preservation on experimental basis.

Teletherapy and brachytherapy

About 20 institutes and centres in the Government and private sectors use teletherapy and
brachytherapy techniques for the treatment of a wide range of cancers, from superficial skin
cancers to deep seated tumors. Sources used are Co-60 and Cs-137 for teletherapy and Co-60,
Cs-137, Sr-90 and Ir-192 for brachytherapy.

Radiation sterilization

A commercial irradiation plant using a Co-60 source is operational for radiation sterilization
of medical products like disposable syringes, operation theatre accessories, bandages and
some types of ointments.

Food preservation

Presently, three agriculture research institutes in Pakistan are using pilot scale food irradiation
plants with Co-60 and Cs-137 sources on an experimental basis for the preservation of a
variety of foods and improvement in the technological properties of foods.

INDUSTRIAL RADIOGRAPHY TECHNIQUES

The specific applications include industrial gamma radiography, using non-destructive testing
(NDT). Several firms in the public and private sectors use this technique. The major sources
used are Co-60 and Ir-192.

GAUGING TECHNIQUES

A number of government and private industries and firms use the following types of gauges

• Transmission (beta and photon)
• Beta and gamma backscatter
• Photon level
• Gamma scattering
• Thermalization of neutrons
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These gauges are used for thickness measurements, monitoring of bulk flow of material,
process control of the contents of large vessels, measurement of soil density and moisture etc.
Beta and gamma sources used are Pm-147, Kr-85, Tl-204, Sr-90, Y-90, Am-241, Cs-137 and
Co-60; neutron sources used are 241Am-Be and Cf-252.

MISCELLANEOUS TECHNIQUES

The specific applications include:

• Smoke detectors and lightning warning systems
• Research
• Calibration

Some industrial premises such as factories, mills and hotels, use smoke detectors and
lightning warning systems. Sources used are Am-241 and Pu-239. The calibration sources are
most commonly used for checking various types of detectors and radiation monitors. Sources
used are Co-60, Cs-137, Ra-226 and Sr-90 etc. A number of organizations use various types
of SRS for research purposes.

DATA BASE OF SRS USED FOR DIFFERENT PURPOSES

The DNSRP has developed a database for compiling information received from various
users/licensees of SRS in the country, hi the database, SRS have been further categorized into
the following nine groups:

i. Brachytherapy
ii. Radiotherapy
iii. Irradiation
iv. Industrial radiography
v. Nuclear gauging
vi. Research
vii. Calibration
viii.Well logging
ix. Smoke detection and other consumer products

These denote the major purposes for which SRS are used in a number of public and private
establishments. SRS used for a particular purpose can be easily retrieved from the databank.
Under "smoke detectors" (consumer products using SRS), representative data of only few
sources have been entered because we have not formally registered them as SRS in our data
bank record, hi future, if required, the data for this purpose may be further updated.

SECURITY AND ACCOUNTANCY

According to the recommendations of the IAEA (IAEA Safety Series-115, 1996), the
regulatory authority shall have the powers for verification and inspection of sources and
practices to ensure compliance with the regulations and conditions imposed on the licensee.
Under the PNSRP Regulations of 1990, the licensees (i.e. owners/users) are responsible for
the security of SRS. The licensees are required to ensure that all devices or sources are
adequately marked to indicate radioactive material and must maintain a safe and secure
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storage location such that the people in nearby accessible areas are not inadvertently exposed.
Also it is unlikely that the sources could be removed, transported or disposed of by
unauthorized persons. It has also been made mandatory that the licensees shall maintain an
inventory of the sources under their control and shall submit it to the DNSRP in such form
and containing such particulars and information as required by the Director-General of the
DNSRP.

COMPILATION OF DATA

The users/licensees are required to submit the inventory of SRS in their possession on the
prescribed forms (Import and Export/Disposal) on an annual basis in order to the records. The
data received from the licenses/users is added to the user's databank record.

This data is further verified through physical survey of the sites of licensees, and by checking
documents during regulatory inspections of the premises.

The following types of reports may be obtained from the databank:

i. Import summary of individual SRS.
ii. SRS which have been disposed of or exported.
iii Distribution according to purpose and activity and related details.
iv. Annual status of SRS imported along with activity.
v. One year profile along with other details.
vi. Details of individual SRS.

Provision has been made in the database for tracing any type of SRS using a search program
and inserting the identification number provided by the user/licencee. Also a search for a
particular SRS by activity and purpose is available in the program. There are provisions for
addition, deletion and editing of data of any type.

CONCLUSION

The DNSRP has been maintaining data on SRS for the past ten years. However, the
centralized inventory was not updated till 1994. Since then, the DNSRP has been making
continuous efforts to maintain an updated record of various types of SRS imported and
installed by different Government and private users in the country. It has been observed that
some of the users/licensees do not maintain the records of SRS in their possession in a format
as required by the DNSRP, or provide information such as identification number, date of
import, and activity of the SRS. About 95% of sources used in various disciplines with
activities from few Bq to PBq are registered in the database. Moreover, almost all of the major
sources have been physically verified by radiation protection inspectors of DNSRP and
regional inspectorates. More efforts are being made for the maintenance of records by the
licensees in accordance with the provisions of the PNSRP Regulations 1990.

The safety and security of radiation sources is given utmost importance in Pakistan. A sound
regulatory infrastructure is available, which provides for checks at the various stages, right
from the import of sources till their disposal. Clear guidelines have been provided for all
major aspects, including acquisition, storage, transportation, emergency preparedness, dealing
with loss, and disposal of radiation sources.
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