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Abstract 
The main aim of this study was to establish a code of practice on radiation protection for 

safe control of radiation sources used in academic and research institutes, another aim of 

this study was to assess the current situation of radiation protection in some of the 

academic and research institutes. 

To achieve the aims of this study, a draft of a code of practice has been developed which 

is based on international and local relevant recommendations. The developed code 

includes the following main issues: regulatory responsibilities, radiation protection 

program and design of radiation installations.  

The second aim had been accomplished by conducting inspection visits to five (A, B, C, 

D and E) academic and to four (F, G, H and I) research institutes. Eight of such institutes 

are located in Khartoum state and the ninth one is in Madani city (Aljazeera State). 

The inspection activities have been carried out using a standard inspection check list 

developed by the regulatory authority of the Sudan. The inspection missions to the above 

mentioned institutes involved also evaluation of radiation levels around the premises and 

storage areas of radiation sources.   

The dose rate measurements around radiation sources locations were found to be quite 

low. This mainly is due to the fact that the activities of most radionuclides that are used in 

these institutes are quite low (in the range of micro curies). Also, most of the X-ray 

machines that were found in use for scientific academic and research purposes work at 

low kVp of maximum 60 kVp.  

None of the radiation workers in the inspected institutes has a personal radiation 

monitoring device; therefore staff dose levels have not been assessed. However it was 

noted that in most of the academic/research studies radiation workers are only exposed to 

very low levels of radiation and for a very short time that does not exceed 1 minute, 

therefore the expected occupational exposure of the staff is very low.  

Radiation measurements in public areas also showed radiation levels well below the 

public dose limit.   

The most important weak points regarding radiation protection in the inspected academic 

and research institutes were unavailability of relevant records e.g., list of radionuclides, 

their activities & locations in addition to their status. This could increase the probability 

of having those sources lost. Also no records were available regarding training programs 

for radiation workers on radiation protection. Finally no local rules or emergency plans 

were found at those institutes.  
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Definitions 

Annual Limit on Intake (ALI)  

The intake by inhalation, ingestion or through the skin of a given radionuclide in a 

year by the reference man which would result in a committed dose (effective dose 

and/or equivalent dose) equal to the relevant dose limit 

Byproduct material  

Any radioactive material (except special nuclear material) produced in a nuclear 

reactor; tailings or wastes produced by the extraction or concentration of uranium or 

thorium from ore processed primarily for its source material content; any discrete 

source of 226Ra or any radioactive material produced in a particle accelerator 

operated to produce radioactive material.  

Accident 

Any unintended event, including operating errors, equipment failures or other 

mishaps, the consequences or potential consequences of which are not negligible 

from the point of view of protection or safety. 

Authorization 

Permission granted in a document by the Regulatory Authority to a legal person who 

has submitted an application to carry out a practice or any other action described in 

the General Obligations for practices of the Standards.  

Contamination 

The presence of radioactive substances in or on a material or the human body or other 

place where they are undesirable or could be harmful 

Controlled area 

A controlled area is any area in which specific protection measures and safety 

provisions are or could be required for:  

1. Controlling normal exposures or preventing the spread of contamination 

during normal working conditions; and  
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2. Preventing or limiting the extent of potential exposures. 

Effective Dose 

 Quantity obtained by multiplying the equivalent dose to various tissues by the 

appropriate tissue-weighting factor and summing the products.  

Equivalent Dose  

Quantity obtained by multiplying the absorbed dose by a factor that takes into 

account the effectiveness of different types of ionizing radiations in causing harm to 

tissue in man.  

Legal person 

Any organization, corporation, partnership, firm, association, trust, estate, public or 

private institution, group, political or administrative entity or other persons designated 

in accordance with national legislation, who or which has responsibility and authority 

for any action taken under these Standards.  

License 

An authorization granted by the regulatory authority based on a safety assessment and 

accompanied by specific requirements and conditions to be complied with by the 

legal person.  

Occupational exposure 

All exposures of workers incurred in the course of their work, with the exception of 

exposures excluded from the Standards and exposures from practices or sources 

exempted by the Standards.  

Practice 

Any human activity that introduces additional sources of exposure or exposure 

pathways, extends exposure to additional people, or modifies the network of exposure 

pathways from existing sources. 

Radiation protection officer 

An individual technically competent in radiation protection matters relevant for a 

given type of practice who is designated by the registrant or licensee to oversee the 

application of the requirements of the Standards.  
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Radioactive source 

Anything that may cause radiation exposure, such as by emitting ionizing radiation or 

releasing radioactive substances or materials 

Radioactive waste 

Material, whatever its physical form, remaining from practices or interventions and 

for which no further use is foreseen (i) that contains or is contained with radioactive 

substances and has an activity or activity concentration higher than the level for 

clearance from regulatory requirements, and (ii) exposure to which is not excluded 

from the Standards. 

Radiation generator 

Device capable of generating radiation, such as X-rays, neutrons, electrons or other 

charged particles, which may be used for scientific, industrial or medical purposes.  

Regulatory authority 

An authority or authorities designated or otherwise recognized by a government for 

regulatory purposes in connection with protection and safety.  

Registration 

A form of authorization of practices of low or moderate risks whereby the legal 

person responsible for the practice has, as appropriate, prepared and submitted a 

safety assessment of the facilities and equipment to the regulatory authority. The 

practice or use is authorized with conditions or limitations as appropriate.  

Supervised area 

Any area not designated as a controlled area but for which occupational exposure 

conditions are kept under review even though specific protective measures and safety 

provisions are not normally needed.  

Radiation Worker 

Any person who works, whether full time, part time or temporarily, for an applicant 

and who has recognized rights and duties in relation to occupational radiation 

protection.  
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CHAPTER ONE 

INTRODUCTION 

 

Scientific academic and research is ever evolving day after day specially in the field 

evaluation and utilizing radiation sources in different applications.  Radiation sources of 

low dose rate can be used for different purposes e.g. As calibration source , physics 

experiment sources, tracer experiments, biological studies, fluorescent radiation devices 

(XRF),  gas chromatography devices (GC) and  X-ray diffraction devices (XRD)). On the 

other hand high dose rate radiation sources are usually used in gamma irradiators, X-ray 

accelerators and neutrons generators. Radiation protection is an important issue that 

needs to be addressed in academic and research institutes that deals with radiation 

sources. The aim of radiation protection is to emphasis precautions that should be taken 

to limit radiation doses to the radiation worker as well as to members of the public. 

  

1.1 Types and location of the radiation sources 

1.1.1 Types of radiation Sources 

1.1.1.1 Naturally-Occurring Radioactive Material 

Naturally-occurring radioactive material (NORM) is found throughout the environment 

and possession of NORM usually is not regulated. However, if such radioactive material 

contains a sufficiently high concentration of uranium or thorium, it is defined and 

regulated as source material. Under some circumstances, the concentration of the 

radionuclides in NORM may be increased by human activities. As examples, such 

technologically-enhanced naturally-occurring radioactive material (TENORM) may 

result from mining operations, the production and processing of oil and gas, and the 

extraction of phosphate in the fertilizer industry. There are varying regulatory controls for 

generating, possessing and transferring TENORM. [1] 
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1.1.1.2 Human-Produced Radioactive Material 

Human-produced radioactive materials results from nuclear fission or through the 

application of nuclear reactions that convert a non-radioactive (stable) element into 

radioactive, employing a nuclear reactor or particle accelerator (e.g., stable 
59

Co can be 

irradiated with neutrons in a nuclear reactor to produce 
60

Co). Although particle 

accelerators could be used for research and academic purposes, particle accelerators used 

to produce radioactive material and nuclear reactors, are not found at the academic and 

research institutions for which this code is written. Therefore, any human produced 

radioactive material used at these institutions will be obtained from other suppliers. [1] 

 

1.1.1.3 Radiation-Producing machines 

Radiation-producing equipment used at research or academic institutions with smaller 

radiation safety programs includes diagnostic X-ray systems, analytical X-ray systems 

(diffractometers, X-ray fluorescence systems), some electron-beam microscopes, and 

some particle accelerators. For these sources, appropriate controls should be implemented 

to operate the equipment safely.  

Diffractometers which are analytical X-ray machines that irradiate a sample of material 

with X-rays to study the scattered X-ray pattern that produced by the crystalline structure 

of the irradiated material. 

X-ray fluorescence systems are analytical X-ray machines that use X-rays to excite 

orbital electrons in a sample and then measure the spectrum of characteristic X-rays 

emitted by the sample’s elemental constituents. Electron-beam microscopes are devices 

that use the wave characteristics of an electron beam to visualize the microscopic surface 

structure of material. X-rays are producing when the primary beam or backscattered 

electrons strike metal parts of the microscope.  

Medical X-ray machines that uses for academic and research purposes in student health 

facilities (health clinic, dental clinic, athletic facility).   

Particle accelerators are machines that accelerate atomic and sub-atomic charged particles 

to high kinetic energies. These machines, depending upon their design and method of 

accelerating the particles, include Van de Graff machines, linear accelerators, and 

cyclotrons. Other types of accelerators are also possible. Particle accelerators operating at 
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higher voltages (>10 MV) can also yield neutrons and high-energy X-rays that in turn can 

interact with machine components and other materials in the vicinity to produce 

radioactive material. [1] 

 

1.1.1.4 Legacy Sources 

In this code, the term legacy source describes radiation sources that no longer have a use, 

or that are unexpectedly rediscovered. They may remain from past institutional activities 

and have one or more common characteristics:  

(1) They are or may be sources of radiation,  

(2) They were not previously known to the current administration as being potentially 

hazardous, or  

(3) They are known to be a potential radiation hazard but, despite no longer being used. 

They may be radioactive material or machines capable of producing radiation. 

Their presence may be the result of acquisitions in the past by the institution or 

individuals associated with the institution, or the result of past academic programs. 

Important aspects of legacy sources are listed below. 

 They may be in the form of sealed sources, unsealed forms such as chemicals and 

mineral samples, contamination (radioactive material that is present in undesired 

locations), radioactive waste material, and even ordinary consumer products. Legacy 

radiation-producing machines may consist of fully-assembled units that are still 

operational. 

 They often (but not always) predate current radiation safety programs and regulatory 

programs, and equipment standards. 

 They may include orphan sources that come into the possession of the institution. 

Orphan sources are radioactive sources that are subject to regulatory and institutional 

controls for radiation safety that, because of loss, theft or abandonment, escape such 

controls. 

 They may not be labeled, marked, or otherwise readily recognized as a source of 

radiation or having the potential to be a source of radiation, and the purpose of the 

source and its origins may not be apparent. [1] 
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1.1.2 Locations and Uses of radiation Sources 

Several different departments or programs in an academic and research institutions may 

possess or use radioactive material or radiation producing machines. For academic and 

research institutions that have radioactive-material licenses or radiation-producing 

machine registrations, the types of radioactive material, radiation producing machines 

and their locations of use are well known. However, academic and research institutions 

may also possess or use radioactive material that does not require a license or radiation-

producing machines that are not registered. In addition, radioactive material not 

possessed by an academic institution but located in or near the institution may impact the 

institution (e.g., used by onsite or nearby contractor or contained in transport through or 

nearby the institution). This Section identifies examples of these radiation sources and the 

academic and research departments where they might be found. Table A.1 in Appendix A 

summarizes the locations and types of sources not requiring a license, as well as the 

levels of regulatory control. Tables A.2 in Appendix A provide radioactive material 

requiring a license and X-ray generating equipment. Radioactive-material or radiation-

producing machine may require authorizing by licenses or registrations - depending on 

the activity or kilovolts - from the regulatory authority of Sudan (SAEC act 1996). 

However, such practices may also possess or use radioactive materials that are exempted 

from regulatory control. [1] 

 

1.1.2.1 General academic program  

The nature of radioactive decay and radiation interactions makes study of these 

phenomena an excellent tool for demonstrating mathematical and statistical concepts. The 

study of radioactivity and the use of radiation and its detection are basic physics topics 

covered in many academic courses. License-exempt radioactive sources may be used in 

Mathematics (statistics programs), Physics, Chemistry or Engineering classes (see 

appendix B). [1] 
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1.1.2.2 Biological Sciences 

Radioactive material and X-rays are essential tools in Biological Sciences. Many types of 

radioactive materials are used in tracer studies of biological systems. The typical 

radionuclides used are 
3
H, 

14
C, 

32
P, 

33
P, and 

125
I. [1] 

 

1.1.2.3 Chemistry 

Radioactive material and X-rays have been essential tools in Chemistry.  The types and 

extent of use of radioactive material in Chemistry depends on the extent of the Academic 

and Research Institution’s Radiochemistry Program. The practices of licensed radioactive 

material in chemistry include: 

1. Tracer studies of chemical systems,  

2. Studies of chemical reactions involving particular radiochemical(s),  

3. Development of particular chemicals containing radioactive substances 

Applications utilized radiation sources: 

1. Chemistry programs will often have inventories of chemicals which include 

uranium or thorium compounds, and some projects may involve the extraction 

and concentration of NORM. 

2. Anti-static devices, typically containing 
210

Po, may be used in conjunction with 

precision balances. 

3. Gas chromatographs may contain electron capture detectors that contain plated 

sources of 
63

Ni. 

4. Several types of radiation-producing machines are used in chemical analysis; 

examples are X-ray fluorescence detectors and X-ray diffraction units. [1] 

 

1.1.2.4 Physics 

The radioactive material and radiation-producing machines listed for Chemistry may also 

be used in Physics. In addition, Physics departments may use:  

1. Radioactive materials (e.g., 
60

Co, 
137

Cs and 
99m

tc). 

2. Radiation-Producing machines.  

3.  Neutron sources (such as a Pu/Be) to demonstrate neutron physics. 
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4. Neutron generators (Deuterium bombard tritium to produce neutrons and alpha 

particles). [1] 

 

1.1.2.5 Geological and Earth Sciences 

Geological samples may contain concentrations of uranium, thorium and other NORM.  

Geologists may employ equipment using radioactive sources, such as soil density gauges, 

in groundwater (e.g., 
241

Am/Be, 
137

Cs). Radioactive material and radiation producing 

machines listed for chemistry may also be using in the Geological and Earth Sciences. [1] 

 

1.1.2.6 Engineering 

Radioactive material and radiation-producing machines listed for Chemistry may also be 

used in Engineering Programs. In addition, radioactive sources may be used in: 

1. Particle research studies (e.g., 
60

Co)  

2. Anti-static devices (such as 
85

Kr gas tubes) 

Some engineering departments may use:  

1. Specialized equipment that contains radioactive material (e.g., 
60

Co, 
137

Cs) or 

2.  An X-ray source used to measure material properties (e.g., an X-ray 

diffractometer). [1] 

 

1.1.2.7 Agricultural and Veterinary Sciences 

Radioactive material and radiation-producing machines listed for the Biological Sciences, 

Chemistry and Engineering may also be used in the Agricultural or Veterinary Sciences. 

In addition neutron sources can be used. Cabinet X-ray systems or other X-ray imaging 

machines may be used in Veterinary Research. [1] 

 

1.1.2.8 Medical Sciences 

Student health facilities (e.g., health clinic, dental clinic, athletic facility) may be large 

enough to employ a conventional diagnostic X-ray machine or a computed tomography 

system.  The academic and research institution should ensure that these X-ray imaging 

systems are under the control of a licensed radiation worker and are authorized by the 

regulatory authority. [1] 
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1.2 The Aim of the study 

The main aim of this study was to establish a code of practice on radiation protection   for 

safe control of radiation sources used in academic and research institutes, another aim of 

this study was to assess the current situation of radiation protection in academic and 

research institutes. 

To achieve the aims of this study, a draft of a code of practice has been developed which 

is based on international and local relevant recommendations. The developed code 

includes the following main issues: Regulatory responsibilities, Radiation Protection 

Program and Design of radiation installations.  
 

1.3 The Problem statement: 

To the best of our knowledge there are no radiation protection code of practice in 

academic and research institutes in Sudan. 

 

 

1.4 Scope 

This code provides guidance to an applicant in establishing academic and/or research 

institute that deals with radiation sources so as to be in compliance with the current 

relevant regulations. The code includes the following information:  

 Legal and regulatory responsibilities 

 Radiation safety, security and control of radioactive materials, and compliance with 

regulations.  

 Radiation protection program 

 Legal responsibilities of legal person, radiation protection officer, radiation workers 

and other persons who may be involved in academic and research activities. 

 Safe design of radiation facilities used in academic and research activities. 
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CHAPTER TWO 

LITERATURE REVIEW 

  

Radiation protection in educational institutions, NCRP report No. 157, 

Recommendations of the National council on radiation protection and 

measurements, June 25, 2007[1] 

This Report provides radiation protection guidance for educational institutions that use 

radioactive material or radiation-producing equipment for educational purposes 

(academic and research) or for other support of an institution (such as in a student health 

clinic).  

This Report is primarily addressed to the individuals who have responsibility for the safe 

use of sources of radiation at an educational institution. These individuals could include 

an administrator, a safety officer or other staff member, or a faculty member. 

This Report provides specific information on the hazards associated with sources of 

ionizing radiation in science demonstrations, experiments, and student projects. It also 

provides recommendations on how to use these sources of ionizing radiation in a safe 

manner and how to comply with applicable regulations. Since the potential hazards 

associated with the use of such sources in the educational institutions covered in this 

Report are relatively low, the potential risk to faculty, staff and students is 

correspondingly low when simple basic precautions are followed. 

 

Association of University Radiation Protection Officers AURPO 

Guidance Notes on Working with Ionizing Radiations in Research and 

Teaching July 2006 Edition[2]  

This document has been produced as an aid to Radiation Protection Officers and others with 

responsibilities for radiation protection in a University or biomedical research environment. 

The document therefore emphasizes the normal roles and duties of these employees as it is 

important that everyone is aware of their own individual responsibilities. However, in most 

circumstances employees will only be assisting their employer to comply with the 

requirements of the Ionizing Radiations Regulations and it is the radiation employer who has 
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the legal responsibility for compliance and this responsibility cannot be delegated. It is 

important that senior management is made aware of their responsibility. 

The formal dose limits in the regulations are rarely of relevance in a university/small user 

context. Most organizations should find that worker doses can be kept well below even the 

general public limits. Of principle concern in our sector should be the restriction of exposure 

and keeping doses as low as reasonably practicable (ALARP). This should be foremost in the 

minds of those people implementing this guidance. 

 

Consolidated Guidance about Materials Licenses Applications for 

Sealed Source and Device Evaluation and Registration Final Report 

Published: April 2004[3] 

The current document, NUREG-1556, Vol. 3, Rev. 1, “Consolidated Guidance about 

Materials Licenses: Applications for Sealed Source and Device Evaluation and 

Registration,” provides applicants requesting a sealed source or device safety evaluation, 

and reviewers of such requests, with the information and materials necessary to make 

determinations that the products are acceptable for licensing purposes.  

It provides the applicants and reviewers with information concerning how to file a 

request, a listing of the applicable regulations and industry standards, policies affecting 

evaluation and registration, administrative procedures to be followed, information on how 

to perform the evaluation and write a registration certificate, and the responsibilities of 

the registration certificate holder. 

This report describes and makes available to the public information on methods 

acceptable to the NRC staff for implementing specific parts of the Commission’s 

regulations; techniques the staff uses in evaluating applications, including specific 

problems or postulated accidents; and data the NRC staff needs to review applications for 

source and device registration.  
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Safety series no. 115, International Basic Safety Standards for 

Protection against Ionizing Radiations and for the Safety of Radiation 

Sources, IAEA, 2003[4] 

The Standards comprise basic requirements to be fulfilled in all activities involving 

radiation exposure. The requirements have the force that is derived from the statutory 

provisions of the Sponsoring Organizations. They do not entail any obligation for States 

to bring their legislation into conformity with them, nor are they intended to replace the 

provisions of national laws or regulations, or the standards in force. They are aimed 

rather to serve as a practical guide for public authorities and services, employers and 

workers, specialized radiation protection bodies, enterprises, safety and health 

committees. 

The Standards lay down basic principles and indicate the different aspects that should be 

covered by an effective radiation protection program. They are not intended to be applied 

as they stand in all countries and regions, but should be interpreted to take account of 

local situations, technical resources, the scale of installations and other factors which will 

determine the potential for application. The Standards cover a broad range of practices 

and sources that give rise to or could give rise to exposure to radiation, and many of the 

requirements have therefore been drafted in general terms. It follows that any given 

requirement may have to be fulfilled differently for different types of practice and source, 

according to the nature of the operations and the potential for exposures. Not all the 

requirements will apply to every practice or to every source, and it is up to the 

appropriate Regulatory Authority to specify which of the requirements are applicable in 

each case. The scope of the Standards is limited to the protection of human beings only; it 

is considered that standards of protection that are adequate for this purpose will also 

ensure that no other species is threatened as a population, even if individuals of the 

species may be harmed. Moreover, the Standards apply only to ionizing radiation, namely 

gamma and X-rays and alpha, beta and other particles that can induce ionization. They do 

not apply to non-ionizing radiation such as microwave, ultraviolet, visible light and 

infrared radiation. They do not apply either to the control of non-radiological aspects of 

health and safety. The Standards recognize that radiation is only one of many sources of 
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risk in life, and that the risks associated with radiation should not only be weighed against 

its benefits but also viewed in perspective with other risks. 

Consolidated Guidance about Materials Licenses Program-Specific 

Guidance about Master Materials Licenses Final Report Manuscript 

Completed: December 2000 Date Published: December 2000[11] 

The current document, NUREG-1556, Vol. 10, “Consolidated Guidance about Materials 

Licenses: Program-Specific Guidance about Master Material Licenses,” dated December 

2000, is the tenth program-specific guidance developed for the new process.  

This report provides guidance to Federal organizations preparing a Master Materials 

License (MML) application and Federal organizations that have MMLs; in addition, it 

provides the criteria NRC license reviewers and other NRC personnel use in reviewing 

MML applications and current MMLs. In order for NRC to issue an MML to a Federal 

organization, NRC must ensure that the organization is capable of performing certain 

functions and activities in a manner that assures compliance with the Atomic Energy Act 

of 1954, as amended, and other applicable regulations consistent with the public health 

and safety and the environment. 

Thus, this document focuses on the information the Federal organization must provide to 

assure NRC that the applicant has adequate staff, facilities, programs, and procedures 

necessary to assume the regulatory tasks authorized in the license, and that, with respect 

to NRC-regulated materials, the MML permittees are subject to the same licensing and 

inspection requirements and policies as equivalent NRC licensees. As a guidance 

document, NRC has used the terms “must” and “shall” to designate those programs and 

commitments it requires an applicant/licensee to meet in its MML in order to comply 

with the requirements in NRC regulations. “Should” is used in this document to designate 

information the Staff believes is necessary to make a licensing decision consistent with 

the Commission’s regulations. “Should” provisions are one way to comply with the 

Commission’s regulations. To the extent an applicant chooses to take a different 

approach, it will need to justify why the requested information is not necessary in light of 

the information provided. In the absence of justification, it is NRC’s expectation that the 

applicant/licensee will opt to use the approach in this document in order to maximize the 
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uniformity in the MML licensee’s organizational structure, programs and policies with 

the NRC regulatory process for its licensees and the MML permittees. 

 

Approved Code of practice Work with Ionizing Radiation, Health and 

Safety at Work (Jersey) Law, 1989, the states of jersey employment and 

social security committee, revised 2002[8] 

This Code shall apply to any practice; 

The Code covers safety requirements in the use of radioactive substances, sealed sources 

and radiation generators, including all the applications of X-rays, in any work activity in 

Jersey.  These, at present, include the following: 

(a) veterinary practices; 

(b) security X-ray scanning equipment; 

(c) States Departments; 

(d) educational establishments 

The Code does not apply to medical exposures, being exposures received by patients as 

part of their own medical diagnosis, treatment, health screening, or for medical research 

and medico-legal purposes. 

 

Consolidated Guidance about Materials Licenses, program-Specific 

Guidance about Academic, Research and Development, and Other 

Licenses of Limited Scope Including Gas Chromatographs and X-Ray 

Fluorescence Analyzers, Washington, Date Published: December 

1999[12] 

The current document, NUREG - 1556, Vol. 7, “Consolidated Guidance about Materials 

Licenses: Program-Specific Guidance about Academic, Research and Development, and 

Other Licenses of Limited Scope,” dated December 1999, is the seventh program-specific 

guidance developed for the new process. 

This report provides guidance to an applicant in preparing an Academic, Research and 

Development and Other Licenses of Limited Scope (ARDL) application including gas 

chromatography devices (GC) and X-RAY fluorescence analyzers (XRF), as well as 
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NRC criteria for evaluating the license application. It is not intended to address licenses 

of broad scope, licenses for manufacturing and distribution of byproduct material, or 

licenses for the use of source, or special nuclear material. Within this document, the 

phrases or terms, “byproduct material,” “licensed material” or “radioactive material,” are 

used interchangeably. 

This document is designed to be used by applicants for a license (not of broad scope) 

issued by a listing of the following specific items: 

(a) Radionuclides 

(b) Chemical/physical form 

(c) Possession Limits 

(d) Radiation Safety Officer 

(e) Authorized Users 

(f) Authorized locations. 

Byproduct material is used for a variety of purposes in research, industry, and other 

fields. The following are typical uses: 

(a) In vivo studies (labeling cells, studies involving animals, excluding humans) 

(b) In vitro studies 

(c) Analytical work/studies, including use of GCs and XRF(s) 

(d) Veterinary medicine 

(e) Calibration of applicant’s instruments 

(f) Field studies. 

 

Consolidated Guidance about Materials Licenses Program-Specific 

Guidance about Licenses of Broad Scope Final Report Date Published: 

April 1999[13] 

The current document, NUREG-1556, Vol. 11, “Consolidated Guidance about Materials 

Licenses: Program-Specific Guidance about Licenses of Broad Scope,” dated April 1999, 

is the eleventh program-specific guidance developed for the new process. 

This document provides guidance to an applicant in preparing a broad scope license 

application and describes the criteria used by NRC staff when evaluating the application. 

Whereas the applicant for a limited scope license generally must submit to the NRC, for 
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review and approval, the specific training and experience of each proposed user and the 

facilities and equipment available to support each proposed use, the applicant for a broad 

scope license normally must submit to the NRC, for review and approval, a description of 

the internal review process and criteria that will be used to approve users and uses. As 

opposed to limited scope licenses, which typically identify specific isotopes that may be 

possessed, the broad scope license generally authorizes the possession and use of a wide 

range of byproduct radioactive materials. 

 

Consolidated Guidance about Materials Licenses Program-Specific 

Guidance about Self-Shielded Irradiator Licenses Final Report Date 

Published: October 1998[14] 

This report provides guidance to an applicant in preparing a self-shielded irradiator1 

license application as well as NRC criteria for evaluating a self-shielded irradiator license 

application. It is not intended to address the research and development or the commercial 

aspects of manufacturing, distribution, and service of self-shielded irradiators and their 

associated sources. Within this document, the phrases or terms, “self-shielded irradiator,” 

“self-contained irradiators,” or “irradiators” are used interchangeably. Irradiators are used 

for a variety of purposes in research, industry, and other fields. Typical uses are: 

(a) Irradiating blood or blood products 

(b) Sterilizing or reducing microbes in medical and pharmaceutical supplies 

(c) Preserving foodstuffs 

(d) Studying radiation effects 

(e) Synthesizing and modifying chemicals and polymers 

(f) Eradicating insects through sterile male release programs 

(g) Calibrating Thermoluminescent Dosimeters (TLDs). 
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CHAPTER THREE 

LEGAL AND REGULATORY RESPONSIBILITIES 

 

3.1 Regulatory authority 

The regulatory authority of Sudan has been established by the SAEC Act of 1996. This 

Code is drafted in accordance of this act and its relevant regulations. Current regulations 

give the regulatory authority the authority to license, inspect radiation sources and their 

installations as well as to take enforcement actions against any cases of noncompliance. 

The regulatory authority recognizes that effective radiation safety program management 

is vital to achieve safe and secure manipulation of radiation sources. The regulatory 

authority believes that consistent compliance with its regulations provides reasonable 

assurance that licensed activities will be conducted safely. The regulatory authority also 

believes that effective management will result in increased safety and compliance.   

Academic and research institutions should contact the regulatory authority to discuss the 

institution needs and the licensing process. The academic and research institutions may 

also benefit by contacting an affiliated academic and research institution which has a 

radioactive-material license to discuss technical and regulatory issues, gain practical 

knowledge from the affiliated institution’s radiation safety program, and perhaps share 

equipment and expertise. 

 

3.2 Applicable regulations 

The following regulations are already in place: 

 General procedures for radiation protection (1996) 

 Basic Requirement for Radiation protection and Dose limits (1996) 

 Licensing procedures for radiation practice (1996) 

 Control and management of radioactive waste (1998). 

 Safe transport of radioactive material (1998). 
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The applicant or licensee is responsible to obtain up-to-date copies of applicable 

regulations, reads and understands the requirements of each of these regulations, and 

complies with each applicable regulation. 

 

3.3 License action type 

This is an application for:   

 A new license. 

 Amendment to an existing license. 

 Renewal of an existing license[12] 

 

3.4 Applicant’s legal name (registrant or licensee) 

List the legal name of the applicant’s corporation with direct control over use of the 

radioactive material (a division or department may not be a legal person). The legal 

persons must provide full information and obtain the regulatory authority prior written 

consent before transferring control of the license. It is necessary for legal persons to 

obtain the regulatory authority written consent before the procedure is finalized. This is to 

ensure the following: 

 Radioactive materials are possessed, used, or controlled only by persons who have 

the regulatory authority licenses validity. 

 Materials are properly handled and secured. 

 Persons using these materials are competent and committed to implementing 

appropriate radiological controls. 

 A clear chain of orders is established to identify who is responsible for disposition 

of records and licensed material. 

 Public health and safety are not compromised by the use of such materials. 

Provide the mailing address where correspondence should be sent. A Post Office box 

number is an acceptable mailing address (see appendix C). Typical legal person 

responsibilities are described in appendix D. [12] 

 

 



 17 

3.5 Radiation Protection Officer (RPO) 

The person responsible for implementing the radiation protection program is called the 

Radiation Protection Officer, or RPO. This person may also be called the Radiation 

Safety Officer (RSO). The RPO needs independent authority to stop operations that he or 

she considers unsafe. He or she must have sufficient time and commitment from 

management to fulfill certain duties and responsibilities to ensure that radioactive 

materials are used in a safe manner. Typical RPO duties are described in Appendix D. 

The regulatory authority requires the name of the RPO on the license to ensure that legal 

person’s management has identified a responsible, qualified person and that the named 

person knows of his or her designation as RPO. The RPO should have: 

1. As a minimum, a college degree at the bachelor level, or equivalent training and 

experience in physical, chemical, biological sciences, or engineering; and  

2. Training and experience commensurate with the scope of proposed activities. 

Training should include the following subjects: 

 Radiation Protection Principles 

 Characteristics of Ionizing Radiation 

 Units of Radiation Dose and Quantities 

 Radiation Detection Instrumentation 

 Biological Hazards of Exposure to Radiation (appropriate to types and forms 

of radionuclide to be used) 

 RPTC Regulatory Requirements and Standards 

 Hands-on use of radioactive materials. 

The amount of training and experience needed will depend upon the type, form, quantity 

and proposed use of the licensed material requested. Ultimately, the proposed RPO’s 

training and experience should be sufficient to identify and control the radiation hazards. 

In addition, the RPO designee should have obtained the above training in a formal course 

designed for RPO's presented by a licensed academic institution, or a licensed 

professional organization of radiation protection experts. [12] 
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3.6 Authorized radiation worker 

Authorized radiation worker is a person whose training and experience have been 

reviewed and approved by the regulatory authority, who is named on the license, and who 

uses or directly supervises the use of licensed material. The primary responsibility is to 

ensure that radioactive materials used in his or her particular lab or areas are used safely 

and according to regulatory authority requirements. Also is responsible to ensure that 

procedures and engineering controls are used to keep occupational doses and doses to 

members of the public ALARA. He or she must have adequate and appropriate training to 

provide reasonable assurance that they will use licensed material safely, including 

maintaining security of, and access to, licensed material, and respond appropriately to 

events or accidents involving licensed material to prevent the spread of contamination. 

The regulatory authority believes that to demonstrate adequate training and experience 

the authorized radiation worker should have: 

1. A college degree at the bachelor level, or equivalent training and experience in 

physical, chemical, or biological sciences or in engineering; and  

2. Training and experience commensurate with the scope of proposed activities. 

Training should include the following subjects: 

 Radiation Protection Principles 

 Characteristics of Ionizing Radiation 

 Units of Radiation Dose and Quantities 

 Radiation Detection Instrumentation 

 Biological Hazards of Exposure to Radiation (appropriate to the types and 

forms of radionuclide to be used). 

 Hands-on Use of Radioactive Materials. 

The amount of training and experience needed will depend upon the type, form, quantity 

and proposed use of the licensed material requested, but it should cover the subjects 

stated. The radiation worker is considered to be supervising the use of radioactive 

materials when he/she directs personnel in operations involving the licensed materials 

(e.g., conducting surveys, keeping records); he/she is responsible for the safe use of 

radioactive material to assure that areas are not contaminated. [12] 
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3.7 Pregnant and breast feeding persons 

Every legal person should ensure that those female persons who are engaged in work 

with ionizing radiation are informed of the possible risk arising from ionizing radiation to 

the fetus and to a nursing infant, and of the importance of informing the legal person as 

soon as possible: 

1. After becoming aware of their pregnancy; or 

2. If they are breast-feeding 

Pregnant and breast feeding are not excuse to exclude from the normal activities. But the 

RPO must rearrange her duties so as the equivalent dose to the fetus is unlikely to exceed 

1mSv during the remainder of the pregnancy and the effective dose to the nursing infant 

does not exceed public annual dose. [8]   

 

3.8 Location of use 

Specify the street address, and city, or other descriptive address for each facility at which 

licensed material will be used or stored. A Post Office Box address is not acceptable (see 

appendix C). [12] 

 

3.9 Person to be contacted about application 

Identify the person(s) who can answer questions about the application and include 

telephone number(s). This is typically the proposed Radiation Protection Officer (RPO), 

unless the applicant has named a different person. The regulatory authority will contact 

this person if there are questions about the application. Notify the regulatory authority if 

the contact person or his or her telephone number changes so that the regulatory authority 

can contact the applicant or licensee in the future with questions, concerns, or 

information. [12] 

 

3.10 Purpose for which licensed material will be used 

Identify the licensed material to be possessed by isotope class (e.g., byproduct, source, or 

special nuclear material), chemical or physical form, quantity in curies, mille-curies, etc., 

and general areas of use (e.g., academic and research activities including gauging 
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activities, self-shielded irradiators, instrument calibrators, and medical applications). The 

applicant must specify the purpose of use for each sealed and/or unsealed radionuclide 

requested. All sealed sources and devices containing licensed material shall be used only 

for the purpose for which they are designed, and according to manufacturer’s instructions 

and recommendations. Applicants should clearly specify the purpose for which each 

radioisotope will be used. The description should be detailed enough to allow the 

regulatory authority to determine the potential for exposure to radiation and radioactive 

materials, to those working with radioactive materials and members of the public. This 

code does not include research involving the use of licensed material in or on humans. 

Applicants should clearly specify if the licensed material will be used in animal studies 

and/or tracer studies. Use of licensed material in animals should be in research studies. 

Applicants should also state whether the studies will be limited to small animals (e.g., 

rats, mice) or may also include larger animals (e.g., pigs, dogs, horses). Similarly, the 

veterinary use should specify whether the material will be used in pets (cats, dogs) or in 

farm animals (cattle, horses, pigs). Appendix E provides guidance for developing 

radiation safety survey procedures for these studies. If the material will be used in 

tracer/field studies where licensed material is deliberately released into the environment, 

or in animal studies that may result in the release of licensed material into the 

environment, an environmental assessment may be needed. [11][12] 

 

3.11 Radioactive material 

An application for a license will be approved if the authorization requirements are met. In 

addition, legal persons will be authorized to possess and use only those sealed sources 

and devices that are specifically approved or registered by the regulatory authority.  

The applicant must provide for: 

1. Unsealed materials: 

 Provide element name with mass number, chemical and/or physical form, and 

maximum requested possession limit. 

2. Potentially volatile materials (e.g., 
125

I, 
3
H): 

 Specify whether the material will be free (volatile) or bound (non-volatile) and the 

requested possession limit for each form. 
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3. Sealed materials: 

 Identify each radionuclide (element name and mass number) that will be used and 

specify the maximum activity per source. Also, specify the maximum number of 

sources or total activity for each radionuclide. 

 Provide the manufacturer’s name and model and serial number for each sealed 

source and device requested. 

 Confirm that each sealed source, device, and source/device combination is 

registered as an approved sealed source or device by the regulatory authority. 

 Confirm that the activity per source and maximum activity in each device will not 

exceed the maximum activity listed on the approved certificate of registration 

issued by the regulatory authority.[12] 

 Radionuclides may be licensed by the regulatory authority as Calibration and 

reference sources if the sources do not exceed the following: 

1. For beta and/or gamma emitting material (3.7MBq) (100μCi). 

2. For alpha emitting material (0.37MBq) (10μCi) (see figure 3.1). [3] 

 Additions to certain devices containing sealed sources of radionuclides material, 

such as Electron Capture Detectors (ECD) in GC(s), are authorized by the 

regulatory authority (see figure 3.2). 

 

  

Figure 3.1 Calibration sources [3] Figure 3.2 Gas Chromatography [3] 
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 Self-shielded irradiators typically contain several hundred to several thousand 

Tera-Becquerels (TBq) or curies (Ci) of Cs-137 or Co-60 and range in weight 

from several hundred to several thousand kilograms (kg). See figure 3.3) 

 Other irradiators contain (MBq or mCi) quantities of Sr-90, a beta emitter, and are 

used primarily for TLD calibration.[13] 

 

Figure 3.3 examples of self-shielded irradiators [13] 

 

3.12 Training for persons working in or frequenting restricted 

areas (occupationally and ancillary personnel) 

Persons whose assigned duties involve exposure to radiation and/or radioactive material, 

and in the course of their employment are likely to receive in a year an occupational dose 

of radiation, must receive instruction commensurate with their duties and responsibilities. 

Before beginning work with licensed material, most persons must receive radiation safety 

training commensurate with their assigned duties and specific to the legal person’s 

radiation safety program. Each person should also receive periodic refresher training. The 

legal persons should not assume that safety instruction has been adequately covered by 

prior employment or academic training. Site-specific training should be provided for all 

persons. Particular attention should be given to persons performing work with radioactive 
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materials that may require special procedures, such as hot cell work, waste processing, 

and animal handling. Also, ancillary personnel (e.g., clerical, housekeeping, security) 

whose duties may require them to work in the vicinity of radioactive material (whether 

escorted or not) need to be informed about radiation hazards and the appropriate 

precautions. The legal persons should assess each person’s involvement with licensed 

material and cover each applicable subject appropriately. Training may be in the form of 

lecture, demonstrations, videotape, or self-study, and should emphasize practical subjects 

important to the safe use of licensed material. The program should consider both the 

topics pertinent for each group of workers and the method and frequency of training. The 

person conducting the training should be a qualified person (e.g., a person who meets the 

qualifications for RPO or radiation workers on the license and is familiar with the legal 

person’s program). [12] 

 

3.13 Applications for exemptions 

The legal persons who request exemptions to regulations must demonstrate that the 

exemption is authorized by law, that it will not endanger life or property or the common 

defense and security, and that it is otherwise in the public interest. 

Exemptions are not intended to revise regulations, are not intended for large classes of 

licenses, and are generally limited to unique situations. Exemption requests must be 

accompanied by descriptions of the following: 

 Exemption and why it is needed. 

 Proposed compensatory safety measures intended to provide a level of health and 

safety equivalent to the regulation for which the exemption is being requested 

 Alternate methods for complying with the regulation and why they are not feasible. 

[12] 

 

3.14 Amendments and renewals to a license 

It is the legal person’s obligation to keep the license current. If any of the information 

provided in the original application is to be modified or changed, the legal person must 

submit an application for a license amendment before the change takes place. Also, to 
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continue the license after its expiration date, the legal person must submit an application 

for a license renewal at least 30 days before the expiration date. Applications for license 

amendment, in addition to the following, must provide the appropriate fee. For renewal 

and amendment requests, applicants should do the following: 

 Be sure to use the most recent guidance in preparing an amendment or renewal 

request. 

 Submit, in duplicate, either a letter requesting amendment or renewal. 

 Provide the license number. 

 For renewals, provide a complete and up-to-date application, if many outdated 

documents are referenced or there have been significant changes in regulatory 

requirements, the regulatory authority’s guidance, the legal person’s organization, or 

radiation protection program. Alternatively, describe clearly the exact nature of the 

changes, additions, and deletions. [12] 

 

3.15 Termination of activities 

The legal person must do the following: 

1. Notify the regulatory authority in writing, within at least 60 days before the expiration 

of its license/registration of: 

 A decision to cease licensed activities permanently at the entire site. 

 A decision to cease licensed activities permanently in any separate building or 

outdoor area, if they contain residual radioactivity making them unsuitable for 

release according to the regulatory authority requirements. 

 No principal activities having been conducted at the entire site under the license 

for a period of 2 years. 

 No principal activities having not been conducted for a period of 2 years in any 

separate building or outdoor area, if they contain residual radioactivity making 

them unsuitable for release according to the regulatory authority requirements. 

2. Submit a decommissioning plan. 
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3. Submit, to the regulatory authority “Certificate of Disposition of Materials” (or 

equivalent information) and a demonstration that the premises are suitable for release 

for unrestricted use (e.g., results of final survey). 

4. Before a license is terminated, send the records important to decommissioning to the 

regulatory authority. If licensed activities are transferred, transfer records important to 

decommissioning to the new legal person. [12] 
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CHAPTER FOUR 

FACILITIES AND EQUIPMENT 

 

4.1 Facilities and equipment 

Facilities and equipment must be adequate to protect health and minimize danger to life 

or property. They must minimize the possibility of contamination and keep exposures to 

workers and the public As Low As Reasonably Achievable (ALARA). Applicants must 

demonstrate that their facilities and equipment provide sufficient engineering controls 

and barriers to protect the health and safety of the workers and the public, keep exposures 

to radiation and radioactive materials ALARA, and minimize the danger to life and 

property from the uses of the types and quantities of radioactive materials to be used. 

Applicants may delay completing facilities and acquiring equipment until after the 

application review is completed, in case changes are required as a result of the application 

review. This also ensures the adequacy of the facilities and equipment before the 

applicant makes a significant financial commitment. In all cases, the applicant may not 

possess or use licensed material until after the facilities are approved, equipment is 

procured, and the license is issued. Applicants are reminded that records important to 

decommissioning include the following: 

 As-built drawings and modifications of structures and equipment in restricted 

areas; 

 As-built drawings and modifications of locations of possible inaccessible 

contamination such as buried pipes that may be subject to contamination; 

 Records of spills and unusual occurrences that may result in contamination of the 

facility or institute. 

These records are required to be maintained in an identifiable location. Facilities are 

required to meet the regulatory authority criteria prior to release. If radioactive materials 

will be used with animals, include a description of the animal handling housing facilities. 

[12] 
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4.2 Facilities and Equipment Considerations 

Below is a list of topics that should be considered when developing a description of the 

facilities and equipment that a legal person will use or otherwise have available. Not 

every applicant will need to address each topic in its application. 

1. Restricted areas are defined as areas to which access is limited by the legal person 

to protect individuals against undue risks from exposure to radiation and 

radioactive materials. The application should contain detailed descriptions and 

diagrams of the facilities, including information about the shielding properties of 

the construction materials used. Scaled drawings and sketches should be 

submitted showing the relationship between restricted areas and unrestricted areas 

and the location of all pertinent safety-related equipment. 

2. Bench top or open work areas may be used for sealed sources, for small quantities 

of solid materials in a form not likely to become airborne or dispersed, and for 

small quantities of liquids of such low volatility as not to cause airborne 

contamination or toxicity problems. Trays and/or absorbent surface covers to 

catch and retain spilled liquids should be used on these open work surfaces and 

inside closed systems discussed below. Surfaces should be smooth and non-

porous, to facilitate decontamination. 

3. Radioactive materials that are handled or used in unsealed forms should be 

confined to control the release of material and to prevent the spread of 

contamination. Gaseous, volatile, and fine particulate solid materials should be 

handled in closed or isolated systems such as fume hoods or glove boxes with 

controlled, and possibly filtered, exhaust systems. Chemical-type fume hoods 

provide a working area with controlled inward airflow from the room to the hood 

exhaust system. Hoods are used for gases, for unsealed volatile licensed materials, 

and for processes such as evaporation that may release gases and vapors. Fume 

hoods provide emergency ventilation and exhaust for unplanned releases, such as 

accidental spills and ruptures, as well as routine exhaust of effluents. Filters may 

be required in the exhaust stream unless monitoring and/or calculations 

demonstrate that any planned or likely effluent will be in accordance with the 

limits. Glove boxes are sealed boxes with transparent viewing windows, sealable 
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ports or doors for transferring materials and equipment, and gloves sealed to the 

box through which licensed materials are handled. Glove boxes are used for the 

containment during storage and use of liquids and solids that can become airborne 

particulates or aerosols. Glove boxes can be closed or exhausted, with filtration 

systems if appropriate, to prevent contamination (see figure 4.1). 

 

  

Figure 4.1 Glove boxes [23] 

 

4. Sink faucets should be designed, where possible, for operation by foot, knee, 

elbow or any other means rather than by hand. 

5. Plumbing and ductwork should be designed to avoid radioactive contamination 

build-up. This build-up of contamination can create external radiation exposure 

hazards and problems for decommissioning. 

6. Shielding consisting of lead or other high-density material in the form of bricks, 

panels, L-shields, storage containers, or other shapes may be used on bench tops, 

in fume hoods or in glove boxes to reduce radiation exposure from gamma-

emitting radioactive materials. Similarly, shielding of low atomic number 

material, such as high-density plastic, may be used to reduce the exposure from 

high-energy beta-emitting materials. Shielded shipping containers are frequently 

used for continued storage after receipt of materials. 

7. A particular sink should be designated for disposal of liquid radioactive waste to 

the sanitary sewage system. In some cases, depending on number of users and 
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distance between areas of use, more than one sink may need to be designated (see 

figure 4.2). 

 

Figure 4.2 Laboratory layout [12] 

 

8. Labeled waste containers should be used. These containers may be shielded as 

necessary, placed near the waste-generating areas and away from areas frequently 

occupied by personnel. Additionally, these containers should be effectively 

enclosed to prevent airborne contamination from radioactive materials deposited. 

9. Remote handling tools, such as forceps or extension handles, should be used to 

provide distance in the handling of radioactive materials (ALARA). In addition, 
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shielded handling devices, such as shielded syringes, should be used to protect 

workers from materials that cannot be handled remotely. Pipetting should be done 

using appropriate devices. Pipetting by mouth should be strictly forbidden. 

10. Where appropriate, ventilation systems should be designed such that, in the event 

of an accident, they can be shut down to prevent the spread of radioactivity. 

11. Designated areas should be provided for coats and personal belongings, to avoid 

contamination. 

12. Areas with background radiation levels should be designated for personnel 

dosimetry storage when not in use. 

13. Areas of use should be well-lighted to avoid spills and other accidents that could 

result in contamination build-up. 

14. Observation of activities conducted behind shielding with remote tools (or with 

extended arms and hands, within limits consistent with permissible occupational 

exposures) can be accomplished by mirrors, through shielded (e.g., leaded glass) 

windows, through transparent plastic beta shields, or by remote video monitoring 

(see figure 4.3). 

 

Figure 4.3 working behind a shield [12] 
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15. The combination of containment, shielding, and handling devices proposed for 

any use of radioactive materials should be appropriate to the type and quantity of 

materials to be used and to the type and duration of operations to be conducted. 

16. The room, laboratory, or storage area in which the device is located should be: 

(1) Accessible only to persons authorized to use the device and  

(2) Locked when an authorized person is not physically present. 

17. The applicant should obtain a laboratory or area that will be locked or secured for 

gas chromatograph (GC) and/or X-ray fluorescence analyzer (XRF) or used as 

part of an authorization application that may contain other requested radioisotopes 

and proposed uses. [12] 

18. Self-shielded irradiators incorporate many engineering features to protect 

individuals from unnecessary radiation exposure. These devices are usually 

designed for use in a laboratory environment, i.e., inside a building, protected 

from the weather, and without wide variations of temperature and humidity. 

19. Self-shielded irradiators vary in weight from several hundred to several thousand 

kilograms (pounds). Before installing an irradiator, legal persons need to evaluate 

whether the floor in the proposed location can support the irradiator. Often legal 

persons locate self-shielded irradiators on a ground floor. Some smaller and 

lighter irradiators require additional security measures to prevent unauthorized 

removal (e.g., locked in a room, bolted to the floor) (see figure 4.4 and 4.5).  
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Figure 4.4 Irradiator area[13]  

 

 

Figure 4.5 Irradiator location [13] 
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20. The fire-resistant properties of most irradiators should provide adequate 

radioactive material containment and shielding integrity in most situations; 

however, additional protection is desirable for some situations. For example, the 

room housing the irradiator should be equipped with automatically-operated fire 

detection and control system (sprinkler, chemical, or gas). As an alternative, the 

self-shielded irradiator should be located under conditions (e.g., ground floor 

location in fire-resistant building with little combustible material) and other 

controls (e.g., coordination with and training of firefighting personnel) that ensure 

a low level of radiation risk attributable to fires. 

21. Most self-shielded irradiators are massive [i.e., hundreds of kilograms (pounds) 

and the size of file cabinets], not likely to be easily removed from their intended 

location, and may not need to be in a locked area to prevent loss, theft, or 

unauthorized relocation. Smaller units, however, such as those used to calibrate 

TLDs, are more easily moved and should be located in a locked area or bolted in 

place. Irradiator use is usually restricted by controlling access to the keys needed 

to operate the irradiator and/or to keys to the locked irradiator area. Only 

authorized users should have access to these keys. [13] 

 

4.3 Considerations for Laboratory Animal Uses 

In order to minimize the spread of contamination, animals used in studies with or treated 

with licensed material should be housed in cages or stalls separate from other animals.  

The facilities, stalls, or cages shall be secured to prevent unauthorized access to the 

animals. 

Individuals caring for these animals should reduce the chance of personal contamination 

by wearing gloves, lab coat, and eye protection, as appropriate. Special care should be 

observed when cleaning the cage or stall. The cage or stall, the bedding, and waste from 

the animal may contain radioactive material. Any radioactive material should be properly 

disposed. Disposal of laboratory animals that contain radioactive material require special 

procedures “Waste Management”. 

The Animal carcasses that contain less than 0.05µCi /g of 
14

C or 
3
H may be disposed of 

by the same method as non-radioactive animal carcasses. Animal carcasses that contain 
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radionuclides with a half-life of less than 120 days may be allowed to decay-in-storage in 

a freezer dedicated for radioactive material. Animal carcasses must be held for a 

minimum of 10 half-lives of the longest lived isotope. After 10 half-lives, the animal 

carcasses may be disposed as non-radioactive, if radiation surveys (performed in a low 

background area and without any interposed shielding) of the carcasses at the end of the 

holding period indicate that radiation levels are indistinguishable from background. 

Before a researcher releases an animal that has been injected with a radiopharmaceutical 

or has had radioactive seeds implanted, the researcher will ensure that the dose that 

members of the public will receive from the animal is within limits requires that the total 

effective dose equivalent to an individual member of the public from the licensed 

operation does not exceed 1mSv in a year and that the dose in any unrestricted area from 

external sources does not exceed 0.02mSv in any one hour.  

Further, the researcher may be required to perform an assessment of the impact the 

radionuclides will have on the environment. [12] 

 

4.4 Routine and nun-routine maintenance  

If authorization has been requested to perform maintenance and repair operations as 

stated in the license, then state in the application that the written procedures provided by 

the device manufacturer will be followed for each such operation requested. If the 

procedure that will be followed other than that provided by the device manufacturer, 

submit a proposed procedure to use for each operation requested. [12] 

For self-shielded irradiator licensees whose sources have never leaked, acceptable records 

important to decommissioning are sketches or written descriptions of the specific 

locations where each irradiator was used or stored. Licensees must routinely maintain 

self-shielded irradiators according to the manufacturers written recommendations and 

instructions; see the figure 4.6 and 4.7 below. 
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Figure 4.6 routine maintenance [13]  

 

 

Figure 4.7 non-routine maintenance [13] 
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For self-shielded irradiators, radiation safety procedures for routine maintenance must 

consider ALARA and ensure that the irradiator function as designed and source integrity 

is not compromised. In this code, “non-routine maintenance” means any repair, removal, 

replacement, or alteration involving: electrical and mechanical systems that control 

source or shielding movement, the irradiator’s shielding or sealed source, safety 

interlocks, any component that may affect safe operation of the irradiator, or any other 

activities during which personnel could receive radiation doses exceeding regulatory 

limits. Non-routine maintenance must be performed by the self-shielded irradiator 

manufacturer or people specifically authorized by the regulatory authority. Requests for 

specific authorization to perform non-routine maintenance must demonstrate that 

personnel performing the work do the following: 

1. Have adequate training and experience 

2. Use equipment and procedures that ensure compliance with regulatory 

requirements, and consider ALARA 

3. Ensure that the self-shielded irradiator functions as designed and that source 

integrity is not compromised. 

Non-routine maintenance includes repairs, removal, replacement, or alterations involving: 

1. Electrical and mechanical systems and components that control source or 

shielding movement 

2. Self-shielded irradiator’s shielding or sealed source(s) 

3. Safety interlocks 

4. Any other component which may affect safe operation of the device 

5. Any other activities during which personnel could receive radiation doses 

exceeding the regulatory authority limits. 

Generally, before any maintenance or repair work is done, licensees need to determine 

(and assure themselves of the adequacy of) the following: 

1. The tasks to be performed 

2. The protocol or procedures to be followed 

3. The radiation safety procedures including possible need for compensatory 

measures (e.g., steps taken to compensate for lack of or reduced shielding) 

4. ALARA considerations 
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5. Training and experience of personnel performing the work 

6. The qualification of parts, components, other materials to be used in the irradiator 

7. The tests (to be performed before the irradiator is returned to routine use) to 

ensure that it functions as designed. 

Accordingly, applicants wishing to perform non-routine maintenance must provide the 

following information, as appropriate: 

1. Describe the types of non-routine maintenance to be performed. The principal 

reason for obtaining this information is to assist in the evaluation of the 

qualifications of individuals who will conduct the work and the radiation safety 

procedures they will follow. 

2. Identify who will perform non-routine maintenance, their training and experience, 

and why they are competent to perform non-routine maintenance. Adequate 

training and experience includes the following: 

 Previous experience in non-routine maintenance and radiation safety training 

 Vendor maintenance certification 

 Technician(s) using pre-planned procedures with direct health physics 

supervision. 

3. Submit procedures for non-routine maintenance. These procedures should ensure 

the following: 

 Doses to personnel and members of the public are within regulatory limits and 

ALARA 

 The source is secured against unauthorized access or removal 

 Appropriate labels and signs are used 

 Manufacturer’s written instructions and recommendations are followed 

 Any non-manufacturer supplied replacement components or the use of 

materials (e.g., lubricants) other than those specified or recommended by the 

manufacturer are evaluated to ensure that they do not degrade the engineering 

safety analysis performed and accepted as part of the device registration. 

 Before being returned to routine use, the self-shielded irradiator is tested to 

verify that it functions as designed and source integrity is not compromised. 
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4. Confirm that individuals performing non-routine maintenance on irradiators will 

always wear both whole body and extremity monitoring devices. 

The regulatory authority permits licensees to follow the self-shielded irradiator 

manufacturers written recommendations and instructions. Routine maintenance does not 

include any activities that involve the source, source drive mechanism, or removing the 

shielding or source and any other activities during which personnel could receive 

radiation doses exceeding the regulatory authority limits. [13] 
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CHAPTER FIVE 

RADIATION PROTECTION PROGRAM (RPP) 

 

5. 1 Material receipt and accountability 

Legal persons must do the following: 

 Develop, implement, and maintain written procedures for licensed material and 

ensure security and accountability of licensed material. 

 Maintain records of receipt, transfer, and disposal of licensed material. 

If the package of licensed material is delivered to the licensed facility’s receiving 

department (Receiving), persons working in that department should be trained to do the 

following: 

 Identify the package as radioactive by labeling and shipping papers. 

 Segregate the package from other incoming items in a secured area until released 

by the RPO 

 Notify the RPO. 

When notified by receiving that a package of licensed material has arrived, the RPO or 

his/her staff should retrieve the package and follow the safe opening procedures. Any 

person who acquires, receives, possesses, uses, or transfers a   device license (see 

appendix A) must do so in accordance with the provisions of the registration/license 

authorization. In any case, legal persons are required to ensure that dose limits are not 

exceeded. The legal persons must have in place accountability and control system for 

promptly detecting losses theft, or misplacement of licensed material (see figure 5.1). 

Legal person who use and/or possess sealed sources are required by license condition to 

perform inventories of sealed sources every six months. Some sealed sources may not be 

in use or are rarely used and are placed in storage. In these cases, the legal persons should 

confirm that these sealed sources have not been disturbed at least every 6 months. Legal 

persons are also required to conduct leak tests of sealed sources at 6 month intervals. [12]  
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Figure 5.1 material accountability program [12] 

 

Leak tests are not required if: 

1. Sources contain only hydrogen-3 (tritium). 

2. Sources contain only byproduct material with a half-life of less than 30 days. 

3. Sources contain only a radioactive gas. 

4. Sources contain 3.7MBq (100µCi) or less of beta-emitting or gamma-emitting 

material or 370kBq (10µCi) or less of alpha emitting material. 

5. Sources are stored and are not being used (must be leak tested before use or 

transfer). [3] 

Since the leak tests require a person to locate and work with the sealed source, records of 

leak tests may be used as part of an inventory and accountability program. With regard to 

unsealed licensed material, the legal persons use various methods (e.g., computer 

programs, log books) to account for receipt, use, transfer, disposal, and radioactive decay. 

These methods help to ensure that possession limits are not exceeded. To ensure that only 

trained, experienced, and authorized persons use or supervise the use of licensed material, 

the RPO should know who has requested an order of licensed material and the types and 

amounts of licensed materials requested. Transfer of licensed materials within the facility 
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may require special procedures to ensure proper control. In many facilities, pieces of 

laboratory equipment or components including refrigerators and freezers will become 

contaminated. Removal of these items for maintenance, repair, or disposal should also be 

carefully controlled. Legal persons must maintain records of receipt, transfer, and 

disposal (as waste) of all licensed material. Receipt, transfer, and disposal records 

typically contain the following information: 

 Radionuclide and activity (in units of Becquerels or Curies), and date of 

measurement. 

 For each sealed source, manufacturer, model number, location, serial number and 

as appropriate, manufacturer and model number of device containing the sealed 

source. 

 Date of the transfer and name and license number of the recipient, and description 

of the affected radioactive material (e.g., radionuclide, activity, manufacturer’s 

name and model number, serial number). 

 For licensed materials disposed of as waste, include the radionuclide, activity, 

date of disposal, and method of disposal (decay, sewer, etc.). [12] 

 

5. 2 Radiation monitoring instruments 

Legal persons must possess, or have access to, radiation monitoring instruments that are 

necessary to protect health and minimize danger to life or property. Instruments used for 

quantitative radiation measurements must be calibrated periodically for the radiation 

measured. Legal persons shall possess, or have access to, calibrated radiation 

detection/measurement instruments or licensed services to perform, as necessary the 

following: 

 Package surveys 

 Contamination surveys 

 Sealed source leak tests 

 Air sampling measurements 

 Bioassay measurements 

 Unrestricted area dose rate measurements 
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For the purposes of this document, survey instruments are defined as any device used to 

measure the radiological conditions at an authorized facility. Some of the survey 

instruments that may be used to perform the above functions include: 

 Portable or stationary count rate meters 

 Portable or stationary dose rate or exposure rate meters 

 Single or Multi-channel Analyzers 

 Liquid Scintillation Counters (LSC) 

 Gamma Counters 

 Proportional Counters 

 Solid State Detectors. 

The choice of instrument should be appropriate for the type of radiation to be measured, 

and for the type of measurement to be taken (count rate, dose rate, etc.) (Table 5.1 and 

5.2 shows portable and stationary Instruments used to measure radiological conditions at 

authorized facilities). [12] 

 

Table 5.1 Portable instruments used to measure radiological conditions at authorized 

facilities [12] 

 

 

 

 

Portable Instruments Used for Contamination and Ambient Radiation Surveys 

Detectors 

 

Radiation 

 
Energy Range Efficiency 

Exposure Rate 

Meters 

Gamma, 

X-Ray 
µR-R N/A 

Count Rate Meters 

GM 

Alpha 

 

All energies (dependent on window 

thickness) 
Moderate 

Beta 
All energies (dependent on window 

thickness) 
Moderate 

Gamma All energies < 1% 

NaI 

Scintillators 
Gamma 

All energies(dependent on crystal 

thickness) 
Moderate 

Plastic 

Scintillators 

Beta C-14 

or higher 
(dependent on window thickness) Moderate 



 43 

 

Table 5.2 Stationary instruments used to measure radiological conditions at authorized 

facilities [12] 

 

Stationary Instruments Used to Measure Wipe, Bioassay, and Effluent Samples 

Detectors Radiation Energy Range Efficiency 

LSC 

 

 

Alpha All energies High 

Beta 

 
All energies High 

Gamma  Moderate 

Gamma Counter 

(NaI) Gamma All energies High 

Gas Proportional Alpha All energies High 

Beta All energies Moderate 

Gamma All energies < 1% 

 

 Applications should include descriptions of the instrumentation available for use and 

instrumentation applicants intend to purchase prior to starting authorized activities. The 

description should include type of instrument and probe, and the instrument’s intended 

purpose. Instruments used for qualitative surveys are only intended to detect 

contamination in the laboratory. Such instruments should be checked for operational 

response with electronic pulser instead of a radioactive source. However these 

instruments can not be used for measurements of surface contamination or radiation 

levels without a calibration with appropriate radioactive sources. A survey meter for 

routine uses of GC / XRF(s) is not required. If maintenance and repair operations are 

proposed as described in the license, and the operations involve the sealed source, 

provide information about what surveys will be performed, what type of survey meter 

will be used for conducting surveys, the range of the survey instrument, and calibration 

information including frequency of calibration. It is not necessary to specify the 

manufacturer and model number of the survey meter.  [12]   
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5. 3 Surveys 

5.3.1 Regulatory requirements: 

Legal persons are required to make surveys of potential radiological hazards in their 

workplace. The regulatory authority requires testing to determine whether there is any 

radioactive leakage from sealed sources. Records of surveys and leak tests results must be 

maintained. Surveys are evaluations of radiological conditions and potential hazards. 

These evaluations may be measurements (e.g., radiation levels measured with survey 

instrument or results of wipe tests for contamination), calculation, or a combination of 

measurements and calculations. The selection and proper use of appropriate instruments 

is one of the most important factors in ensuring that surveys accurately assess the 

radiological conditions. In order to meet regulatory requirements for surveying, 

measurements of radiological quantities should be understood in terms of their properties 

(i.e., alpha, beta, and gamma) and compared to the appropriate limits.  

Radiation surveys are used to detect and evaluate contamination of: 

 Facilities 

 Equipment 

 Personnel (during use, transfer, or disposal of licensed material)  

 Restricted and Unrestricted Areas. 

Surveys are also used to plan work in areas where licensed material or radiation exists 

and to evaluate doses to workers and persons members of the public. Surveys are required 

when it is reasonable under the circumstances to evaluate a radiological hazard and when 

necessary for the legal person to comply with the regulations. Many different types of 

surveys may need to be performed due to the particular use of licensed materials. The 

most important are as follows: 

 Surveys for radioactive contamination that could be present on surfaces of floors, 

walls, laboratory furniture, and equipment. 

 Measurements of radioactive material concentrations in air for areas where 

radioactive materials are handled or processed in unsealed form and where 

operations could expose workers to the inhalation of radioactive material or where 

licensed material is or could be released to unrestricted areas. 
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 Measurements of radioactive material concentrations in water that is released to 

the environment or to the sanitary sewer.  

 Bioassays to determine the kinds, quantities or concentration, and in some cases, 

the location of radioactive material in the human body. A bioassay can be made 

by direct measurement (in vivo counting) or by analysis and evaluation of material 

excreted or removed from the human body. 

 Surveys of external radiation exposure levels in both restricted and unrestricted 

areas. 

The frequency of routine surveys depends on the nature, quantity, and use of radioactive 

materials, as well as the specific protective facilities, equipment, and procedures that are 

designed to protect the worker from external and internal exposure. Also, the frequency 

of the survey depends on the type of survey, such as those listed above (See Appendix 

D). Not all instruments can measure a given type of radiation (see figure 5.2). The 

presence of other radiation may interfere with a detector’s ability to measure the radiation 

of interest. Correct use of radiation detection and measurements is an important aspect of 

any radiation protection program. Each applicant should propose and justify what 

removable surface contamination limits will be allowable before decontamination will be 

performed in each work area. [12] 
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Figure 5.2 types of surveys [12] 
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5.3.2 Sealed Source and Plated Foil (XRF, GC) Leak Test 

When issued, a license will require performance of leak tests of sealed and plated foil 

sources (XRF/GC) at intervals as approved by the regulatory authority. The measurement 

of the leak-test sample is a quantitative analysis requiring that instrumentation used to 

analyze the sample be capable of detecting 185Bq (0.005μCi) of the radioisotope 

contained in the source or foil. Manufacturers, consultants, and other organizations may 

be authorized by the regulatory authority to either perform the entire leak test sequence 

for other legal persons or provide leak test kits to the legal persons. In the latter case, the 

legal person is expected to take the leak test sample according to the sealed source or 

plated foil manufacturer’s and the kit supplier’s instructions and return it to the kit 

supplier for evaluation and reporting results. Leak test samples should be collected at the 

most accessible area where contamination would accumulate if the sealed source were 

leaking. Legal persons may also be authorized to conduct the entire leak test sequence 

themselves. [12] 

 

5. 4 Safe use of radionuclides and emergency procedures 

5.4.1 Regulatory requirements 

Legal persons are required to do all of the following: 

 Keep radiation doses to workers and members of the public ALARA. 

 Ensure security of licensed material. 

 Make the required notifications of events to the regulatory authority. 

Legal persons are responsible for the security and safe use of all licensed material from 

the time it arrives at their facility until it is used, transferred, and/or disposed. Legal 

persons should develop and maintain written procedures to ensure safe use of licensed 

material, and the procedures should also include operational and administrative 

guidelines. The written procedures should provide reasonable assurance that only 

appropriately trained personnel will handle and use licensed material without undue 

hazard to workers or members of the public. [12] 
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5.4.2 General Safety Procedures 

The written procedures should include the following elements: 

 Contamination Controls. 

 Waste Disposal Practices. 

 Personnel and Area Monitoring (including limits). 

 Use of Protective Clothing and Equipment. 

 Record Keeping Requirements. 

 Reporting Requirements. 

 Responsibilities. 

These procedures should include policies for: 

 Frequency of personnel monitoring. 

 Use of appropriate shielding.  

 Frequent change of gloves to minimize exposure to the person and to avoid spread 

of contamination in the laboratory. 

Applicants should also develop radioisotope-specific procedures based on the respective 

hazards associated with the radionuclides. [12] 

 

5.4.3 Security Procedures 

All licensed materials that are stored in controlled or unrestricted areas must be secured 

from unauthorized access or removal, so that persons who are not knowledgeable about 

radioactive materials can not be exposed to or contaminated by the material, and can not 

take the material. When any licensed materials are in use in controlled or unrestricted 

areas, they must be under constant surveillance so that the radiation worker can prevent 

others from becoming contaminated by or exposed to the material, or to prevent persons 

from removing the material from the area. Acceptable methods for securing material will 

vary from one facility to another. Some alternatives used by the legal persons include:  

 Storage and use of licensed materials only in restricted areas;  

 Limiting access to an entire facility or building or portion of the building only to 

radiation workers;  

 Providing storage areas that can be locked to prevent access to the material; and 
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 Implementing procedures that require a radiation worker to be with “line of sight” 

of the materials whenever licensed materials are in use. 

Applicants should develop procedures that clearly state acceptable methods to secure 

licensed material at their facility. Particular attention may be required to security 

procedures at facilities which may have unusual needs due to the activities performed, 

such as hot cells, animal care facilities, and waste processing facilities. [12] 

 

5.4.4 Security groups 

Most academic and research institutes will have only Security Group D and lower-risk 

radioactive sources. However, some academic and research institutes may still have self-

shielded irradiators (Security Group A) and neutron sources (Security Group B). 

Institutions possessing such sources should consult with the regulatory authority for 

specific information on current security requirements. The tables 5.3, 5.4 and 5.5 below 

show the IAEA categories for radioactive sources for security groups and the 

recommended security for each group and finally the general description of each source 

category. [1] 

 

Table 5.3 IAEA categories for radioactive sources for security groups. [6] 

 

Security 

Group 
Source Category Examples 

A 1 Self-shielded irradiators 

B 2 and 3 Neutron sources 

C 4 
Portable gauges; 

Static eliminators 

D 5 

X-ray fluorescence machines 

Electron-capture machines 

Self-luminous exit signs 
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Table 5.4 Recommended securities for each group [7] 

 

Security 

Group A:  

Measures should be established to deter unauthorized access, and to detect 

unauthorized access and acquisition of the source in a timely manner. These 

measures should be such as to delay acquisition until response is possible. 

Security 

Group B:  

Measures should be established to deter unauthorized access, and to detect 

unauthorized access and acquisition of the source in a timely manner. 

Security 

Group C;  

Measures should be established to deter unauthorized access and verify the 

presence of the source at set intervals. 

Security 

Group D:  

Measures should be established to ensure safe use of the source and adequately 

protect it as an asset, verifying its presence at set intervals. 

 

Table 5.5 General description of each source category [7] 

 

Source Category 1: 
Personally, extremely dangerous if not safely 

managed or securely protected. 

Source Category 2: 
Personally, very dangerous if not safely managed 

or securely protected. 

Source Category 3: 
Personally, dangerous if not safely managed or 

securely protected. 

Source Category 4: Unlikely to be dangerous 

Source Category 5: Not dangerous 

 

5.4.5 Emergency Procedures 

Accidents and emergencies can happen during any operation with radionuclides, 

including their transportation, use, transfer, and disposal. Such incidents can result in 

contamination or release of material to the environment, and unintended radiation 

exposure to workers and members of the public. In addition, loss or theft of licensed 

material, sabotage, fires, floods, etc., can adversely affect the safety of personnel and 

members of the public. It is therefore necessary to develop written procedures to 

minimize, as much as possible, the impact of these incidents on personnel, members of 

the public, and the environment. Applicants should establish written procedures to handle 

events ranging from a minor spill to a major accident that may require intervention by 

outside emergency response personnel. These procedures should include provisions for 

immediate response, after-hours notification, handling of each type of emergency, 

equipment, and the appropriate roles of users and the radiation safety staff. Except for 

minor spills or releases of radioactivity that can be controlled and cleaned up by the user, 
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the staff should have a clear understanding of their role in an emergency with step-by-

step instructions and clear direction of whom to contact. Legal persons should have 

readily available a sufficient number of appropriate and calibrated survey instruments. 

Emergency spill kits should be strategically placed in well-marked locations for use by all 

users and the radiation safety staff. All equipment should be periodically inspected for 

proper operation and replenished as necessary. Appendix F includes model emergency 

procedures. Applicants may adopt these procedures or develop their own incorporating 

the safety features included in these model procedures. [12] 

 

5.4.6 Collection of Bioassay Samples 

In the event of an emergency where a person became contaminated and radioactive 

material was taken into the body through skin absorption or other means, or is suspected 

of having ingested or inhaled radioactive material, an estimate of the amount of material 

taken into the body may be required. Frequently, this estimate is made by performing 

bioassay of the person. Bioassays may be performed through direct methods such as 

whole body counts or thyroid counting, where the radioactive material in the body can be 

directly measured using appropriate instruments. Bioassays may also be performed 

through indirect means by sampling urine or other excreta from the body, and calculating 

the intake from the amount of material detected in the samples, the time between 

suspected intake and sample collection, and knowledge of the rate of excretion of the 

compound and/or radionuclide from the body. While there are many ways to perform the 

calculations, including using computer models, the method of calculation is only as good 

as the quality of the samples and analyses performed. Because a dose estimate may be 

required, bioassay procedures for a suspected intake may differ from those in a routine 

bioassay screening program, and your radiation safety program should include procedures 

and equipment for appropriate sample collection in an emergency. The following items 

should be considered in developing your procedures: 

 Type of bioassay that must be performed (direct or indirect); 

 Number of samples or data points to be collected; 

 Frequency of sampling (hourly, daily, weekly, once? Etc.); 

 Size of the sample to be collected (24-hour urine collection?); 
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 Ease/difficulty of sample collection; 

Need for written instructions to be provided to the sample collector, who may be 

the contaminated person. [12] 

 

5. 5 Minimization of contamination 

Applicants must describe how facility design and procedures for operation will minimize, 

to the extent practicable, contamination of the facility and the environment, facilitate 

eventual decommissioning, and minimize, to the extent practicable, the generation of 

radioactive waste. When designing facilities and developing procedures for their safe use, 

applicants should think ahead and consider how to minimize radioactive contamination 

during operation, decontamination and decommissioning efforts, and radioactive waste 

generation. When submitting new applications, applicants should consider the following: 

 Implementation of and adherence to good health physics practices in operations. 

 Minimization of areas, to the extent practicable, where licensed materials are used 

and stored. 

 Maximization of the frequency of surveys, within reason, to minimize spread of 

contamination in the event of a spill. 

 Choice of isotope to be used, whenever practical, in consideration of half-life and 

chemical composition. 

 Appropriate filtration of effluent streams. 

 Use of non-porous materials for laboratory bench tops, flooring, etc. 

 Ventilation stacks and ductwork with minimal lengths and minimal abrupt 

changes in direction 

 Use of appropriate plumbing materials with minimal pipe lengths and traps 

 Minimization of the number of disposal sites (sinks) where liquid waste is 

disposed. 

Sealed sources and devices that are approved by the regulatory authority and located and 

used usually pose little risk of contamination. Leaking sources must be immediately 

withdrawn from use and decontaminated, repaired, or disposed of according to the 

regulatory authority requirements. These steps minimize the spread of contamination and 
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reduce radioactive waste associated with decontamination efforts. Other efforts to 

minimize radioactive waste do not apply to programs using only sealed sources and 

devices that have not leaked. [12] 

 

5. 6 Transportation 

Applicants who will transport or ship licensed material, including radioactive waste, must 

develop, implement, and maintain safety programs for transport of radioactive material to 

ensure compliance with the regulatory authority regulations. If they are not exempted, 

however, licensed material, including radioactive waste, must be packaged and 

transported in accordance with the regulatory authority requirements if the transportation 

involves common carriers or the use of public highways. Legal persons should develop 

and maintain their own radiation safety procedures for transporting licensed material 

within their own facilities if it does not involve the use of public highways. Legal persons 

should consider the safety of all persons who may handle or may come into contact with 

the packages containing licensed material. Therefore, the primary considerations in 

packaging licensed material should be to ensure that the package integrity is not 

compromised during transport, and that the radiation levels (including removable 

contamination levels) at the package surfaces not only meet the regulatory requirements, 

but are ALARA. Legal persons shipping radioactive waste for disposal must prepare 

appropriate documentation. See safe transport of radioactive material, SEAC 1998. [12]  

 

5. 7 Occupational Dose 

5.7. 1 Regulatory requirement 

The use of individual monitoring devices for external dose is required for:  

 Adults who are likely to receive an annual dose to 10% of the annual dose limits 

i.e. Doses in excess of any of the following (each evaluated separately): 

1. 2mSv deep-dose equivalent. 

2. 15mSv eye dose equivalent. 

3. 50mSv shallow-dose equivalent to the skin. 

4. 50mSv shallow-dose equivalent to any extremity. 
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 Apprentices who are likely to receive (only for training purposes) an annual dose 

in excess of any of the following (each evaluated separately): 

1. 0.5mSv deep-dose equivalent. 

2. 1.5mSv eye dose equivalent. 

3. 5mSv shallow-dose equivalent to the skin. 

4. 5mSv shallow-dose equivalent to any extremity. 

 Declared pregnant women who are likely to receive an annual dose from 

occupational exposures in excess of 0.5mSv deep-dose equivalent, although the 

dose limit applies to the entire gestation period. 

 Individuals entering a high or very high radiation area. 

Internal exposure monitoring (not necessarily individual monitoring devices) is required 

for: 

 Adults likely to receive in 1 year an intake in excess of 10% of the applicable 

ALIs for ingestion and inhalation. 

 Apprentices and declared pregnant women likely to receive in 1 year a committed 

effective dose equivalent in excess of 0.5mSv. 

The licensee should perform an evaluation of the dose the individual is likely to receive 

prior to allowing the individual to receive the dose. This evaluation need not be made for 

every individual; evaluations can be made for employees with similar job functions or 

work areas. If this prospective evaluation shows that the individual’s dose is not likely to 

exceed 10% of any applicable regulatory limit, there are no recordkeeping or reporting 

requirements. For individuals who have received doses at other facilities in the current 

year, the previous dose need not be considered in this prospective evaluation. When 

determining the need for monitoring, only a dose that could be received at the facilities of 

the applicant or licensee performing the evaluation needs to be considered, including any 

recordkeeping and reporting requirements. If an evaluation determined that monitoring 

was not required and a subsequent evaluation indicates that the 10% regulatory threshold 

may or will be exceeded, the dose received by an individual when monitoring was not 

provided should be estimated, recorded, and reported (if required). These estimates can 

be based on any combination of work location radiation monitoring, survey results, 

monitoring results of individuals in similar work situations, or other estimates to produce 
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a “best estimate” of the actual dose received. If the prospective dose evaluation shows 

that the individual is likely to exceed 10% of an applicable limit, monitoring is required. 

A common method for dose evaluation is to monitor workers’ dose with whole body and 

extremity dosimetry (TLDs film, ring badge, etc.) Workers are typically monitored for a 

year or more to determine actual annual dose. The monitoring results are then used to 

determine the need to continue monitoring workers. The dose to workers may need to be 

reevaluated if there are changes to the licensee’s program, such as procedures, frequency 

of use, quantity of licensed material used, isotopes used, etc. [12] 

 

5.7. 2 Occupational Dose limits 

i. The occupational exposure of any worker shall be so controlled that the 

following limits be not exceeded:  

(a) An effective dose of 20mSv per year averaged over five consecutive years 

but not more than 50mSv in any single year. 

(b) An equivalent dose of 150mSv in a year to the lens of the eye; and 

(c) An equivalent dose of 500mSv in a year to the extremities (hands and feet) 

or the skin. 

ii. For employment involving  exposure to radiation and for apprentices e.g. 

Students of age 16 to 18 who are required to use sources in the course of their 

studies, the occupational exposure shall be so controlled that the following 

limits be not exceeded:        

(a) An effective dose of 6mSv in a year.  

(b) An equivalent dose to the lens of the eye of 50mSv in a year; and.  

(c) An equivalent dose to the extremities or the skin of 150mSv in a year. 

iii. In relation to pregnant and breast-feeding staff, the legal person shall ensure 

that: 

(a) In the case of a pregnant staff, the conditions of exposure are such that after 

the applicant has been notified of the pregnancy, the equivalent dose to the 

fetus is unlikely to exceed 1mSv during the remainder of the pregnancy; and 

(b) In the case of a staff, which is breast-feeding, the conditions of exposure are 

restricted to prevent significant bodily contamination of that person. 
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For occupational exposure to radionuclides, Table 5.6 gives ingestion and inhalation dose 

coefficients: that is, the committed effective dose per unit intake via inhalation and via 

ingestion of annual limit of intake for common radionuclides. [4] 

 

Table 5.6 Committed effective dose per unit intake e (g) via inhalation and via ingestion 

of annual limit of intake for common radionuclides. [4] 

Radionuclide 

Inhalation 

(Sv/Bq) Ingestion 

(Sv/Bq) 
  

Tritium - - 1.8 E-11 

C-14 - - 5.8 E-10 

Na-22 1.3 E-09 2.0 E-09 3.2 E-09 

Na-24 2.9 E-10 5.3 E-10 4.3 E-10 

P-32 8.0 E-10 1.1 E-09 2.4 E-09 

Mn-54 8.7 E-10 1.1 E-09 7.1 E-10 

Co-57 5.2 E-10 3.9 E-10 2.1 E-10 

Co-60 9.6 E-09 7.1 E-09 3.4 E-09 

Ni-63 4.4 E-10 5.2 E-10 1.5 E-10 

Mo-99 2.3 E-10 3.6 E-10 7.4 E-10 

Tc-99m 1.2 E-11 2.0 E-11 2.2 E-11 

Cd-109 8.1 E-09 9.6 E-09 2.0 E-09 

I-125 5.3 E-09 7.3 E-09 1.5 E-08 

I-131 7.6 E-09 1.1 E-08 2.2 E-08 

Cs-134 6.8 E-09 9.6 E-09 1.9 E-08 

Cs-137 4.8 E-09 6.7 E-09 1.3 E-08 

Ra-226 3.2 E-06 2.2 E-06 2.8 E-07 

Th-230 4.0 E-05 2.8 E-05 2.1 E-07 

U-238 4.9 E-07 5.8 E-07 4.4 E-08 

 

5. 8 Public Dose 

5.8.1 Regulatory requirement 

Members of the public include persons who live, work, study, or may be near locations 

where byproduct material is used or stored and employees whose assigned duties do not 

include the use of byproduct material but may work in the vicinity where such materials 

are used or stored. Licensees must ensure that licensed material will be used, transported, 

stored, and disposed of in such a way that members of the public will not receive more 

than 1mSv in one year, and the dose in any unrestricted area will not exceed 0.02mSv in 

any one hour, from licensed operations. “Public dose” is defined as “the dose received by 
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a member of the public from exposure to radiation and/or radioactive material released by 

a licensee, or to any other source of radiation under the control of a licensee.” Public dose 

excludes doses received from background radiation and from medical procedures. 

Whether the dose to an individual is an occupational dose or a public dose depends on the 

individual’s assigned duties. It does not depend on the area (restricted, controlled, or 

unrestricted) the individual is in when the dose is received. 

The doses to Members of the Public Includes: 

1. Radiation and/or radioactive material released by a licensee 

2. Sources of radiation under the control of a licensee 

3. Air effluents from sources of licensed radioactive materials 

Does not include doses from: 

1. Sanitary sewage discharges from licensees 

2. Natural background radiation 

3. Medical administration of radioactive  material 

4. Voluntary participation in medical research 

Typical unrestricted areas may include offices, shops, laboratories (where licensed 

material is not used or stored), areas outside buildings, property, and storage areas. The 

licensee does not control access to these areas for purposes of controlling exposure to 

radiation or radioactive materials, but the licensee may control access to these areas for 

other reasons, such as security. The licensee may use measurements to demonstrate that 

the average annual releases are within regulatory limits; to receive the highest dose at the 

boundary of the unrestricted area does not exceed 1mSv. These measurements may 

include: 

1. Dose rate surveys for radiation exposures from external radiation sources 

2. Measurements of radionuclides in air and water effluent. [12] 

 

5.8.2 Public dose limits 

Licensees must ensure that: 

 The radiation dose received by individual members of the public does not exceed 

the following dose limits resulting from the licensee’s possession and/or use of 

licensed materials: 
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o An effective dose of 1mSv in a year  

o In special circumstances, an effective dose of up to 5mSv in a single year is 

allowed for the public provided that the average dose over five consecutive 

years does not exceed 1mSv per year;  

o An equivalent dose to the lens of the eye of 15mSv in a year; and 

o An equivalent dose to the skin of 50mSv in a year. [4] 

 

5. 9 Waste management  

5.9.1 Regulatory requirements: 

Radioactive waste must be disposed of in accordance with regulatory requirements and 

license conditions. Appropriate records of waste disposal must be maintained. Licensees 

should promptly dispose of unused irradiators to minimize potential problems of access 

by unauthorized individuals, use for inappropriate purposes, or improper disposal. 

Because of the difficulties and costs associated with disposal of sealed sources, applicants 

should preplan the disposal. Applicants may want to consider contractual arrangements 

with the source supplier as part of a purchase agreement. 

Radioactive waste is normally generated when conducting licensed activities. Such waste 

may include used or unused radioactive material, unusable items contaminated with 

radioactive material, e.g., absorbent paper, gloves, etc. Legal persons may not receive 

radioactive waste from other legal persons for processing, storage or disposal, unless 

specifically authorized to do so by the regulatory authority. All radioactive waste must be 

stored in appropriate containers until its disposal and the integrity of the waste containers 

must be assured. Radioactive waste containers must be appropriately labeled. All 

radioactive waste must be secured against unauthorized access or removal. The 

regulatory authority requires the legal persons to manage radioactive waste generated at 

their facilities by one or more of the following methods: 

 Decay-in-storage (DIS) 

 Release into sanitary sewage 

 Transfer to an authorized recipient 

 Disposal of Specific Waste as If It Were Not Radioactive [12] 
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5.9.2 Disposal by Decay-in-storage (DIS) 

The regulatory authority has concluded that materials with half-life of less than or equal 

to 120 days are appropriate for DIS. The minimum holding period for decay is ten half-

life of the longest-lived radioisotope in the waste. Such waste may be disposed of as 

ordinary trash if radiation surveys (performed in a low background area and without any 

interposed shielding) of the waste at the end of the holding period indicate that radiation 

levels are indistinguishable from background. All radiation labels must be removed from 

containers and packages prior to disposal as ordinary trash. If the decayed waste is 

compacted, all labels that are visible in the compacted mass must also be defaced or 

removed. Applicants should assure that adequate space and facilities are available for the 

storage of such waste. Legal persons can minimize the need for storage space, if the 

waste is segregated according to physical half-life. Waste containing radionuclides of 

physical half-lives within a certain range may be stored in one container and allowed to 

decay for at least ten half-lives of the longest-lived radioisotope in the container. 

Procedures for management of such waste should include methods of segregation, 

surveys prior to disposal, and maintenance of records of disposal. Records should include 

the date when the waste was put in storage for decay, date when ten half-lives of the 

longest-lived radioisotope have transpired, date of disposal, and results of final survey 

before disposal as ordinary trash. [12] 

 

5.9.3 Release into Sanitary Sewage 

Authorizes disposal of radioactive waste by release into a public sanitary sewage system 

if each of the following conditions is met: 

1. Material is readily soluble (or is easily dispersible biological material) in water 

2. Quantity of licensed material that the legal person releases into the sewer each 

month averaged over the monthly volume of water released into the sewer does 

not exceed the concentration specified in table 5.7 below, If more than one 

radioisotope is released, the sum of the ratios of the average monthly discharge of 

a radioisotope to the corresponding the limit, cannot exceed unity 
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3. Total quantity of licensed material released into the sanitary sewage system in a 

year does not exceed 185GBq (5Ci) of 
3
H, 37GBq (1Ci) of 

14
C, and 37GBq (1Ci) 

of all other radionuclides combined.  

 

Table 5.7 Common radionuclides concentrations for release into sanitary sewage [12] 

 

 

Monthly Average Concentration (µCi/ml) 
 

Radionuclide Releases into sanitary Sewers 

Barium-133 2E-4 

Cesium-137 1E-5 

Cadmium-109 6E-5 

Cobalt-60 3E-5 

Cobalt-57 6E-4 

Hydrogen-3 1E-2 

Iodine-125 2E-5 

Iodine-131 1E-5 

Manganese-54 3E-4 

Molybdenum-99 2E-4 

Nickel-63 1E-3 

Phosphorus-32 9E-5 

Radium-226 6E-7 

Sodium-22 6E-5 

Strontium-90 5E-6 

Technetium-99m 1E-2 

Thorium-230 1E-6 

Uranium-238 3E-6 

 

Legal persons are responsible to demonstrate that licensed materials discharged into the 

public sewage system are indeed readily soluble in water.  Applicants should provide 

procedures that will ensure that all releases of radioactive waste into the sanitary sewage 

and do not exceed the monthly and annual limits specified in regulations. Legal persons 

are required to maintain accurate records of all releases of licensed material into the 

sanitary sewage. A model program for disposal of radioactive waste via sanitary sewer is 

described in Appendix G. [12] 
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5.9.4 Transfer to an Authorized Recipient 

Legal persons may transfer radioactive waste to an authorized recipient for disposal. It is 

the legal person’s responsibility to verify that the intended recipient is authorized to 

receive the radioactive waste prior to making any shipment. Almost all radioactive waste 

generated at academic and research facilities consist of low specific activity (LSA) 

material. The waste must be packaged in approved containers for shipment, and each 

container must identify the radionuclides and the amounts contained in the waste. 

Additionally, packages and each shipment must comply with all regulatory authority 

requirements. Legal persons should implement procedures to reduce the volume of 

radioactive waste for final disposal in an authorized low-level radioactive waste (LLW) 

disposal facility. These procedures include volume reduction by segregating, 

consolidating, compacting, or allowing certain waste to decay in storage. The program 

should include adequate safety procedures to protect workers, members of the public, and 

the environment. [12] 

 

5.9.5 Disposal of Specific Waste as If It Were Not Radioactive 

The following radioactive wastes may be disposed of as non-radioactive waste: 

1. Liquid scintillation media (including vials and other items contaminated with 

liquid scintillation media) containing no more than 1.85KBq (0.05μCi) of 
3
H or 

14
C per gram of the medium; and 

2. Animal carcasses or animal tissue containing no more than 1.85KBq (0.05μCi) of 

3
H or 

14
C per gram averaged over the weight of the entire animal. 

Applicants should have procedures that will ensure that the above limits are not exceeded 

and that the disposal of animal tissue or carcasses containing licensed material is in a 

manner that will not permit their use either as food for humans or animals. Applicants 

must maintain accurate records of these disposals. [12] 
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4. 10 Audit Program 

Legal persons must review the content and implementation of their radiation protection 

programs at least annually to ensure the following: 

 Compliance with regulatory authority regulations, and the terms and conditions of 

the license; 

 Occupational doses and doses to members of the public are ALARA and 

 Legal persons must maintain records of these audits and other reviews of program 

content and implementation. Records of these audits should include the following 

information: date of audit, name of person(s) who conducted audit, persons 

contacted by the auditor(s), areas audited, audit findings, corrective actions, and 

follow-up. These records must be maintained for inspections by the regulatory 

authority.  

Generally, audits are conducted at least once every year. If an audit identifies violations 

of regulatory authority requirements, the legal person should first evaluate the safety 

significance of each violation to set priorities and identify resources to correct these 

violations. The regulatory authority routinely reviews legal person’s records to verify if 

appropriate corrective actions were implemented in a timely manner to prevent 

recurrence. It is in the best interest of the legal person to identify potential violations of 

regulatory requirements and take necessary steps to correct them. The regulatory 

authority can exercise the legal person for these violations if prompt and effective 

corrective actions are implemented. [12]  
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CHAPTER SIX 

MATERIALS AND METHODS 

6.1 Materials   

1. Inspection check list (standard inspection check list developed by the regulatory 

authority of the Sudan). 

2. MINI-CON (Contamination Monitor) S/N E0003190 

3. RADOS (Survey meter) S/N 240048 

4. RADOS (Survey meter) S/N 990078 

 

6.2 Methods: 

1. Developing the code of practice taking into account relevant national and 

international recommendations.  

2. Inspection visit to five academic institutes and four research institutes. 

3. The inspection missions to the above mentioned institutes involved also 

evaluation of radiation levels around the premises and storage areas of radiation 

sources.    

4. Measuring of radiation dose rate levels in controlled and supervised areas.  

5. Collecting data and making comparison with the radiation protection principles.  

 

6.3  Methodology 

6.3.1 Type of the study:  

Field study 

6.3.2 Study area: 

Inspection visits to five (A, B, C, D and E) academic and to four (F, G, H and I) 

research institutes. Eight of such institutes are located in Khartoum state and the 

ninth one is in Madani city (Aljazeera State) 
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CHAPTER SEVEN 

RESULTS AND DISCUSSION 

 

7.1 Results 

7.1.1 Results of radiation area monitoring: 

To achieve the aim of this study, inspection visits have been conducted to the four (A, B, C, D and E) 

academic and to four (F, G, H and I) research institutes. Eight of such institutes located in Khartoum state 

and the ninth one is in Madani (aljazeera state). During the inspection visits the level of radiation protection 

were assessed using a checklist and also by carrying out measurement of radiation levels both in controlled 

and public areas. Table 7.26 illustrates the results of the inspection visits to the academic and research 

institutions whereas 7.1 to 7.25 illustrate the results of radiation area monitoring. Addition to radiation 

measurements were taken using a radiation survey meters in order to ensure compatibility 

with the allowable levels of leakage radiation. The natural background radiation 

measured in the all institutions is 0.04µSv/h.  Table 7.1 shows the list of the inspected practices. 

 

Table (7.1) list of the inspected practices 

 

No 
Name of 

institutes 
Practice 

1 A 

Physics laboratory 

Analytical studies 

Neutron generator laboratory
 

2 B Physics laboratory 

3 C Physics laboratory 

4 D Physics laboratory 

5 E In vitro studies 

6 F Irradiation studies 

7 G Analytical studies 

8 H In vitro studies 

 

 

 

 

 

 

7.1.1.1 Institute A 
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This institute contains three laboratories where radioactive sources are used namely X-ray Fluorescence 

Analysis, physics laboratory (4
th

 year) and neutron generator laboratory.  

 

1. The XRF laboratory: 

In the laboratory there is a number of radionuclides contained in a cubical metal box and 

has a key kept with the supervisor.  All of these radionuclides are in use. Details of these 

radionuclides are listed in table 7.2 below:  

 

Table (7.2) list of radionuclides 

 

Activity 

date 

Activity 

(µCi) 
S/N 

Radio- 

Nuclide 

Activity 

date 

Activity 

(mCi) 
S/N 

Radio- 

Nuclide 

Unknown 

10 IR116 
133

Ba 

Unknown 

25 A3011 
241

Am 

10 IQ037 
241

Am UN F2847 
241

Am 

10 IT330 
57

Co 25 UN 
55

Fe 

20 IW222 
203

Hg Unknown D106 
109

Cd 

10 IY183 
88

Y 50 3KT2584 
109

Cd 

10 IV140 
54

Mn 

25 K248 
109

Cd 

25 M721 
109

Cd 

25 D2074 
109

Cd 

12/05/2008 10 CD109.02.08 
109

Cd 

 

  

Table (7.3) measured leakage dose rate from the radionuclides storage box 

 

 

 

 

 

 

 

 

 

 

 

 

Also there the institute has a number of X-ray machines, but all of them are faulty, the 

details of which are illustrated in table 7.4 below. 

Dose rate 

(µSv/h) 

At box surface At 1m 

0.5 0.04 
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Table (7.4) list of the X-ray machines 

 

Manufacturer S/N Model 
Max 

kVp 
Type 

SIEMENS 214341 FFM04KE 60 XRD 

PHLIPS DY667 1120/00 60 XRD 

SIEMENS W09-1752 
BW/158/83 

ROE 
30 XRD 

 

 

2. Physics laboratory (4
th

 year): 

The laboratory has two rooms, the first room contains a wooden box contains three point 

sources as shown in table 7.5 below. The second room houses a container with a Pu/Be 

neutron source. The demonstrator/researcher stays at approximately 15 cm from the 

neutron source, he or she putdown a sample inside a hole at the top of the neutron source; 

this process takes approximately one minute.     

 

Table (7.5) list of radionuclides 

 

Activity 

µCi 
S/N Radionuclide 

10 15176 
137

Cs 

10 IU124 
60

Co 

10 IX104 
22

Na 

 

Table (7.6) measured leakage dose rate from radionuclides storage box 

 

 

 

 

 

 

 

Table (7.7) measured dose rate form the neutron source container 

 

Dose rate 

(µSv/h) 

At the Surface At  15 cm Behind the room door 

50.0 4.6 0.04 

3. Neutron generator laboratory: 

Dose rate 

(µSv/h) 

At box surface At 1m 

0.5 0.04 



 67 

The neutron generator laboratory contains a neutron generator which is out of order. The 

generator is composed of a 
2
H (Deuterium) which is accelerated to high energies and then 

collide 
3
H(tritium) material called the target, the results are a third substance (

4
He) in  

addition to the required neutron production with energy 14.7Mev. The laboratory 

contains also four wooden boxes that contain point sources as shown in table 7.8 below.  

 

Table (7.8) list of the inventory of the radionuclides 

 

 

Con-Table (7.8) list of the inventory of the radionuclides 

 

 

Table (7.9) measured leakage dose rate from point sources storage boxes 

 

No. Box code Dose rate (µSv/h) 

  At box surface At 1m 

1 A 2.5 0.04 

2 B 1.5 0.04 

3 C 1.0 0.04 

4 D 0.04 0.04 

7.1.1.2 Institute B:  

Box code B Box code A 

Activity 

date 

Activity 

(µCi) 
S/N 

Radio- 

Nuclide 

Activity 

date 

Activity 

(µCi) 
S/N 

Radio- 

Nuclide 

04/01/88 

0.937 214.17.372 
241

Am 

01/06/99 

11.41 660.50.38 
22

Na 

1.032 214.17.328 
109

Cd 8.961 660.50.32 
54

Mn 

I.131 214.17.228 
22

Na 8.961 660.50.26 
137

Cs 

1.118 214.17.128 
137

Cs 9.001 660.50.15 
57

Co 

1.07 214.17.78 
54

Mn 9.390 660.50.08 
109

Cd 

0.898 214.17.28 
133

Ba 11.17 660.50.20 
60

Co 

0.919 214.17.178 
60

Co 
11.83 660.50.02 

133
Ba 

1.119 214.17.278 
57

Co 

Box code D Box code C 

Activity 

date 

Activity 

(Ci) 
S/N 

Radio- 

Nuclide 

Activity 

date 

Activity 

(kBq) 
S/N 

Radio- 

Nuclide 

06/10/85 20 AF65 
3
H 

01/07/85 

386.5 Unknown 
152

Eu 

06/10/85 20 AF66 
3
H 

386.5 Unknown 
57

Co 

386.5 Unknown 
241

Am 

386.5 Unknown 
22

Na
 

386.5 Unknown 
54

Mn
 

386.5 Unknown 
60

Co
 

386.5 Unknown 
137

Cs
 

386.5 Unknown 
133

Ba 
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In this institute there is only one laboratory that contains radioactive sources that is the 

physics laboratory (fourth year lab) of the Physics department. Inside the lab there is a 

cubical metal box containing 22 point sources, and a 
137

Cs/
137

Ba generator which is out of 

order and has a key kept with the supervisor. The details of all of these sources are shown 

in table 7.10 

Table (7.10) list of the inventory of the radionuclides  

 

 

Table (7.11) measured leakage dose rate from the radiation sources storage box 

 

 

 

 

 

 

 

Also inside the same lab there are two 
137

cs/
137

Ba generators which are kept in a metal 

cupboard. Details of such generators are listed in table 7.12 below. The demonstrator 

stays at a very close to the 
137

Cs/
137

Ba generators during the elution process which 

normally takes less than one minute.     

 

 

 

Table (7.12) details of the 
137

Cs/
137

Ba generators 

 

Activity 

date 

Activity 

kBq 
S/N 

Radio- 

Nuclide 

Activity 

date 

Activity 

kBq 
S/N 

Radio- 

Nuclide 

Unknown 

 

3.3 LA935 
241

Am 17/12/2002 74 LC563 
90

Sr 

330 LA936 
241

Am 17/12/2002 74 KT170 
22

Na 

330 LA943 
241

Am 17/12/2002 

4.44 

LC441 

90
Sr 

241
Am 

137
Cs 

4.44 

333 

330 LA947 
241

Am 

Unknown
 

Unknown 

LC447 

90
Sr 

241
Am 

137
Cs 

330 LA948 
241

Am LB442 
137

Cs/
137

B

a 

3.3 

Unkno

wn 

226
Ra 17/12/2002 74 LF277 

241
Am 

3.3 
226

Ra 17/12/2002 74 HV501 
60

Co 

3.3 
226

Ra 

Unknown Unknown 

HM920 
60

Co 

3.3 
226

Ra 
LB905 

137
Cs 

3.3 
226

Ra 

Dose rate 

(µSv/h) 

At box surface At 1m 

0.1 0.04 
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Table (7.13) measured leakage dose rate from the storage cupboard 

 

 

 

 

 

 

 

Lastly and inside the lab there are a set of X-ray machines, the following table shows the   

details of the Machines: 

 

Table (7.14) list of the X-ray machines 

 

 

 

7.1.1.3 Institute C: Physics department: 
The department contains three radioactive sources inside a cupboard. The following table 

shows the details of these sources: 

 

Table (7.15) list of the radionuclides 

 

 

 

 

 

 

 

 

 

Table (7.16) leakage dose rate measured from the cupboard 

 

Activity date 
Activity 

kBq 
S/N Isotope 

26/01/2007 370 OB 740 
137

Cs/
137

Ba 

26/01/2007 370 OU 489 
137

Cs/
137

Ba 

Dose rate 

(µSv/h) 

At container surface At cupboard surface At 1m 

9.7 0.5 0.04 

Status 
Max 

kVp 
Manufacturer S/N Model Type 

Faulty 30 TELTRON Unknown 580 Tel-x-O meter XRD 

Faulty 30 TELTRON Unknown 580 Tel-x-O meter XRD 

Faulty 30 LEYBOLD 554/90 NW128/177 XRD 

Under 

installation 
30 LEYBOLD 554/811 NW128/177 XRD 

Activity 

kBq 
S/N Radionuclide 

3.3 Unknown 
226

Ra 

3.3 Unknown 
226

Ra 

Unknown NW281 
60

Co 
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The lab contains also a faulty X-ray diffraction unit with the following details shown in 

table 7.17. 

 

Table (7.17) details of the X-ray machines 

 

 

 

 

 

 

7.1.1.4 Institute D:  

Figure (7.1) illustrates the design of the institute and in this institute there is a 

radiological clinic contains a number of X-ray machines, (table 7.18) used for academic 

and training. All of such machines are in use.  

Table (7.19) shows the results of the dose rate measurements. Such measurements were 

conducted using the maximum exposure factors.    

 

Table (7.18) list of the X-Ray machines 

 

Max 

kVp 
Manufacturer S/N Model Type 

125 Toshiba 3E449 3E239X Conventional 

90 Medico imaging Unknown Medico-100 Dental 

125 Toshiba 3E423 3E239X 
Fluoroscopy 

Over couch 

125 Toshiba 3E448 3E239X 
Fluoroscopy 

under couch 

 

 

 

 

 

 

 

 

 

Dose rate 

(µSv/h) 

At storage surface At 1m 

1.0 0.04 

Max 

kVp 
Manufacturer S/N Model Type 

30 LEYBOLD WSR000174 554/81 XRD 
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Figure 7.1 institute D layout and point of measurements 

 

 

Table (7.19) leakage dose rate measured from the clinic room 

 

Points of Measurements 
Dose rate 

(µSv/h) 

(A) behind the door  0.04 

(B) control panel 0.04 

(C) Dark room 0.04 

(D) staff  room 0.04 

(E) Lecture room 0.04 

(F) Corridor 0.04 

 

Institute E: 

The department of physics in this institute contains one 
137

Cs/
137

Ba generator (with 

details illustrated in table 7.20) which is stored in a store room located behind the physics 

lab of the institute.  The academic demonstrator during the process of barium elution 

stays at a short distance from the 
137

cs/
137

Ba generators.  This process takes less than one 

minute.     

Table (7.20) details of the radionuclide 

 

E 

D 

X-ray 

tube 

X-ray 

tube 

X-ray 

tube 

B 

C 

A 

F 
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Activity Activity date S/N Radionuclide 

370 kBq 16/10/2006 OB701 
137

Cs/
137

Ba
 

 

Table (7.21) leakage dose rate measured from the container 

 

 

 

 

 

 

 

7.1.1.5 Institute F: 
In this institute the in vitro studies are carried out using unsealed radionuclides. The most used technique is 

radioimmunoassay technique. In such studies the radionuclide iodine 125 with maximum activity not 

exceed 100µci is used. This radionuclide is stored in a refrigerator designated for this purpose.  The dose 

rate measurements at the surface of the refrigerator and at the source package are illustrated in table 7.22.  

 

Table (7.22) Leakage dose rate measured from the storage area 

 

 

 

 

 

 

 

 

7.1.1.6 Institute G: 
In this institute a self-shielded irradiator that contains cobalt -60 is utilized for samples 

irradiation and for analytical studies. Table 7.23 illustrates details of the 
60

Co while table 

7.24 illustrates the results of area radiation monitoring around the irradiator. The 

researcher/technologist stays at approximately 15 cm from the irradiator, he or she place 

the sample at the irradiation position in a hole of the irradiator; this process takes 

approximately 10 Sec.     

    

 

 

 

 

  

Table (7.23) details of the 
60

Co source 

 

Dose rate 

(µSv/h) 

At container surface At 1m 

11 0.04 

Dose rate 

(µSv/h) 

At source package 

surface 
At  refrigerator  surface 

1.2 0.04 
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Table (7.24) dose rate measured around the irradiation 

 

 

 

 

 

 

 

 

7.1.1.7 Institute H: 
Two nuclear gauges are available in this institute. Each gauge contains two radioactive 

sources (
241

Am-Be, 
137

Cs) used for analytical soil studies. The two devices are out of 

order and stored in a pit.  In another section of the institute one GC device that contains 

63
Ni radionuclides is used for Pesticide analysis. Table 7.25 illustrates the measured dose 

rate around the storage pit. No dose rate above the background level was detected at the 

GC device.    

 

Table (7.25) measured leakage dose rate from the storage pit 

 

 

 

 

 

 

 

7.1.1.8 Institute I: 
Radioimmunoassay technique is conducted in this institute using iodine – 125.  In addition two boxes 

contains standard sources (
3
H and 

14
C) are stored in the lab. The dose rate measurements around the 

storage areas of all of these sources were just the background level.  

 

 

 

Radioisotope S/N Activity 
Activity 

Date 

60
Co C-198 10038Ci 01/03/2002 

Dose rate 

(µSv/h) 

At container surface At 15 cm 
Behind the 

room door 

25 6.5 1.0 

Dose rate 

(µSv/h) 

At container surface At storage surface 

12 0.04 
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                7.1.2    Results of the inspection visits: 

 
Table 7.26 shows illustrates the results of the inspection visits to the 

academic and research institutions 

 

 
Verification of Safety 

Safety operation-management 

No Topic A B C D E F G H I 

1 
Is management knowledgeable of the certificate of authorization and its 

restriction and requirement? 
N N N N N N N N N 

2 Does management provide adequate staffing levels? Y Y Y Y Y Y Y Y Y 

3 Has management provide the RPO authority to stop unsafe operations? Y Y Y Y Y Y Y Y Y 

4 
Does management provide adequate resources for personnel training 

(time and money? 
Y Y Y Y Y Y Y Y Y 

Warning systems 

1 
Are signals (visible, audible) and posted for source exposure provided 

and working? 
Y Y Y Y Y Y Y Y Y 

2 
Are signals (visible, audible) and posted for generator power provided 

and working? 
Y Y Y Y Y Y Y Y Y 

3 
Are warning notices (written sign, posters) provided and with local 

language? 
Y Y Y Y Y Y Y Y Y 

Safety operations-technical 

1 Does the RPO have adequate knowledge and expertise? Y N N N N N N N N 

2 Does the RPO have qualified experts available? Y N N N N N N N N 

3 
Is the RPO knowledgeable about the requirements of the RPTC and the 

provisions of the certificate of authorization? 
N N N N N N N N N 

4 Is the RPO given sufficient time and resources to do the job? Y N N Y Y Y Y N N 

5 
Does the RPO maintain knowledge of activities of workers using 

radiation sources? 
Y 

N N N N N N N N 

6 Does the RPO conduct the initial and periodic training of worker? N N N N N N N N N 

7 Are there provisions for inventory of sources and accountability? N N N N N Y Y N N 

Investigation and quality assurance 

1 Were there any incidents or accident? N N N N N N N Y N 

2 Is there a written Q.A program? N N N N N N N N N 

Verification of worker protection 

Classification of areas 

1 Are controlled and supervised areas demarcated? Y Y Y Y Y Y Y Y Y 

2 Are approved signs at access points? Y Y Y Y Y Y Y Y Y 

3 
Is radioactive materials storage (including waste) at physically defined 

locations? 
Y Y Y Y Y Y Y Y Y 

4 Locked / secured location with key control? Y Y Y Y Y Y Y Y Y 

5 Radiation warning notices provided in local language? Y Y Y Y Y Y Y Y Y 

6 Is there proper shielding? Y Y Y Y Y Y Y Y Y 

Local rules and supervisions 

1 Are rules established in written? N N N N N N N N N 

2 Do workers have adequate supervision to ensure rules, procedures, Y Y Y Y Y Y Y Y Y 
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protective measures and safety provisions are followed? 

Monitoring 

1 Does the authorized organization provide personal dosimeters? N N N N N N N N N 

2 

Do the authorized organization’s surveys indicate that the shielding is 

adequate and the dose rate around the storage and experiment rooms 

meet authorized radiations levels? 

N N N N N N N N N 

3 Is there any surveys result of the authorized organization? N N N N N N N N N 

Verification of public protection 

Control of visitors: 

1 Are visitors accompanied in controlled area? Y Y Y Y Y Y Y Y Y 

2 Is adequate information provided to visitors entering controlled areas? Y Y Y Y Y Y Y Y Y 

3 
Are there adequate controls over entries into controlled and supervised 

areas and appropriate postings? 
Y Y Y Y Y Y Y Y Y 

Sources of exposures 

1 
Are the shielding and other protective measures or restricting public 

exposure to external sources of radiation optimized? 
Y Y Y Y Y Y Y Y Y 

2 
Have provisions been made to detect and control contamination in the 

leaking source? 
Y Y Y Y Y Y Y Y Y 

Radioactive waste and discharges 

1 

Have provisions been made to transfer sources to an appropriate 

registrant or licensee or an authorized waste disposal facility at the end 

of use? 

N N N N N N N N N 

2 

If any sealed sources are no longer in use and being stored, does the 

authorized organization have a plan for timely transfer or disposal of 

the sources? 

N N N N N N N N N 
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Emergency procedures 

Emergency plan 

1 Is there a written plan? N N N N N N N N N 

Records 

1 Copy of authorization certificate N N N N N N N N N 

2 Inventory of radiation sources and accountability N N N N N N N N N 

3 Personal monitoring (current records, prior work history) N N N N N N N N N 

4 Evidence of health surveillance N N N N N N N N N 

5 Training provided (initial, refresher) N N N N N N N N N 

6 Instruments tests and calibration N N N N N N N N N 

7 Maintenance and repair work N N N N N N N N N 

8 Tests for radioactive sealed source leakage N N N N N N N N N 

9 Area surveys monitoring (dose, dose rate, contamination) N N N N N N N N N 

10 Facility modification N N N N N N N N N 

11 Incident and accident investigation reports N N N N N N N N N 

12 Audits and reviews of radiation protection program N N N N N N N N N 

13 Transport and disposal of spent of sources and other radioactive waste N N N N N N N N N 
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7. 2 Discussion 

The results of dose rate measurements at and around radionuclides packages and their 

storage areas show that the leakage dose rate is quite low. This mainly is due to the fact 

that the activities of radionuclides that are used in most of these institutes are quite low 

(in the range of micro curies). However it was noted that in most of the 

academic/research studies radiation workers are only exposed to very low levels of 

radiation and for a very short time that does not exceed 1 minute, therefore the expected 

occupational exposure of the staff is very low. Also, most of the X-ray machines that 

were found in use for scientific academic and research purposes work at low kVp of 

maximum 60 kVp.  

These measurements showed that radiation protection level for workers and public is 

excellent. However the leakage dose rate measured outside the room where such sources 

are stored is just background level, most of X-ray machines that were found are 

unfortunately faulty except in institutes B (under installation) and institute D (Student 

health clinic).  

The results of the inspection checklist as well as that of radiation survey in the inspected 

institutes have been compared with what is stated in this code which in turn is based on 

relevant international standards and recommendations.  Such comparison has revealed 

first of all that all of these institutes are not aware of the regulatory requirements 

regarding their perspective practices. Furthermore they were found unaware of the 

regulatory framework existing in the country. It should be mentioned that the inspected 

institutes varies also in terms of the complexity of practice and levels of radioactivity of 

sources available in each institutes. It is worth mentioning that the level of radiation 

hazards in almost all of the inspected institutes does not justify providing the radiation 

workers with personal monitoring devices except in the case of repairs and maintenances, 

providing the radiation workers with personal monitoring devices is required. The 

personal monitoring devices is not available, this is mainly due to fact that the only TLD 

system available in the country has been out of order for about 3 years. It became quite 

obvious from this study that all of these institutes should develop a radiation protection 

program that has been explained in this code and that include staff training, record 

keeping and emergency preparedness and response. 
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None of the radiation workers in the inspected institutes has a personal radiation 

monitoring device; therefore staff dose levels have not been assessed.  

Radiation measurements in public areas also showed acceptable levels well below the 

public dose limit.   

The most important weak points regarding radiation protection in the inspected academic 

and research institutes are unavailability of relevant records e.g. List of radionuclides, 

their activities & locations in addition to their status. This could increase the probability 

of having those sources lost. Also no records were available regarding training programs 

for radiation workers on radiation protection. Finally no local rules or emergency plans 

were found at those institutes.  
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CHAPTER EIGHT 

CONCLUSION AND RECOMMENDATION 

 

8.1 Conclusion 

The Hypotheses of this study assumed that appropriate safety precautions are followed 

during academic and research procedures at the institutions in Sudan. 

The data that was collected and analyzed from the results revealed that this is not strictly 

true.  

There are many violations of the current radiation protection regulation issued by SAEC 

act 1996.  

The main problem found under this study is the lack of unknowledgeable of management 

about the certificate of authorization issued by the regulatory authority and its restriction 

and requirement and addition to unavailability of relevant written procedures.  

None of the radiation workers in the inspected institutes has a personal radiation 

monitoring device; therefore staff dose levels have not been assessed. However it was 

noted that in most of the academic/research studies radiation workers are only exposed to 

very low levels of radiation and for a very short time that does not exceed 1 minute, 

therefore the expected occupational exposure of the staff is very low.  

Radiation measurements in public areas also showed radiation levels well below the 

public dose limit.   

The most important weak points regarding radiation protection in the inspected academic 

and research institutes were unavailability of relevant records e.g. List of radionuclide, 

their activities & locations in addition to their status. This could increase the probability 

of having those sources lost. Also no records were available regarding training programs 

for radiation workers on radiation protection.  

Finally no local rules or emergency plans were found at those institutes.  
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All academic and research institutes have to do a lot in relation to improve the level of 

radiation protection so as to be in line with the current regulations particularly regarding 

the following issues:   

 Inventory of radiation sources and accountability. 

 Prepares and audits and reviews of radiation protection program.  

 Availability of a written emergency plan. 

 Personal monitoring (current records, prior work history). 

 Incident and accident investigation reports. 

 

8.2 Recommendations:   

The major recommendations that can help - if implemented - in improving the level of 

radiation safety and protection in academic and research institutes are:  

 Speeding the process of Issuance of a new law for regulating the use of ionizing 

radiation by establishing a truly independent regulatory body.  

 The regulatory authority should start as soon as possible the process of revising 

and issuing of this proposed code of practice. 

  The regulatory authority should speed up the process of licensing all of academic 

and research centers in the country. Licensing of academic and research centers 

will ensure that: 

 A proper radiation protection officer (RPO) would be appointed to lie down 

and oversee a radiation protection program (RPP); and that  

 The RPO shall have the full authority and the adequate time to enable him to 

discharge his duties effectively.  

 An internal audit would be performed within the institute to assess the 

efficiency of the approved RPP 

 All relevant written procedures and records would be available. 

 The design of all radiation working areas is appropriate with respect to 

protection of workers and public. 

 The only TLD system available in the country which has been out of order for about 3 years 

should be repaired or replaced in the very near future. 
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 Training courses on radiation protection specially designed for the need of 

academic and research institutes should be conducted.  

 It was recommended in this study to conduct more similar studies to assess the 

radiation protection level with respect to workers and public in all academic and 

research institutes in the country. 

 Also the regulatory authority intensifies its effort to license all of those institutes 

for better control of radiation sources in the country and better protection level for 

both workers and public. 
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Appendix A 
 

Table A.1: examples of practices/activities authorized by Registrations 

 

Locations Radioactive sources 
 

X-ray Machines 
 

General 

 Faculty, staff or students as released 

nuclear medicine patients 

 Gas lantern mantles (thorium) 

 Isotope generator (for half-life 

experiments)(
137

Cs/
137m

Ba) 

 Check sources 

 

Agricultural and 

Fertilizers with 

Animal sciences 

 Fertilizers with concentrated natural 

radioactive material (TENORM – 

check local regulation). 

 Liquid scintillation counter with 

internal source (
133

Ba) 

 X-ray diffraction unit or 

diffractometer Cabinet 

Biological sciences 

 Check sources (e.g., 
14

C, 
22

Na, 
90

Sr, 
137

Cs, 
60

Co) 

 Anti-static device for precision 

balances (e.g. 
241

Am) 

 Liquid scintillation counter with 

internal source (
133

Ba) 

 Thorium or uranium used as stains wit 

electron-beam microscope 

 Electron-beam 

Microscope 

Chemistry 

 Chemicals with concentrations of 

natural radioactive material 

 Check sources 

 Electron capture detector (
63

Ni) in gas 

chromatograph (GC) 

 Anti-static device for precision 

balances (e.g. 
241

Am) 

 Chemical mixtures containing ≤0.05 % 

uranium or thorium 

 Liquid scintillation counter with 

internal source (
133

Ba) 

 Thorium or uranium used as stains with 

electron-beam microscope 

 X-ray diffraction unit or 

diffractometer 

 X-ray analytical unit 

 Electron-beam 

microscope 

Engineering 

 Some aircraft and missile 

counterweights (uranium) 

 Some aircraft engine parts (thorium) 

 Thorium or uranium used as stains with 

electron-beam microscope 

 X-ray diffraction unit or 

diffractometer 

 Electron-beam 

microscope 

 

 

 

 

 



 

 

Con-Table A.1: examples of practices/activities authorized by Registrations 

 

Locations Radioactive sources 
 

X-ray Machines 
 

Geological and earth 

sciences 

 Ores containing concentrations 

of natural radioactive material 

 Materials with <6.8 kg of 

uranium or thorium at one time 

 Anti-static device for precision 

balances (e.g. 
241

Am) 

 Thorium or uranium used as 

stains with electron-beam 

microscope 

 Electron-beam Microscope 

Physics 

 Check sources 

Check sources radionuclide 

generator (for half-life 

experiments) (
137

Cs/
137

mba) 

 X-ray analytical unit 

 X-ray diffraction unit or 

diffractometer 

Electron-beam microscope 

Mathematics 
Check sources radionuclide 

generator (for half-life 

experiments) (
137

Cs/
137

mba) 

 

Student housing Exit signs (
3
H)  

 

Table A.2: examples of practices/activities Authorized by license 

 

Locations Radioactive source 
 

X-ray machines 
 

Agricultural and 

Fertilizers with 

Animal sciences 

 Soil moisture and density (
137

Cs) 

(Am-Be) gauges 

 Tracers in biological systems (e.g., 
3
H, 

14
C, 

32
P, 

33
P, 

35
S, 

125
I) 

 X-ray unit or other X-ray 

imaging equipment 

Biological 

sciences 

 Tracers in biological systems (e.g., 
3
H, 

14
C, 

32
P, 

33
P, 

125
I) 

 Irradiator using a radionuclide (sealed 

source) (e.g., 
60

Co or 
137

Cs) 

 Cabinet X-ray unit or other 

X-ray imaging equipment 

 Irradiator using X-rays 

Engineering 

 Large anti-static source (
85

Kr) 

 Particle-research tracers (
60

Co) 

 Gamma transmission or diffraction 

units (
60

Co,
137

Cs) 

 

Geological and 

earth sciences 
 Soil moisture gauge (americium-

beryllium) 
 

Physics 

 Neutron sources (Pu-Be, Am-be). 

 Neutron generating machines 

(D+Hn+) 

 Irradiator using a radionuclide (sealed 

source) (e.g., 
60

Co or 
137

Cs) 

 Characteristic analytical unit (
109

Cd) 

 Linear accelerator, Van de 

Graff machine, Cyclotron 

Other types of accelerators 

Student health 

clinic 
 

 Diagnostic X-ray machine 

 Therapeutic X-ray machine 



 

 

 

Appendix B 

Exempted concentration 
 

Table B.1 shows the exempted gas, liquid and solid concentration of the radionuclides 

[12] 

 

Radionuclide 

Gas 

Concentration 

μCi/ml 

Liquid (μCi/ml) and 

Solid (µCi/gm) 

Concentration 

Barium (56) 
Ba-131 

 
2 x 10

-3
 

Ba-140 3 x 10
-4

 

Cadmium (48) Cd-109  2 x 10
-3

 

Carbon (6) C-14 1 x 10 
-6

 8 x 10
-3

 

Cesium (55) 
Cs-134m 

 
6 x 10

-2
 

Cs-134 9 x 10
-5

 

Cobalt (27) 
Co-57 

 
5 x 10 

-3
 

Co-60 5 x 10
-4

 

Gallium (31) Ga-72  4 x 10
-4

 

Hydrogen (1) H-3 5 x 10
-6

 3 x 10
-2

 

Iodine (53) 
I-125  2 x 10

-4
 

I-131 3 x 10
-9

 2 x 10
-5

 

Iridium (77) 

Ir-190 

 

2 x 10
-3

 

Ir-192 4 x 10
-4

 

Ir-194 3 x 10
-4

 

Manganese (25) 

Mn-52 

 

3 x 10
-4

 

Mn-54 1 x 10
-3

 

Mn-56 1 x 10
-3

 

Molybdenum (42) Mo-99  2 x 10
-3

 

Nickel (28) 
Ni-63  1 x 10

-7
 

Ni-65  1 x 10
-3

 

Phosphorus (15) P-32  2 x 10
-4

 

Potassium (19) K-42  3 x 10
-3

 

Sodium (11) 
Na-24  2 x 10

-3
 

Na-22  2 x 10
-2

 

Strontium (38) 
Sr-85 

 
1 x 10

-4
 

Sr-89 1 x 10
-4

 

Technetium (43) 
Tc-96M  1 x 10

-1
 

Tc-96  1 x 10
-3

 

Yttrium (39) 

Y-90 

 

2 x 10
-4

 

Y-91M 3 x 10
-2

 

Y-91 3 x 10
-4

 

Beta and/or gamma emitting 

radionuclide not listed above with 

half-life less than three years 

1 x 10
-10

 1 x 10
-6

 

 



 

 

 

Appendix C 

Sample of registration\license certificate 
 

 

 

 

REGISTRATION\LICENSE CERTIFICATE 
 

POSSESSION AND USES OF RADIATION SOURCES 

 

INFORMATION ABOUT THE COMPANY 
DATE  

RAIS NO  

NAME OF LEGAL PERSON  

RADIATION PROTECTION OFFICER  

PURPOSE OF 

REGISTRATION\LICENSE 

 

LOCATION OF PREMISES  

TEL  

FAX  

E-MAIL  

 

 IN ACCORDANCE WITH ARTICLE 11(0) OF SUDAN ATOMIC 

ENERGY COMMISSION'S ACT OF 1996, THE ABOVE 

MENTIONED APPLICANT HAS BEEN GRANTED A 

REGISTRATION\LICENSE IN SUDAN FOR THE ABOVE 

MENTIONED PURPOSE. 

 
CHAIRMAN, 

THE REGULATORY AUTHORITY OF SUDAN 

 

THIS AUTHORIZATION MUST BE DISPLAYED IN PERMANENT PUBLIC LOCATION WITHIN THE PREMISES  
 
REGISTRATION\LICENSE NUMBER    --/--/----   EXPIRE DATE     --/--/---- 
 

 



 

 

Appendix D 

Duties and Responsibilities 

Legal person (registrant or licensee)  

The responsibilities of the registrants and licensees typically include: 

1. Overall administration of the radiation protection program; 

2. Providing adequate personnel and other necessary resources so that the radiation 

safety program can be implemented and maintained; 

3. Informing radiation workers that sources of radiation can only be brought on 

academic institutes with administrative approval; obtaining an accounting of any 

radiation sources already on it determining whether each source in the inventory is 

needed, and if not, determining the proper means of disposal; 

4. Maintaining overall responsibility for the program, even though delegating authority 

(in writing) to implement the day-to-day operation of the radiation safety program to 

a RPO  

5. Informing staff members that the radiation worker reports to the RPO and then to the 

legal person for purposes of radiation safety to avoid chain-of-command issues; 

6. Meeting with the RPO periodically to discuss the radiation safety program; 

7. Receiving periodic written reports from the RPO on the status of the radiation safety 

program, including any noncompliance items; 

8. Serving on the radiation safety committee if such a committee is required; 

9. Maintaining an overall understanding of the radiation safety program, including any 

regulatory requirements; 

10. Evaluating the impact on institutional insurance because of the presence of 

radioactive material or radiation-producing equipment; 

11. Assuring adequate funding for decommissioning sources, equipment and facilities; 

and; 

12. Halting an activity where there have been malicious, willful or serious violations of 

radiation safety program requirements. [1]  

 



 

 

Radiation Protection Officer (RPO) 

The RPO’s duties and responsibilities include ensuring radiological safety and 

compliance with the regulatory authority and the conditions of the license. Typically, 

these duties and responsibilities include the following: 

1. Ensure that licensed material possessed by the legal person is limited to the types and 

quantities of radionuclides listed on the license. 

2. Maintain documentation that demonstrates that the dose to individual members of the 

public does not exceed the dose limits.  

3. Ensure security of radioactive material. 

4. Posting of documents as required in the application. 

5. Ensure that licensed material is transported in accordance with applicable regulatory 

authority. 

6. Ensure that radiation exposures are “ALARA.” 

7. Oversee all activities involving radioactive material, including monitoring and 

surveys of all areas in which radioactive material is used. 

8. Act as liaison with the regulatory authority and other regulatory authorities. 

9. Provide necessary information on all aspects of radiation protection to personnel at all 

levels of responsibility, and any other applicable regulations. 

10. Oversee proper delivery, receipt, and conduct of radiation surveys for all shipments of 

radioactive material arriving at or leaving from the institution, as well as packaging 

and labeling all radioactive material leaving the institution 

11. Determine the need for personnel monitoring, distribute and collect personnel 

radiation monitoring devices, evaluate bioassays, monitor personnel radiation 

exposure and bioassay records for trends and high exposures, notify individuals and 

their supervisors of radiation exposures approaching the limits, and recommend 

appropriate remedial action. 

12. Conduct training programs and otherwise instruct personnel in the proper procedures 

for handling radioactive material prior to use, at periodic intervals (refresher training), 

and as required by changes in procedures, equipment, regulations, etc. 

13. Supervise and coordinate the radioactive waste disposal program, including effluent 

monitoring and recordkeeping on waste storage and disposal records. 



 

 

14. Oversee the storage of radioactive material not in current use, including waste. 

15. Perform or arrange for leak tests on all sealed sources and calibration of radiation 

survey instruments. 

16. Maintain an inventory of all radioisotopes possessed under the license and limit the 

quantity to the amounts authorized by the license. 

17. Immediately terminate any unsafe condition or activity that is found to be a threat to 

public health and safety or property. 

18. Supervise decontamination and recovery operations 

19. Maintain other records not specifically designated above, for example, records of 

receipts, transfers, and surveys.  

20. Hold periodic meetings with, and provide reports to, the legal person management. 

21. Ensure that all users are properly trained. 

22. Perform periodic audits of the radiation safety program to ensure that the legal person 

is complying with all applicable regulatory authority regulations and the terms and 

conditions of the license (e.g., leak tests, inventories, use limited to trained, approved 

users, etc.), the content and implementation of the radiation safety program to achieve 

occupational doses and doses to members of the public that are ALARA and required 

records are maintained. 

23. Ensure that the results of audits, identification of deficiencies, and recommendations 

for change are documented (and maintained for at least 3 years) and provided to 

management for review; ensure that prompt action is taken to correct deficiencies. 

24. Ensure that the audit results and corrective actions are communicated to all personnel 

who use licensed material. 

25. Ensure that all incidents, accidents, and personnel exposure to radiation in excess of 

ALARA are investigated and reported to the regulatory authority and other 

appropriate authorities, if required, within the required time limits. 

26. Maintain understanding of and up-to-date copies of the regulatory authority 

regulations, the license, revised legal person procedures, and ensure that the license is 

amended whenever there are changes in licensed activities, responsible individuals, or 

information or commitments provided to the regulatory authority during the licensing 

process. [12] 



 

 

Appendix E 

Radiation Safety Survey Topics 

This Appendix provides applicants and licensees with additional information on surveys, 

including training requirements, survey frequency, contamination limits, and bioassays. 

 

Facilities and Equipment 

To ensure achieving the required sensitivity of measurements, survey samples will be 

analyzed in a low-background area. 

A gamma counter system with a single or multi-channel analyzer can be used to count 

samples containing gamma-emitters (e.g., cesium-137, cobalt-60). 

A liquid scintillation or gas-flow proportional counting system can be used to count 

samples containing alpha-emitters, beta-emitters, and gamma-emitters (if efficiency is 

great enough to achieve the required sensitivity for measurements). 

 

Ambient Radiation Level Surveys 

Dose-rate surveys, at a minimum, should be performed in locations where workers are 

exposed to radiation levels that might result in radiation doses in excess of 10% of the 

occupational dose limits or where an individual is working in a dose rate of 10µSv 

(20mSv/year divided by 2,000 hr/year). 

The total effective dose equivalent to an individual member of the public from the 

licensed operation does not exceed 1mSv in a year and the dose in any unrestricted area 

from external sources does not exceed 0.5µSv in any one hour. 

The frequency of ambient surveys depends on the quantity and use of radioactive 

materials, as well as the specific protective facilities, equipment, and procedures that are 

designed to protect the worker and members of the public from external exposure to 

radiation. While the regulations do not specify a specific survey frequency, the legal 

person is required to ensure that the dose rate limits are not exceeded. [12] 

 

 

 



 

 

Contamination Surveys 

Legal person’s contamination surveys should be sufficient to identify areas of 

contamination that might result in doses to workers or to the public. Combined removable 

and fixed contamination should be surveyed using appropriate radiation detection 

equipment. Removable contamination can be detected and measured through a wipe test 

of the surface, which is counted in an appropriate counting instrument, such as a liquid 

scintillation counter, a sodium iodide or germanium gamma counter, or a proportional 

alpha/beta counter. Contamination surveys should be performed: 

1. To evaluate radioactive contamination that could be present on surfaces of floors, 

walls, laboratory furniture, and equipment 

2. After any spill or contamination event 

3. When procedures or processes have changed 

4. To evaluate the potential contamination of users and the immediate work area, at 

the end of the day or prior to leaving the area of use, when licensed material is 

used 

5. In unrestricted areas at frequencies consistent with the types and quantities of 

materials in use but generally not less frequently than quarterly 

6. In the areas adjacent to restricted areas and in all areas through which licensed 

materials are transferred and temporarily stored before shipment. [12] 

 

Contamination Survey Frequency 

Personnel should survey for contamination in locations where individuals are working 

with an unsealed form of radioactive material. These surveys should be done at a 

frequency appropriate to the types and quantities of radioactive materials in use. If the 

activity used is greater than or equal to the smallest annual limit on intake (ALI) (for 

either inhalation or ingestion). Table E.1 contains suggested contamination survey 

frequencies. The suggested frequency of surveys is based upon the amount of licensed 

material “in use” at any one time at any particular location. If licensed material has not 

been used for a period of time greater than the required survey frequency, then it is 

considered to be “not in use.” [12] 



 

 

 

Table E.1 Suggested Contamination Survey Frequency [12] 

 

Status of Radioactive Material < 0.1 ALI ≥ 0.1 ALI < 1.0 ≥ 1.0 ALI 

In Use Monthly Weekly Daily 

Not in Use Every 6 Months 

 

 

Contamination in Unrestricted Areas 

Contamination found in unrestricted areas should be immediately decontaminated to 

background levels. When it is not possible to get to background levels, the legal person 

must ensure that the amounts do not exceed the contamination levels listed in Table E.2. 

 

Table E.2 Acceptable Surface Contamination Levels for Equipment [12] 

 

Nuclide 
a
 Average 

b, c
 Maximum 

b, d
 Removable 

b, e
 

I-125, I-129 
1.7Bq

*
/100cm

2
 

(100dpm/100cm
2
) 

5.0Bq/100cm
2
 

(300dpm/100cm
2
) 

0.3Bq/100cm
2
 

(20dpm/100cm
2
) 

I-126, I-131, I-133, 

Sr-90 

16.7Bq/100cm
2
 

(1,000dpm/100cm
2
) 

50.0 Bq/100cm
2
 

(3,000dpm/100cm
2
) 

3.3 Bq/100cm
2
 

(200dpm/100cm
2
) 

Beta-gamma emitters 

(nuclides with decay 

modes other than alpha 

emission or spontaneous 

fission) except Sr-90 

and others noted above. 

83.3Bq/100cm
2
 

(5,000 dpm/100cm
2
) 

250Bq/100cm
2
 

(15,000dpm/100cm
2
) 

16.7Bq/100cm
2
 

(1,000dpm/100cm
2
) 

A  
Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits 

established for alpha- and beta-gamma-emitting nuclides should apply independently. 

B
  As used in this table, dpm (disintegration per minute) means the rate of emission by radioactive material 

as determined by correcting the counts per minute observed by an appropriate detector for background, 

efficiency, and geometric factors associated with the instrumentation. 

C
  Measurements of average contaminant should not be averaged over more than 1 square meter. For 

objects of less surface area, the average should be derived for each such object. 

D  
The maximum contamination level applies to an area of not more than 100 cm

2
. 

E  The amount of removable radioactive material per 100 cm
2
 of surface area should be determined by 

wiping that area with filter or soft absorbent paper, applying moderate pressure, and assessing the amount 

of radioactive material on the wipe with an appropriate instrument of known efficiency. When removable 

contamination on objects of less surface area is determined, the pertinent levels should be reduced 

proportionally and the entire surface should be wiped. 

*  1 Bq = 1 Disintegration per second 



 

 

When equipment or facilities that are potentially contaminated are to be released for 

unrestricted use, Table E.2 provides the maximum acceptable residual levels for 

equipment and Table E.3 provides screening values for building surface contamination. 

To the extent practicable, it is appropriate to decontaminate to below these levels. Surface 

contamination surveys should be conducted for both removable and fixed contamination 

before these facilities or equipment are released from restricted to unrestricted use, to 

ensure that they meet these limits. A standardized method for smear testing of a relatively 

uniform area should be used to aid in comparing contamination at different times and 

places. A smear taken from an area of about 100 cm
2

 is acceptable to indicate levels of 

removable contamination. [12] 

 

Table E.3 Screening Values for Building Surface Contamination
1
 [12] 

 

Radionuclide Symbol 
Screening levels for unrestricted 

release (dpm/100 cm
2
) 

Tritium -3 H-3 1.2 x 10
8
 

Carbon-14 C-14 3.7 x 10
6
 

Sodium-22 Na-22 9.5 x 10
3
 

Sulfur-35 S-35 1.3 x 10
7
 

Chlorine-36 Cl-36 5.0 x 10
5
 

Manganese-54 Mn-54 3.2 x 10
4
 

Iron-55 Fe-55 4.5 x 10
6
 

Cobalt-60 Co-60 7.1 x 10
3
 

Nickel-63 Ni-63 1.8 x 10
6
 

Strontium-90 Sr-90 8.7 x 10
3
 

Technetium-99 Tc-99 1.3 x 10
6
 

Iodine-129 I-129 3.5 x 10
4
 

Cesium-137 Cs-137 2.8 x 10
4
 

Iridium-192 Ir-192 7.4 x 10
4
 

 
1 Screening levels are based on the assumption that the fraction of removable surface contamination is 

equal to 0.1. For cases when the fraction of removable contamination is undetermined or higher than 

0.1, users may assume, for screening purposes, that 100% of surface contamination is removable; and 

therefore the screening levels should be decreased by a factor of 10.  

 

Table E.3 does not include screening values for radionuclides that emit alpha particles, or 

for soil contamination. For such sites, legal persons are encouraged to use, in the interim 

period, site-specific dose assessment based on actual site physical and environmental 

conditions. Units are disintegrations per minute per 100 square centimeters 



 

 

(dpm/100cm
2
). 1dpm is equivalent to 0.0167 Becquerel (Bq). The screening values 

represent surface concentrations of individual radionuclides that would be deemed in 

compliance with the 0.25mSv/yr unrestricted release dose limit. For radionuclides in a 

mixture, the “sum of fractions” rule applies. Refer to the regulatory authority for further 

information on application of the values in this table.  

Table E.3 provides criteria which permit the legal persons to demonstrate compliance 

with the unrestricted release dose criterion in the License Termination Rule. Sites with 

building surface contamination levels below those listed in Table E.3 would be deemed 

acceptable for release for unrestricted use in accordance with the dose criteria, provided 

that residual radioactivity has been reduced to ALARA levels.  

The table is intended for use as criteria to facilitate license termination for many simple 

routine decommissioning cases without a site-specific dose assessment. For facilities with 

contamination levels above those in Table E.3, additional site-specific dose assessments 

may be necessary, and the legal persons should refer to the regulatory authority regarding 

acceptable methods for conducting the appropriate dose assessment. [12] 

 

Survey Record Requirements 

Each survey record should include the following: 

 A diagram of the area surveyed  

 A list of items and equipment surveyed 

 Specific locations on the survey diagram where wipe test was taken 

 Ambient radiation levels with appropriate units 

 Contamination levels with appropriate units 

 Make and model number of instruments used 

 Background levels 

 Name of the person making the evaluation and recording the results and date. 

Legal persons should record contamination levels observed and procedures followed for 

incidents involving contamination of individuals. The record should include names of 

individuals involved, description of work activities, calculated dose, probable causes 



 

 

(including root causes), steps taken to reduce future incidents of contamination, times and 

dates, and the surveyor’s signature. [12] 

 

Air Monitoring in the Workplace 

Air sampling can be used to do the following: 

 Determine whether the confinement of radioactive materials is effective 

 Measure airborne radioactive material concentrations in the workplace 

 Estimate worker intakes of radioactive material 

 Determine posting requirements 

 Determine what protective equipment and measures are appropriate 

 Warn of significantly elevated levels of airborne radioactive materials. 

If bioassay measurements are used to determine worker doses of record, air sampling 

may be used to determine time of intake and to determine which workers should have 

bioassay measurements. The use of engineering controls and a good air sampling 

program may eliminate need for bioassays. [12] 

 

Airborne Effluent Release Monitoring 

Practicable airborne radioactive effluents should be released from monitored release 

points (e.g. Monitored stacks, discharges and vents) to provide accurate measurements to 

estimate public exposures. Legal persons should verify the performance of effluent 

monitoring systems by regular calibration (at least annually) to ensure their reliability. 

For release points for which monitoring are not practicable, the legal person should 

estimate the magnitude of the unmonitored effluents. These unmonitored releases will 

occur anytime unsealed material is handled outside a fume hood or other device that will 

control the releases. Legal person should include these estimates when demonstrating 

compliance with dose limits and ALARA goals. Unmonitored releases may be estimated 

based on the quantity of material used in these areas or the number of procedures 

performed or other appropriate methods. [12] 

 

Liquid Effluent Release Monitoring 



 

 

The legal person should evaluate the concentrations of radioactive material in water that 

is released to the environment and to the sanitary sewer. The legal person must show that 

these releases meet the limits. [12] 

 

Frequency of Required Bioassay Measurements 

Determining the appropriate frequency of routine bioassay measurements depends upon 

the exposure potential and the physical and chemical characteristics of the radioactive 

material and the route of entry to the body. Consider the following elements: 

 Potential exposure of the individual 

 Retention and excretion characteristics of the Radionuclides 

 Sensitivity of the measurement technique 

 Acceptable uncertainty in the estimate of intake and committed dose equivalent. 

Bioassay measurements used for demonstrating compliance with the occupational dose 

limits should be conducted often enough to identify and quantify potential exposures and 

resultant intakes that, during any year, are likely to collectively exceed 0.1 times the ALI. 

The 10% ALI requires licensees to monitor intakes and assess occupational doses for 

exposed individuals who are likely to exceed 10 per cent of the applicable limit (i.e., 

intakes likely to exceed 0.1 ALI for adults). Separate categories of bioassay 

measurements, routine measurements and special measurements further determine the 

frequency and scope of measurements. [12] 

 

Routine Measurements 

Routine measurements include baseline measurements, periodic measurements, and 

termination measurements. These measurements should be conducted to confirm that 

appropriate controls exist and to assess dose. The method of bioassay selected (for 

example, whole body counting, urinalysis, etc) and the samples collected will vary 

according to the radionuclide and the compound to which it is attached. Sample 

collection procedures should be developed to ensure that appropriate types, sizes, and 

numbers of samples are collected that will provide appropriate physiological information 

for the dose assessment. 



 

 

An individual’s baseline measurement of radioactive material within the body should be 

conducted before beginning work that involves exposure to radiation or radioactive 

materials for which monitoring is required. 

In addition to the baseline measurements, periodic bioassay measurements should be 

performed. The frequency of periodic measurements should be based on the likelihood of 

significant exposure of the individual. In determining the worker’s likely exposure, 

consider such information as the worker’s access, work practices, measured levels of 

airborne radioactive material, and exposure time. Periodic measurements should be made 

when the cumulative exposure to airborne radioactivity, since the most recent bioassay 

measurement, is > 0.02 ALI. Noble gases and airborne particulates with a radioactive 

half-life of less than 2 hours should be excluded from the evaluation, since external 

exposure generally controls these radionuclides. 

At a minimum, periodic measurements should be conducted annually. Periodic 

measurements provide additional information on any long-term accumulation and 

retention of radioactive material in the body, especially for exposures to concentrations of 

airborne radioactive material below monitoring thresholds. 

When an individual is no longer subject to the bioassay program, because of change in 

employment status, termination bioassay measurement should be made, when practicable, 

to ensure that any unknown intakes are quantified. 

 

Special Monitoring 

Because of uncertainty in the time of intakes and the absence of other data related to the 

exposure (e.g., physical and chemical forms, exposure duration), correlating positive 

results to actual intakes for routine measurements can sometimes be difficult. Abnormal 

and inadvertent intakes from situations such as a failed respiratory protective device, 

inadequate engineering controls, inadvertent ingestion, contamination of a wound, or skin 

absorption, should be evaluated on a case-by-case basis. When determining whether 

potential intakes should be evaluated, consider the following circumstances: 

 The presence of unusually high levels of facial and/or nasal contamination 

 Entry into airborne radioactivity areas without appropriate exposure controls 



 

 

 Operational events with a reasonable likelihood that a worker was exposed to 

unknown quantities of airborne radioactive material (e.g., loss of system or container 

integrity) 

 Known or suspected incidents of a worker ingesting radioactive material 

 Incidents that result in contamination of wounds or other skin absorption 

 Evidence of damage to or failure of a respiratory protective device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix F 

General Topics for Safe Use of licensed material and 

Model Emergency Procedures 

 

General Topics for Safe Use of licensed material 

Each laboratory or area where radioactive material is used or stored should have general 

rules, so that workers know what is required. Typical instructions should include: 

 Wear a laboratory coat or other protective clothing at all times in areas where 

licensed materials are used. 

 Wear disposable gloves at all times when handling licensed materials. 

 After each procedure or before leaving the area, monitor hands, shoes, and 

clothing for contamination in a low-background area. 

 Do not eat, drink, smoke or apply cosmetics in any area where licensed material is 

stored or used. 

 Do not store food, drink or personal effects in areas where licensed material is 

stored or used. 

 Wear personnel monitoring devices, if required, at all times while in areas where 

licensed materials are used or stored. 

 Dispose of radioactive waste only in designated, labeled and properly shielded 

receptacles. 

 Never pipette by mouth. 

 Store radioactive solutions in clearly labeled containers. 

 Secure all licensed material when it is not under the constant surveillance and 

immediate control of the user(s). [12] 

 

Radionuclides-specific Procedures 

Legal persons should develop written procedures for use of different radionuclides so that 

users know the types of shielding, protective clothing, survey instruments, surveys, and 

decontamination activities that are required. [12] 



 

 

General Safety Procedures to Handle Spills 

Name and telephone number of RPO or an alternate person(s) should be posted 

conspicuously in areas of use, so that it is readily available to workers in case of 

emergencies. Legal persons should have emergency equipment readily available for 

handling spills. Spill kits should include the following: 

 Disposable gloves 

 Housekeeping gloves 

 Disposable lab coats 

 Disposable head coverings 

 Disposable shoe covers 

 Roll of absorbent paper with plastic backing 

 Masking tape 

 Plastic trash bags with twist ties 

 “Radioactive Material” labeling tape 

 Marking pen 

 Pre-strung “Radioactive Material” labeling tags 

 Box of Wipes 

 Instructions for “Emergency Procedures” 

 Clipboard with a copy of the Radioactive Spill Report Form for the facility 

 Pencil 

 Appropriate survey instruments including batteries (for survey meters). [12] 

 

Minor Spills of Liquids and Solids 

Instructions to Workers 

 Notify persons in the area that a spill has occurred. 

 Prevent the spread of contamination by covering the spill with absorbent paper. 

(Paper should be dampened if solids are spilled). 

 Clean up the spill, wearing disposable gloves and using absorbent paper. 



 

 

 Carefully fold the absorbent paper with the clean side out and place in a plastic 

bag for transfer to a radioactive waste container. Put contaminated gloves and any 

other contaminated disposable material in the bag. 

 Survey the area with an appropriate low-range radiation detector survey meter or 

other appropriate technique. Check the area around the spill for contamination. 

Also check hands, clothing, and shoes for contamination. 

 Report the incident to the (RPO) promptly. 

 Allow no one to return to work in the area unless approved by the RPO. 

 Cooperate with RPO (e.g., investigation of root cause, provision of requested 

bioassay samples). 

 Follow the instructions of the RPO (e.g., decontamination techniques, surveys, 

provision of bioassay samples, requested documentation). 

Reminders to RPO 

 Follow up on the decontamination activities and document the results. 

 As appropriate, determine cause and corrective actions needed; consider bioassays 

if licensed material may have been ingested, inhaled, and/or absorbed through the 

skin. 

 If necessary, notify the regulatory authority. [12] 

 

Major Spills of Liquids and Solids 

Instructions to Workers 

 Clear the area. If appropriate, survey all persons not involved in the spill and 

vacate the room. 

 Prevent the spread of contamination by covering the spill with absorbent paper 

(paper should be dampened if solids are spilled), but do not attempt to clean it up. 

To prevent the spread of contamination, limit the movement of all personnel who 

may be contaminated. 

 Shield the source only if it can be done without further contamination or 

significant increase in radiation exposure. 



 

 

 Close the room and lock or otherwise secure the area to prevent entry. Post the 

room with a sign to warn anyone trying to enter that a spill of radioactive material 

has occurred. 

 Notify the RPO immediately. 

 Survey all personnel who could possibly have been contaminated. Decontaminate 

personnel by removing contaminated clothing and flushing contaminated skin 

with lukewarm water and then washing with a mild soap. 

 Allow no one to return to work in the area unless approved by the RPO. 

 Cooperate with RPO (e.g., investigation of root cause, provision of requested 

bioassay samples). 

 Follow the instructions of the RPO (e.g., decontamination techniques, surveys, 

provision of bioassay samples, requested documentation). 

Reminders to RPO 

 Confirm decontamination of personnel. If decontamination of personnel was not 

fully successful, consider inducing perspiration by covering the area with plastic. 

Then wash the affected area again to remove any contamination that was released 

by the perspiration. 

 Supervise decontamination activities and document the results. Documentation 

should include location of surveys and decontamination results. 

 Determine cause and needed corrective actions; consider need for bioassays if 

licensed material may have been ingested, inhaled, and/or absorbed through the 

skin. 

 If necessary, notify the regulatory authority. [12] 

 

Incidents Involving Radioactive Dusts, Mists, Fumes, Organic 

Vapors, and Gases 

Instructions to Workers 

 Notify all personnel to vacate the room immediately. 

 Shut down ventilation system, if appropriate, to prevent the spread of 

contamination throughout system and other parts of facility. 



 

 

 Vacate the room. Seal the area, if possible. 

 Notify the RPO immediately. 

 Ensure that all access doors to the area are closed and posted with radiation 

warning signs, or post guards (trained) at all access doors to prevent accidental 

opening of the doors or entry to the area. 

 Survey all persons who could have possibly been contaminated. Decontaminate as 

directed by the RPO. 

 Promptly report suspected inhalations and ingestions of licensed material to the 

RPO. 

 Decontaminate the area only when advised and/or supervised by the RPO. 

 Allow no one to return to work in the area unless approved by the RPO. 

 Cooperate with RPO (e.g., investigation of root cause, provision of requested 

bioassay samples). 

 Follow the instructions of the RPO (e.g., decontamination techniques, surveys, 

provision and collection of bioassay samples, requested documentation). 

Reminders to RPO 

 Supervise decontamination activities. 

 Perform air sample surveys in the area before permitting resumption of work with 

licensed materials 

 Provide written directions to potentially contaminated individuals about providing 

and collecting urine, breath, blood, or fecal samples, etc. 

 Consider need for medical exam and/or whole body count before permitting 

involved individuals to return to work with licensed material. 

 Determine cause and corrective actions needed; consider need for bioassays if 

licensed material may have been ingested, inhaled, and/or absorbed through the 

skin. Document incident. 

 If necessary, notify the regulatory authority. [12] 

 

 



 

 

Elements of Operating Procedures Applicable to All Types of Self-

Shielded Irradiators 

 Analyze each type of material to be placed in the irradiator to ensure that it is 

compatible with the irradiator’s design or to determine whether special procedures 

in addition to those given by the manufacturer (or distributor) are required to 

ensure the safe operation of the irradiator. 

 Prepare model-specific instructions for routine inspections, test procedures, and 

maintenance to ensure that all interlocks, devices, and components critical to the 

safe operation of the irradiator are functioning properly. (Prohibited actions such 

as changing the safety control system or removing the source should be stated.) 

 Develop methods to maintain accountability (e.g., log book to record irradiator 

use) and to ensure that only authorized persons will use or have access to the 

irradiator (e.g., control access to the irradiator’s keys or control access to the area 

where the irradiator is located). 

 Define steps to take to keep radiation exposures ALARA. 

 For each model irradiator, define step-by-step procedures on how to operate the 

irradiator and how to perform routine maintenance. Information may be extracted 

from the manufacturers (or distributors) manual. [12] 

 

Specific Operating Procedures to Moving-Source Irradiators 

 The irradiator should not be used unless the licensee provides a calibrated and 

operable radiation survey meter or a room monitor for use with the irradiator. 

 The irradiator door should not be opened until the operator has checked visual 

indicators to verify that the source has returned to its safe storage position. 

 Each room monitor should: 

1. Be operable at all times when the irradiator is in use 

2. Activate a visible and audible alarm when radiation levels exceed 0.02mSv 

per hour 

3. Be located to detect any radiation escaping from the irradiator door be located 

so that it is visible to the irradiator user when next to the irradiator. 



 

 

Emergency elements Procedures to Self-Shielded Irradiators 

 Leave the irradiator area (to reduce radiation exposure). 

 Control access to the area (e.g., lock door). 

 Contact responsible individuals (e.g., names, phone numbers of RPO, irradiator 

manufacturer (or distributor), emergency response organizations such as fire 

department, the regulatory authority). 

 Take additional steps, dependent on the specific situations (e.g., surveys). 

 As appropriate, require timely reporting to the regulatory authority. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix G 

Model Waste Management Procedures 

 

General Guidelines 

1. All radioactivity labels must be defaced or removed from containers and packages 

prior to disposal in ordinary (non-radioactive) waste. If waste is compacted, all 

labels that are visible in the compacted mass must be defaced or removed. 

2. Remind workers that non-radioactive waste such as leftover reagents, boxes, and 

packaging material should not be mixed with radioactive waste. 

3. Occasionally monitor all procedures to ensure that radioactive waste is not created 

unnecessarily. Review all new procedures to ensure that waste is handled in a 

manner consistent with established procedures. 

4. In all cases, consider the entire impact of various available disposal routes. 

Consider occupational and public exposure to radiation, other hazards associated 

with the material and routes of disposal (e.g., toxicity, carcinogenicity, 

pathogenicity, flammability), and costs. 

5. Waste management program should include waste handling procedures for the 

users within their laboratories or assigned areas, and for waste handlers who may 

collect waste from areas of use to bring to the storage area for eventual disposal. 

6. Housekeeping staff should be provided adequate training to avoid the possibility 

of unauthorized disposal or exposure of these individuals to radioactive materials 

or to radiation. [12] 

 

Model Procedure for Disposal by Decay-in-storage (DIS) 

1. Only short-lived waste (physical half-life of less than or equal to 120 days) may 

be disposed of by DIS. 

2. Short-lived waste should be segregated from long-lived waste (half-life greater 

than 120 days) at the source. 

3. Waste should be stored in suitable well-marked containers, and the containers 

should provide adequate shielding. 



 

 

4. Liquid and solid wastes must be stored separately. 

5. When the container is full, it should be sealed. The sealed container should be 

identified with a label affixed or attached to it. 

6. The identification label should include the date when the container was sealed, the 

longest-lived radioisotope in the container, date when ten half-lives of the longest-

lived radioisotope will have transpired, and the initials of the individual who 

sealed the container. The container may be transferred to the DIS area. 

7. The contents of the container should be allowed to decay for at least 10 half-lives 

of the longest-lived radioisotope in the container. 

8. Prior to disposal as ordinary trash, each container should be monitored as follows: 

 Check the radiation detection survey meter for proper operation. 

 Survey the contents of each container in a low background area. 

 Remove any shielding from around the container. 

 Monitor all surfaces of the container. 

 Discard the contents as ordinary trash only if the surveys of the contents 

indicate no residual radioactivities, i.e., surface readings are 

indistinguishable from background. 

 If the surveys indicate residual radioactivity, return the container to DIS 

area and contact the RPO for further instructions. 

9. If the surveys indicate no residual radioactivity, record the date when the 

container was sealed, the disposal date, type of waste (used or unused material, 

gloves, etc.), survey instrument used, and the initials of the individual performing 

surveys and disposing of the waste. [12] 

 

Model Procedure for Disposal of Liquids into Sanitary Sewerage 

1. Confirm that sewerage system is a public system, not a private sewerage system, 

septic system, or leach field. 

2. Confirm that the liquid waste being discharged is soluble or biological material 

that is readily dispersible in water. 

3. Calculate the amount of each radioisotope that can be discharged by using the 

information from prior, similar discharges. 



 

 

4. Make sure that the amount of each radioisotope does not exceed the monthly and 

annual discharge limits. 

5. Record the date, radioisotope(s), estimated activity of each radioisotope, location 

where the material is discharged, and the initials of the individual discharging the 

waste. 

6. Liquid waste should be discharged only via designated sinks, toilets or release 

points. 

7. Discharge liquid waste slowly to with water running from the faucet to dilute it. 

8. Survey the sink and surrounding work surfaces to confirm that no residual 

material or contamination remained in the sink or on work surfaces. 

9. Prior to leaving the area, decontaminate all areas or surfaces, if found to be 

contaminated. 

10. Maintain records of each radioisotope and its quantity and concentration that is 

released into the sanitary sewer system. [12] 
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