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ABSTRACT 

 

This study aimed to provide a document (code) for the standard practice in teletherapy facilities 

to be a reference and guide for establishing new teletherapy facilities or mending an existing one, 

Another aim was to evaluate the teletherapy facilities with regard to their compliance to the 

recommendations and guides mentioned in this document.   

This document includes: safety specifications for teletherapy equipment, facility planning and 

shielding design, radiation protection and work practice, quality assurance and personnel 

requirements and responsibilities. In order to  assess  the degree of compliance of  the two 

centers in the country with  what was stated in the developed document IAEA inspection 

checklist was utilized and made some radiation measurements were made around the treatment 

rooms. 

The results of such inspection mission revealed that the current status of radiation protection in 

both of the inspected centers is almost similar and both are not satisfactory as many of the 

essential items of radiation protection as stipulated in this document  were not followed, which 

lead to unnecessary radiation exposure to patients and staff. 

Finally, some recommendations that may help to improve the status of radiation protection in 

radiotherapy departments in Sudan are given. 
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 البحث ملخص

 

" نتكىٌ يشخعب انعالج ببألشعت يُشئبثفٍ  تانًُىرخُ انًًبسستَهذف هزا انبحث إنً تقذَى يسىدة نقىاعذ 

تقُُى يستىي انىقبَت يٍ اإلشعبع فٍ ببإلظبفت إنً  ىخىدة،ي يُشئت أو إصالذخذَذة  يُشئت َشبءإل"ودنُال

  .انًسىدةهزِ عهً يب خبء فٍ " أقسبو انعالج ببألشعت بُبء

بألشعت وحسبببث بانعالج ببألشعت، تصًُى أقسبو انعالج  األيبٌ ألخهزة يىاصفبث: تحتىي انًسىدة عهً 

 أشتًموقذ . و يسئىنُبث كم فشد فٍ انقسى ،انتذسَع، بشَبيح انىقبَت يٍ اإلشعبع، بشَبيح ظًبٌ اندىدة

نعالج ببألشعت ببستخذاو استًبسة يطببقت يب خبء فٍ انًسىدة يع انىظع انحبنٍ ألقسبو ااندبَب انعًهٍ عهً 

اإلشعبع فٍ  ثَبببإلظبفت إنً اخز قُبسبث نًستى( IAEA) تانتفتُش انصبدسة يٍ انىكبنت انذونُت نهطبقت انزسَ

 .انعالج عذة يىاقع حىل غشف

يتشببهت و غُش " انًعُُت تقشَبب األقسبوفٍ  اإلشعبعانىظع انحبنٍ نهىقبَت يٍ  أٌ وقذ أظهشث انُتبئح

 غُش يتىفشة حُث أٌ انكثُش يٍ يتطهببث انىقبَت يٍ اإلشعبع انًزكىسة فٍ يسىدة قىاعذ انًًبسست ،يشظُت

  .انًشظٍ وانعبيهٍُ إنً خشعبث إشعبعُت غُش يبشسةكم يٍ شض تع إنًيًب َؤدٌ 

 أقسبو فٍقذ تسبعذ عهً تحسٍُ وظع انىقبَت يٍ اإلشعبع  انتٍ انتىصُبثانبحث عهً بعط  أشتًم أخُشا

.انسىداٌ فٍانعالج ببألشعت   
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CHAPTER ONE 

INTRODUCTION 

Radiotherapy treatment is one of the modalities that used in cancer treatment either 

alone or in combination with surgery or other modalities such as chemotherapy. The 

radiation oncologist prescribes a treatment method to cure or control the disease, taking 

into account minimizing complications to normal tissue, i.e., delivering high dose to the 

malignant tissues and avoiding any unacceptable damage to the normal tissues. 

Published clinical and experimental results showed that dose response curves, for tumor 

control or for normal tissue damage, are variable. For some treatment sites a small 

change in the dose can result in a large change in clinical response. Moreover, the 

prescribed doses are often, by necessity, constrained by tolerance doses for normal 

tissue. The International Commission on Radiation Units and Measurements (ICRU 

report No.24) has recommended that the dose delivered  should be within + 5% of the 

prescribed dose. Because, if the dose to the target is 5% too low that may result in 

clinically detectable reduction in tumour control or to the normal tissues, 5% too high 

may lead to significant increase in normal tissue complication probability ( morbidity or 

unacceptable side effects). The optimal radiotherapy treatment require: 

 accurate diagnosis, 

 accurate determination of the target volume and critical organs at risk,  

 proper dose prescription,  

 correct delivery of the prescribed treatment and diligent follow-up.  

 Careful documentation of every phase of the radiation treatment process for 

clinical evaluation. 

The use of radiotherapy accelerators in special procedures such as intraoperative 

electron therapy, stereotactic radiosurgery, and conformal three-dimensional therapy 

require additional and even more stricter QA procedures to insure the level of 

confidence in the accuracy of dose delivered, Also the planning and delivery phases of 

radiotherapy treatment are the responsibility of specially trained staff including 

oncologist, medical physicist, and technician. The optimal radiotherapy treatment can be 

only performed with close cooperation between all of them. 
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Although the use of radiotherapy has overall benefit, but the high radiation doses 

involved with therapeutic exposures have the potential to cause severe or even fatal 

consequences to those who benefit from the treatment and to health care staff and 

members of the public if unintended radiation exposure occurs. According to all of that, 

guided information is needed to assist the relevant persons in the delivery of radiotherapy 

treatment, and also to insure the treatment standard is almost equal in all facilities in the 

country. This guide should include all details concerning the radiotherapy treatment like: 

design of the facility, the shielding required, radiation protection program , the quality 

assurance program, the responsibility of every person in the radiotherapy department etc.. 

 

1-1 The Aim of this Study: 

      This study aimed to provide a document for the standard practice in teletherapy 

departments to be a reference and guide for establishing or mending teletherapy facilities 

and departments. Another aim was to evaluate the teletherapy centers with regard to their 

compliance to the recommendations and guides mentioned in this document.  

 

1-2 The scope:  

    This code specifies the minimum standard of safety concerning the design, 

construction in teletherapy facilities. It presents recommended practice for minimizing 

patient and operator exposure and ensuring that teletherapy machine (Co60 and linear 

accelerator) are used in safe manner. It also supplies information and method of 

calculation or otherwise the effectiveness and adequacy of shielding in addition to set out 

the relative responsibilities of each person in the facility such as the legal person, 

oncologist, medical physicist etc..  
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CHAPTER TWO 

LITERATURE REVIEW 

 

Code of Practice for Teletherapy Cobalt Units
[9]

: 

This code of practice encompasses the quality control tests which require to be performed 

daily, weekly, monthly, and biannually, also the tests which should be performed at 

installation or subsequent to a source change, in addition to methods to achieve these 

goals. 

The requirements stated in this code are gleaned from Official Publications of  

International Atomic Energy Agency (IAEA), International Commission on Radiation 

Units and measurements (ICRU), International Commission on Radiological Protection 

(ICRP), and Government Gazettes, Professional Publications of Health protection 

Agency (HPA) and American Association of physicist in Medicine (AAPM) and 

manufacturer‘s specifications as contained in their various manuals. 

The code also includes range of values and tolerances that are specified in the Initial 

Customer Acceptance Document. The tables list the equipment/analysis and typical 

tolerances of older machines and various appendices give the relevant protocols and 

suggested methods. It is automatically assumed that the weekly checks will encompass 

the daily checks as those in each succeeding section are in addition to the sections that 

precede it. 

 

AAPM code of practice for radiotherapy accelerators
[15] 

: 

The present document is the result of the AAPM‘s efforts to provide guidelines which 

enable the safe and accurate application of external radiation beams from high energy 

radiotherapy accelerators. It is intended as an update to the ―Code of practice for x-ray 

therapy linear accelerators,‖ a document published by the AAPM  in 1975. As indicated 

in its title, the contents of the original code of practice were limited to cover linear 

accelerators producing x rays of 10 MV or less. Since 1975, radiotherapy accelerators 

that are capable of producing higher energy x-rays, as well as electron beams have 
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become commercially available for routine use. Many machines can produce beams with 

several electron energies, and some have dual x-ray energy capabilities. In addition to 

linear accelerators, there are now a few microtrons coming into use. Techniques using 

single fractions of high doses such as intraoperative electrons, stereotactic radiosurgery, 

etc. have emerged. More recently, there has been an evolving interest in programmable 

portal shaping using multi-leaf collimation. 

This development promises a new interest in conformal therapy and poses a challenge to 

a radiation oncology team to develop methods that ensure safe and efficacious use of 

these new technologies. 

This code  is intended to apply not only to radiotherapy accelerators that produce x-ray 

beams but also to those that produce electron beams. The reason for including both x-ray 

and electron beams in one document is that in most technical, radiation safety and 

practical operational aspects, these machines pose very similar problems. 

 

Code of Practice for the Application of Quality Control on a 

Medical Linear Electron Accelerator
[14] 

In this code a description for the various characteristics of a medical linear accelerator to 

be tested during acceptance is given. These characteristics are discussed under the 

following headings: Mechanical and optical characteristics, Beam characteristics, 

Dosimetry and General safety and radiation safety. 

The specifications with which a high energy teletherapy unit should comply are laid 

down by the International Electro technical Commission (IEC). The manufacturers of 

these equipment use the specifications of the IEC as a guide when designing and 

manufacturing teletherapy units. 

The requirements to comply with during quality control are based on the results obtained 

during acceptance. Therefore it is essential to put the results of the acceptance tests on 

record to be used as  reference values in the quality control program. 

In the publications of the IEC it is required that the supplier should supply the limiting 

values for the equipment to the user. This approach of the IEC is followed in many of the 

characteristics discussed in this document 
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This code also concluded with a recommended quality control program which may be 

followed during the life of the linear accelerator. The frequency of testing the various 

characteristics is given with reference to the previous section in which the characteristic 

were discussed. 

Radiation Protection in Radiotherapy
[1]

 

This Safety Guide provides information to assist the relevant persons to meet the 

requirements of the Code in the delivery of radiotherapy. Although the guidance offered 

in this Safety Guide is in itself not mandatory, it is recommended that the measures 

included in it should be implemented in the interests of controlling radiation exposure 

and reducing risks. It includes information on: the roles of the members of the 

multidisciplinary team and delegation of responsibilities,  procedures for optimising 

protection through treatment planning and delivery, recommendations regarding quality 

assurance activities, and recommendations regarding documentation and departmental 

protocols. This Safety Guide applies to: the exposure of patients as part of their treatment, 

the exposure of individuals participating in research programs , the occupational exposure of 

individuals arising from radiotherapy practice, and  the exposure of members of the public arising 

from the use of medical radiation equipment and radioactive sources including: the exposure of 

health professionals, other than those occupationally exposed, and the exposure of carers.  

This Safety Guide sets out information to assist in achieving the levels of protection 

specified in the Code. While it does not form part of the material directly adopted into the 

regulatory frameworks of the State, Territory or Commonwealth Authorities, it does set 

out best practice in radiotherapy and therefore the use of this Safety Guide is 

recommended for establishing appropriate radiation protection procedures. The Safety 

Guide does not restrict users from developing their own procedures to meet the 

requirements of the Code that provide an equivalent level of safety.  

Code of Practice for Radiation Protection in The Medical 

Applications of Ionizing Radiation
[16]

: 

This Code establishes the regulatory requirements for the use of ionizing radiation in 

medicine that will, in the context of good practice, ensure that the risks associated with 
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radiation exposure to the patient are optimized and those to staff and other persons are as 

low as reasonably achievable, the radiation protection principles, the  requirement for the 

preparation of a comprehensive Radiation Management Plan addressing the radiation 

protection principles, and the specific roles and responsibilities of : the Responsible 

Person, radiation-producing equipment, and the radiation medical practitioner, being the 

person responsible for the justification and optimization of the procedure involving the 

exposure of the patient to ionizing radiation, either for each individual patient or by way 

of protocols specific for the procedure, and the operator who exposes the patient to 

ionizing radiation, and  the management and reporting of radiation incidents. This Code 

applies to: the exposure of patients as part of their medical diagnosis or treatment, the 

exposure of individuals as part of health screening programs, the exposure of individuals 

participating in research programs, the exposure of individuals as part of medico-legal 

procedures, the occupational exposure of individuals; the exposure of carers, and 

the exposure of members of the public arising from medical radiation producing 

equipment and radioactive sources. 
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CHAPTER THREE 

RADIATION PROTECTION IN TELETHERAPY 

FACILITIES  

 

3-1 Safety Specifications for External Beam Equipment: 

Before any equipment is selected, the clinical goal of radiation therapy should be clearly 

defined to ensure that the specifications of the equipment under consideration satisfy the 

clinical needs. The choice of the equipment that will meet most of the clinical needs in 

the local situation should be made jointly by the responsible Oncologist and the Medical 

Physicist. The choice of the kind of treatment delivery system will affect the other 

equipment needs. The main requirements of external beam equipment whether radiation 

generators or those containing sealed sources should be as follows: 

1) Conform to applicable standards of the International Electro technical 

Commission (IEC), the International Standards Organization (ISO) or European 

Commission (EC) or any other standard approved by the Regulatory Authority.
 [4]

 

2) Performance specifications and operating and maintenance instructions, including 

protection and safety instructions, be provided in English or Arabic language. In 

cases where such documents have to be translated into Arabic or English, a QA 

process should be applied to this to ensure proper understanding and avoid 

operating errors.
 [4]

 

3)  Equipment design should permit interruption of the irradiation from the control 

panel; after the interruption, resumption of irradiation should be possible only 

from the control panel.
 [4]

 

4) radioactive sources for teletherapy shall be so constructed that they conform to the 

definition of a sealed source;
 [4]

 

5) Teletherapy equipment containing radioactive sources should be provided with a 

device to return sources manually to the shielded position in case of an 

emergency.  
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6) Irradiation heads should have a clear permanent sign indicating the existence of 

radioactive material.
 [4]

 

7) Radiation beam control mechanisms be provided, including devices that indicate 

clearly and in a fail-safe manner whether the beam is ‗on‘ or ‗off‘;
 [4]

 

8)  as Nearly as practicable, the exposure be limited to the area being treated by 

using collimating devices aligned with the radiation beam;
 [4]

 

9) The radiation field within the examination or treatment area without any radiation 

beam modifiers (such as wedges or multi leaf collimators (MLC)) be as uniform 

as ± 5 % points of the values accepted at commissioning and the non-uniformity 

be stated by the supplier; 
[4]

 

10)  Exposure rates outside the examination or treatment area due to radiation leakage 

or scattering be kept as low as reasonably achievable
[3]

,(typically should be less 

than 0.1% of the primary radiation).
[8]

 

11) Radiation generators and irradiation installations should include provisions for 

selection, reliable indication and confirmation (when appropriate and to the extent 

feasible) of operational parameters such as type of radiation, indication of energy, 

beam modifiers, treatment distance, field size, beam orientation and either 

treatment time or preset dose.
[4]

 

12) Irradiation installations using radioactive sources be fail-safe in the sense that the 

source will be automatically shielded in the event of an interruption of power and 

will remain shielded until the beam control mechanism is reactivated from the 

control panel; 

a)   High energy teletherapy equipment should have at least two independent 

‗fail to safety‘ systems for terminating the irradiation; and  

b) be provided with safety interlocks or other means designed to prevent the 

clinical use of the machine in conditions other than those selected at the 

control panel.
 [4]

 

13) The design of safety interlocks be such that operation of the installation during 

maintenance procedures, if interlocks are bypassed, could be performed only 

under direct control of the maintenance personnel using appropriate devices, 

codes or keys;
 [4]
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14) The capsule or material of a sealed source shall be strong enough to maintain leak 

tightness under the conditions of use and wear for which the source was designed, 

also under foreseeable mishaps and should comply with ISO 2919.
[4]

 

 

3-2 Facility Planning and Shielding Design: 

3-2-1 The Planning:- 

The Components of typical radiotherapy department are: Diagnostic facilities (CT, MRI, 

…), Simulator, Mould room, Treatment planning, teletherapy treatment units , Clinic 

rooms, beds, etc. It could be divided into:  

1. outpatient areas: 

 Reception area 

 Clinic rooms - new patients and review 

 Waiting area 

 Diagnostics - e.g. CT scanner, simulator, dark room 

 Treatment units (Co-60, linac) 

 Treatment planning including mould room 

 Dosimetry, physics and electronics labs 

 Office space and storage 

2. Inpatient areas 

 Oncology ward 

3. Non-patient areas 

 Offices 

 Workshops (physics, electronics, mechanics) 

 Storage 

 Teaching 

 Research
[8]

 

The space available for construction is a very important factor in the design of the 

facility, whether the facility is to be built in a new area, or a machine is to be fitted into 

an area in an existing building especially if the new machine is to replace one of lower 

energy. When planning a new facility, assumptions must be clearly stated considering 
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future expansion, increase in workload, and easy access for patients and ambulance, 

patient may be transported by wheelchair or on a trolley bed from adjacent buildings. 

Planning the size and workload of the facility should be conservative and the design 

should be adequate for the next 20 year including room for expansion.
[7] 

Figure 1 shows 

an example layout for teletherapy department that contains multiple rooms. 

The Drawing of the department should include: 

 direction of north 

 exact position of the equipment 

 location of doors and windows 

 ducts or other penetrations through a wall relevant 

 identification of rooms (number) 

 Cross sections (above and below?) 

 exact distances where relevant 

 Indications of adjacent areas/buildings 

 Shielding 

 Indication of radiation protection measures: 

• emergency off buttons 

• monitors 

• safe for sources.
[8]

 

Before initiating construction of radiotherapy facility, the approval by the regulatory 

authority has to be obtained (site & construction licenses), otherwise the modifications 

required by the regulatory authority at late stage will be costly and even impracticable. 

After establishing, any changes that affect the safety should not be made without the 

knowledge of the regulatory authority. 
[1] [15] 

 

3-2-2 The Location: 

Radiotherapy departments are usually located on the periphery of the hospital complex to 

avoid radiation protection problems arising from therapy rooms being adjacent to high 

occupancy areas but It is typically preferred to be  in the basement. It is usually best to 

place treatment rooms together to use common walls. It is advisable to make use of 

landscape features (e.g. built bunkers into a hill).
[8]
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Figure -1: Example Layout for Teletherapy Department
[8]
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Careful consideration should be given to: 

 Proximity to adjunct facilities,  

 ready access for in-patients and outpatients, and 

 consolidation of all therapeutic radiological services. 

For rooms below ground level, the reduction in shielding costs for floors and outside 

walls should be weighed against the expense of excavation, watertight sealing and of 

providing access.  

For rooms on or above ground level, the outside walls always require shielding; and 

additional structural support may be required for heavy equipment and for the additional 

weight of the shielding barriers.
 [2]

 

Patient and visitor waiting areas should be positioned so that patients are unlikely to enter 

treatment areas accidentally. Patient change areas should be located so that the patient is 

unlikely to enter a treatment area accidentally.
[2]

 

Also, for security purposes, radiotherapy facilities using radioactive sources should be 

located in areas where access by members of the public to the rooms where sources are 

used and stored can be restricted. Further, the proximity of source storage facilities to 

personnel that may respond in the event of a security breach should also be considered.
[2] 

 
 

3-2-3 The Treatment Room: 

The treatment room should be large enough to accommodate the treatment machine 

allowing the full range of motion of the treatment table. The minimum recommended 

area of a cobalt room is around 39 m
2
 and about 64 m

2 
for linear accelerators. usually the 

machine manufacturer‘s pre-installation manual  provide the minimum room dimensions 

(length, width and height).
[2] 

Figure 4 and figure 6 illustrates typical teletherapy room 

layout. 

Advantage of large treatment room: 

 Distance minimize shielding required, 

 Consider special treatments such as TBI (Total Body Irradiation), 

 Enough storage space for accessories and patient immobilization, 
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 Allows for future upgrades of equipment (Focal Access Distance - FAD 

80 - 100cm) and increases in shielding.
[8]

 

A door interlock or other suitable means to prevent unauthorized access should be 

provided and a power-fail-safe area radiation monitor should be visible on entering the 

room.  

Means for dimming the room lights should be considered in the design of the room.  

Adequate space should be planned for cabinetry to store treatment devices, 

immobilization devices, blocks and daily quality assurance equipment.  

A means of securely mounting patient positioning lasers to the wall at points appropriate 

to project lines through the isocenter should be included in the plans. 

Space for a console immediately outside the treatment area overlooking the treatment 

room door should be planned. This console area should be large enough to accommodate 

not only the control console for the unit but a work space for the treatment technologist 

and space for an intercom and closed circuit television system. The console area should 

also accommodate any computer equipment associated with the treatment machine. This 

may include an information management system, electronic imaging, or treatment time 

calculation systems.
 [11]

 

Treatment rooms should have emergency switches controlling the mains power to the 

radiotherapy equipment to allow for emergency termination of a radiation exposure in 

case of: 

 uncontrolled movement of the patient;  

 staff member being accidentally left in the treatment room after commencing of 

the treatment;   

 allowing urgent access to the patient.  

They should be both visible and easily accessible to staff from any point in the treatment 

room.
[1]   

 Suggested locations of such emergency switches in Figure 2.
 [8] 

Ducts and conduits between the treatment room and the outside must be adequately 

shielded. This includes ducts for cables necessary to control the treatment unit, heating 

and ventilation ducts, ducts for physics equipment and other service ducts. It is 

recommended that ducts should only penetrate the treatment room through secondary 

barriers. No duct with a diameter greater than 30 mm should penetrate the primary 
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shielding. The ducts should be placed in such a way that radiation passing through them 

will require the least amount of compensation for the barrier material it displaces. No 

duct should run orthogonally through a radiation barrier. It could either run at an angle 

through the barrier or have one or more bends in it so that the total length of the duct is 

greater than the thickness of the radiation barrier.
[2]

  

 

Figure -2: Suggested Locations for Emergency Switches
[8]

  

 

3-2- 4 The Mazes: 

In order to reduce the radiation dose near the entrance, a restricted access passageway 

leading to the room may be incorporated in the design. This passageway is termed the 

maze. Ideally this should be as long and with as small a cross-section as possible. The 

minimum width may be determined by the dimensions of the treatment unit to be 

delivered by this route or by access for a hospital bed. The minimum width is typically 50 

cm.  

Advantages of the Maze: 

Couch 

Door 

Primary 

Beam 

Where a 

person 

entering 

or leaving 

the room 

can see 

the whole 

area 

 

Operator 

console 

Where the operators usually stand. 
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 A maze ensures that photon radiation can only exit the room after scattering has 

attenuated it. 
 

 It reduces the need for a heavy shielding door. If the length of the maze is 

sufficient, or if there are enough bends, there may be no need for a radiation 

protection door at the maze entrance. However, it is recommended that a physical 

barrier such as a normal door or gate be installed to discourage entry to the maze 

during patient treatment if a shielded door is not required. 
 

 It could be used as a route for ventilation ducts and electrical conduits without 

compromising the shielding.
[2]  

 

3-2- 5 Doors and Interlocks: 

It is recommended that a barrier be installed at the entrance to the maze or treatment 

room to restrict access during exposures. If a shielded barrier is required to reduce dose 

rates, a motorized door may be necessary. A motorized door must have a manual means 

of opening the door in the event of a power or mechanical failure. There should also be 

an emergency means by which the motion of the door is stopped. Additionally, any 

motorized door that is too heavy to be stopped manually should have sensors that stop the 

motion of the door to prevent injury to personnel and patients. All doors, gates, 

photoelectric beams and motion detectors must be interlocked to the treatment unit to 

prevent an exposure if a door is open(Figure -3).  

 The interlock must also ensure that when the door is opened the irradiation will be 

terminated. The radiation output of the device should not be resumed automatically after 

the door is closed again. The interlock should be fail-safe so that safety is not jeopardized 

in the event of failure of any one component of the system.
[8] 

 

3-2- 6 Warning Signs and Lights: 

It is recommended that an illuminated warning sign be displayed at the entrance to the 

maze or treatment bunker as well as several inside the treatment bunker. It should be 

possible to see a warning sign from any position within the treatment bunker. These signs 

should be mounted at eye level (1650 mm above finished floor level)
[4]

 and interlocked 

with the treatment unit control. The illuminated signs may have two or three stages. For a 
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two stage sign, the first stage will be illuminated when there is power to the treatment 

unit, and the second stage will illuminate when the beam is turned on. For a three stage 

sign, stage one will be illuminated when there is power to the treatment unit, stage two 

will light when the treatment unit is programmed to deliver a radiation beam and stage 

three will illuminate when the beam is turned on. A warning sign should indicate the 

nature of the hazard. If there are controlled areas with restricted access outside the 

treatment bunker these should be labeled appropriately.
[2]
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Figure -3: Example Doors interlocks
[8]

 

3-2- 7 Room Lighting and Alignment Lasers: 

To set up a patient for radiotherapy treatment, the room lights should be dimmable so that 

the field light of the treatment unit and the alignment lasers can be seen easily. It is useful 

to be able to control the room lights and lasers from the treatment unit control pendant in 

the treatment bunker. When the field light is switched on the room lights should dim to a 

pre-set (but variable) 

level, and the alignment lasers should also be switched on. Since fluorescent  lights do 

not dim very satisfactorily, it is recommended that incandescent lights be used for the 

dim level. The main room lighting can be fluorescent lights that extinguish when the field 

light is turned on and the incandescent room lights are used for the dim level. When the 

field light is switched off, the main room lighting is switched on and the lasers switched 

off. The dimmable lights may remain on at all times. 

Its  recommend that if junction boxes or alignment lasers are to be inset in the walls, then 

the voids need to be backed with 40 mm thick steel plate with a 30 mm margin all 

around. Depending on the occupancy of the adjacent area, it may be acceptable to have a 

reduction in the shielding over a small area, especially in a secondary barrier. 

 Alignment lasers are recommended in total. Three lasers projecting a cross: two aligned 

with the gantry positions of 90
o
 and 270

 o
, and one mounted in the ceiling directly above 

the isocentre. The fourth laser should project a sagittal line along the gantry axis. This 

laser is usually mounted on an angled bracket on the wall opposite the gantry. The laser 

switching should be controlled from the hand pendant, but it is also useful to be able to 

switch them off independently for QA tests.
[2] 

 

3-2- 8 Room Ventilation: 

Although it is not related directly to radiation shielding concerns, the production of ozone 

(O3) by electron accelerators does represent a safety hazard. its recommends that the 

concentration of ozone should not exceed 0.1 ppm (part per million)
 [11] 

for continuous 

exposure and it was observed that electron beams are much more efficient producers of 
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ozone than photon beams since it is the electron interaction with the oxygen molecule 

which produces the ozone. 

The room ventilation should be reviewed for high energy accelerators > 15 MeV 10 air 

changes per hour or greater should be satisfactory.
[8] 

 

 

 

 

 

 

 

 

Figure -4: Typical Teletherapy Room Layout
[8]
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3-2- 6 Shielding Design: 

The legal person should employ a Qualified Expert (suitably experienced in radiotherapy 

shielding requirements and approved by the Regulatory Authority) at the architect‘s or 

builder‘s early planning stage for buildings which will house radiotherapy equipment. 

The Qualified Expert provides advice on optimum shielding design, determines and 

documents the radiation shielding specifications according to the sources of radiation in a 

facility, the occupancy and usage of adjacent areas, and whether specific walls, floors and 

ceilings must be considered primary or secondary barriers. 

Full details of the parameters on which the shielding calculations are based should also be 

documented in the report provided by the Qualified Expert. At the site, the Qualified 

Expert should continue to be involved throughout the planning and construction stages to 

ensure that the building design and facilities satisfy radiation safety standards and 

practice.  

Information required to design shielding: 

 Equipment type 

 Type, manufacturer, serial number,… 

 Source isotope, activity (date of calibration!), air KERMA, ... 

 Radiation quality 

 Dose rate 

 Field size 

 Extras: e.g. MLC, IMRT, EPID, ... 

 Workload 

 Target dose 

 Use factor and direction of primary beam 

 Distance to the area of interest 

 Occupancy of area to be shielded 

 Limit value in area to be shielded
[8]

 

Limit Value also referred to as ‗design dose‘ per specified time period, it is occupational 

dose only to be used in controlled areas i.e. only for Technicians , Medical Physicists and 

Oncologists. It‘s usually based on 5 mSv per year for occupationally exposed persons, 
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and 1 mSv for public. Additional constraint can be applied, e.g. 0.3 (to account for the 

fact that a person can be irradiated from multiple sources at the same time).
[8] 

 

If there is any change to radiotherapy equipment and/or any other modifications which 

impact on the shielding or change in the use of the adjacent areas (including above or 

below), the adequacy of the shielding should be reassessed.
[1] 

 

3-2-6-1 Neutrons shielding: 

Neutrons are produced by (gamma, n) production from high energy linear accelerators (E 

> 10MV) due to activation of items in the beam direction. Attenuation (and scatter) of 

neutrons depend very strongly on the neutron energy and maze length. As neutrons can 

activate materials in their beam and generate gamma, other materials for shielding may 

be required. After prolonged use of high energy photons it is advisable to let activation 

products decay prior to entering the room ( >10 minute).
[8] 

 

 

Figure -5:  Schematic of Shielding Wall
[8]

 



 - 21 - 

3-2-6-2 Door Shielding: 

The scattered and leakage dose equivalents are generally relatively low compared with 

the other components (photo-neutrons and neutron capture gamma rays), which become 

energetically possible at higher energies. The average energy of neutron capture gamma 

rays is 3.6 MeV and can range as high as 10 MeV for very short mazes. Thus a lead TVL 

of 6.1 cm may be required. The average neutron energy at the maze entrance is reported 

to be ~100 keV, with a TVL in polyethylene of 4.5 cm. Borated polyethylene (BPE) is 

only a little less effective in fast neutron shielding, but is much more effective for thermal 

neutrons compared with polyethylene without boron.  

The TVL for BPE is 3.8 cm for 2 MeV neutrons, and 1.2 cm for thermal neutrons. For 

purposes of maze door shielding, a conservatively safe recommendation is that a TVL of 4.5 

cm be used in calculating the BPE thickness requirement. Many accelerator rooms with 

maze lengths on the order of 8 m or greater will require 0.6 to 1.2 cm of lead and 2 to 4 

cm of BPE for shielding in the door. One suggested arrangement of the lead and the BPE 

is: lead, BPE, lead. The lead on the source side of the BPE is to reduce the energy of the 

neutrons by nonelastic scattering, and hence make the BPE more effective in neutron 

shielding. The lead on the outside of the BPE will serve to attenuate the neutron capture 

gamma rays from the BPE with energy of 478 keV. Often, the outside lead will not be 

necessary when the maze is long enough to attenuate the neutrons sufficiently before they 

encounter the door.[5] 

 

3-2- 6- 3 Shielding Materials: 

The shielding for higher energy accelerators should take into account both photons and 

neutrons. Neutron shielding requires materials that contain hydrogen or boron,
[7]

 while x-

ray shielding materials need mass and high atomic number. Separate materials can be 

used for the two purposes, or materials that are good shields for both neutrons and x rays 

can be used.   

Most appropriate shielding materials for: 

 Low energy Gamma and X Rays: lead, compare also diagnostic applications  
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 High energy (>500keV) Gamma and X Rays: concrete (cheaper and self 

supporting), high density concrete  

 Electrons: Usually shielded appropriately if photons are accounted for.
[8]

  

The materials that have been used for this purpose in order of frequency are: ordinary 

concrete, heavy concrete, lead, steel, polyethylene or paraffin, earth, and wood. 

 

3-2- 6- 4 Properties of Shielding Materials: 

3-2-6-4-1 Ordinary Concrete: 

It is the most commonly used material. It can be poured in almost any configuration and 

provides good x-ray shielding and structural strength as well as neutron shielding. It is 

relatively inexpensive and the formwork is well over half the total cost so that it is often 

cheaper to use more concrete than to construct elaborate forms. Ordinary concrete is 

usually considered to have a density of 2.35 g cm
–3

. This density for concrete is not 

always easy to obtain. It is usually cost effective to arrange for the service of an 

independent testing company to verify the density of each truckload of concrete.
[5] 

 

3-2-6-4-2 Heavy Concrete:  

It is the concrete with a density more than 2.35 g cm
–3. 

It is often used in construction of 

radiation therapy rooms. The increased density is achieved by adding various higher 

density aggregates to concrete to increase photon attenuation. Common among these are 

iron ores and minerals such as hematite or limonite, barium minerals such as barites, or 

ferrous materials. The density can range up to 5.2 g cm
–3

 for iron ores, 4.4 g cm
–3

 for 

barium minerals, and over 7gcm
–3

 for ferrous materials. The disadvantages of heavy 

concretes are cost and handling difficulties. The advantage of using these heavy concretes 

is that primary walls can be made thinner. If a primary barrier is made with this material 

and the secondary barrier with ordinary concrete, a uniform thickness can be achieved for 

the wall. Although the TVLs for these materials are less for photons, they are not 

necessarily less for neutrons since the additives are high-Z compounds with relatively 

low neutron absorption capability. In this case, it can no longer be assumed that a primary 

shielding barrier adequate for photons will be adequate for neutrons, and radiation 
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protection surveys shall be performed to confirm that the primary shielding barrier is 

adequate also for neutrons.
 
On a more practical side are the questions of availability and 

cost. Heavy concretes made locally at the construction site are not subject to any 

industrial standards or consistency specifications and therefore need to be checked by the 

individual customer. Those that are prefabricated can be made to more rigorous standards 

and tested in advance, however they are more costly to ship to the construction site and 

are supplied by only a few companies. In either case, the cost of heavy concrete is higher 

than for ordinary concrete. On the other hand, the total ―footprint‖ of the treatment room 

is greatly reduced and this may be considered a more important factor in some sites as 

well as cost savings in the long run when the reduced square footage requirement is 

amortized. 
 [5] 

 

3-2-6-4-3 Lead: 

It has a very high density of 11.35 g cm
–3

 and is an excellent shielding material for x and 

gamma rays where space is at a premium. Lead is available in a variety of forms such as 

bricks, sheets and plates. Since lead is malleable, it will not support its own weight and 

therefore requires a secondary support structure. It is nearly transparent to fast neutrons 

but does decrease the energy of higher-energy neutrons by inelastic scattering. However, 

below ~5MeV, the inelastic scattering cross section for neutrons drops sharply. Because 

of its toxicity, lead should be encased in concrete or be protected by heavy coats of paint 

or drywall.
 [5] 

 

3-2-6-4-4 Steel:  

It is also relatively expensive (in comparison to concrete) but is not toxic (in comparison 

to lead). Its density is ~7.8 g cm
–3

 though it is commonly found in various alloys rather 

than as pure iron. Its shielding value for x and gamma rays is intermediate between lead 

and concrete. It is also nearly transparent to neutrons but does reduce the neutron energy 

by inelastic scattering with the inelastic scattering cross section dropping sharply below 1 

Mev. When building laminated metal-concrete shields in a new facility, steel is usually 

less expensive than lead. When retrofitting an existing room, lead is usually less 

expensive.
 [5] 
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3-2-6-4-5 Polyethylene and Paraffin:  

These two materials will be considered together since they are very similar. Paraffin, 

sometimes called paraffin wax, has the same percentage of hydrogen (14.3 %) as 

polyethylene and is less expensive. However, it has lower density and is flammable so it 

is usually avoided in any permanent barriers. Polyethylene is perhaps the best neutron 

shielding material available, but it is relatively expensive. It is available both pure and 

loaded with varying percentages of boron to increase the thermal neutron capture. It is 

usually used for neutron shielding, and where space is at a premium (e.g., in doors) 

around ducts or in ceiling shields where insufficient height is available for less costly 

methods. It is easy to fabricate and relatively strong. Standard Borated polyethylene 

(BPE) contains 5 % boron by weight.
 [5] 

 

3-2-6-4-6 Earth:  

It is also commonly used as a shielding material by placing the accelerator room partially 

or entirely underground. Earth is not a well-defined material and its density can vary 

considerably. While earth composition is quite variable, it is not too different elementally 

from concrete and it is sufficient to consider it as equivalent to concrete with a density of 

1.5 g cm
–3

. A common problem with a room that is below grade is that there may be a 

diagonal path up through mostly earth where the shielding is insufficient. Sand that is in 

contact with the earth will normally be damp enough that it can be treated the same as 

earth. Dry sand, however, such as bagged sand, needs some hydrogenous material beyond 

it in order to be an adequate neutron shield.
[5] 

 

3-2- 6 -5 Shielding Calculation:- 

The design philosophy for the radiation barriers will depend on the legal dose limits in 

force. The design dose limits is 5mSv/year for controlled area and 1mSv/year for 

uncontrolled areas. To determine the barrier thickness required to achieve the dose limits 

(as illustrated in Appendix B) it is necessary to estimate the workload of the radiation 

unit and to know the dose rate at which the treatment unit will operate. The required barrier 

thicknesses will depend on achieving the dose limits. Full details of the parameters on which the 
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shielding calculations are based should also be documented in the report provided by the 

Qualified Expert.
[1] 

 

3-2-6-6 Shielding Verifications and Surveys: 

It is essential to verify the integrity of the shielding during building (inspections by the 

RPO) and after installation of the treatment unit (radiation surveys), Assumptions used in 

the design must be verified and regularly reviewed and Room layout should be checked 

PRIOR to the installation of form work or wall frames 

The building contract should specifically allow RPO to carry out inspections at any time, 

he should maintain good communications with the Architect and Builders.
[8] 

During construction he should: 

 ensure installation complies with specifications (to reveal any faults in 

materials or workmanship) 

 Check the thickness of building materials  

 Check the overlapping of lead or steel sheet 

 Check the thickness of glass and the layout of windows and doors, to 

ensure that they comply with the specifications 

 Examine the shielding behind switch boxes, lock assemblies, cable ducts, 

lasers etc that might be recessed into the walls 

 Verify the dimensions of any lead or steel baffles or barriers 

 Take a concrete sample and check its density.
[8]

 

After building completion: 

 Ensure that the shielded areas conform to the plans 

 Ensure that all safety and warning devices are correctly installed 

 If a megavoltage unit, check that its position and orientation is as shown in 

the plan. No part of the radiation beam must miss the primary barrier.
[8]
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After equipment installation before commissioning its required to check that persons in 

the control area are safe by scanning the control area with the beam in ‗worst case‘ 

configuration 

 maximum field size 

 maximum energy 

 pointing towards the control area if this is possible  

 check that the dose rates are within the designed limits.
[8]

 

Also with the field set to maximum and with the maximum energy and dose rate: 

 point the beam, with no attenuator present, at the wall being checked 

 scan the primary shields using a logical scan pattern 

 especially concentrate on areas where the plan shows that joints or 

possible weaknesses may have occurred  

 put scattering material in the beam which approximates the size and 

position of a patient and scan the secondary shields with the equipment 

pointing in typical treatment positions 

 if it is an accelerator room, then scan the maze entrance 

 after allowing for usage and positional factors, determine if the installation 

conforms to design conditions  

 if the equipment is an  accelerator with an energy > 15 MV then the 

radiation scans should include a neutron survey, especially near the 

entrance to the maze.
[8]
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Figure -6:  Schematic of a Linear Accelerator Bunker
[8]

 

 

3-3 Radiation Protection and Work Practice: 

 3-3- 1  Justification:  

Any exposure to radiation is considered unjustified if there is no benefit and this benefit  

must offset the radiation detriment.
[8]  

The decision to perform a radiotherapeutic 

procedure rests upon a professional judgment of the benefits that accrue to the total health 

of the patient, while accounting for any detrimental biological effects that might be 

caused by the ionizing radiation. The benefit will be the potential therapeutic effect 

resulting from the medical exposure of that procedure, including the direct health benefits 
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to an individual as well as the benefits to society. The detriment will be the potential 

deleterious effects of ionizing radiation.  

The objective of radiotherapy is to deliver a radiation dose to a selected target volume of 

an organ or tissue for the purpose of killing cells. Such therapy results in absorbed doses 

that are orders of magnitude greater than those encountered in diagnostic studies. The 

potential for complications with normal tissue is significant. Some deleterious effects will 

often be an unavoidable part of a properly justified procedure. Therefore, the justification 

for each procedure should be carefully considered.  

     The justification process should also take into account the efficacy, benefits and risks 

of using alternative procedures, for example surgery or chemotherapy, either alone or in 

combination with radiotherapy. Influencing this choice will be patient preference, 

practitioner expertise, suitable resources and availability of alternative procedures. 

   There are special cases that warrant further justification, including the medical 

exposure of the pregnant or potentially pregnant patient, as there is evidence to suggest 

that the embryo or fetus is more radiosensitive than the mature adult. Likewise, 

radiotherapy involving children under the age of 18 years requires a higher level of 

justification since apprentices and children may be more susceptible to radiation related 

developmental damage and the induction of radiation induced cancers and they have a 

longer life expectancy during which manifestation of possible harmful effects of radiation 

may occur. Pediatric radiotherapy is best performed in facilities with an experienced 

pediatric radiation oncology treatment team, linked to pediatric oncology groups that use 

internationally endorsed treatment protocols.
[1]

 

3-3- 2 Optimization:  

Once clinically justified, each radiotherapeutic procedure should be performed so that the 

dose to the patient is the lowest necessary to achieve the desired therapeutic effect. Since 

patients may accrue direct benefits from medical exposures, it is not appropriate to 

impose limits on the doses received from fully justified procedures.  

In radiotherapy, it is necessary to differentiate between the dose to the target tissue and 

the dose to other parts of the body. If the dose to the target tissue is insufficient, the 

radiotherapy will be ineffective. In this case , the exposures will not have been justified 
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appropriately and the optimization of protection will not be achieved. The distribution of 

dose, and consequently protection of tissues outside the target volume, is an integral part 

of dose planning which can be regarded as having the same aims as the optimization of 

protection. 
[1]

 

 

3-3-2- 1 Design and Operational Considerations: 

The magnitude of effects on tissue surrounding the target volume is a matter for the 

oncologist  to evaluate. However, if the side effects from radiotherapy consistently differ 

from the expectations of the clinician, this will be a matter of concern to the regulatory 

authority as it may indicate a systematic error or equipment malfunction. Furthermore, in 

the case of accidental patient overdoses there may be no opportunity to correct the 

mistake during the remainder of the treatment course. Any unplanned or unexpected 

outcome resulting from doses that are either higher or lower than intended should be 

reported to the regulatory authority. Multiple safeguards (the defense in depth principle) 

in the design and usage of all critical components of radiotherapy equipment should aim 

to prevent maladministration of the radiation dose, particularly in cases that may lead to 

serious consequences.
 [1]

  

 

3-3-2 - 2 Calibration of Radiotherapy Equipment:   

To ensure accurate and safe clinical usage of radiotherapy equipment, calibration and 

performance testing according to the tendered specifications, should be undertaken at the 

initial commissioning stage, after a source change, and after major repairs or 

modifications that may affect the accuracy of patient dose delivery. The intervals for 

repeat calibrations may differ, depending on the type of source and unit. In particular, 

errors in the calibration of radiotherapy equipment can result in an inappropriate 

treatment to a large number of patients before the error is detected with serious 

consequences for these patients. Consequently, for the calibration of radiotherapy 

equipment, the defense in depth principle should include a strategy of redundancy and 

diversity in the procedures to ensure optimum safe practice and radiation protection for 

the patient.
[1] 

 

3-3-2- 3 Clinical Dosimetry :
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The prescribed dose and methods of planning and delivering the patient‘s treatment 

should be based on clinically acceptable, consistent protocols that provide an optimum 

outcome. Procedures used for planning and treatment delivery should minimize the risk 

of errors occurring to as low as reasonably achievable. Methods of prescribing, planning, 

dose delivery and documentation should conform to international guidelines.  

To optimize the clinical dosimetry and to check the dose actually delivered to the patient, 

direct measurements in a phantom simulated set-up or an in-vivo patient measurement 

should be obtained prior or on the commencement of the course of treatment when:  

• a new protocol is implemented;  

• there is a change of supplier of radioactive material;  

• a non-standard technique is planned or;  

• there may be uncertainty that the treatment planning system dose calculations 

are sufficiently accurate.
[1]

  

 

3-3- 2- 4 Quality Assurance: 

In order to maintain optimum radiation protection for the radiotherapy patient, the Code 

requires the establishment of a Radiation Protection Program which should include a 

comprehensive quality assurance program. The aim of the radiation protection program is 

to determine measures and resources required to meet objectives and ensure they are 

provided, review measures and resources regularly, identify failures and shortcomings 

and take steps to prevent them, establish consultation and co-operation of all parties and 

maintain records of activities. 
[8]

    

The quality assurance program should be regularly reviewed and updated. The quality 

assurance program should be linked to the facility‘s Radiation Protection Plan in order to 

strengthen all aspects of radiation safety while at the same time improving quality and 

efficiency of patient care and radiotherapy services. Guidance on Quality Assurance is 

given in 3-4. 

 

3-3 - 3 Dose Limitation:  

The Occupational Exposure of any worker should be so controlled that the limits stated 

in Table 2.1 will not exceeded. 
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For apprentices of 16 to 18 years of age who are training for employment involving 

exposure to radiation and for students of age 16 to 18 who are required to use sources in 

the course of their studies, the occupational exposure should be so controlled that the 

limits in Table 1 are not exceeded. 

The estimated average doses to the relevant critical groups of members of the public that 

are attributable to practices should not exceed limits but in special circumstances, an 

effective dose of up to 5 mSv in a single year provided that the average dose over five 

consecutive years does not exceed 1 mSv per year. There are No dose limits for medical 

exposure, but there are dose constraints which are used in optimizing protection. 

Anticipated individual doses should be compared with the appropriate dose constraints, 

and only protective measures that predict doses below dose constraints should be chosen.  

Dose constraints can be used for optimizing protection in the planning stage for each 

radiation source. Anticipated individual doses should be compared with the appropriate 

dose constraints, and only protective measures that predict doses below dose constraints 

should be chosen.  

 

Dose constraints are not intended to be applied retroactively to check compliance with 

protection requirements but to assess individual doses at the design and planning stages. 

Since dose constraints are source related, the source to which they are related needs to be 

specified, e.g. when choosing source related dose constraints for the sources involved in a 

radiotherapy facility, the fact that medical and paramedical staff may work in more than 

one hospital and be exposed to the sources from more than one radiotherapy department 

has to be taken into consideration (for example in one hospital in the morning and another 

in the evening.
[4]

 

 

3-3 - 4 Classification of Areas:- 

The  areas in radiotherapy  facility should  be classified as controlled or supervised areas. 

2-3-4- 1 Controlled Areas: are defined as any area in which specific protective 

measures or safety provisions are or could be required for: 

(a) controlling normal exposures or preventing the spread of contamination during 

normal working conditions; and 
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(b) preventing or limiting the extent of potential exposures.                                                              

These areas will require special access restrictions by means of door interlocks and signs 

when sources are exposed. 
[11] [13] 

The controlled areas in the radiotherapy department are the treatment rooms for all 

external beam treatment. 

3-3-4- 2 Supervised Areas: are any area not already designated as a controlled area 

but where occupational exposure conditions need to be kept under review even though 

specific protection measures and safety provisions are not normally needed. 

The supervised areas in a radiotherapy department are the operating consoles and any 

area where calculated exposure rates through shielding barriers are likely to result in 

exposures of 1 mSv in a year.
 [11] [13]

 

 

Table 1 Annual Dose Limits
[4] [13] 

 

Exposure Type 
Annual Dose limits 

(mSv/year) 

Lens of the eye 

(mSv/year) 

Extremities (hands and feet) or 

the skin (mSv/year) 

Occupational 

exposure 

(worker) 

an effective dose of 20 

mSv per year averaged 

over five consecutive 

years; but not more than   

50 mSv in any single year 

150  500 

Apprentices 6  50  150 

Public 1  15  50 

 

3-3 - 5 Local Rules and Supervision:- 

The local rules are intended to provide adequate levels of protection and safety through 

the establishment of common work procedures and other systems to be followed by all 

workers in the area. They should include all information required for work in the area, 

and be made known to all workers. 
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Employers and licensees should, in consultation with workers, through their 

representatives if appropriate: 

a) establish in writing such local rules and procedures as are necessary to ensure 

adequate levels of protection and safety for workers and other persons; 

b) include in the local rules and procedures the values of any relevant investigation 

level or authorized level, and the procedure to be followed in the event that any 

such value is exceeded; 

c) make the local rules and procedures and the protective measures and safety 

provisions known to those workers to whom they apply and to other persons who 

may be affected by them; 

d) ensure that any work involving occupational exposure be adequately supervised 

and take all reasonable steps to ensure that the rules, procedures, protective 

measures and safety provisions be observed; and 

e) designate a radiation protection officer. 

 Employers, in co-operation with registrants and licensees, should: 

a) provide to all workers adequate information on the health risks due to their 

occupational exposure, whether normal exposure or potential exposure, adequate 

instruction and training on protection and safety, and adequate information on the 

significance for protection and safety of their actions; 

b) provide to female workers who are liable to enter controlled areas or supervised 

areas appropriate information on: 

i. the risk to the embryo or fetus due to exposure of a pregnant woman; 

ii. the importance for a female worker of notifying her employer as soon as 

she suspects that she is pregnant; and 

c) provide to those workers who could be affected by an emergency plan appropriate 

information, instruction and training; and 

d) keep records of the training provided to individual workers.
 [4] [13] 

 

3-3- 6 Education and Training:-   

The operators of the treatment machine (Technician) and other practitioners in the 

radiotherapy facilities should have appropriate training to perform or oversee exposures 
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using ionizing radiation.  Although radiation health professionals, such as Oncologists, 

Medical Physicists, and Radiotherapy Technicians have knowledge of radiation safety by 

virtue of undertaking a course leading to their professional qualification, the Legal 

Person should ensure that a program of continuing professional development is available 

for all relevant staff and provide additional training specific to the equipment used at the 

facility, particularly with the introduction of new technologies or techniques. The Legal 

Person should also provide refresher training on other radiation safety related matters, for 

example an annual update from the facility‘s RPO.  

Where the person operating or otherwise dealing with external beam equipment is acting 

under the supervision of an authorized person, this may be  

 General Supervision (the exercise of control over radiation safety without the 

person exercising such control necessarily being present on the premises of 

operation),  

 Personal Supervision (the exercise of control over radiation safety with the person 

exercising such control being present on the premises of operation) or  

 Immediate Personal Supervision (the exercise of control over radiation safety with 

the person exercising such control being present and directly observing the use of 

the ionizing radiation apparatus or sealed source apparatus) depending on the 

level of experience and qualification of the person under supervision.
[1] 

It is 

preferred to be general supervision.  

The regulatory authorities should ensure that such a core of knowledge is included in 

courses that they accredit and the individuals who receive such training should be issued 

with a certificate signed by  approved training center .
[8]

 

Training in radiation protection for radiotherapy should cover:  

1. Radiation Physics 

2. Radiobiology 

3. Principles of Radiation Protection: 

4. Properties and safety of equipment used for external beam radiotherapy.  

5. facility design and Shielding 

6. Occupational Exposure 

7. Medical Exposure 
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8.  Protection of the Public 

9. Quality Assurance 

10. Accidents and Emergencies 

11. Security of sources, and disposal of disused sources 

12. Radiation Protection Programme 

13. Legislation 

14. Regulation and guides 

15. authorization 

16. Inspection and enforcement.
[8]

 

 

3-3- 6 Occupational Exposure: 

To reduce occupational radiation exposure to as low as reasonably achievable (ALARA), 

building design, shielding, equipment and procedures should be adequately designed and 

tested. 

The provision of adequate shielding should always be considered for all radiation 

sources. A prior assessment of potential occupational doses should identify the type, form 

and thickness of shielding required. The design and specifications can then be determined 

to meet the safety requirements.  

The advice of a Qualified Expert and/or RPO should be sought before new procedures are 

introduced or significant modifications are made to the radiotherapy facilities, equipment 

or procedures, since levels of radiation protection or safe practice may be affected. In the 

case of a radioactive source, any new or changed radiation procedures should be 

rehearsed, preferably without using the source.
[1] 

 

3-3- 6 -1 Personal Monitoring: 

All persons operating or otherwise dealing with radiotherapy equipment or radioactive 

sources for radiotherapy purposes should be monitored with personal radiation monitors 

(such as film or, or TLDs) or any other dosimeters approved by the Regulatory Authority. 

UNLESS it can be shown that the exposure is controlled by integral shielding with an 

effective dose below 1 mSv per year. The monitors should be provided and assessed by a 
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personal radiation monitoring service licensed by Regulatory Authority. The monitors 

should normally be worn on the most exposed area of the body and this normally 

between the waist and the shoulder, and under any protective garments. In some 

circumstances, tow dosimeters be deemed appropriate (for pregnant staff).   

The length of time for which a monitor will be allocated will depend on the expected 

doses to be received during the wearing period. Personal radiation monitors should be 

changed at regular intervals, and the appropriate monitoring period should be determined 

by the type of radiation and the type of procedures being carried out. For teletherapy 

techniques a monitoring period should be two months and not more than three month. 

Where an unusual exposure situation with potential for a reportable dose occurs the 

monitor should be processed immediately and a replacement provided.
[1][11] 

 

3-3- 6- 2 Investigation of Personal Radiation Monitoring Results:- 

The Legal Person (through the RPO) should establish an investigational level such that 

any exposures received during a monitoring period which exceed this level require formal 

investigation by the Radiation Protection Officer. Appropriate action should then follow 

to identify the cause and to minimize any future excessive exposures. As an example, the 

level could be set at one third the pro-rata dose limit for the monitoring period
[5]

  i.e.  

about 1.6 mSv for a monitoring period of 3 months. A copy of the investigation report 

should be sent to the Regulatory Authority.  

In cases where the radiation monitor may have received a radiation dose when not being 

worn by the staff member, or as a result of the staff member undergoing a medical 

radiation procedure while still wearing the monitor, the exposure should be documented 

as a non-occupational exposure in their personal radiation history. The incident should be 

reported to the staff member‘s immediate supervisor as soon as the incident is discovered, 

even though the dose received may not be known. The original monitor should be evaluated and 

a new monitor issued.
[1]  

 

3-3- 6- 3 Pregnant Staff: 

If an occupationally exposed female employee declares a pregnancy, the fetus needs to be 

afforded the same level of protection as a member of the public. This may be achieved by 
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controlling the exposure of the employee so that the dose received by the fetus is less 

than the public effective dose limit of 1 mSv for the remainder of the pregnancy.  

The Legal Person should assess the likely dose to the fetus of a pregnant employee from 

each work activity. This will usually require an examination of the employee‘s personal 

monitoring records and an assessment of the likelihood of incidents leading to radiation 

exposure of the fetus. If the fetus could receive more than 1 mSv over the declared term 

of the pregnancy, a change in work practice or job description should be discussed and 

agreed to with the employee. The most appropriate action is to reallocate the duties of the 

pregnant employee to duties with a low risk of radiation exposure.  

In cases where the radiation exposure might not be predictably controlled, it would be 

prudent to provide an occupationally exposed pregnant employee with an electronic 

personal dose monitor to allow monitoring of the employee‘s dose on a daily basis.
 

Another alternative is to provide the pregnant employee with another passive dosimeters 

(e.g. film, TLD etc.) to monitor abdominal dose, if such dose could be controlled to be 

less than 2mSv, this will ensure that the fetus dose will not exceed 1mSv in the remainder 

period of pregnancy.
[1]  

 

 

3-3- 7 Radiation Effects on the Embryo/Fetus:- 

The risk from radiation is related to the fetal dose and to the gestational age at which the 

exposure occurs. Doses greater than 100 mGy to the embryo/fetus can cause failure to 

implant (conceptus up to week 2 or 3 of gestation), but this is considered an ‗all-or-

nothing‘ effect, with normal progression if the conceptus survives. Developmental 

abnormalities occur during organogenesis (days 10-40) with neurological effects (e.g. 

microcephaly, mental retardation) identified as well as growth retardation and fetal death. 

After 20 weeks, major malformations become uncommon but functional disorders, such 

as bone marrow abnormalities and sterility, have been noted. There is evidence of a 

slightly increased risk of induction of childhood cancer or leukaemia for doses more than 

10mGy. This latter risk is considered to be uniform throughout the pregnancy after the 

first 3 to 4 weeks of gestation. Radiotherapy procedures may result in a significant fetal 

dose and may well exceed the threshold doses for direct harm to an embryo/fetus, 
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including death of the embryo/fetus. It is recommended that there are protocols for the 

three different possible of scenarios:  

 irradiation of the known non-pregnant woman;  

 accidental irradiation of the pregnant woman; and  

 deliberate irradiation of the pregnant woman.  

In every case it is ideal to be aware of the pregnancy status of a woman within the child-

bearing age range. Illustrated signs, at least in Arabic and English languages, are required 

to be posted in prominent places within the radiotherapy facility advising patients to 

notify staff if they may be pregnant. In addition to the signage, staff have a responsibility 

to enquire about the possibility of pregnancy in all female patients of childbearing age. 

When asking the patient about the possibility of pregnancy it is also important to indicate 

to the patient why there is a need to know, to avoid her taking offence and refusing to 

answer or providing an incorrect response. The discussion about excluding pregnancy 

and whether to offer pregnancy testing requires tact and discretion.  History alone may 

not be reliable because a woman may not be aware that she is pregnant.
 [1]

 

 

3-3-7- 1 Unintended Exposure: 

When an unintended exposure is delivered it should be flowed by: 

 determine whether the patient has had any other diagnostic imaging such as 

nuclear medicine or radiological procedures during the pregnancy; 

 determine what other exposures, such as to drugs or surgery, may have 

occurred during the pregnancy, and determine if any of them may have the 

risk of causing potential harm to the embryo/fetus; 

 obtain an estimate of the radiation dose to the embryo/fetus for all procedures 

from a Qualified Expert;  

 determine at which points during the course of the pregnancy these events 

occurred, and extrapolate the potential severity of risk to the embryo/fetus; 

and 

 inform the patient and referrer and provide counseling in accordance with the 

estimated dose, in conjunction with the referring doctor or the patients‘ 

obstetrician.
[1]
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3-3-7- 2 Deliberate Irradiation of the Pregnant Patient: 

Some situations necessitate the use of radiotherapy, others exist where it can be 

considered as one of a series of options of treatment strategy (for instance in combination 

with breast conserving surgery, versus the alternative of mastectomy). Where choice 

exists, preference should be given to minimizing or avoiding entirely any radiation dose 

to the fetus. 

If the decision to proceed is made on clinical grounds then, prior to starting, an individual 

fetal radiation dose estimate must be made. Doses not only to the fundus but also to the 

cervix of the uterus must be estimated, allowing for expansion of the fundus as the 

pregnancy progresses through the course of treatment. The oncologist should assess the 

potential fetal dose and communicate the risks to the mother in a meaningful manner. The 

potential dose and damage to the fetus, and consequently the child, should be discussed 

with the patient and her husband. Written documentation of the discussion, and the 

signature of both parents, should be obtained if possible confirming their awareness and 

acceptance of possible consequences.  

Techniques to reduce risk include: 

 The use of lead aprons (doubled 0.5 mm aprons draped over the abdomen and 

flanks, or other suitable means for megavoltage radiation, will allow some 

reduction of external radiation scatter) but this has no impact on internal scatter 

arising from treatment. 

 External lead shielding can be considered to reduce the contribution of scatter 

from head leakage, beam modifiers and collimator scatter. 

 The radiation beams can be angled away from the fetus/embryo with the aim of 

lowering internal scatter. 

 The total dose prescribed can also be reviewed and lowered where possible. The 

fetal dose should be monitored with the use of thermo luminescent dosimeter 

(TLD) or other forms of in-vivo dosimetry, with pre-agreed simulated plans for 

projected fetal dose measurements.
[1]
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3-3- 8 Emergency plans:- 

The greatest hazard to staff, public and patients occurs when events do not follow 

accepted procedures. For such situations there need to be well thought out emergency 

plans which are concise, written, and trained by the staff , and these should be developed 

before the start-up of a radiation treatment program. The types of situations which need 

to be planned for include: 

3-3-8- 1 Stuck Source: 

Emergency procedures should be posted at the treatment unit. In the case of an event, the 

first step is generally to use the source driving mechanism to return the source to the 

shielded position. 

 If this is not immediately successful and there is a patient on the treatment couch, the 

patient should be removed from the area and the area must be secured from further entry. 

Emphasis should be placed on avoiding exposure of the staff to the primary beam. The 

RPO is then notified and takes control of the situation. Actions are to be performed only 

by staff that has been trained in the emergency actions, understands them and has 

regularly rehearsed. For external beam therapy the actions required have to be performed 

within seconds. 

Therefore the staff present in all procedures, i.e. the operators of the unit, have to be 

trained in these actions. 

 After the emergency actions, the following should be done: 

1. The maintenance engineer should be contacted to perform an inspection of the 

machine; 

2. The medical physicist should assess the patient doses and clear the use of the 

machine after maintenance; 

3. The radiation protection officer should assess the dose to the staff in the 

emergency and recovery operation; 

4. A record should be kept; 

5. The Regulatory Authority should be notified.
[2]
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3-3- 8- 2 Lost sources: 

It is critical for this type of event that an up to date inventory exists so that it can be 

determined immediately which sources are missing, their type and activity, when and 

where they were last known to be, and who last took possession of them. The area where 

the sources were last known to be should be closed to entry and exit until after a survey. 

This search needs to be performed with the most sensitive radiation detection survey 

meter available. The following steps are recommended: 

1. Obtain assistance from the RPO; 

2. Conduct a local search; 

3. Check and ensure physical security and control of other sources; 

4. Report the theft or loss to the appropriate officials, providing a description of the 

device and its threat; 

5. Secure all information and the scene as much as possible to allow for forensic 

investigation; 

6. Conduct response actions in cooperation with local officials and law enforcement 

authorities; 

7. Identify and investigate routes by which the source may have been lost; 

8. Brief off-site officials on risks and provide measures to protect emergency workers 

(including law enforcement personnel) and control their dose; 

9. Recommend that local officials inform nearby medical facilities, border crossings 

and scrap metal dealers to be alert for the source or for radiation induced injuries; 

provide them with a description of the source and its container and of symptoms of 

radiation injuries (e.g. burns with no apparent cause); 

10. Support local officials in explaining the risk to the local public and the media; 

11. Have the Regulatory Authority notify potentially affected States and the IAEA if 

there are indications that the source may have crossed into another State; 

12. If the source is found, ensure it is not damaged or leaking — if it is damaged or 

leaking, notify officials and ensure that it is surveyed for contamination; 

13. Reconstruct/record the doses received and inform those exposed of the risks; 

arrange, where appropriate, for long term medical follow-up.
[2]
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3-3-8- 3 Contaminations: 

There is a very low probability of contamination accidents in radiotherapy departments 

where 
226

Ra as well as old powder-form 
137

Cs sources have been replaced. In case of a 

contamination accident it is important that the area be closed to further entry and that all 

who were in the area remain to be surveyed and decontaminated if necessary. If there are 

windows or other ventilation systems, these should be closed or turned off and the RPO 

should take control.
[2] 

 

3-3-8- 4 Patient accidental exposures: 

 Any therapeutic treatment delivered to either the wrong patient, the wrong tissue, or with 

a dose or dose fractionation differing substantially (%5 + from the prescribed dose)
[2]

 

from the values prescribed by the medical practitioner or which may lead to undue acute 

secondary effects, should  be promptly investigated. 

The investigation should include: 

a) calculation or estimation of the doses received and their distribution within the 

patient; 

b)  the corrective measures required to prevent recurrence of such an incident; 

c) method to implement any corrective measures; 

d) submit to the Regulatory Authority, as soon as possible after the investigation, a 

written report which states the cause of the incident and includes the information 

specified in (a), (b) and (c). 

e) inform the patient and his or her doctor about the incident.
 [11] [13]

 

 

3-3- 9 System of Recording and Reporting: 

In each radiotherapy facility there should be a system instituted where all relevant 

information relating to radiation work is recorded, documented and when necessary, 

reported to management. This is a key factor in control of exposures and maintenance of 

a safe working environment. The record should be maintained are:  

3-3-9- 1 The Workplace Radiation Monitoring Program: 

Should  include:- 
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a) the quantities to be measured;  

b) where and when the measurements are to be made and at what 

frequency;  

c) the most appropriate measurement methods and procedures; and  

d) reference levels and the actions to be taken if they are exceeded.
[7]

 

3-3-9- 2 Occupationally Exposed Worker Records: 

should contain:- 

a) information on the general nature of the employee‘s work and their assess 

doses; 

b) when a worker is or has been occupationally exposed while in the employ of 

more than one employer, information on the dates of employment with each 

employer and the doses from each such employment; and  

c) records of any doses due to accidents or incidents including references to 

reports of any relevant investigations.
[7]

 

3-3-9- 3 Treatment records:- 

The Records must be kept of all relevant aspects of the treatment including:- 

 session and Summary Record information 

 records all treatment parameters 

 dose calculations 

 dose measurements  

 Treatment records should be kept for lengthy periods - up to 30 years - because of 

potential for re-treatment.
[7]

 

3-3-9- 3 Machine data including:-    

 the results of the calibrations and periodic checks of the relevant physical and 

clinical parameters selected during treatments.‖  

 Includes commissioning data, calibrations, quality assurance procedures, any 

modifications, service/maintenance records, etc.
[7]
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3-3-10 Review and Audit: 

A quality audit is an independent examination and evaluation of the quality assurance 

activities and results. Individuals performing these audits must not be directly responsible 

for the activities that are audited. Ideally quality audits review the entire quality assurance 

process. Quality audits may be conducted by personnel within the institution (Internal 

Audit) as well as those from outside the institution (External Audit).  

At larger institutions internal audits may include staff members reviewing each others' 

treatment plans and outcomes on a scheduled, periodic basis. However, even at larger 

institutions an external review by qualified experts is an important aspect of any quality 

audit program. In regards to an external quality audit, the best results are achieved with 

site visits by outside, qualified experts; however this is an expensive process. A less 

expensive alternative may include a "self study." This approach involves the outside 

review team forwarding a packet of questions to which the reviewed organization 

responds. The reviewers then evaluate these responses. Other examples of quality audits 

of a more limited nature are the postal TLD services that audit radiation source 

calibrations.
[11] 

 
3-3-11 Radiation Safety Committee (RSC): 
The radiation safety committee should have member of:- 

 the RPO (usually chair of the RSC) 

 representatives of technician (head clinician) 

 representatives of management (decision making) 

 the institutional occupational health person 

 others as appropriate  

It has to Facilitate information sharing and decision making and Provide documentation 

and: 

 oversee the institutional radiation safety program  

 advise and review local rules relevant for radiation protection 

 review radiation exposures to staff, and to investigate abnormal 

exposures 
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 review new, and research applications of radiation 

 review and investigate radiation incidents and accidents 

 ensure appropriate reporting of accidents 

 advise management on radiation protection matters.
[8]

 

3-3-12 Radiation Safety Manual: 

The RSM is ideally a local reference book, and made available to (and possibly 

mandatory reading for) all radiation worker and an effective aid to training. 

The RSM should include sections on: 

 basics of radiation safety 

 sources, risks and effects of radiation 

 local radiation safety organization 

 national regulations 

 personnel monitoring 

 emergency procedures 

 Sections covering local rules in radiation-user departments including 

radiotherapy 

 Radiation and pregnancy (for radiation workers, but also including 

information relating to pregnant patients) 

 Incident/accident procedures.
[8]

 

3-3- 13 Return the Radioactive Sources to Manufacturer: 

When a radioactive sealed source is imported its activity expected to be after ten years of 

import more than 100 million Bq importation applicant must: --  

1) ensure that the purchase contract or the donation acceptance include a 

condition that enforce the manufacturer to receive the radioactive source 

within one year of receiving the request of returning the  radioactive source, 

2) handed over to the Regulatory Authority a copy of the contract or agreement 

document with respect to the return of the radioactive source to the 

Manufacturer before the implementation of the contract or the acceptance of 

the radioactive source  
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3)  the return of the radioactive source shall be within 15 years. in case of 

remaining the source for more than that, it should be sent to the radioactive 

waste management unit to be adapted and stored and later disposed at the 

expense of the import applicant.
[10]

 

 

3-4 Quality Assurance: 

Quality Assurance (QA) in radiotherapy is the process of assuring a consistent and safe 

fulfillment of the dose prescription to the target volume with minimal dose to the normal 

tissue and minimal exposure to personnel and the public. It involves two parts: 

 Quality control which describes the actual mechanisms and procedures for 

machines and equipments performance. 

 Quality administration which take care of the result of quality control 

procedure and accordingly set the recommendations and suggested solutions. 

The establishment of the Quality Assurance Program should be associated with 

Continues Quality Improvement (CQI) which mainly based on continuing medical and 

medical physics education through monthly departmental meetings to review treatment 

outcomes, unexpected morbidity, visiting lecturers and attendance at professional 

meetings.
[11]

 

Quality assurance program for medical exposures should include:  

1. measurements of the physical parameters of the radiation generators, 

imaging devices and irradiation installations at the time of commissioning 

and periodically thereafter;  

2.  verification of the appropriate physical and clinical factors used in patient 

diagnosis or treatment; 

3. written records of relevant procedures and results;  

4.  verification of the appropriate calibration and conditions of operation of 

dosimetry and monitoring equipment;  

5. as far as possible, regular and independent quality audit reviews of the 

quality assurance program for radiotherapy procedures.
 [13]
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A comprehensive QA Program should comprise:- 

1. Quality Assurance Committee, including membership of: 

a. Head of the department (as chairman) 

b. management representative 

c. A  medical doctor 

d. a physicist, 

e.  a radiotherapy technologist and  

f. an engineer responsible for service and maintenance 

2. Policies and Procedures Manual contains clear and concise statements of all the 

policies and procedures carried out in the Department (Administrative procedures, 

Clinical procedures, Treatment procedures, Physics procedures, Radiation safety) 

reviewed (typically) yearly and updated as procedures change. 

3. Quality Control Program 

4. Quality audit.
 [8]

 

Quality Assurance committee should: 

 Oversees the entire Quality Assurance program 

 Writes policies to ensure the quality of patient care 

 Assists staff in tailoring the program to meet the needs of the department (using 

published reports as a guide) 

 Monitor and audit the program to ensure that each component is being performed 

and documented 

 Set the ―the action levels‖ at what level action must  be taken  what is this action. 

 Review the action levels that have been exceeded and set procedures have been 

discovered to be faulty 

 Put in the recommendations to improve the QA program.
 [8]
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3-4- 1 Clinical aspects of the Quality Assurance program: 

Should be formulated by the chief oncologist at the center in respect to the items: 

 Treatment policies that defines the prescribed doses (or ranges of prescribed 

doses) and the overall treatment regimens for different disease sites, tumour stage, 

and presentations. 

 Clinical Case Conferences for Review of Proposed/Recent Patient Treatments 

 Clinical follow-up and Statistical Review 

 

3-4-2 physical Aspects of the Quality Assurance Program: 

2-4-2-1 The Acceptance Testing: which demonstrate if the machine meets or exceeds 

the contractual specifications or not. It serves three purposes:  

1. Providing the mechanism by which the institution determines that it received 

what it intended to purchase;  

2. Assuring the safety of the patients and machine operators; and  

3. Providing critical baseline data for future quality assurance reviews and the 

results become as reference for subsequent checks (regular QC tests).  

3-4-2-2 Commissioning: which means acquiring all the beam data tables that required to 

set up the treatment planning system in order to place the machine into clinical service, it 

is strongly recommended to be started after completion of the acceptance test and should 

be carefully planned because it is vitally important for the safe and efficacious 

implementation of radiation treatment.
 
 

Commissioning includes: 

 beam data acquisition; 

 entry of beam data into an treatment planning system (TPS) and testing of its 

accuracy;  

 Training of all concerned with the operation of the new accelerator.  

The length of time needed depends on many factors, such as availability and experience 

of personnel and proper instrumentation and type of accelerator. 
[15]
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3-4-2-3 The Logbook: it‘s the notebook that contains all acceptance tests and 

commissioning measurements results saved, dated and signed by the medical physicist. It 

represents the machine history since it starts work till it is disposed. The logbook should 

have sequentially numbered pages of high quality paper and these pages should be sewn 

in, not glued in.
 [11] 

 

3-4-3  Radiotherapy Planning and Delivery: 

3-4-3- 1 Initial Evaluation: 

The initial evaluation of the patient and the extent and nature of the tumor is very critical 

step in the treatment sequence of patient. The overall responsibility for procedures under 

this heading will lie with the radiation oncologist. 

it includes a complete physical examination of the patient and review of all diagnostic 

studies such as radiographs, radionuclide scans, ultrasound, laboratory data, pathology 

slides, and reports. It is important for the radiation oncologist to be aware of the 

biological and pathological characteristics of the tumour, as well as clinical 

manifestations, so that probable sub-clinical extensions of the tumour can be included in 

the treated volume The full extent of the lesions should be determined and staged 

accordingly.
 [11] 

 

3-4-3- 2 Therapeutic Decisions: 

The therapeutic decision includes a determination of the goal of therapy (cure or 

palliation), evaluation of the alternative therapeutic approaches and a choice of the 

therapeutic modalities to be used in the patient.
 [11] 

 

3-4-3- 3 Tumor Location: 

Once it is determined that the radiation therapy is to be administered, it is critical to 

assess the extent and location of the tumor volume and the surrounding normal structures 

This can be accomplished by physical examination and appropriate imaging modalities, e 

g, radiographic or radionuclide studies, computed tomography, ultrasound, or magnetic 

resonance imaging.
[11] 
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3-4-3- 4 Treatment Planning: 

Treatment planning involves several steps, including localization and/or simulation, 

procedures earned out using a special radiographic unit (simulator) that can reproduce the 

geometric conditions of the patient on the radiation therapy machines The tumour and 

normal structures must be localized in a geometry identical to that used during the 

delivery of the treatment, portals can be designed directly in the simulator or their size, 

orientation, weight, etc may be determined with the aid of a treatment planning computer 

system. The physician prescribes the dose to the tumour and any organs at risk and the 

physicist carries out calculation of doses, computation of beams, and isodose 

distributions The physician, in consultation with the physicist, will analyze the alternative 

plans of therapy and select the best for the patient.  

The need for immobilization and repositioning devices, shielding blocks, masks, and 

compensating filters must be assessed during the treatment planning procedure If 

necessary, these aids will be designed by the physician and constructed by the treatment 

planning team. 

At the completion of the treatment planning process, it may be advisable to use the 

simulator again to simulate the patient with the final treatment portals, including the 

immobilization devices and shielding blocks in position prior to the initial treatment. 

With the emergence of 3D conformal therapy and intensity modulated radiation therapy 

employing non-coplanar beams, the 

treatment planning process may increasingly include the use of a computed 

tomography(CT) scanner as a "virtual simulator ". An important aspect in the use of CT 

scanner for treatment planning is that the patient support assembly (PSA) of the scanner 

must be flat to match the treatment machine (PSA) rather than the more usual concave 

PSA of CT scanners. An insert with a flat top and curved bottom that fits the curvature of 

the CT support assembly is an easy method to achieve this goal.
[11] 

 

3-4-3- 5 Treatment Delivery: 

The treatment is carried out by the radiotherapy technician under the supervision of the 

radiation oncologist who is the sole individual responsible for all clinical aspects of the 

treatment.  The participation of the radiation oncologist, medical physicist and 
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radiotherapy technician is always convenient for the first treatment, especially with 

complex beam set-ups. Periodically, portal films and verification of doses recorded on the 

charts are performed. 

The physician will evaluate the patient at least weekly during the course of therapy to 

assess tumour response and tolerance of the patient to the treatment. Examinations may 

be carried out more often, particularly when there is need for supportive care, such as to 

improve the nutrition of the patient, prescribe medication to decrease symptoms, treat 

current diseases, and provide instructions and medication to treat the side effects of 

therapy. 

The radiation oncologist will work closely and communicate with the referring physician 

to co-ordinate the overall care of the patient and to integrate the radiation therapy with 

other therapeutic modalities.
 [11] 

 

3-4-3 -6 Periodic Evaluation and follow-up: 

Periodic follow-up examinations after treatment are critical, not only to evaluate the 

general condition of the patient and tumour response but also to detect recurrences early, 

should they happen, and to observe the effects of irradiation on the normal tissues.
[11]

 

 

3-4- 4 Maintenance Program: 

A maintenance strategy determined at the beginning of a project is essential in achieving 

and maintaining: 

 low down times 

 high quality treatments 

 treatment schedules (fractionation) 

 patient and staff safety and 

 accident prevention 

Three lines of maintenance can be considered, 

 in house service for frequent small repairs  

  local support by a specialized maintenance company (usually a representative of 

the supplier)  

  prompt support by the manufacturer for major repairs.  
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The scope and limitations of each should be clearly established in writing and the 

necessary training and certification by the manufacturer should be arranged. Neglect of 

maintenance is even more expensive as it can lead to unacceptable and even dangerous 

consequences. The maintenance of teletherapy machines should only be carried out by 

licensed engineers.   

The maintenance program should be developed with the cooperation and assistance of the 

manufacturer of the equipment, each of the procedures developed as part of this 

programme should clearly establish who is authorized to perform the service, who must 

be notified before and after service is performed, and what records are to be kept After 

each major repair or preventative maintenance, a complete set of quality control 

measurements should be done. 
[11] 

 

3-4-4- 1 Preventive Maintenance 

Preventative maintenance is necessary to monitor proper functioning of the equipment, 

minimize machine breakdowns, and ensure that the equipment operates within the 

manufacturer‘s specifications. This includes routine servicing and replacement of parts 

during regularly programmed inspections. The preventative maintenance program should 

be carried out by the facility‘s and/or supplier‘s engineers, who are specifically trained in 

servicing the equipment. Medical physicists, RPO and Radiation oncologists should also 

be closely associated with the planned preventative maintenance program. The Qualified 

Expert should be advised of details of the work carried out prior to the equipment 

returning to clinical use. 
[1] 

 

3-4-4- 2 Corrective Maintenance (Repair): 

Written procedures should establish who is authorized to work on various components of 

the system, recognizing the hazards and potential consequences associated with different 

subsystems and radioactive sources. Specific repair procedures should use the 

manufacturer's documentation and training materials. Again, a service contract may be 

the preferred route, since in practice it is difficult for local staff to maintain the expertise 

required to repair the equipment when problems occur infrequently. There should be a 

formal procedure for notifying the medical physicist any time there is a repair regardless 
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of its importance. For safety reasons, the medical physicist will decide the extent of 

quality control required.
 [11] 

 

3-4-4- 3 Spare parts: 

Funds must be allocated for the purchase of an adequate supply of spare parts to be 

maintained on site. A kit of spare parts and sources for parts not included in the kit are 

necessary. 

Maintenance manuals in English or Arabic language and understandable to the users (i.e. 

the maintenance engineer) are required.
[11]

 

 

3-4-7 Quality Control Program :- 

The aim of the quality control (QC) program for radiation therapy is an ongoing 

evaluation of the functional performance characteristics of the associated equipment and 

calculations, because these characteristics influence both the geometrical and dosimetric 

accuracy of the applied dose. The QC program also provides data and techniques to be 

used following any machine repairs.   

It is emphasized that QC checks should be performed only by qualified and experienced 

persons, such as the Medical Physicist, who can delegate the work to persons he/she has 

trained. Regardless of who performs the tests the physicist remains the responsible party 

for assuring the correct performance of the equipment. He also must verify that the data 

in the treatment planning computer, any computer used to calculate treatment times, and 

in the loose leaf notebooks are correct and consistent.
 [11]

 

The quality control program should specify: 

1. The different tests to be performed, 

2. The equipment, including serial numbers, used to perform the tests, 

3. The geometry of the tests, 

4. The frequency of the tests, 

5. Who performs the tests, 

6. The expected results, 

7. Tolerance values, and 

8. Actions required when the tolerance levels are exceeded.
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The frequency of the various tests should take into account:  

 the likelihood of equipment failure or the likelihood of a measured 

parameter falling outside an acceptable tolerance range; and  

 the consequences that follow when such an event occurs.
 [11]

 

Instrumentation Needed For in a radiotherapy department to carry out  Acceptance Tests 

And Commissioning of the teletherapy treatment machine(Co-60 and Linac):- 

1. Ionization chamber dosimetry system: electrometers, constancy checkers, 

2. Phantoms: water phantom, tissue equivalent phantom 

3. Film dosimetry system: densitometer, phantoms. 

4. TLD dosimetry system: reader, ovens, jigs, phantoms. 

5. Dosimetry scanning system: electrometers, scanning devices. 

6. Personal computer system: computer, software for report generation, data 

collection and analysis, printer and plotter. 

7. Quality assurance devices: survey meters, area monitors. 

8. Beam modifiers: fabrication tools including hot-wire cutter for block fabrication.  

9. thermometer,  

10. barometer.
[15]

 

Tables in appendix A summarize the recommended quality control tests required for 

teletherapy machines and the other associated equipment in the radiotherapy 

department.
[11][14][15]

 

For linear accelerator the Acceptance test procedures and quality control tests should be 

considered a part of the accelerator selection and purchase process. The manufacturer 

should be asked to submit its Acceptance test procedures documents along with its 

accelerator specification data sheets for consideration. 

These documents should be reviewed for completeness, agreement on the definition of 

terms by the ISO, IEC or EC and the suitability to the institution‘s needs. If the 

manufacturer‘s Acceptance test procedures documents (and materials) are incomplete, the 

purchasing institution should add whatever is felt to be necessary to the purchase order. 

These efforts, undertaken early in the purchase negotiations, can save considerable time 

and effort.
 [15]
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3-4- 8 The Review of New or Modified Treatment Fields: 

The first task of chart review is to find any errors. The following specific areas of the 

chart should be reviewed: 

a) Treatment Prescription 

b) Treatment Parameters 

c) Isodose Distribution, Special Dose Calculation 

d) Treatment Time 

e) In-Vivo Measurements 

f) Daily Record 

g) Previous Radiation Treatments 

 

3-4-8-1- 1 Weekly Chart Review: 

In addition to the initial chart check a weekly review should take place and should 

include: 

a) Review of Treatments for Previous Week 

b) Cumulative Dose 

 

3-4-8-1- 2 Review at Completion of Treatment: 

As a final review before the chart is placed in a file, the following items should be 

checked: 

a. Prescribed dose delivered 

b. Chart properly documented according to department policy 

c. Treatment summary included.
 [11]

 

 

3-5 Personnel Requirement and Responsibilities: 

The responsibilities of each person work in the teletherapy department should be 

identified. The RPO is typically the key person responsible for the radiation protection 

program and its implementation. He is technically the competent person to provide 

advice and oversight of the local radiation safety program. Often (but not necessarily) the 

RPO is a medical physicist. 
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3-5- 1 The Legal Person: 

 The Legal Person has overall management and control of the radiotherapy facility. 

The individual who embodies the Legal Person should be clearly identified. 

Although tasks may be delegated, the legal responsibility for adherence to the 

Code lies with the Legal Person, 

 The Legal Person’s radiation safety policy documentation should clearly 

demonstrate the commitment of senior management to restrict unnecessary or 

unintended radiation exposure during the use of radiotherapy equipment. It should 

include consideration of radiation protection for public, occupational and medical 

exposures, and should clearly identify those designated with responsibility and the 

scope of their responsibility, 

 The legal person is required to: 

  Ensure that a Radiation Management Plan is in place for the control of 

radiation exposure. This plan should be viewed as a ‗living document‘ so 

that as changes occur to equipment, operators or work practices, it is 

reviewed or updated to reflect the changing nature of the use of radiation 

at the practice, 

  Be obliged to meet the registration/licensing criteria of the relevant 

regulatory authority 

  Ensure regular review of the equipment for safety and performance. 

  Ensure that a comprehensive clinical protocol and treatment policy 

document for the treatment facility is readily available, followed and 

regularly updated, 

 Provide a personal radiation monitors to all employees who are likely to 

receive an annual effective dose of more than 1 mSv as result of their 

work in the radiotherapy facility.  

 ensure that all tasks directly related to the servicing and maintenance of 

radiotherapy equipment, and the planning and delivery of radiotherapy, 

should be performed by appropriately qualified and trained personnel.
[1]

 

 



 - 57 - 

3-5- 2 The Oncologist (Physician, Medical Doctor):- 

 Consultation and clinical evaluation 

 Establishment of treatment plan, including dose prescription 

 Treatment execution, participation on a regular basis 

 On-treatment evaluations and patient monitoring 

 Treatment summary 

 Follow-up and evaluation of the treatment
 [11]

 

 

3-5- 3 Qualified Expert:- 

 Should supervise: 

o The specifications for the purchase of appropriate equipment 

o The planning of the facilities to house the teletherapy equipment 

(including shielding design). 

o the commissioning radiation equipment; 

 participating in, oversee, and monitor facility construction as needed. 

 Establishing methods for special clinical procedures and to acquire the necessary 

dosimetry data for them. These include special eye blocks, breast setups, total 

crania-spinal irradiation setup, electron arc, intraoperative electrons, total skin 

irradiation, total body irradiation, stereotactic radiotherapy, etc. 

 establishing procedures for monitor unit calculations for the teletherapy 

equipment. 

 establishing methods for the determination of dose distributions in the patient 

irradiated by the teletherapy equipment. 

 shall certify that a treatment unit is fit for use on patients; 

 may be responsible for the technical aspects of QA in radiotherapy
[7]

 

 

3-5- 4The Medical Physicist (Radiation Oncology Physicist):- 

 developing requirements and specifications for the purchase of appropriate 

equipment. 
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 monitoring machine installation by the manufacturer and provide assistance as 

needed. 

 performing acceptance testing of the machine after installation. 

 commissioning the machine for clinical use. 

 participating in patient data acquisition. Treatment planning and implementation, 

and evaluation of radiation treatments using the teletherapy equipment. 

  implementing and monitor a quality assurance program for personnel safety. 

 implementing and monitor a quality assurance program for patient safety and 

accuracy of dose delivery. 

  implementing and monitor a maintenance schedule for the teletherapy 

equipment. 

 developing new procedures which may lead to better and more cost-effective use 

of teletherapy equipment in radiation oncology.
[11][15]

 

 

3-5- 5 The Role of the Radiation Protection Officer (RPO):- 

 responsible for designation of controlled and supervised areas; 

 responsible for ensuring preparation of local rules; 

 training of new staff in safe radiation work practices; 

 liaison with the regulatory authority on radiation protection matters; 

 supervision of the personnel monitoring program; 

 maintaining of records, especially worker radiation histories; 

 routine surveillance of radiation areas; 

 responding to and investigating radiation accidents; 

 provision of radiation dosimetry; 

 general advice to management and staff regarding radiation safety.
 [8]

 

 

3-5- 5 Radiotherapy Technicians: - 

 the person typically closest to the patient; 

 responsible for precise delivery of the treatment; 

 should be capable to determine changes in patient condition due to radiation.
[8]
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3-5- 6 The Supplier: 

 Should demonstrate how their products fulfill the safety requirements of the 

purchaser and that the appropriate standards are reached, and should work with 

the purchaser to ensure that the standards are achieved when the equipment is 

operational, 

 Should provide at least two sets of comprehensive manuals for each piece of 

equipment installed. Especially critical for safety in radiotherapy is the 

understanding of equipment displays and the accompanying operational and 

maintenance documents. If they are in a foreign language, their written translation 

into the English or Arabic languages and terminology should be prepared and 

should be accessible at any time to the operational staff. 

 The supplier also has ongoing obligations to the source purchasers. When the 

activity and half-life of a radioactive source makes it impractical to store it for the 

required decay time at the hospital or clinic the suppliers should make 

arrangements to repossess the source for safe storage and disposal. This 

requirement should be included in the contract agreement between the supplier 

and the hospital or clinic. The return of the source to the supplier typically applies 

for larger activities of nuclides with half-lives of months or years.
[1]

 

 

3-5-7 Maintenance/service engineers:  

 responsible for maintenance of treatment units; 

 should be capable to determine machine parameters which could cause changes in 

the radiation beam; 

 must report all problems or repairs which could affect the beam to the qualified 

expert in radiotherapy physics.
 [8]
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CHAPTER FOUR  

MATERIALS & METHODS 

 

4-1 Materials: 

 The evaluation was done using the International Atomic Energy Agency (IAEA) 

inspection checklist for radiotherapy (appendix C) in addition to the direct 

radiation measurement at some points around the treatment rooms. 

 RDS-200 universal survey meter, Serial number: 260048 

           Measurement Range: Dose rate: 0.05Sv/h – 10Sv/h or 5rem/h – 1000 rem/h 

           Dose: 0.1Sv – 10Sv or 1rem – 1000 rem 

           Date of calibration 27/10/2008 valid till 27/10/2010. 

 Meter for measuring distances. 

 

4-2 Methods: 

Inspection visits were made to the two teletherapy centers available in Sudan, in 

Khartoum and  in Madani. (referred to in this research as center A and B) in order to 

check the degree of compliance to the safety requirements mentioned in this research. 

Also room dimensions were determined and direct radiation measurement was made at 

some points around the treatment rooms. 

 

 

 

 

 



 - 61 - 

CHAPTER FIVE 

RESULTS & DISCUSSION 

 

5 - 1 Radiotherapy Centre (A): 

5-1-1 The Centre Design and Equipment:- 

The radiotherapy department is located in two different buildings of the centre. The first 

building contains four teletherapy rooms which had been built in the basement of the 

building  in addition to three offices, mould room, High Dose Rate Brachytherapy (HDR) 

and empty room used to contain a conventional simulator (see Figure 7). Two of 

treatment rooms contain cobalt 60 machines and the third room used to contain a cobalt 

machine which had been dismantled about one year ago. A fourth room is currently under 

construction to accommodate a new linear accelerator (with maximum energy 15 MeV 

for electron beam and 6 MV for photon beam).  The second building (see Figure 8) 

includes a pharmacy and one room on the ground floor that contains a linear accelerator 

(with maximum energy 15 MeV for electron beam and 6 MV for photon beam). The 

accelerator has been out of use since 2007.  

5-1-1-1 Specifications of Teletherapy Rooms in Building (1): 

Room No.1:  

 Dimension=   3.50 X 4.75 m   

 Dimension of the door = 2.18 X1.20 m - made of lead. 

 Apparent Thickness of the wall =   1.08 m  

 Thickness of the primary shielding = the Apparent wall thickness + 0.63 m = 

1.11 m 

 There is no maze 

Room No.2:  

 Dimension =   6.50 X 5.38 m  

 Dimension of the door = 2.10 X1.00 m made of lead. 

 The  maze length = 3.10 m with thickness = 1.23 m 

Room No.3:  
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 Dimension=   7.50 X 4.43 m   

 Dimension of the door =  2.18 X1.20 m made of lead. 

 There is no maze 

Room No.4 (the New Linac’s room):  

 The measurements were not possible because of the existence of some stuff stored 

inside the room. 

TABLE 2 Dose Measurements in Building (1) at Center A: 

Background = 0.05  Sv/h 

Measurement Location Radiation Direction 
Average Net Dose rate 

  Sv/h 

A  Left lateral   0.05 

B  AP   0.00 

C Right lateral   0.70 

D  AP   0.10 

E  AP   0.11 

F Right lateral   0.05 

 

There are no planning documents for building (1). The shielding calculations were made 

after equipment had been purchased but there isn‘t any document that determines the 

actual thickness of each wall of every room or the density of the concrete that was used in 

making the shielding.  

 

 



 - 63 - 

   

        

    Figure -7: The Layout of Building (1)  

 

Building (2): 

4-1-1-2 Specifications of Teletherapy Room in Building (2) 

 Dimension=   7.04 X 6.00 m   

 Dimension of the door = 2.10 X1.40 m - made of lead. 

 Thickness of the wall  

 a =  1.480 m  

 b =  1.540 m 

 c =  0.50 m 

 Thickness of the primary shielding = 2.520 m 

 The  maze length = 3.50 m with thickness = 1.540 m 

The dose measurements around the room was not possible because the linear accelerator 

was out of order during the time of inspection. 

Empty 

Room 

Office 

Room 1 Mould 

Room 
HDR 

Room 2 
Room 3 

R
o
o
m

 4
 

Office Elevator 

O
ffice

 

Entrance 

A 

D 

B 

C 

E 

F 

Control 

console 
Control 

console 

Waiting Area 

N 



 - 64 - 

 

Figure -8: The Layout of Building (2) 

 

5-1-2 Responsibilities: All treatments are authorized and justified by qualified 

oncologists however there is no appropriate qualified practitioner designated as having 

the overall responsibility for patient protection, Once the decision of the radiotherapy 

treatment has been taken no further insurance of whether it is justified or not . The 

procedure in use to identify the patient is just the name.   

The center doesn‘t conduct researches involving exposure of patient to radiation. Some 

researches are carried out in the field of medical physics; such researches are based on 

organ dose measurements during treatment sessions.   

 

5-1-3 Training and Instruction of Workers: all personnel have recognized 

qualifications and have initial safety training during their university study but there is no 

refreshing radiation safety training provided periodically, moreover there isn‘t any 

supervision of technician by specialist medical practitioner during patient session. 

Interviews with worker (technician and medical physicist) demonstrate different level of 

understanding of safe working rules and emergency procedure. 
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The RPO demonstrate high level of knowledge of the regulatory authority, legislation and 

authorization etc. He has PhD in medical physics and he has just taken the 

responsibilities of the RPO. He is authorized from the general manager and have the 

appropriate resources but practically he doesn‘t have the full authority to do his job. 

 

5-1-4 Internal Audit and Review: there is no integral radiation protection program 

although audit of the facilities and working rules source inventory, working procedures, 

working rules is conducted by the RPO but not periodically or at appropriate interval and 

no records are maintained.  No external audit has been done yet. 

 

5-1-5 Facilities and Radiation Source: 

5-1-5-1 Facilities: radiation sources (check sources) are secured from unauthorized use 

and removal but access to control areas (treatment rooms and control console)  by 

unauthorized persons is not restricted. It is noted that emergency equipment for radiation 

source problem and fire protection are available but no exists. 

 

5-1-5-2 Compliance, Maintenance, and Repair (QC): the design and performance 

characteristic of radiation devices comply with IEC and ISO, and they are subjected to 

weekly QC tests and sometimes twice a week, done by a qualified medical physicists. 

The machines maintenance is done by internal medical engineers and all relevant records 

are maintained. 

 

5-1-5-3 Operating Check and Calibration: the medical physicist in the center 

supervises and review checks of the performance and functionality of the teletherapy 

machines. The protocol that is used in calibration of the radiation machine is IAEA TRS 

398. The calibration is done by qualified medical physicist before the device is first used 

for patient treatment, after major repair or modification, and if the routine operation 

checks show output variation outside established limits.  The records of the  operation 

checks and calibrations are maintained. 
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5-1-5-4 Radiation Sources: the radioactive sources and linear accelerators are authorized 

by regulatory authority. No leak test is preformed on sealed sources. 

 

5-1-6 Receipt and Transfer of Radiation Source: there is no written procedures 

established and followed for opening Radioactive package, although the incoming 

radioactive packages surveyed for damage, dose rates and potential radioactive 

contamination before opening but no  records are maintained. 

The radioactive sources are taken back by the manufacturer after their output reach 

unacceptable value according to the assigned contracts. All the related records are kept. 

 

5-1-7 Area Radiation Survey: there are two functioning survey meters. Suitable 

function checks are preformed on them prior to use. The survey meters calibration is 

performed in SSDL lab at SAEC. No area surveys are preformed. 

 

5-1-7 Personal Radiation Monitoring: there are personal monitoring dosimeters are 

provided to relevant personnel by the center through the RPO however, it is not 

authorized by the regulatory authority, however it is a member of IAEA inter-

comparison program for dose measurement and verification reliability. 

The type of the dosimeter is TLD chips therapy level. It is noted that they are being worn 

by the technicians. It is exchanged regularly (every three months), reviewed by the RPO 

and the result is showed to the worker personally. Since this service has been provided all 

personnel monitoring records are being maintained. 

 

5-1-8 Notification and Report: there are not any reports or notification delivered to the 

regulatory authority about the new changes that is being made ( such as building new 

room replace treatment machine by another one,  modifying shielding, changing the RPO 

.. etc). 

5-1-9 Warning Sign and Labeling: it is noticed that the presence of warning signs in 

Arabic language at the controlled area and the entrance of the treatment rooms, also the 

radioactive source heads are labeled. In addition , a light warring sign is available to 

show the location of the cobalt source i.e. the is the  On /Off. Position.  
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5 - 2 Teletherapy Centre (B): 

5-2-2 The Centre Design and Equipment:- 

The radiotherapy department is located on the ground floor. It contains three treatment 

rooms in addition to a simulator room. The first treatment room contains a Cobalt 60 

machine, the second room used to contain a cobalt machine which was dismantled in 

2004, and the room now is being used as storage, both co60 room have identical design. 

In the third room there is  a linear accelerator which is still under installation with 

maximum energy 12 MeV for electron beam and 6 MV for photon beam. 

5-2-2-1 Specifications of Teletherapy 

Rooms: Room 1:  

 Dimension =   7.31X 6.17 m   

 Dimension of the door =  2.10 X1.00 m, made of aluminum and glass 

 Apparent Thickness of the wall =     0.77 m  

 Thickness of the primary shielding = Apparent thickness of the wall+ 0.42 = 

1.19 m 

  Maze Dimensions: 

Wall 1 = Length  4.17 m with Thickness = 0.77 m 

Wall 2 = Length  1.66 m with Thickness = 0.77 m 

Wall 3 = Length  4.02 m with Thickness = 0.56 m 

Room 3 :  

 The measurements were not possible as the installation of the linear hasn‘t 

finished yet, access to room is restricted. 

TABLE 3 Dose Measurements in Teletherapy Center B: 

Background = 0.05  Sv/h 

Measurement Location Radiation Direction 
Average Net Dose rate 

  Sv/h 

A AP   0.00 

B AP   0.23 

C Right lateral   0.00 
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There are no documents in the centre that indicates the layout of the center, the actual 

wall thickness of teletherapy rooms, or the density of the concrete that was used in 

making the shielding.  

 

 

Figure -9: the Layout of Teletherapy Center B 

 

5-2-2 Responsibilities: All the treatment are authorized and justified by qualified 

medical practitioner. There is no appropriate qualified practitioner designated as having 

the overall responsibility for patient protection, once the decision of taking the 

radiotherapy treatment have been taken no further insurance of whether it is justified or 

not. The procedure is in place to identify the patient name.  No research is conducted that 

involve exposure of patient to radiation. 
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5-2-3 Training and instruction of workers: all personnel have recognized qualifications 

and have initial safety training during their university study but there is no refreshing 

radiation safety training is providing periodically, moreover there isn‘t any supervision 

by a specialist medical practitioner during patient treatment sessions. Interviews with 

some of the workers (a technician and a medical physicist) demonstrate understanding of 

safe working rules and emergency procedure. The RPO has M.Sc degree in medical 

physics. She has just taken the responsibilities of the RPO so she doesn‘t have enough 

knowledge of the requirements of regulatory authority for controlling medical exposures. 

She – as RPO - was authorized by the general manager of the centre and has the 

appropriate resources to perform her duties effectively. 

   

5-2-4 Internal Audit and Review: there is no complete radiation protection program 

available in the centre. However source inventory, revision of working rules are 

performed periodically and by the RPO and relevant records are maintained. 

 

5-2-5 Facilities and Radiation Source: 

5-2-5-1 Facilities: Radiation sources are secured from unauthorized use and removal also 

access to control areas by unauthorized persons is restricted. It is noted that emergency 

equipment for radiation source recovery is available but fire protection is not. 

 

5-2-5-2 Compliance Maintenance and Repair (QC): the design and performance 

characteristic of radiation devices comply with IEC and ISO and they are subjected to 

weekly QC tests done by a qualified medical physicists. The machines maintenance is 

done by medical engineers and the records are maintained. 

 

5-2-5-3 Operating Checks and Calibration: the medical physicist in center supervises 

and reviews the checks of the performance and the functionality of the machines. The 

protocol that is used in calibration of the radiation machine is IAEA TRS 398. The 

calibration is done before the device is first used for patient treatment, after major repair 

or modification, and if the routine operation checks show output variation outside 
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established limits by qualified medical physicist using calibrated instruments. The 

records of the operation checks and calibrations are maintained. 

 

5-2-5-4 Radiation sources: radioactive sources in the center are authorized by the 

Regulatory Authority. Leak test is preformed but there isn‘t any procedure to be followed 

if there were unacceptable results. Records for leak tests are not maintained.  

 

5-2-6 Receipt and transfer of radiation Source: there is no written procedures 

established and followed for opening radioactive packages although the incoming 

radioactive packages are surveyed for damage, unacceptable dose rates and potential 

radioactive contamination before opening. The related records are not maintained. 

 

5-2-7 Radiation Area Survey: there is one functioning but un-calibrated survey meter. 

No radiation area surveys are preformed. 

 

5-2-8 Personal Radiation Monitoring: personal monitoring dosimeters service used to 

be  provided to relevant personnel  by an authorized supplier (Radiation Safety Institute - 

SAEC) however this service had been stopped since 2006 when the TLD reader of SAEC 

went out of order.  

 

5-2-9 Notification and Report: report or notification is delivered to the regulatory 

authority if any about any new change has been made.  

 

5-2-9 warning sign and labeling: it was noticed during the inspection the presence of 

warning signs and notices in Arabic and English languages, at the controlled areas and 

the entrance of the treatment room. The head of the cobalt machines is labeled and also 

has a warning sign. 

  

5-3 Discussion: 

The results of the inspection visits have shown that both of the inspected teletherapy 

centers  meet the radiation protection requirement with regard to minimum recommended 
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area for treatment rooms and the presence of the authorized  radiation warning signs. The 

levels of the leakage radiation at the door of the treatment room, control console and 

other surrounded controlled areas were well below the dose limit 2.5  Sv/h as stipulated 

in this code with the maximum leakage of about 10% of that limit (Table 2 & 3). Also all 

new contracts for purchasing cobalt-60 machines include an undertaking by the supplier 

to take the source back after its output reach unacceptable value. Moreover treatment 

machines in both centers are subjected to regular QC tests, calibration and maintenance 

but there are no records for such activities. There is an emergency tool for radiation 

source recovery however there are no fire protection tools to be used in case of fire. 

On the other hand, and in both centers the only procedure to identify the patient is his 

name which obviously not enough to prevent exposing wrong patients. Also it has been 

noticed that there is no specific medical practitioner has been assigned the full 

responsibility of patient protection, this in turn could be one reason of inducing new 

cancer tumors in patient treated by radiation.    

Although center A receives almost 100 patients/day treated using two and in most cases 

one teletherapy machines, the number of available personnel (10 technicians & 7 medical 

physicists) are able to discharge the assigned duties effectively. Staff normally work in 

shifts that extended up to the morning of the following day. This could be attributed to 

the low output of one of the cobalt machine which in need for a source renewal. The great 

number of treated patients may be one of the main reasons of frequent breakdown of the 

teletherapy machines in this centre.   

The number of personnel in center B is 6 technicians & 3 medical physicists and the 

centre receives 80 patient/day this could be considered a high load on the staff especially 

for medical physicists. 

The radiation workers in center A use unauthorized personal monitoring dosimeters 

which makes them unreliable, while the workers in center B do not currently use any 

personal dosimeters. This problem is mainly due to the breakdown of the only available 

TLD reader in the country owned by an authorized personal monitoring service provider. 

The unavailability of proper personal monitoring service have many drawbacks the most 

important of which is inability to discover any abnormal occupational exposure 

especially in case of accidents. 
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The RPO in center B have full authority to handle radiation protection responsibilities 

however the RPO in center A doesn‘t practically have such authority which makes him 

unable to take adequate and necessary decisions regarding protecting staff, patient and 

public whenever needed. 

Both centers have functioning survey meters but they aren‘t calibrated which make their 

readings unreliable. 

There is no leak test done on sealed sources in center A however it is done in center B but 

no procedures are there to be followed in case of unacceptable results. 

It was noticed that in both centers there is absence of essential records and documents 

such as facility layout, Emergency Plan, results of leak test and written local rules. The 

Emergency plan is claimed to be available in centre A however no exercises are 

conducted for workers on executing of such plan.   

Both centers don‘t have integrated radiation protection program, comprehensive quality 

assurance program, radiation area survey and appropriate knowledge about the 

Regulatory Authority  work (legislation, regulations, authorization etc..). 

Away from that, the weakness in the performance of the regulatory authority work due to 

conflicted laws between SAEC and Health ministry is obstructing the regulatory 

authority  from conducting regular inspection missions to these centers and enforcing 

them to correct unacceptable situations.   

Comment [p1]: How about cetre B 
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CHAPTER SIX 

CONCLUSION & RECOMMENDATIONS  

 

6-1 Conclusion: 

The current status of radiation protection in both of the inspected centers is almost similar 

and both are not satisfactory as many of the essential items of radiation protection as 

stipulated in the Sudan Atomic Energy Commission act of 1996, its related regulations 

and in this research are not applied. Such situation is not acceptable as it definitely shall 

lead to unnecessary radiation exposure to staff, patient and public and which in turn shall 

increase the probability of causing adverse biological effects including deterministic 

effects.  

 

6- 2 Recommendations: 

From the above discussion and conclusion the following recommendation could enhance 

the level of radiation protection in the two radiotherapy centers: 

 Developing a new radiation protection act that establishes a single and truly 

independent regulatory authority, 

 Speeding up the process of revision, finalization, adopting and publishing this 

proposed code of practice. 

 Conducting seminars and symposia to publicize the role and functions of the 

regulatory authority in protecting staff, patients and public in radiotherapy 

installations.  

 Establishing information system aiming to raising the awareness of the public and 

professional about radiation hazards and protection in radiotherapy, 

 Establishing  adequate mechanisms for co-operation between regulatory authority 

and other relevant authorities 

 Organizing more national training courses on radiation protection and on 

regulatory activities in radiotherapy.   
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 Speeding up the process of repairing the personnel monitoring system of the 

SAEC and encouraging other government and private companies to provide this 

service. 

 Designing and conducting special educational and training programs for 

qualifying radiation protection officers in radiotherapy.  
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APPENDIX A 

QUALITY CONTROL TABLES 

TABLE A - I : QC OF Co 60 UNITS 
[11]

 

Frequency Procedure Tolerance 

Daily 

Door interlock 

 

Functional 

Radiation room monitor 

 

Functional 

Audio-visual monitor 

 

Functional 

Lasers 

 

2 mm 

Distance indicator (ODI) 2 mm 

weekly Check of source positioning 3 mm 

Monthly 

Output constancy 

 

2% 

Light/radiation field coincidence 

 

3 mm 

Field size indicator (collimator setting) 

 

2 mm 

Gantry and collimator angle indicator 

 

1deg 

 Cross-hair centering 

 

2 mm 

 Latching of wedges, trays 

 

Functional 

Emergency off 

 

Functional 

Wedge interlocks Functional 

Annual 

Output constancy 

 

2% 

Field size dependence of output constancy 

 

2% 

Central axis dosimetry parameter constancy (PDD/TAR) 

 

2% 

Transmission factor constancy for all standard accessories 

 

2% 

Wedge transmission factor constancy 

 

2% 

Timer linearity and error 

 

1% 

Output constancy vs gantry angle 

 

2% 

Beam uniformity vs gantry angle 

 

3% 

Off axis points measurements with and without wedges 

 

3% 

Safety Interlocks 

 

Functional 

Collimators rotation isocenter 

 

2 mm 

diameter 
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Frequency Procedure Tolerance 

Annual 

Gantry rotation isocenter 

 

3 mm 

diameter Couch rotation isocenter 

 

2 mm 

diameter Coincidence of collim , gantry, couch axis with isocenter 2 mm 

diameter 
Coincidence of radiation and mechanical isocenter 

 

2 mm 

diameter 
Table top sag with 80 kg mass evenly distnbuted 

 

5 mm 

 Vertical travel of table 

 

2 mm 

Field-light intensity Functional 
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TABLE A-2:  LINEAR  ACCELERATOR ACCEPTANCE TESTS
[14][15]

 

Test Procedure Tolerance 

Mechanical 

&Optical 

Characteristics 

position of the isocenter < 2 mm circle diameter 

alignment of radiation head and cross 

wires 
< 2 mm circle diameter 

accuracy of the optical distance 

indicator 

±1 mm
 (a)

 

alignment of the treatment couch < 2 mm 

correspondence of the set field size 

and the x-ray 

field size 

<2 mm 
 (b)

 

 

correspondence of the centre point of 

the x-ray 

field and the isocenter 

< 2 mm 

Beam 

Characteristics 

geometry of the x-ray beam 0.5
o
 

beam quality (energy) ____ 
(c)

 

field uniformity 
±2% to the quality 

given by the supplier. 

flatness 
from 5 x 5cm2 to 30 x 

30 cm
2
: i max/i min < 

1,06 symmetry of the beam (lh/ll) max ≤ 1,03 

Electrons Energy + 3 % 
(d)

 

Dosimetry 

measurement of absorbed dose  

reproducibility of the monitor system  

proportionality (the relationship 

between the monitor units u and the 

absorbed dose d 

d = su) 

 

dependence of the absorbed dose on 

the position of the teletherapy unit 
2% with the mean ratio 

dependence on of the absorbed dose 

the gantry angle during rotation 

therapy 

maximum difference < 

3% 

dependence of the absorbed dose on 

the form of the radiation field 

maximum difference < 

1% 
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Test Procedure Tolerance 

Dosimetry 

stability of the calibration of the 

monitor system 
 

stability after a high absorbed 

dose (∼100Gy) has been given 
 

stability through the day  

stability through the week  

Protection 

x-ray contamination during 

electron irradiation 

iirrirradiation 

5% for E<15 Mev  

7% for 15<E<20 

Mev 
absorbed dose on the surface 

during x-ray irradiation 

60% for E=5Mev 

and 50% for E =15 

Mev leakage radiation through the 

collimator 

does not exceed 2% 

neutron leakage outside the 

maximum useful beam 

should not exceed a 

maximum of 0,2% 

and an average of 

0,1% 

emission of radiation in stand-

by and preparatory states 

- 0,2 mGy
-1

 at 5 cm 

from the surface of 

the equipment 

- 0,02 mGyh
-1

 at 1 

m from the surface 

 

 (a) 
 Deviation at 100cm: ±1mm, 85cm: ±3mm, 135cm: ±3mm. 

 
(b)

  Should not exceed 2mm for fields up to and including 20 x 20 cm2 and 1% for field 

above          20x 20 cm. 

  (c)
   According to the TG 21 of the AAPM  protocol, the nominal accelerating potential is 

a function of the ratio of two ionization measurements done on specific depths in a 

phantom in the beam. 

(d)  
X-ray contamination lx: < 5% up to 15 MeV < 7% 15-20 MeV 
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TABLE  A-3:  QUALITY CONTROL OF SIMULATORS
[11]

 

Frequency Procedure Tolerance 

Daily 
Localizing lasers  

 

2 mm 

Distance indicator (ODI) 2 mm 

Monthly 

Field size indicator  2 mm 

Gantry/collimator angle indicators  

 

1 deg 

Cross-hair centering  

 

2 mm 

Focal spot-axis indicator  

 

2 mm 

Fluoroscopic image quality  

 

Baseline 

Emergency/collision avoidance  

 

Functional 

Light/radiation field coincidence  

 

2 mm or 1% 

Film processor sensitometry  Baseline 

Annual 

Mechanical Checks  

Colhmator rotation isocenter  

 

 

2 mm diameter 

Gantry rotation isocenter  

 

3 mm diameter 

Couch rotation isocenter  2 mm diameter 

Coincidence of colhmator, gantry, couch axes and 

isocenter  

 

2 mm diameter 

Table top sag with 80 kg mass evenly distributed  

 

5 mm 

Vertical travel of couch  2 mm 

Radiographic Checks 

 

 

Exposure rate  

 

Baseline 

Table top exposure with fluoroscopy  

 

Baseline 

kVp and mAs calibration  

 

Baseline 

High and low contrast resolution  Baseline 
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 TABLE A- 4 : QC FOR TREATMENT PLANNING SYSTEMS AND 

TREATMENT TIME CALCULATIONS
[11]

 

Frequency Test Tolerance 
a
 

Commissioning and 

following software 

update 

Understand algorithm Functional 

Single field or source isodose distributions 

 

2%a or 2 mm 
b
 

Treatment time calculations 

 

2% 

Test cases 

 

2% or 2 mm 

I/O system 1 mm 

Daily I/O devices 1 mm 

Monthly 

Check sum 

 

No change 

Subset of reference Quality Assurance test  

set (when checksums not available) 

 

 

2% or 2 mm 
c
 

I/O system 1 mm 

Annual 

Treatment time calculations 

 

2% d Reference 

Quality 
Assurance test set 2% or 2 mm

 d
 

I/O system 1 mm 

 

a   % difference between calculation of the computer treatment planning system and            

measurement (or independent calculation) 

b    In the region of high dose gradients the distance between isodose lines is more 

appropriate than % difference In addition, less accuracy 

may be obtained near the end of single sources 

c   These limits refer to the comparison of dose calculations at commissioning to the same 

calculations subsequently 

d These limits refer to comparison of calculations with measurement in a water lank. 
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APPENDIX B 

SHIELDING CALCULATIONS  

1. Primary Barriers 

In the usual approach, primary barriers are designed to attenuate the photon beam 

emanating from the treatment unit that is directly incident on the barrier. The primary 

barrier is also expected to adequately attenuate the dose equivalent beyond the barrier 

that results from secondary products of the photon beam. 

One example of this is the photoneutrons produced by the primary beam in the 

accelerator head as well as within the primary barrier itself. If the empirical methods 

given below are followed, the photon barrier will also be adequate for the secondary 

neutrons and neutron capture gamma rays that can originate along the path of the primary 

beam (IAEA, 1979).
 [5]

 

For an adequate barrier the ratio of the dose equivalent transmitted through the barrier to 

the shielding design goal (P) needs to be less than or equal to one. Hence the transmission 

factor of the primary barrier (Bpri) that will reduce the radiation field to an acceptable 

level is given by: 

    
 

  ………(1) 

                                                                             

where 

P:  shielding design goal (expressed as dose equivalent) beyond the barrier and is usually 

given for a weekly time frame (Sv week–1)is the allowed dose per week (Sv·week–1) 

outside the barrier; 

dpri : distance from the x-ray target to the point protected (meters) 

W  is the workload, in Gy·week–1 at 1 m; 

U  is the use factor (Table 7) 

T  is the occupancy factor  (Table 6) 
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The thickness of the barrier can then be determined using tenth-value layers based on the 

energy of the accelerator and type of shielding material (table 8), the required number (n) 

of TVLs is given by: 

      
………(2) 

and the barrier thickness (tbarrier) is given by: 

 …….(3) 

TVL : Tenth-Value Layer (TVL) The thickness of a specified substance which, when 

introduced into the path of a given beam of radiation, reduces the radiation field quantity 

to one-tenth of its original value TVL1 first tenth-value layer.
[5]

 

TVLe: Equilibrium Tenth-Value Layer (TVLe) The thickness of a specific material that 

attenuates a specified radiation by a factor of 10, under broad-beam conditions, in that 

penetration region in which the directional and spectral distributions of the radiation are 

practically independent of thickness.
[5]

 

 

The first (TVL1) and equilibrium (TVLe) tenth-value layers of the desired material are 

used to account for the spectral changes in the radiation as it penetrates the barrier. Thus, 

when a barrier thickness (t) is greater than the first TVL1, the total transmission factor 

(B) is given by: 

 

 

When the material used in the primary barrier is concrete (whether ordinary or heavy) 

then experience has shown that the barrier will adequately absorb all photoneutrons and 

neutron capture gamma rays and no additional barrier is required. This is due to the 

relatively high hydrogen content of concrete and its resultantly high neutron absorption 

cross section. If, on the other hand, materials other than concrete are used in the primary 

barrier, then special considerations are required. 

 

 

 



 - 85 - 

2. Secondary Barriers: 

Secondary barriers need to be designed to adequately protect individuals beyond the 

accelerator room from: 

1. leakage radiation,  

2. scattered radiation from the patient,  

3. scattered radiation from the walls, and  

4. secondary radiations (including photoneutrons and neutron capture gamma rays) 

produced in the accelerator head or in scattering throughout the room.  

When dealing with secondary barriers, photoneutrons and neutron capture gamma rays 

are usually a concern only for photon energies above 10 MeV and when dealing with thin 

barriers such as the doors in a maze or HVAC (Heating, Ventilation and Air 

Conditioning) conduits.  

maze and door design. Since leakage radiation and scattered radiation are of such 

different energies, the secondary-barrier requirements of each are typically computed 

separately and compared in order to arrive at the final recommended thickness. The 

barrier transmission needed for radiation scattered by the patient (Bps) is given by : 

 …….(4) 

 

dsca = distance from the x-ray target to the patient or scattering surface (meters) 

dsec = distance from the scattering object to the point protected (meters) 

a = scatter fraction or fraction of the primary-beam absorbed dose that scatters from the 

patient at a particular angle (Table B-4  ) 

F = field area at mid-depth of the patient at 1 m (cm2) 

and the value 400 assumes the scatter fractions are normalized to those measured for a 

20×20 cm field size. 

The barrier transmission of leakage radiation alone (BL) is given by
[5]

: 

 

 …….(5) 
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TABLE B-1 DIFFERENT SUGGESTED OCCUPANCY FACTORS (T)
[5] 

Type of area T 

Full occupancy areas (areas occupied full-time by an individual), 

e.g., administrative or clerical offices; treatment planning areas, 

treatment control rooms, nurse stations, receptionist areas, 

attended waiting rooms, occupied space in nearby building 

1 

Adjacent treatment room, patient examination room adjacent to 

shielded vault 
1/2 

Corridors, employee lounges, staff rest rooms 1/5  

Public toilets, unattended vending rooms, storage areas, outdoor 

areas with seating, unattended waiting rooms, patient holding 

areas, attics, janitors‘ closets 

1/20 

 

 

TABLE B-2. DIFFERENT USE FACTORS (U) 
[4]

 

Type of area U 

the floor with the beam pointing vertically down and any other 

areas routinely exposed to the primary beam 

1 

 wall and ceiling and any other areas not routinely exposed to the 

primary beam 

0.25 

For secondary barrier is always  1 

   These use factors may depend on the particular use of the facility and also on the 

energy used. 
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TABLE B-3 Primary-Barrier TVL for ordinary concrete (2.35 g cm–3),                 

steel (7.87 g cm–3), and lead (11.35 g cm–3) (suggested values in centimeters).a
[5] 

 

Endpoint Energy 

(MV) 

Material 

 

TVL1(cm) 

 

TVLe (cm) 

 

4 

 

Concrete 35 30 

Steel 9.9 9.9 

Lead 5.7 5.7 

6 Concrete 37 33 

Steel 10 10 

Lead 5.7 5.7 

10 Concrete 41 37 

Steel 11 11 

Lead 5.7 5.7 

15 Concrete 44 41 

Steel 11 11 

Lead 5.7 5.7 

18 Concrete 45 43 

Steel 11 11 

Lead 5.7 5.7 

20 Concrete 46 44 

Steel 11 11 

Lead 5.7 5.7 

25 Concrete 49 46 

Steel 11 11 

Lead 5.7 5.7 

Co60 Concrete 21 21 

Steel 7 7 

Lead 4 4 
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TABLE B-4 : SCATTER FRACTIONS OF DOSE , at 1 m, FOR A 400 cm2 INCIDENT BEAM
[4]

 

 

Angle 

(degree) 

 

Co-60 

6 MV 10 MV 18 MV 24 MV 

Max   at 1.5 cm Max   at 2.5 cm Max   at 2.5 cm Max  at 2.5 cm 

10 1.1 × 10
–2

 1.68 × 10
–2

 1.04 × 10
–2

 1.69 × 10
–2

 1.66 × 10
–2

 2.43 × 10
–2

 1.42 × 10
–2

 2.74 × 10
–2

 1.78 ×10
–2

 

20 8.0 × 10
–2

 1.15 × 10
–2

 6.73 × 10
–3

 1.03 × 10
–2

 5.79 × 10
–3

 1.17 × 10
–2

 5.39 × 10
–3

 1.27 × 10
–2

 6.32 × 10
–3

 

30 6.0 × 10
–3

 5.36 × 10
–3

 2.77 × 10
–3

 6.73 × 10
–3

 3.18 × 10
–3

 7.13 × 10
–3

 2.53 × 10
–3

 7.21 × 10
–3

 
2.74 × 10

–3
 

 

45 3.7 × 10
–3

 2.97 × 10
–3

 1.39 × 10
–3

 3.25 × 10
–3

 1.35 × 10
–3

 3.05 × 10
–3

 8.64 × 10
–4

 3.06 × 10
–3

 
8.30 × 10

–4
 

 

60 2.2 × 10
–3

 1.74 × 10
–3

 8.24 × 10
–4

 1.84 × 10
–3

 7.46 × 10
–4

 1.42 × 10
–3

 4.24 × 10
–4

 1.37 × 10
–3

 
3.86 × 10

–4
 

 

90 9.1 × 10
–4

 7.27 × 10
–4

 4.26 × 10
–4

 7.14 × 10
–4

 3.81 × 10
–4

 3.75 × 10
–4

 1.89 × 10
–4

 3.53 × 10
–4

 1.74 × 10
–4

 

135 5.4 × 10
–4

 4.88 × 10–4 3.00 × 10
–4

 3.70 × 10
–4

 3.02 × 10
–4

 2.59 × 10
–4

 1.24 × 10
–4

 2.33 × 10
–4

 
1.20 × 10

–4
 

 

150 1.5 × 10
–4

 3.28 × 10
–4

 2.87 × 10
–4

 3.16 × 10
–4

 2.74 × 10
–4

 2.26 × 10
–4

 1.20 × 10
–4

 2.12 × 10
–4

 
1.13 × 10

–4
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APPENDIX C 

INSPECTION RECORD SUMMARY 

RADIOTHERAPY (PART 1) 

 
Licence Number  

Licensee’s Name  

Address (location of the facility)  

Telephone Number  

Radiation Protection Officer  

Licensee‘s representative for the 

inspection 

 

Date of LAST Inspection _____/_____/_____ 

Date of THIS Inspection _____/_____/_____ 

Type of Inspection  Pre-authorization     

Routine     

Reactive     

Termination     

Date of NEXT Inspection  _____/_____/_____ 

Normal   

Reduced     

Extended     

Justify any change from Normal  

  

Summary of Findings and Actions  

NO items of non-compliance found    

Items of non-compliance found    

Follow-up on previous non-compliance  
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Comments (to be signed and dated) 

 

 

 

 

INSPECTION RECORD 

RADIOTHERAPY (PART 1) 

1. AMENDMENTS AND PROGRAM CHANGES 

Prior to the inspection, list for review any licence amendments submitted by the 

licensee and approved by the regulatory authority since the last inspection 

 

 

 

2. INSPECTION AND ENFORCEMENT HISTORY  

Prior to the inspection, list for review any items of non-compliance identified during 

previous 2-3 inspections  

DATE INSPECTOR VIOLATIONS 

   

   

Inspector (1) signature  

Date  

Inspector (2) signature  

Date  

Supervisor’s signature  

  

Report approved by supervisor Yes No Comments if No 
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3. INCIDENT / EVENT HISTORY  

Prior to the inspection, list for review any incidents or events reported to the 

regulatory authority since the last inspection  

   

   

4. ORGANIZATION AND SCOPE OF THE PROGRAM  

Briefly describe the present scope of activities, including types and quantities of use 

involving licensed sources, frequency of use, staff size, etc. (Note deviations from the 

licence) 

   

   

   

5. RESPONSIBILITIES 

Justification [BSS Appx II] 

All treatments authorized by appropriately qualified practitioners? Yes No 

An appropriately qualified practitioner is designated as having overall 

responsibility for patient protection and safety? 

  

If yes, practitioner‘s name?   

Does this practitioner ensure that procedures are justified?   

If yes, how is this achieved?   

   

   

Are satisfactory procedures in place to properly identify patients before 

treatment? 

  



 - 92 - 

Does the facility undertake research involving exposure of patients to 

radiation? 

  

If yes, are procedures in place ensuring compliance with the Helsinki 

Declaration, and guidelines observing the requirements of the 

Council for International Organizations of Medical Sciences and of 

the World Health Organization? 

  

Are such procedures subject to the advice of an Ethics Committee or 

similar body within the facility? 

  

Comments:   

   

   

6. TRAINING AND INSTRUCTION OF WORKERS  

Training and retraining requirements and documentation; interviews and observations 

of routine work; staff knowledge of all routine activities, and emergency response 

 Yes No 

All personnel using radiation sources have recognized qualifications?   

All occupationally exposed personnel are provided with initial safety 

training? 

  

Refresher radiation safety training is provided periodically?   

Supervision of personnel (e.g. technologists) by specialist medical 

practitioners is satisfactory? 

  

Training records kept for each worker?   

Interviews with workers demonstrate an appropriate knowledge of safe 

working rules and emergency procedures (e.g. source recovery?) 

  

Discussion with the RPO demonstrates an appropriate knowledge of the 

Regulatory Authority, the authorization, the legislation, conditions, safe 

working procedures, etc? 
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Does the RPO have appropriate resources (time, personnel) and authority (to 

take independent action to remedy urgent safety issues) to properly perform 

the role? 

  

Is staffing appropriate for the radiation workers to discharge assigned duties 

safely?  

  

Comments   

 

 

 

 

  

7. INTERNAL AUDITS AND REVIEWS 

 Yes No 

Licensee reviews the radiation protection program at appropriate intervals?   

Audits of the facilities, source inventory, working rules and emergency 

procedures performed at appropriate intervals? 

  

Audits conducted by   

Frequency    

Records of program reviews and audits maintained?   

Comments   

   

   

8. FACILITIES AND RADIATION SOURCES 

Facilities as described; uses; control of access; engineering controls; calibration 

facilities; shielding [BSS Section 2.34] 

 Yes No 

FACILITIES   
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Facilities are as described in the licence application?   

Radiation sources are secured so as to prevent unauthorized use and 

removal? 

  

Access to controlled areas by unauthorized persons properly supervised?   

Suitable emergency equipment for radioactive source recovery is available?   

Fire protection satisfactory?   

COMPLIANCE, MAINTENANCE, AND REPAIR (QC)   

The design and performance characteristics of radiation devices, whether 

using radioactive sources or electrically generated radiation, comply with 

relevant IEC / ISO standards or other requirements of the Regulatory 

Authority?   

  

Radiation devices are subject to regular QC tests to ensure continued 

compliance? 

  

If so, at what frequency; by whom; date of last test?   

   

Radiation devices are subject to routine maintenance by authorized service 

agents? 

  

If so, at what frequency, by whom; date last maintenance   

   

Records of compliance tests, maintenance, inspection and service 

maintained? 

  

OPERATING CHECKS AND CALIBRATION   

Appropriate checks of the performance and functionality of radiation devices 

and their associated safety equipment have been prescribed by a medical 

physicist and are carried out daily and at other suitable periods (where 

relevant to the device)?  
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The results of these checks are reviewed by a medical physicist within an 

acceptable time-frame? 

  

Radiation devices are calibrated using acceptable protocols?   

A complete calibration of each device is performed —   

- before the device is first used for patient treatment?   

- routinely at prescribed intervals acceptable to the Regulatory 

Authority? 

  

- if routine operating checks show output variations outside established 

limits? 

  

- after major repair or modification?   

- using instruments with calibrations traceable to an approved standard?   

- by a medical physicist recognized by the Regulatory Authority?   

Records of operating checks and calibrations are maintained?   

RADIATION SOURCES  

Radioactive sources (nuclides, activities and uses) at the facility are as 

authorized? 

  

X-ray equipment (interstitial, superficial, deep x-ray therapy), linear 

accelerators, etc at the facility are as authorized? 

  

Leak tests are performed on sealed radioactive sources at prescribed 

intervals? 

  

Procedures are in place for appropriate action to be taken in the event of an 

unacceptable leak test? 

  

Licensee confirms the inventory of radiation sources at acceptable intervals?   

Records of radioactive source leak tests and source inventory maintained?   

Comments:   
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9. RECEIPT AND TRANSFER OF RADIATION SOURCES  

 Yes No 

Radioactive package opening procedures established and followed?   

Incoming radioactive packages surveyed for damage, dose rates and potential 

radioactive contamination before opening? 

  

Satisfactory procedures are in place for the disposal of radiation sources that 

are no longer required (whether radioactive sources or devices that generate 

radiation electrically). e.g. disposal only to authorized persons; notification 

to the Regulatory Authority, etc.? 

  

Records of packaging surveys, source receipt and transfer maintained?   

Comments   

   

   

   

10. AREA RADIATION SURVEYS AND CONTAMINATION CONTROL  

Radiological surveys; leak tests; inventories; handling of radioactive materials; 

records; contamination control [BSS - Section I.38] 

 Yes No 

Licensee possesses appropriate, functioning survey instrument(s)?   

Suitable function checks are performed on instruments prior to use?   

Survey meter calibrations are current?   

Survey meter calibration is performed by an approved facility?   

Name of facility   

Area exposure rate surveys are performed at appropriate intervals?   

Surveys for removable contamination conducted as required?   
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Records of calibrations, contamination surveys, etc. maintained?   

Comments:   

   

   

11. PERSONNEL RADIATION MONITORING 

Radiation protection program with ALARA provisions; dosimetry; exposure 

evaluations; dose and survey records and reports; notifications to workers] [BSS – 

Schedule II] 

 Yes No 

Licensee provides personal dosimeters to all radiation workers?   

Dosimetry supplier is an authorized provider?   

Name of provider   

Dosimeters provided are appropriate for the radiation type and energy?   

Dosimeters are exchanged at the prescribed period?   

Dosimetry reports are promptly reviewed by the RPO?   

Is it evident that personal dosimeters are being worn by workers?   

Individual workers are informed of their monitoring results when each 

monitoring report is received (regardless of the dose measured)? 

  

Does the licensee apply ALARA to occupational exposure?   

Personnel monitoring records are maintained?    

Inspector reviewed personnel monitoring records for the period from  to  

Comments (include the maximum doses to workers during this review 

period) 
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12. TRANSPORT OF RADIOACTIVE SOURCES 

IAEA Regulations for the Safe Transport of Radioactive Material - Safety Standard 

Series No. TS-R-1 

 Yes No 

Licensee ships radioactive material?   

Authorized packages used?   

Packages properly labeled and marked?   

Licensee‘s vehicles, if used for transport, comply with regulations?   

Shipper‘s declaration papers have correct details and used when shipping 

sources? 

  

Comments   

   

   

13. NOTIFICATIONS AND REPORTS 

Reporting and follow-up of theft; loss; incidents; overexposures; safety-related 

equipment failures; change in RPO, and radiation dose reports to workers [BSS - 

Section 3.12] 

 Yes No 

Have any program changes been implemented that required (but have not 

received) approval by the Regulatory Authority? 

  

Have any notifiable incidents or accidents occurred since the last inspection?   

If yes, have they been reported to the Regulatory Authority?  (If no, 

list the incidents or accidents in Comments) 

  

Have any significant structural or other safety related changes been made to 

the facilities or the radiation devices without approval of the Regulatory 

Authority? 
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If yes, was a safety assessment performed by a qualified expert?   

Comments   

   

   

   

14. WARNING SIGNS AND LABELING 

Proper warning signs in use areas and labeling of containers with radioactive material 

[BSS - Section I.23] 

 Yes No 

Controlled areas have appropriate warning signs (in the local language)?   

Containers of radioactive sources are properly labeled?   

Notices to workers are displayed in the local language?   

Entry to treatment rooms have appropriate warning signs?   

Comments   

   

   

15. INDEPENDENT AND CONFIRMATORY MEASUREMENTS 

 Yes No 

Inspector made area and other measurements for comparison to licensee‘s    

Comments: Describe the types and results of measurements taken.  Identify 

the instruments used by the inspector (make, model, last 

calibration). 
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16. ITEMS OF NON-COMPLIANCE AND OTHER SAFETY ISSUES 

List any breaches noted during the inspection (what, when, where and who). 

   

   

   

17. PERSONNEL CONTACTED 

Identify the personnel contacted during the inspection 

   

   

Comments:   

   

   

 

INSPECTION RECORD 

RADIOTHERAPY– X-RAYS / TELETHERAPY (PART 2) 

This inspection record / checklist deals with matters relevant to superficial x-ray therapy, 

deep x-ray therapy, linear accelerators and cobalt teletherapy.  Record each device on a 

separate Inspection Record, 

Licence Number  

Device Manufacturer  

Device Model  

Device Serial Number  

For 
60

Co teletherapy:Total Activity, Activity Date  

Location on premises  
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FACILITIES.  Where relevant, are the following 

operational  

Yes No 

- room entrance barrier / door interlock system?   

- waning signs satisfactory?   

- photon / electron selection and any other beam 

parameter interlocks? 

  

- area radiation monitor(s)?   

- beam ON indication?   

- patient viewing and intercom systems?   

OPERATION   

Is the device restricted to particular orientations and/or 

gantry angles? 

  

If so, is operation prevented in other orientations?   

OPERATING PROCEDURES   

Operating procedures (in the local language) located at the 

control console? 

  

Procedures include response to emergencies or abnormal 

situations? 

  

Emergency response telephone numbers clearly displayed?   

Patient is sole occupant in the treatment room during 

treatment? 

  

Qualified staff (medical physicist, radiation oncologist etc.) 

physically present throughout all treatments with a gamma 

stereotactic / radiosurgery devices? 
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OPERATIONAL CHECKS AND CALIBRATION  

  

Were operational checks performed before use today (or 

when last used)? 

  

Was any operational fault detected at that check?   

If yes, was appropriate corrective action taken?   

Date last fully calibrated?   

Records confirm checks, calibrations and related actions?   

Comments   
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GLOSSARY 

 

Absorbed Dose  

The energy absorbed per unit mass by matter from ionizing radiation which impinges upon it.  

Absorbed dose, D, is defined by the expression:  

D=  

Where dE is the mean energy imparted by ionizing radiation to matter of mass dm.  

The unit of absorbed dose is joule per kilogram (J kg-1), with the special name gray (Gy).
[1]

 

Acceptance Test 

Verifying that the machine fulfils all the specifications given by the manufacturer and the ones 

agreed on as requirements for purchase. In addition to this the unit should fulfill ALL safety 

requirements as documented by national and international standards (e.g. IEC documents).
[8] 

Commissioning 

Ensuring that the unit is suitable for patient treatment within a certain department. This includes 

preparation of planning data and verification thereof. 
[8] 

Dose Constraint  

A prospective restriction on anticipated dose, primarily intended to be used to discard 

undesirable options in an optimization calculation.  

In occupational exposure, a dose constraint may be used to restrict the options considered in the 

design of the working environment for a particular category of employee.
[1]

  

Effective Dose  

A measure of dose which takes into account both the type of radiation involved and the 

radiological sensitivities of the organs and tissues irradiated.  

Effective dose, E, is the sum of weighted equivalent doses in all organs and tissues of the body. 

It is given by the expression:  
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Where H is the equivalent dose in organ or tissue T and W  is the weighting factor for that organ 

or tissue T.  The unit of effective dose is the same as for equivalent dose, J kg-1, with the special 

name sievert (Sv). 
[1]

 

Equivalent Dose  

A measure of dose in organs and tissues which takes into account the type of radiation involved.  

Equivalent dose, H, is a weighted dose in an organ or tissue, with the radiation weighting 

factor(s) determined by the type and energy of the radiation to which the organ or tissue is 

exposed. The equivalent dose HT in organ or tissue T is given by the expression:  

H = Σ DT, R  WR 

Where: DT,R is the absorbed dose averaged over the organ or tissue T due to radiation R and  

WR is the radiation weighting factor for that radiation. The unit of equivalent dose is the same as 

for absorbed dose, J kg-1, with the special name sievert (Sv).
[1]

 

IAEA 

International Atomic Energy Agency. 

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.
 [13]

  

Licensee 

The holder of a current licence granted for a practice or source who has recognized rights and 

duties for the practice or source, particularly in relation to protection and safety.
 [13]

 

Medical Exposure  

Exposure of a person to radiation received as a patient undergoing medical diagnosis or therapy, 

or as a volunteer in medical research, or non-occupational exposure received as a consequence of 

assisting an exposed patient.
[1]

 

Medical Physicist  

Qualified medical physicist is an individual who is competent to practice independently one or 

more of the subfields of medical physics: Therapeutic radiological physics, Diagnostic 

radiological physics, Medical nuclear physics, Medical Health Physics.
[15]
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Occupancy Factor  

The occupancy factor (T) for an area is the average fraction of time that the maximally exposed 

individual is present while the beam is on.
 [5]

 

Occupational Exposure  

Exposure of a person to radiation which occurs in the course of that person‘s work and which is 

not excluded exposure. 
[1]

 

Oncologist 

Person who is registered as a medical practitioner by the Sudanese Medical Board; and  has 

obtained postgraduate qualification in Radiation Oncology. 

Potential Exposure  

Exposure that is not expected to be delivered with certainty but that may result from an accident 

involving a source or owing to an event or sequence of events of a probabilistic nature, including 

equipment failures and operating errors.
[4]

 

Public Exposure  

Exposure of a person, or persons, to radiation which is neither occupational nor medical 

exposure.
 [1]

 

Qualified Expert  

An individual who, by virtue of certification by appropriate boards or societies, professional 

licences or academic qualifications and experience, is duly recognized as having expertise in a 

relevant field of specialization, e.g. medical physics, radiation protection, occupational health 

ect..
 [13]

  

Radiotherapy  

The therapeutic use of ionizing radiation from radiation-producing equipment and sealed 

radioactive sources to treat disease.
[1]

 

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.
[13]

 

Regulatory Authority   

The Radiation Protection Technical Committee (RPTC) of the Sudan Atomic Energy 

Commission, (SAEC). 
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Teletherapy  

Tele is a word from the Greek for ‗at a distance‘. it involves the use of irradiating equipment to 

deliver radiation doses to a target tissue volume at a distance from the source. Teletherapy 

equipment includes:  

• X-ray tubes using beam of ionizing radiation generated electronically to produce 

kilovoltage X-ray beams, for direct field treatment;  

• linear accelerators using electron beams to produce photons or electron beams of 

megavoltage energy, using either isocentric mounting or directional mounting;  

• intra-operative radiotherapy (IORT) devices, using low energy X-rays or high energy 

electron beams; and  

• sealed radioactive substances as the source of ionizing radiation, using isocentric 

mounting or direct field treatment. 
[1]

 

Use Factor (U) 

The different beam orientations used for treatment when calculating the required barrier 

thickness for each beam
[4]

 

Workload (W)  

The radiation output per week of external beam X ray and gamma ray sources.
[4]
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