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ABSTRACT 

The aim of this study was to develop a draft for a new code of practice for radiation 
protection in nuclear medicine that meets the current relevant international 
recommendations. 

The draft includes the following main fields: methods of radiation protection for 
workers, patients and public. Also, the principles of safe design of nuclear medicine 
department, quality assurance program, proper manipulation of radiation sources 
including radioactive waste and emergency preparedness and response. 

The practical part of this study includes inspections of three nuclear medicine 
departments available in Sudan so as to assess the degree of compliance of those 
departments with what is stated in this code. The inspection missions have been 
conducted using a checklist that addresses all items that may affect radiation 
protection issues in addition to performing area radiation monitoring around the 
installation of the radioactive sources. 

The results of this study revealed that most of the departments do not have effective 
radiation protection program which in turn could lead to unnecessary exposure to 
patients, public and workers. 

Finally, some recommendations are given that - if implemented - could improve the 
status of radiation protection in nuclear medicine department. 
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Chapter One 

Introduction 

1.1 General 
The first code of practice regarding the use of radiation sources in nuclear medicine was 

issued since 1998. No such regulatory audit has been commenced since that date, where 

as during the regular and routine work it was obvious that it is of importance to review 

and issue a new code of practice to cope with the expansion of such practice. 

Codes of practice are usually developed and audited by the regulatory authority, They 

give specific advice on how to achieve protection and safety requirements defined in 

legislation or regulations; they are not necessarily legally binding (also other procedures 

might be followed to achieve the same protection and safety goals). 

The principal aims of the code are: to optimize patient dose in medical diagnostic or 

therapeutic nuclear medicine; to ensure adequate protection of personnel working with 

radiation sources; and to ensure adequate protection of the general public in the vicinity 

of areas where diagnostic procedures are in progress. 

1.2 Aim of study 
To develop a new code of practice in nuclear medicine and to evaluate all nuclear 

medicine departments in Sudan with regard to their compliance to the recommendation 

and guides mentioned in the code of practice. 

1.3 Scope 

To assist personnel in achieving the principal aims and objectives mentioned above, 

This safety code specifies minimum standards of safe design, responsibility of 

personnel in the department, how to achieve optimization of medical exposure and 

minimize the worker and public exposure , deal with radiation sources and waste 

management, how to prevent accident and deal with it if happened 
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Chapter Two 

Literature Review 

Radiation Protection in Nuclear Medicine [17] 

The Safely Guide for Radiation Protection in Nuclear Medicine is one of three guides 

that support the application of the Code of Practice for Radiation Protection in the 

Medical Applications of Ionizing Radiation (the Code). 

The use of unsealed radionuclides in medicine is increasing throughout Australia as 

therapeutic and diagnostic radiopharmaceuticals as well as positron emission 

tomography (PET) imaging are becoming more common in the clinical environment. 

As the Code makes clear, the fundamentals of justification and optimization must apply 

when undertaking nuclear medicine procedures. Exposure to radiation during a medical 

procedure needs to be justified by weighing up the benefits against the detriments that 

may be caused. This includes considering the benefits and risks of alternative methods 

that do not involve any exposure to radiation. In the case of optimization, practitioners 

need to ensure that the minimum amount of radiation is used to achieve the intended 

diagnostic objective. This Safety Guide encourages the use of Diagnostic Reference 

Levels (DRLs) as a tool to support optimization of protection to the patient. The 

protection of occupationally exposed staff and the general public are also an important 

aspect of the optimal use of ionizing radiation in medicine. Special concern in relation 

to radiation protection is afforded to children, and pregnant or potentially pregnant 

females. 

Applying Radiation Safety Standards in Nuclear Medicine [3] 
The objective of the present safety report is to assist regulatory bodies in preparing 

regulatory guidance on the proper and consistent application of basic requirements of 

the BSS, by the legal persons responsible for the nuclear medicine practice. This report 

will be, therefore, also useful to registrants and licensees in meeting the regulatory 

requirements. It is one of a series of IAEA Safety Reports. 

This report is applicable to all the established uses of ionizing radiation sources 

employed in the practice of nuclear medicine, to the facilities where the sources are 
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located and used, and to the individuals involved. The guidance covers occupational, 

public, medical, and potential and emergency exposure situations 

Practice Specific Model Regulations on Radiation Safety in 

Nuclear Medicine [4] 
The objective of this document is to assist Regulatory Authorities in preparing 

regulations for nuclear medicine practice, on ensuring proper and consistent application 

of basic requirements of the BSS. This document will also be useful to nuclear medicine 

professionals in meeting the regulatory requirements. It is one of a series of IAEA 

regulatory guidance documents. 

These model regulations are applicable to all established uses of ionizing radiation 

sources in the practice of nuclear medicine, to the facilities where the sources are 

located and to the individuals involved. They cover occupational, public, medical and 

potential exposure situations, providing guidance on the implementation of the BSS for 

medical practitioners, professional staff and hospital administrators. It is not intended 

here to simply reproduce basic requirements from the BSS (or the equivalent national 

regulations), but to supplement them with further requirements specific to nuclear 

medicine 

Code of Safe Practice for the Use of Unsealed Radioactive 

Materials in Medical Diagnosis, Therapy, and Research [18] 
This Code of Safe Practice covers the administration of unsealed radioactive materials 

to humans for the purpose of medical diagnosis, therapy, or research. These uses are 

collectively referred to as nuclear medicine. 

For the purpose of this Code, any radioactive material is considered to be unsealed if it 

can be readily dispensed from its container in a dispersible form (liquid, soluble solid, 

powder, or gas) and it is intended to be used in this form. 

For the purpose of this Code, the administration of unsealed radioactive material to a 

person is classified as Research on Humans if that person is not intended to receive any 
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personal benefit directly from the procedure either therapeutically or in terms of the 

clinical management of any disease. 

Safety Code for Nuclear Medicine Facilities [19] 
Widespread utilization of ionizing radiation for multifarious applications in medicine, 

industry, agriculture, research etc. has brought in its wake the need for exercising 

regulatory controls to ensure safety of users, members of the public and the 

environment. The Atomic Energy Regulatory Board (AERB), constituted under the 

Atomic Energy Act, 1962 by the Government of India, is entrusted with the 

responsibility of developing and implementing appropriate regulatory measures aimed 

at ensuring radiation safety in all applications involving ionizing radiation. One of the 

ways to meet these responsibilities is to develop and enforce specific codes and 

standards dealing with radiation safety aspects of various applications of ionizing 

radiation to cover the entire spectrum of operations, starting from design of radiation 

equipment, their installation and use to ultimate decommissioning/disposal. 

In view of the fact that regulatory standards and requirements, techniques of radiation 

safety engineering and type of equipment change with time, it becomes necessary to 

review and revise codes and standards from time to time to incorporate these changes. 

AERB wishes to thank all individuals and organizations who helped in the revision of 

the Code. The names of individuals who participated in the preparation of both the first 

Code and its present revision are listed, along with their affiliations, for information. 

Guide for Diagnostic Nuclear Medicine [20] 
This reference manual is designed to assist nuclear medicine professionals in 

implementation of newly revised regulations of the Nuclear Regulatory Commission 

(NRC) dealing with the medical use of by product material. The book surveys NRC 

regulations and radiation protection policies applicable to diagnostic nuclear medicine 

and includes interpretations and specific, step-by-step measures that practitioners may 

use to facilitate implementation and ongoing compliance. 
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Chapter Three 

Radiation Protection in Nuclear Medicine 

3.1 Nuclear Medicine Facilities 

The design of the facility should take into consideration the type of work and the 

radionuclides and their activities intended to be used. The concept of 'categorization of 

hazard' should be used in order to determine the special needs concerning ventilation, 

plumbing, materials used in walls, floors and work benches. 

3.1.1 Design Objectives 
The main objectives of adequate design of a nuclear medicine facility can be 

summarized in the following points: 

• Safety of sources 

• Optimize exposure of staff, patients and general public 

• Prevent uncontrolled spread of contamination 

• Maintain low background where most needed 

• Fulfill requirements regarding pharmaceutical work [3,16] 

Figure 3.1 shows an example of optimum design of a nuclear medicine department. 
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Figure 3.1 An example of optimum design of a nuclear medicine department [16]. 
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3.1.2 Building requirements: 

3.1.2.1 Floors 
The floor should be covered with one sheet of a material with the following properties: 

[3,16]: 

• Impervious material 

• Washable 

• Chemical-resistant 

• Curved to the walls 

• All joints sealed 

• Glued to the floor 

Figure 3.2 shows the floor of a nuclear medicine department. 

Figure 3.2 The floor of a nuclear medicine department 

3.1.2.2 Walls and ceiling 
Should be finished in a smooth and washable surface with joints being sealed, wherever 

practicable. Walls should be painted with washable, non-porous paint (e.g. gloss paint). 

[3,16] 

3.1.2.3 Worktop surfaces 
• Worktop surfaces must be finished in a smooth, washable and chemical-resistant 

surface with all joints sealed. Some laminates do not resist certain chemicals, 

and the supplier should be consulted with regard to the specific chemicals to be 

used in the laboratory. 

• Open shelving should be kept to a minimum to prevent dust accumulation 
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• Services (e.g. gas, electricity, vacuum) should not be mounted on top of the 

bench, but on walls or up stands 

• Light fixtures should be easy to clean and of an enclosed type in order to 

minimize dust accumulation 

• Structural reinforcement may be necessary, since a considerable weight of lead 

shielding may be placed on counter tops 

• Cover the surface with absorbing paper [3,16] 

3.1.2.4 Ventilation 
Laboratories in which unsealed sources, especially radioactive aerosols or gases, may 

be produced or handled should have an appropriate ventilation system that includes a 

fume hood, laminar air flow cabinet or glove box. 

The ventilation system should be designed such that the laboratory is at negative 

pressure relative to surrounding areas. The airflow should be from areas of minimal 

likelihood of airborne contamination to areas where such contamination is likely. All 

air from the laboratory should be vented through a fume hood and must not be 

recirculated either directly, in combination with incoming fresh air in a mixing system, 

or indirectly, as a result of proximity of the exhaust to a fresh air intake. [3,16] 

3.1.2.5 Fume hood 
The fume hood must be constructed of smooth, impervious, washable and chemical-

resistant material. The working surface should have a slightly raised lip to contain any 

spills and must be strong enough to bear the weight of any lead shielding that may be 

required. 

The air-handling capacity of the fume hood should be such that the linear face velocity 

is between 0.5 and 1.0 metres/second with the sash in the normal working position. 

This should be checked regularly. [3, 16] 

Figure 3.3 shows Fume hood used in hot lab. 
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Figure 3.3 Fume hood used in hot lab 

3.1.2.6 Plumbing 

3.1.2.6.1 Washing facilities 
The wash-up sink should be located in a low-traffic area adjacent to the work area. Taps 

should be operable without direct hand contact and disposable towels or hot air dryer 

should be available. An emergency eye-wash should be installed near the hand-washing 

sink and there should be access to an emergency shower in or near the laboratory. [3,16] 

3.1.2.6.2 Patient toilet 
A separate toilet room for the exclusive use of injected patients is recommended. 

A sign requesting patients to flush the toilet well and wash their hands should be 

displayed to ensure adequate dilution of excreted radioactive materials and minimise 

contamination. 

The facilities shall include a wash-up sink as a normal hygiene measure. 

Washrooms designated for use by nuclear medicine patients should be finished in 

materials that are easily decontaminated. 

The patient washing facilities should not be used by hospital staff as it is likely that the 

floor, toilet seat and sink faucet handles will be contaminated frequently. [3, 16] 

3.1.2.6.3 Pipes 
Drain-pipes from the radioisotope laboratory sink should go as directly as possible to 

the main building sewer, and should not connect with other drains within the building, 
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unless those other drains also carry radioactive material. This is to minimize the 

possibility of a "back up" contaminating other, non-controlled areas. And the final plans 

of the drainage system which are supplied to maintenance personnel must show which 

drains are from radioisotope laboratories. [3, 16] 

3.1.3 Imaging room 
The area of imaging room shall depends on the size of gamma camera and other 

associated equipment and accessories that may present in the room however typically 

the room area should be about 25m . [8] 

The imaging room shall be a separate room from the dispensing laboratory and shall be 

well shielded from any radiation source other than the patient. 

The floor, walls and surface should comply with (3.2.2 ). 

3.1.4 Hot lab 
The laboratory shall be of sufficient size to allow ease of use. Separate work surfaces 

shall be provided for handling radioactive materials and doing bookwork. 

The hot lab must be located away from public places, office areas and areas where 

security cannot be guaranteed. Direct access to the hot lab should only be available from 

another laboratory, laboratory corridor. 

Any work bench where radioactive materials that emit gamma or high energy beta 

radiation are handled shall be equipped with a shielded work station. This should be 

provided with a screen of lead glass or lead Perspex for gamma radiation, or Perspex or 

other clear plastic for beta radiation. 

In most cases an overshoe barrier should be installed. The barrier may be the simple 

step over type (approx 20cm in height) or be more substantial allowing persons a sitting 

area while they apply overshoes. They may also contain shoe and overshoe storage 

areas. 

Hot lab should comply with all of the requirements in (3.2). 

3.1.5 Isolation rooms 

• An inpatient treated with more than 400MBq of I - 131 should be located in a 

single bedroom equipped with its own toilet and shower or bathroom. 
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• The flooring should be smooth, continuous, and non-absorbent. The walls and 

furniture should be covered with a non-absorbent surface for ease of 

decontamination 

• The bed should be located as remotely as possible from other hospital beds in 

neighbouring rooms. Depending on the wall construction some extra shielding 

may be necessary. The design should be such that a (non-radiotherapy) patient in 

the nearest neighbouring bed for all of the time a single therapy patient is 

present receives less than 0.3 mSv/procedure. 

• Containers should be provided for temporary storage of used utensils and linen 

before they are checked for contamination 

• The bath room should comply with all of the requirements in (3.2.6.2). 

• Drainpipes from bath room should be terminating in a delay tank. 

• Rooms should be equipped with movable shields. [3,16] 

3.2 Occupational Exposure 

3.2.1 Classification of Areas 
Areas in a nuclear medicine department should be clearly defined as part of the 

Radiation Protection Plan (RPP) and their classification should result from safety 

assessment. Two types of area may be defined controlled areas or supei-vised areas 

3.2.1.1 Controlled area 
The licensee and RPO shall classify any area needed to specific protective measures, 

safety provisions or preventing spread of contamination and potential exposures as 

controlled area. 

In particular, an area should be designated as a controlled area when management 

considers that there is a need to adopt procedural controls to ensure an optimized level 

of protection and compliance with the relevant dose limits. [6] 

Room for preparation of radiopharmaceuticals, room for storage radionuclide, room for 

storage of radioactive waste, Room for administration of radiopharmaceuticals, imaging 

rooms if or when administration is done and treatment room shall be a controlled area. 

10 



The licensee and RPO shall ensure: [10] 

• delineate controlled areas by physical means or, where this is not reasonably 

practicable, by some other suitable means 

• Display a warning symbol, written by local and official languages, and 

appropriate instructions at access points and other appropriate locations within 

controlled areas 

• establish occupational protection and safety measures, including local rules and 

procedures that are appropriate for controlled areas 

• Restrict access to controlled areas by means of administrative procedures, such 

as the use of work permits, and by physical barriers, which could include locks 

or interlocks; the degree of restriction being commensurate with the magnitude 

and likelihood of the expected exposures. 

• No worker entering control area unless authorized and worn personal 

monitoring device 

The signs at the entrances to controlled areas should be used to indicate to employees, 

especially maintenance staff, that special procedures apply in the area and that radiation 

sources are likely to be present. [6] 

3.2.1.2 Supervised area: 
Licensees shall designate as a supervised area as 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. This would imply the use of a dose rate based on an effective dose of 1 mSv in a 

year as one possible means of defining the outer boundary of a supervised area. [6, 10] 

3.2.2 Local rules and Supervision: 
Local rules, describing the organizational structures and the procedures to be followed 

in controlled areas, should be developed by management and written down, writing 

such local rules and procedures are necessary to ensure adequate levels of protection 

and safety for workers and other persons .The rules should be prominently displayed or 

readily available in the workplace and known to the workers and other persons who 

may be affected by them. 
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In a nuclear medicine department, these local rules include: [3] 

• Procedures for wearing, handling and storing personal dosimeters 

• 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 

• Ordering radionuclides, Unpacking and check of shipment 

• Storage of radionuclides 

• Radioactive waste 

• Administration of radiopharmaceuticals 

• Patient examinations 

• Cleaning facilities 

• Care of radioactive patients 

• Actions to minimize radiation exposure during unusual events (for example, 

accidental contamination) 

• Means and methods for decontamination of persons, equipment and surfaces 

• Limitations on activities that are permitted in source storage and handling areas 

(for example, no eating, drinking or smoking) 

• Procedures for the control of sources (for example, prompt removal of sources 

from transport containers) 

• Checking the integrity of containers 

• Checking the correctness of labels 

• Checking for contamination 

For practices performing Positron Emission Tomography (PET) studies, the local rules 

are aimed at ensuring that: [4] 

- When handling radionuclides in the cyclotron room and in the radiopharmacy, 

the dose to the operator is minimized 

- Heavy shielding is used, wherever possible, because of the high energy 

(51 IkeV) of the annihilation radiation in PET technique. 

- When this shielding is inappropriate, the reduction of exposure of staff is 

achieved by reducing the time of exposure and increasing the distance from the 

source. 
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Licensees shall, in consultation with workers, ensure: [10] 

• 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. 

• 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. 

3.2.3 Monitoring 

3.2.3.1 Personnel Monitoring 
Individual dose monitoring shall be undertaken for workers who are normally exposed 

to radiation in controlled areas e.g. medical physicists, the RPO, technologist and 

nurses. Other users of radioisotope sources, such as clinical specialists, research staff 

and ancillary workers who frequently work in controlled areas, should also be 

individually monitored. Individual external doses shall be determined by using 

individual monitoring devices approved by the Regulatory Authority, such as 

thermoluminescent dosimeters, film badges or other devices. 

Staff of a nuclear medicine department, and ancillary workers, shall always wear their 

personal dosimeters while working in controlled areas. The individual monitoring 

device should be typically worn on the front of the upper torso. When there is a 

possibility of high exposure to the hands, such as in the preparation and administration 

of radiopharmaceuticals, extremity dosimeters should also be worn (if compatible with 

good clinical practice). It is important that workers return dosimeters on time for 

processing and Licensees should make every effort to recover any missing dosimeters. 

The exchange of dosimeters and receipt of the dose reports shall be for the period 

specified by the Regulatory Authority but in general should not exceed three month. 

If an individual's dosimeter is lost, the RPO should perform and document an 

evaluation of the dose the individual received and add it to the worker's dose record. If 

a dosimeter has been lost, the most reliable method for estimating an individual's dose 

is to use his/her recent dose history. In those cases where the individual performs non-
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routine types of work, it may be better to use doses to co-workers as the basis for the 

dose estimate. 

In nuclear medicine, the exposure due to internal contamination shall be monitored. 

Typical methods of individual monitoring for intakes are whole body counting, organ 

counting (such as thyroid or lung monitoring) and analysis of samples of excreta. 

External monitoring of the thyroid for individuals handling large activities of 

radioiodine is sometimes used as a method for estimating the thyroid dos . . Sampling of 

the breathing zone with personal air samplers may also used for internal dose 

estimation. [7] 

3.23.2 Workplace Monitoring 
Periodic monitoring with a survey meter and contamination monitor or by wipe tests 

should be conducted for controlled and supervised areas,. Laboratories and other areas 

in which work with unsealed sources is undertaken should be monitored, both for 

external radiation and for surface contamination, on a systematic basis. Contamination 

monitoring is required for all working surfaces, floor, protective and personal clothing, 

clothing and bedding of therapy patients and any items removed from controlled areas. 

[3] 

Licensees, in co-operation with employers if appropriate, shall establish, maintain and 

keep under review a program for the monitoring of the workplace commensurate with 

the nature of and the risks associated with the source. 

The programs for monitoring of the workplace shall specify: [10] 

• the quantities to be measured 

• where and when the measurements are to be made and at what frequency 

• the most appropriate measurement methods and procedures 

• reference levels and the actions to be taken if they are exceeded 

All survey meters and radiation monitors used for workplace monitoring shall be 

calibrated and this calibration shall be traceable to standards dosimetry laboratory. Their 

operability and those of their warning devices should be checked prior to each day of 

use. [4] 
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3.2.4 Investigation Levels for Staff Exposure 
licensees shall include in the local rules and procedures the values of any relevant 

investigation level and the procedure to be followed in the event that any such value is 

exceeded. 

Also the licensee shall conduct formal investigations whenever: 

• Monthly individual effective dose exceeds investigation level 

• Dose to the hands recorded by finger dosimeters exceeds investigation level. 

• Individual dose for worker higher than other workers do same job and work 

same number of hours even the dose not exceeds investigation levels. 

• any of the operational parameters related to protection or safety are out of the 

normal range established for operational conditions 

• Any equipment failure, severe accident or error occurs that causes, or has the 

potential to cause, a dose in excess of investigation levels. 

• Any other event or unusual circumstance occurs that causes, or has the potential 

to cause, a dose in excess of the investigation levels or the operational 

restrictions imposed on the installation (e.g. the significant change in workload 

or operating conditions of nuclear medicine equipment). 

The investigation shall be initiated as soon as possible following the event, and a report 

written concerning its cause, including determination or verification of any doses 

received, corrective actions, and instructions or recommendations to avoid recurrence. 

The report shall promptly be submitted to the RPTC and other concerned bodies after 

the investigation. [4] 

3.2.5 Pregnant or breast-feeding staff 

A female worker should notify the licensee if she is pregnant as soon as she knows of 

her condition, or if she is breast feeding, so that radiation protection requirements for 

fetus and baby can be met respectively. The notification of pregnancy shall not be 

considered a reason to exclude a female worker from work. 

Once a female worker has notified the licensee that she is pregnant, the licensee shall 

ensure the effective dose to the embryo or fetus is not exceeded lmSv per period of 

pregnancy. Licensee shall adapt the working conditions or change type of work if the 

embryo or fetus could receive more than effective dose limit. [3] 
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3.2.6 Protective and Emergency Equipment and Tools: 
Nuclear medicine center, Laboratories and other work areas for using unsealed 

radioactive substances should be provided with equipment kept specifically for this 

purpose. 

When engineered and operational controls are not sufficient to provide an optimized 

level of protection for the tasks to be performed, personal protective equipment should 

be used. This equipment may include: [3] 

• Lead barriers with lead glass windows (fixed or removable). 

• Bench top shield 

• Shielded syringes 

• Vial Shield 

• Lead walls or castles for shielding 

• Shielded containers for transport radioactive materials or west inside the 

institution 

• Forceps, tongs to maximize distance from the sources 

• Protective clothing(lab coat, laboratory gowns, waterproof gloves, masks for 

aseptic work) 

• Fume cupboards 

• Barriers incorporating Perspex for work with beta emitters 

• Radiation and contamination monitoring equipment 

• Drip trays for minimizing the spread of contamination in the case of spillage 

• Emergency kits including: [3.16] 

- Protective clothing e.g. overshoes, gloves 

- decontamination materials for the affected areas including absorbent 

materials for wiping up spills 

- decontamination materials for persons 

- warning notices 

- portable monitoring equipment 

- bags for waste, tape, labels, pencils 

Protective clothing should be used in work areas where there is a likelihood of 

contamination to protect the body, worker clothes and to help to prevent the transfer of 
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contamination to other areas. The clothing should be monitored and removed before 

leaving designated areas. 

3.3 Medical Exposures 

To comply with radiation safety it is indispensable that licensees establish an internal 

mechanism to ensure that medical exposure be prescribed by a medical practitioner, that 

the obligation for overall patient protection be assigned to a nuclear medicine specialist 

or equivalent, that medical and paramedical staff be available, that advice of qualified 

experts in nuclear medicine physics be available, and that only staff with the necessary 

training be in charge of exposure of patients for diagnosis and treatment 

3.3.1 Justification 
Medical exposures should be justified by weighing the diagnostic or therapeutic benefits 

they produce against the radiation detriment they might cause, taking into account the 

benefits and risks of available alternative techniques that do not involve medical 

exposure, such as ultrasound or magnetic resonance imaging (MRI). 

As children are at greater risk of incurring stochastic effects, pediatric examinations 

should require special consideration in the justification process. Thus the benefit of 

some high dose examinations should be carefully weighed against the increased risk. 

The justification of examinations in pregnant women requires special consideration. 

Due to the higher radiosensitivity of the fetus, the risk may be substantial, so the 

licensee shall ascertain whether the female patient is pregnant before considering use of 

a radionuclide for diagnosis or for therapy. In these cases, the advice of a medical 

physics expert should be required and a fetal dose and nominal fetal risk estimation 

performed before deciding whether the examination should be undertaken. 

As a rule, a pregnant woman should not be treated with a radioactive substance unless 

the application is life-saving. Otherwise, the therapeutic application should be deferred 

until after the pregnancy and after any period of breast feeding. 

Mass screening of population groups involving medical exposure is deemed to be 

unjustified unless the expected advantages for the individuals examined or for the 

population as a whole are sufficient to compensate for the economic and social costs, 

including the radiation detriment. Account should be taken in justification of the 

potential of the screening procedure for detecting disease, the likelihood of effective 
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treatment of cases detected and, for certain diseases, the advantages to the community 

from the control of the disease. [4] 

3 3.2 Optimization 

33.2.1 Diagnostic procedures 
The optimization process necessarily requires a balance between administered activity 

(and patient radiation dose) and image quality. The activity administered should be 

sufficient to produce good image quality 

Hie following points apply to individual patients: [3] 

• There should be an effective system for correct identification of patients 

• There should be a written protocol for each diagnostic procedure, designed to 

maximize the clinical information to be obtained from the study, taking into 

consideration the appropriate guidance level for the procedure. 

• Data acquisition conditions should be selected such that the exposure is the 

minimum necessary for achieving the intended diagnostic objective. The choice 

of collimator, energy window, matrix size, acquisition time, angulations of 

collimator, single photon emission computed tomography (SPECT) or PET 

parameters and zoom factor shall be set up to maximize quality image per 

administered activity. 

• For dynamic studies, the number of frames, time interval and other parameters 

should be chosen in a way that provides optimum quality of image sequence. 

• Use of methods for blocking the uptake in organs not under study and for 

accelerated excretion when applicable. 

Repeat examinations should be minimized. If a nuclear medicine procedure needs to be 

repeated, this will result in increased exposure to both the patient and staff. 

33.2.2 Therapeutic procedures 
The following provisions should be in place: [3] 

• An effective system for identification of patients 

• Procedures to find out, before administration of the radiopharmaceutical, 

whether patients are pregnant or breast feeding 
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• Verbal and written instructions to patients to minimize exposure to family 

members and the public 

• Special attention to preventing spread of contamination due to patient vomit and 

excreta 

• Observance of national regulations on release of patients after administration of 

therapeutic doses of radiopharmaceuticals. 

33.2.2.1 Pregnancy and conception after therapeutic 

administration of radionuclides 
As a rule, pregnant women should not be subject to therapy with a radioactive substance 

unless the application is life saving. 

Following treatment with a therapeutic activity of a radionuclide, female patients should 

be advised to avoid pregnancy for an appropriate period. 

Table 3.1 illustrate periods after administration of a radionuclide administered for 

therapeutic purposes during which conception should be avoided is given. [3, 4] 

TABLE 3.1: RECOMMENDED T I M E S F O R AVOIDING P R E G N A N C Y 

FOLLOWING RADIONUCLIDE T H E R A P Y [3, 4] 

Nuclide and form Disease 
Maximum activity 

(MBq) 

Pregnancy j 

avoidance period 

(months) 

Au-198 colloid Cancer 10 000 2 

1-131 iodide Thyrotoxicosis 800 4 

1-131 iodide Thyroid cancer 5000 4 

1-131 MIBGa Phaeochromocytoma 5000 4 

P-32 phosphate Polycythemia 200 3 

Sr-89 chloride Bone metastases 150 24 

Y-90 colloid Arthritic joints 400 0 

Y-90 colloid Cancer 4000 1 

Er-169 colloid Arthritic joints 400 0 

a MIBG, meta-iodo-benzyl-guanidine 
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Note: (pregnancy should be avoided for the period indicated in column four even 

when the activity administered was smaller than that shown in column three) 

3323 Calibration 
licensees should ensure that an activity meter is available for measuring activity in 

syringes or vials in the nuclear medicine unit and other equipment is calibrated in 

standards dosimetry laboratory. 

The validity of measurements should be assured by regular quality control of the 

instrument, including periodic reassessment of its calibration, traceable to secondary 

standards. The licensee should participate in a regular intercomparison program. [3] 

33.2.4 Clinical (patient) dosimetry 
For diagnostic procedures the licensees should prepare and make available a list of 

representative values for absorbed dose or effective dose to typical patients for each type 

of diagnostic investigation carried out within the department. Licensees should obtain 

these values by calculation or from tables using internationally accepted methods or 

compilations of standard data. These values should be included in the manual of 

procedures. 

For therapeutic procedures, absorbed doses to relevant organs are determined and 

documented. [3] 

33.3 Guidance Levels 
Guidance levels for medical exposure shall be used by medical practitioners in the 

conduct of diagnostic and therapeutic procedures involving exposure to radiation as 

well as in the optimization of protection of patients. Corrective actions can be taken as 

necessary if doses or activities fall substantially below the guidance levels and the 

exposures do not provide useful diagnostic information and do not yield the expected 

medical benefit to patients. [10] 

Deviations from the normally used amounts may be necessary under a variety of 

physical and pathological conditions. These cases need special consideration by the 

physician performing the procedure. 
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• p R levels should not be regarded as a guide for ensuring optimum performance in all 

• H k s , as they are appropriate only for typical adult patients, and therefore, in applying 

|hc values in practice, account should be taken of body size and age. [3,4] 

Appendix II shows the guidance level of activity for procedures in nuclear medicine for 

^typical adult patient. 

33.4 Dose Constraints 

Licensees shall constrain any dose to individuals incurred while voluntarily helping 

(other than in their occupation) in the care, support or comfort of patients undergoing 

medical exposure, and to visitors to patients who have received therapeutic amounts of 

radionuclides to a level not exceeding that specified in appendix I . [4] 

33.5 Maximum activity for patients in therapy on discharge 

from hospital 
In order to restrict the exposure of any members of the household of a patient who has 

undergone a therapeutic procedure with Iodine (1-131) and of members of the public, 

such a patient shall not be discharged from hospital before the activity of radioactive 

substance in the body falls below 400MBq unless otherwise justified and the 

justification is documented [1,14]. 

Licensees should have a system to measure or to estimate the level of activity in the 

patient prior to discharge. The results should be recorded. 

Before leaving the hospital, the patient should be given written and verbal instructions 

concerning contact with other persons and relevant precautions for radiation protection 

shall be provided as necessary. 

The instructions should indicate what length of time will be needed for the patient to 

observe the precautions. [4, 5, 3] 

3.4 Public Exposure 
Public exposure is controlled, in large part, by ensuring that radiation sources at all 

times, (usage, transport, storage or disposal) are secure to prevent unauthorized access 

or use. Access by members of the public to areas in and near the nuclear medicine 

department should be considered when designing and shielding storage and use 
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locations. This should include access by other members of the hospital staff, including 

housekeeping, maintenance, and medical staff who may have legitimate reasons to be in 

the department. 

3.4.1 Control of Access of Visitors 
Arrangements should be made to control access of visitors to patients undergoing 

radionuclide therapy and to provide adequate information and instruction to these 

persons before they enter the patient's room so as to ensure appropriate protection. [3] 

3.4.2 Radioactive Contamination 
Licensees shall ensure that for sources for which they are responsible, measures 

optimized are taken, as appropriate, for restricting public exposure to contamination in 

areas accessible to the public. [4] 

3.4.3 Protection of the Embryo/Fetus 

3.4.3.1 Biological effects 
There are radiation-related risks throughout pregnancy that are related to the stage of 

pregnancy and absorbed dose. Radiation risk is most significant during organogenesis 

and in the early fetal period, somewhat less in the 2nd trimester and last in the 3rd 

trimester. 

Malformation have a threshold of 100-200mGy or higher and are typically associated 

with central nervous system problems. Fetal dose in exceeding 1 OOmGy can result in 

some reduction of IQ (intelligent quotient). Fetal dose in range of lOOOmGy can result 

in severe mental retardation and microcephaly, particularly during 8-15 weeks and to a 

lesser extent at 16-25 weeks. There is evidence of a slightly increased risk of induction 

of childhood cancer or leukemia for doses of more than 1 OmGy. [ 14] 

3.4.3.2 Confirming Absence of Pregnancy 
In women of child-bearing age, the possibility of pregnancy and the justification of for 

examination should be considered. The recommendation precaution to prevent or 

minimize irradiation of an embryo or fetus includes the following: [15] 
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• The patient must be careful interviewed to assess likelihood of pregnancy. 

Particular discretion is required to ascertain the possibility of pregnancy in an 

adolescent. 

• It is prudent to consider a pregnant any women of reproductive age presenting 

for a nuclear medicine examination at a time when menstrual period is overdue 

or missed, unless there is information that precludes pregnancy (e.g. 

hysterectomy). If the menstrual cycle is irregular, a pregnancy test me be 

indicated before proceeding. 

• In order to minimize the frequency of unintentional irradiation of the embryo or 

Fetus advisory notices (in the local language) should be posted at SCVCTa) places 

within the nuclear medicine departments and particularly at its reception area tell 

flie patient to inform the staff if she is pregnancy. An example of such a notice is 

shown in figure (3.4). 

Sometimes there may be good reasons to use ionizing radiation for diagnostic purposes 

in a pregnant patient in order to provide optimal care for the mother and, indirectly, 

potential benefit for the fetus. If a diagnostic radiation study is medically indicated the 

risk to the mother and fetus from not performing the study is usually greater than the 

risk from the radiation associated with the procedure. If a nuclear medicine study is 

justified and will be proceeded with, the administered activity should be as low as 

possible, provided it is sufficient to supply the required diagnostic information. Prior to 

IF YOU THINK THAT 
YOU MIGHT BE 
PREGNANT, NOTIFY 
STAFF BEFORE 
TREATMENT 

Figure 3.4: advisory notices for pregnant patient 

3.43.3 PREGNANT PATIENT 
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i procedure the nuclear medicine specialist should assess the potential dose and 

mnunicate the risks to the mother in a meaningful manner. 

Svidual fetal radiation dose estimates may require the services of a nuclear medicine 

3.4.4 Protection of an Infant 

H e Infant of a breast feeding patient will receive external dose from close contact to 

patient and internal dose from ingested breast milk. 

Before commencing a nuclear medicine procedure, every female patient of childbearing 

age should be asked by the administering person whether she is breast-feeding or caring 

lor a young child. Advice should be given to the patient to minimize the external 

radiation dose to the child during periods of close contact with the patient, and the 

internal radiation dose from ingested breast milk. 

In order to minimize the irradiation to the Infant advisory notices - in local languages -

should be posted within the nuclear medicine departments tell the patient to inform the 

staff if she is breast feeding. An example of such a notice is shown in figure(3.5). [15] 

IF YOU ARE 
BREAST-
FEEDING, ^ 
PLEASE 
NOTIFY THE STAFF 

Figure 3.5: advisory notices for breast feeding patient 

Patient should be given advice for the length of time can be close contact with child in 

order to minimize external radiation dose to the child. This advice will ensure that the 

child receives an effective dose of no more than 1 mSv. 

Many radiopharmaceuticals are secreted in breast milk when radiopharmaceutical is 

administrated to lactating women. Advice to stop breast feeding after nuclear medicine 
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procedure for specific times should be given to the patient in order to minimize internal 

jndiation dose to the child. This time depend on radiopharmaceutical and activity 

Uministrated on patient. 

Appendix DI illustrate recommendation on cessation of breast feeding following 

(•administration of some common radiopharmaceuticals. 

3.5 Radioactive sources and waste 
3.5.1 Transport 

3J.1.1 Internal Transport 
General principles relating to the transport of the material within an institution are as 

follows: [1] 

• Procedures should be such that it is clear who is responsible for the radioactive 

material at a particular time. Even if the user is also the transporter of the 

material adequate records must be made. A prior risk assessment should be 

carried out to consider the consequences of reasonably foreseeable incidents and 

how to protect against them 

• The radioactive material must be transported in a suitable container. It should be 

doubly contained with a rigid outer container designed to prevent leakage should 

the primary container break. The container should be lined with absorbent 

material to soak up any spill that does occur and must also provide adequate 

shielding from external radiation 

• Whilst being transported a container of radioactive material must not be left 

unattended in areas accessible to the public or staff not concerned with its use. 

• Containers should be suitably labeled. The label should give details of the 

radionuclide being transported. Care should be taken to ensure that labels are 

removed from empty containers. 

• Local rules should be written for the institution, detailing the procedures to be 

followed 

• The local rules should take into account the possibility of any hazardous 

situation that is likely to arise during transport. In particular, they should 

describe the action to be taken in the event of damage to the container and/or its 

contents. Procedures should also be such that they minimize the possibility of 
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• losing a source during transit; therefore documentation must be adequate. 

Instructions should be included as to the action to be taken should a source be 

lost (or suspected of being lost). 

|£.1.2 External Transport 
This should follow the regulation of safe transport of radioactive materials issued by 

RPTCin 1998. 

3.5.2 Storage 

Source stores must: [16] 

• provide protection against environmental conditions 

• be only for radioactive materials 

• provide sufficient shielding 

• be resistant to fire 

• be secure 

3.53 Security 
The objective of source security is to ensure continuity in the control and accountability 

of each source at all times. 

A multilayer (defense in depth) system of provisions for protection and safety 

commensurate with the magnitude and likelihood of the potential exposures involved 

should be applied to sources such that a failure at one layer is compensated for or 

corrected by subsequent layers, for the purposes of: [10] 

• preventing accidents that may cause exposure; 

• mitigating the consequences of any such accident that does occur; and 

• restoring sources to safe conditions after any such accident 

The licensee shall establish security systems to prevent theft, loss, unauthorized use, or 

damage to sources, or entrance of unauthorized personnel to the controlled areas. 

The licensee shall maintain an inventory of sources received by the practice and 

develop procedures to ensure the safe movement of radioactive sources within the 

institution at all times from receipt to disposal. [3, 4] 
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3.5.4 Waste 

H e use of unsealed sources in diagnosis and therapy will generate radioactive waste of 

different kinds during preparation, patient examination and care. 

Radioactive waste needs to be safely managed because it is potentially hazardous to 

human health and the environment Inadequate management after use or loss of 

radioactive material, especially sealed radiation sources, has resulted in radiation 

exposure of members of the public or extensive contamination of equipment, buildings 

or land. In some cases uncontrolled radiation exposure has been lethal. 

The radioactive waste in hospitals comprises many different types of waste. It may be 

of high activity such as a technetium generator and sources used in radionuclide 

therapy, or low activity waste from biomedical procedures or research. It may be in 

solid, liquid or gaseous form. All these aspects must be accounted for in the planning of 

waste treatment in a hospital. 

The types of waste are: 

• Solid waste: include cover papers, gloves, empty vials and syringes, 

Radionuclide generators, items used by hospitalized patients after radionuclide 

therapy, Sealed sources used for calibration of instruments 

• Liquid waste: Residues of radionuclides. Patient excreta. Liquid scintillation 

solutions. 

• Gaseous waste: Exhausted gas from patients in nuclear medicine 

The registrant and the licensee shall develop and implement a program for safe disposal 

of radioactive waste or return of sources when their use is discontinued, as required by 

the regulation of management of radioactive waste issued by the RPTC in 1998. [16, 

10] 

3.5.4.1 Waste collection and segregation and storage 
In order to simplify the waste management the selection of unsealed sources in a certain 

application should consider: 
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• the half-life of the radionuclide, which should be as short as is consistent with 

the application 

• the type and energy of the radiation 

• the activity, which should be as low as is consistent with the application 

• selection of materials that minimize the number of operations required to 

prepare them for the specific application 

Containers to allow segregation of different types of radioactive waste should be 

available in areas where the waste is generated (mainly, the hot lab.). The containers 

must be suitable for that purpose (volume, shielding, leak proof, etc.). Each type of 

waste should be kept in separate containers properly labeled to supply information 

about the radionuclide, activity concentration etc. Flammable goods should be kept 

apart. 

A room for interim storage of radioactive waste should be available in a nuclear 

medicine facility. The room should be locked, properly marked and ventilated. [16] 

3.5.4.2 Waste treatment and disposal 
Radioactive waste from nuclear medicine procedures can be dealt with either by simply 

storing the waste safely until radioactive decay has reduced the activity to a safe level or 

possibly by disposal of low activity waste into the sewage system. Long half-life or 

high activity waste may need long term storage in a suitable storage area. 

Technetium-99m waste normally requires storage for only 48 hours, in a plastic bag 

inside a shielded container. The container should be labeled with the radionuclide and 

date. Gallium-67, 1 - 1 3 1 and other longer half-life materials should be placed in a 

separate labeled and dated plastic bag and stored safely. 

Following the above considerations, the following summary of practical advice for 

concrete items used in nuclear medicine can be given: [3] 

• Technetium generators: There are two options: (1) returning to the supplier after 

use and (2) waiting for decay and dismounting of the elution column afterwards. 

After a waiting time of 1.5-2 months, when the activity and the dose rate are so 
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low that the elution column can be removed, the generator can be dismantled 

and the material be considered as non-radioactive. Labels should then be 

removed 

• Used syringes and needles: These can be collected in a shielded container in the 

rooms used for preparation and injection of radiopharmaceuticals. When the 

container is full, it should be sealed and the expected disposal date be marked on 

i t After this time, the external dose rate can be monitored. The container can be 

disposed of when the external ambient dose equivalent rate is the same as the 

background 

• vials containing residues of " m T c , 67Ga, 1HIn and 201 TI: the same procedure 

should be used as for the syringes, but using a different container 

• Gloves and cover paper: These should be collected in plastic bags in the rooms 

used for preparation and injection of radiopharmaceuticals. When a bag is filled, 

it should be sealed. After waiting for decay, they can be disposed of as ordinary 

waste. 

• Sealed sources for calibration of activity meters, quality control of gamma 

cameras and counters, and anatomical marking of images: After waiting for 

decay, the RPO should determine the disposal route according to radioactive 

waste management regulation 1998. 

• Small activities of 3H and 14C in organic solutions: Their activities are usually 

very small, and can be treated as non-radioactive. However, as these substances 

are toxic, they should be given to an authorized plant, for example for 

incineration. 

• Patients' excreta, such as urine with 131I. For diagnostic patients there is no need 

for collection of excreta and ordinary toilets can be used. For therapy patients 

use separate toilets equipped with delay tanks 

When disposing of waste, attention should be paid to the following points: 

• For solid waste the maximum surface dose rate in any individual bag of waste 

shall be below 5 n Gy/h. 

• Solid waste can be disposed of as general waste if the total activity not exceeded 

the value in table 3.2 in month and not exceeded 0.1 of the value in table 3.2 or 

5MBq in any disposal. 
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• liquid waste can be disposed of in general sewage system if the total activities 

not exceed the values in the table 3.2 in month and not exceeded 0.1 of the value 

in table 3.2 or 5MBq in any disposal. [9] 

• Disposable gloves should be worn and caution exercised when handling sharp 

items. 

• Any labels and radiation symbols should be removed. 

• Waste should be placed in a locally appropriate waste disposal container, for 

example a biological waste bag (since waste, once no longer radioactive, is 

usually regarded as biological waste). Placement of waste inside two bags is 

advisable to minimize the risk of spillage. [2] 

TABLE 3.2: VALUES OF ANNUAL LIMIT OF INTAKE FOR SOME 

RDIONUCLIDES IN BECQUEREL [9] 

RADIONUCLIDE Value (Bq) 

Tc - 99m 3x10* 

Mo-94 2xl08 

1-131 lxlO6 

P - 32 lxlO7 

Sr-89 5xl06 

Y - 90 2xl07 

3.6 Emergency Plans 

3.6.1 Safety Assessment 
In nuclear medicine safety assessment deals with finding out 'what can go wrong?' at 

every step (the steps include ordering, transport and receipt of unsealed sources, 

unpacking, storage, preparation and administration of the radiopharmaceuticals to the 

patient, examination or treatment, care of therapy patients with high amounts of 

radioactivity, and storage and handling of radioactive waste) and how this can be 

prevented and, in case it occurs, how it can be mitigated. [16] 
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£ safety assessment needs to be documented and, if appropriate, independently 

viewed, within the quality assurance program. Additional reviews shall be performed 

necessary whenever: [3] 

• Safety may be compromised as a result of modifications of the facilities or of the 

procedures 

• Operational experience or information on accidents or errors indicates that a 

review is necessary 

• Any significant changes to relevant guidelines or standards are envisaged or 

have been made. 

3.6.2 Emergency Plans 
The licensee shall prepare emergency procedures these procedures should be clear, 

concise and unambiguous and shall be posted visibly in places where their need is 

anticipated. 

The emergency plan shall, as a minimum, describe the following items: [4] 

• Predictable incidents and accidents, and measures to deal with them 

• The persons responsible for taking actions, with full contact details 

• The responsibilities of individual personnel in emergency procedures (for 

example, nuclear medicine physicians, medical physicists and nuclear medicine 

technologists) 

• Equipment and tools necessary to carry out the emergency procedures 

• Training and periodic rehearsals 

• Recording and reporting systems 

• Immediate measures to avoid unnecessary radiation doses to patients, staff and 

the public 

• Measures to prevent access of persons to the affected area 

• Measures to prevent spread of contamination 

Emergency kits (3.3.6) should be kept readily available for use in an emergency 
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3.63 Types of Emergency Situations 

3.63.1 Lost sources: 
h is critical for this type of event that an up-to-date inventory exists so that it can be 

determined immediately which source(s) is (are) missing, what its type and activity are, 

when and where it was last known to be, and who last took possession of it. The actions 

to be part of the contingency plans include: 

• Obtain assistance from the RPO 

• Conduct a local search 

• Check and ensure security and control of other sources 

• Check all possibilities in the hospital 

• If not found, report the loss of the material according to the rules given by the 

regulatory body. [3] 

3.63.2 Loss of shipment: 
A proactive attitude is important for the case that sources are ordered and not 

received at the expected time. Making a check for the arrival of a source at the 

expected receipt time should be part of the procedures. 

If still not found, call the company and inform them of the failure so that they can 

trace the shipment and find out where the radioactive material is. If the shipment is 

still not found, report the loss of the material to the regulatory body. [3] 

3.6.3.3 Damage to 99mTc generators 
Generators contain a relatively large amount of radioactivity. In the event of a " m T c 

generator being damaged, the measures to be taken are: 

• Evacuate the area immediately 

• Inform the RPO, who should confirm the spillage and supervise the 

decontamination and monitoring procedures 

• Record the event and make a report to the regulatory body. [3] 

3.6.3.4 Spillage of small amounts of radioactivity 
After such a spillage the following actions should be taken: 

• Use protective clothing and disposable gloves 
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• Quickly blot the spill with an absorbent pad to keep it from spreading 

• Remove the pad from the spill 

• Wipe with a towel from the edge of the contaminated area towards the centre 

• Dry the area and perform a wipe test 

• Continue the cycle of cleaning and wipe testing until the wipe sample indicates 

that the spill has been cleaned 

• Use a plastic bag to hold contaminated items. Suitable bags shall be available as 

well as damp paper towels. [3] 

3.63.5 Spillage of large amounts of radioactivity 
After such a spillage the following actions should be taken: 

• The RPO should immediately be informed and directly supervise the clean-up 

• Throw absorbent pads over the spill to prevent further spread of contamination 

• All people not involved in the spill should leave the area immediately 

• Monitor all people involved in the spill for contamination when leaving the 

room 

• If clothing is contaminated, remove and place it in a plastic bag labeled 

'RADIOACTIVE' 

• If contamination of skin occurs, wash the area immediately 

• If contamination of an eye occurs, flush with large quantities of water. [3] 

3.6.3.6 Medical emergencies involving radioactive patients 
This is particularly important for therapy patients containing large amounts of 

radioactivity. Medical personnel should proceed with emergency care (for example, 

when a patient has suffered a stroke), while taking precautions against spread of 

contamination and minimizing external exposure. 

The staff should avoid direct contact with the patient's mouth, and all members of the 

emergency team should wear impermeable protective gloves. Medical staffs are to be 

informed and trained on how to deal with radioactive patients. Rehearsals of the 

procedures should be held periodically. [3] 
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3.63.7 Need for urgent patient attention, including surgery 
Radiation protection considerations should not prevent or delay life saving operations in 

the event that surgery on a patient is required. The following precautions should be 

observed: 

• Notify the operating room staff 

• Modify operating procedures under the supervision of the RPO to minimize 

exposure and spread of contamination 

• Protective equipment may be used as long as efficiency and speed are not 

affected 

• Rotation of personnel may be necessary if the surgical procedure is lengthy 

• The RPO should monitor all individuals involved 

• Measure doses to members of staff. [3] 

3.6.3.8 Fires 
The normal hospital drill should be observed, with the safe evacuation of patients, 

visitors and staff being the most important consideration. When the fire brigade attends, 

they should be informed of the presence of radioactive material. No one is allowed to 

re-enter the building until it has been checked for contamination. [3] 

3.6.3.9 Death of a Patient containing radionuclide 
In the event of death of a patient who has recently received a therapeutic dose of a 

radionuclide the physician and RPO should ensure that personnel handling the corpse 

receive as low dose as possible at all stages prior to the burial or cremation. 

The physician should attach a label to the body indicating the radionuclide and residual 

radioactivity in the body. 

When a corpse is released from the hospital with significant incorporated amounts of 

radioactive material, the physician in charge of the case must make certain that 

appropriate instructions are given to the relatives in the event of death. 

Storage of the cadaver is generally to be avoided for ethical and practical reasons; 

however, it may be a useful technique to use if there is a significant amount of activity 
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in the cadaver, and if the radionuclide is of sufficiently short half-life that a reasonable 

Storage time would reduce the activity levels to below those specified by the Regulatory 

Authority. 

No special precautions are normally necessary for embalming, burial or cremation of a 

corpse containing the quantities less than that specified in the table 3.3. 

TABLE 3.3: MAXIMUM ACTIVITIES PROPOSED FOR AUTOPSY, 

EMBALMING, BURIAL OR CREMATION OF THE BODY OF A PATIENT 

WHO HAS DIED DURING TREATMENT WITH UNSEALED RADIOACTIVE 

SUBSTANCES [16] 

Radionuclide 
Autopsy /Embalming 

(MBq) 

Burial 

(MBq) 

Cremation 

(MBq) 
U.j 10 4 0 0 1 4 0 0 

^ ( c o l l o i d ) 2 0 0 2 0 0 0 70 

19*Au(colloid) 4 0 0 4 0 0 100 

100 2 0 0 0 3 0 

*ySr I 50 2 0 0 0 2 0 

The autopsy of highly radioactive cadavers should be invariably restricted to the 

absolute minimum .It is essential that the staff should wear disposable gloves, and 

supplementary measures for radiation protection and decontamination should be 

provided in consultation with the medical physicist. [13, 16] 

Precautions that should be given are depending on the residual activity and the expert 

advice provided by the RPO and may involve the following: [16] 

• preparation for burial or cremation should be controlled by a competent person 

• relatives should be prevented from coming into close contact with the body 

• people should not be allowed to linger in the presence of the coffin 

• all personnel involved in handling the corpse should be instructed by the RPO 

and monitored if appropriate 
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• all objects, clothes, documents etc that might have been in contact with the 

deceased must be tested for contamination 

• it may be expedient to wrap the cadaver in waterproof material immediately 

after death to prevent spread of contaminated body fluids 

• embalming of cadavers should, if possible, be avoided 

• autopsy of a highly radioactive cadavers should be restricted to the absolute 

minimum 

3.7 Quality Assurance 
The licensee shall establish a comprehensive QA program for radiation protection, 

safety and image quality to ensure that all necessary procedures are developed and 

implemented to comply with the regulations for radiation protection within the terms 

and conditions of the authorization(s) of the facility. 

Experience has shown that the frequency of accidental exposures during in vivo 

applications is directly related to the absence or inadequacy of an established quality 

assurance program in the department concerned. 

Objectives of quality assurance program: [12.16] 

• Improvement in the quality of the diagnostic information 

• Use of minimum amount of radionuclide activity to ensure the production of the 

desired diagnostic information 

• Effective use of available resources 

The program should cover the entire process from the initial decision to adopt a 

particular procedure through to the interpretation and recording of results and should 

include ongoing auditing, both internal and external, as a systematic control 

methodology. 

Quality assurance in nuclear medicine should cover as a minimum: [4] 

• Acceptance, commissioning and QC of equipment and software 

• QC of radiopharmaceuticals, radionuclide generators and other unsealed 

radionuclides 

• selection of the correct procedure for the patient 
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• appointment and patient information 

• clinical dosimetry 

• optimization of examination protocol 

• waste management procedures 

• Training and continuing education of staff 

• record keeping and report writing 

• clinical audit 

• general outcome of nuclear medicine service 

3.7.1 Roles and Responsibilities of Personnel 
A nuclear medicine centre may vary in size and scope from a small standalone facility 

to a large department within a large hospital. 

The following sections outline the roles, duties and responsibilities of the Personnel 

groups who perform those tasks within a centre. Some duties can only be performed by 

a specific Personnel group; for example medical matters requiring a specialist doctor 

can only be undertaken by the nuclear medicine specialist. Other roles such as that of 

Radiation protection Officer (RPO) or radiopharmaceutical preparation may be 

performed by a range of Personnel, depending upon the circumstances within the centre. 

3.7.1.1 Referring Physician 
The referring physician before referring any patient for a diagnostic or therapeutic 

procedure shall: [15] 

•> ensure the necessary clinical information is not available either from previous 

nuclear medicine examinations or from other tests and investigations 

• Proper concern the efficacy of the nuclear medicine test or treatment, i.e. will it 

contributes essentially to the diagnosis or treatment. 

If the referring physician decided that referring a patient to a diagnostic or therapeutic 

nuclear medicine procedures is justified he should does so by a written request. Any 

request for a nuclear medicine investigation should: [16] 

• Contain sufficient patient identification information (name , gender, etc) and 

clinician's reasons for the referral 
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• provides sufficient relevant clinical information to the nuclear medicine 

physician 

• describe the patient condition and indicate the clinical objective 

• contain clear referrer contact details for consultant purposes 

3.7.1.2 Nuclear Medicine Physician 
The nuclear medicine physician shall: 

• ensure, when approving a diagnostic or therapeutic nuclear medicine procedure, 

that the procedure is clinically needed 

• Determine and organize the appropriate tests and protocols 

• Assess and carry out interventions (physiological, pharmacological or mental 

stress related) 

• Adjust the study analysis and interpretation according to the clinical information 

• Interpret the results and their clinical, biological and pathological implications 

• Hold follow-up consultations with the patient and referring physician 

• Ensure the safety of both the patient and staff 

• Provide training (and education) for technical and junior medical staff. [2] 

3.7.1.3 Nuclear medicine technologist 
The primary role of the nuclear medicine technologist is to perform diagnostic studies 

prescribed by the nuclear medicine physician. 

The tasks undertaken by a technologist are likely to include the followings: 

• Radiopharmaceutical preparation, dose measurements and quality control of 

radiopharmaceuticals (preferably to be done by a pharmacist) 

• Daily quality control. 

• Patient identification 

• Patient preparation. 

• Image acquisition. 

• Full study analysis. 

• Electronic display of data and hard copy. 

• Inform the RPO in the case of accident or incident. [2] 
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3.7.1.4 Medical physicist 
The physicist is responsible for the following areas: 

• Radiation dosimetry 

• Radiation protection. 

• Acceptance testing and quality control of instrumentation. 

• Advise on the specifications and choice of equipment such as scanners, gamma 

cameras and counters. 

• Supervision dispensing and administration of radiopharmaceuticals for 

therapeutic purposes and is also involved in radiation safety related to this 

procedure 

• supervising equipment maintenance 

• Data-handling and computations arising from nuclear medicine tests 

• Should play a part in teaching and laboratory planning.[2,16] 

3.7.1.5 Nurses 
Nurses in nuclear medicine are required to perform the following duties: 

••• General physical and mental care of patients under examination or treatment. 

• Examination of vital signs. 

• Administration of drugs and injections on the instruction of doctors. 

• Explanation to patients of procedures and provision of support to the 

receptionist. 

• Handling of radiopharmaceuticals and radioactive waste in cooperation with 

pharmacists and technologists. [2] 

3.7.1.6 Manufacturers and Suppliers 
The manufacturer/suppler shall: 

• Apply for a practice license from the RPTC. 

• Ensure before 

• import, distribution, sale or transfer of radioactive sources 

• installation, maintenance of nuclear medicine equipment 

• disposal of radioactive sources 

that the users possess a valid practice license from the RPTC. [16] 
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• Ensure that the design, construction and safety of equipment conform with the 

relevant standards of the International Electrotechnical Commission (IEC) or the 

International Organization for Standardization (ISO) or nationally recognized 

equivalent standards. 

• Provide manuals and instructions for safe use and maintenance 

3.7.1.7 Radiation protection officer (RPO) 
The RPO may be a medical physicist, experienced nuclear medicine technologist. The 

RPO must have license from RPTC. 

RPO must be given formally the necessary time and authority to discharge his/her 

duties efficiently particularly the authority to stop operation if the deemed unsafe use. 

The RPO shall: 

• Undertaking the radiation safety assessment of new installations, processes and 

equipment, prior to their acceptance. 

• supervising operational aspects of the RPP 

• ensuring that enough radiation monitoring instruments are available and that 

they are calibrated and serviced as required 

• monitoring source security: receiving sources and maintaining the source 

inventory 

• providing waste disposal procedures in accordance with the conditions of the 

license or as specified by the Regulatory Authority 

• investigating all overexposures, accidents and losses of radiation sources and 

reporting to the Regulatory Authority as necessary 

• exercising and carrying out emergency procedures 

• supervising decontamination procedures 

• co-operating with officers of the Regulatory Authority and facilitating internal 

and external audits [ 16] 

3.7.1.8 Qualified Expert 
The qualified expert is a medical physicist with suitable training and experience, usually 

in nuclear medicine physics and must be have license from RPTC. 
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Qualified expert must be available either as employee or as part timer for consulting or 

advice on: [16] 

• radiation protection and safety 

• Calibration and clinical dosimetry 

• Quality assurance 

3.7.2 Quality control of Radiopharmaceutical 
Radiopharmaceuticals should comply with both radiation and pharmaceutical standards 

in order to ensure their safe and efficacious use. The in vivo behavior of a 

radiopharmaceutical is dependent upon its quality, which demands high standards of 

radionuclide, radiochemical and chemical purity and, in the case of suspensions, of 

particle size and uniformity. Injections have to satisfy additional standards for sterility, 

appogenicity and freedom from foreign particulate matter. [3] 

3.7.2.1 Technetium-99m Generator 
The elution yield from the generator should be calculated and compared with a 

measurement as an indicator of whether the generator is working properly. 

A molybdenum-99 breakthrough measurement needs to be performed on all elutions 

from each technetium-99m generator to ensure that " m T c radiopharmaceuticals meet 

the necessary purity requirements. [15] 

The maximum limit of the amount of " M o allowed in a dosage of a " m T c 

radiopharmaceutical is taken to be 0.1% of the " m T c activity i.e. 1.0 kBq of 99Mo per 

MBq of " m T c activity. If this level is exceeded then the technetium-99m solution has 

failed quality control and is not to be used in the preparation of radiopharmaceuticals 

for patient use 

3.7.2.2 Radionuclide kits 
The necessity for radiochemical purity testing of kit-prepared compounds depends on 

the type of radiopharmaceutical and the method of manufacture. The manufacture's 

instructions for constituting the radiopharmaceutical should be strictly adhered to by 

qualified personnel. When the labeling is incomplete, a regular control, before 
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administration of the radiopharmaceutical to patient, should be introduced and faulty 

preparation discarded. The manufacture should be notified immediately of the 

situation. Kits should not be used beyond the expiry date. [15] 

3.7.2.3 Ready- for- use radiopharmaceuticals 
Upon receipt of the product it is essential to compare carefully the details of the written 

specification sheet, the label, and the package documentation, the container should be 

carefully examined, using good radiation protection measures, to be sure that it is not 

leaking. [15] 

3.7.2.4 Autologous labeled radiopharmaceuticals: 
In addition to the recommendations for facility-produced radiopharmaceuticals, factors 

that must be considered include the assurance of the separation and viability of labeled 

cells, maintenance of sterility throughout the labeling process and the minimization of 

the risk of infecting personnel. [15] 

3.7.3 Quality control of Instrumentation 

3.7.3.1 Principles of quality control of instruments 
A fundamental principle in the quality control of nuclear medicine instruments is that it 

should be undertaken as an integral part of the work of the nuclear medicine unit and by 

members of the unit staff themselves. However, some aspects must be treated in 

collaboration with maintenance staff. 

The quality control of each instrument should have as its starting-point the selection and 

acquisition of the instrument itself, since instruments may differ widely in their 

performance. The choice of an appropriate site for installation of the instrument should 

likewise be considered within the scope of quality control, in as far as it may influence 

performance. 

Once received and installed, an instrument should be submitted to a series of acceptance 

tests designed to establish whether its initial performance conforms with the 

manufacturer's specifications. At the same time, reference tests should be carried out to 

provide data against which its subsequent performance can be assessed by routine 

testing weekly, monthly, quarterly, yearly etc. Finally operational checks, carried out 
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each day the instrument is used, should be put in force. Careful records of the results of 

all these tests should be kept and, if these reveal unsatisfactory performance, 

appropriate corrective action should follow. Such quality control does not, of course, 

obviate the need for the usual preventive maintenance procedures, which should still be 

carried out on a regular basis. 

The success of such a scheme depends above all on its understanding and acceptance by 

all concerned. It further requires a clear definition of responsibilities, strict adherence to 

test schedules and protocols, and proper facilities for the follow-up of test results. [11] 

3.7.3.2 Acceptance test 
Acceptance testing is undertaken to ensure that the performance of an instrument meets 

the technical and performance specifications quoted by the manufacturer. It should be 

carried out immediately after installation so that the supplier can be informed of any 

damage, deficiencies or flaws before the warranty has expired. For any major 

instrument, a nominated representative of the manufacturer should be present during 

installation and acceptance testing and should be able to take remedial if technical 

specifications are not met. No instrument should be put into routine use unless it has 

been shown through acceptance testing to be performing optimally. 

Tests should be stringent and carried out according to clearly defined protocols. Such 

tests should be repeated, as appropriate, to give a new set of reference data after major 

failure of the instrument and its subsequent repair, or when it is moved to a new site. 

At the time of acceptance testing, reference tests should be carried out, from the results 

of which the subsequent performance of the instrument may be assessed in routine 

testing. These reference tests may be the acceptance tests themselves or less 

sophisticated versions of these that are more suitable for routine testing. [11] 

3.7.3.3 Routine Testing 
Routine tests are those which should be carried out regularly on an instrument to ensure 

its optimum performance at all times and to determine the rate and extent of any 

deterioration in that performance with time. Such tests fall into two categories; first, 

tests that have previously been carried out as reference tests and are repeated weekly, 
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monthly, quarterly, yearly etc., and second, daily or operational checks to be carried out 

each day the instrument is used. 

It is clear that routine tests should always be executed in like manner if successive 

results are to be comparable. Again, therefore, they should be carried out according to 

clearly defined protocols. When appropriate, limits of acceptability for the results and 

courses of action to be taken if these limits are exceeded should be specified. 

Operational checks should be simple and so designed that they can be completed in an 

acceptably short time (e.g. 15 min for a scintillation camera), according to a defined 

sequence by an experienced person. 

It should be realized that test schedules represent a compromise between what is ideal 

and what is feasible in a facility that has service function. It is essential that all 

personnel should be on the alert for instrument malfunction and the presence of 

artifacts, and that appropriate additional tests should be carried out whenever results are 

suspect. [11] 

3.7.4 PREVENTIVE AND CORRECTIVE MAINTENANCE 
The major maintenance procedures carried out on an instrument by maintenance staff or 

the manufacturer's agent and its quality control and simple maintenance by the staff of 

the nuclear medicine unit should be seen as complementary to each other. 

Regular preventive maintenance is vital to the continuing satisfactory performance of 

any instrument. Systematic inspections are necessary to detect failures, incipient or 

actual, before they develop into major breakdowns. Particularly important in the latter 

respect are mechanical and electrical inspections that relate to the safety of patients and 

staff. 

Certain tests used in quality control may have to be repeated during preventive 

maintenance or after corrective maintenance for the repair of a failure. It is then very 

important that these tests are always carried out according to the same protocols and 

that their results are always compared with the reference data. [11] 
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3.7.5 Keeping record and Reporting 
Record is important item in QA program so that the licensee should establish good 

system for keeping record and should include details of the flowing items: 

- Authorization certificate and documentation supporting the corresponding application, 

and also any correspondence between the licensee and regulatory authority. 

- Patient records. 

- Patient discharge surveys for patients receiving radionuclide therapy. 

- Personal monitoring. 

- Results of area monitoring. 

- Acceptance test. 

- Equipment and instrument QC tests and calibration. 

- Installation, maintenance and repair work. 

- Facility modification. 

- Inventory of unsealed and sealed sources. 

- Transportation: 

Package documentation 

Package surveys 

Transfer/receipt documents 

Details of shipments dispatched 

- Waste disposal 

- Incident and accident investigation reports. 

- Audits and reviews of the radiation safety program. 

- Training provided including the following: 

Name of the person(s) who delivered the instruction or training 

Name of the person(s) who received the instruction or training 

Date and duration of the instruction or training 

List of the topics addressed 

Copy of the certificates of training [16] 

3.7.6 Education and training 
Depending on the complexity of the facility, the following staff should be trained in 

radiation protection and safety: radiation protection officer, appropriate senior 

administrators, radiologists, radiation oncologists, nuclear medicine physicians, 
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technologists, medical physicists, maintenance personnel, and radionuclide pharmacists; 

clinical/research lab oratory personnel; and ancillary personnel, as appropriate. Nursing 

staff attending to patients undergoing medical exposures should be given adequate 

training. The level of this training will depend on the specialization of each individual, 

their academic background and previous experience. 

Licensees must be able to demonstrate proof of such training to the Regulatory 

Authority, particularly when applying for an authorization for a facility. 

If licensees cannot demonstrate that their staffs are adequately trained, the Regulatory 

Authority may consider requesting applicants to take an examination or to attend a 

supplementary training course provided by an appropriate educational institution or 

professional body. [5] 

Changes that occur in equipment, instrumentation, practice, monitoring methods, 

recommendations and regulations make it essential that all individuals involved in the 

use of ionizing radiation sources receive not just initial, but continuing education and 

training. Such training can range from informal interdepartmental meetings to structured 

and accredited continuing education programs. Periodical practice drills for incidents 

and accidents conducted by registrants and licensees can be part of the training 

program. The content, lectures, participants and results of this continuing education and 

training program should be recorded. The application for authorization should describe 

proposed mechanisms to achieve these training goals. 
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CHAPTER FOUR 

MATERIALS AND METHODS 
4.1 Methods: 

In this study the development of the code of practice was done using different 

references e.g. recent publication and recommendation in nuclear medicine from 

International Atomic Energy Agency (IAEA), International Committee of Radiation 

Protection (ICRP) among others. Also the current regulations issued by the regulatory 

authority in Sudan (that is the Radiation Protection Technical Committee (RPTC)) as 

well as its current practice were taken into account. 

The evaluation of nuclear medicine department was done through inspection of such 

department using a check list, measurement of radiation level in department, survey of 

contamination for therapy rooms. 

4.2 Materials 

In this study the following equipment had been used: 

Rados universal survey meter, 

Specifications: 

Dose rate: 0.05 ̂ Sv/h - 1 OSv/h 

Dose: 0.01 ^Sv/h - 10 Sv/h 

Made in Finland by RADOS technology Oy 

Serial number: 260048 

Calibration date: 21.11.2007 

Thermo scientific contamination monitor 

Count per second: Oc/s -19999c/s 

Serial number: 4728 

Calibration date: 25.09.2008 

HDS 100 G: contamination monitor 

Serial number: 100500 

Calibration date: 27.10.2008 



Chapter Five 

Results and Discussion 

5.1 Results 

5.1.1 Nuclear medicine department hospital (A): 

5.1.1.1 Facility design: 
4 The nuclear medicine department is located in the ground floor. The 

department consists of an imaging room, hot lab, injection room, waiting 

room for injected patient and a waste storage room. The imaging room is 

equipped with a Single Photon Emission Tomography (SPECT) camera. A 

sketch of the department is depicted in figure 5.1. The door of the imaging 

room is equipped with a 2mm leaded door. The thickness of the wall is 20cm 

and there is a 70x45cm lead glass window between the control area and the 

imaging room. 

4 The worktop surfaces in the hot lab are not covered with absorbing papers. 

Also the floor is not covered by impervious materials. There is no washing 

facility in hot lab. 

4- There is a separate toilet room for exclusive use of injected patients 

5.1.1.2 Verification of worker protection: 
4 The control and supervised area are demarcated and approved legible signs at 

access point in Arabic language. The radioactive material storage (including 

waste) is at a physical defined location with locked/secured control. All 

controlled areas have appropriate warning signs in Arabic language. 

4 Written local rules are only available - in local language - for working in the hot 

lab, however, no notices regarding working procedures, emergency response 

etc.are displayed in the hot lab, imaging room or in any other places. 

4 There is no personal monitoring means available for radiation workers. There is 

no survey meter and no regular work area monitoring. There is only one 
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contamination monitor working properly and was calibrated. Daily survey for 

contamination in work place is done after finishing work. 

•A- There is no remote handling equipment such as (tongs, forceps).There is Bench 

top shield, Vial Shield and Shielded syringes 

•A. No investigation levels have been set in the department. . 

Area monitoring measurement: Result are shown in tables 5.1- 5.3 
Background: 0.03 |iSv/h 

Table 5.1: dose rate measurement for department- hospital (A) 
Gross Dose rate D (jiSv/h) j 

Measurement location 
D1 D2 D3 

Average (jiSv/h) 

l(Out side the door of camera) 0.12 0.11 0.12 0.12 
2(Inside the control console ) 0.02 0.02 0.02 0.02 
3(Inside the injection room) 0.16 0 . 1 3 0.15 0.15 
4(Inside the hot lab) 0.22 0.21 0.22 0.22 
5(Outside the door of hot lab) 0.07 0.07 0.07 0.07 
6(Outside the door of controlled 
area) 

0.03 0.01 0.01 0.02 

Contamination measurement for injection room: 
Back ground: 0.09 Bq/cm2 

Table5.2: Contamination measurement for injection room-hospital (A) 

Measurement location 
Gross Reading D (Bq/cm2) 

D1 D2 D3 
average(Bq/cm2) 

On the table of injection room 10 11 10 10.30 
On the floor of injection room 8 8 8 8.00 
A (On the door of hot lab ) 1.4 1.2 1.5 1.37 

Contamination measurement for hot lab: 
Back ground: 0.09 Bq/cm2 

Table 5.3: Contamination measurement for hot lab-hos pital (A) 

Measurement location 
Gross Reading D (Bq/cm ) 

D1 D2 D3 

•y 
average(Bq/cm ) 

On the Floor of hot lab 6.00 6.00 6.00 6.00 
On the bench top 0.20 0.30 0.30 0.27 
On the shielded working surface 494.0 498.0 491.00 494.33 
B (On the door of hot lab) 9.43 9.09 9.26 9.26 
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5.1.1.3 Verification of medical exposure: 
4 The diagnostic medical exposure is not justified by taking into account the 

benefits and risk of alternative techniques that do not involve medical exposure. 

4 The medical practitioner does not ensure the exposure of patient is minimum 

necessary to achieve the diagnostic objective and that the information for 

examination is taken to avoid unnecessary dose. 

4f There is no written procedure to properly identify patients before procedure. 

<4 The procedure concerning radiological examination of pregnant women is to 

avoid such examinations unless there is a strong clinical reason. 

4 Lactating mother is normally advised to discontinue nursing for specific time. 

4 The radiological examinations of children is normally avoided unless there is a 

strong clinical reason and in this case the radioactivity is reduces in accordance 

with the body weight. 

4 The activity of the radiopharmaceutical to be administered is usually checked 

using the isotope calibrator.. 

'A No clinical dosimetry is carried out. 

The staff do not apply any dose constraints for individuals knowingly exposed to 

radiation while voluntarily helping or comfort patient undergoing nuclear 

medicine investigation. 

5.1.1.4 Verification of public protection: 
4. The visitors are not allowed to the controlled areas. However, there is no 

adequate control over entries into supervised area. 

-4 No routine periodic measurements of dose rate are done in public area adjacent 

to controlled area however the medical physicist managed to perform such 

measurements in a few occasions. The results of such surveys are maintained by 

the medical physicist. All measured dose rate indicated the presence of adequate 

shields of the department. 

5.1.1.5 Radioactive waste management: 
4- There is a room for storage of radioactive waste. This room has a satisfactory 

security level and warning sign but with no fire safety. Liquid radioactive wastes 

are stored for decay before final disposal. 
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4 The Mo-Tc generator is kept in the storage room and the elution is done in this 

room. 

4 Provisions have been made to transfer the Mo-Tc generators to an authorized 

waste disposal facility at the end of use. 

5.1.1.6 Emergency preparedness: 
4 There is a written emergency plan, however not all emergency scenarios are 

included in this plan. It is intended by the medical physicist to review and update 

the emergency plan annually. 

4 Radiation workers have not been trained on emergency response. In addition 

most of the emergency equipment is not available in a hospital. 

5.1.1.7 Quality assurance: 
4- There are an adequate number of trained medical and paramedical personnel to 

discharge assigned tasks. 

The RPO have adequate knowledge and expertise, he has been given sufficient 

time and resources to do his job. The RPO is familiar with the requirement of 

regulatory authority. The inspection revealed that the RPO does maintain some 

of the records required to demonstrate worker and public protection, however he 

does not conduct initial and periodic training of workers on radiation protection 

issues. Finally it was also proved that the RPO has an access to a qualified 

expert on part time basis. 

4 There is no written quality assurance program. Only quality control tests for 

SPECT and dose calibrator are conducted as specified by manufacture and the 

Q.C results are recorded in a log book. No Quality control tests for 

radiopharmaceuticals are conducted in the department. 

4 There are no repair/maintenance procedures in place. 

5.1.2 Nuclear medicine department hospital (B): 

5.1.2.1 Facility design: 
4 The nuclear medicine department is located in the ground floor except 

isolation rooms which are located on the third floor. The department consists 
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of three imaging rooms, two hot lab one for preparation radioactive materials 

used in diagnostic and other hot lab for preparation radioactive materials 

used in therapy, four isolation rooms, waiting room for injected patient, 

waste storage room. A sketch of the department is depicted in figure 5.2 

4 The first imaging room equipped with a single photon emission tomography 

(SPECT). The thickness of the wall is 25cm and there is a 97x45cm glass 

window between the control area and the imaging room. 

4 The second imaging room is equipped with a Single Photon Emission 

Computed Tomography (SPECT). The thickness of the wall is 25cm and 

there is a 97x45cm glass window between the control area and the imaging 

room 

4 The third imaging room is equipped with a planer gamma camera. The 

thickness of the wall is 25cm and there is no removable shield between 

control panel and planer gamma camera. 

4- The worktop surfaces in the two hot labs are not covered with absorbing 

papers. Also the floor is not covered by impervious materials. There is a 

washing facility in two hot labs. There is a fume hood for the preparation of 

radiopharmaceuticals in hot lab (1) but it is not in use yet. 

4 There is no separate toilet room for exclusive use of injected patients 

4 All of the isolation rooms are equipped with a bathroom with its drainpipes 

terminated in a delay tank. The floors of such rooms are not covered with an 

impervious and Chemical-resistant material. 

5.1.2.2 Verification of worker protection: 
4 The controlled and supervised areas are demarcated and equipped with 

approved legible signs at access point both in Arabic and English languages. 

The radioactive material storage (including waste) is at a physical defined 

location with a locked/secured control. All controlled areas have appropriate 

warning signs in Arabic and English languages. 

4 Written local rules are available in Arabic and only for working in the hot 

lab. Notices regarding working procedures, emergency response, 

decontamination etc are displayed in the hot lab. 
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Personal monitoring service is provided for radiation workers by an 

unauthorized service provider. An unclalibrated survey meter is available at the 

department however work area monitoring is not conducted regularly. Also an 

uncalibrated contamination monitor is available where it used weekly for 

contamination survey of the department.. 

4- Safety tools available in the department include remote handling equipment such 

as tongs and forceps, also there is a Bench top shield, vial shield and shielded 

syringes 

4s- No investigation levels have been set in the department. 

Area monitoring measurement: Tables 5.4-5.7 show results. 
Background 0.03|aSv/h 

Table 5.4: dose rate measurement for department-hospital (B) 

Measurement location 
Gross Dose rate D (jaSv/h) 

D l D2 D3 
Average(^iSv/h) 

1 (the door of SPECT) 0.05 0.05 0.05 0.05 
2 (controlled area) 0.18 0.20 0.20 0.19 
3 (In side Hot lab (1 ) ) 0.86 0.88 0.85 0.86 
4(Out side the door of hot l ab ( l ) ) 0.07 0.04 0.05 0.05 
5(In side Hot lab(2)) 0.71 0.72 0.71 0.71 
6(Out side the door of hot lab(2)) 0.15 0.15 0.15 0.15 

Contamination measurement in the hot lab (1): 
Back ground 2Bq 

Table 5.5: Contamination measurement for hot lab (l)-hospital (B) 

Measurement location Gross Reading D (Bq) 
D l D2 D3 

Average (Bq) 

On the table 140 139 145 141.33 
On the floor 155 160 152 155.66 
A (On the door ) 90 87 87 | 264.00 

Contamination measurement for hot lab (2): 
Back ground 2 Bq 

Table 5.6: Contamination measurement for hot lab (2)-hospital (B) 

Measurement location Gross Reading (Bq) 
D l D2 D3 Average (Bq) 

On the floor 165 162 164 163.67 
B (On the door ) 88 90 90 89.33 
C ( On the door ) 66 66 66 66.00 
On the bench 67 65 61 64.33 
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On the bench of injection room 56 60 59 58.33 
On the floor of injection room 55 55 55 55.00 
D( On the door of hot lab) 57 54 52 54.33 

Contamination measurement for Isolation rooms: 
Back ground: 2 Bq 

Table5.7: Contamination measurement for Iso lation rooms-hospital (B) 

Location 

Maximum 
Gross 

Reading on 
door (Bq) 

Maximum 
Gross 

Reading on 
bed (Bq) 

Maximum 
Gross 

Reading on 
table (Bq) 

Maximum 
Gross 

Reading on 
chair (Bq) 

Maximum 
Gross Reading 
on Bath room 

(Bq) 
rooml 150 182 135 165 290 
room2 171 173 176 175 238 
room3 182 690 819 252 1008 
room4 | 174 328 280 | 200 2003 

5.1.2.3 Verification of medical exposure: 
4 The diagnostic medical exposure is not justified by taking into account the 

benefits and risk of alternative techniques that do not involve exposure to 

ionizing radiation. 

4 The medical practitioner does not ensure the exposure of patient is minimum 

necessary to achieve the diagnostic objective and that the information for 

examination is taken to avoid unnecessary dose. 

4 There is no a written procedure to properly identify patients before imaging 

procedure. 

4 The radiological examination causing exposure to pregnant women is a voided 

unless strong clinical reason is indicated. 

4 Lactating mother is normally advised to discontinue of nursing for specific 

time. 

4 The radiological examination of children is normally avoided unless there is a 

strong clinical reason and in this case the radioactivity is reduced in accordance 

with the body weight. 

4 The activity of the radiopharmaceutical to be administered is usually checked 

using the isotope calibrator 

4 No clinical dosimetry is carried out. 
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4 The staff does not apply any dose constraints for individuals knowingly exposed 

to radiation while voluntarily helping or comfort patient undergoing nuclear 

medicine investigation. For patient treated with radionuclides, instructions are 

given to them and/or to the co patient regarding radiation protection measures on 

leaving the hospital. 

5.1.2.4 Verification of public protection: 
4 The visitors are not allowed to the controlled areas. There is no adequate control 

over entries into supervised area. 

4 No routine periodic measurements of dose rate are done in public area adjacent 

to controlled area however the RPO managed to perform such measurements in 

a few occasions. All measured dose rate are documented and indicated the 

presence of adequate shields of the department. 

5.1.2.5 Radioactive waste management: 
4 There is an area designated for the storage of the expired Mo - Tc generators. 

This area has a satisfactory security and warning sing but with no fire protection. 

Solid radioactive waste is stored behind a lead castle shield to decay and the 

dose rate should be 10jiSv/h or less before the final disposal. 

4 Management of the Liquid radioactive wastes from toilets in isolation rooms is 

done by passing through drains to two storage containers. The waste stays for 15 

days in each container for decay, and then it will be transferred to the general 

sewage system. 

4 Provisions have been made to transfer the Mo-Tc generators to an authorized 

waste disposal facility at the end of use 

5.1.2.6 Emergency preparedness: 
4 There is a written plan and there is plan to review and update it. 

4 Radiation workers have not been trained on emergency response. In addition 

most of the emergency equipment are not available in a hospital. 
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5.1.2.7 Quality assurance: 
4 There are an adequate number of trained medical and paramedical personnel to 

discharge assigned tasks. 

4 The RPO have adequate knowledge and expertise, he has been given sufficient 

time and resources to do his job. The RPO is familiar with the requirement of 

regulatory authority. The inspection revealed that the RPO does maintain some 

of the records required to demonstrate worker and public protection, however he 

does not conduct initial and periodic training of workers on radiation protection 

issues. Finally it was also proved that the RPO has an access to a qualified 

expert on full time basis. 

4 There is no written quality assurance program. Only quality control tests for 

SPECT, planer gamma camera and dose calibrator are conducted as specified by 

manufacture and the Q.C results are recorded in a log book. No Quality control 

tests for radiopharmaceuticals are conducted in the department. 

4 There are no repair/maintenance procedures in place. 

5.1.3 Nuclear medicine department hospital (C): 

5.1.3.1 Facility design: 
4- The nuclear medicine department consists of two imaging rooms, hot lab and 

an injection room. The department is located on the ground floor except the 

hot lab and injection room which are located on the first floor. A sketch of 

the department is depicted in figure 5.3. 

4 The first imaging room is equipped with a Single Photon Emission 

Tomography (SPECT).The thickness of the wall is 23 cm and there is a 

95x48 cm glass window between the control area and the imaging room. 

4 The second imaging room equipped with a planer gamma camera. The 

thickness of the wall is 23cm and there is a portable lead shield between the 

control panel and planer gamma camera. 

4 The worktop surfaces in the hot lab are not covered with absorbing papers. 

Also the floor is not covered by impervious materials. There is no washing 

facility in hot lab. 

4 There is no separate toilet room for exclusive use of injected patients 
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5.1.3.2 Verification of worker protection: 
4 The controlled and supervised areas are demarcated and equipped with approved 

legible signs at access point in Arabic language. The radioactive material storage 

(including waste) is at a physical defined location with locked/secured control. 

All controlled areas have appropriate warning signs in Arabic and English 

language. 

4 There is no writing local rules and no notices regarding working procedures, 

emergency response etc.are displayed in the hot lab, imaging room or in any 

other places. 

4 There is no personal monitoring available for radiation workers and that is 

mainly due to the breakdown of the only available personal monitoring 

equipment of authorized service provider. An un-calibrated survey meter is 

available at the department however work area monitoring is not conducted 

regularly. There is no contamination monitor available in the hospital. 

4 There is no remote handling equipment such as (tongs, forceps).There is Bench 

top shield, Vial Shield and Shielded syringes. 

4 No investigation levels have been set in the department 

Area monitoring measurement: Tables 5.8-5.10 show results 
Background 0.08 pSv/h 

Table 5.8: dose rate measurement for department- hospita (C) 

Measurement point/location 
D1 

Dose rate D (jiSv/h) 

D2 D3 

Average 
GiSv/h) 

1 (outside the door of SPECT ) 0.10 0.10 0.12 0.11 
2 (control area of SPECT) 0.11 0.12 0.11 0.11 
3 (outside the door of planer camera) 0.11 0.10 0.10 0.10 
4 (control of planer camera) 0.20 0.19 0.21 0.20 

Table 5.9: dose rate measurement for hot lab and injection room- hospital (C) 

Measurement point/location 
D1 

Dose rate D 0iSv/h) 

D2 D3 

Average 
(fiSv/h) 

5 (Inside Hot lab) 3.40 3.70 3.50 3.53 
6 (Inside injection room) 1.70 1.76 1.71 1.72 
7 (outside the door of hot lab) 0.11 0.10 0 . 0 8 0.10 
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Figure: 5.3 a sketch of the nuclear medicine department in hospital(C) 
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Figure: 5.4 a sketch of hot lab in nuclear medicine 

Department in hospital(C) 
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Contamination measurement for hot lab: 
Back ground 30 c/s 

Table 5.10: Contamination measurement for hot lab and injection room-

Measurement location 
Reading D (c/s) Average (c/s) 

D1 D2 D3 
On the floor of hot lab 225 240 237 234.0 
On the door of hot lab 291 283 290 288.0 
On the table of injection room 243 241 249 244.3 
On the floor of injection room 150 143 149 147.3 

5.1.3.3 Verification of medical exposure: 
4 The diagnostic medical exposure is not justified by taking into account the 

benefits and risk of alternative techniques that do not involve medical exposure 

to ionizing radiation. 

4 The medical practitioner does not ensure the exposure of patient is minimum 

necessary to achieve the diagnostic objective and that the information for 

examination is taken to avoid unnecessary dose. 

4 There is no written procedure to properly identify patients before imaging 

procedure. 

4 The radiological examination causing exposure to pregnant women is avoided 

unless strong clinical reason is indicated. 

4 Lactating mother is adviced to discontinuation of nursing for specific time. 

4 The radiological examinations of children is normally avoided unless there is a 

strong clinical reason and in this case the radioactivity is reduces in accordance 

with the body weight. 

4 The activity of the radiopharmaceutical to be administered is usually checked 

using the isotope calibrator. 

4 No clinical dosimetry is carried out. 

4 The staff does not apply any dose constraints for individuals knowingly exposed 

to radiation while voluntarily helping or comfort patient undergoing nuclear 

medicine investigation. 
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5.1.3.4 Verification of public protection: 
4 The visitors are not allowed to the controlled areas. However, there is no 

adequate control over entries into supervised area. 

4- No routine periodic measurements of dose rate are done in public area adjacent 

to controlled area however the RPO managed to perform such measurements in 

a few occasions. All measured dose rate are documented and indicated the 

presence of adequate shields of the department. 

5.1.3.5 Radioactive waste management: 
4- There is no specific room or area designated for storage of radioactive waste. 

Radioactive waste is stored in the Brachytherapy room. This room has a 

satisfactory security and warning sing but with no fire protection. A new room 

for storage of radioactive waste is currently under construction. 

4- Provisions have been made to transfer the Mo-Tc generators to an authorized 

waste disposal facility at the end of use 

5.1.3.6 Emergency preparedness: 

There is no written emergency plan. 

Most of emergency equipment is not available in the hospital 

5.1.3.7 Quality assurance: 
4- There are an adequate number of trained medical and paramedical personnel to 

discharge assigned tasks. 

4- The RPO have adequate knowledge and expertise, he has been given sufficient 

time and resources to do his job. The RPO is familiar with the requirement of 

regulatory authority. The inspection revealed that the RPO does maintain some 

of the records required to demonstrate worker and public protection, however he 

does not conduct initial and periodic training of workers on radiation protection 

issues. Finally it was also proved that the RPO has an access to a qualified 

expert on full time basis. 

4 There is no written quality assurance program. Only quality control tests for 

SPECT, planer gamma camera and dose calibrator are conducted as specified by 
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manufacture and the Q.C results are recorded in a log book. No Quality control 

tests for radiopharmaceuticals are conducted in the department. 

4 There are no repair/maintenance procedures in place. 

5.2 Discussion: 
This study has been conducted at three nuclear medicine departments available in 

Sudan. All of those departments possess the required capability for conducting 

diagnostic procedure with only one has also capabilities for therapy procedures. 

The evaluation of radiation protection was carried out by conducting inspection mission 

to the nuclear medicine departments using a questionnaire that covers all areas of 

radiation protection that are mentioned in this code. In addition area radiation 

monitoring has been conducted around radioactive sources and their installations. 

The results showed that all of the departments comply with the following issues 

indicated in this code namely, security of the radioactive materials, prevention of 

unauthorized persons from entering controlled areas by keeping the door of the hot lab 

closed all the time and placing a warning signs on the door, The activity of the 

radiopharmaceutical is usually checked before administered, examination of pregnant 

women and children normally avoided unless there is a strong clinical reason and 

provisions have been made to transfer the Mo-Tc generators to an authorized waste 

disposal facility at the end of use. Also, QC tests of imaging equipments are done 

regularly and results of such tests are recorded. Finally, all departments have adequate 

knowledge and expertise RPO who he/she has been given sufficient time and resources 

to do his job. 

On the other hand it was found that the inspected departments do not complying with 

some items such as: The worktop surfaces and floor in the hot lab are not covered with 

absorbing papers and impervious materials respectively in all hospitals and also there is 

no washing facility in hot lab in hospitals (A) & (B), lack of written local rules and 

regular work area monitoring, absences of written procedure to properly identify 

patients before procedure, clinical dosimetry and dose constraints for voluntarily 

helping or comfort patient. Also it was noted that radiation workers in hospitals (A) & 

(C) do not wear personal monitoring devices, and that is mainly due to the breakdown 

64 



of the only available personal monitoring equipment of authorized service provider. In 

addition, there are absences of written quality assurance program, quality control for 

radiopharmaceuticals and procedures for repair/maintenance in all nuclear medicine 

departments. Finally, there is no adequate emergency plan in place in hospitals (A) & 

(C) and most of emergency equipment are not available in all hospitals. 

The results of area radiation monitoring show radiation levels much less than the dose 

rate limit for workers and public. The maximum dose rate was found inside the hot lab 

to be equal to 3.53 which is still less than that permissible for radiation workers. 

Radioactive contamination measurements were conducted in some points inside the 

isolation room and at the door. The measurements were done after about two weeks 

from the last patient treated with an ablation dose of 1-131. The measurements show 

different levels of contamination which in turn shows the importance of covering the 

floor with an impervious material. 
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Chapter Six 

Conclusion and Recommendations 

6.2 Conclusion: 
Draft of a new code of practice for radiation protection in nuclear medicine has been 

developed. The draft which should be revised and issued by the regulatory authority in 

Sudan is going to help nuclear medicine department in lying down and implementing an 

effective radiation protection program. The current status of radiation protection in such 

department is not satisfactorily as many of the essential items of a radiation protection 

issues are not applied. This situation is likely will lead to exposing patient, workers and 

public to unnecessary radiation doses. 

6.3 Recommendations: 
A lot of efforts should be done to enhance the current situation of radiation protection in 

nuclear medicine department, the following are some recommendations in this regards; 

• A new act that establishes a single and truly independent regulatory authority 

should be developed. 

• Reviewing this draft of code of practice by the regulatory authority and 

radiation protection experts as the first step towards issuance of the code. 

• Carrying out more inspection mission by the regulatory authority followed by 

taking the correct enforcement actions. 

• The SAEC has to establish an information system aiming to raising the 

awareness of the public and professional about radiation hazards and protection. 

• Establishing and enhancing the available capacity regarding education and 

training of radiation workers on radiation protection. 
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Glossary 

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

the consequences or potential consequences of which are not negligible from the point 

of view of protection or safety. [10] 

Activity 
The quantity A for an amount of radionuclide in a given energy state at a given time, 

defined as: 

* dN 
A = — 

dt 

Where dN is the expectation value of the number of spontaneous nuclear 

transformations from the given energy state in the time interval dt. The SI unit of 

activity is the reciprocal second (1/s), termed the Becquerel (Bq). [10] 

Authorization 
A permission granted in a document by the Regulatory Authority to a legal person who 

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

General Obligations for practices of the Standards. The authorization can take the form 

of a registration or a license. [10] 

Authorized 

Granted an authorization by the Regulatory Authority. [10] 

Contamination 

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

place where they are undesirable or could be harmful. [10] 
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Controlled area 

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

provisions are or could be required for: 

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

normal working conditions; and 

(b) Preventing or limiting the extent of potential exposures. [ 10] 

Decontamination 

The removal or reduction of contamination by a physical or chemical process. [10] 

Defence in depth 
The application of more than a single protective measure for a given safety objective 

such that the objective is achieved even if one of the protective measures fails. [10] 

Dose constraint 
A prospective and source related restriction on the individual dose delivered by the 

source which serves as a bound in the optimization of protection and safety of the 

source. For occupational exposures, dose constraint is a source related value of 

individual dose used to limit the range of options considered in the process of 

optimization. For public exposure, the dose constraint is an upper bound on the annual 

doses that members of the public should receive from the planned operation of any 

controlled source. The exposure to which the dose constraint applies is the annual dose 

to any critical group, summed over all exposure pathways, arising from the predicted 

operation of the controlled source. The dose constraint for each source is intended to 

ensure that the sum of doses to the critical group from all controlled sources remains 

within the dose limit. For medical exposure the dose constraint levels should be 

interpreted as guidance levels, except when used in optimizing the protection of persons 

exposed for medical research purposes or of persons, other than workers, who assist in 

the care, support or comfort of exposed patients. [10] 
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Dose limit 
The value of the effective dose or the equivalent dose to individuals from controlled 

practices that shall not be exceeded. [10] 

Effective dose 
The quantity E, defined as a summation of the tissue equivalent doses, each multiplied 

by the appropriate tissue weighting factor: 

E = X W T ' H T 
T 

Where i s the equivalent dose in tissue T and W t is the tissue weighting factor for 

tissue T. From the definition of equivalent dose, it follows that: 

T E 

Where W r is the radiation weighting factor for radiation R and is the average 

absorbed dose in the organ or tissue T. The unit of effective dose is J/kg, termed the 

sievert (Sv). [10] 

Emergency plan 

A set of procedures to be implemented in the event of an accident. [10] 

Employer 

A legal person with recognized responsibility, commitment and duties towards a worker 

in his or her employment by virtue of a mutually agreed relationship. (A self-employed 

person is regarded as being both an employer and a worker). [10] 

Equivalent dose 

t_i 

The quantity, T 'E defined as: 

Ht e = Dt k • wK 
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Where is the absorbed dose delivered by radiation type R averaged over a 

tissue or organ T and W R is the radiation weighting factor for radiation type R. 

When the radiation field is composed of different radiation types with different 

values of W r the equivalent dose is: 

H t = 2 w R' D T.B 
K 

The unit of equivalent dose is J/kg, termed the sievert (Sv). [10] 

Guidance level 

A level of a specified quantity above which appropriate actions should be considered. In 

some circumstances, actions may need to be considered when the specified quantity is 

substantially below the guidance level. [10] 

Guidance level for medical exposure 

A value of dose, dose rate or activity selected by professional bodies in consultation 

with the Regulatory Authority to indicate a level above which there should be a review 

by medical practitioners in order to determine whether or not the value is excessive, 

taking into account the particular circumstances and applying sound clinical judgment. 

[10] 

Investigation level 

The value of a quantity such as effective dose, intake, or contamination per unit area or 

volume at or above which an investigation should be conducted. [10] 

Ionizing radiation 

For the purposes of radiation protection, radiation capable of producing ion pairs in 

biological material(s) e.g. Gamma rays, X-rays or rays consisting of alpha particles, 

beta particles, neutrons, protons and other nuclear subatomic particles. [10] 
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License 

An authorization granted by the Regulatory Authority on the basis of a safety 

assessment and accompanied by specific requirements and conditions to be complied 

with by the licensee. [ 10] 

Licensee 

The holder of a current license granted for a practice or source who has recognized 

rights and duties for the practice or source, particularly in relation to protection and 

safety. [10] 

Medical exposure 
Exposure incurred by patients as part of their own medical or dental diagnosis or 

treatment; by persons, other than those occupationally exposed, knowingly while 

voluntarily helping in the support and comfort of patients; and by volunteers in a 

program of biomedical research involving their exposure. [10] 

Monitoring 
The measurement of dose or contamination for reasons related to the assessment or 

control of exposure to radiation or radioactive substances, and the interpretation of the 

results. [10] 

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

exposures excluded from the Standards and exposures from practices or sources 

exempted by the Standards. [10] 

Potential exposure 
Exposure that is not expected to be delivered with certainty but that may result from an 

accident at a source or owing to an event or sequence of events of a probabilistic nature, 

including equipment failures and operating errors. [10] 

73 



Public exposure 
Exposure incurred by members of the public from radiation sources, excluding any 

occupational or medical exposure and the normal local natural background radiation but 

including exposure from authorized sources and practices and from intervention 

situations. [10] 

Quality Assurance 
All those planned and systematic actions necessary to provide adequate confidence that 

a product or service will satisfy given requirements for quality. [ 16] 

Quality Control 
The regulatory process through which the actual quality performance is measured 

compared with existing standards. 

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, fire safety, quality assurance or any relevant 

engineering or safety specialty. 

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. [10] 

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

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

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

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

the Standards. [10] 
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Regulatory Authority 
An authority or authorities designated or otherwise recognized by a government for 

regulatory purposes in connection with protection and safety. [10] 

Safety assessment 
A review of the aspects of design and operation of a source which are relevant to the 

protection of persons or the safety of the source, including the analysis of the provisions 

for safety and protection established in the design and operation of the source and the 

analysis of risks associated with normal conditions and accident situations. [10] 

Sealed source 
Radioactive material that is (a) permanently sealed in a capsule or (b) closely bounded 

and in a solid form. The capsule or material of a sealed source shall be strong enough to 

maintain leaktightness under the conditions of use and wear for which the source was 

designed, also under foreseeable mishaps. [10] 

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

releasing radioactive substances or materials. For example, materials emitting radon are 

sources in the environment, a sterilization gamma irradiation unit is a source for the 

practice of radiation preservation of food, an X ray unit may be a source for the practice 

of radiodiagnosis, and a nuclear power plant is a source for the practice of generating 

electricity by nuclear power. A complex or multiple installations situated at one location 

or site may, as appropriate, be considered a single source for the purposes of application 

of the Standards. [10] 

Supervised area 

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

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

provisions are not normally needed. [10] 
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Supplier 
Any legal person to whom a registrant or licensee delegates duties, totally or partially, 

in relation to the design, manufacture, production or construction of a source. (An 

importer of a source is considered a supplier of the source). [10] 

Unsealed source 
A source that does not meet the definition of a sealed source. [10] 

Worker 
Any person who works, whether foil time, part time or temporarily, for an employer and 

who has recognized rights and duties in relation to occupational radiation protection. (A 

self-employed person is regarded as having the duties of both an employer and a 

worker). [10] 

76 



APPENDEXI 

DOSE LIMIT [10] 

" •' 1 -' "' •' —"- 1 - " ' - '1 
Dose limit Effective dose Equivalent dose 

Occupational dose 
limit 

20 mSv per year averaged 
over five consecutive 

years but not more than 
50 mSv in any single year 

150 mSv per year to the 
lens of the eye. 

500 mSv per year to 
the extremities ( skin, 

hands and feet) 
50 mSv per year to 

the lens of the eye 
150 mSvper year to 

the extremities 

Apprentices and 
students 6 mSv per a year 

150 mSv per year to the 
lens of the eye. 

500 mSv per year to 
the extremities ( skin, 

hands and feet) 
50 mSv per year to 

the lens of the eye 
150 mSvper year to 

the extremities 

Public 1 mSv per year averaged 
over five years 

15 mSv per year to the 
lens of the eye 

50 mSv per year to the 
skin 

The embryo or fetus 1 mSv per period of 
pregnancy 

For comforters and 
visitors of patient 

Less than 5mSv during 
the period of a patient 

diagnostic examination or 
treatment 

Children visiting 
patients who have 

ingested radioactive 
materials 

Less than 1 mSv. 
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APPENDEXII 
GUIDANCE LEVEL OF ACTIVITY FOR 

PROCEDURESIN NUCLEAR MEDICINE FOR A 

TYPICAL ADULT PATIENT [10] 

Test Radionuclide Chemical Form 

Maximum 

Activity Per 

Test (MBq) 

Bone 

Bone imaging Tc-99m Phosphonate 600 

Bone imaging by 

(SPECT) 
Tc-99m Phosphonate 800 

Bone marrow 

imaging 
Tc-99m Lapelled Coloid 400 

Brain j 
Brain imaging( static) Tc-99m Tc04- | 500 

Brain imaging 

(SPECT) 

Tc-99m Tc04- 800 
Brain imaging 

(SPECT) Tc-99m 
DTPA, gluconate and 

glucoheptonate 
800 

Cerebral blood flow 

Tc-99m Exametazime 500 

Cerebral blood flow 

133Xe 
In isotonic sodium 

chloride solution 
400 

Cerebral blood flow 

Tc-99m 

Hexamethyl propylene 

amine oxime (HM-

PAO) 

500 

Cisternography lllln DTPA 40 

Lacrimal 

Lacrimal drainage 
Tc-99m Tc04- 4 

Lacrimal drainage 
Tc-99m Labelled colloid 4 
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TABLE (2): GUIDANCE LEVEL OF ACTIVITY FOR PROCEDURES 

IN NUCLEAR MEDICINE FOR A TYPICAL ADULT PATIENT [1] 

(cont.) 

Test Radionuclide Chemical form 

Maximum 

activity per 

test (MBq) 

Thyroid 
_ _ _ 

Thyroid imaging 
Tc-99m Tc04-

_ _ _ 

Thyroid imaging 
1231 I - 20 

Thyroid metastases 

(after 

ablation) 

1311 I- 400 

Parathyroid imaging 201Tld T1+ chlorided 80 

Lungs 

Lung ventilation 

imaging 

81mKr Gas 6000 Lung ventilation 

imaging Tc-99m DTPA aerosol 80 

Lung ventilation study 
133Xe Gas 400 

Lung ventilation study 
127Xe Gas 200 

Lung perfusion 

imaging 

81mKr Aqueous solution 6000 

Lung perfusion 

imaging Tc-99m 

Human albumin 

(macroaggregates 

or microspheres) 

100 

Lung perfusion 

imaging 

(with venography) 

Tc-99m 

Human albumin 

(macroaggregates or 

microspheres) 

160 

Lung perfusion studies 

133Xe Isotonic solution 200 

Lung perfusion studies 
127Xe 

Isotonic chloride 

solution 
200 

Lung imaging 

(SPECT) 
Tc-99m 

Macroaggregated 

albumin (MAA) 
200 
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TABLE (2): GUIDANCE LEVEL OF ACTIVITY FOR PROCEDURES 

IN NUCLEAR MEDICINE FOR A TYPICAL ADULT PATIENT [1] 

(cont.) 

Test Radionuclide Chemical form 

Maximum 

activity per 

test (MBq) 

Liver and spleen 

Liver and spleen 

imaging 
Tc-99m Labelled colloid 80 

Functional biliary 

system 
Tc-99m 

Iminodiacetates and 

equivalent agents 
150 

Imaging 

Spleen imaging Tc-99m 
Labelled denaturated 

red blood cells 
100 

Liver imaging 

(SPECT) 
Tc-99m Labelled colloid 200 

Cardiovascular 

First pass blood flow 

studies 

Tc-99m Tc04- 800 

First pass blood flow 

studies 

Tc-99m DTPA 800 First pass blood flow 

studies 
Tc-99m 

Macroaggregated 

globulin 3 
400 

Blood pool imaging Tc-99m 
Human albumin 

complex 
40 

Cardiac and vascular 

imaging/probe studies 

Tc-99m 
Human albumin 

complex 
800 

Cardiac and vascular 

imaging/probe studies 
Tc-99m 

Labelled normal red 
800 

blood cells 

Myocardial 

imaging/probe 

Studies 

Tc-99m 
Phosphonate and 

Phosphate compounds 
600 
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TABLE (2): GUIDANCE LEVEL OF ACTIVITY FOR PROCEDURES 

IN NUCLEAR MEDICINE FOR A TYPICAL ADULT PATIENT [1] 

(cont.) 

Test 

Myocardial imaging 

Radionuclide Chemical form 

Maximum 

activity per 

test (MBq) 

Test 

Myocardial imaging Tc-99m Isonitriles 300 I 

201T1 T1+ chloride 100 

800 Myocardial imaging 

(SPECT) 

Tc-99m 
Phosphonate and 

phosphate compounds 

100 

800 Myocardial imaging 

(SPECT) 
Tc-99m Isonitriles 600 

Stomach, 

gastrointestinal Tract 

Stomach/salivary gland 

imaging 
Tc-99m Tc04- 40 

Meckel 's diverticulum 

Imaging 
Tc-99m Tc04- 400 

Gastrointestinal 

bleeding 

Tc-99m Labelled colloid 400 
Gastrointestinal 

bleeding Tc-99m 
Labelled normal red 

blood cells 
400 

Oesophageal transit 

and reflux 

Tc-99m Labelled colloid 40 
Oesophageal transit 

and reflux Tc-99m 
Non-absorbable 

compounds 
40 

Gastric emptying 

Tc-99m 
Non-absorbable 

compounds 
12 

Gastric emptying l l l l n 
Non-absorbable 

compounds 
12 Gastric emptying 

113mln 
Non-absorbable 1 I 

12 
compounds 

V 



TABLE (2): GUIDANCE LEVEL OF ACTIVITY FOR PROCEDURES 

IN NUCLEAR MEDICINE FOR A TYPICAL ADULT PATIENT [1] 

(cont.) 

Test Radionuclide Chemical form 

Maximum 

activity per 

test (MBq) 

Kidney, urinary 

system andAdrenals 

Renal imaging Tc-99m 
Dimercaptosuccinic 

acid 
160 

Renal 

imaging/renography 

Tc-99m 
DTP A, gluconate and 

glucoheptonate 
350 

Renal 

imaging/renography Tc-99m 
Macroaggregated 

globulin 3 
100 

Renal 

imaging/renography 

1231 O-iodohippurate 20 

Adrenal imaging 75 See Selenorcholestero 8 

Miscellaneous 

Tumour or abscess 

imaging 

67Ga Citrate 300 Tumour or abscess 

imaging 201T1 Chloride 100 

Tumour imaging Tc-99m 
Dimercaptosuccinic 

acid 
400 

Neuroectodermal 

tumour imaging 

1231 
Meta-iodo-benzyl 

guanidine 
400 

Neuroectodermal 

tumour imaging 
1311 

Meta-iodo-benzyl 

guanidine 
20 

Lymph node imaging Tc-99m 
Exametazime labelled 

white cells 
80 

Abscess imaging 
Tc-99m Labelled colloid 400 

Abscess imaging 
l l l l n Labelled white cells 20 

Thrombus imaging l l l l n Labelled platelets 20 
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APPENDEX III 
CESSATION OF BREAST FEEDING 

TABLE (4): RECOMMENDATIONS FOR CESSATION OF BREAST 

FEEDING FOR CLASS (A) RADIOPHARMACEUTICALS [3, 4] 

Radiopharmaceutical 

Administered 

activity MBq, 

(mCi) 

Need for 

counselling 
Advice 

Ga-67 citrate 185(5) Yes Cessation 

Tc-99m DTPAa 740 (20) No 

Tc-99m MAAb 148 (4) Yes Cessation for 12 h 

Tc-99m pertechnetate 185 (5) Yes Cessation for 4 h 

1-131 Nal 5550(150) Yes Cessation 

A DTPA, diethylene-triamine-penta-acetic acid 

b MAA, macro-aggregated albumin 

TABLE (5): RECOMMENDATIONS FOR CESSATION OF BREAST 

FEEDING FOR CLASS (B) RADIOPHARMACEUTICALS [2, 4] 

Radiopharmaceutical 

Administered 

activity MBq, 

(mCi) 

Need for 

counselling 
Advice 

Cr-51 EDTA 1.85 (0.05) No 

Tc-99m DISIDA 300 (8) No 

Tc-99m glucoheptonate 740 (20) No 

Tc-99m HAM | 300 (8) No 

Tc-99m MIBI 1110(30) No 

Tc-99m MDP 740 (20) No 

Tc-99m PYP 740 (20) 1 No 

Tc-99m RBCs in vivo 

labelling 
740 (20) | Yes Cessation for 12 h 
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TABLE (5): RECOMMENDATIONS FOR CESSATION OF BREAST 

FEEDING FOR CLASS (B) RADIOPHARMACEUTICALS [3, 4] 

(cont.) 

Tc-99m RBCs in vitro 

labeling 
740 (20) No 

Tc-99m sulphur colloid 444(12) No 1 
I n - I l l WBCs 0.5(18.5) No I 

1-123 Nal 14.8 (0.4) Yes Cessation 1 

1-123 OIH 74(2) No 

1-123 mlBG 370(10) Yes Cessation for 48 h 

1-125 OIH 0.37(0.01) No 

1-131 OIH 11.1 (0.3) No 

Tl-201 111(3) Yes Cessation for 96 h 

Tc-99m DTPA aerosol 37(1) No 

Note: The abbreviations used in this table are as follows: 

EDTA, ethylene-diamine-tetra-acetic acid 

HAM, human albumin microsphere 

MDP, methylene diphosphonate 

RBCs, red blood cells; 

OIH, ortho-iodo-hippurate; 

DTPA, diethylene-triamine-penta-acetic acid. 

DISIDA, di-isopropyl-iminodiacetic acid; 

MIBI, methoxy-isobutyl-isonitrile; 

PYP, pyrophosphate 

WBCs, white blood cells 

MIBG, meta-iodo-benzyl-guanidine; 

TABLE (6): RECOMMENDATIONS FOR CESSATION OF BREAST 

FEEDING FOR CLASS(C) RADIOPHARMACEUTICALS [3, 4] 

Radiopharmaceutical 

Administered 

activity MBq, 

(mCi) 

Need for 

counselling 
Advice 

Tc-99m WBCsa 1 185 (5) Yes Cessation for 48 h 

Tc-99m MAG3b 370(10) No 

Xe-133 gas 
f 

No 

a WBCs, white blood cells b MAG3, mercapto-acetyl-triglycine 
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APPENDEXIV 
QUALITY C O N T R O L P R O G R A M F O R SPECT A N D 

DOSE CALIBRATORS 

Table 1: suggested QC tests for SPECT 

No Test Frequency of routine tests 

1 Intrinsic uniformity Semi annually 

2 

3 

Intrinsic Energy resolution Quarterly 2 

3 Intrinsic spatial Resolution Weekly 

4 Extrinsic uniformity J Daily 

5 Energy Spectrum j Daily 

6 Centre of Rotation (COR-180) Weekly 

7 Sensitivity Semi annually 

8 collimator angulations Semi annually 
9 Shield leakage Daily 

10 Size of pixel check Quarterly 

11 Total performance check ! Weekly 

12 Reconstructed point - source resolution Quarterly 

Table 1: suggested Quality control tests for Dose Calibrators 

1 N o TEST FREQUENCEY I 

1 Constancy Daily 

2 Accuracy Annually 

3 Linearity Annually 

4 Geometrical response 

At calibrator acceptance and then 

for any change 

in sample geometry 
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APPENDEX V 

RADIATION SIGN 
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APPENDEX VI 
INSPECTION FORM 
I-VERIFICATION OF SAFETY 

Describe any differences or modifications from those approved by the Regulatory 
Authority and/or considered in the safety assessment (e.g. shielding design, building 
materials, floor plan): 

Was a safety assessment by a qualified expert performed prior to any 
modifications? 

Yes No 

Is the thickness and type of shielding appropriate for the types and 
intensity of radiation produced by radioisotopes in use? 

Yes No 

2. Safety control and equipment design 
Are an adequate number of lead containers, lead blocks, 
and portable or fixed shields available for shielding in 
storage and handling rooms? 

Provided? 
Used? 

1 Y e s 

Yes 
No 
No 

Is remote handling equipment such as (tongs, forceps, etc.) 
available? 

Provided? 
Used? 

Yes 
Yes 

No 
No 

Are ventilated fume hoods for handling large doses of 131I 
and for carrying out MEK (methyl ethyl ketone (2-
butanone)) extraction of 99mTc available? 

Provided? 
Used? 

Yes 
Yes 

No 
No 

Are the drainage ducts in the laboratory (sinks, wash basins, toilets, etc.) 
connected directly to the sanitary sewage system? 

Yes No 

Is adequate provision made for storage of wastes before disposal? Yes No 

3. Warning systems: 
Are warning notices Provided? 

Working? 
Legible? 
in local 
Language? 

Yes 
Yes 
Yes 

Yes 

No 
No 
No 

No 
4. Safety operations -management 
Is management familiar with the certificate of authorization and its 
restrictions and requirements? 

Yes No 

Does management provide adequate staffing levels? Yes No 
Has management invested the RPO with authority to stop unsafe 
operations? 

Yes No 

Does management provide adequate resources for personnel training Yes No 
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f i 
D, 
(time and money)? 
Does management provide adequate equipment? 

Does management provide for periodic program reviews 
and recommendations? 

Date of the last program review: 
Status of recommendations: 

Scheduled? 
Performed? 

Yes No 

Yes °No 
Yes No 

Does the RPO have adequate knowledge and expertise? Yes No 

Does the RPO have qualified experts available? Yes No 

Is the RPO familiar with the requirements of the Regulatory Authority 
and the provisions of the certificate of authorization? 

Yes No 

Is the RPO given sufficient time and resources to do the job (e.g. not kept 
too busy with other assignments or not given sufficient technical and 
secretarial help)? 

Yes No 

Is the RPO kept informed of activities of workers using radiation 
sources? 

Yes No 

Does the RPO conduct initial and periodic training of workers? Yes No 

Does the RPO maintain adequate records to demonstrate worker and 
public protection? 

Yes No 

Are there provisions for inventory of sources and 
accountability? 

Procedures? 
Performed? 

i 

Yes 
Yes 

No 
No 

Are there provisions for audits and reviews of radiation 
safety program: 

Procedures? 
Performed? 

Yes 1 
Yes 

No 
No 

6. Investigation and QA 
Were there any incidents or accidents? Yes | No 
If so, were incident and accident investigation reports prepared? Yes No 
Were safety assessments reviewed or made on the basis of lessons 
learned from any accident or accidents at similar facilities? 

Yes No 

Is there a written QA program? Procedures? 
Performed? 

Yes 
Yes 

No 
No 

Is maintenance and repair work (measuring equipment, 
imaging devices, ventilation systems, etc.) in 
accordance with manufacturer's recommendations? 

Scheduled? 
Performed? 

Yes 
Yes 

No 
No 

Are repair/maintenance procedures Developed? 
Followed? 

Yes 
Yes 

No 
No 

II-VERIFICATION OF WORKER PROTECTION 
1. Classification of areas 

I Are controlled areas demarcated? Yes No 
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Are approved signs at access points Provided? Yes No 
Legible? Yes No 
in local 
Language? Yes No 

Is radioactive material storage (including waste) at physically defined Yes No 
locations? 
i) Is there a locked/secured location with key control? Yes No 
ii) Are radiation warning notices Provided? Yes No 

Legible? Yes No 
in local 
Language? Yes No 

iii) Is there proper shielding (e.g. individual containers, enclosures)? Yes No 
iv) Are the storage locations reserved only for radioactive material? Yes No 
Are supervised areas demarcated? Yes No 
Are approved signs at access points Provided? Yes No 

Legible? Yes No 
in local 
Language? Yes No 

2. Local rules and supervision 
| Are rules established in writing, in a local language? Yes No 

Do rules include investigation levels and authorized levels and the Yes No 
procedure to be followed when a level is exceeded? 
Are workers instructed in the implementing procedures? Yes No 

Do workers have adequate supervision to ensure rules, procedures, Yes No 
protective measures and safety provisions are followed? 
Specifically, are operating and working procedures for: 
i) nurses attending patients Provided? Yes No 

Adequate? Yes No 
Followed? Yes No 

ii) diagnostic examination Provided? Yes No 
Adequate? Yes No 
Followed? Yes No 

iii) therapy administration Provided? Yes No 
Adequate? Yes No 
Followed? Yes No 

iv) repairing and maintaining safety systems Provided? Yes No 
Adequate? Yes No 
Followed? Yes No 

v) making surveys Provided? Yes No 
Adequate? Yes No 
Followed? Yes No 

3. Monitoring 
Does the authorized organization provide personal dosimeters? Yes No | 
Are the dosimeters: 
i) Worn properly? Yes No | 

| ii) Calibrated? Yes No 
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iii) Exchanged at required frequency? Yes No 
Are personnel exposures within limits? Yes No 
Are area and portable survey instruments: 
i) Appropriate? Yes No 
ii) Calibrated? Yes No 
iii) Operational? Yes No 
iv) Checked before use? Yes No 
v) Supplied with spare batteries? 
Do the authorized organization's surveys indicate that the shielding is 
adequate and the dose rates around storage and patient treatment rooms 
meet authorized radiation levels? 

Yes 
Yes 

No 
N ° 

Does the authorized organization make periodic tests for leakage of 
radioactive materials from any sealed sources (e.g. calibration sources)? 

Yes No 

Is the instrumentation: 
i) Appropriate? Yes No 
ii) Calibrated? Yes No 
iii) Operational? Yes No 
Record independent measurements made during the inspection: 

III- VERIFICATION OF PUBLIC PROTECTION 

1. Control of visitors 
Are visitors accompanied in controlled areas? Yes No 
Is adequate information provided to visitors entering controlled areas? Yes No 
Are there adequate controls over entries into supervised areas and 
appropriate postings? 

Yes No 

2. Sources of exposure 
Are the shielding and other protective measures optimized for 
restricting public exposure to external sources of radiation? 

Yes No I 

Are the floor plans and arrangement of equipment as described in the 
application and appropriate considering any public areas adjacent to the 
installation? 

Yes No 

3. Radioactive waste and discharges 
Have provisions been made to transfer waste to an authorized waste I 
disposal facility at the end of use? | 

Yes No 

If any sealed sources are no longer in use and being stored, does the I 
authorized organization have a plan for timely transfer or disposal of the j 

Yes No 
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sources? 
Are there provisions for control of discharges to the environment in the 
event of contamination? 

Yes No 

4. Monitoring of public exposure 
Are routine periodic measurements of exposure rates in public areas 
adjacent to areas used for diagnostic examination, therapy treatment or 
radioactive materials made by the staff or qualified expert? 
Do surveys show that the room shielding is adequate and the dose rates 
outside the areas meet authorized radiation levels? 
Record independent measurements made during the inspection: 

IV- VERIFICATION OF MEDICAL EXPOSURE 

1. Justification 
Are diagnostic medical exposures justified by taking into account the 
benefits and risks of alternative techniques that do not involve medical 
exposure? 

Yes No 

Are there procedures to ensure that exposure of humans for medical 
research is in accordance with the Helsinki Declaration and follows the 
guidelines for its application prepared by the Council for International 
Organizations of Medical Sciences and the World Health Organization? 

Yes No 

Is each exposure of humans for medical research subject to the advice 
of an ethical review committee or other similar institutional body? 

Yes No 

Are standards available and followed for radiological examinations for 
screening of large populations or for occupational, legal, or health 
insurance purposes? 

Yes No 

2. Optimization 
Do medical practitioners ensure that appropriate equipment is used, that 
the exposure of patients is the minimum necessary to achieve the 
diagnostic objective, and that relevant information from previous 
examinations is taken into account to avoid unnecessary additional 
examinations? 

Yes No 

Do the medical practitioners, the technologists or other imaging staff 
endeavour to achieve the minimum patient exposure consistent with 
acceptable image quality by: 

Yes No 

i) appropriate selection of the radiopharmaceutical and its activity, 
noting special requirements for children and for patients with impaired 
organ function? 

Yes No 

ii) use of methods for blocking the uptake in organs not under study and 
for accelerated excretion when applicable? 

Yes No 

iii) appropriate image acquisition and processing? Yes No 
Are radiological examinations causing exposure of women who are Yes No 
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pregnant or likely to be pregnant avoided unless there are strong clinical 
reasons for such examinations? 
For lactating mothers, is discontinuation of nursing recommended until 
the radiopharmaceutical is no longer secreted in an amount estimated to 
give an unacceptable dose to the nursing child? 

Yes No 

Is the administration of radionuclides to children for diagnostic 
procedures carried out only if there are strong clinical indications, and 
the amount of radioactivity is reduced according to body weight, body 
surface area or other appropriate criteria? 

Yes No 

3. Calibration 
Is the calibration of sources used for medical exposure traceable to a 
standards dosimetry laboratory? 

Yes No 

Are unsealed sources calibrated in terms of the activity of the 
radiopharmaceutical to be administered, with the activity being 
determined and recorded at the time of administration? 

Yes No 

4. Clinical dosimetry 
Are representative absorbed doses determined and documented? Yes No 1 

5. Dose constraints 
Does an ethical review committee or other institutional body specify 
dose constraints to be applied on a case-by-case basis in the 
optimization of protection for persons exposed for medical research 
purposes if such medical exposure does not produce direct benefit to the 
exposed individual? 

Yes No 

Have dose constraints been established for individuals knowingly 
exposed while voluntarily helping in the care or comfort of patients 
under going medical diagnosis? 

Yes No 

6. Investigations of accidental medical exposures 
Did the registrant or licensee promptly investigate any or all instances where: 
i) A diagnostic dose was substantially greater than intended or resulting 
in doses repeatedly and substantially exceeding guidance levels? 

Yes No 

ii) There was an equipment failure, accident, error, mishap or other 
unusual occurrence with the potential for causing a patient exposure 
significantly different from that intended? 

Yes No 

With respect to any incidents investigated, did the registrant or licensee: 
i) Calculate or estimate the doses received and their distribution within 
the patient? 

Yes No 

ii) Indicate the corrective measures required to prevent recurrence of 
such an incident? 

Yes No 

iii) Implement all corrective measures that were under their control? Yes No 
iv) submit to the Regulatory Authority, as soon as possible after 
the investigation or as otherwise specified by the Regulatory 
Authority, a written report which stated the cause of the accident and 
included the information specified in "i" to "iii", as relevant? 

Yes No 

v) inform the patient and his or her doctor about the incident? Yes No 
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V- EMREGENCY PREPAREDNESS 

Is there a written plan? Yes 1 No 
Is the plan periodically reviewed and updated? Yes No 
Does the plan take into account lessons learned from operating 
experience and accidents at similar facilities? 

Yes No 

Have workers involved in implementing the plan received training? 
Have provisions been made for the plan to be rehearsed at suitable 
intervals in conjunction with any designated emergency response 
authorities? 

Yes 
Yes 

No 
No 

Date of the last rehearsal: 

Vl-Quality Assurance 
Responsibilities 
Is no patient treated unless the exposure is prescribed 
by a medical practitioner? 

Procedures? 
Followed? 

Yes 
Yes 

No 
No 

Are there an adequate number of trained medical and paramedical 
personnel to discharge assigned tasks? 

Yes No 

Are diagnostic imaging and QA requirements fulfilled with the advice 
of a qualified expert in nuclear medicine physics? 

Yes No 

Does the medical QA program include? 
Measurements and verification of physical parameters 
at the time of commissioning and periodically 
thereafter? 

Procedures? 
Followed? 

Yes 
Yes 

No 
No 

Written records of relevant procedures and results? Procedures? 
Followed? 

Yes 
Yes 

No 
No 

Verification of the appropriate calibration and 
conditions of operation of dosimetry and monitoring 
equipment? 

Procedures? 
Followed? 

Yes 
Yes 

No 
No 

Verification of patient identity? Procedures? 
Followed? 

Yes 
Yes 
Yes 
Yes 

No 
No 

Regular and independent quality audit reviews? Procedures? 
Followed? 

Yes 
Yes 
Yes 
Yes 

No 
No 
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