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1. INTRODUCTION 
 
1.1 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.  The 
in vitro use of radioactive materials is covered in the Code NRL C1 and is not 
dealt with here. 
 
1.2 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. 
 
1.3 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 personal benefit directly from the 
procedure either therapeutically or in terms of the clinical management of any 
disease.  (See Section 10.1.1.) 
 
1.4 Whenever compliance with a requirement in this document is required 
as a condition to a licence under the Radiation Protection Act 1965, the word 
"shall" is used in the clause.  The word "should" indicates a practice that is 
recommended but not mandatory.  Whenever a requirement is not specified 
explicitly, but uses the terms "suitable" or "suitably qualified", the judgement 
as to whether these terms are satisfied rests with the National Radiation 
Laboratory. 
 
1.5 The word "practical" is used to mean "taking economic and social 
factors into account" in the sense of ALARA.  (See Section 3.1.) 
 

2. RADIATION PROTECTION LEGISLATION 
 
The legislation under which this Code is written, is: 
 
 The Radiation Protection Act 1965 
 The Radiation Protection Regulations 1982. 
 
The Act and Regulations may be amended or replaced before this Code is 
revised.  If so then references to legislation in the Code shall be deemed to 
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refer to the current legislation.  In the event of contradiction between the Code 
and revised legislation, the requirements of the legislation shall be paramount. 
 
2.1 Licences 
 
2.1.1 The Radiation Protection Act 1965 does not permit any person to use 
radioactive materials above an exempt activity for any purpose unless he or 
she holds a licence under the Act for that purpose, or is acting on the 
instructions or under the supervision of a person holding such a licence. 
 
2.1.2 Licences under the Act are issued by the National Radiation Laboratory 
(NRL) and may be subject to special conditions.  Compliance with a Code of 
Safe Practice issued by NRL may be required as a special condition. 
 
2.1.3 Licences for work covered by this Code may be issued for the purposes 
Medical Diagnosis, Medical Therapy, Research on Humans, or Medical 
Physics. 
 
2.1.4 A licence will usually restrict the activity of any radioactive material 
that may be ordered and handled by the licensee.  The activities permitted 
depend on the degree of protection given by the laboratory facilities, and on 
the experience and training of the licensee.  A licence issued for work covered 
by this code may specify limits to the activity of 99Mo (in a technetium 
generator) or of 131I.  For other materials, the dispensing laboratory will be 
classified as B or C according to the scheme given in the Code NRL C1, and 
the limits prescribed there will apply. These are reproduced in Appendix A1. 
 
2.1.5 Any licence application is assessed on the basis of the qualifications 
and experience of the applicant, taking into account the advice of the 
Radiation Protection Advisory Council when necessary. 
 
2.2 Licences for Medical Diagnosis 
 
2.2.1 Licences for Medical Diagnosis are usually only issued to medical 
practitioners who are qualified specialists in nuclear medicine, or to qualified 
radiologists who have sufficient training in nuclear medicine. 
 
2.2.2 To be eligible for a licence, a radiologist must have completed a suitable 
period of training in one or more major nuclear medicine departments.  If a 
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licence applicant is judged to have insufficient experience, a restricted licence 
may be issued that requires regular auditing of reporting and procedures. 
 
2.2.3 In some cases a licence may be issued to a medical specialist in another 
field (eg, endocrinology, haematology) with a condition restricting the types of 
procedure to that area of specialisation. 
 
2.3 Licences for Medical Therapy 
 
2.3.1 Licences for the use of radioactive materials for Medical Therapy are 
usually only issued to qualified specialist nuclear medicine physicians or 
radiation oncologists. 
 
2.3.2 In some cases other medical specialists may be licensed for therapeutic 
procedures restricted to their speciality (eg, endocrinology, haematology, 
rheumatology).  Responsibility for radiation safety and dosimetry is usually 
required to be taken by a medical physicist licensed under the Act. 
 
2.4 Licences for Research on Humans 
(See Section 10.1.1.) 
 
2.4.1 There is no special licensing requirement when a research project uses 
conventional diagnostic nuclear medicine procedures on volunteer human 
subjects.  In this case the project submission must comply with Section 10, but 
the procedures are no different from routine diagnostic procedures.  This is 
covered by a licence for Medical Diagnosis. 
 
2.4.2 When the research concerns the use or development of novel 
techniques or radiopharmaceuticals, then a licence is required to permit 
Research on Humans. 
 
2.4.3 A licence for Research on Humans will only be issued to a person 
already holding or eligible for a licence for Medical Diagnosis.  No 
therapeutic procedures can be classified as Research on Humans in accordance 
with the definition used in this Code. 
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2.5 Licences for Medical Physics 
 
2.5.1 A medical physicist may hold a licence for the purpose of Medical 
Physics.  Such a licence does not permit the prescription of any medical 
procedure or confer responsibility for patient care.  Responsibility, however, 
may be taken by the medical physicist for non-clinical aspects of radiation 
safety. 
 
2.5.2 Approval for the issue of a licence for this purpose is given only when 
relevant expertise can be demonstrated.  Formal recognition of the applicant 
by a professional association will be taken into account. 
 
2.6 Legal responsibilities; multiple licences 
 
2.6.1 Whenever more than one licensee is employed in a given area, 
Regulation 9(3) of the Radiation Protection Regulations, 1982, requires that the 
owner of the radioactive material either appoints one as principal licensee, or 
clearly defines the respective areas of responsibility of the individual licensees. 
 
For example several radiation oncologists or endocrinologists may be licensed 
to prescribe the use of 131I for thyroid conditions in a department where a 
medical physicist also holds a licence.  It must be clearly defined who is 
responsible for the safety of the 131I at any time. 
 
2.7 Ordering of radioactive materials 
 
2.7.1 Where an order is made through an agent authorised by NRL (whose 
importations receive automatic customs clearance): 
 (a) Orders should be placed on the approved order forms available 

from the agent.  All sections of the form must be completed. 
 (b) If the order is signed by a person currently licensed under the 

Radiation Protection Act 1965 and their licence number is 
included on the form, the agent has been authorised by NRL to 
place the order on his principals immediately.  A copy of the 
order is sent to NRL who have the power to refuse consent for 
the importation.  If the order form can not be completed (eg, no 
licensee) then the order must be referred to NRL for approval 
before placement. 
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 (c) If the order is required on a regular basis, a standing order may 
be placed with an authorised agent.  The order must be clearly 
marked "Standing Order" and give the frequency of deliveries. 

 
2.7.2 When an order is placed with an agent not authorised by NRL: 
 (a) The following details must be supplied to NRL: 
  The name and address of the firm supplying the material; 
  The name and address of the person ordering the material; 
  Name and number of licensee if there is one; 
  Full details of the material (radionuclide, activity, etc). 
 (b) On receipt of these details, NRL will, after checking that the 

material will be delivered to a suitably licensed person, issue a 
Certificate of Consent to Import Radioactive Material.  Two 
copies of this will be forwarded to the person placing the order.  
The material may now be ordered.  The original of the certificate 
must be given to the Customs Department for clearance of the 
material on arrival. 

 
2.8 Transfer of radioactive material from one licensee to 

another 
 
2.8.1 Transfer of radioactive material from one licensee to another is not 
permitted unless prior approval is obtained from NRL. 
 
2.8.2 If a similar activity of the same radionuclide is to be transferred on a 
continuing basis, approval is only required before the first transfer, provided 
all transfers are reported in accordance with Section 17.2. 
 

3. RADIATION PROTECTION AND NUCLEAR 
MEDICINE 

 
3.1 Basic principles 
 
The New Zealand radiation protection legislation is based on the following 
three principles, most recently set down by the International Commission on 
Radiological Protection in Publication 60 (ICRP, 1991): 
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 (a) No practice shall be adopted unless its introduction produces a 
positive net benefit to the exposed individuals or to society. 
(Justification of the practice.) 

 (b) In relation to a particular practice, the magnitude of individual 
doses, the number of people exposed, and the likelihood of 
incurring exposure shall be kept as low as reasonably achievable 
(ALARA), economic and social factors being taken into account.  
This procedure should be subject to dose and risk constraints on 
individuals so as to limit the inequity likely to result from the 
inherent economic and social judgements.  (Optimisation of 
protection.) 

 (c) The risk either from a dose or potential dose to a class of 
individuals shall not exceed the limits set by the Commission for 
that class. (Individual dose and risk limits.) 

 
3.2 Justification of a practice 
 
3.2.1 The justification of the use of any diagnostic, therapeutic, or research 
procedure that involves administration of radioactive materials to humans 
shall take into account the benefits from the procedure, the relative merits of 
alternative modalities, and the risks entailed in the administration of radiation. 
 
3.3 Optimisation of protection 
 
3.3.1 Any nuclear medicine department facilities and procedures shall be 
designed so as to maintain as low as reasonably achievable the undesired 
exposure of individuals from radiation, and the risk of any failure in 
equipment or procedure that could result in the undesired exposure of 
individuals. 
 
3.3.2 In all nuclear medicine procedures, the activity of radioactive material 
administered to the patient shall be as low as reasonably achievable, consistent 
with achieving the desired result.  (See Section 8.3.) 
 
3.3.3 In order to maintain the effectiveness of protection a suitable quality 
assurance programme shall be followed covering all aspects of the nuclear 
medicine process.  (See Section 18.) 
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3.4 Individual dose limits 
 
For the purpose of this Code of Safe Practice the radiation dose limits are: 
 
3.4.1 Limits for persons exposed to radiation as a normal condition of 

employment: 
 (a) an effective dose of 20 mSv per year averaged over any five year 

period and 50 mSv in any one year; 
 (b) an equivalent dose of 500 mSv to the skin at the nominal depth 

of 7 mg/cm2 averaged over 1 cm2, regardless of the total area 
exposed, in any one year; 

 (c) an equivalent dose of 150 mSv to the lens of either eye in any 
one year; 

 (d) an equivalent dose of 500 mSv to the hands and feet in any one 
year; 

 (e) for women who declare themselves pregnant, an equivalent dose 
of 2 mSv at the surface of the abdomen over the remainder of 
the pregnancy and the intake of any radioactive materials shall 
not exceed one-twentieth part of the annual limit on intake. 

 
3.4.2 Limits for members of the public: 
 
 (a) an effective dose of 1 mSv in any one year; 
 (b) an equivalent dose to the lens of the eye of 15 mSv in any one 

year; 

 (c) an equivalent dose to the skin of 50 mSv over any 1 cm2, 
regardless of the area exposed, in any one year. 

 

4. RADIATION HAZARD CONTROL 
 
4.1 External radiation hazards 
 
4.1.1 Whenever a radionuclide emits gamma rays, x-rays or high energy beta 
particles there is a potential external radiation hazard.  The skin and eyes are at 
greatest risk when the radiation is weakly penetrating (betas of energy between 
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50 keV and 5 MeV, and gammas or x-rays of energy less than 50 keV).  The 
whole body may be at risk in a field of strongly penetrating gammas. 
 
4.1.2 The external radiation dose rate in a given location is specified in terms 
of the ambient dose equivalent rate, H*(d) per hour, for strongly penetrating 
radiation, and directional dose equivalent rate, H'(d) per hour, for weakly 
penetrating radiation, in accordance with ICRU Report 39.  These values give 
an indication of the absorbed dose at depth d in the body of a person at the 
location.  The value of d is taken to be 10 mm for strongly penetrating 
radiation, and 0.07 mm for weakly penetrating radiation. 
 
The values of H*(10) and H'(0.07) per unit activity for each of the commonly 
used radionuclides are given in Appendix A3.  Values of H*(10) are also 
given at 1 metre from a patient after administration of typical activities in 
Appendix A4. 
 
4.1.3 For the purpose of radiation protection, H*(10) can be used for effective 
dose, and H'(0.07) for equivalent dose to the skin or eyes in the specifications 
of the limits of exposure given in Section 3.4.1.  H*(10) should be used to 
estimate dose to the abdomen in 3.4.1(e). 
 
4.1.4 The maximum value of H*(10) in a continuously occupied work area 
should be less than 10 µSv/h.  Provided appropriate safety glasses are worn the 
maximum value of H'(0.07) on the surface of a container to be held frequently 
in the hand should be less than 250 µSv/h.  These values will ensure that 
during normal working conditions the limits of Section 3 will not be exceeded. 
 
4.1.5 The three principles of protection from external radiation are: 
 
(a) Shielding 
 
Gamma and x-ray radiation is most effectively shielded using high atomic 
number materials, most commonly lead.  The thickness of lead that reduces the 
radiation dose rate to one tenth is given in Appendix A3 for commonly used 
radionuclides.  Because most radionuclides emit gammas and x-rays at a 
range of energies, a second layer of lead of the same thickness generally does 
not reduce the dose rate by a further tenth. 
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Pure beta emitters should be shielded using low atomic number materials such 
as perspex or wood products.  High energy betas generate bremsstrahlung in 
lead shielding and this is much more penetrating than the original betas.  The 
thickness of perspex required to stop all of the beta radiation from commonly 
used materials is given in Appendix A3. 
 
The closer to the source the shielding is, the smaller the area of shielding that 
is required.  It is preferable to shield the container rather than the work area.  
Where materials are handled, a shielded "workstation" should be used.  
Shielding will rarely be needed in walls.  Examples where it may be necessary 
are walls behind technetium generators or 131I dispensing areas. 
 
(b) Distance 
 
If the volume of a radiation source is small (a "point source") then doubling 
the distance from it reduces the radiation dose rate by a factor of 4 (the 
"inverse square law"). 
 
Whenever practical in a significant radiation field, equipment or operating 
procedures should be used to maximise the distance from the radiation source.  
Unshielded containers should be held in tongs.  An unshielded syringe should 
be held at the end as far from the radioactive material as possible.  A 
reasonable practical distance should be kept from radioactive patients, and 
when they must be held, if possible it should be at arm's length. 
 
(c) Time 
 
The risk from an exposure to radiation is approximately proportional to the 
total absorbed dose and is independent of the dose rate (within reasonable 
limits).  Therefore any reduction in the time of exposure results in a 
corresponding reduction in risk. 
 
All procedures that involve exposure to radiation should be carried out as 
quickly as practical.  The time spent near a radiation source (eg, a technetium 
generator) should be kept to a minimum.  Any direct dispensing or handling 
procedure should be designed to minimise the time that the source is exposed.  
Any new procedure should be practised with non-radioactive materials first. 
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4.2 Internal radiation hazards 
 
4.2.1 If a radiopharmaceutical is absorbed internally, the degree of hazard 
depends on the types of radiation emitted, the organs where the material 
localises, the biological residence time in the body, and the physical half-life 
of the radionuclide.  Once a radioactive material is within the body, the 
greatest hazard is from non-penetrating radiation, because this is all absorbed 
within the local tissue.  However, most gamma-emitting radionuclides also 
emit low energy x-rays and Auger electrons. 
 
4.2.2 The annual limit on intake (ALI) of commonly used radionuclides is 
given in Appendix A1.  This is the ingested or inhaled activity that in an 
average adult will give a committed effective dose of 20 mSv. 
 
4.2.3 The most common routes of internal absorption that must be protected 
against are: 
 
(a) Ingestion 
 
This usually occurs when an article becomes contaminated and is passed to the 
mouth.  The risk of this is reduced if strict hygiene rules are observed.  There 
shall be no food or cosmetics (hand cream, etc) allowed in any area where 
radioactive materials are handled.  Mouth pipetting shall not be permitted.  
Procedures shall be designed to contain the radioactive material and minimise 
the chance of uncontrolled spread (see Section 4.4). 
 
(b) Inhalation 
 
There is a risk of inhalation of radioactive material whenever the material is 
handled in open containers and is in a form that may vaporise, nebulise, or be 
released as a gas.  If this is the case and the activity handled is greater than that 
given in Column A in Appendix A1, then the procedure shall be performed in 
a contained workstation.  In particular, whenever therapeutic activities of 131I 
solution are dispensed, this shall be done in a fume cupboard.  Equipment used 
for lung ventilation examinations shall either be equipped with efficient traps 
or shall be vented outside in the same manner as a fume hood. 
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(c) Through broken skin 
 
Radioactive materials can be absorbed into the bloodstream through broken 
skin.  Any cuts or broken skin on the hands should be covered with a 
waterproof dressing and disposable gloves worn. 
 
4.3 Hazards from contamination of skin and eyes 
 
Most radioactive materials and particularly high energy beta emitters give a 
high local dose to the skin or eyes if they come in contact.  Many materials are 
either very difficult to remove or are absorbed through the skin.  Whenever 
unsealed radioactive materials are handled and there is any possibility of 
spillage or splashing, disposable gloves, a laboratory coat or gown, and where 
appropriate, protective glasses, shall be worn. 
 
4.4 Containment of unsealed radioactive materials 
 
4.4.1 Whenever unsealed radioactive material is handled in an open 
container, it should be over a tray or lipped and coved bench of sufficient 
capacity to contain all of the material if spilt. 
 
4.4.2 Work surfaces should be covered with disposable sheeting that should 
be absorbent on the upper surface and impermeable on the lower surface. 
 
4.4.3 Equipment used for handling radioactive materials should be 
segregated from that used for other laboratory procedures. 
 
4.5 Controlled Areas and restricted access 
 
4.5.1 Any laboratory or treatment room where radioactive materials of 
greater activity than in Column A of Appendix A1 are dispensed shall be 
designated a Controlled Area by the licensee responsible for the materials. 
 
4.5.2 The entrance to a Controlled Area shall display a warning sign 
indicating that entrance is prohibited without the permission of the responsible 
licensee or authorised agent.  The sign shall also show at least the radiation 
warning trefoil symbol. 
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4.5.3 There shall be a written protocol produced by the responsible licensee 
detailing under what circumstances entry is permitted, and the procedure for 
gaining permission.  It shall also detail any special rules that must be observed 
within the Controlled Area.  It shall be readily available to anyone needing to 
enter the Controlled Area. 
 
4.6 Pregnant women working with radiation 
 
4.6.1 The safety of the foetus when a radiation worker is pregnant depends 
on the individual working conditions.  However, as a guideline, if the monthly 
monitoring film badge reading has been below threshold (< 0.15 mSv) in the 
previous 6 months then the external radiation hazard is likely to be negligible.  
However, since the limit on the dose to the abdomen is only 2 mSv over the 
remaining 9 months, if there are any film badge readings greater than 
0.15 mSv then the worker should be given other work if this is practical. 
 
4.6.2 The only duty where there is a likely risk of uptake of more that one 
twentieth of an ALI of any radioactive material is handling large activities of 
131I, or caring for thyroid therapy patients.  If previous experience of thyroid 
tests show negligible uptake, then routine duties may be continued.  However, 
dealing with emergencies such as cleaning up spillages should be avoided if 
possible. 
 
4.6.3 If the worker is unduly stressed by being required to work with 
radiation even though the risk is low, careful consideration should be given to 
providing alternative non-radiation work. 
 

5. DESIGN OF FACILITIES AND EQUIPMENT 
REQUIREMENTS 

 
The classification of the dispensing laboratory as B or C is discussed in 
Section 2.1.4. 
 
5.1 Class B laboratory design 
 
5.1.1 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. 
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5.1.2 If the laboratory for dispensing radionuclides is part of a larger 
laboratory, this area shall be segregated from the rest of the work area, with no 
through traffic. 
 
5.1.3 Separate facilities shall be provided for washing utensils used for the 
handling of radioactive materials and for the disposal of liquid and solid waste. 
 
5.1.4 Hand washing facilities shall be provided that permit turning on of the 
water without using the hands. 
 
5.1.5 Work surfaces, floor coverings, and other accessible surfaces such as seats 
shall be impermeable and easily decontaminated.  Floor coverings shall be non-slip. 
 
5.1.6 Any work bench where activities greater than Column A in Appendix 
A1 of 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.  There must be sufficient 
room behind the shielding for the use of remote handling tongs if necessary.  
The shielding should be sufficient to attenuate the radiation in accordance with 
Section 4.1.4.  The bench top should have equivalent shielding to protect the 
operator's lower body.  The wall behind the bench may need added shielding, 
depending on the building materials used and the occupancy on the other side. 
 
5.1.7 If radiopharmaceuticals are to be prepared for administration to 
patients a contained work station may be required.  If all preparation 
procedures are "closed", involving only transfer by syringe from one closed 
vial to another, then an open bench workstation as described in 5.1.6 is 
sufficient.  However, if aseptic working conditions are required for open 
container preparations, a contained work station with laminar air flow will be 
required.  This should be of the balanced down-flow type with a vertical 
radiation shield located so as not to disturb the air flow.  Such a facility will be 
suitable for any of the 99Tcm preparations.  If an aseptic work area is required 
for any of the radioisotopes of iodine it may be necessary to install a mini 
down-flow cabinet within a larger fume cupboard to protect from the 
inhalation hazard.  Expert advice should be sought when installing this type of 
facility. 
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5.1.8 If a 99Tcm generator is to be used this should be located away from 
high-occupancy areas of the laboratory.  Extra shielding will generally be 
needed to comply with Section 4.1.4.  If this is in the form of lead bricks, they 
should be well secured and painted for ease of cleaning.  The generator should 
be in an area with a high level of hygiene or placed in a laminar air flow 
cabinet.  There is no significant risk of airborne radioactive contamination, so 
it should not be placed in a fume cupboard.  This would continuously pass 
unclean air drawn from outside the room over the generator. 
 
5.1.9 A fume cupboard shall be installed if required by Section 4.2.3(b).  It 
should comply with NZS 7203.  This document provides detailed advice on 
fume cupboards and should be consulted whenever an installation is planned. 
 
5.1.10 Any cupboards or enclosed storage areas that are used for holding stock 
radioactive materials, check sources, or waste before disposal should be well 
shielded if any of the materials emit penetrating radiation.  Since the materials 
will be continuously irradiating anyone working in the laboratory, the ALARA 
principle requires that this exposure be minimised. 
 
5.2 Class C laboratory design 
 
5.2.1 A Class C laboratory shall comply with all of the requirements in 
Section 5.1. 
 
5.2.2 The laboratory shall be a separate room used only for this purpose, with 
no through traffic.  The high activity handling area should not adjoin film 
stores or areas where low level measurements are performed. 
 
5.2.3 Bench surfaces should be coved against the walls and lipped at the 
edges.  The floor covering should be impermeable with welded joins and be 
coved against the walls for ease of decontamination. 
 
5.2.4 Shielding shall also be provided to protect occupants or sensitive 
equipment in adjacent rooms.  Consideration must be given to exposure rates 
through walls, floor and ceiling. 
 
5.2.5 If significant activities of liquid waste are to be disposed of into the 
sewerage system (greater than 1 ALI in any one day — see Appendix A1 for 
ALI values) then a disposal sink should be used with a sluice-type flush.  This 
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shall be a separate installation used only for this purpose.  The drain should be 
connected as directly as possible to the main sewer.  Traps should be 
accessible for monitoring for contamination build up. 
 
5.3 Nuclear medicine imaging facilities 
 
5.3.1 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. 
 
5.3.2 The layout should be designed to maximise the distance between 
radiation sources (the technetium generator, other high activity areas of the 
laboratory, check sources for quality control, radioactive patients, etc) and 
areas of high occupancy (computer console, work desk, receptionist, etc). 
 
5.3.3 A separate room should be available for administration of 
radiopharmaceuticals to patients so that they do not need to enter the 
dispensing laboratory.  It should be close to the laboratory so that radioactive 
materials do not have to be carried through rooms used for other purposes.  
The floor surface should comply with Section 5.1.5 both in the administration 
room and on any flooring between this room and the dispensing laboratory. 
 
5.4 131I therapy treatment rooms 
 
5.4.1 An inpatient treated with more than 800 MBq of 131I should be located 
in a single bedroom equipped with its own toilet and shower or bathroom. 
 
5.4.2 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 1 mSv effective dose. 
 
5.4.3 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. 
 
5.4.4 Containers should be provided for temporary storage of used utensils 
and linen before they are checked for contamination. 
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5.5 Radionuclide dose calibrators 
 
5.5.1 The radionuclide dose calibrator shall be capable of measuring the 
activity of any gamma-emitting radionuclide that is administered to humans 
for either imaging or therapy with an accuracy of better than ± 10% and 
repeatability of better than ± 5% over the range of activities usually used.  It 
should also register a repeatable reading from the bremsstrahlung produced by 
a vial containing a pure beta emitter used for radionuclide therapy. 
 
5.5.2 A long-lived radioactive source shall be available for use as a 
constancy check of the dose calibrator. 
 
5.5.3 The dose calibrator should be sufficiently shielded so that the regular 
movement of radioactive sources about the laboratory does not affect the zero 
reading by more than 2% of the smallest activity usually assayed.  [Note that 
ion chambers that do not have much built-in shielding may read up to 10% 
higher as a result of scatter off nearby shielding.] 
 
5.6 Radiation survey meters 
 
5.6.1 Every dispensing laboratory or radionuclide therapy room shall have 
ready access to portable equipment suitable for measuring the ambient dose 
equivalent rate in the case of penetrating radiation or directional dose 
equivalent rate in the case of weakly penetrating radiation.  The accuracy 
should be better than 20% over a range from 10% of the dose limits specified 
in Section 4.1.4 to greater than this limit. 
 
5.6.2 For the purpose of monitoring the presence of contaminated articles or 
surfaces a survey meter with an audible indicator should be used. 
 
5.6.3 A wall-mounted area monitor is not generally necessary.  However, it 
does serve the purpose of letting the operator know whenever an unshielded 
source is left exposed.  The regular survey meter placed on a shelf switched on 
and using a mains adapter power supply can serve this purpose. 
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5.7 Imaging equipment 
 
5.7.1 In line with the principles of radiation protection, imaging equipment 
should as far as practical maximise the image quality and diagnostic 
information quality relative to the dose of radiation delivered to the patient. 
 
5.7.2 Any radionuclide imaging system installed shall be equipped with a 
suitable set of collimators, test sources and image test phantoms in order to 
ensure compliance with 5.7.1. 
 
5.8 Emergency equipment 
 
5.8.1 Every dispensing laboratory and radionuclide therapy room shall have 
ready access to an emergency kit located in a well-marked place. 
 
5.8.2 The emergency kit should contain: 
(i) Radiation survey meter 
(ii) Protective clothing 
  Gown(s) 
  Impermeable gloves 
  Disposable overshoes 
(iii) Personnel decontamination equipment 
  Mild soap or chelating detergent 
  Sponge 
  Iodide or iodate tablets (if appropriate) 
(iv) Surface decontamination equipment 
  Bucket 
  Brush 
  Towels or absorbent pads 
  Forceps or tongs 
  Decontaminating agent 
  Plastic bags, sealing tape. 
(v) Warning sign to prevent entry. 
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6. MANUAL OF STANDARD PROCEDURES 
 
There shall be a Manual of Standard Procedures drawn up under consultation 
with the licensee, chief technologist, and medical physicist if available.  This 
shall contain standard methods for all procedures that are likely to be 
performed.  In particular it should include: 
 (a) A protocol for the receipt of material shipments including 

opening, testing, recording, etc. 
 (b) All routine dispensing procedures and radiopharmaceutical 

preparations.  For procedures that are rarely done, a reference to 
a standard text if this gives an unambiguous procedure is 
sufficient. 

 (c) A protocol for management and disposal of radioactive waste. 
 (d) A protocol for each diagnostic and therapeutic procedure. 
 (e) Quality assurance procedures to minimise the risk of 

misadministrations, ensure the appropriateness of the requested 
examinations, etc. 

 (f) Routine procedures for quality control of equipment.  (See 
Section 18.) 

 (g) The procedure to be followed in case of an emergency.  (See 
Section 12.) 

 

7. LABORATORY PROCEDURES 
 
7.1 Good laboratory practice 
 
7.1.1 All staff employed for the dispensing of radioactive materials to be 
administered to humans shall be fully trained in the principles of radiation 
safety. 
 
7.1.2 All new dispensing procedures shall be practised first with 
non-radioactive materials to ensure speed and efficiency of manipulation. 
 
7.1.3 Gowns or laboratory coats and gloves should always be worn.  Gloves 
should be changed regularly when working with highly active solutions. 
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7.1.4 The use of mouth-pipetting is forbidden under any circumstance.  There 
shall be no eating, use of cosmetics, handkerchiefs or other hand to mouth or 
skin activities. 
 
7.1.5 For laboratory dispensing, syringe shields should be used whenever the 
activity of the contents is greater than the activity in Column A of Appendix 
A1.  The shields should be of the lead-glass/perspex type, or at least with a 
sight window.  A solid lead or tungsten shield will reduce compliance due to 
inconvenience of use.  The size of syringe should be chosen so that it is never 
more than half full and it is possible to hold it at the plunger end with the 
fingers away from the radiation source. 
 
7.1.6 Vials of gamma emitters should be handled with tongs whenever the 
activity of the contents is greater than Column A of Appendix A1.  When 
dispensing from a vial with a syringe, the vial should be held inverted in a 
lead-shielded container. 
 
7.1.7 Shipping packages of radioactive materials should be opened outside 
the clean area where radiopharmaceuticals are prepared, and monitored with a 
radiation survey meter for signs of leakage or loss of shielding during the 
opening process. 
 
7.2 Use of radionuclide dose calibrators 
 
7.2.1 Every gamma-emitting radiopharmaceutical dose prepared for 
administration to a human shall be assayed in a radionuclide dose calibrator 
before administration.  The activity indicated by the dose calibrator shall be 
within 10% of the specified activity in the case of diagnostic agents, and 
within 5% of the prescribed activity in the case of therapeutic agents.  [Note 
that this requirement refers to the precision of dispensing and does not include 
the uncertainty due to the dose calibrator.] 
 
7.2.2 Every pure beta-emitting radiopharmaceutical that is to be 
administered to humans for therapy shall be assayed in its delivery receptacle 
upon receipt.  The bremsstrahlung generated by the betas in the walls of the 
container should be sufficient to produce a response in the dose calibrator.  
Use a scale setting that has a large multiplying factor (such as for 125I).  This 
will not give a measurement of the activity but can be compared with previous 
shipments to screen for gross errors on the part of the manufacturer. 
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7.2.3 Any dose calibrator used for the measurement of patient doses shall 
have a calibration traceable to a national standard of radioactivity.  It shall be 
recalibrated at least every 2 years. 
 
7.2.4 A correction factor shall be used to allow for any difference in response 
due to the geometry of container or volume of liquid between the calibration 
source and any other containers assayed whenever this difference is greater 
than 2% (except in the case of assay of beta emitters).  A difference of up to 
10% may occur if 131I is assayed in a capsule rather than diluted in a glass 
vial.  If capsules are to be used for therapy, the correction factor to relate to the 
geometry used for calibration must be determined. 
 
7.2.5 The sample holder shall restrict the position of the vial or syringe being 
assayed such that the uncertainty due to change in position is less than 2%. 
 

8. DIAGNOSTIC PROCEDURES 
 
8.1 As far as practicable, the most efficient radiopharmaceutical (in terms 
of desired diagnostic information relative to effective dose to the patient — see 
Appendix A4) should be used for each procedure.  Efforts should be made to 
keep informed of new radiopharmaceutical developments.  Trials on patients 
of new imaging agents that are expected to be of benefit to the patient are not 
classed as Research on Humans.  (See Section 10.1.1.)  However, multiple 
trial procedures on individual patients are not permitted if sufficient 
information can be gained from a single procedure. 
 
8.2 The imaging equipment shall be set up to maximise the image quality 
per administered activity.  A high efficiency detector and collimator should be 
used, and the setting of the photopeak window should be chosen as a careful 
compromise between image quality and count rate. 
 
8.3 The activity of the radiopharmaceutical administered shall be the 
practical minimum consistent with the desired diagnostic result (see Section 
3.3.2), taking into account patient tolerance.  For commonly used 
radiopharmaceuticals and planar imaging procedures, the maximum activities  
that should normally be administered to an average adult (70 kg) are listed in 
Appendix A4.  The routine use of higher activities can only be justified by 
compelling social or economic factors.  The activities administered to children 
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shall be reduced from the reference values using a method based on weight or 
some other recognised method.  SPECT studies may require higher activities 
than those listed. 
 
8.4 Before any radiopharmaceutical is administered to a woman of 
reproductive age, she shall be questioned as to whether she may be pregnant or 
is breast-feeding. (See Sections 11.3 and 11.4.) 
 
8.5 Blocking agents and procedures that promote elimination of the 
radiopharmaceuticals should be used whenever appropriate. 
 
8.6 Prescription of procedures is the responsibility of the holder of the 
licence for diagnosis.  He or she must review each of the referrals before the 
procedure takes place, or have a system in place whereby the nuclear medicine 
technologist can approve referrals that satisfy guidelines given in the Manual 
of Standard Procedures (Section 6) and refer everything else to the licensee. 
 
8.7 Interpretation of test results is the responsibility of the holder of the 
licence for diagnosis.  For some procedures this may be done by a suitably 
trained person other than the licensee.  However, the licensee must verify by 
routine auditing that the interpretation is being done competently. 
 
8.8  The licensee shall use the services of a medical physicist with suitable 
expertise in nuclear medicine for: 
 (a) consultation on the planning and installation of new laboratory 

and imaging facilities; 
 (b) a radiation protection survey of a new installation to verify 

compliance with this Code; 
 (c) approval of the quality assurance programme covering all 

procedures and equipment used for nuclear medicine; 
 (d) carrying out or checking of critical medical physics tasks that 

have implications for patient radiation safety, including 
commissioning and calibration of dose measurement, patient of 
foetus dose estimates. 
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9. THERAPEUTIC PROCEDURES 
 
9.1 General considerations 
 
9.1.1 For each therapeutic procedure used, there shall be a protocol in the 
Manual of Standard Procedures (Section 6) detailing the dispensing, 
dosimetry, administration, and safety precautions. 
 
9.1.2 The precision of dispensing the prescribed activity shall be better than 
± 5%.  The overall accuracy will be limited by the performance of the dose 
calibrator (see Section 7.2.1).  However, it is important that the accuracy is not 
further degraded during the dispensing process. 
 
9.1.3 Administration of radionuclides shall be performed by, or in the 
presence of, a person suitably trained in dealing with the radiation hazards. 
 
9.1.4 The licensee shall use the services of a medical physicist with suitable 
expertise in medical therapy for: 
 (a) the design, installation and commissioning of any new facility or 

equipment; 
 (b) the radiation safety of the dispensing and disposal of radioactive 

material; 
 (c) the radiation safety of patients discharged from the clinic after 

the administration or implantation of radioactive materials; 
 (d) accuracy of the measurement and delivery of therapeutic 

radiation doses; 
 (e) methods and quality assurance of radiation treatment planning; 
 (f) quality control of treatment and ancillary equipment; 
 (g) the radiation safety of staff and public from radiation therapy 

installations, facilities, and procedures. 
 
9.2 Oral administrations 
 
9.2.1 The use of capsules for the oral administration of 131I is recommended 
where possible, both because of radiation safety in handling the material, and 
the reduction in the risk of contamination of the administration area by the 
patient coughing or sneezing. 
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9.2.2 When the material is given as liquid, the activity should be diluted into 
a volume of approximately 50 ml so that should the patient cough or sneeze 
after drinking the radionuclide, the droplet activity will be small.  Dentures 
should be removed.  Additional water should be added to the container and 
drunk to ensure all of the prescribed activity is received from it, and the straw 
if one is used.  Distilled water should be used rather than chlorinated tap water 
to dilute 131I-iodide because the presence of chlorine ions promotes the 
production of iodine gas. 
 
9.3 Parenteral administrations 
 
9.3.1 During administration, care should be taken to minimise the radiation 
dose to the fingers and body of the staff concerned.  Syringe shields should be 
used, or an oversize syringe that permits the material to be localised at the tip 
of the syringe, away from the fingers.  The syringe should be kept in a 
shielded holder until used.  Once the syringe is held in the hand, the procedure 
should be performed as rapidly as due care will permit. 
 
9.3.2 Care must be taken to monitor the injection site afterwards and the 
dressing when removed for possible contamination due to leakage.  All staff 
assisting with the administration should wear disposable gloves. 
 
9.4 Outpatient administrations 
 
9.4.1 Whenever the activity of radioactive material to be administered is less 
than that specified in Section 11, a procedure may be performed on an 
outpatient basis.  This means that normally only thyroid ablation with 131I will 
require inpatient treatment.  However, some restrictions on the patient's 
activities and precautions to avoid unnecessary exposure of members of the 
public may still be necessary.  (See Section 11.2.) 
 
9.4.2 The administration should be performed in a treatment room which is 
part of or adjacent to the dispensing laboratory.  The room should be designed 
to minimise the difficulty of decontamination (see Section 5). 
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9.5 Inpatient administrations of 131I 
 
9.5.1 Ablative 131I therapy shall be restricted to single-patient rooms 
equipped for the purpose (see Section 5.4).  While a patient is being treated the 
room shall be a Controlled Area and shall have a sign on the door restricting 
access (see Section 4.5). 
 
9.5.2 The urine, saliva, nasal secretions, and perspiration of the patient will 
all be radioactive, so anything coming in contact with the patient may become 
contaminated.  Disposable cutlery and dishes should be used, and along with 
linen, towels, toiletries, etc should be handled with gloves.  Nothing should be 
removed from the room before it has been monitored for contamination.  The 
patient should be instructed to flush the toilet twice after use.  Males should 
urinate in the sitting position. 
 
9.5.3 Only nurses who have been given full instructions on safe procedures by 
the responsible licensee or licensed medical physicist shall be permitted to care for 
the patient.  The nursing should be kept to a minimum practical during the first 2 
days.  The nurse should maintain as much distance from the patient as practical. 
 
9.5.4 There should be no visits from children or pregnant women.  Each adult 
visitor is limited to 1 hour per day and should be instructed to keep a distance 
of 1 - 2 metres.  This may be relaxed at the discretion of the licensee in the 
case of an elderly spouse or other relative.  The patient should not be touched 
nor should articles used by the patient (eg, the telephone, TV remote control). 
 
9.5.5 The patient may be discharged once the estimated remaining body 
content of 131I complies with Section 11.1. 
 
9.5.6 On discharge the patient should be instructed as in Section 11.2 and 
given an instruction card. 
 
9.5.7 After the patient is discharged the room shall be thoroughly 
decontaminated before reuse.  Particular attention must be given to the toilet and 
articles that were touched such as door knobs and the telephone.  The floor and 
wall areas nearest the patient should be checked also as these may have been 
contaminated by exhaled moisture.  Surface contamination levels shall be less 
than 3 Bq cm2. if the room is to be used by other than an 131I therapy patient. 
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10. RESEARCH ON HUMANS 
 
10.1 General principles 
 
10.1.1 It is expected that in the course of the practice of medical diagnosis or 
therapy new procedures will be tried in the realistic belief that the treatment of 
the patient will be improved as a result.  This is not Research on Humans as 
defined in 1.3 and it is covered by the licence for the purpose Medical 
Diagnosis or Medical Therapy.  The practice is constrained by the usual 
principles of radiation protection. 
 
For the purpose of this Code, a procedure is only classified as Research on 
Humans if the subject receives insufficient personal benefit from it to justify 
its use purely for patient management.  This definition includes the use in 
clinical trials of conventional diagnostic procedures which the patient would 
not have needed for normal management, even though in this case special 
licensing is not required.  (See Section 2.4.) 
 
10.1.2 All Research on Humans shall be subject to the approval of the 
regional Ethics Committee. 
 
10.1.3 All radiation exposure is deemed to carry some risk of cancer or 
genetic damage.  A diagnostic or therapeutic procedure may only be used for 
research after the relative risks and benefits of the use of alternative modalities 
not using radiation have been weighed up. 
 
10.1.4 The principle of optimisation of radiation protection requires that the 
desired information or clinical effect be obtained for the minimum total risk to 
the subjects.  This implies that the most efficient procedure must be used 
giving the lowest effective dose, and that the subjects are chosen from the 
lowest possible risk groups (age, sex, state of health).  The total number of 
subjects should be kept to the minimum required to obtain the level of 
statistical accuracy declared in the Research Project Proposal.  This number 
should be estimated at the outset from the expected statistical spread of results. 
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10.2 Submission of Project Proposals to NRL 
 
10.2.1 Every new Project Proposal involving Research must be submitted to 
the Director, NRL, before submission to the Ethics Committee.  A 
modification of an existing Project is considered to be a "new" Project if there 
is any material change to the exposure of subjects to radiation. 
 
10.2.2 The Project Proposal shall state clearly the risks associated with the 
use of radiation.  It shall contain sufficient details about the procedures 
exposing volunteers to radiation to allow an independent estimation of the 
effective dose received by each, and hence the level of risk from the study.  
This should include details such as radiopharmaceuticals used, radionuclide 
activities, etc, and also the groups from which the subjects will be recruited 
and the expected total number. 
 
10.2.3 The levels of risk have been categorised by the ICRP (ICRP 
Publication 62) and these are given in Table 10.1.  The levels of benefit that 
should be expected from the research are also indicated.  As a general guide, 
risks in Category IIa will probably be related to increases in knowledge 
leading to health benefit, Category IIb will be more directly aimed at the cure 
or prevention of disease, and Category III at directly saving life. 
 
10.2.4 A formal ratification will be issued by NRL when it is judged that the 
radiation risks have been correctly estimated and described for presentation to 
the Ethics Committee. 
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Table 10.1. Categories of risk and corresponding levels of benefit 
  (ICRP Publication 62)  
 

 
Level of risk 

Effective dose 
range (adults) 

(mSv) 

Corresponding 
risk category (total 

risk) 
Level of societal 

benefit 

Trivial < 0.1 Category I 
(~ 10-6 or less) 

Minor 

    
Minor to 
intermediate 

 Category II Intermediate to 
moderate 

 0.1 - 1 IIa (~ 10-5)  
     1 - 10 IIb (~ 10-4)  
    
Moderate >10 Category III 

(~ 10-3 or more) 
Substantial 

 
10.3 Risk assessment 
 
10.3.1 The Project Proposal shall contain an estimate of the risk to each 
subject, including the risk to the conceptus or foetus if the subject may be 
pregnant, from the procedure to be used.  In the case the risk is within 
Categories II or III this must be estimated numerically (see below). 
 
10.3.2 The risk estimate is obtained by first calculating effective dose, then 
applying the procedure given in Table 10.2. 
 
10.3.3 When the subjects have reduced life expectancy, as is often the case in 
clinical trials, because of the long latency period for many fatal cancers, the 
risk is reduced accordingly.  If the subjects to be used have a life expectancy 
of five years or less and are unlikely to have children the risk is negligible. 
 
10.3.4 If there is insufficient expertise available, the estimation of risks may 
be left to NRL. 
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Table 10.2. Estimation of risks from effective dose 
 

Age Risk (normal life expectancy) 

< 20y Effective dose (Sv) x 7% x 2 
20 - 65y Effective dose (Sv) x 7% x 1 

> 65y Effective dose (Sv) x 7% x 0.4 
 
10.4 Suggestions for subject information 
 
10.4.1 The risk from radiation exposure may be compared to the risk from the 
same effective dose received from natural background radiation normally 
received by all New Zealanders over a specified time.  In New Zealand the 
natural background is approximately 2 mSv per year. 
 
10.4.2 When the level of risk is in Category I the risk may be described in the 
information sheet as "negligible" or "trivial".  Strictly speaking there is only 
"no risk" when the subject has a very limited life expectancy and is not going 
to have children. 
 
10.4.3 Comparison may be made with the risk from a chest x-ray.  However, 
because the effective dose from a PA chest x-ray is only 0.05 mSv this will 
probably not convey the intended meaning when the risks are greater than 
Category I. 
 
10.4.4 When the level of risk is in Category II or III, this may be described by 
comparison with similar risks in everyday life, or by a numerical statement 
such as: "The total lifetime risk of any hazard from the radiation received in 
this study is no greater than 5 in 10,000."  Table 10.3 gives values of typical 
lifetime risks of fatality from various causes in New Zealand. 
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Table 10.3. Approximate lifetime risks of fatality from various causes in 
New Zealand 

All types of cancer 230 per    1000 
Motor vehicle accidents   16 per    1000 
Accidental falls     5 per    1000 
Homicide     2 per    1000 
Drowning     2 per    1000 
Fire     6 per 10,000 
Accidental poisoning     2 per 10,000 
One year's natural background radiation     2 per 10,000 

 

11. SAFETY OF RADIOACTIVE PATIENTS 

11.1 Activity levels in patients on leaving hospital 
11.1.1 After a patient has had radioactive material administered, the 
discharge from hospital and, as far as practical, the movements of the patient 
after discharge shall be such that: 

(a) The radiation dose to the public and family is as low as 
reasonably achievable, taking into account the social and 
economic cost of keeping the patient in hospital; away from work, 
family, etc; and 

(b) The effective dose received by any member of the public or family 
is less than 1 mSv, except in the event of an accident or 
emergency; and 

(c) The maximum ambient dose rate at a distance of a metre from the 
patient shall be less than 0.05 mGy/h at the time of discharge. 

11.1.2 When radiation safety is the responsibility of a nuclear medicine 
specialist (see Section 2.2.1) or a medical physicist, a protocol shall be drawn 
up giving guideline activities for discharging patients and ensuring that: 

(a) The circumstances of the patient are determined sufficiently prior to 
treatment to plan for a hospital stay or other restrictions, if needed; 

(b) The patient is capable of understanding instructions and acting 
responsibly if this is required for the safety of others.  If this 
cannot be ensured, consideration must be given to extending the 
hospital stay or placing responsibility on a guardian. 
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11.1.3 When providing guidelines for the release of patients who have 
received therapeutic doses of 131I the following (conservatively approximate) 
derived data should be considered: 

(a) The maximum ambient dose rate at a distance of a metre from the 
patient is approximately 2.5 µGy/h per 100 MBq. 

(b) Assuming a 6.5 day effective half-life the cumulative ambient dose 
at 1 metre from a patient initially containing 200 MBq is 1 mSv. 

(c) An ingested activity of 50 kBq gives an adult a committed 
effective dose of 1 mSv. 

(d) An ingested activity of 10 kBq gives a 1 year-old child a 
committed effective dose of 1 mSv. 

(e) Assuming a 60% uptake and a 6.5 day effective half-life the times 
taken to reduce to typical restricted levels of activity from a range 
of initial activities are given in Table 11.1 

Table 11.1. Time taken for activity of 131I to reduce to typical restriction 
levels in thyrotoxic patients 

Administered 
activity, 

MBq 

Travel by 
private 

transport 

Travel by 
public 

transport(1) 

Return to 
work(2), 
places of 

entertainment 

Close 
contact 

with 
children(3) 

 (800 MBq) (400 MBq) (250 MBq) (50 MBq) 
 200 - - - 8 days 
 300 - - 1 day 12 days 
 400 - - 2 days 15 days 
 500 - 11 hrs 3 days 17 days 
 600 - 1 day 4 days 19 days 
 700 - 2 days 5 days 20 days 
 800 - 3 days 6 days 21 days 
 900 6 hrs 4 days 7 days 22 days 
 1000 11 hrs 5 days 8 days 23 days 

(1) More than 5 hours sitting next to other passengers. 
(2) This applies to work requiring continuous contact with people at a distance of 1 metre 

or less.  This can be relaxed in the case of more solitary work. 
(3) Continuous contact with children closer than 1 metre for more than a few minutes at a 

time. 
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11.1.4 If radiation safety is not the responsibility of a nuclear medicine 
specialist or a medical physicist, then the discharge of patients from hospital 
shall be in accordance with Tables 11.1 and 11.2. 
 
Table 11.2. Guidelines for patients leaving hospital, to be used when 

required in 11.1.4.  (Activity in MBq) 
 

1 2 3 4 5 
 Travel by 

private 
transport 

Travel by 
public 

transport(1) 

Return to 
work(2), 
places of 

entertainmen
t 

Close 
contact with 
children(3) 

32P 9000 4500 1500 300 
51Cr - - - 300 
67Ga - 950 300 60 
75Se - - - 25 
89Sr - 200 150 150 
90Y 3000 1500 500 100 
99Tcm - 1000 400 80 
111In - 350 100 20 
123I - - 300 60 
125I - - - 250 
131I 800 400 250 50 
133Xe - - - 220 
153Sm 6000 400 300 300 
198Au 800 400 150 30 
201Tl - - 500 100 

 
(1) More than 5 hours sitting next to other passengers. 
(2) This applies to work requiring continuous contact with people at a distance of 1 metre 

or less.  This can be relaxed in the case of more solitary work. 

(3) Continuous contact with children closer than 1 metre for more than a few minutes at a 
time. 
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11.2 Instructions to be given to patients 
 
11.2.1 Technetium-99m diagnostic imaging agents 
 
Breast-feeding mothers should be advised in accordance with Section 11.4.  
Because of the short half-life and probable one-off nature of the exposure of 
others, there is no real need for any other instructions.  However, in the case of 
particularly radiation-sensitive situations, restrictions may be advised until the 
following day. 
 
11.2.2 Other imaging agents 
 
Based on the values in Table 11.2 it is only very rarely that the administered 
activity of imaging radionuclides other than 99Tcm is sufficient to require any 
precautionary instructions.  The possible exceptions are 67Ga and 201Tl.  In 
this case if the patient is caring for children he or she should be advised not to 
spend more than a few minutes at a time in immediate proximity to them for 
the next week. 
 
11.2.3 Therapeutic administrations 
 
Any patient receiving more than the activity in Column 4 of Table 11.2 shall 
be given a radionuclide instruction card.  A suggested format is given below.  
The dates to be entered should be based on the guidelines from Section 11.1. 
 
The patient should also be given the following instructions: 

(a) Stop breast-feeding if you are doing so. 

For 131I patients: 
(b) If you are sick within 3 hours of dosage vomit into a toilet and 

contact your consultant. 
(c) For the next 3 days after dosage double flush the toilet; males 

should urinate in the sitting position. 
(d) For the next 3 days after dosage refrain from bodily contact 

(kissing, shaking hands, etc) and preparing food for others; use 
personal or disposable cutlery and crockery. 
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____________________________ 
 
 Radionuclide: 
 
 Activity: 
 
 Administered on: 
 
 . . . . / . . . / 19 . . .  
 

 
 
 
 
 

4 

RADIONUCLIDE 
INSTRUCTION CARD 

Patient Name: 
Address: 

 
____________________________ 
 
Hosp. No: 

Department: 

Hospital: 
 
Address: 
 
 
Consultant: 

 

1 
 

Observe the following instructions: 
 
(1) Avoid journeys on public transport 

until . . . . . . . . . . . . . . . . . . . . . . . . . .  

(2) Avoid going to places of 
entertainment until . . . . . . . . . . . . . . .  

(3) Avoid prolonged personal contact at 
home until . . . . . . . . . . . . . . . . . . . . .  

(4) Do not return to work until . . . . . . . .  

(5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 
Signed: 
 
Doctor 

2 

This card should be carried at all 
times until latest date shown on 
page 2 

 
In case of difficulty, telephone 

Dr . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .  

at . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

extension . . . . . . . . . . . . . . . . . . . . . . . .   

 
 
 

 

 

3 
 
 
Suggested format for a radionuclide instruction card to be given to therapy patients on 
leaving the hospital.  The card should be a distinctive colour, preferably yellow. 
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11.3 Administration of radioactive materials to pregnant women 
 
11.3.1 Any woman of reproductive age shall be asked if she is pregnant 
before any radioactive material is prescribed.  If the woman is pregnant the 
procedure may go ahead only if the prescribing licensee judges that the 
medical benefit outweighs the risk to the foetus.  The options of delaying the 
procedure or using non-radioactive methods should be considered. 
 
11.3.2 If a diagnostic nuclear medicine procedure is to be performed on a 
woman who is pregnant, then when there is a choice of radiopharmaceuticals, 
the one that gives the least dose to the foetus should be used, and the lowest 
activity administered consistent with a good diagnostic result.  Estimated 
doses to the foetus are given in Appendix A4. 
 
11.3.3 A patient who is pregnant shall not be treated with a therapeutic dose 
of any radionuclide unless: 

(a) There is negligible radiation dose to the foetus; or 
(b) The circumstances are exceptional (eg, the life of the patient is 

at risk). 
 

If there is any doubt a pregnancy test should be performed before the 
administration. 
 
11.3.4  If it is discovered afterwards that a patient was pregnant, NRL must be 
notified and advice on what further steps should be taken will be given.  (See 
Section 17.4.3.) 
 
 
11.4 Women who are breast feeding 
 
11.4.1 If it is determined that a woman who has been referred for a nuclear 
medicine diagnostic procedure is breast-feeding, then the radiopharmaceutical 
should be chosen from Section A of Table 11.3 if possible. 
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Table 11.3. Recommendations for interrupting breast-feeding following 
maternal administration of radiopharmaceuticals  
(from IPSM 63) 

 
A Interruption not essential 
 
 99Tcm DTPA 
 99Tcm DMSA 
 99Tcm colloid 
 99Tcm glucoheptonate 
 111In leucocytes 
 51Cr EDTA 
 
B Interruption for a defined period 
 
 99Tcm MAA (9 hours) 
 99Tcm MDP (12 hours) 
 99Tcm HDP (12 hours) 
 99Tcm HMDP (12 hours) 
 99Tcm pertechnetate (24 hours) 
 99Tcm erythrocytes (24 hours) 
 99Tcm EDTA (24 hours) 
 99Tcm plasmin (24 hours) 
 
C Interruption with measurement 
 
 123I OIH (4 Bq/ml) 
 131I OIH (0.6 Bq/ml) 
 201Tl chloride (50 Bq/ml) 
 
D Cease breast-feeding 
 
 125I fibrinogen 
 125I HSA 
 131I iodide 
 75Se selenomethionine 
 67Ga citrate 
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11.4.2  If a radiopharmaceutical from Section C of Table 11.3 must be used, 
then the breast milk should be assayed and discarded if the activity is greater 
than that listed.  If measurement is not possible, the milk should be discarded 
for 24 hours for 99Tcm, and 2 - 3 days for 123I.  A supply of milk may be 
expressed and stored to cover the period when it must be discarded. 
 
11.4.3  If the activity in breast milk is being measured, 2 successive samples 
expressed several hours apart should be used to ensure that the maximum 
activity has been reached. 
 
11.4.4  Since measurements were not available for all common radiopharma-
ceuticals when Table 11.3 was produced, if 99Tcm-labelled agents not in the 
table are used, then for safety assume a 24-hour discard period. 
 
11.5 Death of a radioactive patient 
 
11.5.1  If a patient dies after the administration of radioactive material for a 
diagnostic purpose, there is unlikely to be any hazard due to the moderate 
activity and short half-life of the material.  No extra precaution is needed. 
 
11.5.2  The activities below which no special precautions are required for 
handling, burial, or cremation of a corpse are given in Table 11.4.  If the 
activity remaining in the corpse is above this the licensee or medical physicist 
shall be consulted before any further action is taken. 
 
11.5.3  If the amount of radioactive material remaining in the body is above 
that given in Table 11.4, the activity may be reduced by removal of radioactive 
body fluids by means of a trocar and tubing into a closed system, or removal 
of organs of high radioactive uptake.  Removed liquid may be flushed directly 
down the sewer.  If a post-mortem is to be performed the licensee or medical 
physicist shall instruct or supervise the removal and dissection of radioactive 
organs. 
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Table 11.4. Activities above which special consideration should be given 
to the handling of corpses containing therapeutic quantities 
of a radionuclide (from IPSM 63) 

 
1 2 3 4 

Radionuclide Post-mortem or 
embalming 

Burial Cremation 

32P 100 MBq 2000 MBq 30 MBq 
89Sr 50 MBq 2000 MBq 20 MBq 
90Y colloid 200 MBq 2000 MBq 70 MBq 
131I 10 MBq 400 MBq 400 MBq 
153Sm 80 MBq 3000 MBq 40 MBq 
198Au colloid 400 MBq 400 MBq 100 MBq 

 
11.5.4  If a body containing a greater activity than in Column 4 of Table 11.4 
is to be cremated, it may be necessary for special precautions to be taken of the 
ash, particularly if it is to be scattered or stored privately in an urn. 
 

12. EMERGENCIES 
 
12.1 Planning for contingencies 
 
12.1.1  Any person who is required to work with radioactive materials shall 
be fully trained in the procedures to be taken in the event of any emergency.  
The procedures shall be detailed in the Manual of Standard Procedures (see 
Section 6). 
 
12.1.2  An emergency kit containing all necessary equipment (see Section 
5.8.2) shall be available in a well-marked location and readily accessible to 
any dispensing laboratory or radionuclide therapy room. 
 
12.2 Spillage of an unsealed source 
 
12.2.1  Evacuate all uncontaminated personnel from the affected area. 
 
12.2.2  Put on protective clothing and gloves. 
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12.2.3  Mark the area of the spill and restrict access. 
 
12.2.4  Prevent spread of the material by soaking up the bulk of liquids using 
absorbent towels held in tongs and placing in a plastic bag. 
 
12.2.5  Clean the area, always wiping towards the centre using a decontamin-
ating agent if necessary. 
 
12.2.6  Monitor the area afterwards to ensure sufficient decontamination and 
that all contaminated articles and towels have been appropriately disposed of.  
Surface contamination levels should be less than 3 Bq cm-2.  If this can not be 
achieved, restrict access, or cover the surface. 
 
12.2.7  If the spill is of radioactive iodine, beware of the likely release of 
iodine gas.  Take iodide or iodate tablets (170 mg with water) or perchlorate if 
there is any likelihood of uptake.  A solution of sodium thiosulphite or sodium 
bisulphite should be poured over the spill to minimise the production of iodine 
gas. 
 
12.3 Personal decontamination 
 
12.3.1  Any contaminated skin areas should be washed as soon as possible 
with warm water, mild soap or mild chelating agent and a soft sponge, being 
careful not to damage the skin or spread the contamination to other areas.  
Rinse well, dry with absorbent paper towels, then monitor the site.  Repeat if 
necessary until no further improvement is achieved. 
 
12.3.2  Eyes, nose, mouth, or any broken skin should be rinsed immediately 
with copious water to help prevent uptake of the material.  The absorption of 
some materials can be reduced after ingestion.  Iodide or iodate tablets 
(170 mg with water) or perchlorate should be taken for radioiodine ingestion.  
Antacids will inhibit the absorption of some contaminants.  In particular, the 
absorption of radiostrontium can be substantially reduced by administration of 
aluminium combined with alginates (in the form of Gaviscon granules 3 - 4 g 
every 6 hours for 2 days).  The use of activated charcoal can also reduce 
uptake in the GI tract. 
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12.4 Fire 
 
12.4.1  Every establishment is given a hazard rating by NRL in terms of the 
radiation toxicity and external radiation hazard of the materials at the time a 
licence is issued.  The Fire Department is notified of this and they will 
generally visit each establishment to locate the hazards.  The hazard from the 
fire is very much greater than that of the radioactive material so any 
restrictions on entry to Controlled Areas shall be waived during a fire. 
 
12.4.2  If a radioiodine patient must be evacuated because of any emergency, 
care must be taken to isolate him or her from others. 
 

13. MONITORING 
 
13.1 Radiation surveys 
 
13.1.1  Any new nuclear medicine facility shall be surveyed by a suitably 
trained person to ensure that the ambient dose rates comply with this Code 
(Section 4.1.4).  If a radionuclide generator is to be used the survey 
measurements shall be related to the dose rates at the time of delivery of a new 
generator. 
 
13.1.2  All surfaces and areas where unsealed radioactive materials are 
handled regularly shall be surveyed routinely.  Facilities for handling 
therapeutic activities shall be surveyed after each use.  Diagnostic facilities 
should be checked at the end of each day. 
 
13.2 Personal monitoring 
 
13.2.1  Radiation monitoring film badges should be worn by anyone routinely 
working: 
 (a) in a dispensing laboratory (unless only beta emitters are 

handled); 
 (b) handling radionuclide therapy patients; 
 (c) in close proximity to patients administered with imaging agents. 
 



 

 40 

13.2.2  Under normal working conditions in a nuclear medicine department 
the film badge reading will generally be less than 0.15 mGy per month but on 
occasions it may be greater.  The monthly readings are each reviewed by NRL 
and if any reading is greater than 1.0 mGy for a 1 month period, the licensee or 
medical physicist will be contacted and required to investigate the reason for it 
and take remedial action if necessary. 
 
13.2.3  Staff dispensing therapeutic activities of 131I solution shall have a 
thyroid check after each occasion or once a week, whichever is less frequent.  
Staff nursing 131I patients should also have a thyroid check if there has been 
any significant contamination in the room.  The check can be performed using 
any radiation monitor.  A scintillation detector is the most sensitive but most 
Geiger tube detectors have adequate sensitivity.  If any thyroid uptake is 
detected, it should be measured with a detector calibrated (in terms of activity 
in the thyroid gland) on a suitable neck phantom and used in a reproducible 
geometry.  NRL shall be notified of any measurement indicating an uptake 
greater than 10 kBq (Section 17.5.2). 
 

14. TRANSPORT 
 
14.1 General requirements and classification of packages 
 
14.1.1  Transport of radioactive material into, through, and within New 
Zealand shall comply with the IAEA Transport Regulations.  All radioactive 
materials imported into New Zealand will normally comply with this.  
However, if material is to be transported from one establishment to another 
within New Zealand it is up to the responsible licensee to ensure that this 
requirement is satisfied. 
 
14.1.2  The types of package required for the activities of radioactive 
materials covered in this Code are "Excepted Packages" or "Type A 
Packages", depending on the activity.  The limits for each are given in 
Appendix A5.  It is unlikely that the Type A limit will be exceeded. 
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14.2 Excepted packages 
 
14.2.1  An Excepted Package shall be sufficiently robust and secure to 
withstand reasonable handling, and provide shielding such that the radiation 
dose rate at any point on the surface is less than 5 µGy per hour. 
 
14.2.2  The package must contain the marking "Radioactive" on an internal 
surface to warn of the presence of radioactive material on opening the 
package. 
 
14.2.3  If the material is being sent by commercial freight, then the shipping 
documents (air waybill or equivalent) must describe the contents as: 

"Radioactive Material, Excepted Package, — Limited Quantity of 
Material, UN2910". 

 
14.2.4  The outside of the package shall be marked “UN 2910”. 
 
14.3 Type A packages 
 
14.3.1  The requirements for Type A packages are quite detailed and are not 
covered fully here.  However, if the package, in which the material first 
arrived in the country, is kept and used again it will generally comply.  The 
packaging must be opened and reassembled carefully to maintain the integrity 
of all its parts.  In particular this includes any absorbent material required to 
satisfy requirements for radioactive liquid. 
 
14.3.2  The original package will have labels attached indicating “Type A” and 
“Radioactive Material, Type A Package, UN 2915”.  These should be left or 
replaced if damaged as they will still be valid.  Two Category I, II or III labels 
must be affixed to opposite sides of the package.  Which category depends on 
the radiation dose rate at the surface and at 1 metre from the surface as 
follows: 
 

Maximum dose rate At surface 1 m from surface 

Category I 5 µSv/h - 
Category II 500 µSv/h 10 µSv/h 
Category III 2000 µSv/h 100 µSv/h 
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This will probably have changed from the original consignment so new labels 
should be used.  The labels should show the radionuclide, its activity in 
becquerel units and the Transport Index.  The Transport Index is determined 
by taking the maximum radiation dose rate at any point 1 metre from the 
surface of the package in µGy/h and dividing by 10 (ie, the dose rate in 
mrem/h). 
 
14.3.3  If air freight is to be used, a Shipper's Declaration for Dangerous 
Goods will be needed in accordance with the IATA Dangerous Goods 
Regulations.  It should be reasonably clear how to fill this in from the 
certificate received with the original shipment.  However, if there are 
difficulties NRL should be contacted.  The Air Waybill should state 
"Dangerous Goods as per attached Shipper's Declaration" for the goods 
description.  For commercial freight other than air, a Dangerous Goods 
Declaration should be completed.  The Ministry of Transport should be able to 
advise on a suitable source of forms and labels. 
 
14.3.4  For road transport, a “Road/Rail/Marine Shipper’s declaration for 
Dangerous Goods – Class 7 Radioactive Material” (available from the NRL) 
shall be included with the transport documents.  For road transport in a private 
vehicle, this declaration shall be carried in the cab of the vehicle, and a single 
Shipper’s Declaration may be used for repeat transport of the same source, for 
not more than one year from its first use. 
 
14.4 Vehicle placarding 
 
Any vehicle carrying radioactive materials which require a dangerous goods 
label (that is, all Type A and Type B packages) must be placarded.  The IAEA 
Regulations specify that the placards be placed according to international 
practice, that is, at the rear and both sides of the vehicle.  New Zealand law 
allows an alternative placement in line with standard dangerous goods 
placarding in New Zealand, that is, at the front and the rear of the vehicle. 

 
The placards shall be at least 250 millimetres square, and be of the design 
reproduced below.  The upper half of the diamond shall be yellow, and the 
lower half white. 
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15. STORAGE 
 
15.1 Security 
 
15.1.1  Radioactive materials shall be stored in a secure area to minimise risk 
of loss, theft, or damage by fire. 
 
15.1.2  If the storage area is remote from the usual work location, it should be 
locked and be accessible only to authorised persons. 
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15.2 Radiation safety 
 
15.2.1  The ambient dose equivalent rate (see Section 4.1.2) in any 
continuously occupied accessible area near stored radioactive material shall 
be no more than 10 µSv/h.  If the outside of the storage room is accessible to 
non-radiation workers the ambient dose equivalent rate at the wall shall be less 
than 1 µSv/h.  These limits may be increased by up to a factor of 10 if the 
areas are less than fully occupied as long as the limits in Section 3.4 will not 
be exceeded in any individual. 
 
15.2.2  Once a shipping package of radioactive material has been opened, it 
shall be stored in a manner designed to prevent spillage, breakage of the 
container, or contamination of other equipment.  If gas or vapour are likely to 
be present, the room should be ventilated, or the material stored in a fume 
hood. 
 
15.2.3  In case of an emergency such as fire, the licensee responsible shall 
have an inventory of all the stored radioactive material where the activity in 
an individual container or package exceeds Column B of Appendix A1.  The 
inventory shall be kept at a different location from the stored material.  (See 
Section 17.1.2.) 
 
15.3 Signs 
 
15.3.1  A prominent warning sign should indicate any site where radioactive 
materials are stored.  This should include the radioactive trefoil sign and the 
words "Radioactive Materials". 
 
15.3.2  There should be a label on the door of any refrigerator or freezer in 
which radioactive materials are stored.  No foodstuffs should be kept in the 
same refrigerator or freezer. 
 
15.3.3  If the materials are kept within a large walk-in store room, the shelf 
area where they are located should be clearly labelled.  If activities greater 
than in column A, Appendix A1 are to be stored then the outside door of the 
store room should be labelled. 
 
15.3.4  The container in which radioactive material is stored shall be clearly 
labelled with the trefoil sign, the name of the radionuclide, the activity, and 
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the reference date for the activity.  Radioactive materials stored in transport 
packaging labelled to comply with the IAEA Transport Regulations shall be 
deemed to meet this requirement. 
 

16. WASTE DISPOSAL 
 
16.1 Solid waste 
 
16.1.1  The Manual of Standard Procedures (see Section 6) shall specify the 
method for the disposal of each type of solid waste (contaminated disposable 
gloves, paper towels, syringes, etc) so that there is no likelihood of 
contaminated waste being disposed of inappropriately. 
 
16.1.2  Solid waste may be disposed of by incineration if the contamination 
does not exceed 10-3 times the ALImin (see Appendix A1) per kilogram.  If 
the contaminated material is a significant proportion of the total waste, the ash 
may need to be disposed of as solid radioactive waste (Section 16.1.4). 
 
16.1.3  Solid radioactive waste may be disposed of by burial at unsupervised 
sites in activities not exceeding Column A of Appendix A1. 
 
16.1.4  Solid radioactive waste may be released for unsupervised disposal if 
the activity concentration is less than 0.1 times Column A in Appendix A1 
per kilogram. 
 
16.1.5  Short half-life waste should be stored until decayed to less than the 
above limits, then discarded with other laboratory waste in accordance with 
16.1.4.  This can be most easily achieved by the use of two or more shielded 
containers.  Waste is accumulated in one while the waste in the other(s) is 
decaying. 
 
16.1.6  No package that has contained radioactive material shall be disposed of 
or used for any other purpose unless all warning and other labels indicating that 
the package may have contained radioactive material have been obliterated. 
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16.2 Liquid waste 
 
16.2.1  Radioactive liquid can be disposed of into the sewage system 
provided: 

 (a) The total activity disposed of per day is less than 10-2 times the 
ALImin, (Appendix A1) per litre total daily sewage outflow, 
averaged over a month in the case of infrequent large disposals; 
and 

 (b) The activity concentration of the liquid tipped into the sink is 
less than 10 times the ALImin, (Appendix A1) per litre. 

 
16.2.2  The term "sewage system" in 16.2.1 means a system that treats or 
dilutes domestic and trade sewage to an acceptable pollutant level before release 
to the environment.  Any other liquid disposal system is not acceptable. 
 
16.2.3  For the purpose of 16.2.1(a) it can be assumed that the daily sewage 
outflow from a hospital is 1000 litres per bed. 
 
16.2.4  The condition in 16.2.1(b) can be assured by tipping the material 
slowly into a sink with the tap running.  This practice should always be 
followed to minimise the activity concentration in the drain in case there is a 
tendency for the material to bind to it. 
 
16.2.5  If the radioactive liquid for disposal is of considerable activity, for 
example an unused portion of a shipment for therapy, and the half-life is short, 
it should be kept for decay in a well-shielded storage area rather than tipped 
out straight away. 
 

17. RECORDS AND REPORTS 
 
17.1 Records of radioactive materials 
 
17.1.1  The receipt of any shipment of activity greater than Column A in 
Appendix A1 and the dispensing or disposal of any activity greater than this 
shall be recorded.  In particular the receipt and return or disposal of 
technetium generators shall be recorded, along with each elution.  Information 
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recorded shall include the date, radionuclide, activity, and in the case of 
receipts the importing agent.  Records shall be held for 10 years. 
 
17.1.2  An inventory shall be kept of all radioactive materials held in 
activities greater than Column B of Appendix A1.  This shall be maintained up 
to date and kept at a location remote from the storage area.  The approximate 
total activity of each radionuclide stored should be recorded in the inventory.  
It is not necessary for each individual container to be listed.  The inventory is 
for use in hazard assessment in case of an emergency such as fire or 
earthquake. 
 
17.2 Records of transfer of material to another licensee 
 
17.2.1  The transfer of any radioactive material, of activity greater than 
Column A in Appendix A1, from the control of one licensee to another, such 
that the material is moved to facilities where the first licensee otherwise has no 
responsibility, shall be recorded. 
 
17.2.2  A set of all such records shall be supplied to NRL whenever requested 
or otherwise annually. (See Section 2.8.) 
 
17.2.2  Records shall be held for 10 years. 
 
17.3 Administrations to patients 
 
17.3.1  Every administration of radioactive material to a patient shall be 
recorded on his/her medical or radiological record, and on an independent 
record of administrations. 
 
17.3.2  Each record shall include date, patient identification, sex, date of birth 
or age, whether pregnant, radiopharmaceutical, activity, mode of 
administration, and purpose of the procedure. 
 
17.3.3  Records of diagnostic administrations shall be held for 10 years. 
 
17.3.4  Records or therapeutic administrations shall be held for 40 years or 
10 years after the death of the patient, whichever occurs first. 
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17.4 Misadministration of radioactive materials 
 
17.4.1  Following the administration of a radiopharmaceutical for a 
diagnostic purpose the licensee shall as soon as practicable investigate and 
notify NRL of any: 
 (a) Nuclear medicine radiation incident involving the exposure of a 

patient or patients to a radiation dose much greater than 
intended. 

 (b) Radiation exposure of a patient where none was intended, as in 
the case of mistaken identity or the administration of the wrong 
radiopharmaceutical. 

 (c) Exposure of the embryo/foetus where the exposure had not been 
included in the justification process. 

 
17.4.2  If there is reason to believe that a radiopharmaceutical administered to 
a patient for the purpose of medical therapy has differed in activity by more 
than 10 per cent from the dose prescribed as a result of an error or equipment 
malfunction, the licensee responsible for providing the radiotherapy for the 
patient shall: 
 (a) Fully investigate the reason for the error and see that all 

reasonable steps are taken to correct any mechanical or 
procedural deficiencies. 

 (b) Provide a written report of the error, an estimate of the incorrect 
dose that was delivered, and steps taken to prevent recurrence, 
to the Director NRL, within 1 week of discovery of the error. 

 
17.4.3  If a patient has had a radiopharmaceutical administered for a 
therapeutic purpose and is found to have been pregnant at the time, the 
licensee responsible for providing the radiotherapy for the patient shall: 
 (a) Fully investigate the reason for the error and see that all 

reasonable steps are taken to correct any mechanical or 
procedural deficiencies. 

 (b) Provide a written report of the error, an estimate of the dose to 
the foetus, and steps taken to prevent recurrence, to the Director 
NRL, within 1 week of discovery of the error. 
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17.5 Personal monitoring records 
 
17.5.1  If staff are required to be monitored (Section 13.2) then records of 
measurements shall be kept for at least 7 years. 
 
17.5.2  If any thyroid uptake measurement indicates a thyroid burden of more 
than 10 kBq of radioiodine then this shall be reported to NRL within 1 week 
of the measurement. 
 

18. QUALITY ASSURANCE PROGRAMME 
 
18.1 Responsibility for the programme 
 
The principal or each licensee in a nuclear medicine department shall ensure 
that a suitable programme of Quality Assurance is instituted and maintained 
(Section 3.3.3). 
 
18.2 General requirements for a Quality Assurance programme 
 
18.2.1  The programme shall contain such procedures and quality control tests 
as are required to give reasonable confidence in the compliance with the rest 
of this Code of Safe Practice. 
 
18.2.2  There shall be a well-defined responsibility and reporting structure.  
All staff members shall routinely review the results of checks for which they 
are responsible and report summary results to their superior.  Any anomalous 
check results shall be reported immediately.  Each staff member shall be 
responsible for the maintenance of the quality assurance programme by 
personnel under his or her control. 
 
18.2.3  As far as possible all critical procedures should be designed to prevent 
human error.  Procedures should be standardised and set down in protocols or 
local rules contained in the Manual of Standard Procedures (Section 6). 
 
18.2.4  Quality control tests shall be performed on all equipment at suitable 
regular intervals to ensure it is performing within suitable tolerances of 
accuracy and constancy.  Details are given in the following sections.  As well 
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as the routine test results, any machine or system malfunctions or errors shall 
be logged and reviewed regularly. 
 
18.2.5  The Quality Assurance programme should be reviewed once a year and 
modified wherever experience suggests that an improvement can be made. 
 
18.3 Quality control of radionuclide dose calibrators 
 
18.3.1  Daily tests (or on each day of use): 
 (a) Reproducibility test with a long half-life source on all scales 

used regularly, tolerance ± 5% of long-term mean. 
 (b) Background measurement and zero adjust if the instrument has 

background suppression.  Unusually high background should be 
investigated. 

 (c) High voltage check and display functionality checks if these are 
provided on the front panel. 

 
18.3.2  Annual tests: 

 (a) Test of linearity of response with a short half-life source of the 
maximum activity available.  A timed sequence of 
measurements, until the activity has decayed to below the lowest 
activity normally assayed, should agree with the theoretical 
activity within ± 5%. 

 (b) Reproducibility of 10 successive readings of the check source; 
tolerance ± 5% of the mean. 

 (c) Check of geometric correction factors for each radionuclide and 
each type of syringe and vial used, relative to a standard vial 
used for calibration. 

 
18.3.3  Every 2 years: 

 Calibration against the national secondary standards. 
 
18.4 Quality control of gamma cameras 
 
There shall be a programme of routine quality control tests to monitor the 
performance of each gamma camera. 
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The schedules given below are only recommendations.  If test results show that 
the instrument stability allows less frequent testing, then this is acceptable.  
Some of the tests may be included in a service contract in accordance with the 
manufacturer's specifications. 
 
When a new gamma camera is installed, a complete set of acceptance tests shall 
be performed by the installation agent to ensure compliance with specifications.  
A protocol such as in IEC 789 or NEMA NU1 should be followed.  The test 
data and images should be kept as references for routine quality control tests. 
 
The protocols specified by IEC and NEMA were not originally intended for 
routine quality control tests.  Other methods combining several tests in a 
single phantom image may be used if they can be shown to be equally 
effective.  Reference measurements or images of these should be taken at the 
time of the acceptance test. 
 
18.4.1  Daily tests 
 (a) Check the physical security of the head and collimator mountings. 
 (b) Check the analyser peak and window settings for each 

radionuclide to be used on the day. 
 (c) Check the function of image production hardware 

(oscilloscopes, photographic equipment and developer). 
 (d) Check background. 
 
18.4.2  Weekly 
 (a) Test of uniformity, linearity, sensitivity, and resolution using a 

point source and suitable transmission phantom(s).  This can be 
done by a visual comparison of the phantom image with a 
reference image. 

 (b) Test of spatial resolution using a quadrant bar phantom aligned 
with X and Y axes. 
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18.4.3  Yearly 
 (a) Measurement of count rate characteristics (using the method of 

IEC or any other equivalent). 
 (b) Test energy resolution, full width at half maximum of the 99Tcm 

photopeak (IEC). 
 (c) Test of multiple window spatial registration (if applicable) using 

a 67Ga source (NEMA or AAPM). 
 (d) Test of absolute sensitivity and relative sensitivity for each 

available collimator using a standard geometry. 
 (e) High count density flood test of each collimator.  (This should 

also be performed if ever there is any suspicion of damage to a 
collimator.) 

 (f) Test of the formatter with flood images at all locations and 
image sizes. 

 (g) Check the function of whole body scanning (if applicable) by 
scanning a bar phantom placed diagonally and compare with a 
stationary image. 

 
18.5 Additional tests for SPECT cameras 
 
18.5.1  Daily tests 
 (a) Check level of camera head with a bubble level to ensure the 

face is parallel to the axis of rotation.  This should be done after 
setting up each patient. 

 
18.5.2  Weekly tests 
 (a) High count flood (for each collimator to be used). 
 (b) Centre of rotation (for each collimator) should be checked and 

adjusted according to the manufacturer's instructions so that the 
error is less than 0.5 pixels. 

 (c) Calibration of pixel size, if this is appropriate for the machine. 
 
18.5.3  Monthly tests 
 (a) Check of uniformity with head position using a cylindrical 

uniformity phantom. 
 (b) Total quality phantom.  Compare with reference image. 
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18.6 Quality control of other radiation measurement equipment 
 
18.6.1  Systems used for in vivo radiation measurements: 
 (a) On the day of use: sensitivity check with a long half-life source; 

check background count rate; check and adjust analyser peak 
and window on the radionuclide to be used. 

 (b) Yearly: Test linearity of count rate; test energy resolution of 
analyser (FWHM). 

 
18.6.2  Radiation survey meters 
 

 Monthly checks: Check response at a standard distance from a long 
half-life source; check battery level. 

 
18.7 Quality control of emergency equipment 
 
Every month: 
 (a) Check the emergency equipment (see Section 5.8.2) to make 

sure everything is present in the proper place and that it is 
clearly indicated with a suitable sign. 

 (b) Check new staff appointments.  New staff need to be trained in 
emergency procedures. 

 (c) Check whether any new procedures have been introduced that 
are not covered by the existing emergency planning. 

 
18.8 Quality control of radiopharmaceuticals 
 
18.8.1  The requirements for quality control depend upon how much of the 
pharmaceuticals are manufactured locally.  When locally produced 
radiopharmaceuticals are used, the normal quality control expected under 
GMP should be followed.  In particular, labelling efficiency shall be checked 
regularly using radiochromatography or other suitable methods. 
 
18.8.2  The quality of commercial kits is assured by the manufacturer as long 
as the instructions are followed exactly.  However, this is only strictly true 
when the kit is used with generator specified by the manufacturer.  Labelling 
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efficiency should be checked at least on new radiopharmaceuticals, or if there 
is a change in the supplier of the generator. 
 
18.8.3  Whenever the result of a diagnostic test is reviewed, it should be 
checked for inappropriate uptake that might indicate a problem with the 
radiopharmaceutical (see Section 18.9.2). 
 
18.9 Total quality assessment 
 
18.9.1  Every nuclear medicine procedure shall be reviewed for overall quality 
in terms of the desired outcome by the licensee. 
 
18.9.2  Diagnostic imaging studies shall be checked for inappropriate uptake, 
image quality, correct views, correct and appropriate image processing, and 
false positives or negatives compared with other modalities. 
 
18.9.3  Therapeutic treatments shall be assessed in terms of patient response.  
Results should be reviewed annually and compared with those from other 
licensees or other departments. 
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APPENDICES 
 
 
A1. ACTIVITY LIMITS OF RADIOACTIVE MATERIALS: 

ANNUAL LIMITS ON INTAKE (ALI) AND LIMITS 
PERMITTED IN CLASS A, B AND C LABORATORIES  
(from NRL C1) 

 
Radionuclide A B C ALImin* 

3H 10 GBq 100 GBq 3 TBq 1 GBq 
14C 300 MBq 3 GBq 100 GBq 40 MBq 
32P 10 MBq 300 MBq 10 GBq 5 MBq 
51Cr 3 GBq 30 GBq 1 TBq 200 MBq 
57Co 100 MBq 1 GBq 30 GBq 8 MBq 
58Co 30 MBq 1 GBq 30 GBq 7 MBq 
67Ga 300 MBq 10 GBq 300 GBq 80 MBq 
75Se 100 MBq 1 GBq 30 GBq 9 MBq 
89Sr 30 MBq 300 MBq 3 GBq 2 MBq 
90Y 10 MBq 1 GBq 30 GBq 5 MBq 
99Mo 30 MBq 1 GBq 30 GBq 10 MBq 
99Tcm 300 MBq 100 GBq 3 TBq 1 GBq 
111In 100 MBq 10 GBq 300 GBq 50 MBq 
123I 300 MBq 3 GBq 100 GBq 90 MBq 
125I 3 MBq 30 MBq 1 GBq 1 MBq 
131I 3 MBq 30 MBq 1 GBq 800 kBq 
133Xe 1 GBq 300 GBq 10 TBq - 
153Sm 100 MBq 3 GBq 100 GBq 20 MBq 
198Au 100 MBq 1 GBq 30 GBq 10 MBq 
201Tl 1 GBq 30 GBq 1 TBq 300 MBq 

 
  * Minimum of ALI for inhalation or ingestion from ICRP 61 
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A2. RADIONUCLIDE DECAY DATA 
 

Nuclide T½ Eβmax (MeV) % Eγ (MeV) % 

3H 12.4 y 0.0186 100 - - 
14C 5730 y 0.156 100 - - 
32P 14.3 d 1.709 100 - - 
51Cr 27.7 d EC 100 0.320 10 
57Co 271 d EC 100 0.122, 0.136 86, 11 
58Co 70.8 d β+ 0.475 15 0.811 99 
67Ga 78.3 h EC 100 0.09, 0.185, 0.300 41, 24, 17 
75Se 120 d EC 100 0.136, 0.265 59, 59 
89Sr 50.5 d 1.463 100 - - 
90Y 64 h 2.274 100 - - 
99Mo 66 h 0.454, 1.232 18, 80 0.740, 0.141 14, 84 
99Tcm 6.02 h IT 100 0.141 89 
111In 2.83 d EC 100 0.171, 0.245 91, 94 
123I 13.2 h EC 100 0.027, 0.159 86, 83 
125I 60.1 d EC 100 0.035, ≈0.030 7, ≈140 
131I 8.04 d 0.606 90 0.364 82 
133Xe 5.25 d 0.346 99 0.081, ≈0.033 37, ≈46 
153Sm 46.7 h 0.69, 0.64 43, 35 0.103 28 
198Au 2.70 d 0.961 99 0.412 95 
201Tl 73.1 h EC 100 0.167, ≈0.075 10, ≈95 
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A3. RADIATION EXPOSURE DATA 
 
 
 

Radio-
nuclide 

Ambient 
dose 

equivalent 
rate 

(H*(10)) 
 at 1 m 
µGy h-1 
MBq-1 

(1) 

Directional 
dose 

equivalent 
rate 

(H'(0.07)) 
at 1 m 
µGy h-1 
MBq-1 

(2) 

 
 

mSv/y per 
Bq skin 

contamina-
tion 

 
 

(3) 

 
 
 

γ attenuation 
1st TVL, 
mm Pb 

 
 

Max. range 
of β 

particles in 
perspex, 

mm 

3H - - - - 0.007 
14C - - 2.8 - 0.30 
32P - 5.9 21.0 - 8.2 
51Cr 0.0054 0.0055  7.1 - 
57Co 0.020 0.028 0.7 ≈0.7 - 
58Co 0.15 0.17 2.8 28 1.6 
67Ga 0.026 0.026 2.5 5.3 - 
75Se 0.067 0.063 0.9 5.1 - 
89Sr - 5.7  - 6.8 
90Y - 6.3 21.0 - 11 
99Mo 0.034 4.3 18.4 20 5.6 
99Tcm 0.021 0.024 2.1 0.9 - 
111In 0.082 0.088 3.3 2.5 - 
123I 0.054 0.058 3.1 1.2 - 
125I 0.033 0.039  ≈0.06 - 
131I 0.064 0.066 15.2 11 2.3 
133Xe 0.016 0.017  ≤0.7 1.0 
153Sm 0.016 0.015    
198Au 0.068 4.5 18.6 12 4.1 
201Tl 0.017 0.016 2.2 ≤0.9 - 

(1) H*(10) includes contributions from all gammas and x-rays with energy greater than 
20 keV. 

(2) H'(0.07) includes all photons greater than 10 keV and electrons with maximum energy 
greater than 1 MeV.  It is assumed that electrons of less energy will be absorbed within 
the container. 

 Note: The relationship between air kerma and directional dose equivalent is taken 
from Wagner et al (1985).  No account is taken of attenuation by absorption in the 
solution or container walls.  Therefore in a practical situation, for radionuclides with 
low energy photon emissions (eg, 125I) or beta emitters the true values of H*(10) and 
H'(0.07) may be considerably less than these values. 

(3) From Faw, 1992. 
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A4. REFERENCE ACTIVITIES AND DOSE TO PATIENTS 
FROM ADMINISTERED RADIOPHARMACEUTICALS 

 
 
 
 

Radionuclide 

 
 

Reference 
activity, 

MBq 

 
Effective 
dose, mSv 

(to an adult) 
 
 

(1) 

 
Ambient 

dose 
equivalent 
rate at 1 m 

H*(10)  
µGy h-1 

Maximum 
embryo 

absorbed dose 
from reference 
activity given 
to the mother 

(mGy)  
(3) 

3H-water 4 0.06 - 0.06 
51Cr-labelled RBC 2 0.34 0.005 0.006 
51Cr-EDTA 3 0.006 0.008 0.008 
57Co-vitamin B12 

Schilling test 
 

0.04 
 

0.08 
 

- 
 

0.01 
58Co-vitamin B12 

   Schilling test 
 

0.04 
 

0.16 
 
- 

 
0.02 

67Ga-citrate 150 16.5 1.6 10.2 
99Tcm-colloid 

   Liver 
 

150 
 

1.5 
 

1.1 
 

1.3 
99Tcm-DMSA 

   Renal imaging 
 

150 
 

1.3 
 

1.1 
 

0.7 
99Tcm-DTPA 

   Brain perfusion 
   Kidney GFR 

   Lung ventilation 

 
700 
300 
100 

 
3.6 
1.6 
0.5 

 
5.3 
2.2 
0.7 

 
6.7 
2.8 

99Tcm-
glucoheptonate 

   Brain perfusion 
   Renal function 

 
700 
300 

 
3.8 
1.6 

 
5.3 
2.3 

 
7.6 
3.2 

99Tcm-HIDA 
   Biliary imaging 

 
150 

 
2.3 

 
1.1 

 
2.0 

99Tcm-HMPAO 
   Brain imaging 

 
750 

 
7.0 

 
5.6 

 
5.0 

99Tcm-isonitrile 
Myocardial imaging 

 
400 

 
3.4 

 
2 

 
3.1 
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99Tcm-MAA 
   Lung perfusion 
Lung ventilation 

and perfusion 

 
100 
200 

 
1.1 
2.2 

 
0.75 
1.5 

 
1.0 
2.0 

99Tcm-MAG3 
   Renal imaging 

 
200 

 
1.5 

 
0.5 

 
2.4 

99Tcm-MDP 
   Bone imaging 

 
750 

 
4.4 

 
5.6 

 
7.3 

99Tcm-pertechnetate 
   Brain imaging 

   Thyroid uptake 
   Thyroid imaging 

   Meckels divert. 

 
740 

20 
150 
300 

 
8.9 (3.5)(2) 
0.24 
1.8 
3.6 (1.4) 

 
5.6 
0.15 
1.1 
2.2 

 
7.8 
0.2 
1.6 
3.2 

123I-iodide 
   Thyroid uptake 

   Thyroid imaging 

 
0.7 

20 

 
0.15 
4.4 

 
0.01 
0.3 

 
0.006 
0.2 

123I-OIH 
   Renal function 

 
20 

 
0.25 

 
0.3 

 
0.34 

125I-fibrinogen 4 0.32 - 0.22 
131I-iodide 

Thyroid uptake 
Thyroid imaging 

Thyroid metastases 

 
0.2 
1 

400 

 
4.8 

24 
24 

 
0.005 
0.025 

10 

 
0.008 
0.04 

131I-OIH 
Renal function 

 
20 

 
1.1 

 
0.5 

 
0.7 

133Xe-gas 
(5 min rebreathing) 

 
400 

 
0.3 

 
2 

 
0.3 

201Tl-chloride 80 18 0.3 4.0 

 
(1) Effective dose is derived from ICRP 53 data using tissue weighting factors from 

ICRP 60. 
(2) Values in brackets are with perchlorate blocking agent. 
(3) From IPSM Report 63 or otherwise assumed equal to effective dose to the uterus. 
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A5. ACTIVITY LIMITS FOR TRANSPORT PACKAGES  
(from IAEA Safety Series TS-R-1) 

 
Radionuclide Excepted Packages* Type A Packages 

3H (compounds) 
14C 
32P 
51Cr 
57Co 
58Co 
67Ga 

75Se 
89Sr 
90Y 

99Mo 
99mTc 
111In 
123I 
125I 
131I 
133Xe 
153Sm 
198Au 
201Tl 

 

   4 GBq 
300 MBq 
  50 MBq 
   3 GBq 
   1 GBq 
100 MBq 
300 MBq 
300 MBq 
  60 MBq 
  30 MBq 
  60 MBq 
400 MBq 
300 MBq 
300 MBq 
300 MBq 
  70 MBq 
 10 GBq 
  60 MBq 
  60 MBq 
400 MBq 

 

 40 TBq 
   3 TBq 
500 GBq 
  30 TBq 
  10 TBq 
    1 TBq 
    3 TBq 
    3 TBq 
600 GBq 
300 GBq 
600 GBq 
    4 TBq 
    3 TBq 
    3 TBq 
    3 TBq 
700 GBq 
  10 TBq 
600 GBq 
600 GBq  
    4 GBq 

 
 
* This is for materials in the liquid or gaseous form.  If the material is in the solid form 

the limit is increased by a factor of 10. 
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GLOSSARY 
 
Absorbed dose.  The energy imparted to matter by ionization per unit mass of 
irradiated material at the place of interest.  The derived unit of absorbed dose 
is the gray, being equal to 1 joule of energy absorbed per kilogram of material 
irradiated. 
 
   1 Gy  =  1 J kg-1  
 
Activity (A). The number of nuclear transformations or disintegrations 
occurring in a quantity of radioactive material per unit time.  The SI unit of 
radioactivity is the becquerel (Bq) (1 disintegration per second). 
 
ALARA.  In relation to a particular practice, the magnitude of individual doses, 
the number of people exposed, and the likelihood of incurring exposure shall 
be kept As Low As Reasonably Achievable, economic and social factors being 
taken into account.  The principle of optimising radiation protection.  See 
Section 3.3. 
 
Ambient dose equivalent H*(d). This is the dose equivalent at a point in a 
radiation field that would be produced by a corresponding aligned and 
expanded field, in the ICRU sphere at a depth d, on the radius opposing the 
direction of the aligned field.  This concept is introduced in ICRU 39 to 
provide a measurable quantity that is close to the Effective Dose (see below) 
when d = 10 mm. 
 
Annual limit on intake (ALI).  This is the ingested or inhaled activity that in an 
average adult will give a total committed effective dose of 20 mSv.  The 
annual limit on intake, ALI, of commonly used radionuclides is given in 
Appendix A1. 
 
Auger electron.  A low energy electron emitted during a nuclear transformation 
when an atom emits an x-ray that collides with one of its own orbital electrons. 
 
Becquerel (Bq).  The SI derived unit of activity being one radioactive 
disintegration per second of time.  The relationship to the traditional special 
unit, the curie (Ci) is 1 Bq = 2.70 x 10-11 Ci. 
 
Beta radiation.  Electrons emitted by atomic nuclei. 
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Bremsstrahlung.  Photons generated when moving electrons are forced to 
deviate strongly in their path by the proximity of a nucleus. 
 
Directional dose equivalent. This is the dose equivalent at a point in a 
radiation field that would be produced by a corresponding expanded field, in 
the ICRU sphere at a depth d, on the radius opposing the direction of the aligned 
field.  This concept is introduced in ICRU 39 to provide a measurable quantity 
that is close to the Effective Dose to the skin (see below) when d = 0.07 mm. 
 
Dispensing laboratory.  A laboratory for the handing of unsealed radioactive 
materials conforming to Class B or Class C requirements.  (See Section 2.1.4.) 
 
Dose rate.  Radiation dose per unit time:     Gy s-1  or  Gy h-1. 
 
Effective dose.  This is the sum of the equivalent doses in all tissues of the 
body from a particular exposure, each weighted according to the risk 
associated with that tissue.  It gives an indication of the overall risk of an 
exposure independent of the part of the body exposed.  The units are sieverts 
(Sv). (See ICRP 60.) 
 
Equivalent dose.  The product of absorbed dose with a radiation weighting 
factor to allow for the biological effectiveness of the type of radiation.  The 
radiation weighting factors for photons and electrons are equal to 1.0.  In this 
case the equivalent dose is numerically the same as absorbed dose.  The units 
are sieverts (Sv).  (See ICRP 60.) 
 
Gamma radiation.  Photon radiation emitted by atomic nuclei. 
 
Gray (Gy).  The SI unit of absorbed dose being equal to 1 Joule per kilogram 
of the material being irradiated. 
 
   1 Gy  =  1 J kg-1 
 
Doses are usually expressed in the sub-multiples 1/1000 (milli) and micro 
(1/1000000) of a Gray, thus mGy and µGy. 
 
IAEA.  International Atomic Energy Agency. 
 
IATA.  International Air Transport Association. 
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Licensee.  Person licensed to use radioactive material or irradiating apparatus 
under the Radiation Protection Act 1965. 
 
Medical diagnosis.  The performance of a test on a patient intended to provide 
information of help in the management of a disease. 
 
Medical Physicist. A person holding a licence under the Radiation Protection 
Act 1965 for the purpose Medical Physics.  (See Section 2.2.) 
 
Medical therapy.  The performance of a procedure on a patient intended to 
have a curative or palliative effect on a confirmed disease. 
 
Much greater than intended.  The following is guidance on the interpretation 
of much greater than intended based on guidance issued by the UK’s Health 
and Safety Executive (HSE, 2006).  The multiplying factor indicates how 
much the effective dose received by a patient as a result of a nuclear medicine 
radiation incident should exceed the intended dose for consideration to be 
given for the need to report the incident to NRL.  The interpretation of 
intended dose is subjective, not least when variations between patients are 
considered. However, diagnostic reference levels derived locally and 
expressed in terms of reference activities should provide a reasonable guide. 
 

Type of planned exposure Guideline multiplying 
factor to be applied to 

intended dose 
Effective dose greater than 5 mSv 1.5 
Effective dose less than or equal to 5 mSv, 
but greater than 0.5 mSv 

2 

Effective dose less than or equal to 0.5 mSv 20 
 
Nuclear medicine radiation incident.  Any unintended or ill-advised event 
when using radioactive material, which results in, or has the potential to result 
in, an exposure of a patient outside the range of that normally expected for a 
particular planned exposure, including events resulting from equipment 
failure, the failure of procedures, and the failure to follow procedures, or poor 
judgement or human error. 
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Quality Assurance.  A comprehensive set of actions or procedures to ensure 
that all aspects of a service will perform satisfactorily. 
 
Quality control.  A set of tests routinely performed on a piece of equipment to 
confirm the satisfactory performance of it. 
 
Radiation dose.  This is a general term denoting the quantity of radiation or 
energy absorbed.  If unqualified it refers to absorbed dose.  The units are 
grays (Gy). 
 
Radioactive material.  Any article containing a radioactive substance giving it 
a specific radioactivity exceeding 100 kilobecquerels per kilogram and a total 
radioactivity exceeding 3 kilobecquerels. 
 
Radionuclide.  An isotope of an element that is unstable and transforms into 
another, emitting radiation. 
 
Radiopharmaceutical.  A medicinal drug which is also a radioactive material. 
 
Radiation Protection Advisory Council (RPAC).  A council set up by the 
Radiation Protection Act 1965 to advise on matters arising from the 
administration of the Act. 
 
Research on Humans.  Performance of a medical procedure on a volunteer 
subject for the sake of research, such that the subject receives no benefit as an 
individual. 
 
Unsealed radioactive material.  A radioactive material in a form that allows it 
to be readily removed from its container and subdivided or dispersed. 
 
X-rays.  X-rays produced by radioactive materials are photons radiated during 
a nuclear transformation after an orbital electron has been removed and 
another orbital electron falls down into the vacancy emitting the difference in 
binding energy as a photon. 
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