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1. INTRODUCTION

1.1 Objectives

1.1.1 Radiopharmacy is a multi-disciplinary speciality
drawing on the expertise of many fields of science,
medicine and pharmacy. Because formal qualifications
in the specialty are not available in Australia and
New Zealand, radiopharmacist positions are occupied
principally by graduates of chemistry and pharmacy.
In view of the diversity of experience of personnel
involved in the specialty, it is the main objective of
these Guidelines to establish minimum standards for
the practice of Radiopharmacy in Australia and New
Zealand.

1.1.2 These Guidelines are intended to provide a basis for
the safe and efficient practice of Radiopharmacy in a
hospital or clinical environment and should be applied
with common sense.

1.1.3 The Guidelines or procedures recommended therein are
not legislation and therefore not enforceable by law.
Local regulations in force in any State or institution
will take precedence.

1.2 Definitions

1.2.1 Radiopharmacy is a specialised practice which may be
defined as follows: 'Radiopharmacy is a
patient-orientated service which embodies the
scientific knowledge and professional judgement
required to improve and promote health through
assurance of the sate and efficacious use of
radiopharmaceuticals for diagnosis of therapy*.

1.2.2 In certain States of Australia, the term
'Radiopharmacist1 may only be used to denote a legally
qualified registered pharmacist practising
radiopharmacy. The term 'Radiochemist' may then be
used to denote a graduate in science practising
radiopharmacy in these States. A more general label
is provided by the term 'Radiopharmaceutical
Scientist'. (Subramanian, G., 'The Role of the
Radiochemist in Nuclear Medicine', Seminars in
Nuclear Medicine volume 4, 219-227, 1974) In this
context, the term 'Radiopharmacist' in these
Guidelines may in every case be inferred to Mean
'Radiopharmaceutical Scientist', i.e. a person holding
qualifications in -science or pharmacy and employed in
radiopharmacy in a hospital. Nuclear Medicine practice
or other institution.
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1.3 Qualifications of Personnel

1.3.1 Nuclear Medicine is practised in a variety of
environments from the small country or community
hospital or clinic to large central hospitals
employing many qualified staff. It is accepted
that many procedures in the radiopharmacy are
undertaken by qualified Nuclear Medicine
Technologists in smaller institutions, who indeed
may be utilized in larger institutions to provide
a more equitable spread of the radiation burden.
A qualified Nuclear Medicine Technologist is
defined as one, accrediated by ANZSNM
Accrediation Board, or one eligible for
accrediation.

1.3.2 It is appropriate here to classify radiopharmacy
procedures according to their degree of
difficulty and comment on the qualifications of
staff necessary to carry out these operations.

(a) The procurement, storage and dispensing of
ready-to-inject radiopharmaceuticals. These
tasks can be adequately performed by
qualified Nuclear Medicne Technologists.

(b) The elution of generators from commercial
suppliers and the preparation of
radiopharmaceuticals by the reconsitution of
sterile instant kits. These tasks can also
be performed by trained technologists in the
absence of the radiopharmacist, although
there is justification for the employment of
radiopharmacist to perform quality control
procedures and investigate abnormal
occurrences.

(c) The preparation of other
radiopharmaceuticals from non-sterile
starting materials and the manufacture of
sterile, non-radioactive kits according to
the Code of Good Manufacturing Practice.
These tasks must be performed by, or under
the superivison of, a trained
radiopharmacist. It is strongly recommended
that such activities be licensed by the
appropriate State Authority.

1.4 Responsibilites

1.4.1 In the safe and efficient conduct of his duties,
the radiopharmacist has responsibilites towards
the patient, the physician in charge of the case,
the administration of the institution and the
relevant State and Federal laws and Code of
Practice.
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1.5 Technical Support

1.5.1 The radiopharraacist in a large hospital or
institution may have considerable technical
support from personnel employed in allied
specialties/ e.g. radiation safety officers,
nuclear medicine technologists, fire and safety
officers, mircrobiologists, sterile services
personnel, etc., all of whom may be drawn upon
for technical services and advice. Such
personnel may assume appropriate duties outlined
in these Guidelines.

1.5.2 In a smaller institution or clinic, such
technical support may be unavailable. These
Guidelines therefore serve to describe the areas
of responsibility which may then be assumed by
the radiopharmacist. In either situation, it is
the responsibility of the radiopharmacist to
ensure that such duties are reliably and
satisfactorily discharged.

1.6 Acknowledgements

1.6.1 The Australian-and New Zealand Society of Nuclear
Medicine Radiopharmacy Group wishes to
acknowledge the Specialty Practice Committee in
Radiopharmacy of the Society of Hospital
Pharmacists of Australia for the provision of
draft guidelines.

1.6.2 The following members of the ANZSNM Radiopharmacy
Group have provide valuable assistance in the
revision and presentation of the Guidelines:

Dr R. J. Baker, Mr. M. Best, Dr. G. R. Boniface,
Mr. J. G. Chan, Mr. C. A. Evill, Dr. R. Fawdry,
Mr. R. W. Hanna, Mr. A. Martindale and Mr. P. G.
Yeates.
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2. PREMISES

2.1 Specifications

2.1.1 The premises in which radiopharmacy is practised
should meet with the specifications laid down as
follows:

(a) Laboratory: Code of Practice for the Design
of Laboratories using Radioactive Substances
for Medical Purposes (1981), National Health
and Medical Research Council, Canberra,
A.C.T. The laboratory will either be a Type
B (medium level) or Type C (low level)
laboratory.

(b) Aseptic Dispensing Suite: Code of Good
Manufacturing Practice for Therapeutic Goods
(April 1986), National Biologial Standards
Laboratory, Canberra, A.C.T. Now known as
the Department of Community Services and
Health, Therapeutic Division,
Pharmaceutical Branch, GHP Inspectorate

2.2 Standards for Clean ROOMS

2.2.1 The Australian Standards to be followed for
non-laminar clean rooms are:

(a) A.S. 1386-1976, Clean Rooms and Work-
Stations.

(b) A.S. 1387-1976, Code of Practice for Clean
Rooms and Work-Stations.

(c) A.S. 1807-1976, Methods of Test for Clean
Rooms, Work-Stations and their Accessories.

(d) A.S. 1324-1973, Air Filters for Use in Air
Conditioning and General Ventilation.

(e) A.S. 1217-1985, Acoustics - Determination of
Sound Power Levels of Noise Sources.

2.3 Standards for Laninar Flow Cabinets

2.3.1 Horizontal Laminar Flow Cabinets.

(a) A.S. 1807-1976.

(b) A.S. 1217-1985.

(c) A.S. 2252, Part 2 - 1980, Biological Safety
Cabinets, Part 2 - Laminar Flow Biological
Safety Cabinets (Class II) for Personnel and
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Product Protection. Appendix B (1985)
Determination of Intensity of Radiation from
Germicidal Ultraviolet Lamps.

2.3.2 Laminar Flow Biological Safety Cabinets (Class
II).

(a) A.S. 1807-1976.

(b) A.S. 1217-1985.

(c) A.S. 2252, Part 2-1980.

Appendix C (1985). Determination of Gas
Tightness of Outer Shell.

Appendix D (1985). Determination of Air
Barrier Contamination.

Appendix E (1985). Determination of
Intensity of Radiation from Germicidal
Ultraviolet Lamps.
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2.3.3 Clean Kooa Garments.

(a) A.S. 2013-1977, Specification for Clean Boom
Garments.

(b) A.S. 2014-1977, Code of Practice for Clean
Room Garments.

2.4 Statutory Bodies

2.4.1 State and Federal Health authorities are the
statutory bodies recommended for consulation and
clarification of matters relating to the
establishment of laboratories and clean rooms.

3. PROCUREMENT

3.1 Licences

3.1.1 Current licences for the procurraent and use of
Sealed and Unsealed Radioactive sources must be
held, which cover all radicactive material
procured and used.

3.2 Ordering Procedures

3.2.1 Appropriate ordering procedure? are used to
obtain both radioactive and non-radioactive
materials,, and the appropriate identity tests are
carried out.

3.3 Records

3.3.1 Records must be kept in systematic form of all
incoming material, including the date,
description of goods, manufacturer, batch number,
amount and expiry date.

3.4 Storage of Materials

3.4.1 All material must be stored in compliance with
light, temperature, humidity and shielding
requirements, as specified by the manufacturer.
In controlled temperature areas, daily readings
should be taken and recorded.
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3.5 Sterile Cold Kits

3.5.1 When appropriate, the radiopharraacist may
manufacture sterile vials or reagents ('Cold
Kits') and carry out all manufacturing and
quality control procedures specified in the Code
of Good Manufacturing Practice. All compounding
activities should be covered by properly
authorised manufacturing documentation and record
keeeping.

3.5.2 It is essential that stability tests, animal
distribution studies, product defect studies and
toxicity tests be carried out before new kit
formulations and compounds are used.

4. RADICPHARMACEUTICAL 'HOT LAB' DOSE PREPARATION

4.1 Daily Schedule

4.1.1 The radiopharmacist reviews the schedule of
diagnostic and therapeutic procedures to be
performed in the nuclear medicine department(s)
being serviced and ensures that appropriate
radionuclides are available.

4.2 Selection of Appropriate Agents

4.2.1 Radiopharmaceutical cold kits from commercially
produced or individually formulated products are
selected for the procedures to be used, in
accordance with the formulary of the individual
institution, or the prescribing preferences of
the community being served.

4.2.2 All diluents used to adjust the concentration of
radiopharmaceuticals must be of B.P. specifica-
tion or better.

4.3 Preliminary Activities

4.3.1 The work area is.prepared and set up by covering
surfaces with plastic-baked absorbent material
and laying out needles, syringes, shields,
forceps, diluents, gloves and other necessary
items.

4.3.2 Radionuclides, kits and diluents are checked for
identity, expiry time/date and appearance.

4.3.3 Identifying labels with a dated batch number are
affixed to reagent vials and shielding containers
prior to the addition of radioactive material.
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4.3.4 A radiopharmaceutical record sheet is maintained
for each batch of material. The record includes
batch numbers, manufacturer, date received,
expiration time/date, preparation procedure,
quality assurance, and calibration results. Each
dose from this batch should be recorded with the
time, activity, dose volume and patient's
name/file number.

4.3.5 According to the nature and quantity of radiation
from a radiopharmaceutical, and based on the
principles of time, distance and shielding, the
appropriate shielding is selected.

4.3.6 Components, labels and equipment are then
rechecked.

4.4 Elution of Generator

4.4.1 Before preparing radiopharmaceuticals from
generator-produced radionuclides, the generator
is eluted and processed as follows:

(a) An appropriate sterile/pyrogen free vial for
receipt of eluate and appropriate shielding
device are selected and both are labelled.

(b) The generator is eluted in accordance with the
manufacturer's instructions, using aseptic
technique.'

(c) Where the manufacturer guarantees the sterility
of the eluate, appropriate precautions are taken
to maintain sterility.

(d) Alternatively, the eluate is sterilised by
autoclaving (according to BP specifications or
their equivalent) or filtration through a 0.22
micrometer filter into a sterile vial. The
integrity of the filter must be checked by a
calibrated bubble point appartus.

(e) The total radioactivity is measured, specific
volume activity calculated and calibration time
noted. These data are recorded on a daily
worksheet, or similar. Quality assurance of.the
eluate is carried out.

4.5 Reconstitution of Radiopharaaceuticals

4.5.1 The radiopharmacist calculates the amount of
radioactivity required for each preparation,
based on patient doses, product stability and
quality assurance testing. Working behind a lead
glass shield, the appropriate volume of eluate is
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withdrawn, diluted if necessary and measured in a
dose calibrator. Calculations are checked, and
the activity, volume and time recorded.

4.5.2 Using aseptic technique, the eluate is used to
reconstitute the radiopharmaceutical, in
accordance with the established protocols or
aanufacturer/s instructions.

4.5.3 The radiophamacist performs a visual inspection
of the preparation through a lead glass shield or
a shielded polarized light box, measures the
total activity of the vial and calculates and
records the specific activity, calibration and
expiry times.

4.5.4 The stability of reconstituted radiopharma-
ceuticals should be established, taking into
consideration such factors as amount of
radioactivity added, dilution, storage
conditions, etc.

5. RCOTIME QUALITY COHTBOL PROCEDURES

5.1 Consignment Arrival

5.1.1 On arrival, packages containing radioactive
materials should be inspected for signs of damage
and monitored with a survey meter to check for
leakage.

5.1.2 A wipe test should be made to determine
radioactive contamination on the surface of any
shipment container and any leakage should be
reported to the supplier.

5.2 Radionuclidic Purity

5.2.1 The radionuclidic purity of radiopharmaceuticals
is determined using gamma spectrometry or
shielding techniques (eg. 99Mo in 99mTc), prior
to use, and results are recorded on the
appropriate worksheet. Compliance with accepted
monographs (B.P., U.S.P. and European
Pharmacopoeia) is certified.

5.2.2 The degree of radionuclidic purity of a radio-
pharmaceutical changes with elapsed time, due to
the differences in physical half-lives of the
principal radionuclide and its contaminants.
Radionuclidic purity data are therefore based on
the time of scheduled administration to the
patient.
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5.3 lUdiochemical Purity

5.3.1 Badiochemical purity may be determined by
chromatographic separation, extraction,
electrophoresis or precipitation techniques.
These data are recorded on the batch record sheet
and certified to be within the predetermined
standards found to be acceptable to the
individual institution.

5.4 Chemical Contamination

5.4.1 Chemical Contamination should be tested for and
certified to be within accepted standards (e.g.
Al in 99mTc eluates). The pH is also tested
and recorded, where necessary.

5.5 Particulate Radiopharmaceuticals

5.5.1 For all particulate radiopharmaceuticals,
appropriate techniques are used to assess
particle size, distribution and number, which are
certified to be within predetermined limits. The
preparation should be examined for the presence
of aggregates larger than the specified upper
limit.

5.6 Retrospective Sterility Testing

5.6.1 Non-radioactive residues of radiopharmaceuticals
should be tested for sterility at appropriate
intervals. It is suggested that at least one
randomly selected sample from each day's work be
submitted for retrospective sterility testing,
after being allowed to decay at room temperature.
An appropriate sterility medium should be
selected (uee Code of Good Manufacturing
Practice, Appendix C) with incubation for 14 days
at 32°C _+_ 2°C. However, it must be recognised
that this technique may give misleading results
and consideration should be given to alternative
sampling techniques (see Brown, S. and Baker,
M.H., Nucl. Ned. Commun. 7, 327-336, 1986).

5.7 Autoclaves and Ovens

5.7.1 The radiopharmacist, where applicable, verifies
the efficiency of sterilising autoclaves and hot
air ovens using biological, physical and chemical
indicators and temperature time graphs at
appropriate intervals.
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5.8 Poae Calibrators

5.8.1 A daily check of dose calibrators is carried out
using standard sealed sources/ and the accuracy
of the instruments certified.

5.9 Analytical Balances

5.9.1 The accuracy of analytical balances should be
tested periodically using standard weights and
the result recorded. The radiopharmacist ensures
that regular maintenance and servicing is carried
out on balances.

5.10 PH Meters

5.10.1 pH meters and electrodes should be routinely
tested with standard buffers before use and the
results recorded.

5.10.2 pH electrodes must be inspected periodically to
ensure that the specified level of internal
electrolyte is maintained.

5.10.3 pH electrodes may be disinfected by immersion in
70% ethanol before use in the preparation of
products for injection.

5.11 nitrogen Gas Supply

5.11.1 Nitrogen must be membrane filtered before use, to
remove possible microbial contamination and
physical residues from the cyclinder. On
procurement of each nitrogen cylinder, it is
recommended that the gas be tested for the
presence of anaerobic bacteria using Sterility
Medium No. 1 (see Code of Good Manufacturing
Practice, Appendix C ) . All samples should be
incubated for 14 days at 32°c + 2°C.

6. DISPENSING OF KADIOPHABHACBOTICALS

6.1 Dosage Levels

6.1.1 In conjunction with the Nuclear Medicine
physician, the radiopharmacist determines dosage
levels based on patient history, age, weight, sex
and surface area.
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6.2 Aseptic Dispensing

6.2.1 The radiopharmacist calculates, aseptically
withdraws and assays each dose prior to
administration.

6.2.2 Care is taken to ensure even distribution of
participate radiopharmaceuticals prior to
withdrawal.

6.2.3 Care is taken to prevent ingress of air, as far
as possible, into products containing stannous
ion as a reducing agent..

6.2.4 Ideally, dispensing procedures or labelling of
blood components should be carried out in an
aseptic environment.

6.3 Correct Administration

6.3.1 Appropriate steps are taken to ensure that the
right agent, in the right dose, in the right
dosage form is received by the right patient at
the right time via the right route of
administration.

6.4 Mon-qualified Personnel

6.4.1 The radiopharmacist instigates training
procedures and supervises the activities of any
non-radiopharmacists who are involved in the
dispensing and administration of
radiopharmaceuticals, and ensures that
appropriate procedures for these individuals are
followed.

7. DISTRIBUTION OF RADIOPHARMACEOTICALS

7.1 Transport Regulations

7.1.1 Prior to the distribution of
radiopharmaceuticals, the radiopharmacist becomes
aware of and complies with all institutional.
Local, State and Federal regulations concerning
the transportation, packaging and labelling of
radioactive materials.

RECORD KEEPING

Procedures Requiring Records

8.1.1 The radiopharmacist compiles complete records of
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all aspects of radiopharmaceutical procurement,
preparation, utilisation and disposal. The
following aspects of radiopharmacy are to be
comprehensively documented (procedures listed
below may appear elsewhere in the text for the
purpose of emphasis):

(a) Radionuclide acquistition; in particular the
documentation of the histories of
radionuclide generators from receipt to
disposal.

(b) Acquisition and quality control of reagents
and cold kits and manufacturing records of
in-house cold kit production, as detailed
below:

(i) Chemical assays of starting
materials.

(ii) Suppliers, batch number, purchase
date.

(iii) Formulation master sheet/ quality
control testing schedules.

(iv) Date of manufacture, batch number.

(v) Batch quality control data,
radiochemical purity.

(vi) Date of release, expiry date, sample
of label.

(vii) Operator or authorised signatory
relasing batch.

(c) Radionuclide, radiochemical and
radiopharmaceutical quality of generator
eluates, reconstituted cold kits, purified
radiopharmaceuticals, etc. by gamma
spectrometry, pH and specific contaminant
assay, thin-layer chromatography or
electrophoresis.

(d) Retrospective sterility and pyrogen testing,
where indicated, of radiopharmaceutical
residues.

(e) Individual patient doses, including patient
identifying name and file or unit record
number.

(f) Monitored radiation burden of personnel
involved in radiopharmaceutical work (in the
absence of an- official Radiation Safety
Officer).
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(g) Level of environmental background radiation
in areas where radionulcides are handled (in
the absence' of an official Radiation Safety
Officer).

9. BASIC RADIATION PROTECTION* PROCEDURES

9.1 Laboratory Operations

9.1.1 The rad iopharmac is t ensures that all the
provisions concerned with shielding, security,
contamination control and waste storage and
disposal are observed. These provisions are a s
contained in the NH & MRC Code of Practice for
the Design of Laboratories using Radioactive
Substances for Medical Purposes and in the
Ionising Substances and Irradiating Apparatus
Regulations.

9.1.2 A floor plan of the laboratory is drawn up,
separating radiopharmacy activities according to
the radiation levels. Separate areas ranging
from high to low radiation levels should be
designated for storage, preparation, dispensing,
counting and quality assurance, respectively.
Non-radiation areas, separate from the above,
should be established for office activities and
the handling of non-radioactive materials.

9.1.3 Access to the laboratory is controlled to assure
minimal traffic in low radiation level areas and
restricted traffic in high radiation areas.

9.2 Personal Radiation Monitors

. 9.2.1 The radiopharmacist ensures that appropriate
personal radiation monitors are issued to, and

' worn by, all 'staff and are changed and read at
appropriate intervals. Body monitors in the form

. of film badges are to be worn on body areas which
are indictative of an area receiving the most
radiation. Wrist and finger film bades may also
be used by personnel engaged in compounding and
patient dose preparation.

9.2.2 Personnel visiting the laboratory on an
occassional or once-weekly basis should be
provide with a quartz fibre electroscope or
similar monitor with instant dose readout.

9.2.3 In the absence of an official Radiation Safety
Officer, the radiopharmacist keeps a separate
dose record for each person working in the
laboratory, and will ensure that dose limits are
not exceeded. Unusually high doses, although
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9.3 Movement of Radioactive Materials

9.3.1 The radiopharraacist conducts routine monitoring
of all incoming radioactive materials in an area
separate from the other designated areas of the
laboratory. Wipe testing of packing material is
carried out to exclude accidental leakage.

9.3.2 The radiopharmacist ensures that
radiophamaceuticals being transported to another
area within the same building are properly
shielded, packaged and contained, so as to
withstand the usual insults to materials in
transit.

9.4 Protective Clothing

9.4.1 The radiopharmacist wears, and causes to be worn,
gloves and a long sleeve gown or laboratory coat
for all routine tasks involving the handling of
radioactive material.

9.4.2 When warranted, there should be available
protective eye glasses, face masks, face masks
with dust and gas filters, insulated gloves,
leaded gloves, leaded apron and protective
footwear.

9.5 Safety Equipment

9.5.1 A fire extinguisher of the appropriate type (e.g.
CO^) must be available and services on a regular
basis. Staff will be instructed on its correct
use and the correct procedure to be followed in
the case of a fire involving radioactive
materials. A high integrity face mask, gloves
and lead apron should be available for use in
this situation.

9.5.2 The radiopharmacist maintains the following
safety materials convenient to storage and
working areas: .

(a) A portable radiation monitor.

(b) Suitable eye irrigating facilities.

(c) A suitable chelating agent (e.g. Disodium
EDTA) or decontamination detergent. :

(d) A decontamination pack to use in accidental
spillage. The pack should contain adsorbent
material (e.g. combine dressing), overshoes,
gloves, paper tissues, a felt-tipped pen,
soap and towel, and should be stored in a
plastic bucket, together with instructions
for use.
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(e) A personal decontamination pack containing a
gown, overshoes, soap, towel, washer,
scrubbing brush,. and eye irritating
solution.

9.6 Monitoring of Work Areas

- 9.6.1 Frequent monitoring of background radiation in
all working areas is carried out and the data
recorded. Continuous monitoring should be
available in high risk areas, e.g. the dose
preparation area.

9.7 Waste Disposal

9.7.1 A record of all radioactive waste disposal is
maintained. Such disposal is carried out in
accordance with the pertinent regulations and
the NH & HRC Code of Practice for the Disposal of
Radioactive Wastes by the User (1985).

9.8 • Radiation Hazards

9.8.1 The radiopharmacist ensures that areas where
significant levels of radiation are present or
where radioactive material is stored carry signs
bearing the three-bladed radioactive symbol in
black on yellow with appropriate warning words,
according to current.regulations.

9.8.2 , The radiopharmacist recognises, anticipates
. potential radiation hazards and develops
: protocols which minimize same, and ensures that

: staff compliance is achieved.

10. CONSULTATION AND EDUCATION

10.1 Nuclear Medicine Co—unity

10.1.1 The radiopharmacist provides consultation to
assist the nuclear medicine community in
decision-making processes and provide instruction
and supervision for non-radiopharmacists training
. and working in the laboratory in the following
areas:

(a) Provision of information on the physical
properties of radiopharmaceuticals, e.g.
half-life, mode of decay, particle size and
containment in desired physical state, as is
influences the effective utilization of
radiopharmaceuticals.
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(b) Explanation of the importance of the
chemical properties of radiopharmaceuticals,
e.g. stability, pH; and their influence on
the effective utilization of same.

(c) Explanation and comparison of methods of
labelling radiopharmaceuticals, e.g. redox
reactions, chelation, electrolysis, etc.

(d) Teaching of proper techniques for the
preparation of radiopharmaceuticals.

(e) Explanation of the significance of quality
assurance procedures and the interpretation
of test results as they relate to product
performance.

(f) Provision of information on the safe
handling of radiopharmaceuticals and
radioactive materials generally.

(g) Provision of information on the
radiopharmaceutical of choice for the
desired diagnostic procedure and on dosage
calculations.

(h) Provision of information concerning patient
preparation required to ensure optimal
results from the use of
radiopharmaceuticals.

(i) Explanantion of the manner in which certain
factors alter the distribution patterns of
radiopharmaceuticals, including other drugs
which affect absorption, distribution,
metabolism and excretion of
radiopharmaceuticals and the physiological
and pathophysiological state of the patient,
as well as administration techniques, e.g.
subcutaneous injection.

(j) Setting up and maintenance of an adverse
drug reaction register, and assistance in
developing guidelines for the prevention,
recognition, treatment and reporting of
adverse reactions to radiopharmaceuticals.
Reports of suspected reactions or drug
interactions should be forwarded to the
Commonwealth Department of Health and to the
Secretary of the A.N.Z. Society of Nuclear
Medicine Radiopharmacy Group.

(k) As appropriate to his practice setting, the
radiopharmacist provides education to the
general public, pharmacy students,
pharmacists, patients and the nuclear
medicine community on topics related to
ladiopharmacy and radiopharmaceuticals.
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(1) Other areas appropriate to his
qualifications and experience.

• •

10.2 Patient Contact

10.2.1 With approval of the physician in charge, the
radiopharmacist may assume an active role in
consulting with patients who are to receive
radiopharmaceuticals.

10.2.2 The radiopharmacist may assist in developing
guidelines for obtaining patient drug histories
which are used to ensure that the patient has not
been receiving medication or food which may
interfere with the performance of the
radiopharmaceutical to be used.

10.2.3 The radiopharmacist may inform the patient of the
biological effects of the radiopharmaceutical
he/she is to receive, and by this and other
appropriate measures minimize the patient's fear
or anxiety.

11. RESEARCH AND DEVELOPMENT

11.1 Philosophy

11.1.1 The utilization of radionuclides in the areas of
organ imaging, quantitative physiological
assessment and organ-specific therapy is a
comparatively new and potentially fruitful sphere
of activity. There are many areas in which the
radiopharmacist can find scope for imaginative
and challenging research activities.

11.1.2 It will be recognised that new discoveries in
Radiopharmaceutical Science have an immediate and
far-reaching influence on the practice of Nuclear
Medicine. Compare, for example, the utilization
of dWjLP̂  scanning before and after the discovery
of Tc-diphosphonate complexes.

11.1.3 It will also be recognised that most such
discoveries are the result of application of the
Scientific Method by qualified and dedicated
scientists. There are, therefore, strong
arguments for the employment of such individuals
in hospitals and other institutions 'where the
quality of research is viewed as a measure of
excellence.
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11.2 Codes of Practice

11.2.1 A new radiopharmaceutical roust undergo stringent
testing in both animals and humans to define its
safety and efficacy before it can have widespread
clinical application. It is mandatory that such
research is conducted according to the following
Codes of the National Health and Medical Research
Council:

(a) Experimental Irradiation of Volunteers.
Report of 73rd Session, p. 18 (1971).

(b) Ethics in Medical Research (1982).

(c) Statement of Animal- Experimentation (1982).

(d) Administration of Ionising Radiation to
Human Subjects in Medical Research (1984).

(e) Code of Practice for the Care of Animals
Used for Experimental Purposes (1985).

(f) Statement on Human Experimentation and
Supplementary Notes (1985).

(g) Any other relevant codes.
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12. GPIDELINES FOR PREPARATION OF STERILE
RADIOPHARMACEOTICALS

12.1 Introduction

12.1.1 These guidelines describe good practice in
preparing sterilised or sterile,
aseptically-prepared radiopharmaceuticals in
Nuclear Medicine or Pharmacy departments.

12.2 Environment

12.2.1 Radiopharraaceuticals shall be processed, filled
and sealed in areas which are segregated from
other departmental areas, even where terminal
sterilisation of the preparation in its container

: • is employed. These areas should be so designed,
operated and managed as to minimise microbial and
particulated contamination of sterile products at
every stage of handling.

12.2.2 For radiopharmaceuiteals which are not terminally
sterilised in their final sealed containers, the
final sterilisation of the product in bulk or its
components should be carried out under sterile
conditions. It is the preferred practice to
prepare, filter, fill and seal these products in
a laminar-flow cabinet located in a clean room
(Class 350) to achieve double barrier conditions.

12.3 Aseptic ROOMS

12.3.1 The laminar-flow cabinet should be situated in an
aseptic room with air-lock entry. The aseptic
room should be constructed and operated according
to the standards pecified in Section 2.2, so that
the following conditions are achieved:

(a) Be supplied and effectively flushed with air
which has passed through HEPA filters
capable of substantially removing
microorganisms and particles of dimensions
greater than 0.22 urn which are situated
where the air enters the sterile room. The
air inlets should be remote from the air
outlets so as to achieve effective flushing
of the area and permit location of
operations in the least contaminated stream
of air.

(b) Be under positive pressure with respect to
the air-lock, which in turn must be under
positive pressure with respect to the
preparation room, (at least 15 Pa
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differential should exist between eacb
room). Nitrogen cylinders must be located
outside the aseptic room and air-lock and
nitrogen piped through to the laminar flow
unit, where it must undergo sterile
filtration before use.

(c) Be lined with a smooth, durable surface
(ceiling, walls, floors, necessary
projections, etc.) to prevent the shedding
or accumulation of particulate matter and to
permit the repeated application of effective
cleaning and disinfecting agents.

(d) Contain as few as possible projecting
ledges, shelves, electrical, mechanical,
ventilating, etc. fittings, as little
extraneous equipment as possible and as
little dead space as possible so as to
minimize accumulation of dust and facilitate
thorough cleaning.

(e) Be systematically monitored at regular
intervals for microbial contamination during
actual or simulated processing operations,
using air samples or other methods of
sampling acceptable • to the inspecting
authority at the site of critical operations
and surface sampling elsewhere. Cumulative
records of such tests must be constantly
under review and appropriate controls set
down.

(f) Be subjected to regular and thorough
cleaning under the radiopharmacist's
direction, by surface disinfection with a
hospital grade disinfectant. The necessity
for the latter step will be determined by
the contaimination rate (traffic), the
volume and extent of hazard in the products
being processed and the test results.

12.4 Equipment

12.4.1 All equipment used should be:

(a) Designed and operated to minimise
contamination by mirco-organisms and free of
particulate matter.

(b) Certified by the radiopharmacist to be
suitable for its intended purpose under
current Code of Good Manufacturing Practice
standards. Sterile preparations should not
be made using equipment not so certified
and/or disapproved by the inspecting
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authority, e.g. autoclave, sterilising over,
laminar flow cabinet, HEPA filters, etc,
which must undergo at least annual
revalidation.

(c) Subjected to a regular maintenance schedule
which includes the inspection and checking
of air filters and, if used, of U.V. lamps.
U.V. lamps should be replaced when their
emission at 253.7 nm falls below 70% of the
initial level.

(d) In the case of indicating and recording
equipment, accurately calibrated on
commission and checke periodically by
approved methods acceptable to the
inspecting authority.

12.5 Personnel

12.5.1 The radiopharmacist is responsible for the
sterility and freedom from pyrogens of sterile
products and the direct supervision of the
processing within the department. Persons
competent through training and experience in
sterile procedures may assist in the tasks.

12.5.2 Personnel engaged in processing of sterile
products should be instructed and encouraged to
report to the radiophrmacist signs or symptoms of
infectious disease which they may have acquired.
The radiopharmacist should prohibit entry of
persons thought to have infectious disease to
aseptic and sterile processing areas.

12.5.3 Where all or any part of the processing or
quality control of sterile radiopharmaceutical
products is carried out in another department
other than the radiopharmacy, the radiopharmacist
has the authority to select processes or tests
and to approve or reject the product.

12.6 Water for Injection, BP

12.6.1 All water used for radiophamaceutical prepartion
or maunfacture must be of the quality of Water
for Injection, B.P.

12.7 0.9% w/v Sodium Chloride for Injection, BP

12.7.1 All saline used should be of the quality of 0.9%
w/v Sodium Chloride for Injection, B.P.
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12.8 Procedures

12.6.1 There should be written procedures for the
cleaning of bulk containers and subsequent
inspection for release for use in Manufacturing.

12.8.2 There should be written procedures for the
dismantling, cleaning and decontamination of
pumps, filters, pipelines and subsequent
inspection for release for use in processing.

12.8.3 There should be written procedures for all
operations performed within the aseptic room.

12.8.4 There should be written Master Formulae for all
radiopharmaceuticals which should be signed and
dated by the radiopharmacist when implemented.

12.9 Techniques

12.9.1 Every operation in the laminar flow cabinet
should be isolated, as far as possible, from
other work proceeding at the same time. Thus
other products, materials and equipment should be
removed form the immediate area before an aseptic
operation is begun, the' surface decontaminated
and oaly essential decontaminated materials and
equipment brought to this area. Hospital grade
disinfectants are suitable decontaminating
agents. A final wipe with 70% ethanol may be
used to accelerate drying. Note that a lint-free
cloth should be used.

12.9.2 For aseptic handling, sterile overgarments should
be donned by the operator immediately on entry to
a double barrier (aseptic) preparation area and
discarded afterwards. Garment material should be
of tyvek or polyester material to minimise the
release of airborne particles. The task should
be conducted as a single working session, without
interruption.

12.9.3 Particular care should be given to the sources,
quality and packaging of any containers which are
not purchased already sterile. Arrangements
should be made to have these containers as clean
(i.e. free from both bacteria and other
particles) as possible to the moment of rinsing
or filling.
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12.10 Preparation of Containers, Closures, etc. for Sterile
Production

12.10.1 Methods of sterilisation of all equipment,
containers, closures, etc. for aseptically
processed products should be those described in
any standard having effect under the Therapeutic
Goods Act 1966, and shall be applied in
accordance with at least equivalent conditions to
those specified therein. Methods demonstrated to
be of equivalent efficiency any be used provided
they are acceptable to the radiopharmacist.

12.10.2 In order to minimise particulate contamination or
parenteral products, the final cleaning of all
subsequent operation during which the containers,
closures and filling equipment may be subject to
recontamination should when possible be carried
out in an environment which complies with the
requirements set out in 12.3.

12.11 Records

12.11.1 A log book of sterile operations should be kept.
It should have a hard cover and non-detachable
pages, but should preferably open flat.

12.11.2 Every sterile operation should be logged, showing
as much detail as is available, including dates,
times, process checks and operator's name and
batch number and expiry date of product.

12.11.3 All tempeature control charts for autoclaves,
sterilizing ovens etc should be retained as part
of the processing records.

12.12 Labels

12.12.1 Precautions must be taken to ensure that mistakes
do not occur during labelling. Thus particular
attention should be paid to label storage and
verification of labels used with the information
on the master process card.

12.12.2 Before any labelling operations are commenced,
the area should be checked to ensure that all
products of previous operations have been
removed.

12.12.3 The control or batch number system employed
should give ready access to all information
required to establish the integrity of
ingredients and the procedures used in preparing
the finished products. Policy on the method of
batch numbering should be set down.
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12.12.4 Labels should be sufficient material quality,
printing quality and size to ensure
identification and permanence, and should contain
the following typewritten or printed information:

(a) Approved name and strength of product or
full list of ingredient*.

(b) Batch number.

(c) Storage conditions, where necessary.

(d) Expiry date, where appropriate.

(e) Expiry time after reconstitution.

(f) Quantity of preparation, i.e. volume or
count.

(g) Name and address of hospital.

(h) Other wording, as may be required legally.

12.13 Manufactured of Radiopharmaceutical Cold Kits

12.13.1 The manufacture of cold kits should be performed
utilising the 'Code of Good Manufacturing
Practice for Therapeutic Goods' as recommended by
the National Biological Standards Laboratory
(NBSL). Now known as the Department of Community
Services and Health, Therapeutic Division,
Pharmaceutical Branch, GMP Inspectorate.

12.13.2 The chemical identity of starting materials and
compounds should be verified where practicable
according to methods specified in the B.P.,
U.S.P. or European Phamacopoeia. Such materials
should be tested for chemical purity and
compliance with stated concentrations. Where
monographs for chemicals do not exist, tests or
chemical identity and the presence of heavy metal
contaminants should be carried out at the
discretion of the radiopharmacist.

12.13.3 When.stannous ion is employed as a reducing agent
in Tc kits, solutions should be maintained
under nitrogent as far as practicalbe during
preparation. Failure to do so may result in
reduced shelf-life of the product and poor
stability of the labelled radiopharmaceutical.

12.13.4 When radiopharmaceuticals or gases are sterilised
by final filtrations, all filters must undergo a
filter integrity test, using a calibrated
bubble-point apparatus.
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12.14 Quality Control of Sterile Products

12.14.1 Sterility testing of aseptically prepared
radiopharmaceuticals should be performed on
samples taken at regular intervals during the
filling operations in such a way that every
filling point is represented by a roughly
constant number of samples. Further, the first
and last items dispensed at each filling point
and the first item filled after any machine
breakdown or change shall be included amongst the
samples. Items selected as samples need not be
discarded if they chance to be under-filled,
provide they contain sufficient volume of product
the. final number manufactured must undergo
sterility testing if the number produced is less
than 300 (refer to Code of Good Manufacturing
Practice). Samples shall be labelled as to their
source and place in the filling run.

12.14.2 Pyrogen testing should be carried out on a
representative sample from each
radiopharmaceutical batch produced. The
recommended test is the rabbit pyrogen test
according to the British Phamrmacopoeia. The use
of the Limulus amoebyocyte lysate test may be
considered where appropriate.

12.14.3 The injecta'ble preparation, once in the final
container, should be viewed through polarised
light for particulate contamination.

12.14.4 Radiochemical purity of a reconsitiuted cold kit
sh'ould be determined as in 5.3.1 for each batch.

12.14.5 The : size range and particle count for all
colloidal or aggregate preparations should fall
within predetermined limits.

12.14.6 Animal biodistribution studies should be
performed on each batch to ensure that the
biological performance of the product is within
specifications. This test can take the form of
either imaging the distribution of the labelled
product using a suitable animal (rabbit, rat or
mouse) with a scintillation camera or by
quantitative biodistribution studies following
the injection, sacrifice and dissection of a
suitable animal (usually mouse or rat).

12.14.7 The final container should be ' labelled
appropriately following the guidelines as set
down in the Code of Good Manufacturing Practice.

12.14.8 Each batch of kits should be quarantined and
released only when the above criteria have been
satisfied.
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12.14.9 Stability studies should be carried out to
ascertain the shelf-life of cold kits under the
appropriate storage conditions. An expiry date
management programme should be implemented to
ensure that the shelf-life of kits is not
exceeded.

12.14.10 A continuing programme for quality improvement
of production techniques and processes should be
implemented by the radiopharmacist to control
product defects.

12.15 Validation Procedures

12.15.1 All critical procedures in the aseptic dispensing
process should be validated microbiologically.
This provides information on the bioburden placed
on the aseptic procedure by the radiopharmacist.

12.15.2 Validation may be carried out as described in the
Code of Good Manufacturing Practice for
Therapeutic Goods. In brief/ a predetermined
number of vials is filled with a suitable culture
medium, exactly mimicking the radiopharnaceutical
dispensing procedure. The vials are then
incubated for 14 days at 32° + 2°C and examined
for signs of microbial growth. Where products
are stored under nitrogen or other inert gas, the
vials must be purged with the gas, as in the
routine dispensing procedure. If lyophilization
is employed, validation of the dispensing and
lyophilization procedures should be carried out
separately.

12.15.3 All validation procedures are to be documented
and subject to ongoing review.

12.15.4 Consideration should be given to validation of
the dispensing system, air patterns, sanitisation
procedures and integrity of closures where
practicable.


