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FOREWORD 

In view of the increasing importance of short-lived radiopharmaceuticals 
in modern medicine, many Member States are trying to set up laboratories for 
the preparation of these substances. In developing countries such laboratories 
are installed in non-profit organizations like hospitals, nuclear centres and 
universities. The new short-lived radiopharmaceuticals require 'at the site' 
preparation and the adoption of high quality standards for such purposes. 
This is particularly important since, in many cases, quality control tests must be 
performed after the administration to the patient (post factum basis), because 
of the short half-life of the radionuclide. 

At the IAEA's Research Co-ordination and Consultants' Meeting on Quality 
Control of Radiopharmaceuticals (Vienna, 26—30 April 1976) it was felt that 
the Agency should assist the developing countries in this area and it was recom-
mended that guidelines for the Preparation and Control of Radiopharmaceuticals 
in hospitals should be published by the Agency with the co-operation of WHO. 

These guidelines now appear in the IAEA's Technical Reports Series. 
The publication, prepared by Knud Kristensen, Director of the Isotope 
Pharmacy of the National Health Service of Denmark, covers general and 
particular problems regarding the handling, preparation and control of radio-
pharmaceuticals, gives advice on the necessary facilities and organization, and 
includes several annexes containing detailed technical information. 

The guidebook is intended for hospital laboratories and other small, non-
profit organizations dealing with the preparation of radiopharmaceuticals on a 
small scale. It does not cover recipes for the preparation or control of 
particular radiopharmaceuticals. 

The IAEA wishes to express its gratitude to Mr. Kristensen for the pre-
paration of the book, to WHO, and to Drs. W.J. Welsh (Radiation Protection 
Bureau of Canada), D.M. Taylor (Royal Marsden Hospital, UK), and B.A.Rhodes 
(University of New Mexico, USA) for their useful comments. The work was 
carried out under the project direction of J.L. Servian of the IAEA Secretariat. 
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1. INTRODUCTION 

1.1. SCOPE AND DELIMITATION OF SUBJECT 

Radioactive materials given to patients for the purposes of diagnosis or 
therapy are by nature pharmaceuticals and are generally called radiopharma-
ceuticals. The preparation and manufacture of radiopharmaceuticals take 
place under conditions that differ widely according to the industrial structure 
and the nature of the health system in the country. It is characteristic of the 
work, however, that an essential part has to be done in relation to or very near 
to the use of the radiopharmaceutical. The half-life of many products makes 
it necessary for the labelling of the chemical entity to be done at the hospital; 
sometimes patient material has to be labelled and in nearly all cases a patient 
dose has to be prepared from a stock solution. Because of the short half-life 
only very few radiopharmaceuticals can be delivered as ready-for-use patient 
doses. This guidebook covers in particular problems related to the handling 
and preparation of radiopharmaceuticals at hospitals, university clinics and 
similar health institutions. It may also be applicable to small centralized radio-
pharmacy units or cyclotron units supplying a group of hospitals. 

Most radiopharmaceuticals are administered to patients by intravenous 
injection and consequently they must be of the pharmaceutical standard required 
for injectable products. Radiopharmaceutical preparation requires a combination 
of good pharmaceutical practice and good radiation protection procedures. 
Often the requirements for pharmaceutical and radiological safety are similar, 
but at times they conflict and in these circumstances acceptable compromise 
procedures must be developed. Most radiopharmaceuticals containing radio-
nuclides with half-lives of several days or more are nowadays available in many 
countries as well-defined, easily used products of uniform quality, leaving 
only the preparation of the individual patient doses, the dispensing, to be done 
in the hospital. The increase in the use of short-lived radionuclides prepared from 
isotope generators, such as " T c m or 113Inm, or of cyclotron-produced radio-
nuclides, such as "C, 13N or 18F, has made it necessary to prepare many 
radiopharmaceuticals at, or very near to, the hospital in which they are to be 
used. The types of radiopharmaceutical preparation that have to be carried 
out in hospitals vary from simple dispensing of individual patient doses from a 
commercially supplied, ready-for-use radiopharmaceutical through the assembly 
of products from sterile, pre-tested 'kits' of reagents to complicated chemical 
syntheses. Each type of preparation poses particular problems related to 
preparation and quality control. It is the aim of this book to discuss these 
problems and to give advice on the various elements that are necessary in order 
to make available for administration to patients radiopharmaceuticals of a high 
and uniform quality and efficacy. 
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The use of radioactive materials in medicine (nuclear medicine) may be 
organized in very different ways, and the work and problems involved vary 
considerably. Nuclear medicine procedures are carried out at university 
hospitals with advanced services, in general hospitals or as part of a basic nuclear 
medicine unit. In all cases a reliable supply of radiopharmaceuticals of a high 
quality is most essential for the work carried out. 

Quality is, however, not an absolute term. It must be viewed in relation to 
other factors. The level of quality that may be deemed necessary in an individual 
country will vary according to need and the resources available. This means that 
when setting up recommendations for preparation and quality control work at 
hospitals etc. consideration must be given to economy and the time available 
to meet the patient's need. The risks and benefits may have to be weighed. A 
further complicating factor is the radiation risk to the worker involved. The 
philosophy of the radiation protection recommendations of the International 
Commission on Radiation Protection is that any radiation dose to a human 
must be justified by a benefit obtained. Again the risks and benefits will have 
to be weighed. Being dependent on the available resources, quality levels will 
not be static but should be developed continuously along with the rest of the 
health service as further resources become available. 

This guidebook covers the work most commonly organized as part of the 
work in the hospital either directly in the individual departments, or as a central 
service for one hospital or a small group of hospitals. It does not cover the 
manufacture of radiopharmaceuticals on an industrial scale. It will not go into 
details of the organization of the supply to hospitals, e.g. through the establish-
ment of centralized isotope-pharmacies for the supply of ready-for-use short-lived 
radiopharmaceuticals. It is not the intention to go into the problems of national 
drug control and the organization of any such system. It is assumed that such 
a system exists to the extent deemed necessary by the individual health 
authorities. This may include procedures for licensing responsible persons, 
facilities and products. The problems discussed here will therefore only cover 
a small part of such a system. No recipes for individual products will be given 
here as they are outside the scope of this book and require systematic studies 
and testing of procedures, raw materials, specifications and quality control methods. 

The work discussed here is characterized by the small scale on which 
manufacture and preparation of radiopharmaceuticals take place. Many products 
are prepared daily for a few, possibly up to 50 patients. This is drug manufacture 
on a very small scale and very few persons are involved. Sometimes even the 
attendant physician takes responsibility as 'manufacturer'. In the non-radioactive 
pharmaceutical field the separation of the responsibility for the manufacture 
of drugs and for the administration of these to the patient took place many years 
ago. However, in the short-lived radiopharmaceutical field as in the time of 
Hippocrates this separation of responsibility between the physician and the 
pharmacist does not exist in many places. 
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These conditions, along with the pressure of time due to the short half-lives 
and the need for radiopharmaceuticals early in the day at the individual hospital, 
make it very important that the manufacture and preparation of radiopharma-
ceuticals at the hospital take place in a very well-organized system with fast and 
well-established methods. The necessary quality control may have to be based 
on control of the methods as a supplement to individual product testing. 
Methods control is highly acceptable as part of such a system. This presupposes 
as background well-documented and carefully executed developmental work 
for each individual radiopharmaceutical whereby each process has been validated. 

The requirements for well-defined radiopharmaceuticals of a uniform quality 
will certainly increase in the coming years as the interest in and technical 
possibilities for dynamic studies become more and more pronounced. One of 
the implications may be the use of more well defined "Tcm-labelled radio-
pharmaceuticals characterized by much more specific quality control procedures 
than the rather crude chromatographic methods with Rf values of 0 or 1 often 
used today. These methods are often not very good for showing possible differences 
caused by trace impurities in raw materials. Developmental work on procedures 
for preparing sterile and pyrogen-free radiopharmaceuticals by aseptic techniques 
is needed very much. This should be based upon experimental work and on 
experience from the industrial manufacture of pharmaceuticals, taking the 
radiation protection aspects into account. In the lack of such experimental 
evidence the present recommendations are based upon general experience in 
the pharmaceutical field and in radiation hygiene and take as reference the 
quality levels applied in a number of European countries in the latter half of 
the seventies. 

Besides a discussion of the general aspects of manufacture, preparation 
and control of radiopharmaceuticals at hospitals etc., this guidebook offers 
general recommendations for good radiopharmacy practice and specific guide-
lines for a number of simple procedures such as handling of ready-for-use 
radiopharmaceuticals and the preparation of "Tcm-labelled radiopharmaceuticals 
from generators and kits, the purpose being to outline steps that should be 
taken by those who prepare radiopharmaceuticals with the object of ensuring 
that the products are of the nature and quality intended. The word "should" 
is intended to mean that the conditions described are desirable and therefore 
strongly recommended, the word "must" indicates a requirement that is 
considered indispensable to the safe conduct of the work. 

In preparing this book existing good manufacturing practice (GMP) 
recommendations and work by many organizations, groups and individuals 
have of course been drawn on heavily. No specific references are given in the 
text as many sources will be quoted in many places but the bibliography gives 
the printed sources used. On several occasions the same phrases are used as in 
other recommendations on GMP because they have been formulated so brilliantly, 
but the responsibility for their use in this context must of Course rest with the author. 
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2. PREPARATION, CONTROL AND HANDLING OF 
RADIOPHARMACEUTICALS: GENERAL ASPECTS 

2.1. QUALITY 

The purpose of a discussion on the quality of radiopharmaceuticals is to 
obtain radiopharmaceuticals of uniform properties that are effective with regard 
to the intended use and where the risk is minimal compared with the benefit 
obtained. The risks discussed should be taken to cover both the risk to the 
worker and to the patient. 

High quality of radiopharmaceuticals is of paramount importance for 
nuclear medicine. High quality also means a uniform quality in relation to 
established standards. Important elements in ensuring this in a production 
system are the operators, premises, equipment, documentation system, working 
procedures and quality control measures. Quality assurance is the sum of all 
such measures taken to obtain the required quality based upon developmental 
work and good manufacturing practice (GMP). 

GMP is that part of quality assurance that ensures that products are 
prepared to a quality appropriate to their intended use (specifications). Quality 
control is part of GMP and is more limited in scope than quality assurance. It 
is mainly concerned with sampling and analytical testing and with the establish-
ment of specifications and documentation which form the basis for release 
of raw material and finished products. The purpose of quality assurance is thus 
to produce a finished product in accordance with the specifications, containing 
the correct ingredients of the desired purity and in the correct amounts, and 
that has been processed as defined, appears correctly labelled in its proper 
containers and is stored and transported according to the specifications. 

2.2. LEVELS OF QUALITY 

Quality is not an absolute term. A product of a given quality may be 
acceptable under certain circumstances but unacceptable under others. The 
objective in health care and particularly in pharmaceuticals production has been 
to aim for the highest possible degree of safety and the best possible care for 
each individual patient. With the more limited resources at present available 
in some countries it may become important to define levels of safety in order 
to be able to get priorities right. It should ideally be so that the increase in 
safety and efficacy takes place at an equal rate over the whole health area. It 
is not right to spend a lot of resources on safety in one area while neglecting 
others completely. The safety and efficacy of drugs therefore can never be a 
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static field. A dynamic development in agreement with technical developments 
and economic possibilities must take place in order to obtain continuously the 
best available nuclear medicine diagnostic information. The guidelines presented 
here are written as the state of the art in 1975—80. The need for particular 
procedures may for the time being permit lower standards in some areas, while 
ample economic resources in others may make better standards possible. 

The introduction of the recommendations in this guide may require 
investment in new facilities or instruments but many things can be introduced 
at very small expense. This means that quality levels may be improved 
continuously. In agreement with the philosophy of continuous improvement of 
quality it may, for example, be acceptable to define a basic minimum standard 
that may be used while waiting to move to new facilities where the product 
may be prepared to a higher quality standard. 

The level of quality is mainly established by two procedures: 
(a) Setting standards for the product 
(b) The manufacturing process. 

The factors mainly considered when setting a standard for pharmaceuticals 
are based on evaluation of the safety and efficacy of the product. In principle 
there is no difference between a non-radioactive pharmaceutical and a radio-
pharmaceutical, although the radiation is an added and possibly toxic effect. 
The weighing of risk and benefit has to be considered when prescribing a radio-
pharmaceutical for the individual patient. The short half-life of some 
radiopharmaceuticals in no way prevents one from establishing a standard 
along the same lines as for other pharmaceuticals giving limits for potency and 
impurities. Examples may be found in many pharmacopoeias. The problems 
arise more when considering the traditional systems of manufacture and 
quality control. 

The short time available for quality control procedures has led to the 
development of fast methods for some important parameters. The philosophy 
that one cannot control quality into a product — it must be built in — has 
also helped to get an acceptance of quality control being carried out as a control 
of method rather than as actual batch release control. The whole philosophy 
of sterility testing has generally changed very much in this direction in recent 
years, based on the fact that testing a few samples from a large batch only 
gives a minute chance of finding an unsterile unit. 

Standards for "Tcm-labelled radiopharmaceuticals may in principle be 
written in the same way as for other radiopharmaceuticals. Problems arise 
here too when considering the production process and the quality control 
scheme. Analytical procedures may have to be designed with regard to radiation 
protection aspects but normally this may be done without too much of a 
problem. To set up a standard for a radiopharmaceutical may create problems 
mainly due to the limited basic knowledge available but most often it is not 
too difficult to agree on acceptable levels of impurities and potency. 
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It is much more difficult to design a set of good manufacturing practice 
recommendations. GMP rules have gradually been built up for the pharmaceutical 
industry over the last 10—20 years. In some countries they are very detailed 
while in others they mainly contain principles. The purpose of GMP is, as 
already mentioned, to ensure that products are consistently manufactured to 
a quality appropriate to their intended use. 

Many factors in GMP can be planned with different degrees of safety, which 
means different cost. A typical area is the premises required for the production 
of sterile products. The level of quality required by some pharmacopoeias is 
that such products be prepared under such circumstances that one would not 
expect more than one unsterile unit per one million units. This figure can of 
course be controlled only in a very few cases by a testing procedure, which 
means that the decisions must be based on professional judgement, ending up 
with the question of how much is needed, and what sort of cost can be 
justified to increase the level of quality in this area. Cost-effectiveness compared 
with the rest of the health sector may have to be taken into consideration. 

One further complicating factor is the radiation protection aspect. In one 
of its reports from 1977 the International Commission on Radiological Protection 
states that: 

"The radiation hazard has to be controlled in such a way that full attention 
can still be given to the problems of sterility, chemical toxicity and the 
purity of radiopharmaceuticals prepared for administration." 
However, the main principles of the ICRP must also be followed. The 

Commission recommends a system of dose limitation, the main features of 
which are as follows: 

"(a) No practice shall be adopted unless its introduction produces a 
positive net benefit; 

(b) All exposures shall be kept as low as reasonably achievable, economic 
and social factors being taken into account; 

(c) The dose equivalent to individuals shall not exceed the limits 
recommended for the appropriate circumstance by the Commission." 

From these recommendations follow that GMP for radiopharmaceuticals 
must be considered in the light of radiation protection and all radiation doses 
that come from handling etc. introduced by GMP procedures must be justified 
in the form of higher quality to the benefit of the patient. 

2.3. DEVELOPMENT AND MANUFACTURE OF RADIOPHARMACEUTICALS 

As already mentioned, there are two main factors by which the level of 
quality of a radiopharmaceutical may be established: 

(a) By setting a standard 
(b) By the manufacturing process. 
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Before going into detail it may be useful to discuss the properties that 
make radiopharmaceuticals differ from other pharmaceuticals, whereby the 
system developed may have to differ from the system normally used in the 
pharmaceutical industry. 

A non-radioactive pharmaceutical will most often have been developed by 
a very long and complicated procedure over many years. The procedure involves 
in the first phase pharmaceutical-chemical investigations and extensive animal 
studies. The use in humans starts with a small group of normal healthy subjects, 
a small group of patients and finally extensive clinical trials, preferably in 
comparison with a well-known pharmaceutical. During its more general use the 
pharmaceutical will be followed continuously and registration of adverse 
reactions is an important measure. In most countries a file containing a complete 
pharmaceutical-chemical description and documentation for efficacy and safety 
must be presented to and approved by health authorities before a new drug 
may be put on the market. Most health authorities survey and inspect continuously 
to see if marketed drugs fulfil the standards set during the registration procedure 
and are produced in accordance with GMP rules. 

Radiopharmaceuticals differ in some respects from non-radioactive 
pharmaceuticals because of their special properties and the different ways the 
two areas have developed. The radioactive decay of a radiopharmaceutical 
means that a patient dose cannot be given as a fixed volume of a solution. 
Corrections have to be made in accordance with the half-life of the radionuclide. 
Development of new radiopharmaceuticals has so far most often taken place 
at university or hospital laboratories with limited facilities for complete drug 
studies. The quality of a given radiopharmaceutical may therefore be connected 
with the system specifically used and, e.g., with the raw materials that happened 
to be available. It is therefore often necessary for another laboratory that 
wishes to use a published recipe to do its own developmental work, particularly 
as detailed specifications for raw material are lacking in most cases. A knowledge 
of the importance of trace impurities in raw materials is extremely rare. The 
importance of this comes of course from the fact that many radionuclides used 
for labelling have a very high specific activity, which means they contain very 
small amounts of chemical substances. 

This leads to another special feature of radiopharmaceuticals: the small 
amounts of chemical substances that are given to the patient. Many radio-
pharmaceuticals do not have any measurable pharmacodynamic effect. The 
reason for using radiopharmaceuticals is most often diagnostic, which means 
that administration will normally only take place a few times to each patient. 
These factors may determine more limited requirements for pharmacological and 
toxicologic developmental work. But in all cases a complete and well-tested 
production system is a precondition for radiopharmaceuticals as for non-
radioactive pharmaceuticals if uniform quality is to be obtained. 
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In many countries radiopharmaceuticals are still not subject to control 
by the health authorities. This places a greater responsibility on the individual 
physician with respect to evaluating the quality of a radiopharmaceutical before 
use. For non-radioactive pharmaceuticals it has for many years been realized 
that drug control is most efficiently and rationally carried out centrally by 
government authorities. Quality control analysis on ready-for-use products 
carried out at individual hospitals may of course have implications for individual 
patients but may not have the same effect as if samples are taken on a wider 
basis. It may also be difficult to get sufficient response from a manufacturer 
to the results of such an analysis. A similar situation as for non-radioactive 
pharmaceuticals is therefore under development where radiopharmaceuticals 
and raw materials in the form of semi-finished products such as isotope generators 
and preparation kits are subject to such control. This control will make sure 
that when delivered to the hospital these substances have been prepared in 
accordance with GMP rules to comply with the specifications prescribed in a 
pharmacopoeia, with specifications set by a registration procedure or by a 
similar procedure or even with specifications set by individual physicians if no 
officially set specifications are available or if the physicians have special requirements. 

Because of their short half-life some radiopharmaceuticals may have to be 
finally prepared shortly before use. An example of this is the preparation of 
"Tcm-labelled radiopharmaceuticals either from generators and kits or from 
other raw materials. This means that the final preparation may often have to 
take place under the responsibility of the physician who uses the substance as 
he himself or his assistant carry out the preparation. 

The separation of production and use of non-radioactive pharmaceuticals 
is now considered part of the safety system and has even been taken one step 
further as it is now required that different persons are responsible for production 
and quality control of non-radioactive pharmaceuticals. With these short-lived 
materials the limits between the responsibility of the manufacturer and the 
user will be different from what we are used to for the ready-for-use pharma-
ceuticals. It is obvious that manufacturers of generators and kits can never 
take the responsibility for that part of the manufacturing process carried out 
at the hospital. 

2.4. STANDARDS FOR RADIOPHARMACEUTICALS 

The evaluation of a radiopharmaceutical requires a set of specifications 
(a standard). This is based on the development work including the clinical 
trials and radiation dosimetry. The specifications describe the individual quality 
parameters and the analytical methods to be used. It is commonly accepted 
that a different analytical method from that in the standard may be used if it 
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is shown that comparable results are obtained. In case of doubt the official 
method must be used. Standards often have legal implications as it may 
not be permitted to trade or use a product that does not fulfil the published 
standard. 

A standard must give an unambiguous description of the radiopharmaceutical, 
supplemented by general quality requirements such as those for injections in 
the pharmacopoeias. It must also include applicable test methods. The para-
meters most commonly used to describe a radiopharmaceutical are: radionuclidic 
purity, radiochemical purity, pH, isotonicity, radioactive concentration, specific 
activity, particle size, sterility, pyrogenicity, foreign particulate matter, stability 
and expiry date. The standard should also include all the necessary warnings. 
Permissible variations in the individual parameters will be given. These limits 
include both permissible variations due to the production process and variations 
resulting from the analytical procedure. It is common to set up standards in 
such a way that they can be fulfilled over the whole lifetime of a product. 
This of course must be based on extensive stability studies on several pro-
duction batches. 

Specifications are published in national, regional or international 
pharmacopoeias. So far mainly the industrially produced ready-for-use, long-lived 
radiopharmaceuticals have been described. Recently short-lived materials 
finally prepared at hospitals such as "Tcm-labelled pharmaceuticals have also 
been described. Specifications may also be set by the manufacturer and approved 
by the health authorities as part of the registration procedure. Such standards 
are often not published. 

Hospitals preparing radiopharmaceuticals from raw materials may have to 
set their own standard if no such specifications are published. The need for 
a special pure compound may also lead to the establishment of a new standard, 
as also in the case of specifications for labelled cells or fluids prepared from 
individual patients, an area where very little study has been done. 

Setting up standards for "Tcm-labelled radiopharmaceuticals presents 
special problems as the scientific background information for many products 
is rather scarce. In practice these radiopharmaceuticals are prepared from 
" T c m generators and preparation kits (semi-finished material) or from raw 
materials. A special problem is therefore the compatibility between the generator 
system and the labelling process. Standards should be written with respect to 
these conditions. 

2.5. GMP - GRP 

For pharmaceuticals in general a large number of guidelines for good practice 
in manufacturing (GMP) pharmaceuticals have been published by both national 
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and international organizations. Most are very similar in principle; some are 
very general, while others specify an enormous amount of detail. Only a few 
publications exist so far for radiopharmaceuticals. It has been suggested that 
guidelines for good practice in the final production and dispensing of radio-
pharmaceuticals be named good radiopharmacy practice (GRP). 

Good radiopharmacy practice must be based on GMP rules in general, with 
additions and deletions determined by the special radioactive nature of these 
pharmaceuticals and by the rather special system where the production process 
is divided between a manufacturer and final preparation at a hospital. Special 
attention must also be paid to the protection of the staff preparing radio-
pharmaceuticals from radiation hazards. 

There are many important elements of good radiopharmacy practice. As 
already mentioned, personnel, premises, equipment, documentation, working 
procedures and quality control are important elements. If only one element 
must be singled out, the operator will probably have to be chosen. In this 
small-scale operation where most operations are carried out by hand and very 
little is automated the quality of the result is more operator-dependent than in 
normal pharmaceutical manufacture. This does not mean that the other elements 
can be neglected but may mean that more effect can be obtained by putting 
resources into staff training rather than into new premises. 

The type of organization needed and the facilities, staff etc. depend on the 
nature of the work to be carried out. 

It may be possible to choose between different ways of supply of radio-
pharmaceuticals to a hospital, e.g. supply of " T c m radiopharmaceuticals by 
home production or by use of available preparation kits. Before making such a 
decision a weighing must be done of the expenses of a more extensive production 
organization against the cost of the use of simplified preparation kits. It must 
be analysed whether the saving from buying chemicals instead of kits is sufficiently 
large to outweigh all expenses for the much more elaborate system needed. 
Such a system should include for example: sterility and pyrogen testing facilities, 
raw materials quality requirements (qualitative and quantitative chemical 
analyses and the necessary instrumentation), stability studies, biodistribution 
studies in suitable test animals, qualified personnel etc. such as outlined in the 
following sections. Of course other aspects than economy may be taken into 
consideration such as delivery problems, quality etc. A combination of deliveries 
to a number of departments of hospitals may form the basis for a more 
extensive service. 

When discussing responsibilities for the preparation of radiopharmaceuticals 
one has to look at different levels of work. If the work is limited to taking 
out patient doses from ready-for-use radiopharmaceuticals and the preparation 
of radiopharmaceuticals from generators and preparation kits, it may be 
acceptable for the responsibility to rest with a single person and even with the 
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physician, provided he has the necessary radiopharmaceutical and radiation 
protection support. If the radiopharmaceuticals are prepared from raw 
materials, the procedures become more complicated and separated responsibilities 
between preparation and use must be established. If the radiopharmaceuticals are 
prepared on a larger scale, e.g. with distribution to several hospitals, a separation 
of responsibilities for production and quality control may be required. For 
further discussion of this subject see section 3.2. 

2.6. 'ACTIVITY'LEVELS 

In trying to define levels of work in the nuclear medicine area, one is 
confronted with many different ways of doing so. 

The World Health Organization (WHO) has defined levels of Nuclear 
Medicine services at three different hospital levels: 

Hospital level A (e.g. university hospital) 
( 1 ) Undergraduate and postgraduate teaching, including the training of 

nuclear medicine specialists and technicians 
(2) Full range of specialized treatment (e.g. neurology, cardiology and 

radiotherapy) 
(3) Good diagnostic services (e.g. radiology and pathology). 

Hospital level B (e.g. central, regional, or national hospitals) 
( 1 ) Possibly undergraduate and postgraduate teaching 
(2) Specialized treatment facilities 
(3) Good diagnostic services. 

Hospital level C (e.g. major district or community hospitals) 
( 1 ) Normally no undergraduate or postgraduate teaching 
(2) Few specialized departments but good surgical service 
(3) Adequate laboratory and radiology facilities. 

Nuclear medicine at a basic level may come to be carried out at an even 
lower level hospital. Small but specialized institutions may employ equally 
specialized limited nuclear medicine services. 

Level A hospitals as defined above would be staffed and equipped to carry 
out a full range of nuclear medicine procedures including therapy. As a rule 
the department would also undertake the training of medical and other staff, 
the development of new procedures, and research into clinical and associated 
fields of nuclear medicine. It would also provide some services to other hospitals. 

The nuclear medicine department in a level B hospital would be equipped 
to carry out those well-established procedures (including therapy) for which 
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TABLE I. LIMITATION ON ACTIVITIES IN VARIOUS TYPES OF 
WORKING PLACE OR LABORATORY AS CLASSIFIED BY THE IAEA 

Group of Type of laboratory required for 
rad ionucl ide a levels of activity specified below 

Type 1 Type 2 Type 3 

1 < lOjuCi 1 0 / i C i - l mCi > 1 mCi 

2 < 1 mCi 1 mCi—100 mCi > lOOmCi 

3 < 100 mCi 100 mCi—10 Ci > 10 Ci 

4 < 10 Ci l O C i - l O O O C i > 1 0 0 0 Ci 

Modifying condi t ions Multiplication fac tors 
for activity levels 

Simple storage X 100 

Very simple wet opera t ions (e.g. prepara t ion of al iquots 
of stock solutions) X 10 

Normal chemical opera t ions (e.g. analysis, 
simple chemical preparat ions) X 1 

Complex wet opera t ions (e.g. mult iple opera t ions or 
opera t ions with complex glass apparatus) X 0.1 b 

Simple dry operat ions (e.g. manipula t ion of powders) 
and work with volatile radioactive compounds X 0 .1 b 

Dry and dusty opera t ions (e.g. grinding) X 0 .01 b 

a Some radionuclides common ly used in nuclear medicine fall in to the following toxici ty 
groups: Group 1: very high radiotoxic i ty — none; Group 2: high toxici ty - 2 2 Na, 4 5 Ca, 
1 3 1 I ; Group 3: modera te toxic i ty - 1 4C, 1 8 F, 2 4 Na, 3 2P, 3 5S, 4 2 K, 4 7 Ca, S I Cr, 5 5 Fe , 5 9 Fe , 
5 7 Co, 5 8 Co, 7 5Se, 82Bi, ®°Y, " M o , n 3 S n , 1 3 2I ; Group 4: low toxici ty - 3 H , 9 9 T c m , 
1 1 3 I n m , 1 3 3Xe. 

b These figures could be increased by one or more orders of magni tude if operat ions are 
carried out in closed boxes. 

there is a definite need in that hospital. In some cases it would also provide services 
to other hospitals. 

Modest nuclear medicine facilities may be established in a level C hospital 
so far as is practicable, depending upon particular requirements and geographical 
factors. To the extent that such a hospital depends on support from a level A 
or B institution for operating the specialized services it may provide, it will 
require similar support and collaboration from a more advanced centre for 
nuclear medicine services. 

1 3 



In a discussion of the preparation and control of radiopharmaceuticals 
besides the quantity of radionuclides used the type of product may determine 
the facilities required: 

Category I Departments preparing radiopharmaceuticals from raw materials, 
isotope generators and home-produced preparation kits, and carrying 
out complicated labelling procedures with patient samples including 
sometimes the production of radionuclides by a cyclotron. 

Category II Departments preparing radiopharmaceuticals from generators and 
preparation kits and/or labelling of patient samples with such material. 

Category III Departments using finished radiopharmaceuticals in the form of 
individual patient doses or/and radiopharmaceuticals in multi-
dose form. 

These three categories will obviously require very different organization, personnel 
and facilities. 

The facilities required will be further determined by the level of radioactivity 
used and the dispensing form of the radiopharmaceutical. A few products are 
dispensed for oral use in solutions, capsules or as a gas. Most radiopharmaceuticals 
are dispensed as injections. These products are either terminally or non-terminally 
sterilizable and may be finally prepared by open or closed procedures. Category I 
radiopharmaceuticals will normally be prepared only at level A and B hospitals, 
while category II and III work may be carried out at all levels. 

The requirements for the facilities based upon radiation protection require-
ments are given in the publications of organizations such as the IAEA and ICRP. 

The IAEA report on Radiation Protection Procedures classifies laboratories 
as types 1, 2 and 3. Examples of the amount of activity that may be stored and 
handled in such facilities are given in Table I. 

The ICRP classifies laboratories into three grades of hazard: "low", "medium" 
or "high" according to the risk for internal exposure.1 

Grade low medium high 
Activity < 100 ¿/Ci 100 pC\ - 1 0 0 mCi > 1 0 0 mCi 

The activities given are the total activities that can be handled daily in the 
various types of laboratory. For 89Sr, 125I and 131I the total activity shall not 
exceed one-tenth of the activities stated. For 3H the activity can be 100 times 
higher than those stated. Operational factors are also given for different 

1 Throughout this publication the designation "curie" (Ci) is used. 1 Ci = 3.70 X 1010 Bq. 
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TABLE II. CLASSIFICATION OF ENVIRONMENTAL CLEANLINESS 
ACCORDING TO BRITISH STANDARD BS5295, 1976 

Class 1 The particle count shall not exceed a total of 3000 particles/m3 of a size of 
0.5 ßm or greater. The greatest particle present in any sample shall not exceed 5 ßm. 

Class 2 The particle count shall not exceed a total of 300 000 particles/m3 of a size of 
0.5 ßm or greater; 
2000 particles/m3 of a size of 5 ßm or greater; 
30 particles/m3 of a size of 10 ßm or greater. 

Class 3 The particle count shall not exceed a total of 1 000 000 particles/m3 of a size of 
1 ßm or greater; 
20 000 particles/m3 of a size of 5 ßm or greater; 
4000 particles/m3 of a size of 10 ßm or greater; 
300 particles/m3 of a size of 25 ßm or greater. 

Class 4 The particle count shall not exceed a total of 200 000 particles/m3 of a size of 
5 ßm or greater; 
40 000 particles/m3 of a size of 10 ßm or greater; 
4000 particles/m3 of a size of 25 ßm or greater. 

categories of work. Storage is allowed at a factor of 100, while radiopharmacy 
is given 1 —0.1. 

In most cases work at hospitals can be carried out in type 1 or 2 laboratories, 
or at low or medium grade. Only in special cases would a type 3 laboratory be 
needed (e.g. for cyclotron-produced radionuclides) 

In classifying the area for the manufacture of radiopharmaceuticals, it is 
common to speak of different zones or of different classes of room. 

Hygienic zones may be characterized by colour codes: 

Red zone Rooms for handling pharmaceuticals in closed containers such as 
rooms for dispatch and storage rooms for raw materials and 
packaging material. 

Blue zone Rooms for handling non-sterile pharmaceuticals in open containers 
such as rooms for the production of non-sterile pharmaceuticals. 

Green zone Rooms for handling sterile materials in open containers such as the 
production of sterile pharmaceuticals and handling sterile raw materials. 

Particle-controlled environments may also be characterized in classes. One 
system operates with four different classes where class 1 is the most clean 
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environment required for the aseptic preparation of sterile pharmaceuticals, 
while class 2 may be used for the production of sterile pharmaceuticals that 
may be sterilized in their final containers (terminally sterilized). 

The requirements for particle counts in class 1 to 4 environments according 
to British Standard are given in Table II. To obtain the particle values given the 
air supply should be filtered through filters with the following minimum efficiencies: 

Class 1 
2 
3 
4 

Contained-work stations should have filters corresponding to class 1. 

The picture seems rather complicated but in practice one will often find that 
the highest level in one area will be followed by high requirements in the other 
areas. A level A hospital will most often carry out category I work requiring a 
type 2 isotope laboratory with a class 1 or 2 environment or in some cases a 
lower classification with one or more contained work stations. Some level A 
hospitals and most level B and C hospitals will only carry out category II work, 
which means that the work is limited to work with closed systems by rather 
simple procedures. This work will most often not require more than a type 1 
isotope laboratory with class 2 or 3 environment or even lower with a number 
of laminar-air-flow work stations, particularly for the keeping of generators. 
For category III work a simple type 1 laboratory will most often be sufficient. 

There will be a tendency to require a higher standard with the increase 
in work load and also if the number of hospital departments served are increased. 

99.995% 
99.95% 
95.0% 
70.0% 
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3. GOOD RADIOPHARMACY PRACTICE (GRP) 

3.1. PRINCIPLES 

The important elements of the safe and efficacious preparation and handling 
of radiopharmaceuticals (GRP) are defined as a previously defined manufacturing 
process carried out and recorded by a trained and qualified staff provided with the 
necessary facilities including adequate premises, suitable equipment, correct 
materials and approved procedures. 

Quality cannot be established by testing alone, it must be built into the 
product during the whole manufacturing process and maintained during trans-
portation and storage. 

3.2. PERSONNEL 

3.2.1. Organization 

There must be sufficient personnel at all levels who are qualified by professional 
training and experience to carry out the various jobs required. The duties and 
responsibilities of each post should be defined clearly and described in writing. 

Staff qualifications should not only be sufficient but should be compatible 
with the type and amount of work, as overqualified staff with too little to do may 
not get sufficient job satisfaction and therefore may not work with the highest 
degree of safety or they may start activities that from an overall point of view are 
uneconomical. 

In larger establishments it is most common for the responsibilities to be 
divided between a person responsible for production and a person responsible for 
quality assurance, in some cases including quality control. Such an arrangement 
is considered essential for the independent evaluation of the product by a person 
not involved in the production. These persons must be given sufficient power 
to carry out their duties. Areas of responsibility should be given in writing. 
Persons should be found to take over such duties when the designated persons 
are on leave. 

The "production manager" should have the responsibility for hygiene 
production areas, equipment, production processes according to master formulas, 
records, storage and transport. 

The person responsible for quality assurance should have the responsibility 
for releasing any raw materials and finished products and for following the stability 
of such products. The decision to release a product should be based on a review 
of the batch journal including all in-process controls and analytical quality control 
procedures. All procedures for production and quality control must be approved 
by the person responsible for quality assurance before they may be taken into use. 
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The responsibility for establishing personnel training at all levels should also 
be assigned. It is very important that training is carried out continuously and 
becomes an integrated part in all sections. 

In many hospitals only very few persons will be involved in the production 
or preparation of radiopharmaceuticals. Frequently, in addition to the responsible 
user of the product, only a single qualified professional scientist will be responsible 
for both radiopharmaceutical preparation and quality control analysis. The decision 
for the release of the product must then rest with the physician who of course must 
have had the necessary training. When radiopharmaceuticals are produced from 
raw materials (except generators and kits) two qualified scientists would be the 
minimum acceptable. 

All master formulas and methods should be signed by two persons. If necessary, 
it may be advisable to rely further on an outside expert to verify these procedures. 

Responsibilities in the daily production work could also be shared between 
technicians specifically trained to do the work in accordance with master formula 
etc. and the person responsible for quality assurance. 

In hospital departments where only preparation with generators and kits 
take place it may be acceptable for the responsibility for the daily preparation 
work to lie with the responsible physician, provided the work is carried out by 
trained technicians and all procedures and instructions have been worked out with 
the advice of a competent radiopharmaceutical scientist. Furthermore, it should 
be possible to call upon a suitable trained person such as a radiopharmaceutical 
scientist or radiopharmacist to give advice in the event of any abnormal situation. 
The instructions should specify when advice should be requested. 

Advice from a local or central centre engaged in more extensive radiopharma-
ceutical work should be made available to departments where full-time experts 
cannot be employed because there is not sufficient work for them. 

3.2.2. Qualifications 

The main areas in which persons responsible for production and quality 
assurance of radiopharmaceuticals should have obtained practical experience and 
theoretical training are: pharmacy (including microbiology), chemistry (including 
radiochemistry), radiation protection, radiopharmacology and radiopharmacy. 

The level to which the different subjects will need to be studied and the 
requirement for, and the content of separate training courses will vary according 
to the basic training of the available personnel and the responsibilities to be taken up. 

3.2.3. Training 

All persons involved in the handling and production of radiopharmaceuticals 
should be trained in the principles of good manufacturing practices, hygiene, 
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radiation hygiene and in the work they are specifically assigned to. Similarly, all 
other personnel that may enter production areas (e.g. service, cleaning) should 
receive appropriate training of how to work inside such areas or must be under 
continuous supervision when doing so. 

The training of radiopharmaceutical scientists or technicians will often have 
to be given on the job as few formal educational courses contain all the necessary 
subjects. 

Training should also include nursing staff to the extent necessary, e.g. where 
they administer radiopharmaceuticals to patients. Several radiopharmaceuticals 
may require special handling during injection apart from radiation protection. 
Examples are "Tcm-labelled microspheres and 133Xe injections. 

Additional training in order to keep the staff up to date in all relevant areas 
must be given continuously. Hygiene and radiation protection aspects should be 
dealt with at least every six months. Training programmes have to be revised 
continuously to be kept up to date. 

3.2.4. Hygiene 

Both general and radiation hygiene are important subjects for all categories 
of persons directly and indirectly connected with the handling and production of 
radiopharmaceuticals. Hygiene is here taken to include all preventive measures 
taken to preclude any form of contamination of the radiopharmaceutical and the 
personnel involved in the manufacturing process. Instructions for hygiene and 
radiation hygiene must be elaborated and kept up to date. 

The human organism is an important source of microbial and particle 
contamination in the manufacture of radiopharmaceutical products. An individual 
is capable of generating millions of particles per minute, e.g. particles (10-300 /urn) 
of skin fragments may be generated at a rate of 5—15 g/d. Man contributes to 
disturbances in the environment through his activities. His movements create air 
currents and turbulence, which stir up dust and delay desired particle sedimentation. 
The human organism also makes an excellent environment for microorganisms. 
Microbes of different species abound on the body surface, in the nose, throat, 
oral cavity and in the intestines. The total number of microorganisms on different 
parts of the skin varies from a few to several millions per square centimetre. The 
largest number per unit of area are to be found on the head and neck, armpits, 
ankles, hands and feet. The normal skin flora consists mainly of gram-positive 
cocci, as, e.g., Staphylococcus epidermis. Other types of microorganism may 
be carried to the skin from the near environment upon contact with nose, mouth 
and intestines. The number and species of these types will vary depending on the 
personal hygiene as well as the composition of the microorganic flora in the near 
environment. Saliva contains 10-100 million microorganisms per millilitre and 
nasal secretions 1—10 million per gram. The microorganic flora is dominated by 
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FIG.I. Entrance area to a radiopharmaceutical laboratory with contamination monitor. Note 
the du st-absorbing mat and the simple barrier indicating change of footwear or use of overshoes. 

different forms of streptococci and staphylococci; for instance, Staphylococcus 
aureus is of common occurrence. Moreover, various species of fungus and yeast, 
among them Candida albicans, may be present in the mouth. The human intestinal 
flora harbours several types of microorganisms that can present risks of drug 
contamination. A large part of the intestinal flora consists of gram-negative 
bacteria, e.g. E. coli, Proteus and Pseudomononas, and gram-positive lactobacilli. 
The humber of coli bacteria per gram of faeces may range from 10 to 100 million. 

A high standard of personal cleanliness should be observed. This not only 
reduces the possibility of microbial contamination of products but also decreases 
the probability of radioactive contamination of workers. The necessary facilities 
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of a good hygienic standard such as those for hand washing should be available, 
preferably operated by modes other than hand. Disposable handkerchieves and 
paper towels should be provided. Shower facilities should also be available to be 
used in the event of contamination with radioactive material. 

In areas where radiopharmaceuticals are handled or produced protective 
garments must be worn by everyone including visitors. Overshoes or a change of 
footwear are always recommended as they have a very great influence on the 
hygienic conditions of the area. This keeps a lot of dust out and at the same time 
prevents any spread of radioactive contamination outside the working area. Apart 
from areas where sterile radiopharmaceuticals are prepared and where a change 
of shoes is of course compulsory, it should therefore also be considered for other 
areas. Instead of a conventional changing barrier it may be sufficient to have a 
marked area covered with a dust-absorbing mat for changing, making the passage 
in and out more easy (Fig.l). 

Special working clothes must be worn only within designated work areas. 
The material that goes into protective clothing should be dirt-repellent and be tight 
enough to make an effective barrier to the passage of microorganisms from the 
body to the near environment. The material should in principle not be fibre-
emitting. In practice a compromise must be reached between clothing that is 
ideal from a production point of view and acceptable from the workers' point of 
view. Working clothes must be kept separate from street clothes. Overalls, or 
alternatively trousers and jackets, are preferable to smocks. Disposable clothes 
might be preferable for certain operations. Changing into clean clothes must be 
done according to the nature of the work. Dirty working clothes must be handled 
in isolation from the production process. Laundered clothes must be dried and 
stored under conditions that preclude particle contamination to the utmost extent 
for special purposes. 

In sterile areas special working shoes and stockings must be worn. The 
stockings should be changed at prescribed intervals. The shoes should be cleaned 
and disinfected at prescribed intervals and be worn only within the work area. 
Sterile working clothing should be available. 

Visitors such as mechanics, contractors, specialists and others who must have 
access to and work in production premises for the performance of certain tasks, 
should be furnished with the same type of safety equipment as the personnel 
employed in the relevant production segment. 

From the public relations aspect, general study visits and plant tours probably 
cannot be avoided entirely. Premises with passages and corridors that permit the 
study of the production from the outside are to be recommended. 

Direct hand contact of the radioactive and non-radioactive materials that 
go into radiopharmaceuticals must be avoided by the use of suitable gloves that 
will also prevent radioactive contamination of hands. For some procedures 
sterile gloves must be used. 
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There is considerable risk of contagion being passed on by contaminated 
hands. It is therefore extremely important to maintain good hand hygiene in all 
handling of radiopharmaceuticals. So as to eliminate the risk of contagion through 
contact to the utmost extent, the following should be observed: 

Do not touch the product, or objects that may come in contact with the 
product, with unprotected hands 
Keep the hands well-groomed with short, clean nails. The hands must be 
free from infection 
Do not wear wristwatches, rings or other jewellery on the job 
Wash the hands before work and as often as the job requires. . 

Working with gloves presupposes scrupulous care and control of these; 
failing that, the use of gloves will entail hygienic risks. When gloves of rubber 
or plastic material are worn, these soon become damp inside from perspiration, 
which contains very high bacteria counts. It is therefore absolutely necessary 
for the gloves to be tight. Rubber gloves for multiple use must be cleaned and 
sanitized at regular intervals, after the end of each task or as often as the job 
requires. 

Eating, drinking, smoking, taking snuff, chewing gum, tobacco and other 
substances and applying cosmetics must be prohibited in areas for handling 
radiopharmaceuticals. The necessity of observing good oral hygiene should be 
stressed. 

The risks of contamination from nose and mouth can be largely eliminated 
by: 

Not talking, sneezing or coughing in the vicinity of open products 
Wearing masks. 

The following routine must be observed to achieve good effect from a mask: 
It must cover both nose and mouth and must not be touched while in use 
It must be replaced as soon as the risk arises that it is no longer effective, 
e.g. after a certain period of use, after sneezing, etc. 

Good care of the hair, as well as regular washing and cutting, reduces the 
risk of contaminating the product. Beards, moustaches or whiskers will require 
the most careful grooming if they are not to pose a hygiene risk. A hair protector 
should be worn in all manufacturing work. It must cover all the hair and be 
replaced at regular intervals. 

Radiation protection rules often require a pre-employment medical 
examination. This should include a check for communicable diseases. Staff 
members not required to take a pre-employment medical examination for radiation 
protection reasons may be required to do so for hygienic reasons if directly engaged 
in the production of radiopharmaceuticals. Medical examinations for radiation 
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protection reasons are often repeated at various intervals of time (every one to 
three years). No special examination is generally needed for hygienic reasons as 
it is realized that such examinations cannot be performed sufficiently often to 
reveal all sicknesses. Infected individuals must not work in production. It is 
therefore of the utmost importance to instruct and train all personnel to be aware 
of any sign of sickness that might have any importance for their work'in a pro-
duction area and to report such conditions at an early stage. Open wounds on 
hands etc. are unacceptable both from a hygienic and a radiation protection point 
of view. 

Procedures to be used in the event of a person becoming contaminated with 
radioactivity or with any other dangerous materials such as acids and basic 
substances should be elaborated as an essential part of the general emergency 
procedures for dealing with the spillage of radioactivity or other dangerous 
substances. Written instructions for dealing with such emergencies must be 
prepared and all personnel must be instructed in emergency procedures. 

Personal decontamination procedures should be commenced as rapidly as 
possible. In most instances it is good practice to use water for immediate treatment 
before looking for a more specific procedure. The next important step is to prevent 
the spread of radioactive or other contamination. It is very useful practice to have 
an 'emergency' box or trolley, containing all the materials, clothing and equipment 
needed for dealing with a radioactive spill, always available for instant use. It 
should be kept near to other first-aid equipment. 

3.3. PREMISES 

3.3.1. Principles 

Premises must be of a suitable design and construction and of a sufficient 
size for their use, and be maintained and kept in good condition. 

The design of rooms for the preparation of radiopharmaceuticals has two 
main purposes: to protect the operator from radioactivity, and to protect the 
product from contamination from the operator and the rest of the environment. 
This is obtained by a design where cleaning is facilitated by the construction and 
type of furnishing used, where the air is continuously exchanged with clean air 
and where a system of barriere are built up around the product to prevent very 
large differences in contamination levels. Such barriers may, for example, consist 
of a closed vial, a contained work station with laminar-air-flow, and a ventilated 
laboratory room within a building. A source of contamination is brought in 
whenever the operator or his hands enters the system. The risk is minimized by 
dressing the operator in suitable protective clothing, which also will serve to protect 
him from the product. The ventilation system also serves to prevent the spread of 
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FIG.2. A radiochemistry laboratory with fume hoods. 

FIG.3. A small laboratory for preparation of sterile utensils and dispensing non-radioactive 
solutions with the use of a crossflow LAF bench. 
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radioactivity. The design should take account of any special environmental 
conditions such as tropical climate. With most radiopharmaceuticals, where 
operations are very simple and non-automated, the greatest risk of contamination 
of the system comes from the operator rather than from the rest of the 
environment. 

3.3.2. General design 

In general hygienic and radiation protection requirements are of the same 
nature. Both hygienic and radiation protection requirements are the same for 
the finishing of rooms: easily cleanable surfaces with no sharp corners and free 
from cracks and open joints. For ventilation systems and the installation of sinks 
there may be opposite considerations. In areas for handling radioactivity a negative 
pressure in relation to the environment is normally established in order to avoid 
releases of activity. A tap with a sink is essential for flushing away any accidentally 
spilled activity from the operator. An aseptic area for the preparation of radio-
pharmaceuticals is kept at positive pressure to keep out particles and microorgan-
isms. A sink and the connected sewer is a possible source of bacterial contamination. 

If the amount of radioactivity handled exceeds certain limits (see section 2.6), 
radiation protection may require special design features. If sterile radiopharma-
ceuticals are prepared, special features are also needed. 

Premises must be of sufficient size for there to be ample room for the different 
working procedures. This also facilitates good housekeeping and cleaning. This also 
applies to the space needed for paper work, storage, washing glassware etc. 
Examples of laboratories are shown in Figs 2 and 3. 

The handling of radiopharmaceuticals for oral administration and sterile 
products in closed containers may take place in an isotope laboratory of type 1 
or 2, depending on the amount of activity handled and stored. The manufacture of 
sterile radiopharmaceuticals and non-radioactive sterile solutions, e.g. dilution by 
handling in open containers, will require a clean room or an aseptic laboratory 
depending on whether the product can be terminally sterilized or not. Handling 
of radiopharmaceuticals with sterile syringes between closed containers or similar 
preparation in closed systems may require facilities of a different nature, varying 
from full aseptic facilities to the use of contained work stations with laminar-air-
flow technique placed in a type 1 or 2 laboratory with air filtration depending on 
the type of product or national regulations. Very simple one-step procedures may 
be done in a type 1 or 2 laboratory. 

In general the standard or requirement for all facilities and individual features 
will increase with the amount of activity handled, when going from simpler to more 
complicated procedures and when going from non-sterile to sterile 
radiopharmaceuticals. 
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3.3.3. Location 

It is important that individual rooms are placed in such a way that different 
types of working can be separated and so that handling radioactive materials does 
not influence nearby measuring equipment. No special wall construction will 
normally be needed, but if very light walls are used, more shielding may be needed, 
e.g. for the storage area. Manufacturing facilities should be well separated from 
laboratories for animal experiments and microbiological testing. Quality control 
should normally be kept separate. Separate facilities or enclosures are needed for 
handling blood and other patient samples for labelling with radiopharmaceuticals. 
In vitro studies of blood samples such as radioimmunoassay must be separated from 
radiopharmaceutical preparation work. 

Separate facilities for the removal of outer packaging material for the supply 
of radioactive materials, raw materials etc. must be available, preferably with a 
separate entrance. Surfaces on tables and floors should be easily cleanable in the 
event of a product being contaminated due to transport damage. A sink and a 
contamination monitor must be installed. 

Areas in which radioactive work is carried out should be designated, marked 
with radioactivity warning signs and monitored. This means that monitoring 
instruments for control measurements should be set up at the edge of such active 
areas if so required by the level of radioactivity present. For hygienic reasons 
access to premises for the manufacture of radiopharmaceuticals should also be 
limited to the personnel relevant to the work carried out. A barrier with a change 
of footwear is a practical solution. Depending on the level of activity and/or type 
of product, a changing area or a complete suite of changing rooms may be needed 
as part of the entrance to a manufacturing area. 

Changing-room facilities with good separation of street clothes and working 
clothes should always be provided. Toilets should have an anteroom and hand-
washing facilities. 

3.3.4. Room types 

The room design may preferably take a starting point in the radiation 
protection requirements. The amount of radioactivity determines whether a 
type 1 or 2 isotope laboratory will be needed. The pharmaceutically based 
requirements are then added. A type 2 isotope laboratory will already contain 
many features needed for a clean room or an aseptic room; however, the ventilation 

. system will normally be at negative pressure, which is not suitable for an aseptic 
room. A smaller enclosure within a type 2 laboratory with a good standard of 
ventilation may be used as a limited aseptic working area. 
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3.3.4.1. Type 1 radioactive laboratory 

A type 1 laboratory is an area that is adequately illuminated. The furniture 
is reduced to a minimum, dust-collecting items being as few as possible and working 
surfaces being of non-absorbent materials and able to support the weight of the 
necessary shielding. The floor is covered with Polyvinylchloride or linoleum. 
Ventilation is needed to obtain optimal hygienic conditions and for radiation 
protection reasons. A sink with a smooth surface and taps preferably operated 
other than by hand. 

3.3.4.2. Type 2 radioactive laboratory 

In a type 2 laboratory the walls and possibly also the ceiling are covered 
with a washable hard non-porous paint, the floor with materials that can be made 
in a continuous sheet or welded. The junction between floor and walls should be 
sealed and rounded off. A fume hood or glove box may be needed for handling 
larger amounts of volatile radionuclides such as iodine. A changing room with 
washing and decontamination facilities would be required. The rooms are kept 
at negative pressure to the rest of the building. Air filters may be needed on the 
exhaust system. 

3.3.4.3. Qean room 

A clean room could be a type 1 or 2 isotope laboratory where the ventilation 
system is fitted with filters of the necessary classification and preferably with air-
lock entry arrangements for personnel and materials. It is general practice to have 
a positive pressure in rooms for handling pharmaceuticals, while it is good practice 
to use negative pressure in rooms for handling radioactivity. Which principle to 
use may depend on the type of products to be manufactured. " T c m and 113Inm-
labelled pharmaceuticals will normally not present any risk of airborne contamina-
tion: however, radioactive aerosols can arise when handling solutions. Iodine-125 
or iodine-131 in large amounts definitely requires precautions against exposing 
staff members and the environment to any risk of airborne contamination. From 
a pharmaceutical point of view a negative pressure would only be acceptable in 
special cases. It is possible to combine the two principles by using hoods or 
closed-box systems. The room may then have positive pressure in relation to the 
surroundings while the operations take place in a hood or box with negative 
pressure in relation to the room. A system with a positive-pressured box placed 
in a fume-hood has also been used. There are certain ventilation engineering 
problems and expert advice should be sought and thorough testing carried out. 
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3.3.4.4. Aseptic room 

An aseptic room is a clean room with higher quality requirements on filtration 
of the air, e.g. class 1 (Table II), with entrance through a changing room, with 
hatches for materials transport and with a very high standard of all surfaces, 
installations etc. Such rooms are preferably constructed within another room. 
They must have positive air pressure. The construction of such rooms may be 
very expensive and it requires specialist advice. 

As the production of radiopharmaceuticals will frequently consist of a 
limited number of units, the spatial requirements are often limited. It is therefore 
advisable to work in contained work stations to the extent possible. Such work 
stations with laminar-air-flow may present a solution to both hygienic and 
radiation protection problems. Open laminar-air-flow (LAF) units may only be 
used where there is no risk of airborne contamination. Units with down-flow or 
horizontal crossflow should be preferred in order not to have droplets blown 
directly on to the operator if any accident should happen. A balanced down-flow 
work station operated as an open system or as a closed system with gloves and 
placed in a clean room may serve as an aseptic 'room'. A hatch is then needed 
for material transport. 

3.3.5. Fume hoods 

Fume hoods should produce a regular airflow without any eddies. The speed 
of the airflow should be such that there can be no escape of air from the fume 
hood into the working place under typical operating conditions, including the 
opening of doors and the suction of other fume hoods or LAF units. This can 
be checked by smoke tests and air-velocity measurements. It is recommended 
that the fan be placed on the exhaust side of any filter in the system. If more 
than one hood or LAF unit is operated in the same room, the exhaust systems 
must be connected to avoid backflow through one of the systems if a failure occurs 
in the ventilators. The gas, water and electrical appliances should be operated from 
outside the fume hood. The inside of the hood and the exhaust ducts should be 
as easy to clean as possible. 

3.3.6. Glove boxes 

A glove box is a closed box kept at negative pressure to the environment, 
operated through gloves and with transfer ports for materials, equipment etc. 
(Fig.4). If fitted with a certain continuous passage of filtered air, it may give a 
clean environment, e.g. for handling of radiopharmaceuticals that may be terminally 
sterilized. 
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FIG.4. Laboratory with glove boxes for dispensing on a larger scale. 

3.3.7. LAF units 

A contained work station is a work bench or a small working enclosure that 
has its own filtered air supply with a laminar-air-flow pattern: A continuous 
stream of particle-free air is passed over the 'working area' with a minimum of 
turbulence that would bring particles back to the product (see Fig.25). It is very 
often a possible solution for a small preparation facility for a limited number of 
units. 
Many different designs are now available: 
(a) Conventional crossflow LAF units where all the air enters through a filter 

in the rear of the unit and is discharged forwards towards the operator. 
This type is normally unacceptable for work with radioactive or biological 
materials as it provides no protection for the operator against contamination 
by radioactive gases or aerosols or pathogenic microorganisms. 

(b) Modified crossflow units in which the air is blown horizontally from side to 
side of the unit, thus the airflow is maintained at 90° to the operator. In 
this type of unit the air is totally recirculated within the room, thus helping 
to keep the general room air clean. 
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FIG.5. Different types of LAF units (not to same scale): (a) conventional crossflow unit; 
(b) balanced down-flow unit; (c) mini down-flow unit in fume hood; (d) mini modified (side 
to side) crossflow unit. 

(c) Laminar down-flow units where the air is blown down against the working 
surface. In balanced airflow units 80—90% of the air is recirculated through 
filters. The rest is replaced through the front opening in order to lower the 
risk of escape of radioactive material. 

30 



FIG.6. Permamently installed balanced down-flow LAF units that may be used with an 
open front or through glove-ports. 

All types are available as large self-contained units and some as mini-units 
that may be operated in a fume hood to avoid radioactivity in the room air. 
For illustrations of several principles see Fig. 5. 

The construction of LAF cabinets requires specialist advice, particularly for 
the balanced flow types or for units to be operated inside a fume hood (Fig.6). 
It is very essential that only plane surfaces are used and that the filter covers one 
end of the cabinet completely. All walls should have a 90° angle to the filter. 

For work with non-volatile radioactivity in simple procedures involving only 
handling of aqueous solutions the radiological requirements would not be very 
severe. Any balanced down-flow unit could be used. Crossflow units would 
normally not be used apart from inactive work such as preparation of solutions, 
vials etc. The modified crossflow unit may be used for work such as elutions of 
" T c m generators and kit preparations. If there is any risk of releasing radioactivity, 
a closed-type LAF unit will have to be used. To avoid too great differences in 
contamination levels an LAF unit is often placed in a clean room. A totally closed 
system operated through gloves may tolerate a larger difference. 
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3.3.8. Surfaces 

The surfacing materials in a production room must have properties such that 
they do not emit or absorb particles and microorganisms or absorb radioactivity, 
which imposes demands on the surfacing in terms of its porosity, density, texture 
and electrostatic properties. Deficiencies in these respects permit the retention of 
dust, dirt and moisture, which can create a favourable environment for the pro-
liferation of microorganisms and prevent decontamination. Furthermore, surfacing 
materials must not be damaged by repeated treatment with water, disinfectants 
and, in certain cases, ultra-violet light. They must not emit particles by exhibiting 
symptoms of aging such as flaking, cracking, pulverization or corrosion. They 
must resist wear and tear and mechanical impairment without fragmenting or 
creating particles in any other way. 

All surfaces should have the following properties: 

They must be easily accessible to cleaning 
They must exhibit a minimum of joints and seams; nooks and sharp corners 
must be avoided 
Tight, even and rounded-off transitions between surfaces and different 
materials must be aimed at 
They must be easily decontaminated. 

3.3.9. Sinks 

It is considered part of safety procedures that isotope laboratories are 
provided with sinks for fast decontamination procedures. They must have a 
smooth finish. It is desirable to have the sinks connected directly to the main 
outlet pipe. It should be possible to operate the taps without using the hands 
and disposable towels or, preferably in sterile production facilities, a hot-air 
dryer should be available. 

In aseptic areas sinks would normally not be permitted. A reasonable compro-
mise would be a sink with heated trap and no overflow just outside the door of the 
aseptic room. In connection with sinks a hand-shower should be available for use 
in a fire emergency or radioactivity spillage. 

3.3.10. Furniture 

Furniture should be reduced to a minimum. Dust-collecting items such as 
drawers, shelves and hanging lamps should be as few as possible and excluded from 
aseptic rooms. Tables should stand free from walls. For safety reasons an integral 
raised ledge at the back of tables is sometimes fitted, but as procedures with radio-
activity should take place on trays, it is normally not needed. A communication 
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system, which preferably can be answered without touching a button, should be 
installed in rooms for handling radioactivity in larger amounts and in clean and 
aseptic rooms. It should be easy to clean. 

3.3.11. Ventilation 

Routes of entry and exit for the ventilating air should be clearly defined 
under all conditions of use, including open and closed positions of doors and 
the various operating arrangements of the fume hoods. Windows should not be 
openable. In small general-purpose laboratories it may be possible to provide the 
requisite flow of air simply by the exhaust system of the fume hoods. 

Consideration should be given to any need to treat incoming air for tempera-
ture or humidity. (In clean rooms the air must be controlled.) In cold climates 
the problem of heating the intake air for a large group of fume hoods should not 
be overlooked, as this may be a major problem. Coarse filtration of air supply 
should always be included (see below). The siting of inlet and exhaust vents 
should be such as to prevent any recirculation of exhausted air. The need to 
filter air exhausted from working places and fume hoods will depend on the 
nature of the work. The position of the exhaust vent relative to the surroundings 
must be considered. 

Ventilation should be designed so that air from rooms where radionuclides 
are used (and which could under accident conditions be contaminated) will not 
be recirculated or taken into inactive areas. In a suite of rooms used for work 
at different levels of activity ventilation should ensure that the airflow is from 
low to high activity areas. For aseptic rooms the principles would, as already 
mentioned, normally be a positive pressure in relation to the environment, 
normally minimum 15 Pa (1.5 mm water gauge). For type 2 laboratory work 
this means that such a room must be connected to another room at negative 
pressure to the rest of the rooms. Such systems may require air locks with doors 
where only one can be opened at a time. 

Filtration of incoming air is always needed for rooms for handling radio-
pharmaceuticals. For aseptic working areas and contained work stations the 
filter efficiency should be 99.995%. For a clean room and for a general labora-
tory the filtration requirements will depend on the class of cleaniness that needs 
to be obtained (for examples see Table II). The rate of change of air should be 
10 to 20 times per hour. Filtration may have to take place after the humidifier. 
Consideration should be given to the possibility of bacterial growth in the humidifier. 

3.3.12. Control methods 

Construction of the premises does not give a guarantee for continuous function. 
Ventilation systems, laminar-air-flow units etc. may have indications for unimpaired 
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function or an alarm system. Ventilation systems must be serviced routinely and 
filters changed. Maintenance in general should also take place according to a fixed 
scheme. A routine quality control programme on the function of the system should 
be established. 

Microbial particulate contamination of the air, air velocity and flow directions 
are important parameters to check routinely. Bacterial counts may be done by 
sedimentation plates, air samples by filtration or by a slit sampler. It is, however, 
for most areas and for the routine checking of LAF units sufficient to rely on 
particle counts. A calibrated instrument such as the Royco-type may be used 
or samples may be taken through a grid-marked membrane filter. For air velocity 
measurements an anemometer is used, while a simple smoke tube is used to check 
the flow direction. 

3.3.13. Cleaning 

Cleaning of active and/or aseptic laboratories must be the duty of the 
operating staff or specially trained personnel. Only floor cleaning and more 
general cleaning of isotope laboratories may be carried out by domestic staff 
when the laboratories are not in use and only under direct supervision. 

Cleaning procedures for clean and aseptic rooms should be carried out after 
the work is finished so that the particles may have time to settle before the next 
operation. Vacuum or wet cleaning methods are to be preferred. A written 
programme giving instructions for procedures to be carried out daily, weekly and 
at longer intervals should be elaborated. 

3.4. EQUIPMENT 

3.4.1. Principles 

All equipment should be suitable for its purpose and easy to clean. It 
should be easily sterilized or disinfected if necessary. Parts of equipment that 
come into contact with the product should be minimally reactive, additive or 
absorptive with respect to the product. 

Written instructions for the use of equipment and for its maintenance and 
cleaning should be provided. 

Maintenance should be kept to a minimum by suitable constructions to 
prevent handling of radioactive equipment by service personnel or the entry of 
service personnel into sterile areas. 
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FIG J. Dose calibrator with lead shielding to minimize the effect of the presence of 
radioactive sources. Note the sealed source for instrument control. 

3.4.2. Cleaning 

Equipment should normally be cleaned immediately after use. It is, however, 
acceptable in the case of larger amounts of radioactivity that may add significantly 
to the radiation dose to the staff to wait for decay. The addition of a bacteriostat 
or flushing with a bactericide may be used as a measure until proper cleaning can 
be performed. In cases where a special risk of bacterial growth and the creation of 
pyrogens exists, e.g. with protein solutions, special precautions have to be taken. 

3.4.3. Testing and control 

Equipment for weighing and measuring should be checked according to a 
written maintenance schedule. Sealed sources should be available for daily checks 
of dose calibrators and other instruments. Control cards should be provided for 
each instrument giving the limits within which control measurements must lie. 

Calibration of dose calibrators and other instruments used for the exact 
measurement of radionuclides should be performed with reference solutions of 
radionuclides when the instrument is taken into use and compared with a long-
lived control source to be used in daily instrument checks (Fig.7). Such calibrations 
must be repeated in connection with repairs and at intervals depending on the 
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type of instrument. Corrections for geometry when using different types of vials 
or measuring different volumes may have to be checked. 

Autoclaves and sterilizers can be tested for effectiveness by spore samples. 
Spore samples are obtainable from national laboratories. Records of such testing 
should be kept. Autoclaves should, in principle, be fitted with recording 
instruments so that a permanent record can be kept of the temperature and time 
of each cycle. Temperature and time control may be as useful as spore sample 
control or biological indicators. Small autoclaves fitted with recording instruments 
are difficult to obtain. In such cases carefully signed records must be kept and the 
use of maximum thermometers with each cycle is encouraged. Sterilization 
indicators may also be used. 

Autoclaves may need to be put behind a lead shield for radiation protection. 
If autoclaving takes place in a lead container, it is extremely important to allow 
for the increase in time needed to obtain the desired temperature inside the vial. 

Autoclaves should be checked for contamination immediately after use as 
a measure for preventing contaminated vials from being distributed and to prevent 
cross-contamination of vials at the next procedure. Some laboratories include 
aii empty labelled vial with each autoclaving procedure. This vial is afterwards 
used for measuring external contamination. 

Glove boxes and other enclosures must be frequently cleaned to avoid 
external contamination of vials etc. Gloves should be cleaned and sanitized 
frequently (also on the inside, see section 3.2.4). 

Tongs and forceps are important utensils to increase the distance between 
the vials and the operator's hands and body. They are also a source of contamination 
and should be frequently cleaned and checked. 

Safety instruments such as alarm systems on ventilation systems, LAF units, 
area radiation monitors, contamination monitors etc. should be frequently checked. 

Filters in LAF and other filter units should be tested with a suitable particle 
counter. The frequency may depend on the use and the age of filters. Once a year 
is the practice in many places. The air velocity in LAF units (normally 0.2—0.5 m/s) 
must also be controlled. 

Smoke pistols should be used frequently to test whether airlocks and air 
pressure conditions still are in accordance with the specifications. They are also 
useful for testing working procedures in balanced LAF units. 

3.4.4. Radiation shielding 

Lead shielding whether in the form of lead pots or lead bricks should be 
kept well painted and cleaned. In many radiopharmaceutical procedures it is 
more economic to shield with a lead pot and lead-protected syringes than by 
building up large lead walls. A lead-glass screen gives added protection to the 
eyes. A 10 mm hole in the lid of a lead container will often mean that samples 
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can be taken out without removing the lid. This will considerably reduce the 
radiation doses to the fingers. 

3.5. DOCUMENTATION 

3.5.1. Principles 

Documentation is absolutely indispensable in a quality assurance system. 
The main purposes are to define and describe the system of control to reduce 
the risk of error that purely verbal communication introduces and make it possible 
to trace an individual product back through the whole process including the 
utilization and disposal of starting materials, packaging materials and finished 
products. Use of batch numbers permits easy logical filing, thus enabling rapid 
retrieval. 

All documentation material must be kept up to date and instructions, master 
formulas etc. must appear in such a way that no doubt will arise about which issue 
is valid and which changes have been made. All materials should be dated and 
should be authorized by the relevant competent persons. All out-dated material 
must be collected. The documentation system should be regularly reviewed and 
revised accordingly. The documentation system may consist of a system of 
general procedure documents and documents related to each individual product. 
The documentation system should be designed to include both pharmaceutical 
and radiation-protection aspects. 

3.5.2. Batch number 

A batch number system must be designed. It should preferably be designed 
in such a way that each number is used only once. As an example an eight digit 
number could be used as follows: 
81220208 
first cipher 
2—4th cipher 
5 - 6 t h cipher 

7 - 8 t h cipher 
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last cipher in the year (1978) 
day number of that year 
continuous numbering of product of Day 122. Depending on the 
need the numbers may be divided into groups: 
0—30: radioactive raw materials 
31 - 6 0 : non-radioactive raw materials 
61—99: production 
continuous numbering of dispensings of each individual product, 
either direct from stock solutions or from individually produced 
products. 



The number of the day in the batch number is useful in making radioactivity 
decay corrections. 

3.5.3. Specifications 

3.5.3.1. Raw materials specification 

Each starting material must be described in such a way that one can be sure 
that only materials identified and of a suitable quality will go into the products 
manufactured. Such specification will often be built around a pharmacopoeia 
monograph and should contain: 

(a) Name, code number etc. 
(b) Description of physical form and appearance 
(c) Supplier(s) approved 
(d) Sampling instructions (including reference sample) 
(e) Tests and limits for identity, purity and assay 
( f ) Analytical methods to be used including sampling methods 
(g) Storage conditions and storage expiry limit 
(h) Safety precautions to be observed. 

3.5.3.2. Packaging material 

For all packaging materials such as vials, stoppers, lead shieldings, labels 
and printed instructions for use, specifications must be elaborated containing: 

(a) Name, code number, reference etc. 
(b) Approved suppliers) 
(c) Description and/or reference copy 
(d) Analytical tests or measurements including sampling methods 
(e) Storage conditions 
(f) Expiry limit or time for re-inspection. 

3.5.3.3. Finished product 

For each radiopharmaceutical prepared a specification must be set up 
containing: 

(a) Name, code number etc. 
(b) Description of physical form, appearance, copy of label etc. 
(c) Tests for identity, purity and assay with indication for which method 

should be carried out on packaged product 
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(d) Analytical methods including sampling method 
(e) Storage conditions and expiry limit 
(f) Safety precautions to be observed. 

3.5.4. Master formula 

A master formula, including method, setting out the components, the 
manufacturing and quality control procedures, packaging procedure and storage 
conditions, must be prepared for each product and for each batch size. Variable 
amounts of radioactivity may be acceptable on the same master formula. It must 
not contain any hand-written amendments or comments. Where necessary the 
master formula must be rewritten and all outdated master formulas withdrawn 
to avoid the possibility of re-use. The master formula shall be dated and signed 
by two persons. 

3.5.5. Batch manufacturing record 

The batch manufacturing record is one of the most important documents 
for following and recording the production process. It may contain a description 
of the complete method or the description may be kept separate. It must carry a 
batch number. It should prefereably be prepared by photocopying to avoid 
transcription errors. 
It must contain: 

(a) Space for recording checks of equipment and work stations 
(b) Batch numbers for each raw material 
(c) Initials of person(s) who weighed or measured each material and initials 

of person(s) who checked each of these operations. This check also includes 
identity and batch number of material 

(d) Results of yield measurements at intermediate stages and of in-process control 
signed by the person(s) carrying them out along with the initials of the 
person(s) responsible for each critical stage of manufacture 

(e) The final yield and the number of containers 
(f) A signature from the process supervisor confirming that everything has 

proceeded in accordance with the master formula and that any variation is 
adequately explained 

(g) If the final dispensing and packaging is not included in the manufacturing 
process, a separate batch dispensing record may be kept containing all details 
about dispensing, packaging etc. including specimens of labels and instructions 
for use etc. 

(h) Quality control test results or reference to special reports 
(i) Date and signature of the person authorizing the release of the product. 
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3.5.6. Distribution record 

A list showing to whom a given batch was distributed should be kept to 
permit eventual recall and to make accounting for radioactivity possible. This 
may include products disposed of as waste or a separate waste disposal record 
may be required. 

3.5.7. Raw materials record 

A record should be made for all starting material (radioactive or non-
radioactive) including packaging material received. It should include data on the 
materials received, the batch number given, the sampling and testing carried out 
and the signed release or rejection of the material by quality control. A separate 
stock recording for radioactive material may be required. 

3.5.8. Other documents 

The following documents should be available. 

(a) Distribution of key responsibilities of personnel should be laid down in 
writing including replacements when necessary 

(b) Procedures for release of raw materials and finished products including 
procedures for quarantine of materials until released 

(c) Records of complaints, drug defect reports and adverse reactions. 

Depending of the scale and nature of an operation, there may be a need for 
written procedures and/or records concerning other aspects that may influence 
the quality of the product such as: 

(a) Cleaning and maintenance instructions for premises and equipment 
(b) Control and monitoring of manufacturing environment for radioactivity, 

microbial or particulate contamination 
(c) Training of personnel 
(d) Hygiene instructions for personnel 
(e) Waste disposal — radioactive and non-radioactive 
(f ) Instructions for use of equipment and plant facilities such as LAF work 

stations 
(g) Records of instrument calibration and performance 
(h) Radiation dose records including measurements of internal contamination 
(i) Instructions for decontamination procedures for personnel, premises of 

equipment 
(j) Records of autoclave and sterilizer processing; routine checks and servicing. 
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Documentation should be kept at least until one year after the expiry date 
for the finished product involved or as long as national legislation may require. 

3.6. MANUFACTURE 

3.6.1. Principles 

A well-defined manufacturing procedure is necessary to ensure the quality 
of the finished product by ensuring that production, quality control and other 
relevant personnel are instructed in the details of the processes concerned. 
Evaluation of each new process, whether of a completely new product or changes 
in a currently used process, must therefore be done before the procedure can be 
taken into routine operation. Stability data should be collected whenever a change 
is made in the production process that might possibly influence the stability of the 
final product. All procedures involving radioactivity should be tried out using 
non-radioactive solutions. 

3.6.2. Master formula 

Every production process, including preparation of buffer solutions etc., 
must take place according to the master formula. Unambiguous labelling should 
be used throughout the process for all containers etc. used and documented in 
the batch manufacturing record. 

All important parts of the procedures should be double-checked and both 
persons checking should sign the batch manufacturing record. Weighing and 
measuring procedures that cannot or will not be checked by an analytical 
procedure later on are procedures where double-checking is essential. 

Cross-contamination both with regard to radioactivity and chemical entities 
should be prevented as far as possible by segregation of production processes 
and by cleaning and monitoring equipment and facilities. 

3.6.3. Raw materials 

Only properly stored and labelled raw materials that have been released by 
quality control should be used. This also applies to packaging materials. Raw 
materials must be kept separate from other chemicals and only be used for 
production purposes. The required hygienic standards of raw materials should 
be given in the raw materials specification and kept during storage and removal 
of samples for analytical testing and for use in production. 

Raw materials for radiopharmaceutical preparations often have to be of 
very high purity, as even very small amounts of impurities may be large compared 
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with the chemical amounts present in carrier-free radionuclides. Handling equip-
ment must therefore be very carefully cleaned and be inert to the material handled. 
This also applies to target material for irradiation in reactors or cyclotrons. 
Impurities here may give rise to radionuclidic impurities in the finished product. 

The process and product evaluation should also take into consideration the 
packaging material such as vials and rubber stoppers with regard to the quality 
needed, the cleaning procedure and any necessary treatment such as treatment 
with silicone for making surfaces non-absorbent. Vials are normally not re-used 
as they are affected by radiation. The cleaning procedure for preparing particle-
free vials and rubber stoppers may be very long and tedious, but should be carried 
out with great care in order to avoid too large a number of rejects among the 
finished products (see Annex 8). 

3.6.4. Labels 

Every possible precaution should be taken against accidental mislabelling. 
Labels should be stored in a separate place and only the relevant numbers should 
be taken to the packaging area. Any surplus labels must be removed from the 
production area immediately after the packaging process. Only one batch should 
be present for labelling at any one time. 

3.6.5. Release of product 

The dispensing and packaging of radiopharmaceuticals will often form an 
integral part of the manufacturing and may have to be done before any release 
can be given based on quality control analysis. This is acceptable in a well-
documented system. 

Finished products should be held in quarantine until released by quality 
assurance. Holding the relevant documents may be sufficient in order to avoid 
extra radiation doses to staff having to label filled containers. It is good practice 
to give exact data on the amount of radioactivity on an extra outer label, while 
the label directly on the vial only gives an approximate value for radiation protec-
tion purposes'. All labels should contain unambiguous information identifying 
the product (name, batch number etc.) 

3.6.6. Non-sterile products 

Non-sterile products should be manufactured and handled under circum-
stances that secure a high standard of cleanliness as such products may be 
susceptible to gross microbial contamination, e.g. by bacterial uptake or metabo-
lism of the radioactive compound. The standard needed for radiation protection 
purposes would ensure this. 
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3.6.7. Sterile products 

Sterile products should be manufactured with special care and attention 
to detail with the object of eliminating microbial and particulate contamination. 
Particularly for this type of product very much depends on the skill, training and 
attitudes of the personnel involved. It is not sufficient for the product to pass a 
final sterility test and thus in-process quality assurance assumes a singular 
importance. 

In the preparation of radiopharmaceuticals to be used for injection 
(injectabilia), basic materials and work methods must be used that aim at the 
production of a sterile and pyrogen-free product. In the production of sterile 
medicines the aim must be that in a million units at the most one living micro-
organism may be found. To calculate this the method of production must be 
controlled regularly with a view to ensuring a low microorganism count before 
the sterilization procedure, and the effectivity of the sterilization procedure 
must be regularly controlled microbiologically. Suitable sterilization methods 
are autoclaving (heating in saturated steam under a suitable temperature-time 
ratio, e.g. 120°C for 20 minutes) and dry sterilization (dry heating with a 
suitable temperature-time ratio, e.g. 160°C for 2 hours, or 180°C for 30 minutes). 
Radiation sterilization (2.5—3.5 Mrad) may also be used. It should be emphasized 
that the method of sterilization should be evaluated to determine whether or 
not it has any adverse effect on the product. 

Many radiopharmaceuticals prepared in hospitals cannot be terminally 
sterilized and must be produced under aseptic conditions. These conditions must 
be designed to reduce the risks of microbial contamination to a negligible level. 
This will require the use of suitable LAF units, sterile reagents in sealed sterile, 
rubber-capped vials and transfer of fluid between vials by means of sterile 
disposable syringes. The preparation process should be subject to regular micro-
biological control, e.g. by simulating the procedure using a nutrient broth instead 
of the normal reagents. In principle, aseptically produced medicines should be 
subjected immediately after preparation to the safest treatment available for 
removing or killing any microorganisms that may be present. This could involve 
filtration through a bacteria-proof membrane filter, which will remove most 
bacteria but not viruses; if this form of sterilization is used, it may be expedient 
to use the filter to determine the number of organisms present in the preparation. 
For some radiopharmaceuticals it will not be possible to use sterilization 
procedures without destroying or damaging the efficacy of the product. In these 
circumstances safety must be ensured by strict adherence to and control of the 
production method. 

It follows from the specification for sterile products (max.l unsterile per 106) 
that this requirement can never be ensured by sterility testing. The production 
of sterile radiopharmaceuticals must therefore be based on the use of sterile or 
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low contaminated raw materials processed in an environment that has a low 
content of microorganisms and particles. Products must then be finally sterilized 
or microorganisms removed by a process of filtration (membrane filters). 

The protection of the products from environmental contamination is normally 
attained by a number of enclosed systems within each other. It is considered 
important not to have too great a difference in contamination level between 
different enclosed systems. Operation in a closed system whereby addition to the 
system takes place by syringes through rubber membranes would, when operated 
in a clean air box or an LAF box, give a double protection. Many radiopharma-
ceutical operations can be modified either to be done in a closed system or in an 
LAF box-type system. 

The box system should be disinfected before use either by swabbing with 
a disinfectant or by formaldehyde gas. Ultra-violet radiation cannot be relied 
upon for disinfection purposes. 

Pyrogens may be introduced into a product from raw materials, from 
personnel or from equipment. They may also develop in aqueous products by 
bacterial growth, if the processing period before sterilization is prolonged. One 
important source of pyrogens is water, either through contamination from cooling 
water in the still or from unsatisfactory storage before sterilization. Distilled water 
should not stand for more than four hours between collection and sterilization. 
Pyrogens cannot be removed from products by membrane filtration or by auto-
claving, and introduction into the product must therefore be avoided by using 
pyrogen-free raw materials and utensils and by preventing bacterial growth during 
the production process. 

For effective sterilization it is important that the whole of the material must 
be subjected to the treatment (temperature, moisture etc.). The effect of the 
sterilization procedure should be established and afterwards checked at regular 
intervals. Materials to be sterilized should not carry a high level of microbial 
contamination. With a lower level of contamination a greater margin of safety is 
obtained. This is particularly important for radiation sterilization, where the 
margin of safety is lower than for heat sterilization. For heat sterilization the 
cycle should be recorded on a temperature-time chart. If not available, at least 
maximum thermometers should be used. Chemical indicators could be useful 
as an extra measure to separate processed and unprocessed material. Radiation-
sensitive indicators should be used in radiation sterilization. 

Sterilization by moist heat (Fig.8): Autoclaving is only suitable for water, 
aqueous solutions and materials that are wettable. Closed empty vials can only 
be autoclaved if they contain a drop of water. Items other than those in closed 
containers should be packed in material that allows the replacement of air by 
steam. The steam should be saturated and the air displaced from the chamber. 
Sufficient time should be allowed for the whole of the material to reach the 
required temperature. The material should be dried immediately after the process. 
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FIG.8. Mini-autoclave partly lead shielded. Note the mirror for handling radioactive vials 

with long tongs without direct viewing. 

Sterilization by dry heat requires a higher temperature and is therefore only 
suitable for equipment, oils, vials etc. It is important to obtain a uniform 
temperature in the oven used. Sufficient time must be allowed for the temperature 
of all the goods to reach the required level. 

Radiation sterilization methods, utilizing either gamma radiation from a 
source sucli as 60Co or an accelerated electron beam, have proved useful for a 
few radiopharmaceuticals such as 32P-labelled diisopropylfluorophosphate and 
for some "Tcm-labelling kits. The radiation dose should be measured by dose 
meters. Radiation sensitive tape may be used to indicate whether a product has 
been treated or not, but cannot replace dose meters. 

Microbial contamination may be removed by filtration. Bacteria-proof filters 
(e.g. membrane filters, pore size 0.22 ¿¿m) remove bacteria and moulds, but not all 
viruses or mycoplasmas and should therefore not be used where sterilization by 
heat is practicable. There are at least two different types of filters available based 
on sheets of polycarbonate with circular holes or cellulose material with a porous 
structure. The filters may have an effect on the product by adsorption of ingredients 
from it. Both types of filters may be obtained mounted in holders in presterilized 
form. Sterilization may also be done by autoclaving. The exact control of tempera-
ture is most essential. To make sure that the filter is undamaged the membrane 
filter should be tested immediately after use by a test such as the bubble point test, 
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FIG. 9. Storage facility for radiopharmaceuticals in the form of concrete boxes with a 
10 mm iron door. 

where air is pressed through the wet filter and the required pressure noted. Unusually 
rapid filtration may indicate a defect filter. A filtration process should be extended 
over a longer period of time as microorganisms may grow through the filter. 

3.6.8. Freeze drying 

This procedure is often used when preparing kits for "Tcm-labelling. Great 
care must be exercised in cleaning, sterilizing and operating these units. The 
process must be carried out as an aseptic procedure, as the product may not be 
sterilizable afterwards. If vials are filled with an inert gas such as nitrogen, this 
must take place through filters for removal of microbial contamination. The gas 
may also have to be dried. 

3.6.9. Storage (Fig.9) 

Products released for use and products in quarantine should be stored 
separately or at least very thoroughly marked. Expired products should be 
removed from the storage area. Storage should take into consideration both 
temperature and radiation protection requirements. The optimum temperature 
is not always the lowest temperature, e.g. 3H-labelled compounds are generally 
more stable at 2°C than at — 20°C. 
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3.7. QUALITY CONTROL 

3.7.1. Principles 

A quality control system must be established for each radiopharmaceutical 
prepared. It may consist of complete analytical testing of each individual batch 
or may rely on control of the method by continuous surveillance of certain 
parameters independent of the actual batch release for use. Such a system will 
always be supplemented by a few checks on the individual batch. It is fully 
acceptable in a well-established production system to deliver radiopharmaceuticals 
to the user before the results of the quality control test are available. Some tests 
may then be finished before the product actually reaches the user, others such 
as the sterility test can only be used as a control of the methods. The acceptance 
of such a philosophy stresses the importance of a well-functioning recall system 
which makes it possible to get the product back from the user. 

Quality control analyses are of equal importance for raw materials, packing 
materials and finished products and are dependent on suitable facilities with good 
equipment and a well-trained staff. Particularly testing for microbial contamination 
and testing using animals have to be performed in laboratories well seperated from 
production facilities, but also for other laboratories cross-contamination between 
the laboratory and production areas should be avoided. 

Quality control performed as control of methods was first introduced in 
connection with sterility and pyrogen testing where, because of the difference 
between the half-life of the radiopharmaceutical and the time needed for the test 
to be performed, it was absolutely necessary to accept this principle. The very 
limited stability of many radiopharmaceuticals means that products of a lower 
quality may result if they have to be held back until quality control results are 
available. With the well-documented production system now established it is an 
obvious advantage to direct more effort into continuous surveillance of the method 
than into actual batch testing. 

3.7.2. Sampling 

Samples should be representative of the materials from which they are taken 
and should be taken in accordance with written instructions giving the method 
and equipment to be used, the amount to be taken and any special precautions 
needed. The number of samples normally taken in pharmaceutical analysis may 
have to be modified but should be adequate to permit repeat testing (reference 
samples). The number of samples normally taken for a sterility test does not 
necessarily apply for radiopharmaceuticals because of the small number in a 
batch. 
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3.7.3. Raw materials 

Raw materials control include identity, purity and potency. Analytical 
certificates may limit the actual quality control to identification and evaluation 
of the certificate. Special tests may have to be designed and carried out to show 
the absence of the very small amounts of specific impurities acceptable, e.g. in 
target material. The best test may be an irradiation process. 

3.7.4. Finished products 

3.7.4.1. Radioactive properties 

Radionuclidic purity testing could preferably be done on the radioactive 
raw material and may therefore be of minor importance for individual labelled 
compounds. Beta and gamma-emitting impurities are normally the main objective 
but for fission-produced materials alpha-emitting impurities should also be looked 
for. Energy calibration of instruments must be performed frequently by reference 
sources and verified daily using a long-lived standard. 

A number of different methods may often have to be applied to establish a 
firm figure for the radiochemical purity, one main problem being the small amount 
of carrier available. The testing of the system for the effect on the compound 
tested is therefore very important. Chromatographic methods on paper, thin-
layer Sephadex columns and electrophoresis are important methods (Figs 10 and 11). 
Radioactivity determination is carried out by scanning or by cutting papers and 
plates into smaller pieces for counting. Animal distribution studies provide 
indications of product efficacy by monitoring radiochemical purity, particle size etc. 
Fast and simple analytical methods for radiochemical test are being developed, 
but it is not yet possible to rely solely on such methods for a more detailed study 
of a product. They may, however, serve as a check for gross impurities. Such a 
method is described for some "Tcm-labelled radiopharmaceuticals in Table VI. 

The specific activity of an essentially carrier-free product is not normally 
determined. A limit test is the best that can be done and the actual value must 
be determined from irradiation data etc. Many different analytical chemistry 
methods may be used to determine the chemical nature of a product. 

Independent determination of the actual radioactive concentration should 
be carried out by quality control with a different instrument from that used in 
the manufacture. Calibration factors for different types of vials and different 
volumes may in most cases allow for non-invasive testing of the vial in an ionization 
chamber-type of instrument (dose-calibrator). Low-energy beta emitters must be 
sampled. Low-energy gamma emitters such as 125I also have to be measured in 
another type of instrument as measurements in an ionization chamber will be 
highly dependent on small variations in the amount of an impurity such as 124I. 
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3.7.4.2. Physico-chemical properties 

Control of isotonicity may require an osmometer to allow for fast deter-
mination on small volumes. pH determinations may often create problems as 
unbuffered solutions may require determination by titration rather than a simple 
Potentiometrie determination. 

Injections should be inspected for the content of particles. The determination 
of particle number and sizes in suspensions or colloidal solutions may require a 
microscope or an electron microscope, preferably with recording equipment such 
as a camera of the Polaroid type, making it possible to do counting and measure-
ment on the pictures. It is very important that statistical methods are used when 
determining the number of particles that must be examined. Colloidal particle 
size may be judged by membrane filtration methods. An ordinary light micro-
scope will only show particles greater than a few microns. Non-radioactive 
chemical impurities may require different conventional analytical methods. 

3.7.4.3. Sterility - pyrogenicity 

Fast methods have also been developed to some extent for sterility and for 
pyrogens based upon 14C metabolized by bacteria and on the limulus lysate test. 
Both methods have, however, still not reached the stage where they have been 
officially recognized in the pharmacopoeias. With the acceptance of the importance 
of the whole production process one may also doubt the absolute need for fast 
methods. When considering methods for sterility testing, one must remember 
that such a test cannot be the only measure taken to ensure that all injectabilia 
used for patients are sterile. It is only one part of a system of good manufacturing 
practice, where all steps such as hygienic working conditions, working methods, 
bacterial contamination of the product before sterilization, effectiveness of 
sterilization procedure, and so on have to be carefully controlled. The overall 
goal set by some authorities is that the system used should aim for a theoretical 
value of not more than one living microorganism per 106 units. The emphasis 
on sterility testing varies in different pharmacopoeias. The number of tests 
performed will most often be determined by legal requirements. A method for 
determining bacterial contamination may be used as an in-process control as well 
as a final test of the system (safeguard) and it may be used as an independent 
control of the product. Where resources are limited, it has to be considered where 
any improvement in the system will be most cost-effective, be it improvement in 
sterility testing or in working procedures. 

Testing for microbial contamination on radioactive material is in general 
best carried out by the filter methods where the whole sample may be filtered 
and filters washed and incubated in two different media: one for bacteria and 
one for fungi. This means that it is not necessary to incubate radioactive solutions. 
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By this procedure any bacteriostats in the product are also removed from the 
microorganism. In many cases it will be possible to add filtration as a last extra 
step in the preparation procedure. The filter may then be used for a sterility 
test while the product may be used for a patient (see Annex 7). It is acceptable 
to make the filtration in the production facilities while the incubation is made 
in a separate place, e.g. the hospital microbiology laboratory. It should be 
remembered, however, that there are great differences in the principles and 
methods involved in sterility testing and in identifying an infection in a patient. 
The bacteriology department most often handles specimens containing large 
numbers of microorganisms. Proper equipment for sterility testing must be 
available in order to give a sterile environment for the testing. 

As a supplement to testing for sterility, simulating the process by using a 
sterile bacterial growth medium such as bouillon is now considered good practice. 
This medium is then cultivated and observed for bacterial growth. An increased 
sensitivity may be obtained if the filtration method is used to determine the 
number of microorganisms in the bouillon passed through the system or used to 
simulate the process. This procedure should not be used where there is a risk of 
influencing the performance of the system such as a " T c m generator. 

Pyrogens are usually only an important problem when large volumes are 
administered to the patient or where a special route of administration such as 
intrathecal injection is used. In this particular case it has been shown that the 
use of the limulus lysate test has reduced the numbers of the adverse reactions 
as it is more sensitive than the rabbit test. Pyrogens are mostly impossible to 
remove from a product. It is therefore necessary to use pyrogen-free raw materials 
and utensils and to prevent bacterial growth during the production process. 

Pyrogen testing is, according to the pharmacopoeias, carried out by the rabbit 
test where the temperature increase is determined after intravenous administration 
of the pharmaceutical. The volume required for such a test is often not available 
in the case of radiopharmaceuticals. It may therefore be necessary to modify the 
volume required by the pharmacopoeial text. The performance of the rabbit 
pyrogen test requires animal facilities and trained personnel. 

A limulus lysate test is in principle much simpler to perform than the rabbit 
test. It seems that well-functioning test kits are now available commercially. 
This test is based on the gelation or precipitation of clottable proteins of the 
lysate of amoebocytes of Limulus polyphemus (horseshoe crab) when the lysate 
is incubated with a solution containing pyrogens in the form of endotoxins. The 
test will not detect synthetic pyrexial substances, which means that it cannot 
replace the conventional pyrogen test for all purposes. Its advantages are its 
sensitivity (small volume needed) and rapid performance. It has been shown to 
react to a long list of endotoxins and is compatible with a majority of radio-
pharmaceuticals. Certain metal complexes and a few 131I-labelled compounds 
inhibit the test. Positive control should therefore be used and the pH be controlled. 
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Cleaning of glassware is very important. There is a need for further international 
standardization of this test but it is a very essential test to use for all cisterno-
graphic agents. 

3.7.5. Stability 

Apart from stability studies performed during development work, it may 
be necessary to follow new batches during the shelf-life of the product. This 
applies for preparation kits, both to the kit itself and to the labelled product. 

3.7.6. Laboratory instrumentation 

A quality control system should also include testing of the environment 
such as ventilation system, air filters and LAF equipment. The calibration of 
instruments for determining radioactivity should also be checked. 

3.7.7. Reference samples 

Reference samples of all materials used and of the finished products should 
in principle be kept, normally up till one year after the expiry date of the product 
itself or of the product they were used for, or as long as national regulations may 
require. The sample size should be so that two full analyses according to the 
specifications can be made, one to be performed by the manufacturer and the 
other by an official laboratory. As such samples may require production and 
storage of large amounts of radioactivity, it may be acceptable to cut down on the 
sample size in individual cases. For " T c m radiopharmaceuticals at hospitals there 
is no need to keep reference sample of kits as the manufacturer is supposed to 
keep such samples. As the remains of " T c m radiopharmaceuticals will have to 
be kept for a few days for decay, they should also be kept to serve as reference 
samples for testing should any adverse reaction or unexpected distribution occur. 

3.7.8. Water for injection 

A quality control testing programme must of course also be established 
for locally produced distilled water for injection in accordance with the 
pharmacopoeias. 

3.7.9. Drug defects 

As part of the surveillance of the overall quality of the products manufactured 
an active effort should be made to collect any information on drug defects reported 
and also of adverse reactions. Such data should be analysed frequently. Even 
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reports on minor deviations may be useful when viewed in relation to other events. 
They should therefore be recorded. Manufacturers and/or the national authorities 
should be informed of deviations from specifications. Analysis of reference 
samples should only be performed after careful planning of their best use. 

3.8. WASTE DISPOSAL 

3.8.1. Principles 

Attention should be paid to the radioactive, biological and chemical nature 
of the waste to be disposed of. National regulations may determine in detail 
the modes of waste disposal to be used. A number of recommendations and 
guidelines from international organizations can be referred to (see the Bibliography). 
It is most important for individual hospitals to keep contact with local authorities 
handling waste and the whole disposal path should be known to the responsible 
person releasing radioactive waste for disposal. 

3.8.2. Waste handling 

No waste from clinical departments such as used syringes, urine or blood 
samples should be brought back into laboratories for the manufacture or prepa-
ration of radiopharmaceuticals. Return of waste to a central place may, however, 
be advantageous. 

The half-lives, the amount and the type of radioactive waste in hospitals 
make it often possible to use the 'dilute and spread' method after a first step 
of 'delay for decay' instead of the more complicated method of 'concentrate 
and store'. Radionuclides of class 1 toxicity such as «-activity and 90Sr will 
seldom occur and the main proportion of waste will be radionuclides with half-
lives between a few hours and one week. Longer-lived radionuclides like 51Cr 
will only occur in small amounts, while a few such as 57Co may occur in millicurie 
amounts. 

3.8.3. Separation of waste (Fig. 12) 

It is usually important to separate waste into two or three categories: 
inactive waste and/or radioactive waste with such a half-life that storage for few 
days will allow disposal with inactive waste and waste with a longer half-life that 
may have to be stored for a longer time or to be disposed of as radioactive waste 
by a national or regional system. A system for 99Tcm waste allowing at least three 
days of decay could consist of two containers, the first being filled Monday to 
Wednesday and emptied the following Monday and the second used on Thursday 
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FIG.12. Lead-glass shielding for handling analytical samples. Note different containers 
for short and long-lived radioactive waste and special containers for broken glass and for 
injection needles. 

to Saturday and emptied the following Thursday. Dangerous items such as 
syringe-needles and broken vials should be packed in such a way that they present 
no risk to those handling the waste. 

Careful consideration should be given to minimize the risk for all involved 
when deciding whether liquid waste should be collected or disposed of immediately 
through the sewage system. It may, for example, be connected with a larger total 
risk to collect and store urine containing radionuclides from therapy rather than 
to dispose it of immediately through special toilets. Local conditions taking into 
consideration the minimum delay between re-use of water resources may determine 
the system. If collection is considered necessary, it may follow that a special 
waste treatment plant has to be built in order to solve this problem without 
creating other radiation protection problems. 

Storage facilities in the form of a deep-freezer may be needed for storing 
animal carcasses before final disposal. 

" T c m generators must be kept at least two to three months, preferably in 
their lead containers but removed from the laboratory to a special storeroom. 
The time needed for decay will most often be determined by the long-lived radio-
nuclide impurities on the column rather than by the "Mo. 

Counting samples from analytical testing may normally be disposed of with 
inactive waste. Liquid scintillation counting samples create a special problem 
due to the content of organic solvents. The best way will most often be by 
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TABLE III. RADIATION DOSES TO 
FINGERS FROM UNSHIELDED 
SYRINGES AND VIALS CONTAINING 
SOME COMMONLY USED RADIO-
NUCLIDES (MAXIMUM ESTIMATES) 

Nuclide 

131 

Vials 

32n 

Dose 
(mrad/mCi • min) 

Syringes 

" T c m 1 0 - 5 0 

U3,„m In 1 " 150 

I 1 4 0 - 7 0 0 

50 

5 

incineration when in plastic vials. (In many countries samples containing less 
than 2 nCi/g are considered non-radioactive (non group 1 radionuclides).) 

Patients' excreta create a special problem when the patient is incontinent 
of urine or vomits. Instructions for handling such cases should be given to workers 
in order to avoid the spread of contamination and it should form part of the 
comprehensive instructions for dealing with spillage of radioactivity. 

A system for disposal of lead containers either by return to re-use or as re-
useable metal should be established. A check for contamination may have to be 
performed before disposal or re-use. Lead containers should be washed before 
re-use and should be kept well painted. 

3.9. RADIATION SAFETY 

The production and quality control of radiopharmaceuticals should be 
designed to ensure minimum radiation exposure to personnel in accordance with 
national regulations or international recommendations. 

It is possible to arrange manufacture, preparation and control of radiopharma-
ceuticals in such a way that radiation exposure from external radiation and internal 
contamination are kept far below the maximum permissible levels. The adminis-
tration of radiopharmaceuticals to patients and the handling of patients may be 
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more difficult to perform without significant radiation exposure. The main 
radiation protection problems in many hospitals seem to be radiation doses to 
fingers, external doses from patients and internal contamination from iodination 
processes. Table III shows some surface doses from syringes and vials containing 
various radionuclides. 

Experience shows that the main measures for good radiation hygiene are: 
instruction and training of personnel and the availability of good and simple, 
useful remedies such as lead-glass shielding etc. The design of the work place is 
of course also of importance but is secondary. Monitoring radiation exposure 
and the control of contamination levels are of equal importance. 

The risks of airborne contamination come either from volatile radionuclides 
such as iodine or xenon or from dust particles contaminated by spills of radioactive 
materials. " T c m is not considered volatile where it is handled in the form of 
generators and kits. Radioactive aerosols may be generated during transfer 
operations involving radionuclide solutions if any unexpected pressures build up. 

The main measures to avoid internal contamination are therefore to handle 
volatile radionuclides in a well-ventilated hood and to have well-ventilated 
laboratories and storerooms and to avoid contaminating laboratories, equipment 
etc. Monitoring of work places either directly or by smear-tests at the end of 
each operation should therefore always take place, as should the monitoring of 
hands and overshoes whenever the work area is left. A sufficient number of 
contamination monitors sensitive to the types of radionuclides handled should 
be available. Thorough and frequent cleaning as required for hygienic reasons 
will also help to keep a low contamination level. Lead shieldings, tongs and 
forceps should also be cleaned frequently for hygienic reasons and in order to 
avoid cross-contamination. 

The main control of external radiation exposure is by sufficient shielding 
whenever radionuclides are handled. Never take a vial directly by hand, but 
always use tongs or forceps since it can always be expected to be contaminated 
and the radiation dose may be very high directly on the surface. It is not possible 
for any manufacturer to give a complete garantee of no external contamination 
of vials without undue radiation exposure to staff. The levels should be kept as 
low as practicable. 

Simple precautions such as simple lead-glass shielding (e.g. from old X-ray 
installations often available at a hospital) or the use of lead pots with a 10 mm 
hole in the lid for withdrawal of doses, along with instructions for handling, may 
improve the radiation protection situation markedly. Paper work should as far 
as possible be separated from handling of radioactivity. Separation of disposable 
syringes and needles after use should be avoided. The needles should be firmly 
secured before use since needles or membrane filterholders that have separated 
from syringes frequently cause contamination. Needles should be capped before 
disposal. 
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Gaseous radionuclides such as xenon-133 should be handled in such a way 
that the gas exhaled by the patient is either collected or disposed of to the open 
air. Xenon is easily absorbed in rubber material, which means that empty syringes 
and vials may still contain activity. 

External radiation is normally monitored with either film or thermoluminescent 
personal dose meters. These dose meters measure the whole-body dose dose while 
finger doses, which may be a much more limiting factor,-often will have to be 
determined more indirectly as work with the available types of dose meters may 
be difficult. Various types of wrist-worn dose meters have been developed but 
most often these systems will have to be calibrated for the actual type of work 
performed. Dose meters should be frequently sanitized or wrapped in sterile 
plastic foils. 

Monitoring of internal contamination is important when handling large 
amounts of iodine radionuclides, particularly when performing labelling procedures. 
Measurement can be performed directly on the thyroid or urine samples may be 
collected (e.g. for 125I every third month). Whole-body counting may be useful 
if available to check the adherence of different persons to the working regulations. 

Instructions for handling accidents should be elaborated and frequently 
discussed with all staff members (e.g. what would be done if a vial with 300 mCi 
of " T c m were broken). These should include decontamination procedures for 
personnel, laboratories, equipment etc. 

57 





4. GOOD RADIOPHARMACY PRACTICE FOR 
SPECIAL RADIOPHARMACEUTICAL PROCEDURES 

4.1. GENERAL ASPECTS 

4.1.1. Principles 

Most radiopharmaceutical handling procedures at hospitals are very simple 
such as dispensing patient doses from stock solutions (handling of ready-for-use 
radiopharmaceuticals) or simple preparations of short-lived radiopharmaceuticals 
from radionuclide generators and preparation kits, in particular preparation of sodium 
pertechnetate ( " T c m ) injections and preparation of99Tcm-labelled radiopharmaceuti-
cals. In principle GRP as described in section 3 applies, but there are reasons for a simpler 
system as a greater part of the work has been done before the radiopharmaceuticals 
or semi-finished products arrive at the hospital. The procedures that have to be 
applied are very simple,normally involving only one or two transfers between closed 
containers, and raw materials are supplied as ready-for-use stock solutions or as 
semi-finished sterile products, where quality control of raw materials and most 
aspects of quality control of the final product have already been dealt with. 

In addition to these features, which by themselves allow for rather limited 
requirements with regard to the elements of GRP discussed in section 3, these 
pharmaceuticals are also used in a way different from other sterile pharmaceuticals. 
The half-lives of " T c m and 113Inm of 6 hours and 100 minutes mean that labelled 
products with these radionuclides can only be used within the same working day 
when they are prepared. They are normally applied intravenously within a very 
few hours and may be stored at 2—5°C between preparation and injection. 

4.1.2. Ready-for-use radiopharmaceuticals 

Ready-for-use radiopharmaceuticals will most often require dispensing of 
patient doses because of the half-life of the material, whereby the radioactive 
concentration will change continuously. No quality control work would normally 
be required as this is taken care of by the manufacturer. Such products would 
normally be subject to control by regulatory authorities who have also set speci-
fications either in the pharmacopoeias or by a registration procedure. In some 
cases the user may have to set his own specifications. The laboratory facilities 
required for this very simple procedure may be rather limited when dispensing 
is done at an individual hospital for immediate use. Dispensing on a larger basis 
may require more elaborate facilities. Radiation protection requirements are 
determined by the amount of radioactivity handled. Hygienic requirements would 
normally be fulfilled by a controlled environment with good separation from 
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other work, which means an isotope laboratory (type 1 or 2) kept at a good 
hygienic standard or a simple clean room. A laminar-flow work station (see 
section 3.3) will give a higher standard, but unless dispensing is done for distribu-
tion, it is in many places not considered necessary. 

4.1.3. TCC>4 

Preparation of 99 Tcm-labelled radiopharmaceuticals based on generators and 
preparation kits is another special case. The 9 9Tcm generator is so designed and 
produced that if operated according to the instruction in a suitable place, it should 
give radiopharmaceuticals of the expected quality. 

The environmental conditions of the working place and the working procedure 
may affect the resulting product. Damage to the generator during transport may 
also have an effect. Therefore quality control should concentrate on these factors, 
as it can be expected that the quality of the "Te™ generator as such has been 
ensured by the manufacturer according to the established standard. 

The principle of the modern sterile 99Tcm generator is rather simple. It 
contains an aluminium oxide column, whereon " M o is absorbed. Al3+ and 99Mo 
are therefore possible impurities. It is eluted with a sterile 0.9% sodium chloride 
solution either by pressure or by suction into an evacuated vial. The eluate may 
contain a small amount of an oxidizing agent such as nitric acid and such oxidizing 
substances may have an effect on the labelling process with 9 9 Tc m , particularly 
with kits with a very low content of stannous chloride. " T c m decays to 99Tc, 
which means that the eluate will contain different amounts of technetium depending 
on the time since the last elution. In special cases the total amount of technetium 
may have an effect on a labelling process. 

The design of the system may allow for nearly automatic operation. The most 
common device is an outlet needle through which the generator is operated by 
an evacuated vial. Others also have an inlet needle or a diaphragm for injection 
of the saline solution. This offers a risk of infecting the product or the generator 
itself. Generators are therefore supposed to be operated with an aseptic technique 
such as swabbing out vials with an antiseptic before use. Manufacturers, however, 
do not normally specify the required environment for the generator. As the risk 
of air infection is rather low, it is at present in most countries considered good 
practice to operate the generator in a room with a good hygienic standard, but 
not of the clean room, aseptic room type. To reduce the risks further, it may 
be advisable to place the generator in a small LAF unit (Fig. 13), although it has 
been shown that the generator column will retain bacteria applied on the top, and 
that the generator system does not seem to support bacterial growth. Infection of 
the outlet part may, however, still be a serious problem. The decision on the 
hygienic requirements for such a simple operation should be made in relation to 
the way that sterile products are normally handled in the hospital. 
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FIG.13. 99Tcm generator in a mini modified cross-flow LAF unit. 

4.1.4. " T c m labelling 

A similar situation prevails with " T c m radiopharmaceuticals prepared from a 
" T c m generator eluate and preparation kits. Again the working conditions and 
methods may effect the resulting product. The compatibility of the generator 
eluate and the preparation kit is a complicating factor. It is not always possible 
to specify the quality requirements for the "Tc™ solution to be used in connection 
with a particular kit. Quality control procedures must take this into account, 
particularly as the manufacturer often does not take this responsibility. 

Kit manufacturers should as far as possible mention this problem and give 
recommendations but the individual manufacturer can of course not guarantee 
more than his own product. So only with generators and kits from the same 
manufacturer can compatibility problems be expected to have been dealt with 
by the manufacturer. Experience suggests that the problem does not occur very 
often and the open literature does not contain many reports. The problems seem 
to concentrate around kits with a very low tin content and around very large 
generators and the first-day eluate. Most kit systems are now developed into a 
one-step procedure, where pertechnetate is introduced into a vial containing the 
reagents in a freeze-dried form (Fig. 14). 
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FIG. 14. "Tcm preparation kit (sterile, pyrogen-free reagent). 

4.1.5. Sterilization 

Another special problem is autoclaving or membrane filtration of the final 
product. The pertechnetate solution will stand both treatments and normal 
pharmaceutical practice would indicate the use of autoclaving as a final step. 
In this particular case an increased radiation dose risk may follow and in a well-
organized and controlled system it is considered acceptable to omit this procedure. 
Most kits will not stand autoclaving. Filtration, which incidentally may not give 
any added safety as it in fact will consist of the same procedure, injection in a 
closed vial, will in many cases lead to a product of lower quality and possibly 
of decreased stability. Kit vials are filled with nitrogen to protect the product 
and transfer through a filter to a new vial will remove this protection. In general, 
it is therefore recommended to establish the procedures in such a way that 
terminal sterilization may be omitted. 

4.1.6. 113Inm 

Similar problems to those mentioned above arise when other generator and 
kit systems are used such as 113In, 68Ga, 81Krm and 132I. The only system that has 
been developed to such an extent that it may be handled in a way similar to 
the " T c m system is 1 1 3Inm . 113Inm generators are prepared as closed sterile 
systems where the mother radionuclide (113Sn, half-life 115 d) is absorbed on 
a column of either silicon or zirconium hydroxide. The 113Inm (half-life 99.5 min) 
is eluted by sterile diluted hydrochloric acid (appr. C.04M) with a pH around 1.4. 
Both a pressure system and a system using evacuated vials are available. One system 
contains a bactericide (chlor-cresol). 
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113Inm-labelling kits are not developed to the same extent as " T c m kits. The 
principles used in labelling procedures are complexing or precipitation of oxides, 
e.g. with iron as a carrier. No problems have been reported on compatibility 
problems between generators and kits, possibly because there is not such a great 
variety of products available as with " T c m . The content of indium-113 (stable) 
will be considerably higher in the eluate if a very long period of time passes between 
elutions. Such a practice may also create radiolytic impurities that could interfere 
with the labelling procedure. 

4.1.7. Kits or in-house production 

For many hospital departments the question may arise: shall " T c m radio-
pharmaceuticals be prepared from preparation kits bought from an outside supplier 
or by in-house methods based on raw materials supplied as such. In the later case 
all aspects of GRP rules as specified in section 3 must be followed. This requires 
more qualified staff, more elaborate facilities and more quality control work with 
the attendant higher expense on investment and daily procedures. On the other 
hand, raw materials are much cheaper than preparation kits. Before a decision 
is made all these aspects have to be thoroughly analysed and balanced against 
each other. 

Present experience seems to indicate that unless a very high production rate 
is required, the kit system will be far more economic if the same degree of safety 
and efficacy is to be obtained. But many other aspects such as availability, 
reliability of supply, facilities, staff available, radiation protection aspects, finance 
(availability of foreign currency etc.) will have to be included in the process of 
making the decision. 

4.1.8. Personnel 

A simplified system for routine procedures such as described in sections 4.2, 
4.3 and 4.4 may be operated primarily by well-trained technicians, but a radio-
pharmaceutical scientist should be available to help set up the system and be on 
call either in person or by telephone should any of the operations go wrong or 
should there be a need for qualified advice. Therefore one important aspect of 
training will be to teach the technicians to judge when they should call for assistance. 
This assistance may preferably come from a regional or national reference centre. 

4.1.9. Updating 

The increase in the use of radiopharmaceuticals makes things go more and 
more routinely with an increased risk of mistakes, and with a tendency to leave 
training of new persons to similar persons already working in the job. This situa-
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tion requires therefore a very well described and organized system in order to keep 
the high level of quality that was originally planned for. Updating must therefore 
be a continuous process. 

4.2. HANDLING OF READY-FOR-USE RADIOPHARMACEUTICALS 

4.2.1. Principles 

Ready-for-use radiopharmaceuticals may appear at the hospital as single 
doses in syringes for the individual patients or as ampoules or multidose vials 
containing from one to several patient doses. 

It is recommended that multidose vials do not contain more than a few 
doses, 5 — 10 normally being considered an absolute maximum. The radioactive 
concentration should be such that a patient dose would normally be contained 
in 0.2—2 ml. For radiation protection reasons, multidose vials are preferred to 
ampoules. 

Because of the half-life, the time needed for transportation or the production 
scheme of the companies, a higher concentration may have to be received. The 
product may then have to be diluted before use. Often there is no reason apart 
from tradition for not receiving a suitable radioactive concentration. 

If commercial suppliers cannot deliver radiopharmaceuticals in concentrations 
that are ready-for-use in daily routine, it may be useful to have a central or regional 
service to make the necessary dilutions and subdispensing. 

4.2.2. Ordering 

Before a radiopharmaceutical is ordered a decision must be made as to what 
specifications must be fulfilled. Reference may be made to a pharmacopoeia 
monograph in order to specify a distinct quality in an unequivocal manner. 

Ordering should preferably be done by writing in order to avoid mistakes 
such as receiving a wrong product or wrong quantities. Such mistakes may later 
be carried over in a wrong patient dosage. If orders are placed by telephone, they 
should be given and received by persons with sufficient knowledge of 
radiopharmaceuticals. 

The following information may be necessary: Name of product including 
radionuclide, producer's code number for the product, the amount needed at a 
given calibration date, the date where the product is needed at the hospital, and 
the address of the place of delivery. 
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FIG.15. Receiving a radiopharmaceutical: papers and label are compared with specifications, 
registration for the inventory is carried out. 

FIG.16. Lead shielding for inspecting received radiopharmaceuticals and a lead-shielded 
dose calibrator. 
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4.2.3. Receipt 

On receiving the radiopharmaceutical ordered the first important thing is 
to make sure whether any damage to the consignment is apparent, indicating 
abnormal transport conditions. If any damage is apparent, the radiation protection 
officer must be called before unpacking. 

For hygiene reasons outer packing material should be taken off before the 
package is taken into the laboratory. All transport labels on packaging materials 
indicating "radioactive" must be "crossed out", e.g. by writing "EMPTY" with 
a speed marker. Transport regulation will often require containment in the form 
of a can. This may be taken to the laboratory but some companies use very dusty 
absorbent materials (e.g. vermiculite). In this case a special place for unpacking 
may have to be found and the lead pot or vial may have to be cleaned up. The 
use of non-dusting packaging materials should be encouraged. 

Before further unpacking, check that it is the product ordered (name - code 
number) and in the amount ordered. Labels and accompanying papers should 
be checked for agreement on the different parameters such as batch number, 
mCi, etc. (Fig.l 5). The accompanying papers or the label on the outer container 
may be used as part of the inventory that has to be kept of radiopharmaceuticals 
in stock. All the information given on the product should be compared with 
similar information set up when the decision was made to use the product. Such 
a comparison is made easier if such information contains reference samples of 
labels, instructions for use, etc. 

Normally no further identification in the form of a test is recommended. A 
measurement of the total radioactivity received is considered good practice by 
many laboratories. This procedure will add to the radiation dose to staff members 
and may be omitted as a final check of each individual dose is recommended 
(see section 4.2.6). If carried out, a special shielded work place may be needed 
(Fig. 16). 

4.2.4. Storage 

Storage conditions must fulfil radiation protection requirements and protect • 
the product from deterioration. Storage conditions must comply with the manu-
facturer's recommendations. Radiation protection guidelines will specify the 
maximum permissible dose rate and may give special requirements such as fire 
precautions and safety against theft. 

The storage area must be a dry, clean place. Storage at 2—5°C will often 
be required. 

Further shielding in addition to the lead pot used for transport may be 
required. It may be advantageous to transfer the vial to a clean, painted lead pot 
with thicker walls as many lead pots used for transport are of raw, unpainted lead. 
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FIG.l 7. Small dispensing laboratory with mini-LAF unit, dose calibrator, and lead glass 
for visual inspection. 

Such storage lead pots should be cleaned between use. If an ordinary household 
refrigerator is used, the shelves and their supports may have to be reinforced as 
they may not be able to carry the necessary lead shielding. 

All labelling of radiopharmaceuticals should clearly show the expiry date. 
The period for use of each radiopharmaceutical is normally fixed with regard to 
radiochemical purity, radionuclidic purity or similar parameters. When a multi-
dose vial has first been punctured the given expiry date does not necessarily 
apply any more, as a certain risk of infection is connected with each withdrawal 
of a dose. The fact that radiopharmaceuticals often do not have a preservative 
added, in order not to interfere with the properties of the radiopharmaceutical or 
to react with it, stresses the importance of proper aseptic techniques. A multi-
dose vial should be given a date for the first use and normally not be used more 
than a week after the first puncture, provided the proper techniques are used 
(see section 4.2.6) and it is stored at 2—5°C. The number of doses withdrawn 
should be restricted to 5 —10 as an absolute maximum. If no bacteriostat is 
added, the period of use must be shortened considerably. Regarding re-autoclaving 
of stock bottles see section 4.2.6. 
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TABLE IV. CALCULATION OF DECAY CORRECTIONS BY USE OF 
A CONSTANT MULTIPLICATION FACTOR PER TIME/UNIT 

.Radionuclide Hour 
Day 
(24 hours) 

Week 
Month 
(30 days) 

P-32 - 0.953 - -

Cr-51 - 0.975 0.840 -

Co-57 - - - 0.926 

Fe-59 - 0.985 0.898 0.630 

Ga-67 - 0.808 - -

Se-75 - 0.9943 0.9607 0.8421 

Tc-99m 0.891 - - -

In-113m 0.660 
(5 min. 0.968) 

- - -

Sn-113 - 0.994 0.959 0.838 

1-125 - 0.9885 0.922 0.707 

1-131 - 0.917 0.547 -

Xe-133 - 0.876 - -

Yb-169 - 0.978 0.855 -

Example: Xe-133 l O m C i 

Decay: 3 days : K, 0.876 X 10, -, =, Result: 6.72 mCi 
Predating: 3 days : K, 10: 0 . 8 7 6 , = , = , 

(K: constant factor key, =: 
=, Result: 14.8: 

Results key) 
8 mCi 

4.2.5. Premises (Fig. 17) 

Preparation of individual patient doses must take place in an area sufficiently 
clean to keep the risk of infection to a minimum and to prevent the spread of any 
radioactive contamination. The work place should be well-separated from areas 
where patient samples such as blood and urine are handled. The standard of the 
laboratory facilities required depends on the type and the amount of work carried 
out (see section 4.1.2). A controlled area with an LAF unit would normally be 
considered a high standard. The working space needed will most often be very 
limited: a table with a simple lead or lead-glass shielding to protect the body of 
the operator. The lead shield should cover the working area of the table. An LAF 
unit will give added hygienic protection of the preparation but for individual 
patient dose dispensing at a hospital department where the doses are injected in 
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close connection with the dispensing it is not normally considered necessary. If 
large doses of volatile radionuclides like iodine-131 are handled, a fume hood or 
a glove box may be needed. There should be room for storage boxes and a refri-
gerator. There should also be a place for the dose controlling instrument in the 
form of a dose calibrator or a simpler instrument where the readings are calibrated 
for the measurements of different doses at certain distances from the instrument. 
The detector may have to be shielded by lead in order to make it independent of 
variation in the amount of activity handled in the room. 

4.2.6. Dispensing 

A list of dispensings with calculations of the individual volumes of stock 
solutions and diluents must be prepared beforehand along with the labels. If 
individual doses are dispensed into vials, these should be labelled beforehand. 
Modern electronic calculators include constant factor multiplication. This may 
be used for decay corrections. Table IV gives decay factors for some commonly 
used radionuclides per hour, day, week or month. The table gives the fractions 
remaining calculated from f = e(-0.693 f/T2). 

A tray with absorbent paper that does not give off particles should be used 
to confine any spill. Gloves should be worn. Forceps or tongs should always be 
used to handle vials containing radioactivity. The rubber stoppers must be wiped 
with an antiseptic swab before and after puncture (e.g. Chlorhexidine in alcoholic 
solution). 

Vials should be shaken before dispensing to make sure of content uniformity. 
The swabbed vial is then placed in a lead container with a lid with a 10 mm hole. 
The lid is secured with tape. This lead pot is then placed upside down in a stand. 
This set-up provides a well-protected, easy way of preparing individual patient 
doses (Fig. 18). Syringe shielding of lead or lead-glass should be used. A visual 
inspection (behind lead-glass if the radioactivity warrants) may be included either 
before or after dispensing. 

Replacement with air of the volume withdrawn may be a problem. Sterile 
air may be drawn into the syringe if the package with the disposable syringe is 
opened carefully. This air is then introduced into the vial successively while the 
liquid is drawn into the syringe-. Particularly if a larger volume is dispensed, it 
may be dangerous to try to inject all the air at one time. 

Another solution to the air replacement problem is the use of air-bleed 
needles. This of course does not then permit the use of the system with the vial 
upside down. The air-bleed needle should then be fitted with a sterile filter of 
the bacterial-proof type. Such a filter has to be replaced every day. 

Dispensing particle suspensions such as microspheres or macro-aggregated 
serum albumin requires special attention in order to obtain the calculated amount 
in each individual syringe. The syringes may have to be rotated until the injection 
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FIG.19. Dispensing unit in glove box for 1311-therapy 
FIG.18. Dispensing a radiopharmaceutical in a mini do¡e¡ S[ock bottle behinJ ,eaJ shielJing is viewed 

down-flow LAF unit (see also Fig.5). through mirror. 



FIG.20. Principle of the use of a tubing pump for dispensing radioactive solutions. 

can take place. Such preparations should not be kept in syringes for longer periods 
of time as the particles may be taken up by the greasing material in the syringes. 
Other products may also present stability problems if kept for a longer period of 
time in plastic syringes. 

A rough check of the activity dispensed must be performed on each individual 
dose, either using a dose calibrator or a simple detector calibrated for different 
doses measured as different distances. 

All necessary diluting solutions should be available as ready-for-use sterile 
injections in volumes suitable for not more than one day's work. The preparation 
of such solutions should take place in accordance with the GRP rules in section 3. 
The composition of diluting solutions should be verified by the radiopharmaceutical 
manufacturer. Diluting solutions should bear an expiry date. Empty sterile, 
particle-free capped vials may be necessary for making the radioactive concentrations 
needed (see Appendix 8 for the preparation of such vials). Sterilization of capped 
empty vials can only be performed by autoclaving if they contain a drop of water. 
If dilutions of radiopharmaceuticals are to be kept for a longer period of time, 
stability studies may be needed. 

It is recommended that radiopharmaceuticals are purchased in such quantities 
that multidose vials be used for only a short period of time. Reautoclaving of 
stock solutions may require that a new sterile stopper is put into the vial and also 
requires either information from the supplying company or a testing programme 
to demonstrate that the product will stand this treatment. 
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FIG.21. Stock solution, diluting solution and dispensed solution along with working 
sheet awaiting control by a second person. 

Dispensing of large doses of sodium iodide (131I) for therapeutic purposes 
(oral administration) requires special precautions with regard to ventilation 
because of the risk of airborne radioactivity when opening a vial. The use of a 
fume hood or a glove box is therefore recommended for this purpose. A simple 
automated system using a two-way tubing pump for column chromatography 
may be used for remote dispensing of individual patient doses from a stock bottle 
(Figs 19, 20). 

Every procedure is finished by a check with a contamination monitor of the 
working area and of tools such as forceps and tongs in order to prevent any spread 
of radioactivity or cross-contamination on vials and syringes. For the same reason 
only one product should be handled at a time. 

4.2.7. Quality control 

No quality control will normally have to be performed on ready-for-use 
products. Visual inspection, control of paperwork and control of the activity of 
individual patient doses is included as process control of the dispensing procedure, 
as mentioned previously. The control of aseptic techniques may preferably be 
done by simulating the procedure with a broth solution. 
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4.2.8. Documentation 

A protocol containing instructions for receipt, handling and storage of each 
individual radiopharmaceutical should be worked out. 

A record must be kept of details for each individual dispensing, making it 
possible to relate each patient dose back to the relevant stock solution and diluent. 
The record should include stock solution and diluent reference numbers and volumes 
taken (Fig.21 ). Results of the activity measurement should also be recorded. 

An inventory of radiopharmaceuticals should be kept and adjusted for each 
dispensing operation. An indication of volume may be preferable to activity. 

4.2.9. Waste 

All waste should be removed from the working area. Special care should be 
taken of injection needles to prevent injuries during handling of the waste. Radio-
active waste should be handled according to radiation protection rules. For such 
short-lived radionuclides as " T c m and 113Inm it may be practicable to have a 
number of waste containers to allow decay for a 3-day period before such waste as 
syringes, empty vials etc. is released to go with the ordinary waste from the hospitals. 
The complete waste disposal system should be surveyed by the user to make sure 
that at no stage can unauthorized personnel come into contact with the waste. 

No used syringes or other products returned from the wards should be allowed 
into the dispensing area. 

Expired products should be transferred to a waste storage area for decay or 
for further disposal. 

4.3. PREPARATION OF SODIUM PERTECHNETATE ( 9 9Tcm ) 
INJECTIONS FROM 9 9Tcm GENERATORS 

4.3.1. Principles 

The starting material is a 9 9Tcm generator produced so that the eluted product 
will fulfil a pharmacopoeia or similar specification. The generator is delivered with 
all necessary accessories for elution including the sodium chloride solution. No 
other solutions should be used. 

There is a choice of many different generator systems all based on the aluminium 
oxide column eluted by a saline solution. Both pressure and vacuum systems are 
employed. In some systems the column is kept wet while in others the bed is kept 
dry between elutions. The 99Mo used is obtained either by neutron irradiation of 
enriched molybdenum or from fission products. The choice of system may depend 
on many factors besides economy and availability. Some people prefer pressure 
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TABLE V. REDUCTION FACTORS FOR LEAD 
FOR RADIATION FROM " T c m GENERATORS 
Approximate values supposing broad beam geometry. 

Reduction factor 

1 2 
3 10 

5 50 

systems to vacuum systems because of the theoretical risk of introducing micro-
organisms through any possible leaks in the system (see also section 4.1.3). 
Calibration date and obtainable radioactive concentration may also be determining 
factors. It is not always best to have the highest possible radioactive concentration. 
If it is not needed for a special purpose, it is certainly not particularly convenient 
or appropriate from a radiation protection point of view to obtain, e.g.,400 mCi 
in 5 ml. 

This preparation is an aseptic preparation of a pharmaceutical. The procedure 
is simplified as it is performed in a closed system. However, the same raw material 
(the generator) is used for at least one week. The resulting product is, however, 
never used for more than one working day. No final procedure of sterilization 
is normally ..carried out, although the product is suitable for both autoclaving and 
the removal of microorganisms by filtration. The reasons for not using these 
methods are mainly the radiation protection aspects but also the need for the 
product early in the day may count. The sterilization procedures themselves may 
give rise to radiation to staff members. Further generators with higher amounts of 
radioactivity may have to be used because of the loss of activity by decay during 
the period of time necessary to carry out the procedures. If used, autoclaving 
and membrane filtration must be established in such a way and with the necessary 
technical facilities that the extra radiation dose may be kept to a minimum. In 
an aseptic preparation procedure precautions should be taken to prevent contamina-
tion of the product by microorganisms. In this case the closed system reduces this 
risk; however, a risk of contaminating the inlet and outlet part of the systems 
may exist. A survey shows that generators are placed in all different kinds of 
environments from an ordinary laboratory to a high-class clean room. Use of 
LAF cabinets in a low-grade clean room may be considered a useful compromise 
for this case, giving the necessary added precaution to prevent airborne conta-
mination of the closed system. 
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This radiopharmaceutical is rather special because of the divided responsibility 
between the generator-manufacturer and the operator at the hospital. The orga-
nization of the work at the hospital should be arranged taking into consideration: 

(a) Generators leaving the manufacturer are produced in such a way that 
there is a high degree of probability that when operated according to 
instructions they will give a product fulfilling the specifications. 

(b) The generator may have been damaged during transport. 
(c) The procedure carried out at the hospital is the sole responsibility of 

the responsible person and quality assurance including analytical quality 
control for this part of the work should be carried out at the hospital. 

4.3.2. Placing 

The radiation protection aspects and hygienic conditions must be considered 
when locating a " T c m generator. 

Extra radiation shielding is most often needed to meet radiation hygiene 
rules. Table V gives reduction factors for lead for " M o . The transport index 
on the package indicates radiation levels 1 metre from the surface of the package 
at the time of dispatch in millirads per hour. The package may contain extra 
shielding to fulfil transport regulations. The radiation shielding used for the 
generator should be easily cleanable. Raw unpainted lead bricks are not acceptable. 
Lead bricks should be secured so that they cannot fall down and hurt the operator. 

Tc generators should be placed in a room with a good hygienic standard. As 
there is no significant risk of airborne radioactive contamination, no fume hood 
is needed. All the dirty air from the laboratory will normally pass the fume hood 
and from a hygienic point of view the generator should therefore not be placed 
here. If an isotope laboratory with a very good hygienic standard can be set aside 
for the generator operation alone, this may be acceptable but if the room has a 
high level of use the generator should at least be protected by an LAF cabinet. 
This should be of a sufficient size to allow for the extra lead shielding necessary. 
It should be of a down-flow or modified cross-flow type so that the air does not 
blow directly at the operator lest any droplet should be accidentally released. 
It is, however, acceptable that the air be released directly into the room. The 
LAF unit should be operated continuously whenever a generator is installed in 
the laboratory. A clean room or an aseptic laboratory may of course also be used 
(see also section 4.1.3). 

4.3.3. Installation 

On receiving the generator it is very important to check that it has not been 
damaged during transport. The dirty outer packaging material should be removed 
outside the work room. The generator is mounted according to the manufacturer's 
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instructions, which may have to be translated into the national language. Again 
it is checked for any items lacking or any damage. The generator may have to be 
cleaned for packaging material and swabbed with an antiseptic solution. The 
generator is then placed in the area marked for it, with extra shielding if necessary. 
The place will have been cleaned after the old generator was removed to the waste 
storage area. 

4.3.4. Elution 

Elution is carried out according to the instructions, taking precautions against 
contaminating any vital parts with microorganisms. Manufacturer's instructions 
may have to be translated and explained for local conditions. Disinfection swabs 
should be used, preferably those delivered with the generator by the manufacturer. 
Ethanol may be deleterious to the generator and should not be used. The excessive 
use of a bactericide solution on rubber membranes may introduce traces into the 
injection. A prelabelled vial should be used for collecting the eluate. The vial 
should be in a lead shield during elution. (The radiation dose rate on the surface 
of a vial is about 5 mrem/mnrmCi " T c m . ) Lead shielding pots should be cleaned 
routinely. 

The eluate may be sterilized by autoclaving or may be treated by filtration 
through membrane filter. As previously mentioned, this aseptic preparation takes 
place in a closed system. There is no indication that the generator supports 
bacterial growths and it has been shown that microorganisms applied to a generator 
will stay on the column. The preparation is done from basic materials that are 
sterile and free from pyrogens and as this radiopharmaceutical is to be used within 
a few hours after its preparation, it is deemed acceptable not to use autoclaving 
or filtration through membrane filters, provided good hygienic conditions have 
been established and provided the aseptic technique is otherwise subject to method 
control. This method control may consist in a periodic counting of microorganisms 
on the last eluate from the generator. This is best done by total filtration through 
a membrane filter of the eluate. Bacterial counts are then determined on the filter 
after this has been divided in two parts and incubated in two different media. 
The use of this control method is of particular importance in connection with 
changes of working methods and on introducing new staff members. It must, 
however, be remembered that even a 100% negative test results do not demonstrate 
that the products fulfil pharmacopoeia standards. 

4.3.5. Quality control 

Quality control should include properties that may be affected by trans-
portation of the generator and operation at the hospital: elution yield, " M o in 
eluate and control of aseptic technique. 
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The activity eluted from the generator is a good indication of the function of 
the system and may be determined either by measuring the total amount eluted 
in a dose calibrator or from a sample in a syringe. The total amount of the Tc eluted 
is then calculated and determined in per cent of the theoretical amount available 
in the generator. For calculation the formula in Annex 2 may be used, where 
the Mo quality inserted is the quantity declared by the manufacturer and corrected 
for radioactive decay. With current generators " T c m yields obtained are more 
than 70% of the theoretical value. A low yield may indicate faults in the system 
and should lead to a more thorough investigation. 

Under certain circumstances the parent nuclide " M o may be found in the eluate. 
It is therefore recommended that the eluate be measured for "Mo. As the risk of " M o 
in the eluate is primarily connected with wrong mounting of the generator or damage 
during transport, it is recommended that this measurement be restricted to the 
first eluate. The measurements may be performed by a simplified technique and 
should be performed with proper radioactive protection techniques as quite large 
amounts of activity may have to be handled. The principle of this technique is 
measurement of the same sample with and without a lead shield, whereby a nearly 
complete reduction of the Tc radiation is obtained while only part of the " M o 
radiation is reduced. Complete working instructions are given in Annex 3. Many 
pharmacopoeias have introduced a limit of 0.1% " M o (1 ßCi per mCi) at the 
time of administration. 

Aluminium ions are another possible impurity in the eluate. Some companies 
therefore supply a simple colorimetric test for Al3+ along with the generator. 
The experience of recent years indicates, however, that this problem now occurs 
very seldom. It is therefore not considered necessary to test for Al3+ in the eluate 
on a routine basis. 

It is most essential that the aseptic technique used functions properly. It is 
therefore recommended as a control of methods to carry out determination of 
microorganisms on the latest eluate used from the generator or an extra eluate 
prepared for this purpose. The technique recommended is filtration through 
membrane filters. A complete description of the technique used is given in 
Annex 7. Another way of controlling the aseptic technique is by simulating the 
procedure by using sterile broth solutions; such solutions should not be passed 
through generators as longer-lived impurities may be eluted. 

Since all materials used are supplied as sterile and pyrogen-free and proper 
aseptic techniques are used and controlled, there should be no reason for routine 
pyrogen testing of the eluate. 

4.3.6. Documentation 

There must be written instructions for the preparation of sodium pertechnetate 
injections based on the manufacturer's package insert. These instructions must 
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make clear who is making the preparation in daily routine and who is to be 
summoned if something unexpected happens. All procedures to be carried out 
including the quality control measurements must be specified and methods given 
in detail. Records must be kept for all data concerning the Tc generator and results 
of measurements and calculations performed must be collected in a journal signed 
by the person doing the job. An example of a manufacturing record is given in 
Annex 1. Documentation materials must be kept for at least one year as long as. 
national regulations require. 

4.3.7. Quality assurance 

Based on the operations carried out and all records available the product may 
then, if it fulfils all the requirements, be released for clinical use. In principle, 
this should be done by a different person from the one who has been doing the 
preparation. In a well-organized system it may be quite acceptable that this is 
done by a technician. The preparation may now be dispensed for clinical use 
or used for labelling Tc-labelled radiopharmaceuticals. An expert or a reference 
centre should be available for consultation and should take part in setting up the 
procedure. 

4.3.8. Storage 

The " T c m pertechnetate injection may be stored at 2—5°C until use but 
should not be used for longer than one working day. Preparations left over should 
be kept at least 48 hours in the refrigerator for decay and as reference samples 
should further testing be needed in connection with a suspected patient reaction. 

4.3.9. Waste disposal 

The remains of " T c m solutions could easily be kept for a sufficiently long 
period of time to be considered non-radioactive. The generator itself will have 
to be kept at least two to three months before it may be disposed of with regular 
waste (depending on national regulations). The storage time necessary varies for 
different generators as it is mainly determined by impurities with a longer half-life 
than "Mo. Such impurities may vary from one manufacturer to the other. 
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4.4. "Tcm-LABELLED RADIOPHARMACEUTICALS PREPARED 
FROM PREPARATION KITS 

4.4.1. Principles 

The preparation is carried out using sodium pertechnetate ( 9 9Tcm ) injection 
and preparation kits. It is assumed that such kits are produced in accordance with 
general good pharmaceutical manufacturing practice and according to fixed speci-
fications either in pharmacopoeias or in registration documentation. 

As with " T c m prepared from generators, the responsibility is divided between 
the manufacturer of the preparation kit and the person responsible for preparation 
of the "Tcm-labelled radiopharmaceutical at the hospital. 

Generators and kits may originate from different manufacturers as not all 
kit manufacturers produce generators and not all generator manufacturers produce 
all types of kits. Thus there may be the problem of compatibility between genera-
tors and kits. Information should be requested from the manufacturer but the 
final responsibility must, unfortunately, rest with the hospital unless kit and 
generators from the same manufacturer are used. 

4.4.2. Setting up the procedure 

Because of compatibility problems the introduction of a new kit may require 
a few test runs to make sure that the system works. A simple radiochemical 
purity test may suffice. Such tests may be those recommended by the manufacturer 
or found in the literature. Table VI in Annex 4 gives examples. It is stressed 
that such tests may not be useful for comparative studies of the quality of different 
products. Apart from the time when the procedure is being introduced, it is 
recommended that such simple tests be carried out whenever a new generator type 
is used or a new technician trained. Reports indicate that changing from a small 
size to a larger size generator has created labelling problems in a few cases. Finally, 
such sample tests may also be used to rule out problems with the radiopharmaceuticals 
where unexpected behaviour is noted in clinical use. Special compatibility problems 
may occur with the first eluate from a generator not used for a long time, either 
due to high " T c content (carrier effect) or to radiolytic impurities. Oxidizing 
substances added to some generator systems may create labelling problems. 

4.4.3. Premises (Fig.22) 

All kit procedures are performed in closed systems and the resulting products 
used within one working day. Most kit require only a single-step procedure. The 
requirements for hygienic conditions and radiation protection are therefore similar 
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FIG.22. Work bench with lead shielding and mirror for "TJ" handling. Note Styropor 
block for temporary storage of used syringes. 

to those required for dispensing ready-for-use radiopharmaceuticals. When prepa-
ration of kits that are not to be injected immediately are undertaken the hygienic 
requirements for the facilities will be increased. A few kits require heating ( " T c m 

sulphur colloids) or ultra-sound treatment ( " T c m microspheres). 

4.4.4. Raw materials 

Sodium pertechnetate (9 9Tcm) injections are prepared as described in 
section 4.3 or are received ready-for-use as 'instant pertechnetate'. Preparation 
kits are received ready-for-use, most often as a single vial per preparation con-
taining a freeze-dried solid. The kits must be identified by name and content. 
As a minimum, all major constituents must be declared and the total amounts 
given. A comparison should be made with the specifications set up in the written 
instructions established when first used in the hospital. Each vial should be visually 
inspected for appearance, damage, etc. Freeze-dried solids may appear different 
from one batch to the next with regard to volume. If no special instructions are 
given, kits should be stored in a dry place protected from sunlight and excessive 
heat. All kits must bear an expiry date. Expired kits should be removed from the 
laboratory. If saline is needed for dilution either of the pertechnetate solution or 
of the prepared 99Tcm-labelled radiopharmaceutical, it may be preferable, if possible, 
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to use the sterile saline supplied with the generator. Sometimes saline injection 
contains stabilizers such as EDTA which even in very small amounts may affect 
the labelling yield for certain kits. 

4.4.5. Working instructions and procedure 

Written instructions based on the manufacturer's recommendations must be 
elaborated, spelling out in detail all the necessary operations to be carried out. 
Visual inspection is a vital part of kit preparation to make sure that a complete 
solution or suspension is obtained. Dilutions should not be carried out to a greater 
extent than indicated by the manufacturer, otherwise special studies including 
stability studies must be carried out. Instructions must also include information 
on the persons responsible for daily work and persons to be called upon in case 
of any unusual behaviour of the kits. 

Precautions to reduce radiation doses to fingers and eyes should be taken by 
using lead pots, tongs and lead glass. It is of very great importance to avoid con-
tamination of the pertechnetate injection with reducing agents such as stannous 
chloride from the kit (e.g. by using the same needle more than once). Extremely 
small amounts are needed for the reducticfti of the pertechnetate to a colloidal 
state. 

4.4.6. Quality control 

Analytical quality control in the routine preparation of kits should in principle 
not be needed. The present stage of development of some kits may still require 
quality control tests to be performed routinely on certain kits. Apart from these 
cases that may be difficult to identify, quality control could be limited to the part 
of the work done at the hospital and this should be based on control of methods. 
The radioactive concentration may have to be determined as part of the in-process 
control. 

A simple radiochemical purity test as mentioned under section 4 may be 
useful and should be performed whenever a new type of " T c m source is introduced 
or a new technician is introduced to the work and possibly at regular intervals. 
Further it may be useful to do the testing now and then to keep the system under 
surveillance. It is not necessary to invest in special chromatogram-scanning equip-
ment as a simple counter or a gamma camera may easily be used. A quantitative 
determination of microorganisms (see Annex 7) may serve as a control of the 
aseptic technique used. Simulation of the technique using a sterile broth solution 
may also be used. 
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4.4.7. Quality assurance 

Based upon the paper work and results of measurements, the preparation may 
now be released for dispensing for clinical use according to the same principles as 
given in section 4.3.7. 

4.4.8. Storage 

The "Tcm-labelled radiopharmaceutical may be kept in the refrigerator 
until use and should be used before the expiry time as indicated by the manufacturer, 
normally within a few hours. 

4.4.9. Documentation 

Batch numbers of kits and pertechnetate solutions along with volume and 
activity added must be recorded. Results of quality control measurements should 
also be added. Records must be signed by the operator. 

4.4.10. Reference samples 

Preparations left over should be kept in the refrigerator for at least 48 hours 
for decay and as a sample that may be further examined should any patient reaction 
occur. 

4.4.11. Reference centre 

An important element in the system where operations at the individual 
hospital are simplified as much as possible is the availability of a reference centre. 
This centre may be a hospital with more specialized staff and more complete facili-
ties for quality control research and development. A regional or national centre 
should be able to give advice when setting up the system or whenever problems 
arise that require further investigation. 

4.5. PREPARATION OF 113Inm-LABELLED RADIOPHARMACEUTICALS 
FROM GENERATORS AND KITS 

4.5.1. Principles 

In principle, the same guidelines as given in sections 4.3 and 4.4 apply and 
should be referred to. However, as the generator may be used for more than a 
6-month period, some special precautions apply. The eluate is usually a 1/30 
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molar hydrochlorid acid, making the chance of microbial growth more remote. 
Preparation kits for n 3 l n m radiopharmaceuticals unfortunately are not as readily 
available as preparation kits for " T c m radiopharmaceuticals. 

4.5.2. Indium ( 1 1 3 Inm ) chloride injection 

Indium-113m chloride injections are prepared by aseptic elution of a sterile 
generator. The generator is delivered with all necessary accessories for elution 
including the hydrochloric acid solution. No other solution should be used. 

The generator is to be used for an aseptic procedure for a very long period 
of time (6 months) and it is therefore considered good practice to protect it against 
microbial contamination, e.g. by use of a small LAF unit. There should be no 
risk of airborne contamination of this radionuclide. The use of a fume hood is 
therefore not considered necessary and should be discouraged from a hygiene 
point of view. Extra lead shielding may be necessary. 

The elution of the generator should take place according to the instructions. 
If the generator is not eluted for several weeks, the first eluate should not be used 
because of the possibly higher content of 113Sn and In. Some laboratories consider 
it good practice to eluate the generator at least weekly independently of use; 
some companies recommend replacement of the elution tube at intervals partly 
because of the effect of hydrochloric acid on the needle. For methods of sterilizing 
the eluate see section 4.3.4. The half-life will normally not permit the use of 
autoclaving. 

Quality control should include properties that may be affected by trans-
portation of the generator and the operation at the hospital: elution yield, 113Sn 
in eluate, zirconium in eluate (if present in the generator) and control of the 
aseptic technique. 

The elution yield may be calculated according to the instructions given by 
the company or by the formula in Annex 5. The elution yield should be expected 
to be above 70% of the activity present. 

The measurement of 113Sn in the presence of large amounts of n 3 l n m is not 
possible by direct gamma spectrometry. The decay scheme of 113Sn shows that 
it decays by electron capture and so the 113Inm daughter activity decay should 
be measured. The measurement can therefore only be performed after the decay 
of the eluate. After two days the 113Inm activity originally present in the sample 
will have decayed by a factor larger than 109. Any measurable 1 1 3 l n

m will there-
fore originate from 113Sn in the eluate. The main energy is 0.393 MeV (64.9%) 
and may be measured in a gamma spectrometer, a single-channel analyser or in a 
simple gamma scintillation counter as no other activity is expected to be present. 
The instruments may be calibrated using a I13Sn solution or by comparison with 
a suitable 133Ba source (half-life 7 years) which has a gamma ray with a similar 
energy. 
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Different levels have been indicated. The international pharmacopoeia allows 
0.05% 113Sn at the time of administration (0.5 ¿¿Ci/mCi). Several chemical tests 
have been proposed but it is difficult to obtain sufficient sensitivity. The control 
of 1 ,3Sn should at least be carried out when installing the generator and when it 
has not been in use for a period of time. 

The control of zirconium from zirconium oxide generators is recommended 
by the company producing this type of generator and a chemical test is provided. 

The rather acid milieu will of course not be particularly suitable for microbial 
growth but the outlet part of the generator may be contaminated so a control 
sample for aseptic technique may be relevant, e.g. on a weekly or monthly basis. 

Being rather long-lived, the indium-113m generator may have to be disposed 
of as radioactive waste. Only very small amounts of long-lived impurities have 
been found. 

4.5.3. 113Inm-labelled radiopharmaceuticals 

The preparation of n3Inm-labelled radiopharmaceuticals is carried out using 
indium ( 1 1 3 Inm ) chloride injection and a preparation kit. Compared with 
technetium-99m these kits are often more complicated as they mostly involve 
several steps. 

Compatibility problems between kits and generators may have to be con-
sidered if they are supplied by different manufacturers. However, the chemistry 
of these procedures is more well-established and they do not seem to be as 
susceptible to trace impurities as " T c m radiopharmaceuticals. 

Quality control in the routine preparation of 113Inni radiopharmaceuticals 
should not be needed. A simple radiochemical purity test may be useful when the 
method is first introduced or a new technician is introduced to the work and possibly 
at regular intervals. Advice on a suitable method may be requested from the manu-
facturer or found in the literature. 

4.6. LABELLING OF RED BLOOD CELLS AND OTHER BIOLOGICAL 
SAMPLES WITH THE USE OF PREPARATION KITS 

4.6.1. Principles 

Labelling of samples from patients with radionuclides presents the same 
problems as the preparation of radiopharmaceuticals and the same principles as 
already described should be used. For labelling with kits with " T c m , 113Inm and 
51 Cr most of the principles in sections 4.4 and 4.5 apply. 
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There are two complicating factors: 
(a) Procedures are often multisteps and may include centrifugation 
(b) Patient samples may contain infectious material such as hepatitis 

virus, presenting an added risk to the operator and the risk of cross-
contamination between samples. 

4.6.2. Premises 

Although preparation takes place in closed systems, the added infection risk 
requires that the procedure be separated from other radiopharmaceutical proce-
dures. The products are good growth media for microorganisms and the require-
ment of a good aseptic technique is therefore stressed. 

As far as possible work should take place in a downward-flow LAF work 
station situated in a separate room. If work has to be carried out in the same 
room as normal radiopharmaceutical preparation work in a closed system, it is 
considered necessary to have a separate LAF unit or a suitable box structure for 
handling these biological materials. 

4.6.3. Procedure 

The method must be introduced and written instructions prepared as 
specified in section 4.4. 

4.6.4. Quality control 

The simplified quality control testing (section 4.4) may have to include, 
besides the problem of labelling yield, consideration of possible damage to the 
biological sample. Control of the aseptic technique must be performed. 
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5. DISTRIBUTION OF RADIOPHARMACEUTICALS 

5.1. PRINCIPLES 

Radiopharmaceuticals prepared at hospitals may be for use within the same 
department, within the same hospitals or for a group of hospitals, which means 
that in many cases distribution has to be made. When distributed outside the 
preparing department a more elaborate system is needed to obtain the same 
degree of safety. The communication between user and producer has to be further 
formalized. 

Distribution means a system for ordering and a system for transportation 
that makes sure that radiation safety rules are followed and that the radiopharma-
ceutical reaches the user with a suitable quality. Storage may have to take place 
at the point of use. 

5.2. ORDERING 

Ordering should preferably be done in writing, using special forms that, if 
prepared in form-sets, may be used for dispensing, accounting, stock records, and 
as delivery note, thereby keeping paperwork to a minimum. 

5.3. SHIELDING 

Filled syringes should always be labelled and in a lead shield. Simple lead 
containers may be used. Special syringe lead shielding should be available for 
filling and for injection. For " T c m a Perspex shield that gives an increased 
distance may be preferable for injection purposes as it is more easily handled 
during injection than a lead shield. It gives of course less protection. Syringe 
shieldings should be cleaned frequently. 

5.4. TRANSPORTATION 

Transportation within the department or within the same hospital may take 
place without the formal packaging used for longer transportation. Radiation 
shielding must be provided and precautions against spills have to be taken. This 
also requires specially trained and instructed personnel. The radioactive material 
should not be left unattended during transportation within the hospital. A basket 
or a small handcart may be useful. 
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FIG.23. Elements in the packaging of a radiopharmaceutical: vial, water-absorbing material, 
lead pot, can with packaging material fin the form of Styropor chips) and with label with 
detailed information, accompanying papers, cardboard box with transport label. 

Transportation of filled syringes creates a special problem. Syringes should 
be labelled with the contents and shielded, e.g. in a lead cylinder, where the 
syringes can be placed with the needle (with replaced needle guard) attached. If 
kept in syringes for a longer period of time, stability may have to be considered. 

When transported outside the hospital transportation regulations should be 
followed. Reference is made to the IAEA document Regulations for the Safe 
Transport or Radioactive Materials (Safety Series No.6, 1973 revised edition). 

5.5. PACKAGING (Fig.23) 

A room may be needed for packaging since packaging material such as 
cardboard boxes etc. should not be brought into the manufacturing areas. 

Radiopharmaceuticals produced at hospitals can normally be transported in 
a type A container. A lead pot, preferably with absorbent material inside and 
with the lid taped on, should be housed in a closed can with shock-absorbent 
material. Re-usable packaging material should be considered. 
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5.6. RETURN OF MATERIAL 

A distribution system may include a system for the return of empty shielding 
and packaging materials and may include radioactive waste and unused prepara-
tions. Lead shielding and other packaging material may have to be washed or 
sanitized before re-use. 
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A n n e x 1 

MANUFACTURING RECORD FOR THE PREPARATION OF SODIUM PERTECHNETATE " T c m INJECTION 
(Elution of " M o / " T c m generator) 

M a k e : L o t N o . : S i z e : m C i ( a ) 

D a t e o f r e c e i p t : D a t e o f s t a n d a r d i z i n g : a t o ' c l o c k 
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m C i T c 
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Mo c o n t e n t s 

R e m a r k s S i g n a t u r e 
N o . ml d a t e a n d 

h o u r 

T i m e s ince 

s t a n d a r d i z a -

t i o n 

C o e f f . 

of 

A / M o 

H o u r s 

s ince 

last 

e l u t i o n 

C o e f f . o f 

(1 _ e - ° ' » " ) 

A / T c 

t h e o r e t i c a l 

( a ) X ( b ) X ( c ) 
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R e s u l t g e r m / m l , t h e 1 9 S i g 



A n n e x 9 

CALCULATION OF THE ELUTION EFFICIENCY 
OF A " T c m GENERATOR 

The decay scheme for molybdenum-99 is as follows: 

The relationship between the activity of mother and daughter may be 
calculated by the simplified formula given here. The error that may be intro-
duced by using this simplified formula instead of a more complete calculation 
may amount to a few per cent: 

A(TC t h e o r) = A/Mo(l - e - ° ~ 1 0 6 t ) 

where A/Mo is the Mo activity at the time of the elution; and t the time in 
hours from the previous elution. A/Tc theoretical is the column's content of 
" T c m at the time of elution. 
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Hours Coefficient 

1 0.990 
3 0.969 
6 0.940 
9 0.911 

12 0.883 
15 0.856 
18 0.830 
21 0.805 
24 0.780 

The coefficient for, e.g., 
6 days and 18 hours we get by 
multiplication: 
0.225 X 0.830 = 0.187 

a M o 

Days Coefficient 

1 0.780 
2 0.609 
3 0.475 
4 0.370 
5 0.289 
6 0.225 
7 0.176 
8 0.137 
9 0.107 

10 0.083 
11 0.065 
12 0.051 
13 0.040 
14 0.031 

The time since the last 
elution in hours 

1 0.100 
3 0.273 
6 0.470 
9 0.617 

12 0.720 
15 0.797 
18 0.851 
21 0.892 (23 hours, e.g., 
24 0.922 interpolate) 
30 0.959 
50 0.995 

Example 

Generator 25 mCi at noon on the 25 January 1972 
1st elution at noon on the 27 January 1972 

2nd elution at 9.00 a.m. on the 28 January 1972: 8,25 mCi " T c m 
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Calculate the elution efficiency: 

The Mo activity on the column: 25 X 0.609 X 0.805 = 12.26 mCi "Mo. 

The coefficient (1 - 1 0 6 t) for 21 h = 0.892 

A(Tc t h e o r) = 12.26 X 0.892 = 10.93 mCi " T c m 

8.25 X 100 
The elution efficiency = = 75.5% 

10.93 

It is normally found that the eluted " T c m activity is at least 70% of the 
theoretical value. If lower values are found, an investigation should be carried 
out. 
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A n n e x 9 

METHODS FOR SIMPLIFIED MEASUREMENT 
OF " M o IN " T c m ELUATES 

1. If a dose calibrator is available, its directions for use will normally 
indicate a simple method for the determination of " M o in " T c m eluates. The 
method was originally described by Richards and O'Brien and is based on the 
fact that 4 mm of lead shielding reduces the " T c radiation by a factor of about 
50 000, whereas the " M o radiation is only reduced by a factor of about 2. If 
the directions for use are carefully observed, this method will not give rise to 
any problems; however, attention should be drawn to two facts, viz.: 

(a) The shielded " M o measurement will in several instruments have to 
be taken in the " M o range, this range being calibrated in such a way 
that it shows a correct result when the measurement is made in the 
lead shielding. Reference should be made to the directions for use. 
In cases of doubt ask the instrument manufacturer. It is very 
important that the " M o measurement is corrected for background 
reading. 

(b) The lead shielding used must be of a homogeneous quality and it must 
not contain flaws in the casting. Flaws ('holes' in the lead) will allow 
part of the " T c activity to contribute to the " M o measurement (in 
addition to the above 1/50 000) and result in too high " M o values. 

If it is desired to check the suitability of the lead shielding, the following 
simple examination may be recommended: 

A given quantity of eluate is measured unshielded in the " T c m range (AT c mCi) 
and then shielded in the " M o range (AM o juCi): The eluate then stands for 
three days and nights corresponding to about one half-life period for " M o 
(Ti 67 h) and is then measured again, shielded, in the " M o range (B^Q ¿uCi). 
(AÏ1 measurements must be corrected for background.) If the lead shielding 
operates satisfactorily, B M o must be 

A M O -

ATc 

50 
3 M O 

as the " T c m contribution at the second measurement may be considered 
negligible. 
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Materials: 

Cylinder: Lead casted with a brass tube 
as the mould. The hole is made by dril-
ling. 

Ring adapter and handle: Plastic. 

All dimensions in mill imetres 

For use with a Pitman dose-calibrator 
(model 238) a plastic cylinder (height: 
16 mm) is glued to the bottom of the 
cylinder. 

FIG.24. Lead shielding for measurement of 99Mo in 99Tc" eluates in a syringe in a dose 

calibrator (Mediae or Pitman). 

If BM o deviates materially (50%) from the value calculated, this may be 
due to the lead container not fulfilling the requirements for measurements 
and/or homogeneity (the measurement gives too low a result compared with the 
value calculated), or to the eluate containing short-lived, high-energy y 
impurities, which in this kind of measurement cannot be distinguished from 
99Mo (the measuring gives too high a result compared with the value calculated). 

A condition of the value of this examination is of course that the apparatus 
is controlled for stability during the measuring period by the measurement of a 
long-lived sealed control source such as 137Cs, also used for daily instrument 
control. (The above simple examination disregards differences, if any, in the 
dose calibrator sensitivity for 99Mo and 9 9Tcm when calculating the theoretical 
value of BM o , or the inaccuracy of the reduction factor for 99Tcm in 4 mm 
lead.) 

2. If no dose calibrator is available, another suitable measuring set-up such 
as a scintillation detector coupled to a single-channel analyser may be used. The 
eluate is measured in a suitable lead shielding (about 4 mm lead) in the range 
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700 to 800 keV, and at a reproducible distance from the detector. The set-up 
may be calibrated with a " M o solution, which is normally obtainable from 
national reference laboratories. 

3. To avoid handling the total eluted activity or to avoid extra handling 
because the vials or lead shielding available do not fit into the instrument 
available a system for making the measurement on an injection dose in a syringe 
has been developed (The Isotope-Pharmacy, Copenhagen). 

A 4 mm lead shielding in the form of a tube closed at one end with lead 
and a plastic ring adapter was made to allow measurement of 2 ml " T c m 

eluate in the same geometry with and without lead shielding (Fig.24). It was 
found necessary to apply a correction factor for each shielding and for different 
types of syringes and volumes. Such factors were determined by the measure-
ments before and after decay (see this Annex lb) or by the use of a calibrated 
" M o solution. 
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A n n e x 9 

SIMPLIFIED METHOD FOR THE CONTROL OF 
RADIOCHEMICAL PURITY OF "Tcm-LABELLED 

RAD IOPH ARM ACEUTIC ALS 

An accurate determination of the percentage of labelling (radiochemical 
purity) of a "Tcm-labelled radiopharmaceutical often requires the use of 
several, rather complicated methods. Incidentally, different methods often 
give different results. The method stated here is therefore, generally speaking, 
only suitable as a method of disclosing any gross irregularities in connection 
with the preparation and not as a method of estimating carefully the quality 
of the radiopharmaceuticals concerned. It is therefore also not suitable as a 
method for comparing the quality of different products. 

The simplified method is considered particularly useful in the following 
cases: 

When setting up the procedure 
When changing to a new type of " T c m generator 
When changing to a different size of " T c m generator 
When a new technician is introduced to the work 
When a doubtful interpretation of a scan indicates the possibility of any 
problems with the radiopharmaceutical and a fast decision is needed. 
Labelling with " T c m pertechnetate is in most cases based on a reduction 

of the pertechnetate(VII) to a lower valency state such as IV and V. The 
reduction most often takes place with the use of a stannous salt (mainly chloride 
or fluoride) or by an electrolytic method. In sulphur colloids thiosulphate is 
used and in a few products the previously used method with ferric chloride and 
ascorbic acid may still be used. Generally speaking the main radiochemical 
impurities in 99Tcra-labelled radiopharmaceuticals are pertechnetate and 
technetium in a colloidal form. 

As a simple control of the normal progress of the labelling may therefore 
be recommended a determination of the content of free pertechnetate and in 
some cases colloidal 9 9Tcm . 

Several companies indicate simple methods for the determination of 
labelling yield (radiochemical purity) of their products and give limits for this. 
If not the following thin layer chromatographic method may be useful. 

Silicagel on a suitable supporting material such as glass fibre (e.g. ITLC-
SG-Gelman) is activated for 10 minutes at 110°C and cooled immediately before 
application. 

Apply 1 - 1 0 Ml of the 99Tcm-labelled radiopharmaceuticals and dry the 
spot preferably in a stream nitrogen or a similar inert gas. 
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TABLE VI. MOBILE PHASE FOR FAST DETERMINATION OF GROSS 
RADIOCHEMICAL IMPURITIES IN " T c m RADIOPHARMACEUTICALS 
(see text) 

" T e " 1 Pertechnetate Colloidal Te Rf 
radiopharmaceuticals Rf 0.9—1 Rf 0 main peak 

Sodium pertechnetate saline 0.9—1 

Colloids 

sulphur colloid saline 0 

rhenium sulphide colloid saline 0 

tin colloid saline 0 

ant imony sulphide colloid saline 0 

Particles 

macroaggregates saline 0 

microspheres saline 0 

Phosphate complexes2 

pyrophosphate MEK 0 

M DP MEK sahne 0/1 

EHDP MEK saline 0/1 

DTPA MEK saline 0/1 

a MEK: methylethylketone; saline: 0.9% sodium chloride solution. 

Develop by ascending chromatography the plates about 10—12 cm (in 
about 10 minutes) in a suitable developing liquid (see Table VI). This liquid has 
been bubbled through with nitrogen in the chromatography vessel immediately 
before use. 

Dry the plates and measure the radioactivity either by cutting into suitable 
strips and measuring in a dose calibrator or with a scintillation detector in a 
well-defined geometry. (The use of a well crystal may be difficult due to the 
rather high amount of activity that may be present.) Measurements could also 
easily be done with a gamma-camera. 

The percentage of radiochemical impurity may then be calculated.' The 
limits acceptable depend on the type of product and the particular use. 

The use of different supporting material such as paper may be acceptable. 
There may, however, be great differences in the speed that may be acquired. 

9 9 



Several types of available thin layer chromatography plates may contain binder 
substances that will interfere with the "Tcm-labelled compound. The system 
should therefore always be tested with pure pertechnetate and the results 
evaluated for any possible artefacts. In many cases the use of a shorter separation 
distance may be possible whereby faster results may be obtained. 

The use of inert gas is recommended but may be omitted if not available. 
The effect of oxygen on the product may give rise to higher quantities of 
radiochemical impurities. 
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A n n e x 9 

CALCULATION OF ELUTION YIELD OF AN 113Inm GENERATOR 

The decay takes place according to the scheme 

'soSn 115 d 

0.698 MeV ^ 11 
! 

0.393 MeV 

0 

i 100 min 

stable 'içln 

Calculation of the elution yield may be done according to the following 
simplified formula 

Am = A S n ( l 

Where Ajj, is the theoretical activity on the column, AS n is the content of 
113Sn corrected for decay, and t is the time (in hours) since the last elution. 

The decay factor for 113Sn is 

24 hours 0.9940 
1 week 0.9587 
1 month 0.8346 
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FIG.25. Air patterns in LAF cabinets: (a) cross-flow unit with objects placed on the 
working area; (b) down-flow unit with small working area in the form of a grid. 

FIG.26. Lead-glass shielding and a grid for use in a balanced down-flow LAF unit. 
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A n n e x 9 

GUIDELINES FOR WORK IN A LAMINAR-AIR-FLOW (LAF) 
WORK STATION 

PRINCIPLE 

The principle used in such stations is that air filtered through a high-
efficiency filter (HEPA filter), which will remove particles including bacteria 
to a very high degree, is passed over the working area as a laminar-air-flow stream, 
whereby all particles generated by the operator are removed continuously and 
not allowed to settle on the product. 

Objects, movements and heating sources will all disturb the laminar-air-flow 
and create turbulence, thereby creating a risk of contamination of the product. 
If the object is small compared with the whole unit, the turbulence may disappear 
again behind the object (Fig.25). 

The different types of LAF units are illustrated in Fig.5, while Fig.26 
shows typical lead-glass shielding and a grid for use in a balanced down-flow 
LAF unit. 

CONTROL 

It is of great importance that work stations are'regularly serviced. The 
prefilter should be changed every 3—6 months, depending on use. At least once 
a year air velocity measurements (normally 0.3—0.5 m/s) should be made to 
establish that the HEPA filter is not choked. Control of particle counts is 
particularly important when the unit is taken into operation or whenever repair 
work has been done. It is often done on a yearly basis but the periods may be 
longer. Specialized units relying on partial exhaust systems may have to be 
controlled more often. Smoke pistols are extremely useful to demonstrate air 
movements and should always be used when training staff in LAF operations. 

LIMITATION OF PARTICLES 

To keep the number of particles low: 

(a) Keep the work station covered when not in use 
(b) Start the unit at the same time as the cover is removed 
(c) Start the unit at least 10 minutes before operation should start 
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(d) Before and after use clean the working surface and now and then also the 
side panels (be careful whenever near the filter surface) with a disinfectant 
solution. Use cleaning materials that do not shed particles 

(e) Wipe all objects to be brought into the unit with a disinfectant solution 
(f) Unpack sterile utensils just outside the opening of the LAF unit 
(g) For non-radioactive work use a clean lab-coat with short sleeves or with 

sleeves closed around the wrist 
(h) For work with radioactivity use a lab-coat with long sleeves secured into 

the sterile gloves used 
(i) Use a hair cover that particularly covers the front of the hair 
(j) Before each preparation wash hands and forearms thoroughly with soap 

after removing wrist-watch and jewellery. Use sterile hand-lotion 
(e.g. ethanol-glycerin-water 1 : 1 : 2) as dry hands will shed many particles 

(k) Only use slow movements and keep hands in the LAF unit resting on the 
front edge instead of putting them on your knees 

(1) Avoid conversation 
(m) In down-flow units do not work too near to the surface. Working on a 

net about 10 cm above the lower surface may give added safety. 

LIMITATION OF TURBULENCE 

To avoid disturbance of the laminar-air-flow: 

(a) Work with slow movements 
(b) Avoid sources of heat; if necessary place near the front 
(c) Limit the number of objects in the LAF unit to an absolute minimum 
(d) The number of objects necessary may be limited by dividing a manufacturing 

process into several sections 
(e) Place the cleanest and smallest objects nearest to the filter 
(f) Carry out manipulation in the undisturbed air flow and not behind objects 
(g) Sterile utensils should be kept so that the parts that come into direct 

connection with the preparation do not touch the working surface, e.g. by 
placing on a sterile stand. 
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A n n e x 9 

TECHNIQUE FOR QUANTITATIVE BACTERIAL COUNTS AND 
STERILITY TEST BY FILTRATION TECHNIQUE 

PRINCIPLE 

A membrane filter is used to collect bacteria and fungi. The filter is 
washed, whereby both radioactivity (except in cases of particle suspensions) 
and any inhabitants of bacterial growth (such as preservatives) are removed. 
The filter is then incubated in a growth medium or on a substrate plate in order 
to detect any growth or to allow colonies to be counted. The methods are based 
on the European Pharmacopoeia. 

CONTROL OF ENVIRONMENT AND METHOD 

The procedures should be carried out under conditions designed to avoid 
microbial contamination, for example with the use of an LAF work station. 
Control of environment and testing procedure should be regularly carried out. 
A portion of the media should be incubated at the relevant temperature to 
control sterility. The testing of the effectiveness of the media in the presence 
and absence of the product to be examined should preferably be carried out by 
a microbiology laboratory as microorganisms should not be handled in the same 
facilities as those for preparation of radiopharmaceuticals. Examples of growth 
media are given at the end of this annex. 

MEMBRANE FILTRATION 

In testing non-radioactive pharmaceuticals a filter disc of about 50 mm in 
diameter will most often be used. With radiopharmaceuticals, which are preferably 
handled in closed systems, because of the small volume it may be an advantage 
to use the smaller 25 mm filter disc that can be fitted into a holder that fits to 
an injection syringe and from which the filter can be taken out afterwards for 
incubation. The holder and syringe should preferably be of the luer-lock type. 
For sterility testing a pore size of 0.45 /im is acceptable. Rather few micro-
organisms can pass this filter size. To give added safety it is common practice 
to use 0.22 /um pore size in the production process. 

Filters are placed in the cleaned and dry holder, which is only loosely 
tightened and then packed. The filters are sterilized by autoclaving at 121°C 
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for 18—20 minutes. It is of great importance that the temperature is controlled 
very exactly as the filter may be damaged if the temperature reaches 125°C. 
After cooling the filter holder is tightened before use. 

For hospital-produced radiopharmaceuticals that are prepared in very 
small batches of one or a few vials it may be preferable to test the actual product 
that is going to be used by passing it through an extra filter. There will thereby 
be no loss of product. The volume tested should not be less than 2 ml if the 
total volume is between 4 and 20 ml. If a larger volume is produced, at least 
107o of the content, from a smaller volume not less than half the volume should 
be taken. 

After filtration three times 2 5 - 5 0 ml of sterile saline or prefiltered diluted 
growth medium is passed through the filter to remove the radioactivity or any 
preservative in the product. 

INCUBATION 

The filter holder is taken apart and the filter cut in two with sterile utensils 
and then incubated in two media, one preferably for bacteria at 30—35°C and 
the other preferably for fungi at 20-22°C. Incubate for at least 7 days and 
preferably for 10-14 days. 

For quantitative bacterial counts the filter is placed on cultivating plates 
such as blood agar plates. Read after three days and observe in 10 days for 
further growth. 

SUGGESTED CULTURE MEDIA FOR STERILITY TESTS 

The fluid thioglycolate medium is primarily intended for the culture of 
anaerobic bacteria but will also detect aerobic bacteria. The soya-bean casein 
digest medium is primarily intended for the culture of aerobic bacteria but is also 
suitable for fungi. 

Fluid thioglycolate medium 

L-cystine 0.5 g 
Agar, granulated (moisture content not in excess of 15%) 0.75 g 
Sodium chloride 2.5 g 
Dextrose 5.5 g 
Yeast extract (water-soluble) 5.0 g 
Pancreatic digest of casein 15.0 g 
Sodium thioglycolate or 0.5 g 
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Thioglycolic acid 0.3 ml 
Resazurin sodium solution (1 in 1000), 
freshly prepared 1.0 ml 
Water 1000 ml 
pH after sterilization 7.1 ± 0.2 

Mix the L-cystine, agar, sodium chloride, dextrose, water-soluble yeast 
extract and pancreatic digest of casein with 1000 ml of water, and heat until 
solution is effected. Dissolve the sodium thioglycolate or thioglycolic acid in 
the solution and, if necessary, adjust the solution with IN sodium hydroxide so 
that after sterilization it will have a pH 7.1 ± 0.2. If filtration is necessary, 
heat the solution again without boiling and filter while hot through moistened 
filter paper. Add the Resazurin sodium solution, mix and place the medium in 
suitable vessels, which provide a ratio of surface to depth of medium such that 
not more than the upper third of the medium has undergone a colour change 
indicative of oxygen uptake at the end of the incubation period. If necessary, 
regenerate the medium just before use by heating in a water bath at 100°C for 
20 min and cooling quickly. 

Soyabean-casein digest medium 

Pancreatic digest of casein 17.0 g 
Papaic digest of soyabean meal 3.0 g 
Sodium chloride 5.0 g 
Dipotassium hydrogen phosphate 2.5 g 
Dextrose (C 6 H 1 2 0 6 H 2 0) 2.5 g 
Distilled water 1000 ml 
Final pH = 7.3 ± 0.2. 

Dissolve the solids in the water, warming slightly to effect solution. Cool 
the solution to room temperature. Adjust the reaction with IN sodium hydroxide 
if necessary so that the pH of the completed and sterilized medium will be 
7.1—7.5. Filter, if necessary, to clarify, distribute into suitable vessels and 
sterilize by heating in an autoclave for 18—20 minutes at 121°C. 
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A n n e x 9 

EXAMPLES OF INSTRUCTIONS FOR PREPARATION OF 
PARTICLE-FREE STERILE AND PYROGEN-FREE 

INJECTION VIALS AND RUBBER STOPPERS 

To obtain radiopharmaceuticals of a high quality very pure vials are 
essential as even trace amounts of impurities such as traces remaining from 
detergents may have an influence on the radiochemistry. Particles may lead to 
the rejection of products for parenteral use. Sterility and freedom from pyrogens 
are normal requirements for sterile products. It has to be remembered that 
pyrogens have to be removed by the washing procedure as autoclaving does 
not destroy pyrogens. 

Rubber stoppers 

(a) All water used, unless otherwise specified, is purified water filtered through 
a 0.22 /¿m membrane filter. 

(b) During the whole procedure the stoppers must be handled with great care 
in order not to create more particles. 

(c) Heat the stoppers in water with a surfactant solution such as 0.2% 
Teepol 610, keep at boiling temperature 2—3 minutes and turn the stoppers 
over with caution. Rinse for 10 minutes with water from a plastic tube 
placed at bottom of the container (overflow). Repeat the whole procedure 
at least 3 times. The water must be clear. 

(d) When clean, heat the stoppers until boiling in clean water. Turn with 
caution. Repeat this process until the water is completely clean. 

(e) Finally rinse with sterile or freshly distilled water. 
(f) Working in an LAF box, place a suitable number of stoppers in small bags 

for autoclaving (made of autoclavable plastic foil). The bags are sealed by 
heat after a cotton thread has been squeezed in (in order later to be able to 
dry the stoppers). 

(g) Autoclave immediately (120°C for 20 minutes) and afterwards heat at 
100°C until the stoppers are completely dry. Remove the cotton thread 
and repeat the sealing procedure. 

Injection vials 

(a) All water used, unless otherwise specified, is purified water filtered through 
a 0.22 /¿m membrane filter. 

(b) Soak new unused vials overnight in 20% hydrochloric acid. 
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(c) Rinse the vials at least five times with water and at least twice in a surfactant 
solution such as 2% Teepol 610, finally 5 — 10 times in water. It is important 
that the vials do not dry out during the procedure. 

(d) Place the vials in a basket with a lid and cover the openings with a sheet of 
tinfoil (alufoil). Close the lid, turn the basket upside down and dry the 
vials for 3 hours at 105°C. 

(e) In an LAF work station cover each vial with tinfoil. Pack the vials in boxes 
in suitable numbers and wrap the boxes in tinfoil. Sterilize at 160°C for 
3 hours. 

Sterile closed injection vials 

(a) To cleaned and dried vials add one drop of sterile water for injection in an 
LAF work station. 

(b) Put on rubber stoppers and seal. 
(c) Sterilize the vials by autoclaving at 121°C for 18-20 minutes. 
(d) If a drop of water is unacceptable, dry vials can only be prepared aseptically 

by fitting sterile rubber stoppers to presterilized vials in an LAF unit. 
(e) If radiation sterilization facilities are available, it is possible to sterilize 

empty dry vials by this method. 
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A n n e x 9 

LIST OF EQUIPMENT FOR A BASIC 
RADIOPHARMACEUTICAL LABORATORY 

It is expected that only category II and III work is carried out (see 
section 2.6) and only equipment needed for routine work is specified. It is 
expected that all solutions for dispensing etc. are brought in ready for use. 

LAF unit for " T c m and 1 I 3Inm generators. 
LAF unit for blood cell labelling. 
Glove box or fume hood for handling 1311 for therapy. 
Refrigerator. 
Oven to dry and sterilize glassware. 
Autoclave (small but with program for liquids, if automated). 
Lead bricks for shielding generators. 
Lead pots. 
Lead shielding for syringes. 
Lead-glass for use when inspecting products. 
Centrifuge. 
Water bath (small - up to 100°C). 
Semi-micro balance. 
Trays for handling radioactivity. 
Syringes. 
Membrane filter. 
Laboratory glassware. 
Equipment for thin-layer chromatography. 
Equipment for sterility testing. 
Contamination monitor. 
Dose calibrator or similar ionization chamber type instrument. 
Well gamma counter. 
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GLOSSARY 

Adverse reaction 

Analytical method 

Aseptic procedure 

Aseptic room 
Batch 

Batch manufacturing record 

Batch number 

Clean room 

Closed procedure 

Contained work station 

Any unexpected patient reactions that might be 
connected with the administration of a 
radiopharmaceutical. 
A detailed description of the procedures to be 
followed in performing tests for conformity 
with a specification. 
Primary objective of aseptic processing is the 
handling of sterile materials without the 
introduction of microbial contamination. 
A clean room of a high standard. 
A defined quantity of material that is uniform 
in character and quality, and has been produced 
during a defined cycle of manufacture. 
A batch is sometimes described as a lot. 
A document stating the materials used and the 
operations carried out during the processing of a 
given batch, including details of in-process 
controls, and sometimes also packaging informa-
tion. It should be based on the Master Formula 
and Method and be compiled as the manufacturing 
operation proceeds. 
The designation of a batch by means of a 
distinctive combination of numbers and/or 
letters, which identifies it and permits its 
history to be traced. 
A room with limited and controlled access and 
with environmental control of particulate 
contamination, temperature and humidity, 
constructed and used in such a way as to 
minimize the introduction, generation and 
retention of particles inside the room. 
A method of preparation carried out using one 
or more sterile closed vials and sterile reagents 
with transfer of reagents between vials being 
carried out with the aid of aseptic procedures. 
A work bench or small working enclosure 
which has its own filtered air supply and which 
normally has unidirectional air flow (laminar-
air-flow). 
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Controlled area 

Dispensing 

Documentation 

Drug defect 

Expiry date 

Finished product 

Good manufacturing practice 
(GMP) 

Good radiopharmacy practice 

(GRP) 

Hygiene 

In-process control 

Kits 

Any work space or room with limited and 
controlled access that cannot be classified as a 
clean room, but in which the air is required to 
be cleaner than that of the outside environment. 
The preparation of individual patient doses from 
a stock solution. 
All the written production procedures, instruc-
tions and records, quality control procedures, 
and recorded test results involved in the 
manufacture and preparation of a radio-
pharmaceutical. 
Any observation of a radiopharmaceutical 
deviating from specifications including 
labelling and packaging. 
Date given by the manufacturer based on the 
stability of the pharmaceutical product which 
represents the limit of use. 
A medicinal product that has undergone all 
stages of manufacture, including packaging. 
That part of quality assurance aimed at ensuring 
that pharmaceuticals are consistently manu-
factured to a quality appropriate to their 
intended use. It is thus concerned with both 
manufacturing and quality control procedures. 
Good Manufacturing Practice adopted to 
radiopharmaceuticals by taking the properties 
of radioactive materials into consideration. 
All preventive measures that must be taken to 
preclude contamination in the end product 
and to prevent harm to the operator from the 
product. 
Tests made during the course of manufacture 
(including packaging) to ensure that the 
resultant product will comply with its speci-
fication. Tests applied to the environment or 
to equipment, as well as to products in process, 
may be regarded as a part of in-process control. 
Prepackaged sets of sterile reagents, of 
guaranteed pharmaceutical quality, prepared 
with the purpose of giving a specific radio-
pharmaceutical of a given quality, if handled 
according to instructions for use. 
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Laminar-air-flow (LAF) 

Lot 
Manufacture 

Master formula and method 

Methods control 

Open procedure 

Packaging material 

Preparation 

Pyrogens 

Quality assurance 

Quality control 

Quarantine 

Air filtered through a high efficiency filter 
(HEPA filter) that passes over an area in 
laminar stream with no turbulence. 
See Batch. 
The complete cycle of production of a radio-
pharmaceutical from the acquisition of all 
materials through all processing and subsequent 
packaging to the despatch of the finished product. 
A document stating the starting materials, with 
their quantities, to be used in the manufacture 
or preparation of a radiopharmaceutical, together 
with a description of the operations, including 
details of specific in-process controls. 
Analytical control methods used independently 
of individual batch production to ensure that 
the manufacturing process continuously gives 
a product that fulfils specifications. 
A method of preparation carried out in open 
vessels in which the radiopharmaceutical is 
exposed to the air with consequent risk of 
ingress of microorganisms or other airborne 
contaminants. 
Any material used in the packaging of a product 
including the outer packing or delivery cases 
used for the transportation. 
The final part of a manufacturing process that 
takes place at a hospital using semi-finished 
products such as generators and kits. 
Substances that may increase the body tempera-
ture if injected. They are either of microbial 
origin (endotoxins) or can be other organic 
materials such as ion exchange resin material. 
The sum total of the organized arrangements 
made with the object of ensuring that products 
will be of the quality required by their intended 
use. It is based on development work and good 
manufacturing practice. 
That part of Good Radiopharmacy Practice 
that is concerned with sampling, specification 
and testing and with the organization 
documentation and release procedures. 
The status of materials or products set apart 
whilst awaiting a decision on their suitability 
for processing, use or distribution. 
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Radiation hygiene 

Radioactive concentration 

Radiochemical purity 

Radionuclidic purity 

Radiopharmaceutical 

Radiopharmacy 

Reference samples 

"Semi-finished" product 

Specific activity 

Specification 

Standard 
Starting material 

Stock solution 

That part of hygiene specifically related to the 
protection against radiation and radioactive 
material. 
The activity per unit quantity of any material 
in which a radionuclide occurs. Normally 
activity curies (1 Ci = 3.70 X 1010 becquerels (Bq)) 
per millilitre or gram. 
The proportion of the activity present in the 
stated chemical form. 
The proportion of the total activity that is in 
the form of the stated radionuclide. 
A medicinal product used in the investigation 
or treatment of human disease that contains 
a radionuclide as an integral part. 
All aspects involved in the development, 
manufacture, quality control etc. of radio-
pharmaceuticals. 
Samples of raw materials, packaging materials 
or finjshed products set aside for use in repeated 
quality control analysis should the need for such arise. 
Any material that must undergo further manu-
facture or preparation such as generators or kits. 
Also called semi-manufactured products. 
The activity per unit mass of an element or 
compound containing a radionuclide. 
A document giving a description of a starting 
material, packaging material or finished product 
in terms of its physical, chemical and (possibly) 
biological characteristics. A specification 
normally includes descriptive clauses and 
numerical clauses, the latter stating standards 
and permitted tolerances. 
See Specification. 
Any substance used in the manufacture of 
radiopharmaceuticals, but excluding packaging 
materials. A starting material is sometimes 
known as a raw material or as an ingredient, 
although not all starting materials necessarily 
remain as ingredients of the final product. 
Solution of radiopharmaceuticals that forms 
the basis of the preparation of individual 
patient doses. 
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