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FOREWORD 

In 1963 and again in 1966, the International Atomic Energy Agency in-
vited a group of experts to consider the physical aspects of interstitial, in-
tracavitary and surface radiotherapy with sealed gamma-ray emitters. At 
the second panel meeting, held in Vienna on 20-24 June 1966, specialists 
from seven countries (six medical physicists, five radiotherapists, repre-
sentatives of five manufacturers of radiation sources, two representatives 
of WHO, and several observers) took part in discussions on the basis of 
15 working papers prepared by the participants. 

The present report is the result of these discussions, and represents 
an attempt to provide, within a necessarily limited compass, an authori-
tative guide to all important physical aspects of the use of sealed gamma 
sources in radiotherapy. Within the report, reference is made wherever 
necessary to the more extensive but scattered l i terature on this subject. 
It seems justified to expect that this report will be a major source document 
in the field of therapeutic application of sealed radioisotopes; the more so 
as this specialized field has so far been rather inadequately documented 
as a whole, in spite of occupying a continuing and basic place in radiotherapy 
of cancer , ever since the discovery and chemical isolation of the first na-
tural radioisotopes by Henri Becquerel and Marie and P i e r r e Curie at the 
close of the last century. 

While this report attempts to cover all the physical aspects of radio-
isotope 'brachytherapy', it does not, of course, deal exhaustively with any 
one part of the subject. It is to be hoped that its appearance will stimulate 
and assist further studies, researches and publications in this specialized 
field. 

Note on terminology 

The neologism 'brachytherapy1 was presumably coined as an antonym 
to 'teletherapy', in itself a shortened form of 'teleradiotherapy'. But besides 
having a somewhat harsh sound, it is etymologic ally questionable. The oppo-
site of 'tele' (distant or far) would have to be a word meaning 'near', whereas 
'brachy' has the meaning 'short'. 

Actually, no adequate single term exists or has been proposed to cover 
the precise range of meaning of 'interstitial, intracavitary and surface radio-
therapy with sealed radioisotopes'. A nomenclature which has been advo-
cated (especially by B . Pierquin) uses the two terms 'plesioradiotherapy' 
and 'endoradiotherapy' as distinguished from teleradiotherapy. Plesiotherapy 
is intended to cover external or internal radiotherapy where the source of 
radiation is at a distance of less than 5 cm from the irradiated surface, 
whereas endotherapy is meant to denote all forms of interstitial and syste-
mic therapy. Plesiotherapy would therefore subsume intracavitary and sur-
face therapy, plesiogammatherapy specifically denoting the use of gamma-
emitting radioisotope sources; following this terminology, the present report 
may be said to deal with plesio- and endogammatherapy with sealed radio-
isotopes. In any case, the use of the word brachytherapy in this report should 
not be taken as an endorsement. — P.M. P. 
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PART A-GENERAL INFORMATION 

A-1. INTRODUCTION 

The treatment of malignant disease by irradiation with small sealed 
sources applied in close proximity to the tumour is an important branch 
of radiotherapy and is widely practised in many countries. When radiation 
sources are used in this way they may be placed on or near the body surface 
or within a natural body cavity; alternatively they may be implanted directly 
into the tissue. These types of therapy — surface, intracavitary and inter-
stitial — are sometimes collectively called 'plesiotherapy1 or 'brachytherapy', 
and for convenience the latter term will be used throughout this report. 

In 1963 the International Atomic Energy Agency decided to enlarge the 
scope of its programme on therapeutic applications of radioisotopes, which 
had hitherto embraced only teletherapy, so as to include brachytherapy. 
As with all types of radiotherapy, brachytherapy has physical, medical and 
radiobiological aspects, which are linked, but which can, for many purposes, 
more conveniently be considered separately. Accordingly, in November 
1963 the Agency convened a panel of radiation physicists, radiotherapists 
and source suppliers under the title "Physical aspects of interstitial, intra-
cavitary and surface therapy with sealed radioisotopes". 

The 1963 panel made a number of recommendations which guided the 
Agency's work in this field during the next two years. Among other things, 
the Agency carried out a survey of the stocks and applications of small 
sealed radiation sources in a number of countries. The survey enabled the 
Agency to build up a detailed picture of brachytherapy in various countries, 
a picture that was virtually unknown at the time of the 1963 panel. The 
Agency also initiated a study of the dose distributions around a r r a y s of 
sealed sources so that a plan could be formulated for an atlas of such dis-
tributions. Technical assistance projects in brachytherapy were carr ied 
out, sometimes involving the supply of radium substitutes to radiotherapy 
institutes in developing countries. 

Obviously, developments in brachytherapy in the years 1964-66 were 
by no means confined to the Agency. Much interesting work took place in 
many countries, such as the production of new or improved sources con-
taining artificial radioisotopes, the measurement of their properties and 
tests of their clinical applications; dosimetric studies, particularly with 
automatic computers; and developments of sophisticated 'afterloading ' 
techniques. 

In June 1966 the Agency reconvened the earl ier panel, but on a some-
what enlarged basis. The subject of the meeting was the same as before, 
and the panel had the task of formulating recommendations which would be 
helpful to radiotherapy centres in different stages of development. The 
present publication contains the report of the 1966 panel together with some 
additional material prepared by the earlier panel and in the interval between 
the two meetings. 

1 



2 BRACHYTHERAPY 

A-2. AGENDA AND GENERAL RECOMMENDATIONS 

The work of the Panel covered the following broad a r e a s : (1) supply 
of sources; (2) techniques of use; (3) dosimetry; (4) care and handling 
of sources; (5) protection. 

Within these subject areas a number of specific questions were asked. 
A brief statement of the Panel's recommendations is given for each of these 
questions, with references to the more complete discussion in this report. 

(1) Are substitutes needed for radium and radon? If so, on what grounds? 

Although radium and radon have been used for many years with good 
success, certain artificial radioisotopes offer advantages in regard to physi-
cal properties, hazards and cost, which warrant the investigation of their 
clinical use (section B - l . ). 

(2) An Agency survey has indicated that radium substitutes are not widely 
used. Is this due to the disadvantages of substitutes as compared with 
radium, or is it simply a case of inertia and unwillingness to carrv out 
clinical t r i a l s of new sources ? 

The advanced institutes usually have large stocks of radium which they 
have used for many years in well-tried techniques; they are naturally r e -
luctant to abandon radium for newer sources which appear to offer few ad-
vantages from the point of view of a well-equipped institute in which the 
hazards of radium can be kept under close control. On the other hand, de-
veloping institutes hesitate to adopt new techniques which have not been 
backed by many years of clinical experience. However, since there is now 
sufficient evidence to indicate that there is no clinical difference between 
radium and certain substitutes, the use of artificial isotopes should be en-
couraged, particularly in newly established centres (Part B) . 

(3) Are there a r t i f i c i a l radioisotopes which are equivalent to radium in 
regard to their dosimetry and clinical result? Can dose-rate tables and 
isodose curves for radium be used for other isotopes without serious error? 

There has now been sufficient experience with cobalt-60, caesium-137, 
ir idium-192, tantalum-182 and gold-198 to state that the gamma rays of 
these isotopes are biologically equivalent to the gamma rays of radium, and 
radium techniques are applicable, at least in principle, to methods in which 
these other isotopes are used. However, because of differences in c o n -
struction, the shape of the isodose curves around these sources may differ 
from those for radium. Therefore, one must compare the complete dose 
distributions and not simply dose rates on the perpendicular bisector. Iso-
dose curves and tables for radium are applicable only to sources which have 
distributions of the same general shape as radium, (section C-3 . (c)). The 
radiobiological effect of a shorter half-life (e .g . gold-198 as a substitute 
for radon) must also be taken into account. 
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(4) Are present afterloading techniques adequate for routine use or is more 
developmental work needed? Are new centres, particularly in developing 
countries, advised to use afterloading techniques? 

Techniques of simple afterloading a r e well established and can be r e -
commended for routine use. Unfortunately, few afterloading applicators 
are commercially available and this has deterred the widespread use of these 
techniques. Methods of remotely-control led afterloading a r e still in the 
experimental stage of development and require further investigation 
(sections B - 2 . and B - 3 . ) . 

(5) Is it desirable and possible to make recommendations to new users, 
particularly in developing countries, with regard to selection of isotope and 
purchase of sources (including source strengths and dimensions) ? Should a 
minimum number of standardized sources be packaged together for sale? 

The recommended sources for various applications are indicated through-
out this repor t ; in most c a s e s this is the minimum stock required for a 
small user and not necessar i ly the ideal stock. It is suggested that manu-
facturers consider packaging together a number of sources of the same nomi-
nal activity; sources could be grouped in 'packs' by the manufacturer to 
reduce individual variation in activity (sections B - 2 . and B - 3 . ). 

A - 3 . EXPLANATION OF TERMS 

(1) A sealed source is one in which the radioactive m a t e r i a l is p e r -
manently encased in, and is to be used in, a container or bonding material 
in a manner to prevent leakage of the radioactive material . 

In this report a ' small ' sealed source is one whose activity is small , 
i . e. a few millicuries up to about 100 mCi, and which is intended to be used 
at short treating distances (0. 5 - 5 cm). The term will also be used to cover 
sources of a few curies which are now coming into use in remotely-controlled 
afterloading machines (see below). In contrast , a ' l a rge ' sealed s o u r c e 
(usually intended for teletherapy) will normally have an activity of hundreds 
or thousands of curies and be used at large treating distances (40 - 100 cm). 
In t e r m s of physical dimensions the 'small ' source usually has a much 
smaller volume than a teletherapy source, although the former is frequently 
in the form of an elongated needle or wire so that it is small, relative to 
the treating distance, only in two of its three dimensions. 

(2) In some therapeutic applications a considerable gain in economy 
and convenience can be achieved by allowing radioactive wires or foils to be 
sub-divided by the user as required. This ra ises the problem of the spread 
of contamination from the exposed faces, i. e. can these sources be regarded 
as 'sealed'? The Panel suggested that a category of partly-sealed sources 
should be considered, and a tentative definition of this t e r m was suggested: 
a part ly-sealed source is one in which the radioisotope is incorporated in a 
solid material or partially sealed in a protective sheath in such a way that 
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the source can be cut by the user without causing radioactive contamination 
which exceeds permissible limits. 

(3) Surface therapy is a form of radiotherapy in which one or more 
radioactive sources are placed on or near an a r e a of body surface which 
is to be irradiated. The resulting array of sources is called a surface mould, 
surface applicator, or plaque. 

(4) Intracavitary therapy is a form of radiotherapy in which one or 
more radioactive sources are placed, usually with the help of an applicator 
or holding device, within a natural body cavity of which the walls or adjacent 
tissues are to be irradiated. 

(5) Interstitial therapy is a form of radiotherapy in which one or more 
radioactive sources are implanted into tissue which is to be irradiated. The 
resulting array of sources within tissue is called an interstitial implant or 
simply an implant. 

(6) Brachytherapy (or plesiotherapy) is a collective term for surface, 
intracavitary and interstitial therapy. Brachytherapy may be carr ied out 
with sealed, partly-sealed or unsealed sources, but in the latter case the 
source holder must confine the radioactivity to the part of the body to which 
it is applied. 

This report is concerned only with brachytherapy involving sealed or 
partly-sealed sources, whose principal mode of action is through gamma 
emission. The use of unsealed sources in brachytherapy is at present of 
minor importance. 

(7) Conventional techniques are those in which radioactive sources are 
either implanted directly into the patient's tissues, or are first loaded into 
an applicator or container which is then placed on, or introduced into, the 
patient. When an applicator or container is used in this way it is said to 
be preloaded and the method may be termed a preloading technique. 

(8) Afterloading techniques are those in which inactive guides are 
initially placed in the patient, and the radioactive sources introduced later 
under more favourable conditions of protection. The guides may range 
from simple tubes for interstitial therapy to elaborate applicators for intra-
cavitary therapy. 

Afterloading techniques may be: 

(a) Simple, i . e . the radioactive material is inserted manually into the 
guides, as illustrated in Fig. 1. 
(b) Remotely controlled, i . e . the radioactive material is inserted and with-
drawn by a remote-control mechanism, as illustrated in Fig. 2. 

In addition, afterloading techniques may be: 
(i) incompletely protected, i . e . those concerned with the patient 

before the insertion of the radioactive sources are fully protected; 
the operator and his assistant a re partly or fully protected, de-
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FIG. 1. Simple afterloading technique for interstitial therapy. Top: Insertion of unloaded nylon tubes in 

and around the tumour. Bottom : Afterloading with radioactive seeds in nylon ribbons. (From Henschke et a l . , 

Ref. [120], courtesy of the authors and Charles С. Thomas, Publisher) 

FIG.2. Remotely controlled afterloading technique for intracavitary therapy, (a) uterine applicator; (b) plastic 

tubes; (c) lead safe; (d) 'cycling* radioisotope sources; (e) pushwires; (f) control box; (g) motor; (h) cams; 

(i) levers; (k) mechanical source position indicator; (1) transparent tube; (m) treatment indicator light. (From 

Henschke et a l . , Ref. [ 121], courtesy of the authors and the Radiological Society of North America, Publisher) 
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pending on the method of inserting the source into the guides, while 
other people, such as ward staff, are unprotected. Simple after-
loading is always incompletely protected; remotely controlled 
afterloading may be incompletely protected, if the patient is r e -
moved to a ward with the sources in situ, but can also be 

(ii) completely protected, i . e . the radioactive material is introduced 
into the patient in a suitably shielded room. The control of the 
introduction and removal of the material is from outside the room 
and the patient remains in the room throughout the treatment. In 
this way brachytherapy is placed on a par with teletherapy in regard 
to personnel protection. 

(9) A permanent implant is one in which radioactive sources of short 
half-life a r e intended to r e m a i n indefinitely where they a r e implanted. 

(10) A temporary implant or application is an implant or a surface or 
intracavitary application in which the radioactive material is removed from 
the patient when the prescribed dose of radiation has been given. 

A-4 . IAEA SURVEY OF BRACHYTHERAPY 

In 1964-1965 the Agency carr ied out a survey of the stocks of small 
sealed sources and their applications in brachytherapy. The survey was 
made in Canáda, France, Denmark, Finland, Norway and Sweden, the United 
Kingdom, and ten countries in the Middle East and Eastern Mediterranean. 
The enquiry covered stocks and applications of long-lived sources, usage of 
medium- and short-lived sources, replacement of radium and radon by arti-
ficial radioisotope sources, methods of handling and protection and other 
related questions. The results of the survey have been set out in a detailed 
report 1 and only a summary will be presented here: 

(1) While there are marked variations between radiotherapy centres 
within a given country, a pattern nevertheless emerges for each country 
or region which distinguishes it from the others in the survey. This pattern 
embraces such factors as the size of a typical radium stock and its division 
into sources of different types; the meaning to be attached to 'needle' and 
'tube', and the annual turnover of long-lived sources in a typical hospital. 
However, the differences between various advanced countries a r e small 
compared with the differences between advanced countries as a whole and 
the developing countries as exemplified by the ten Middle Eastern countries. 
Table I shows that the per capita radium stock is approximately 24 times 
greater in the advanced than in the developing countries. 

(2) By far the most important application of small sealed sources, in 
all countries, is the treatment of gynaecological tumours. Table II gives 
the average number of applications of long-lived sources (mainly radium) 

1 Copies of the report may be obtained free of charge from the Dosimetry Section, Division of Life 

Sciences, International Atomic Energy Agency, Kârntner Ring 11, A 1010 Vienna, Austria. 
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T A B L E I. RADIUM STOCKS IN RELATION TO POPULATION 

Population Radium stock Radium 

(mi l l ion) (gram) (gram/mi l l ion persons) 

Six advanced countr ie l 3 ) 91 111.6 1.2 

Ten developing countries 87 4 .2 0.05 

(Middle East) 

( a ) France is omitted here because many patients there are treated in small clinics which could 

not be included in the survey. 

T A B L E II. AVERAGE ANNUAL NUMBER OF BRACHYTHERAPY 
PROCEDURES P E R HOSPITAL 

Average annual number of procedures/hospital 

Canada France Middle East Scandinavia UK 

Gynaecological ^^ 

insertions 

Implants 11 

Intracavitary 

applications (a ) 

Surface moulds 5 

Others 0 

( a ) Other than gynaecological. 

car r ied out annually in individual hospitals in each country or groups of 
countries, sub-divided according to the type of application. Average values 
must, of course, be treated with caution since, in every country, the range 
for different hospitals is very great. . For example, the annual number of gy-
naecological applications in British hospitals varies from 12 to 360. Never-
theless, the average values show clearly both the preponderance of gynae-
cological treatments and the lesser , but by no means negligible, place of 
other applications. 

(3) Most radium stocks include needles of several linear activities, 
the relative values of which are such that not all can be used in the same 
implant. Only about half of the Canadian and two thirds of the British hos-
pitals have radium needles directly suitable for 'Paterson-Parker' implants. 

96 60 544 104 

62 18 65 13 

3 1 15 2 

1 3 32 8 

22 0 28 1 



8 BRACHYTHERAPY 

In Scandinavia needles tend to be of relatively high linear activity and only 
two hospitals there have needles which can be used for Pater son-Parker 
implants. 

(4) Of the long-lived artificial isotopes, principally cobalt-60 and 
caesium-137, none has yet replaced radium to any significant extent. In the 
United Kingdom, Scandinavia and Canada about one-third of the hospitals 
supplement their radium with cobalt-60 or caesium-137 , but only six in-
stitutions use these isotopes on a substantial scale. In the Middle East, long-
lived radium substitutes are not used at all. 

The use of medium-lived isotopes, e .g . tantalum-182 and iridium-192, 
is not widespread. Tantalum is used in about 20% of the hospitals in the 
United Kingdom, Canada and Scandinavia. Iridium is the most popular 

T A B L E III. NUMERICAL CHARACTERISTICS OF 'SMALL' , 
•MEDIUM' AND 'LARGE' USERS OF SEALED SOURCES 
Note: 'radium' includes cobal t -60 and c a e s i u m - 1 3 7 s o u r c e s 

Small Medium Large 

1. Stock of long-lived sources 

(mg or Ra mg-eq) 

up to 500 500 - 2000 over 2000 

2. Stock of long-lived sources 

(number of sources) 

up to 100 100 - 400 over 400 

3. Number of patients treated 

annually with long-lived 

sources 

up to 50 50 - 200 over 200 

4. Number of gynaecological 

applications per year 

up to 75 75 - 300 over 300 

5. Number of radium tubes 

handled annually 

up to 200 200 - 1000 over 1000 

6. mg of radium as tubes 

handled annually 

up to 2500 2500 - 15 000 over 15 000 

7. mg of radium as needles 

handled annually 

up to 100 100 - 500 over 500 

8. Activity (mCi ) of short-lived 

sources handled annually 

up to 50 50 - 300 over 300 

9. Number of staff regularly 

handling sealed sources 

within the radium room 

1 2 over 2 

10. Number of radium beds 

normally occupied 

1 - 2 3 - 6 over 6 
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radium substitute in France but is used in only about 15% of the institutions 
surveyed. Only one hospital in the Middle Eas t uses either tantalum or 
iridium. 

Gold-198 is the only artificial isotope which is used to a large extent, 
but is popular only in Canada and the United Kingdom. It is used to a much 
lesser extent in the other advanced countries and hardly at all in the Middle 
East . 

(5) Afterloading techniques have received considerable attention in the 
literature, but apparently are not widely used at this time. In the advanced 
countries only 15% of the institutions use afterloading techniques occasionally 
and less than 10% use them frequently. In the Middle East afterloading has 
not been used at all. 

(6) In describing the application of small sealed sources , it is con-
venient to classify their usage in a particular institution as 'small1, 'medium' 
or 'lar ge'. To assign quantitative values to these categories, ten parameters 
with three arbitrary ranges were selected as the basis of the classification 
scheme shown in Table III. Although there are borderline cases , most in-
stitutions clearly fit into one or other of the three groups. 

PART B - S O U R C E SUPPLY AND TECHNIQUES OF USE 

B - l . INTRODUCTION 

Radium and radon have been used in brachytherapy for more than 50 
years and well-established techniques have produced satisfactory clinical 
results. One may ask whether radium substitutes are needed. The principal 
disadvantage of radium lies in the hazard associated with the rupture of a 
source due to mechanical damage. Although breakage of a source is unlikely, 
if it does occur the results can be disastrous owing to the long half-life of 
radium-226 and its high radiotoxicity. (A more extensive discussion of the 
hazards associated with radium is contained in Part D and Appendix I. ) A 
further, though less serious, disadvantage of radium is the high cost of an 
initial stock, although it should be noted that, over a long period of time, 
the maintenance of a stock of shorter-lived isotopes may be more expensive. 
Finally, the gamma rays emitted by radium sources are of sufficiently high 
energy to present a serious problem in shielding. 

Many workers have felt that the disadvantages of radium warrant the 
investigation of other radioisotopes for clinical use and this has received 
increased impetus in the last ten years . Increased production of artificial 
radioisotopes has resulted in a variety of commercially available sources, 
each with certain advantages and disadvantages. The properties of the 
principal sources are tabulated in Appendix I. It cannot be suggested that 
an ideal radioisotope for any particular application in brachytherapy yet 
exists. For example sources containing caesium-137 are somewhat cheaper 
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T A B L E IV. (cont.) 

Adaptabil ity to Marked Marked (interstitial ) 

individual patients Moderate (intracavitary) 

Need for hospital beds Marked Marked 

(a) 
At the present t ime applicable only to intracavitary techniques. 

Slight The geometry can probably be more 

readily adapted to the individual when 

using a preloading technique 

Possibly ni l Remote afterloading might be possible on 

an out-patient basis, el iminat ing need 

for hospital beds 
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and less hazardous than radium, but require periodic restatement of their 
activities and actual replacement every ten years or so. In addition, 
iridium-192 wire is excellent from several points of view (e.g. flexibility, 
low toxicity, relatively low gamma-ray energy), but its half-life of 74 days 
is such that the sources are suitable neither for permanent implantation nor 
as a long-term stock. 

The introduction of new sources in the past decade has stimulated the 
development of new techniques of application. The radiotherapist may now 
select both the technique and the sources for treating a particular site in 
the light of the properties of the available radioisotopes and of ancillary 
equipment, the skill and experience of the operator and economic considera-
tions. Some of the advantages of the various techniques are summarized in 
Table IV. Space does not allow extensive discussion of the techniques men-
tioned; for details the reader is referred to the original papers. 

It is suggested that manufacturers should supply sources in groups or 
'packs' in addition to the usual individual sources. When a user purchases 
several sources of the same nominal activity, there is inevitably some varia-
tion between sources; in some cases the range of variation is ±10% of the 
stated nominal value. If the manufacturer preselects sources, and groups 
them according to activity, the variation within a pack could be considerably 
reduced, although the average activity might still vary as much as ±10% 
from that requested by the user . 

Many organizations and firms throughout the world now supply radio-
active sources suitable for brachytherapy, either standard sources as des-
cribed in their catalogues or custom-made sources for particular require-
ments. A list of suppliers is given in Appendix II. 

B - 2 . INTRACAVITARY AND SURFACE THERAPY 

For convenience, techniques for intracavitary irradiation can be classi-
fied as preloading, simple afterloading, or remotely-controlled afterloading, 
terms which are defined in section A-3. 

For the most part, intracavitary therapy means gynaecological applica-
tions, principally for cancer of the cervix uteri. Most of the applicators 
and techniques referred to in this section were developed specifically for 
cervical irradiation; these receive the main emphasis because of the over-
whelming number of patients requiring such treatment and because the geo-
metrical arrangement of sources is more complex than for other intracavitary 
sites. 

Surface therapy with small sealed sources is of relatively minor im-
portance when compared with intracavitary applications. The two methods 
will be considered together since they have several aspects in common: 
source requirements and certain problems of dosimetry are similar and 
some of the remotely-controlled afterloading techniques are applicable to 
both. 

B-2. 1. Preloaded applicators 

Many applicators have been designed for treating cancer of the cervix 
uteri. The designs are too numerous to be listed here, but most of them 
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are modifications of the applicators associated with one of the three basic 
techniques: Manchester technique (Tod and Meredith [ 247, 248]), P a r i s 
technique (Régaud [99]), and Stockholm technique (Heyman [87]; Kottmeier 
[94, 200]). Applicators for these systems are generally preloaded for each 
insertion,although permanently loaded applicators are used to an increasing 
extent, especially in the Stockholm technique. 

F o r conventional techniques involving preloaded or permanently loaded 
applicators, caesium-137 sources a re recommended if a new stock is a c -
quired; continued use of double - encapsulated radium sources of modern 
construction is acceptable. The use of cobalt-60 and iridium-192 sources 
may be considered if they can be readily produced in an available reactor . 
Cobalt-60 is less expensive than radium or caesium-137, but has the dis-
advantage of a shorter half-life. 

The minimum stock recommended for a small user is 10 tubes of 10 mg 
radium-equivalent each, 13. 5 mm active length, 20 mm physical length and 
1. 0 mm Pt filtration or equivalent. These sources are especially suitable 
for gynaecological applications, but it should be noted that this is the absolute 
minimum, though not necessarily ideal, stock; thus, if the Manchester (or 
Fletcher) system for cervix treatment is used, tubes of 5 and 15 mg radium-
equivalent are also needed. 

B-2.2. Simple afterloading 

Simple afterloading applicators for cervical irradiation have been used 
in some institutes on a routine basis for several years (Henschke [118, 120]; 
Suit et al. [132]; Horwitz et al. [124]). In general, the clinical effect is 
the same with both conventional and simple afterloading techniques; however, 
afterloading offers two advantages: 

(a) The principal advantage lies in the reduced radiation exposure to staff 
in the operating room, recovery room and diagnostic X - r a y department. 
Staff involved in ward nursing receive the same exposure as with conventional 
applicators. 
(b) In the absence of radioactive sources, afterloading applicators can be 
positioned in the patient with more c a r e and deliberation, with a greater 
possibility of achieving ideal geometry. F o r in-vivo measurements, ap-
plicators can be temporarily loaded with low activity sources with negligible 
exposure to the operator. 

Simple afterloading techniques have now reached the stage when they 
can also be recommended to less advanced institutes. However, at the pre-
sent time there are few afterloading applicators available commercially and 
this fact has deterred their widespread use. In some cases , prospective 
users have obtained applicators from the institutes where they were designed. 
There is urgent need for commercia l production of such applicators and 
manufacturers a r e encouraged to consider marketing this equipment. 

Source requirements for simple afterloading devices are often the same 
as those given above for conventional applicators. If a thin source is de-
sirable, iridium-192 is the best choice of isotope. 
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В-2.3. Remotely-controlled afterloading 

Remotely-controlled afterloading techniques (Walstam [134, 135]; 
Henschke et al. [121, 122]; O'Connell et al. [128]) are a recent innovation. 
They are designed for use principally with high-activity sources (0. 5 - 3 Ci) 
and, when used in this way, constitute a radical departure from traditional 
methods. The total treatment time may be minutes rather than days; patients 
who do not require a general anaesthetic can be treated on an out-patient 
basis, eliminating the need for ward beds. However, such techniques in-
troduce difficult questions relating to dose fractionation (see also section B-4. ). 

The isotope of choice is cobalt-60, because sources of high specific 
activity and therefore small size are obtainable, facilitating movement of 
the source from safe to treatment position. Cobalt-60 is relatively inex-
pensive and the half-life of 5 . 2 6 years is satisfactory. Fabrication of 
caesium-137 sources of high activity and small size is difficult, but sources 
of 600 mCi have been used successfully (Walstam [135]). Iridium- 192 is 
ideal from the point of view of size, but its short half-life of 74 days makes 
frequent replacement necessary. 

Remotely-controlled machines are still in the experimental stage uf 
development and cannot yet be recommended to all institutes. Advanced 
radiotherapy centres are urged to continue the development and clinical 
t r ia l of this type of equipment. It is anticipated that once the technical, 
clinical, and radiobiological problems a ie solved, remotely-controlled 
treatments will be used extensively. 

B - 3 . INTERSTITIAL THERAPY 

B-3. 1. Permanent implants 

Radon seeds have been used for many years for permanent implants 
and are still satisfactory, although their non-uniform size usually precludes 
their use with automatic dispensing devices. The biologically optimum half-
life is not known but, since clinical experience is based on radon, it would be 
well for substitutes to have a half-life comparable to that of radon (3. 8 days). 
Gold-198, with a half-life of 2. 7 days, is the best choice and in some ways 
is superior to radon: there is no hazard of gas leakage and the seeds can be 
made physically more uniform. Gold-198 seeds are usually of 2. 5 mm phy-
sical length and 0. 8 mm diameter, with a platinum sheath 0. 15 mm thick. 
(There may be some confusion regarding terminology since radon seeds are 
sometimes called 'gold seeds' because the radon is encased in gold tubing. 
Seeds now should be designated according to the radioactive isotope. ) 

Seeds of caesium-131(HenschkeandLawrence[42]; Lawrence et al. [50]) 
and iodine-125 (Henschke and Lawrence [42]; Lawrence et al. [50]; Henschke 
et al. [39]) have also been implanted in a limited number of patients. The 
low photon emission energies of these isotopes simplify protective shielding, 
but their longer half-lives introduce the question of biological equivalence 
to radon.2 Their principal disadvantage at the present time is their high 

2 C a e s i u m - 1 3 1 has a h a l f - l i f e of 9 . 7 days and emits only characterist ic X-rays of approximately 30 keV. 
I o d i n e - 1 2 5 has a h a l f - l i f e of 5 9 . 8 days and emits 2 7 . 4 keV X-rays and 3 5 . 4 keV g a m m a rays. 
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cost, although this may be reduced as production processes are improved. 
Their use is still of an experimental nature and more work is needed to per-
fect their dosimetry and determine their clinical effects. 

Regardless of the choice of isotope, the panel recommends to manu-
facturers that seeds be crimped or have rough edges to minimize movement 
in the tissues after implantation. 

B-3. 2. Temporary implants by. conventional methods 

F o r conventional implants caesium-137 sources a re recommended if 
a new stock of sources is acquired. The continued use of radium sources is 
acceptable, provided the radium salt is doubly encapsulated in sealed con-
tainers. Cobalt-60 or iridium-192 may be usëd if they can be produced in-
expensively in an available reactor . 

The minimum, although not ideal, stock recommended consists of 12 
needles of 1 mg radium-equivalent, 42 mm physical length, 30 mm active 
length and 0. 5 mm Pt filtration or equivalent, plus 6 needles of the same 
dimensions but with an activity of 2 mg radium-equivalent. These sources 
are most suitable for implants of the oral cavity, but can be used for other 
sites. 

B-3. 3. Temporary implants by afterloading methods 

In general, a thin flexible source is needed for interstitial implants 
with afterloading, and it is more appropriate to consider these sources as 
radium supplements rather than radium substitutes (Henschke et al. [40, 120]; 
Suit et al. [132]; Pierquin and Chassagne [129]). Iridium-192 is the pre-
ferred isotope because of its high specific activity, flexibility, ease of 
shielding and inexpensive production. Tantalum-182 is comparable to 
iridium-192, but requires more shielding. The half-lives of both are suf-
ficiently long to permit considering the dose rate as constant for a single 
irradiation of a few days. Wires of iridium and tantalum can be cut to any 
desired length. A disadvantage of these isotopes is that frequent replace-
ment of sources presents a book-keeping problem complicated by the fact that 
wires cannot be individually identified. 

Some afterloading techniques do not require a thin flexible source, in 
which case caesium-137 or radium needles already in stock can be used 
(Mowatt and Stevens [126]). 

B - 4 . RADIOBIOLOGICAL CONSIDERATIONS 

It is now certain that the biological effect of radiation is a function not 
only of the total dose delivered and the overall time of treatment, but also 
depends on the fractionation of the dose and the dose rate for each irradiation. 
These factors must be taken into account when radioactive sources are used 
for therapy, particularly when time and dose-rate values deviate markedly 
from standard techniques as, for example, in the following situations: 
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(1) when afterloading techniques are used with sources whose activity is 
higher by a factor of 10 to 30, resulting, in treatment times of minutes rather 
than days; 
(2) when short-lived isotopes are used for permanent implants, producing 
a high initial dose rate and low residual dose rate; 
(3) when temporary interstitial implants differ from the usual dose rate of 
1000 rad per day or from a total treatment time of five to seven days. 

A full discussion of these problems lies outside the scope of the present 
report and the reader is referred to the literature on dose-time relation-
ships in radiotherapy. It must nevertheless be observed that most of the 
papers in this field are oriented specifically to the dose rates and fractio-
nation schemes commonly employed in teletherapy, and that comparatively 
little work has been done which is of immediate relevance to the problems 
of brachytherapy. 

Perhaps the most useful paper relating to the use of remotely-controlled 
afterloading machines is that of Liversage [309]. In considering the dose 
to point 'A' in the treatment of carcinoma of the cervix, this author applied 
cel l -survival theory to the problem of simulating the effect of a dose of 
6000 rad in three 24-hour insertions spaced one or two weeks apart, by 
three or more high dose-rate insertions of approximately 15 minutes each. 
The cells which must be considered in such an analysis are not merely the 
tumour cells but also those of adjacent healthy structures which may receive 
the same dose as the tumour, and healthy structures situated some distance 
from the tumour, such as the rectum, intestine or bladder. 

Liversage points out that there is no simple answer to the question, 
"What dose in 15 minutes is equivalent to a dose of X rad in 24 h o u r s ? " 
The ratio of the 24-hour dose to the acute dose which produces the same 
biological effect will vary with the applied dose and the irradiated structure. 
He suggests that the most appropriate fractionation scheme to simulate the 
existing radium techniques would comprise 15 single doses of 412 rad spread 
over three weeks (i .e. one week longer than the overall time for conventional 
techniques). He considers that the number of fractions may be reduced to 
six treatments of about 900 rád each at the risk of a small increase in damage 
to nearby healthy structures, but any further reduction in the number of 
fractions will greatly increase the risk of damage to healthy structures, 
particularly those whose cells have short potential reproductive cycles. It 
may be that these structures can tolerate a large increase in damage, but 
this can be determined only by clinical experience. The author concludes: 
"In view of the assumptions made and the uncertainties involved it would be 
wrong to initiate high dose-rate intracavitary treatment solely on the basis 
of the above analysis. It would be equally wrong to initiate treatment with-
out considering some of the data published by radiobiologists in recent years 

. There may be dangers involved in giving high dose-rate treatment 
in only three fractions and radiotherapists should therefore design their tech-
niques so as to give a much larger number of fractions . " 
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An alternative approach lies in the concept of the 'equivalent single dose' 
or 'equivalent standard dose'. 3 (Strandqvist [314] ; Cohen [304]; Ellis [305] . 
Ellis [306] has produced a family of curves relating the total dose to give 
1000 rad N. S. D. to normal tissue to the number of fractions (from 2 to 60) 
for overall treatment times of 7 to 224 days. The N. S. D. representing maxi-
mum tolerance dose for normal t issues also represents the highest dose 
given to the tumour. One advantage of this concept is that it should be pos-
sible to add the N. S. D. 's for intracavitary treatments to those given by sup-
plementary external irradiation. The curves do not, however, take account 
of differences in dose rate in the delivery of individual fractions, but for 
this purpose the curves of Lajtha and Oliver [308], Ell is [305] and Oliver 
[311, 312] may be applicable. These data may also be used in situation (3) 
mentioned at the beginning of this section. 

The problem of the high initiaL dose rate when short-lived isotopes are 
used for permanent implants has been discussed by Cohen [304], who showed 
that the tissue tolerance is higher for radium than for radon, in t e r m s of 
total dose in the same overall time. The curve for accumulated dose versus 
time rises so rapidly with the short-lived radionuclides that it may go above 
the curve for skin tolerance, whereas the corresponding radium curve is a 
straight line which is always below the tolerance limit. 

Clinical experience with high-intensity sources in intracavitary radiation 
therapy is available at the Memorial Center for Cancer and Allied Diseases 
and at the Pack Medical Group, both in New York City. Beginning in 1944, 
an intracavitary vaginal applicator, known as the 'vaginal bomb', was used 
which contained radium sources with a total activity as high as 950 mg (Focht 
et a l . , 1946). The reactions and results in twenty-three patients treated 
between 1944 and 1953 were analysed in an effort to estimate tolerance levels 
and optimum dosages. It was concluded that with high-intensity sources 
of the order of 1000 mg, the optimum dose for two applications is approxi-
mately 4000 mgh and, for four applications, approximately 6000 mgh. Based 
on this experience, as well as on clinical observation with a high-intensity 
iridium-192 afterloading applicator, the present plan for the treatment of 
uterine and vaginal tumours at the Memorial Center is to use five treatments 
of 1000 to 1500 mgh each, spaced one week apart. This technique is con-
sidered to be equivalent to a conventional treatment in which a total dose 
of 5000 to 7 500 rad is delivered to point 'A' . The data obtained from this 
study can be used only as a guideline for further clinical research; however, 
this work is significant since it concerns the only group of patients with long-
t e r m follow-up pertinent to the problem of remote afterloading with high-
intensity sources. 

Although, as indicated in this section, some effort has already been 
made to provide quantitative guides to the significance of dose-time factors 
in brachytherapy, much more date are needed and these must be obtained 
from carefully planned clinical trials undertaken by institutes possessing the 
n e c e s s a r y facilities and guided by fundamental radiobiological r e s e a r c h . 

3 At a WHO study group meeting in Geneva, 28 November - 2 December 1966, the subject of dose-
time relationships in radiotherapy was considered in detail. The term 'nominal single dose' (NSD) was re-
commended as more appropriate in place of 'equivalent single dose'. 
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PART С - D O S I M E T R Y 

C - l . INTRODUCTION 

The subject of dosimetry is wide in scope and covers all aspects of the 
calculation and measurement of dose from single sources and a r r a y s of 
sources. In the limited time available, it was not possible for the Panel to 
consider all aspects of this problem and indeed there was no necessity, since 
the basic considerations are already fully documented (Loevinger et a l . , in 
Hine and Brownell, Eds. [7]; Johns [13]; Tubiana et al. [21]). The aim of 
the panel meeting, with respect to dosimetry, was to indicate well-known 
methods as a guide to new users and to direct attention to particular pro-
blems which to date have not received adequate coverage in the literature. 

C - 2 . SINGLE SOURCES 

C-2. 1. Specification of source strength 

Frequently the strength of a gamma-ray source is specified in terms 
of its equivalent activity (in units of millicuries), by which is meant the acti-
vity of a point source of the same radionuclide giving the same exposure 
rate at the same distance from the centre of the source. 

However, clinical experience in brachytherapy is mostly based on the 
use of radium and associated calculation systems such as the P a t e r s o n -
P a r k e r system, and for this reason many radiotherapists prefer to have 
the strength of any source expressed in terms of an equivalent radium activity. 
Furthermore, the calibration of a small sealed source by a manufacturer 
frequently entails a comparison of the radiation output of the source with 
that of a standard radium source, 4 so that the first figure obtained by the 
manufacturer is in any case a radium-equivalent. The number of milli-
grams of radium, of stated filtration, which gives an exposure rate equal to that 
from the artificial radioisotope source is called the radium mill igram-
equivalent (Ra mg-eq). 

Having measured the radium milligram equivalent, the equivalent ac-
tivity of the radioisotope source may be computed as follows: 

Equivalent activity (mCi) = Ra mg-eq X -¡z®3-
1 X 

where Г ^ = Г-factor for radium at stated filtration, 
and Г х = Г-factor for artificial radioisotope with no filtration. 

Frequently manufacturers specify both the equivalent activity and the 
radium milligram-equivalent for sources such as caesium-137. The follow-
ing qualifications should,however, be noted: 

4 The exposure rates must be measured under scatter-free conditions in air at a distance which is large 
relative to the dimensions of the source. 
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(1) The manufacturer should state explicitly the Г - f a c t o r s employed in 
deriving the equivalent activity. 
(2) The radium milligram-equivalent usually refers to radium filtered by 
0 . 5 mm Pt for interstitial sources, or by 1 . 0 mm Pt for intracavitary 
sources; however, to avoid the possibility of confusion, the filter thickness 
should be stated, thus: 

Ra mg-eq(0. 5 mm Pt) or Ra mg-eq(l . 0 mm Pt) 
(3) The term 'radium milligram-equivalent ' is applicable only to a radio-
nuclide whose gamma-ray energies are comparable to those of radium and 
whose half-life is sufficiently long to consider the dose rate constant for 
a single irradiation. 

It is unfortunate that the terms 'equivalent activity ' and 'radium milligram-
equivalent ' are similar. The first term has only recently been recommended 
by the ICRU [9], while the second is well-established by usage. In these 
circumstances the Panel does not feel that it should introduce any new ter -
minology at this stage; nevertheless the Panel wishes to draw the attention 
of the ICRU and other interested bodies to the possibility of confusion between 
the two t e r m s and the desirability of clarifying the situation. Meanwhile 
the user of brachytherapy sources must make a clear distinction between 
the two terms containing the word 'equivalent'; to use them interchangeably 
will result In serious errors . 

C-2. 2. Effect of source decay 

To make an accurate assessment of the tumour dose in brachytherapy, 
the values of source strength or radiation output which are used in the cal-
culations must be the actual values for the individual sources at the time 
of insertion. The use of nominal values or values applicable at or before 
the time of purchase may result in appreciable e r r o r . It is essential, 
therefore: 

(1) for the manufacturer to measure and to certify the 'equivalent activity' 
or the 'radium milligram-equivalent' for each source at a stated time (see 
section C-2 . 1. ); 
(2) for the user to have access to appropriate decay tables for the isotopes 
concerned. 

The use of actual source activities at the time of insertion complicates 
the dose calculations to some extent.5 Compared with the use of radium, 
perhaps more important still are the increased complexity of storekeeping 
and bookkeeping, the necessity for a reliable means of identifying individual 
sources and the inconvenience of a progressively increasing treatment time. 
To avoid some of these complications, some radiotherapists may prefer to 
sacrifice accuracy to some degree, and it may be argued that any uncertainty 
in the source activities is merely one error among many in the determination 
of the tumour dose, and probably not the most important one at that. 

5 Simple nomographic and slide-rule devices may be constructed, however, permitting easy correction 
for decay of source activity (Pfalzner [ 155] ). 
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Simplification of the problems relating to source activities may be 
achieved by the following measures, carried out either singly or in 
combination. 

(1) A single activity may be taken for all sources in a given batch of no-
minally identical ones. This is the normal procedure with radium tubes, 
but it must be borne in mind that radium sources are usually manufactured 
to a tolerance of about ± 5%. To this must be added the uncertainty in the 
measurement of the activity, amounting to about ±3%. These limits can 
also be attained for other isotope sources, such as caesium-137, but any 
tightening of manufacturing tolerance limits below ± 5% leads to a serious 
increase in the rejection rate and hence to a steep rise in cost. In practice, 
since the economic factor is important for caesium sources, a variation of 
at least ± 5% must be accepted. 
(2) The single (batch) activity thus taken may be a nominal rather than an 
actual value. F o r example, a batch of tubes with nominal activity 10. 0 mg 
Ra-equivalent might have an actual mean activity of 10. 3 mg; if the limits 
a r e ±5% the individual source activities will lie between 9. 8 and 10. 8 mg 
Ra-equivalent. The discrepancy between the nominal and mean activities 
may be further affected (either positively or negatively) by the time lag, 
perhaps several months, between manufacture and sale of a given batch of 
sources. 
(3) To avoid any correction for decay it is possible to use a fixed activity 
of the sources for a period of time chosen so that the variation due to decay 
is within acceptable clinical limits, say ±3% or ±5% — the choice is an in-
dividual one. At the end of this time the sources may either be discarded or 
reclassified as the next lower step in a 'cascade' process in which a series 
of activity groups are stocked. According to this system, only the sources 
of lowest activity a re discarded, and new ones of the highest activity are 
obtained. 

It must be emphasized that in general these procedures result in a less 
accurate estimate of the tumour dose but simplify dose calculations. The 
compromise between accuracy and convenience is a decision that must be 
made by the individual radiotherapist in the light of the data provided. 

C - 3 . M U L T I P L E SOURCES 

C-3. 1. Specification of dose in clinical practice 

In any type of radiotherapy it is important to express the tumour dose 
in a clear and meaningful way. Unfortunately, in therapy with small sealed 
sources there is usually no volume within which the dose is reasonably uni-
form and a meaningful statement of dose may need to be rather complex. 
To permit routine calculation of dose by manual methods, radium implant 
systems such as the Paterson-Parker system (Paterson and Parker [220]; 
Meredith [206]) have been devised in which a single number represents a 
complex dose distribution. To use these systems correctly, one must have 
a clear understanding of the significance of the computed dose and the loca-
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tion of the point or points receivingthis dose. Some examples will illustrate 
this situation: 

(1) If a surface mould is constructed according to the P a t e r s o n - P a r k e r 
system, the stated dose rate is the 'average ' over the irradiated surface 
(variations of ±10% being permitted) except in the ex t reme c o r n e r s of a 
square or rectangular a r e a . 
(2) The stated dose in a P a t e r s o n - P a r k e r single plane implant is the 
'average' dose in the (parallel) plane 0. 5 cm from the plane of the sources. 
The dose is referred to as the 'average minimum' dose, since it is both 
the 'minimum' dose in the 1 - c m slab of tissue in which the sources a r e 
centrally placed and the 'average' dose in the planes defining this slab. The 
absolute minimum dose in the slab may be 10% less than the 'average 
minimum' dose. 
(3) In a volume implanted according to the P a t e r s o n - P a r k s r rules, the 
stated dose is the net or effective minimum dose in the implanted volume, 
which is about 10% above the absolute minimum in this volume. 
(4) In intracavitary therapy of gynaecological tumours, the dose is frequent-
ly stated as that at points 'A' and 'B' defined by the Manchester system. 

Different radium calculation systems for interstitial implants should 
not be used interchangeably because, in principle, the points of dose speci-
fication are not the same. There is no reason to expect the same clinical 
result from the same dose prescription using different systems. In r e -
porting the calculated dose for an implant, the system employed must be 
stated to avoid ambiguity. 

The use of automatic computers for routine dosage control can pro-
vide the radiotherapist with complete dose distributions for individual cases. 
To maintain continuity of clinical experience, it is important to know the 
relationship between the single dose rate calculated by conventional methods 
and the complete dose distribution. At least during a transitional period, it 
is desirable to express doses in the newer techniques in a form suitable 
for comparison with older clinical dose concepts. In any compilation of 
dose distributions, an attempt should be made to link each distribution with 
an accepted dosage system such as the Paterson-Parker system. 

In reporting treatment of individual c a s e s the following data a r e the 
minimum necessary to give a meaningful picture of the technique employed: 

(1) Tumour dose (or dose to specified point). If a conventional calculation 
method is used, the particular system should be specified. If a complete 
dose distribution is obtained, the location of the tumour dose should be in-
dicated. The question of whether to express doses in units of roentgen or 
rad is discussed in section C-3 . 2. 
(2) Total treatment time and fractionation scheme, if any. 
(3) Radioisotope used, total number of sources, and either mCi equivalent 
activity. Ra mg-eq, or mg of radium. 
(4) Source arrangement (interstitial plane, interstitial volume, planar sur-
face mould, intracavitary applicator, etc . ) . 
(5) Size of implant or applicator (for interstitial and surface applications). 
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(a) 

(b) 
Assuming an average correction factor of 0 . 9 9 for attenuation in tissue. 
Using correction factors of Batho and Young [ 1 3 6 ] . 
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C-3. 2. Statement of dose in rad in tissue 

F o r clinicians who utilize tables such as those by Pater s o n - P a r k e r , 
it is recommended that dose specification continue in units of roentgen as 
given in the tables. F o r clinicians who calculate full dose distributions, 
usually by computer, it is recommended that the unit of dose be rad in 
muscle, preferably with the percentage composition as given in ICRU [11]. 
So that groups can exchange clinical experience it is necessary to understand 
the physical factors used to compute various line source and implant tables 
and the relationship between these tables and full dose distributions as now 
computed. Data for some of the widely used tables and graphs are given 
in Table V. 

To convert exposure in air to absorbed dose in tissue, two factors must 
be considered: the rad/roeñtgen ratio and the amount of attenuation in tissue. 
The most recent rad/roentgen ratio for radium and similar radioisotopes, 
given by the ICRU [10], is 0. 957. The correction for attenuation in tissue 
is more complex, since it is a function of distance and the relationship is 
not mathematically simple. However, for distances of interest in brachy-
therapy, one can assume that the gamma rays are diminished 1% per centi-
metre due to attenuation in muscle. Measured data show that this approxi-
mation is sufficiently accurate for clinical use (Ter-Pogossian et al. [303]; 
Van Dilla and Hine [279]; Wootton et al. [280]; Hale [145]; Kenney et al. 
[266]; Meisberger and Shalek [269]; Meredith et al. [270]; Smocovitis 
et al. [ 275a]) . 

In assessing the relationship between published tables and full dose dis-
tributions, an additional factor must be considered. At the time that some 
important tables were published the accepted Г - fac tor for radium was 8. 4; 
however, a more recent figure of 8. 25 (ICRU [9]) is now used. Therefore, 
dose rates derived from the "older tables must be multiplied by the ratio 
8. 2 5 / 8 . 40 to be consistent with current computations. 

In deriving an overall correction factor, the Paterson-Parker implant 
tables represent a special case for two reasons: (1) In the preparation of 
these tables there was incomplete allowance for oblique filtration (Mitchell 
[152]). The degree of e r r o r depends on the lengths of the sources and the 
size of the implant, but for typical planes and volumes the actual dose is 
2j% lower than the calculated dose. (2) Allowance for attenuation in tissue 
is extremely complex (Batho and Young [136, 136a]), since there are multiple 
sources at different distances from the point of dose estimation. However, 
for a few implants of average size which have been considered in detail, the 
correction factor for attenuation in tissue is approximately 0. 98 (Shalek and 
Stovall [23 8]). Since the effect of oblique filtration decreases with distance 
whereas attenuation in tissue increases, the product of these two correction 
factors is approximately a constant value for most implants. For this reason 
it is possible to give an overall correction factor of 0.90 for Paterson-Parker 
planes and volumes, a figure which also includes the rad/roentgen ratio and 
correction for the new Г-factor mentioned above. 

The last column in Table V shows the multiplicative correction factors 
required to convert doses, usually in roentgen, derived from various tables 
and graphs to doses in rad in tissue as now computed with the latest data. 
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These overall correction factors take into account all the other factors listed 
in the table. It must be s t ressed that it is not the purpose of Table V to 
indicate the way in which the original data were computed or their accuracy. 
In comparing doses or dose rates calculated by different implant systems 
there are special problems to be considered, such as the point of dose speci-
fication as pointed out in section C - 3 . 1. and the fact that there are incon-
sistencies in the Quimby tables (Greenfield et al. [144]). 

C-3. 3. Calculation of dose for individual patients 

(a) Localization of implanted sources 

The accurate spatial localization of the radioactive sources is essential, 
since calculation of dose must be based on the actual implant and not the 
planned implant. Localization may be effected by radiography with one or 
more of the following methods: 

(1) Orthogonal radiography (Meredith and Stephenson [ 209] ) : Antero-
posterior and lateral radiographs, taken at right angles, provide the means 
for accurate geometric measurements, and should be obtained for every 
implant. It is recommended that the X - r a y beam, and not the patient, be 
moved between the two radiographs, and that some provision be made for 
estimating the magnifications of the implant images. 
(2) Stereo-radiography (Nuttall and Spiers [216]; Mussell[213, 214]; Devois 
et al. [178]; Shalek and Stovall [237]): If identification of individual sources 
is required, particularly in seed implants, it may be helpful to view the im-
plant on stereo-radiographs. The same radiographs can also be used for a 
three-dimensional reconstruction of the implant. Stereo-radiographs should 
not be used for measurement of distances since, in principle, this is con-
siderably less accurate than using perpendicular radiographs. 
(3) Transverse tomography (Egan and Johnson [179]; Pierquin and Fayos 
[226]: As a supplement to perpendicular radiographs, a series of transverse 
tomograms gives c r o s s - s e c t i o n a l views of an implant in parallel planes; 
these are particularly useful for complex needle implants of the oral cavity. 
However, the equipment required for transverse tomography is expensive 
and for this reason is not widely used at this time. 

(b) Methods of calculation 

After the geometry of the implanted sources has been determined by 
radiography, the dose rate is calculated by one of the following methods, 
the choice depending on the nature of the implant and the facilities at hand: 

(1) Manual methods: To simplify the manual computation of dose from 
interstitial implants on a routine basis, various implant systems have been 
devised; The most widely used is the Paterson-Parker system ( Paterson 
and Parker [220]; Meredith [206]) and its value is confirmed by many years 
of successful clinical experience. However, the Paterson-Parker system, 
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and indeed any system, must be used with c a r e ; the tables are not valid 
unless the needles are implanted according to the rules. Also, since a single 
number is used to represent a complex dose distribution, there must be a 
c l e a r understanding of the significance of the computed dose (see section 
C-3 , 1 . ) . In spite of these limitations, the Paterson-Parker system is r e -
commended for all suitable implants if a manual computation is required. 
If the geometry or distribution of sources does not conform to the rules, dose 
to selected points can be computed by summing doses for all sources with 
linear source tables or isodose curves (Pierquin and Fayos [226]) . 

F o r dosimetry in intracavitary therapy of the uterine cervix , the 
Manchester system recommends calculation of dose to two anatomical points, 
called points 'A' and 'B' (Tod and Meredith [247, 248]). Because this in-
formation is limited, other workers have manually computed complete dose 
distributions in a plane passing through points 'A' and 'B' (Fletcher et al. 
1183]). 
(2) Computer methods: In recent years several workers have utilized elec-
tronic digital computers to calculate complete dose distributions for indivi-
dual patients (Stovall and Shalek [246]; Adams and Meurk [167]; Hope et al. 
[193]), as well as to formulate new methods of planning implants (Bush [176]) 
and to analyse systematically implants of different sizes (Laughlin et al. 
[201]). With automatic machines the calculation of dose is no longer limited 
to a few points; full dose distributions around interstitial and intracavitary 
applications give the radiotherapist data comparable to those normally avail-
able for external beam treatments. It seems likely that this additional in-
formation can be a valuable help in reducing complications due to under-
and over-dosage, particularly for implants which do not conform to con-
ventional rules (Fletcher and Stovall [182]). 

The Panel did not discuss computer calculations in detail, since this 
subject was included in the agenda of an IAEA panel meeting on 'Computer Cal-
culation of Dose Distributions in Radiotherapy', held in 1965. A report of 
the 1965 meeting has been published and contains a survey of progress in 
this field, a summary of the panel discussions, a number of working papers 
and a comprehensive bibliography (IAEA [194]) . 6 

In view of the advantages,' the Panel recommends that complete dose 
distributions be calculated by computer wherever possible. It should be 
pointed out that it is not necessary for institutes to have computer facilities 
on the premises to do such calculations. At least two institutes in the United 
Statés (University of Texas M. D. Anderson Hospital, Houston, and Computer 
Center, University of Cincinnati) have supplied full dose distributions to 
other hospitals, input data being transmitted by telegram and output data 
returned by airmail. 

(c) Use of certain radioisotopes as radium substitutes 

Aids to calculation which have been devised for radium sources, such 
as implant systems and linear source tables, can also be used with other 
isotopes on the following conditions: 

6 A second IAEA panel meeting on 'The Role o f the Computer in Radiation Treatment Planning1 in 
July 1967 is expected to g ive greater emphasis to computer calculat ions in brachytherapy. 
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(1) The isotope has g a m m a - r a y energies comparable to those of radium 
( e . g . cobal t -60 , c a e s i u m - 1 3 7 , i r idium-192 and tantalum-182) . 
(2) The activity of the source in millicuries is converted to Ra mg-eq, as 
discussed in section C - 2 . 1. 
(3) The source is constructed so that the shapes of the isodose curves a re 
similar to those of radium. 

When comparing other sources with radium it is not sufficient to consider 
only the dose ra tes on the perpendicular bisectors ; dose ra tes on this line 
may be in good agreement while dose r a t e s at points near the ends of the 
s o u r c e s vary considerably. This point is i l lustrated in F ig . 3, where the 
angular distribution of radiation for typical radium and c a e s i u m tubes is 
compared. Another example of this problem is the 'hot-end effect1 of some 
cobalt sources (F le tcher et al. [184]). If the shape of the curves does not 
compare favourably with radium, the distribution may be altered by adding 

FIG.3. Polar diagram of exposure rates at 3.5 cm from the geometrical centres of typical radium 

and caesium-137 tubes. (From Cook, Ref. [138]) 

C - 3 . 4. In-vivo measurements 

In irradiation of cancer of the uterine cervix, limiting factors include the 
dose delivered to the bladder and rectum, and direct measurement of the 
dose to these organs is recommended on a routine basis (Fletcher et al. [183, 
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284]; Deeley [283]; Kottmeier and Gray [290]; Strickland and Gregory [301]; 
Million et al. [294]). For these measurements a light-weight portable rate-
meter equipped with a small probe is required (Littman et al. [291]; Reuss 
and Brunner [275]; Shalek and Cole [298]; Svensson [302]; Bryant [282]; 
Bruno and Mauderli [281]). Since an ideal instrument of this type is not com-
mercially available at this time, it is suggested that manufacturers consider 
the design of suitable equipment. The instrument should be capable of 
measuring exposure rates from 1-100 roentgen/hour with an accuracy of 
±5%. The probe must be energy independent to within ±5% throughout the 
range of energies encountered in a phantom within 10 cm of the source. As 
solid-state dosimeters become more generally available, it is recommended 
that they also be used for in-vivo measurements whenever applicable (Moos 
and Spongberg [295]; Mauldon and Martin [293]; Malsky et al. [292]; Roswit 
[296]; Fowler [287]). 

PART D - C A R E AND HANDLING OF SOURCES; 
PERSONNEL PROTECTION 

D-l . INTRODUCTION 

Interstitial and intracavitary irradiation therapy is generally carr ied 
out today by direct insertion of sealed radioactive sources. This method 
entails serious problems of radiation protection which have been considered 
in many publications. A number of recommendations have been issued, by 
both international and national bodies such as NCRP [361, 363], IAEA [347, 
348, 349], ICRP [351, 352], HMSO[324] ('Codeof Practice for the Protection 
of Persons, etc. ') and the suggestions given in this section are intended to 
supplement rather than to replace these recommendations. The general 
problem of radiation protection during the medical use of isotopes has been 
dealt with at length in a number of books (Braestrup and Wyckoff [321]; 
Quimby [365]; Barnes and Taylor [318]; Paterson [16]). 

It should be noted that many radiation protection problems can be con-
siderably reduced, or even eliminated, by the use of afterloading techniques. 
Although some of these techniques are still in a developmental stage, they 
should be seriously considered in planning new departments or modifying 
existing departments. These techniques are discussed in Part В of the 
present report. 

In any institute the protection requirements will depend largely upon the 
volume of work, which involves the number and strengths of the sources 
handled, the frequency of handling and the type and method of work. In this 
connection it is convenient to refer to a user as small, medium or large, 
as classified in the IAEA survey on brachytherapy sources (see Table III). 
(Private practitioners can usually be regarded as small u s e r s . ) 

The main criterion in personnel protection is the radiation dose received 
by various personnel as determined by routine monitoring, and this is the 
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guide which each institute must use to determine the degree to which the 
basic arrangements should be extended and improved. Every employee as-
signed to radiation work should wear an individual monitor, such as a film 
badge or pocket ionization chamber. Where protection facilities are good, 
the practical limitation is usually the dose received by the fingers and hands 
rather than the whole-body dose Monitoring of the dose to the finger-tips 
should be included for those staff members responsible for a large amount 
of source handling Thermoluminescent dosimetry is being used increasing-
ly for finger-tip monitoring. 

D-2 STORAGE 

The detailed planning of storage and handling areas presents an indivi-
dual problem which can be solved only by close consultation between the 
architect, radiotherapist, physicist and other interested authorities. Some 
of the factors which have to be taken into account are : 

(1) the pattern of normal hospital traffic; 
(2) the location of sensitive counting equipment; 
(3) the desirability of minimizing the transport of radioactive material 

(whether in containers or in patients); and 
(4) the protection of adjacent rooms. 

F o r a more complete discussion of the planning of a new institution, the 
reader is referred to 'Planning of Radiotherapy Facil i t ies ' , IAEA/WHO 
[350]. 

Normally, radioactive sources for interstitial and intracavitary therapy 
are retained in one of the following locations: 

(1) Central, or main, storage area: Ideally the main storage and handling 
facilities should be combined in one well-equipped work area which is ad-
jacent to a special operating theatre. This arrangement gives maximum 
availability (provided one can enter the area without dressing in a surgical 
gown). If storage and handling rooms are separated, transport of sources 
by automatic devices is recommended. 
(2) Subsidiary storage area (for afterloading sources): If afterloading tech-
niques are used, an additional storage a r e a may be needed which is con-
venient to the 'loading' room. (The 'loading' room may be the operating 
theatre or a separate room. ) 
(3) Temporary storage areas : Facilities should be provided in the wards 
so that sources removed during the night can be shielded. Sources should 
be removed from temporary storage and returned to the main safe as soon 
as possible. 

All of the above storage areas should be provided with locks and only 
a limited number of staff members should be permitted a c c e s s . 

If the stock of radioactive sources is small, individual storage con-
tainers are satisfactory. A more elaborate arrangement with a special safe 
is preferred where a large number of sources is used. If an apparatus has 
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an electrically operated drive mechanism, it is essential to have an al ter-
native means of operation. Storage safes containing radium sources should 
be adequately vented to the exterior of the building to disperse radon which 
may be released by a damaged source. 

Lead is, in general, the best choice for shielding material which is to 
be used close to the sources. The outer shielding may be of steel, brick 
or concrete, preferably of high density. Lead may be used for outer shielding 
instead of brick or concrete if it is essential to economize on space and 
weight. 

D-3 . HANDLING 

D-3. 1. Protective shields 

The work bench should be equipped with a protective shield which pro-
vides an effectively continuous screen free from cracks; this arrangement 
can take the form of a continuous shield along the whole length of the bench 
or of discontinuous shields which overlap to prevent penetration of radiation 
at any joints. In every case not only the front wall but also the bottom and 
back wall of the work bench must be shielded. 

The thickness of the shielding material depends on the volume of work 
and the gamma-ray energy of the most energetic isotope used. For example, 
if the volume of work with radium is small, a lead shield of 5 -cm thickness 
is probably sufficient, but for large users lead shields 10-15 cm thick are 
recommended. The thickness required in a particular situation can be cal-
culated from data in standard reference books; however, the adequacy of 
shielding should always be checked by direct measurement. 

Protective gloves and aprons are not recommended for use with gamma-
ray emitting isotopes; they furnish negligible protection and hinder free 
movement. 

Direct viewing of the handling area is usually better than indirect viewing 
by means of mirrors . Lead glass windows should be thick enough to provide 
shielding comparable to the lead used in the remainder of the barrier . An 
acceptable alternative to lead glass is ordinary plate glass; although 
a greater thickness is needed, the transparency is usually better and the 
cost is less . The work area should be well illuminated and a magnifying 
glass available for inspection of sources. 

D-3. 2. Handling instruments 

Touching radioactive sources with the hands is never permissible. If 
the volume of work is small or moderate, surgical forceps at least 20 cm 
long are satisfactory. Various special forceps and instruments have been 
designed and some of these are available commercially (see Appendix II). 
Whatever instruments are used, it is important that these should be con-
structed in such a way that they are unlikely to damage the sources. F o r 
example, dissecting forceps are acceptable but a r tery forceps should not 
be used. 
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Where the volume of work is large, elaborate equipment with slave ma-
nipulators and remotely-controlled handling devices might be considered 
(Ellis [330]). Although such equipment is standard in atomic energy estab-
lishments, it is expensive and experience has shown that the simplified forms 
of this equipment used in some hospitals have not been entirely satisfactory. 
The difficulties can probably be overcome, however, and one hospital has 
already placed on record ( F a r m e r and Haggith [332]) its satisfaction with 
this means of handling. As an alternative to slave manipulators, radiation 
exposure may be reduced by the adoption"of afterloading techniques. 

D-3. 3. Transport c a r r i e r s 

For the quantity and types of sources usually transported in hospitals, 
a shielded container on wheels is required. A low car t with a long handle 
is safer mechanically and gives better protection than a high cart. The con-
tainer should provide adequate protection in all directions. The lid should 
be well secured and controlled by a long handle or a foot-operated lever . 

Small containers weighing up to 10 kg may be carr ied by hand if they 
are equipped with long handles. They are convenient for low-energy gamma-
ray emitters and very small amounts of other isotopes, but should not be 
used for the transport of high-energy sources-of the activities ordinarily 
used in brachytherapy. 

D-4. SOURCE MAINTENANCE 

D-4. 1. Cleaning 

Immediately after removal from the patient, needles and applicators 
should be immersed in a cleaning solution such as household detergent. 

When the volume of work is large, ultrasonic cleaning offers many ad-
vantages (Sivyer [373]). There is no evidence that ultrasonic cleaning damages 
sources in any way. 

D-4. 2. Sterilization 

Sources must be sterilized routinely and the following techniques are 
satisfactory for radium and other isotopes. Sources should be adequately 
screened by protective material during sterilization: 

(1) Autoclaving: Doubly-encapsulated sources of modern construction can be 
autoclaved safely and the increased internal pressure of a radium source is 
unlikely to constitute a hazard. However, the temperature should not exceed 
110°C (230°F) and the heating element should be equipped with a thermal 
cut-out. 
(2) Chemical sterilization: Chemicals may be used to sterilize sources 
provided that they do not damage the source container. The time required 
depends on the solution used, but is generally longer than for autoclaving. 
For example, when using an alcohol solution, the sources must be immersed 
for at least two hours. 
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(3) Boiling: Sources may be boiled, but the apparatus should be equipped 
with a thermal cut-out to ensure that the temperature does not exceed 110°C 
(230°F). Precautions must be taken to see that sources do not boil dry (Cross 
et al. [326]). 
(4) Gas sterilization: Gas sterilization has not been widely used but has 
been shown to be effective (Agard et al. [315]). A radium safe has been de-
signed which permits gas sterilization of its contents (Webster et al. [382]). 

D-4. 3. Inspection 

All sealed sources should be routinely inspected for defects and damage. 
Inspection of radium sources is particularly important because of their po-
tential hazard. 

(a) Leak tests 

Every radium source must be examined for leakage by a qualified person 
at intervals of not greater than 12 months. Where sources a re subject to 
extreme handling conditions or where the frequency of use is unusually high, 
leak tests should be performed more often. The results of each test should 
be recorded. Any source suspected of leakage must be sealed in an air-tight 
container and returned to the supplier or disposed of by the appropriate 
agency. Recommended emergency procedures in the event of contamination 
are considered briefly in section D-7. 

One basic method of testing radium sources for leakage consists in 
collecting the daughter products of radon. This can be done by placing the 
source, together with a piece of absorbent cotton or filter paper, in a sealed 
container such as a specimen tube or jar for a period of about 24 hours. At 
the end of the test period, the source is removed and the cotton or filter 
paper is measured with a beta-gamma or alpha survey meter. This should 
be done as soon as possible after the source is removed, as the radon 
daughter products collected will decay with a half-life of approximately 30 
minutes. (It should be pointed out that a source which is not leaking but 
is contaminated with radium from another leaking source may produce a 
false positive result. ) Several procedures based on this method have been 
described in the literature (Rose [369]; Gallagher et al. [337]). Batch 
testing is, of course, permissible until a positive result is obtained. 

Another basic method of leak testing involves the collection of radon 
as well as its daughter products. The source is placed in a sealed container 
along with an adsorbing material such as water, water with a complexing 
agent, oil or activated charcoal (either dry or in solution). The source is 
removed from the container after approximately 24 hours and the radiation 
from the radon-adsorbing material is measured with an appropriate instru-
ment, usually a gamma well-counter. The advantage of this system is that 
it is not necessary to make the measurement immediately after removal of 
the source, since radon has a half-life of 3. 8 days. A modification of this 
method permits routine checking of all sources by placing activated charcoal 
tablets in the radium storage safe (Hale [342]). 

If a leak is detected by one of the above methods, one can differentiate 
between radon leakage and radium salt leakage by a subsequent count of the 



32 BRACHYTHERAPY 

sample several days after the initial count. If the activity of the sample re-
mains constant, this indicates the presence of radium salts, a much more 
serious type of leak. 

Alpha monitoring of radium storage and handling areas is desirable on 
a routine basis and mandatory if a leaking source is discovered. If a source 
is ruptured it is imperative to establish the presence and extent of contamina-
tion with radium salts in all areas where the radium has been used. Alpha 
detecting instruments a re most suitable because of their insensitivity to 
beta-gamma activity from other radiation sources which might interfere with 
such a survey. 

(b) Autoradiography 

Calculations of dose from radium implants are based on the assumption 
that the radium salt is distributed uniformly within the sources. Autoradio-
graphy is a convenient method of checking for uniformity and should be per-
formed for all sources, either by the manufacturer or the user . The pro-
cedure for autoradiography is simple (Clephan [323]; Freed et al. [334]). 
Autoradiography is not sufficiently sensitive to serve as a test for leakage. 

D-4. 4. Repair and reincapsulation 

Periodic reincapsulation of radium sources has been advised (Morgan 
[ 360]) chiefly because of the suspected danger of increased internal pres -
sure due to helium production. However, a more recent investigation 
(Van Hoosenbeek et al. [377]) seems to indicate that spontaneous rupture 
due to gas build-up is extremely unlikely and periodic reincapsulation of 
doubly-sealed sources is unnecessary. Damage to sources is due principally 
to wear and tear ; long sources are particularly fragile and subject to ac -
cidental bending. A wise policy is to inspect sources routinely and have 
those reincapsulated which show evidence of significant damage. 

Under no circumstances should a user try to repair radium sources, 
since an attempt at repair by an unqualified person is likely to aggravate 
the damage and could have a disastrous result . 

D-4. 5 . Disposal 

If an institute uses isotopes other than radium, some sources in stock 
may have activities which are too low for continued clinical use but too high 
to permit disposal. Such sources should be stored in an orderly manner, 
with each container used for only one isotope and clearly labelled. When 
disposal becomes feasible, local regulations for the control of radioactive 
wastes should be observed. It should be noted that some manufacturers 
and public health authorities offer disposal services . 
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D-5 . SOURCE INVENTORY 

D-5. 1. Source identification 

If possible, each source should be assigned a unique number which is 
engraved on the source by the manufacturer to permit individual identifica-
tion. This is particularly important for radium sources to permit detailed 
records of leak tests. In addition, sources of one type should have identical 
markings, such as colour bands, to facilitate grouping of sources by activity.> 

Individual identification of some sources, such as iridium-192 wire, is 
not possible. Users of these sources must exerc i se extreme caution to 
ensure that sources are stored in an orderly way in labelled containers to 
avoid confusion regarding their activities. 

D-5. 2. Records of source location and use 

The person in charge of storing radioactive sources should maintain 
accurate records which indicate the location of each source at all t imes . 
Data recorded should include time of removal from storage, estimated time 
of return, intended use, the name of the person responsible for the source 
during use, and the actual time of return. 

An audit of records and source stocks should be carried out once a week; 
all sources used during the previous week should be accounted for by 
checking actual sources and records. A detailed inventory is recommended 
annually, in which all sources are called in to the central storage area and 
the accuracy of the records is verified by a precise tally. 

D-6. PROTECTION DURING USE 

D-6.1. Operating room 

With conventional techniques of interstitial and intracavitary therapy, 
the radiation exposure to operating room personnel can be considerable. 
To reduce exposure as much as possible, procedures should be planned 
meticulously and then carried out with as much speed as is consistent with 
efficiency and accuracy. For large users, portable shields may be required 
and are especially effective for medium-energy gamma-ray emitters such 
as caesium-137, iridium-192 and gold-198. Sources should remain in ad-
equately shielded containers until the time they are inserted into the patient. 

Afterloading techniques, discussed in Par t B, can reduce personnel 
exposure to a large extent and their use is encouraged. 

When fine wire sources or seeds are implanted a radiation survey of 
the operating room or 'loading' room (for afterloading techniques) should 
be performed after the patient is removed to ensure that no sources are lost. 

D-6. 2. Recovery room 

For small users, it may be sufficient to place patients with gamma-ray 
sources at a safe distance from recovery room personnel and other patients, 
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especially children. The need for shielding can be determined by survey 
measurements and the amount of exposure shown by personnel film-badge 
monitoring. 

Moderate and large users require protective shields, the thickness of 
which is dependent on the volume of work. If the volume of work is very 
large, television observation and telemetering of pulse and temperature 
measurements should be considered. 

Patients waking from a general anaesthetic often try to remove needles 
or applicators and must be carefully watched until they are completely 
conscious. 

D-6. 3. Transport of patient 

Since a gamma-ray source in a patient is essentially an unshielded 
source, transport of patients presents a serious problem in radiation pro-
tection. In general it is not practical to use shielding material. Personnel 
concerned with transport should receive instruction on how to reduce ex-
posure by working quickly at a reasonably large distance from the patient. 

D-6. 4. Wards 

F o r a hospital which is a small user, isolation of a patient with radio-
active sources may offer sufficient protection without special shielding. Such 
a patient should preferably be in a private room but, if this is not possible, 
several patients receiving radiotherapy may be placed in one room. If a 
patient with radioactive sources must be assigned to a room with other pa-
tients, he should be kept as far as possible from other patients in the same 
and adjacent rooms, especially children and adults with regenerative po-
tential. Personnel exposure may be considerably reduced in gynaecological 
applications by placing the foot of the bed against a wall and nursing the 
patient from the head of the bed (Walstam [380]). It is strongly recommended 
that provisions be made for specially designed rooms for patients with radio-
active sources when a new department is being planned or an existing one 
rebuilt. 

F o r moderate and large users , it is necessary to set aside special 
rooms or wards for brachytherapy patients. Portable permanent shields 
close to the patients' beds give additional protection to personnel. Shields 
must be designed to reduce scattered radiation as well as primary. It should 
be pointed out that caesium-137 may present as difficult a shielding problem 
in the ward as radium, perhaps even a more difficult one. This is because, 
although the primary radiation of caesium-137 is more readily absorbed, 
radium sources generate much less scattered radiation. If the volume of work 
is very large, television monitoring and remote measurements of pulse and 
temperature may be justified. 

All ward patients with radioactive sources should wear special a r m -
bands stating the amount of activity, the initial and total time of application, 
and personal identification. Beds should be labelled with warning signs in-
dicating the presence of radioactivity. 
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Every precaution should be taken to ensure that sources a re not lost 
during the time the patient is in hospital. Needles and applicators should 
be securely attached to the patient; he should be alerted to the possibility 
of a source becoming loose or dislodged and asked to report any such oc-
currence . The patient's activities should be res t r ic ted and under no c i r -
cumstances should he have access to ordinary toilets and bathing facilities. 
Particular attention is required in caring for psychotic patients since they 
may attempt to remove sources. It is desirable to monitor waste material 
and soiled linen before they are removed from wards. 

D-6. 5. Source removal 

Removal of sources often involves considerable radiation exposure to 
the staff, and this procedure should be carefully planned with regard to pro-
tection. All work should be performed with instruments with long handles. 
It is sometimes preferable to remove sources in the operating room to take 
advantage of shielding devices located there. If another room is used, port-
able shields may be required. 

It should be noted that more sources a re lost during removal than at 
any other time. Sources should be carefully counted and immediately placed 
in temporary storage containers. As a further precaution, it is advisable 
to monitor the patient for radioactivity after the sources are removed. If 
thin wire sources are used, it is recommended that the room be monitored 
after the patient leaves. 

D-6. 6. Discharge of patient 

Patients with permanent implants cannot remain in hospital until the 
level of radioactivity is undetectable, and a level of activity which is 'safe' 
must be established. The Code of Practice [324] recommends that for radon 
the activity should be less than 12 mCi and for gold-198 less than 30 mCi 
at the time of discharge. These recommendations take into consideration the 
exposure of other persons in the patients' homes, but patients should be 
given instructions, such as to avoid close contact with children. A patient 
considered to be unfit to c a r r y out instructions should remain in hospital 
for a longer period of time. 

It is usually not safe to allow patients with surface applicators to leave 
the hospital as this could result in high exposure to other persons. 

D-6. 7 . Disposal of radioactive cadavers 

If possible, all sources should be removed from a cadaver before it is 
released from hospital. If for some reason this is not feasible, embalming 
may be carried out if there is less than 5 mCi of radon or 15 mCi of sealed 
gold-198; for cremation no special precautions are needed if there is less 
than 30 mCi of radon or gold-198 [324]. 
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D-7. EMERGENCY PROCEDURES 

In any institution where radioactive sources a r e utilized for therapy, 
there is always the possibility that an emergency may arise owing to breakage 
or loss of a source. In dealing successfully with an emergency situation, 
the most important factor is careful and detailed planning well in advance. 
Procedures to be carried out will depend to some extent on local conditions 
but general guide lines have been set forth in national and international r e -
commendations [349, 3 52, 324]. 

Portable radiation monitors should be available for use in searching 
for a lost source and assessing the extent of contamination if a source is 
broken. To reduce the likelihood of a source being lost, some hospitals 
also have radiation monitors permanently installed in certain areas , such 
as the entrance to the incinerator, the entrance to the laundry, and hospital 
exits. 

A pack of equipment and supplies required for decontamination, such as 
gowns, gloves, detergent, brushes, should be assembled and held in readi-
ness. A suggested list of items for this purpose may be found in 'Code of 
Pract ice for the Protection of Persons against Ionising Radiations Arising 
from Medical and Dental Use' [324]. These supplies should be held in r e -
serve for emergency use only. 

In each institution one person, sometimes called the Radiation Safety 
Officer, should be appointed to assume full responsibility for carrying out 
procedures in the event of an emergency, and all potentially hazardous situa-
tions should be reported to him without delay. He should be thoroughly fami-
liar with the recommendations of national and international organizations as 
well as conditions in his own institution, such as routine use of radioactive 
sources, methods of waste disposal, location of water and sewage lines, etc. 
He would normally be the person who is responsible for advance planning 
and maintenance of equipment and supplies. 

An emergency may be of such a nature that outside assistance is r e -
quired. If local or national organizations cannot fulfil this need, the Radia-
tion Safety Officer should contact the International Atomic Energy Agency, 
Division of Health, Safety and Waste Disposal, Karntner Ring 11, A-1010 
Vienna, Austria (tel. 52 45 11, 52 45 25; cable address : Inatom Vienna). 
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APPENDIX 1 

SOME PHYSICAL AND CHEMICAL PROPERTIES OF 
SELECTED RADIOISOTOPES 

(Radium, l37Cs, 6 0Co, 1 9 2 I r , 1 3 2 Ta, 19»Au) 

Physical and chemical data for the radioisotopes widely used for brachy-
therapy are given in Table VI. The numerical values quoted in the table are 
those which, in the opinion of the Scientific Secretaries, are the best at pre-
sent available (not necessarily the most recent) but it should be noted that 
alternative values are often given by different authorities. This is parti-
cularly the case for specific gamma-ray constants and further investigations 
in this field seem to be desirable. Similarly, attenuation factors in water, 
lead and concrete, expressed in terms of half-value and tenth-value layers, 
must be used with caution since these values are highly dependent on the 
conditions of measurement. 

The following notes are intended as supplementary information on the 
nuclides included in Table VI. 

RADIUM 

Radium is a brilliant white metal that quickly turns black (nitride) in con-
tact with the atmosphere. It behaves like the other alkaline metals, decom-
posing water to form a hydroxide. The radium used in medical sources , 
therefore, is combined in a more suitable form as a salt, and most of the 
radium processed in recent years is in sulphate form. The salt is her-
metically sealed in tubes, needles, or capsules but since the salt is in the 
form of a fine powder, rupture of the sealed container will result in dispersal 
of the active material , making recovery and decontamination operations 
difficult. Most sources manufactured at the present time are doubly en-
capsulated in metal to reduce this potential hazard. In the event of an a c -
cident resulting in the contamination of an area with radium salt, the long 
half-life of radium makes it impracticable to close the area until the activity 
has decayed, as can be done in similar incidents with some of the short-
lived radionuclides. Instead, decontamination measures must be undertaken. 

Another character is t ic of radium is its complex decay s e r i e s . 
Radium-226 is primarily an alpha emitter, as are several of its daughter 
elements. The gamma activity that makes radium applicable in brachy-
therapy comes from the beta-gamma decay of two daughters, lead-214 and 
bismuth-214. In the case of radium beta sources (dermatological plaques 
and nasopharyngeal applicators), the gamma emission is an undesirable 
contribution and results in an unnecessary exposure to other organs. Such 
sources are rarely used now and it is recommended that they be replaced 
by plaques containing strontium-90 or other beta-emitting radioisotopes. 

Within the body, radium is metabolized in a manner similar to other 
alkaline-earth elements, such as calcium, so that a proportion of ingested 
radium may be more or less permanently deposited in bone, especially if 
it is absorbed in a soluble form. The alpha rays from radium are especially 
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"«Ra 
(in equilibrium) 

2"Rn 
(in equilibrium) 

157 Cs 

Specific gamma-ray constant 
(R c n r t n C n ' h " 1 ) 'Г-factor 1 

Gamma-ray energies 
(MeV) 

Beta-ray spectra, Ещах 
(MeV) 

Other primary radiations 

HVL in Pb (mm) * * 
(narrow beam) 

HVL in water (mm)* * 
(narrow beam) 

TVL in Pb (mm)* " 
(broad beam) 

TVL in concrete (in. )* * 
(density = 147 lb/f t 3 ) 
(broad beam) 

Production process - usual 

Physical and chemical form 

1620 

8 .25 ( Ь ) 

(0 .5 mm Pt filter) 

(0 .184 - 2 . 4 5 ) < f ) 

Principal lines: 
0 .609, 0 .169. 
0 .935 , 1.12, 
1 .24, 1.42, 1 .71 

0 .011 - 3 . 2 6 ( C > 

(Emax o f principal 
spectra: 0 .011, 
0 .59 , 0 .65, 1 .11, 

I . 5 1 ) 

alpha 

8.0 (flat)' (e) 
I I . 0 (second)' 

106 ( f i r s t ) ' < e ) 

119 (second)' 

3 .825 d ' * ' 

8 . 2 5 " » 
(0 .5 mm Pt filter) 

(0 .24 - 2 . 4 5 ) ( C ) 

Principal lines: 
Same as 228Ra in equilibrium 

n < d > 

Naturally occurring 
radioisotope 

Sulphate 
(occasionally 
chloride or bromide) 

alpha 

8 .0 ( f i r s t ) * { e ) 

11.0 (second)** ' 

106 (first) * ( e ) 

119 (second)" 

n<d> 

Naturally occurring 
radioisotope 

Inert gas 

30 yr (a) ( c ) 

Same as 228Ra in equilibrium 0 .514 (05%) 
1.11 (5%) 

(c) 

,<d> 

<c) U(n, f) -*137 Cs 

Insoluble ceramic 
or glass 

5 .26 yr 

1 .173 ; 1.332 

0 .313 (100%) 

Characteristic Ba X-rays 

5 .5 ( f i rs t ) ( e ) 

5.6 (second) 

82 ( f i rs t ) < e ' 
82 (second) 

10.5 ( f irst ) ' 6 ' 
10. 6 (second) 

108 ( f irst) ' 6 ' 
109 (second) 

л , С > 

J") 

Metal 
(element or alloy) 

115 d (a) 

6.8 "=>• 'h) 

( inc l . 0 .2 from 
W X-rays) 

(c) 0 .066 - 1.29 
Principal lines: 
0.068, 1.122, 
1 .222 

0 .18 - 0 .514 ( a ) 

(Emax ° f principal 
spectra: 0 .18, 
0 .363 , 0 .443) 

- 1 0 (first) 

, ( h ) 

00 

(c) 0.296 - 0 .612 
Principal lines: 
0 .296, 0 .308, 
0 .317, 0 .468 

0 .24 - 0 .67 ( a ' 
Pmax o f principal 
spectra: 0 .54 , 0 . 6 1 ) 

2 .2 (first)1 
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63 ( f i rs t ) ( e ) 
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Specific activity -
theoretical maximum 
(Ci/g) 

1 .54 X 1 0 ! 

Specific activity -
practical maximum 
(Ci/g of compound) 

0.69 
(as sulphate) 

"Maximum activity -
concentration used in practice 
(Ci/cm® of active volume) 

15 1200 5 20 
(afterloading sources (afterloading sources (hairpins and wire) (wire) 
Walstam type) Henschke type) 

1500 
(grains) 

Filtration - minimum as 
ordinarily used 

Flexible - as ordinarily 
used 

User may cut source 

Sources individually 
identified 

No 

Yes 

0 . 3 mm Pt 

Wire - yes 
Needle, tube - no 

Wire - no 
Needle, tube - yes 

0 . 1 mm Pt 

Yes 

No 

Yes 

No 

Yes 

No 

> ЧЭ "Ü m Z 
a 
x 

' Source filtered by 0 .62 mm Pt. 
* * These values are highly dependent on conditions of measurement and should be considered approximate 

IAEA Ref. [ 8 ] . 
< > ICRURef. [ 9 ] . 
• ' Radiochemical Centre Ref. [ 18] . 
( ) NCRP Ref. [ 3 6 3 ] . 
J ? ' Thoraeus Ref. [2761. 
j ' Cork et al. Ref. [ 1 3 9 ] . 
•jjj Wilson Ref. [ 23] . 

Stevenson, J . , Newbery, G. R., Radiochemical Centre, Amersham, United Kingdom, personal communication, 1966. 
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dangerous and increase the risk of carcinogenesis. If radium has been ab-
sorbed, prompt treatment at a special medical centre will do much to pre-
vent its fixation in the body. 

In view of these various physical, chemical and biological charac ter -
istics, radium is the most radiotoxic of the commonly used radionuclides 
and extreme c a r e must be exercised in handling radium sources . Rough 
handling and improper sterilization should be avoided, as they may add suf-
ficient external s tress to cause rupture and leakage. Older sources which 
are encapsulated in glass, singly encapsulated, or containing soluble radium 
salts should not be used as they are particularly susceptible to failure. If 
any source is subjected to an unusual strain (as in accidental incineration 
or bending), it should be returned to the supplier for inspection. 

CAESIUM-137 

Caesium-137 is an alkaline metal and is therefore used in non-metallic 
form as a compound, either as a chloride or sulphate. In this form there 
is a hazard consequent to leakage and, since these salts are soluble, the 
danger exists of radioactive material being taken up by water in contact with 
a broken or incompletely sealed container. Newer methods of preparation 
eliminate these dangers by using insoluble forms such as ceramic micro-
spheres or caesium glass. It is therefore advisable to use hermetically 
sealed sources containing caesium in the insoluble form only. 

Biologically, caesium is much less toxic than radium, owing to the ab-
sence of alpha rays and also because there is less tendency for it to remain 
in the body for long periods. As with radium, the long half-life of caesium-
137 requires that an area contaminated by this nuclide be decontaminated 
rather than sealed off. 

COBALT-60 

Cobalt-60 is a metal liable to corrosion and is used in the form of a 
corrosion-resistant alloy; this is encapsulated for strength and shape in 
stainless steel or other metals. The metal container also serves as a filter 
to absorb the beta rays. The metal within a cobalt source used in brachy-
therapy is unlikely to be in a form which is easily ingested or absorbed by 
the body. For cobalt in the alloy form, the contamination hazard is small 
because of the physico-chemical form. 

IRIDIUM-192, TANTALUM-182, GOLD-198 

These metals are corrosion-resistant and are usually used in the pure 
form, although iridium is sometimes used as an iridium-platinum alloy. 
To absorb the beta rays, these sources are sheathed in platinum, stainless 
steel or other material. 

Iridium, tantalum and gold a r e biologically inert ; however, if fine 
particles of the order of a few microns in diameter are liberated in the tis-
sues, these particles may be absorbed by motile cells of the reticulo-
endothelial system and carr ied to other parts of the body; in the case of 
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sealed sources, the form of the source is such that this should constitute 
a very slight hazard. These nuclides are all classified as of 'moderate 
toxicity1 only. The contamination hazard is small because of the physico-
chemical form of these radioisotopes. 

When I92ir is produced from 1 9 1 Ir in a reactor , 1 9 4 Ir is also formed, 
and since iS4ir has a l a r g e r activation c ross -sec t ion , the 'impurity' has 
initially a higher activity than the desired radionuclide. This is particularly 
true when the activation time in the reactor is short — a few hours — and in such 
cases the initial 194Ir activity may be many times the 192Ir activity. Fortunately, 
the half-life of 1 9 4Ir is only 19 hours, so that its activity falls to 0. 1% of its 
initial value in about eight days. If, however, it is necessary to use 1 9 2 Ir 
wire shortly after activation, the contribution of 1 9 4Ir to the dose must be 
taken into account. (Principal gamma-ray energy of 1 9 4 Ir is 0. 33 MeV and 
the Г-fac tor is 1. 5 R cm 2 mCi"1 h"1.) 

APPENDIX II 

SUPPLIERS OF SMALL SEALED SOURCES AND 
ACCESSORY EQUIPMENT 

According to recent information, the following organizations and firms 
supply small sealed sources and/or accessory equipment. Where possible, 
the items normally supplied are indicated; other sources and equipment 
may be available on request. Since these data are subject to change, pro-
spective users should contact the suppliers directly for literature on cur-
rently available items and prices . 

In compiling this list, an effort was made to locate all suppliers 
of sealed sources suitable for gamma-ray brachytherapy; a few firms which 
supply only accessory equipment have also been included but there was no 
attempt to list all manufacturers of such products. The Division of Life 
Sciences of the IAEA wishes to maintain complete files on suppliers of 
brachytherapy sources and equipment and would appreciate receiving in-
formation from organizations and firms which may have been inadvertently 
omitted here. 

Country 

ARGENTINA 

Organization or firm Source and/or equipment 

Comisión Nacional de Energía Atómica, Gold-198, iridium-192 
Avenida del Libertador 
General San Martín 8250, 
Buenos Aires 

AUSTRALIA Australian Atomic Energy Commission 
Research Establishment, 
Isotope Division, 
Lucas Heights, N.S.W. 

Gold-198, tantalum-182, 
cobalt-60 
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Country 

AUSTRIA 

Organization or firm 

Osterreichische Studiengesellschaft 
flir Atomenergie, 
Seibersdorf/N. O. 

Source and/or equipment 

Caesium-137, iridium-192, 
cobalt-60, gold-198, 
tantalum-182 

BELGIUM Centre d'étude de l'énergie nucléaire, 
Dépattement des radioisotopes, 
Mol-Donk 

Gold-198, iridium-192, 
tantalum-182 

BULGARIA 

Compagnie générale de minérais, 
6 rue Montagne du Parc, 
Bruxelles 1 

Committee on the Utilization of 
Atomic Energy for Peaceful Ends, 
Council of Ministers, 
Sofia 

Radium, applicators, 
equipment for handling 
and storage 

Gold-198 

CANADA Atomic Energy of Canada Ltd. 
Commercial Products, 
P.O. Box 93, 
Ottawa 

X-ray and Radium Ltd., 
1400 Don Mills Road, 
Don Mills, Ontario 

Radium, cobalt-60, 
gold-198, applicators, 
equipment for handling 
and storage 

Radium, radon, 
applicators 

CZECHOSLOVAK 
SOCIALIST REPUBLIC 

FRANCE 

GERMANY, 
FEDERAL REPUBLIC OF 

GREECE 

HUNGARY 

Omnipol Foreign Trade Corporation, 
Washington-ova 11, 
Prague 

Commissariat à l'énergie atomique, 
Département des radioéléments, 
B.P. No. 2, 
Gif-sur-Yvette (S. e t O . ) 

Buchler & Co., 
Frankfurter Strasse 294, 
33 Braunschweig 

N.R.C. "Democritus", 
Greek Atomic Energy Commission, 
Merlin 5, 
Athens 

Hungarian Institute of Isotopes, 
National Atomic Energy Commission, 
Budapest 11, P. O. Box 77, 
(via "MEDIMPEX" Hungarian Trading 
Company for Pharmaceutical Products, 
Budapest 502, P. O. Box 34) 

Gold-198, iridium-192, 
tantalum-182 

Cobalt-60, gold-198, 
caesium-137, radium, 
applicators, equipment 
for handling and storage; 
also agent for The Radio-
chemical Centre, England 

Gold-198 

Cobalt-60, gold-198 
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Organization or firm Source and/or equipment 

Atomic Energy Establishment, Cobalt-60, gold-198 
Isotope Division, 
Trombay 

Israel Atomic Energy Commission, Cobalt-60, tantalum-182, 
Sorez Nuclear Research Centre, iridium-192, gold-198 
Nuclear Chemistry Department, 
Yavne 

Società Recerche Impianti Nucleari, Gold-198, iridium-192, 
Ufficio Radioisotope tantalum-182 
19 via Fatebenefratelli, 
Milan 

A. R. Brown, McFarlane & Company Ltd., 
Yonei Building, 
3 Ginza 2-chôme, 
Chuo-ko, 
Tokyo 
(Agent for The Radiochemical Centre 
Amersham, United Kingdom) 

Japan Atomic Energy Research Institute, 
No. 1, 1-chome, 
Tamura-cho, Minato-ku, 
Tokyo 

Japan Radioisotope Association, 
31 - Kamifujimae-cho, 
Komagome, Bunkyo-ku, 
Tokyo 

N. V. Philips-Duphar, 
Apollolaan 151, 
Amsterdam 

Institutt for Atomenergi, 
Isotope Department, 
P. O. Box 40, 
Kjeller 

Cobalt-60, gold-198, 
iridium-192, caesium-137, 
tantalum-182, radium 

Gold-198 

Junta de control de energía atómica, 
Lima 

Philippine Atomic Energy Commission, Iridium-192 
Manila 

Institute of Nuclear Research, 
Department XIII , 
Swierk k/Otwocka 
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Country 

SPAIN 

Organization or firm 

Junta de energfa nuclear, 
Dirección de química e isótopos, 
Centro nacional de 
energía nuclear "Juan Vigón", 
Avenida Complutense, 
Madrid 3 

Source and/or equipment 

Gold-198, tantalum-182 

SWEDEN 

SWITZERLAND 

TURKEY 

UNION OF SOVIET 
SOCIALIST REPUBLICS 

UNITED KINGDOM 

UNITED STATES OF AMERICA 

Swedish Atomic Energy Company, 
Studsvik, 
Nykoping 

Eidgenossisches Institut 
fiir Reaktorforschung, 
Wurenlingen 

Nuclesa, 
25, Chemin des Palettes, 
1212 Grand-Lancy, 
Geneva 

Reactor Centre, 
Cekmece (Istanbul) 

Soyuzchimexport, 
Smolenskaia Square 32/34, 
Moscow G-200 

Pantatron Ltd., 
16/22 Great Russell Street, 
London, W . C . I 

The Radiochemical Centre, 
Amersham, Bucks 

T.E.M. Instruments Ltd., 
Gatwick Road, 
Crawley, Sussex 

Abbott Laboratories, 
Hospital Department, 
Radiopharmaceutical Services, 
North Chicago, 111. 

Argonne National Laboratories, 
Special Materials and Services Division, 
9700 South Cass Avenue, 
Argonne, 111. 

Remotely- controlled 
afterloading equipment 
for intracavitary and 
surface therapy 

Cobalt-60, gold-198 

Equipment for storage 

Radium, iridium-192, 
caesium-137, gold-198, 
tantalum-182, cobalt-60, 
applicators 

Afterloading equipment 
for intracavitary therapy 

Brookhaven National Laboratory, 
Upton, Long Island, N.Y. 
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Country Organization or firm Source and/or equipment 

UNITED STATES OF AMERICA Canadian Radium and Uranium Radium, equipment for 
Corporation, handling and storage 
630 Fifth Avenue, 
New York, N.Y. 10020 

Hazelton -Nuclear Science Corporation, Iodine-125, caesium-131 
4062 Fabian Street, 
Palo Alto, Calif. 

Minnesota Mining & Manufacturing Caesium-137 
Company (3M), 
Nuclear Products, 
2501 Hudson Road, 
St. Paul, Minn. 55119 

Nuclear Consultants Corporation, Cobalt-60, applicators, 
Box 6172 (Lambert Field), equipment for handling 
St. Louis, Mo. 63145, and storage 

Oak Ridge National Laboratory, 
Union Carbide Corporation, 
P. O. Box X, 
Oak Ridge, Tenn. 

Radium Chemical Company, Inc., Radium, radon, applicators, 
161 East 42nd Street, equipment for handling 
New York, N.Y. 10017 and storage 

E.R. Squibb & Sons, Iridium-192 
Radiopharmaceutical Department, 
Georges Road, 
New Brunswick, N.I. 

YUGOSLAVIA Boris KidiiC Institute of Nuclear Sciences, 
Vinía, 
Belgrade 
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