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Preface 

Much technical material has been published at the national and interna- 
tional levels on radiation protection in the nuclear power industry, nuclear 
research, and conventional industries. On the other hand, the subject of radia- 
tion protection in hospitals and general practice, where a large proportion of 
public and occupational radiation exposure occurs, has not yet received much 
attention in the international literature. 

The International Labour Organisation, the International Atomic Energy 
Agency, and the World Health Organization all have a long-standing interest 
in these problems from various points of view. They therefore decided to colla- 
borate in the preparation of a Manual on Radiation Protection in Hospitals 
and General Practice in several volumes, with each agency taking special 
responsibility for the volumes that concern it most. However, to simplify 
distribution and to make it easier for readers to purchase the various volumes, 
the entire work is being published by WHO. 

The manual as a whole deals with the radiation protection of patients, occu- 
pationally exposed persons, and the public and is written for the reader having 
a basic general knowledge of radiation and biology. It is hoped that it will be 
found helpful not only to those who are directly engaged in radiation protection 
in hospitals and general practice but also to national authorities, hospital 
administrators, supervisors, hospital workers, teachers in training centres, and 
all those who have some responsibility in the subject. 

The present volume, the second in the series, reviews the radiation protection 
requirements in hospitals using unsealed radioactive sources and discusses the 
problems associated with the administration, handling, and transportation of 
these sources. The authors also describe the design, construction, and 
management of nuclear medicine departments and give guidance on methods of 
reducing the exposure of the patient, the attendant personnel, and the general 
public to a level consistent with sound medical practice, without impeding the 
acquisition of necessary medical in formation. 

The preparation of the volume was undertaken by Dr D. Frost and 
Dr H. Jammet. The final text was completed by Dr H. T.  Daw (IAEA) 
in cooperation with Dr W. Seelentag and Dr B. Waldeskog (WHO). 

The draft was reviewed by the experts listed on page 8, some of whom are 
the authors of other volumes in the series. The observations received were 
taken into account in the preparation of the final text, and the contributions 
are gratefully acknowledged. 



The application of radionuclides in medicine is becoming more and 
more widespread. They are used both as tracers for diagnosis (particularly 
gamma emitters) and as therapeutic agents (particularly beta emitters). 

The distribution of radionuclides in the body is governed by their 
physicochemical and pharmacokinetic properties. Various physiological 
systems may be involved in the process. The pharmacokinetic properties 
are utilized in diagnosis to study a particular physiological function or to 
carry out morphological examinations. They are utilized in therapy to 
obtain selective concentrations in particular organs or tissues. 

Almost all physiological systems are involved in such investigations. 

(1) The circulation of the blood is nearly always involved and is some- 
times itself the object of study (as in cardiography); at other times it may 
constitute the main element of a study (as in placentography). 

(2) The respiratory system may be the object of an examination, or it 
may serve to distribute a tracer in the lungs for morphological examination. 

(3) The blood clearance system is very widely employed, as in the clear- 
ance of rose bengal by liver cells, sodium iodohippurate by the kidneys, 
defective red cells by the spleen, colloidal gold particles by the reticulo- 
endothelial system in the liver, spleen, lymphatic system, and skeleton, and 
macro-aggregate of albumin by the lungs. 

(4) The excretory functions are frequently utilized, particularly those 
of the liver and kidney. 

The use of the pharmacokinetic properties of a radionuclide or labelled 
molecule constitutes the most significant aspect of the application of radio- 
active materials. Examples of pharmacokinetic behaviour that may be 
exploited are : the role of iodine in the production of thyroxine, the preferen- 
tial concentration of strontium and fluorine in the skeleton, the preferential 
concentration of sulfur in cartilaginous tissue, and the preferential concen- 
tration of phosphorus and iron in blood-forming tissues. 

Because of the diversity of physiological systems, the distribution of 
radioactive sources in the body is both complex and unstable. Hence, a 
knowledge of this distribution frequently requires multiple measurements, 
in time and in space. The measurements are carried out either on the 
patient himself or on biological specimens. 

In the former case the topographical distribution is measured externally 
in different ways, notably by localized measurements, whole-body counting 
with the aid of a gamma spectrometer (the profile method), or the scanning 
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method (scintigraphy). Whole-body counting is not a common procedure, 
but it is useful in certain metabolic research studies and may sometimes be 
required in radiation protection studies. It is sometimes needed also for 
administrative reasons. 

Measurements on biological specimens are carried out principally on 
waste products (urinary, faecal, or respiratory), blood samples, or biopsy 
tissues, sometimes with radiochemical analyses and deterrninations and 
sometimes with autoradiographic studies. Effective radionuclide examina- 
tions and treatments clearly require the participation and close collabora- 
tion of a variety of specialists - doctors, physicists, chemists, and biologists 
and even mathematicians, statisticians, and information processors. 

The purpose of this manual is to provide guidance on radiation pro- 
tection in nuclear medicine so that research, diagnosis, and therapy can be 
conducted in a manner that is safe for the patient, the attending staff, the 
public, and the environment. 



l. Characteristics of Unsealed Sources 

The unsealed sources used in clinical medicine for diagnostic and thera- 
peutic purposes are characterized by their physical form and radioactive 
properties. When considering their use in a particular situation the physi- 
cian must also take account of their chemical and biological properties. Most 
sources are liquid in form, but some are prepared in the form of solids, gases, 
or aerosols. Those in liquid form may be true solutions, colloidal solutions, 
or suspensions and are normally contained in multiple-dose vials (as used 
for penicillin) or ampoules sealed under vacuum, nitrogen or air, or in dis- 
posable plastic syringes. Specific activities range from several microcuries 
per millilitre to about 100 mCi/ml. 

True solutions fall into five categories : 
(1) aqueous solutions for oral administration, which may be ready for 

use or may require dilution, and aqueous solutions for injection, which 
should be isotonic, pyrogen-free, and sterile. 

(2) alcoholic aqueous solutions, usually suitable for injection. 
(3) oil solutions, normally suitable for injection, such as labelled triolein 

and oleic acid. 
(4) solutions "milked" (eluted) from zirconium, aluminium, or resin 

columns and containing a short-lived daughter nuclide generated by a long- 
lived parent nuclide fixed in the column ("cow generatorW).l 

(5) liquids containing dissolved gases such as xenon-133, suitable for 
injection. 

Colloidal solutions contain particles of controlled size, which are generally 
stabilized by means of tolerated products such as gelatin. They are normally 
administered intraperitoneally, in serous cavities, or intravenously. 

Suspensions consist of ceramic microspheres, blood corpuscles, macro- 
aggregated albumin, and so on. They may be used for the infiltration of 
tissues and serous and other cavities, particularly for therapeutic purposes. 

Solid forms of unsealed sources comprise: 
(1) absorbable gelatin capsules for oral administration containing the 

radionuclide in elementary form, as a salt, or attached to complex molecules, 
(2) freeze-dried complex biological molecules for parenteral adminis- 

tration, such as serum albumin labelled with iodine-125 or iodine-13 1, 

This is the method used forthelaboratory production of iodine-l32from tellurium-132, technetium-99m 
from molybdenum-99, indium-113m from tin-113, barium-137 from caesium-137, and strontium-87m from 
yttrium-87. These generators are sterilized and supplied ready for "milking". 
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fibrinogen labelled with iodine- 125 or iodine- 13 1, or cyanocobalamin 
labelled with cobalt-57. 

Radioactive gases such as oxygen- 15 may sometimes be administered 
directly, by inhalation. For this purpose a plastic bag containing the 
nuclide of interest, usually mixed with helium or inert nitrogen, is used. 
These often short-lived radioactive gases are produced in machines such as 
the cyclotron, and they must therefore be administered close to the place 
of production. However, this method is used only in very specialized diag- 
nostic applications. 

Aerosols containing radionuclides may also be administered by inhalation. 
They are produced from true solutions, from colloidal solutions such as 
gold- 198 or technetium-99m sulfide, or from various suspensions such as 
iron oxide particles. 

These various forms and preparations of radionuclides have activities 
ranging from tenths of a microcurie to several curies. 

The most commonly used radionuclides have relatively short half-lives of 
not more than a few months. Those with longer physical half-lives, such as 
carbon and tritium, are generally excreted rapidly and therefore have short 
eflective half-lives. l 

Only beta and gamma emitters are used. In principle, pure beta emitters 
such as phosphorus-32 and sulfur-35 are used more particularly in therapy, 
emitters of both beta and gamma radiation such as radioiodine and radio- 
gold are used for both diagnosis and therapy (the beta radiation contri- 
buting the major part of the therapeutic effect and the gamma radiation 
being used in the diagnostic work), while pure gamma emitters are especially 
valuable in diagnosis. The physical characteristics of the most commonly 
used radionuclides (half-life, type of decay, and radiation energy) are given 
in Annex 1. 

The use and handling of unsealed sources involves a danger of irradia- 
tion and contamination for clinical staff and laboratory personnel, other 
patients, and (to a much lesser extent) the general public. 

l Three different types of half-life are distinguished-the physical half-life TphYs of the radioactive 
substance itself, the biological half-life Tbiol of the labelled compound in the organ (which allows for the 
rate at which the substance is excreted), and the effective half-life T,,,, which is the resultant of both and is 
a measure of the actual radioactivity to which the organ is subjected. The three quantities are related by the 
formula l / T e f f  = l/Tphys f l/Tb(ol. 



2. Radiation Hazards of Unsealed Sources 

External radiation hazard 

Most of the radionuclides used in unsealed sources are gamma emitters 
-that is to say they emit either pure gamma radiation (as in the case of 
metastable radioisotopes) or, more usually, a mixture of beta and gamma 
rays. Like sealed sources, therefore, they produce deep irradiation of the 
body. The dose they deliver can be calculated by using the specific ex- 
posure rate constant, the values of which are given in Annex 1. 

Some radionuclides are, of course, pure beta emitters, but it should not 
be forgotten that beta radiation produces bremsstrahlung in the walls of 
containers as well as in plastic, glass, or metal screens. For example, 
phosphorus-32, although a pure beta emitter, gives rise to bremsstrahlung 
for which suitable shielding may be necessary if the activity is high. Simi- 
larly, positron emitters produce 0.51 MeV annihilation gamma rays in 
shields and container walls, and protection from them is needed. 

The surface doses delivered by unshielded beta radiation may be consi- 
derable. For example, the absorbed dose rate 10 cm above a small glass 
beaker containing 10 mCi of phosphorus-32 is about 10 rad/h, and even on 
the outer surface of the vessel it is not negligible. Special precautions must 
therefore be taken to prevent irradiation of the eyes and skin. , 

Radiation hazards are associated not only with the handling of sources 
but also with the presence of patients carrying high activities. For example, 
the absorbed dose rate 2 m from a patient who has just been given an intra- 
peritonea1 injection of 100 mCi of gold-198 is of the order of 6 mradlh. A 
nurse performing only the most essential duties for such a patient would 
receive a dose of about 175 mrem per week. Appropriate measures to 
reduce the irradiation of clinical staff and neighbouring patients are there- 
fore essential. 

Internal radiation hazard 

Intake doses should be evaluated for the organs at greatest risk. These 
are not always the organs that receive the highest dose because different 
tissues have different sensitivities to radiation. In certain instances special 
consideration must be given to the irradiation of other sites, such as the 
gonads in young persons and the fetus in pregnant women. 

In evaluating the average dose received by an organ one usually assumes 
that the distribution of the radionuclide throughout the organ is uniform. 
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However, if the distribution is very inhomogeneous it may be preferable to 
evaluate the dose delivered in that part of the organ where the nuclide accu- 
mulates. When chlormerodrin, for example, is administered to a kidney 
patient its concentration in the renal cortex is nearly twice as high as its aver- 
age concentration in the kidney as a whole. In all instances where the different 
structures of an organ are characterized by different radiosensitivities-as in 
bone for example-it is appropriate to evaluate the dose received by the 
most sensitive structures. 

For a given activity administered, the doses delivered to different organs 
depend on the pharmacokinetic behaviour of the compound and the physical 
characteristics of the radionuclide. 

Pharmacokinetic behaviour of the compound 

The chemical forms used are either inorganic molecules or complex 
organic molecules. The latter, which are coming more and more into use, 
include : 

(1) molecules that take part in normal metabolic processes, such as 
proteins, hormones, and amino acids. In some compounds the radionuclide 
label is incorporated into the molecule by replacing a stable atom with a 
radioisotope or with a radionuclide of a different element. Examples of the 
former are molecules labelled with tritium or carbon-14 and thyroid hor- 
mones labelled with iodine-125 or iodine-131 ; an example of the latter is 
methionine labelled with selenium-75, which replaces a sulfur atom. In other 
compounds the radionuclide is incorporated into an existing molecule 
(for example, iodine- or technetium-labelled albumins) and may alter its 
structure. 

(2) artificial molecules that do not normally exist in the body but have 
pharmacokinetic properties suitable for certain examinations. Examples are 
1311-labelled sodium iodohippurate, used in renography, and lS7Hg-labelled 
chlormerodrin, used for kidney and brain scanning. 

(3) colloidal forms, the metabolism of which results in fixation in the 
reticuloendothelial system. 

The pharmacokinetic behaviour of the inorganic forms-which is essen- 
tially that of the radioactive ion itself-is generally well known, but the same 
does not always apply to complex compounds. In such cases we must know 
not only the metabolism of the molecule itself but also that of the more 
complex products that it may help to synthesize in the body (for example 
amino acids) and that of any degradation products carrying the label. 

The metabolic variables necessary for dose evaluation-the fraction of 
injected activity reaching various organs and the degree of retention in 
these organs-are not always accurately known. In evaluating intake doses 
one usually uses the average values assumed by these variables in a normal 
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subject, but individual variations within the normal range are wide. More- 
over, in patients undergoing examination the metabolic variables may 
deviate considerably from the average, and in some cases the purpose of the 
examination is precisely to assess such variations. Hence a determination 
of the intake doses resulting from the administration of a radioactive com- 
pound cannot be carried out with real accuracy until measurements have 
been carried out on the patient to show the concentration and evolution of 
the radionuclide in his body. 

In evaluating doses one must also bear in mind that the tracer may 
sometimes be partially eluted from the labelled molecules. An example of 
this is the elution of the label in red blood cell studies using chromium-51, 
for which due allowance must be made. 

In certain instances metabolism can be altered by administering pro- 
ducts that block the uptake of a radionuclide in organs where its presence is 
not required for the examination. Thus stable iodine substantially reduces 
the dose delivered to the thyroid when iodine-labelled compounds are being 
used for examinations unrelated to thyroid exploration--e.g., brain or lung 
scans. Similarly, when mercury-labelled chlormerodrin is used for brain 
scans, the administration of a mercury-based diuretic will reduce the dose 
to the kidneys by a factor of two or three. 

Physical characteristics of radionuclides 

The half-life of a radioactive substance may have a profound effect on 
the fraction of administered activity that reaches the organ of interest. 
The half-life, in conjunction with biological elimination, also governs the 
effective retention of radioactivity in the organ of interest. Thus the 
choice of nuclide will ultimately depend on the type of examination to be 
carried out and on the kinetics of the metabolic processes in which the admin- 
istered compound will participate. 

Clearly, it is necessary to select a nuclide with a sufficiently long half-life 
to ensure an adequate activity for measurement, but if the half-life is too long 
the absorbed dose will be undesirably high. 

Generally speaking, the doses delivered by beta radiation are greater (given 
equal energy) than those delivered by gamma radiation, since a fairly large 
portion of the energy of gamma rays is given up outside the organ containing 
the radionuclide and even outside the body. A distinction must therefore 
be made between the diagnostic and therapeutic uses of radionuclides. In 
diagnosis the need is to measure the energy emerging from the body and to 
minimize the energy absorbed by the body. For this purpose a pure gamma 
emitter is clearly indicated. In therapy, the need is to deliver the energy 
to the organ being treated, and for this purpose a beta emitter may be 
more desirable. 
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Contamination risks 

In spite of all precautions, even including the exclusive use of multiple- 
dose vials, it is inevitable that in the course of handling operations occasional 
drops of radioactive liquid will spill on the working surfaces and handling 
tools and now and then on the floor. Such contamination should be 
cleaned up immediately by the operator, but it sometimes passes unnoticed 
and is then likely to be spread by contact to the operator's hands and work- 
ing clothes. 

Contamination on the skin is a source of external radiation, chiefly 
through beta bombardment of surface tissue. Radionuclides may also lead 
to internal contamination, either directly through the skin, when the physico- 
chemical form of the radioactive compound permits this (as in the case of 
certain organic compounds and fats), or indirectly, through contact between 
hands and mouth, for instance. 

Furthermore, the contamination of surfaces and clothing results in 
atmospheric contamination in which specks of dust or tiny droplets form a 
suspension in the air. Internal contamination of the persons present can 
then ensue through inhalation. 

Another way in which internal contamination may occur is by the inad- 
vertent swallowing of a radioactive solution when drawing it into a pipette 
by mouth. Needless to say, this method is prohibited. 

All such risks can be considerably reduced by good working habits and 
by frequent monitoring for surface contamination. All the same, incidents 
may still occur. For instance, the receptacle containing a radionuclide may 
rupture, resulting in extensive contamination of the room and the persons 
present in it. Similarly, an operator may be injured by splinters of con- 
taminated glass or by a contaminated handling tool. 

Finally, among the contamination risks involved in handling unsealed 
sources one should not forget the hazards of radioactive waste. Hazards are 
created for medical staff and patients alike whenever the waste is stored on 
the premises. On the other hand the general public may be affected by the 
unavoidable disposal of the waste into the public domain, e.g., by the release 
of inert gases into the atmosphere or by the discharge of effluents of low 
specific activity into the sewers. 



3. Diagnostic Applications of Radionuclides 

The diagnostic applications of radionuclides may result in exposures to 
patients, staff, and other individuals. Such applications should therefore be 
considered very carefully, taking into account such conditions as pregnancy. 
The fetus thyroid and thus the health of the unborn may be affected if thyroid 
function tests to the mother using iodine-131 are carried out indiscriminately. 

It is important to note that while the older type of radionuclide work 
using iodine-131 and gold-198 is well established, the modern trend in 
diagnostic nuclear medicine is to use shorter-lived nuclides. 

Functional studies 

The functional examinations for which radioactive compounds can be 
used are basically the following : 

- uptake measurements (e.g., iodine uptake by the thyroid and iron uptake 
by blood cells). 

- clearance rate measurements (e.g., blood clearance of rose bengal and 
plasma iron clearance). 

- measurement of functional spaces or compartments (e.g., plasma 
volume and exchangeable sodium or potassium). 

- blood flow measurements (e.g., cardiac or cerebral flow), the choice of 
compound, tracer, and activity depending on the nature of the functional 
test and the measurements being made. 

Timing of measurements 

After the administration of the compound, the measurements (whether 
carried out on the patient or on biological specimens) should be so timed 
as to provide the best possible information. In some instances one measure- 
ment is sufficient while in others repeated measurements are necessary to 
reveal the kinetics of the process. 

The overall duration of a test-namely, the time elapsing between the 
administration of the compound and the final measurement-may vary from 
a few minutes to several weeks, depending on the examination. It is usually 
very brief (about 15 minutes for blood flow measurements). When the test 
is designed to evaluate the size of a functional space or compartment, its 
duration will be determined by the rate of dilution of the tracer, varying from 
15 minutes for measurements of plasma volume to one day for exchangeable 
sodium. The duration of uptake or clearance tests depends on the kinetics of 
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the metabolic processes considered. In plasma clearance tests, for example, 
the data are usually obtained during the first few hours, whereas in other tests 
(such as studies of iodine uptake by the thyroid) the measurements often have 
to be continued for one or more days. In certain instances the test may even 
cover a much longer period (2 weeks for iron uptake by blood cells and 
2-3 weeks for red-cell life-span measurements). 

Selection of tracer 

The selection of the radionuclide tracer is based on two considerations- 
the energy of the photons emitted and the radioactive half-life. 

The optimum photon energy depends on the depth and thickness of the 
body organ to be measured. Ideally, only the radiation from the organ of 
interest should be detectable, the radiation from other tissues being absorbed 
in the body or shielded by a collimator of reasonable size and shape. 

The radioactive half-life should correspond to the length of the test and 
the metabolic behaviour of the compound employed so that the dose delivered 
to the patient (i.e., the integrated activity in the organ of uptake or in the 
body as a whole) is kept as low as practicable. Once the measurements have 
been completed, the activity should disappear rapidly through radioactive 
decay or through biological elimination. However, the faster the activity dis- 
appears, the higher it must be in the first place to allow measurements of 
sufficient accuracy-especially when the test lasts a considerable time. The 
best compromise is to choose a nuclide with an eflective half-life equal to the 
time that elapses from the administration of the compound to the com- 
pletion of the test. 

Activities administered in functional tests 

In practice three activity levels can be distinguished: 
- below one microcurie for certain tests using a low-level whole-body 

counter (digestive absorption and some metabolic tests). 
- from a few microcuries to several tens of microcuries (functional tests on 

thyroid, kidneys, and liver). 
- from a few hundred microcuries to several millicuries (very quick studies 

relating to vascular flow). 

Chemical treatment of biological specimens 

In many diagnostic tests with radionuclides the measurement of external 
radiation has to be supplemented by measurements on biological specimens. 
Indeed, it may sometimes be impossible to follow the uptake, transformation, 
and excretion of a tracer satisfactorily (whether alone or attached to an 
organic molecule) without the use of such specimens. 
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Specimens are usually of excreta or blood and may be measured with 
or without treatment. Treatment makes it possible to concentrate the 
activity within a small volume or to isolate a particular compound. In urine, 
the tracer can be concentrated by evaporation under a fume-hood. Salts can 
be converted into a form suitable for accurate measurement by two types of 
treatment-the first being designed to produce satisfactory homogenization 
so that the counting of an aliquot will be representative of the whole, 
and the second consisting in ashing or mineralizing so that the whole of a 
sample can be counted. 

Numerous methods are available for treating blood, the most common 
of which is separation of the formed elements from the plasma, followed 
by separate counting of the two fractions. Studies of circulation and the 
transformation of hormonal compounds associated with thyroid function 
furnish a good example of the application of the more complex chemical 
and physicochemical techniques that make it possible to separate mineral 
iodine from iodinated organic compounds and to identify the latter. 

Scintillation imaging 

Examinations involving the recording of images may be carried out 
either with the aim of studying the morphology and structure of an organ 
(in which case the distribution of radioactivity in the organ must remain 
stable throughout an examination lasting several hours) or with the aim 
of providing dynamic functional information (in which case several successive 
images have to be recorded). There are two types of examination in this 
latter category-studies of slow kinetic phenomena, in which the time required 
to record an image and the time interval between successive images are not 
limiting factors, and studies of fast kinetic phenomena, in which the images 
must be produced quickly and in rapid succession. 

The ability to meet these different needs depends on the radioactivities 
employed and the sensitivity of the equipment, since all the studies are 
carried out using basically two techniques-whole-body or tomographic 
photoscanning, and photoscintigraphy and camera pictures. 

Photographic scanning is designed to study static or slow kinetic effects. 
It can be done with conventional scintigraphic equipment, using single or 
multiple heads, or with a scintillation camera. 

The interval between the administration of the compound and the 
start of the measurements varies according to the time necessary for uptake 
of the compound by the organ under consideration. It is usually a few 
minutes and seldom exceeds a few hours, except in the case of iodine-131 
thyroid scans. 

The time required for measurement depends on the type of equipment 
used. In conventional scanning it also depends on the surface area to be 
scanned and the counting time at each point. Since the patient has to 
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remain motionless throughout the examination, it should not be unduly 
long. 

The duration of the measurement can be reduced by administering 
short-lived radionuclides, which permit much higher activities during 
counting without increasing (indeed often decreasing) the cumulative dose 
received by the patient; this is especially true if the tracer is a metastable 
radionuclide. For example, the dose received by the liver during a liver scan 
is of the order of 5 rad when 150 pCi of colloidal radiogold is injected and 
about 1 rad when 3 mCi of colloidal technetium-99m is used. 

Finally, using positron cameras and the coincidence counting technique, 
one can detect the annihilation gamma rays emitted during interactions 
between positrons and electrons and thus pinpoint a positron emitter in an 
organ. 

Cinematographic scanning requires more sensitive detectors and is 
used to study fast kinetic effects, particularly vascular flow. A special camera 
with a thin crystal, an image amplifier tube, and a television camera can be 
used for this purpose. 

Activities administered 

The radioactivity administered to the patient depends basically on the 
time it takes to obtain the image required for the type of examination in 
view-i.e., morphological, slow functional, or fast functional. It also depends 
on the anatomy of the organ (volume and depth) and on its physiology, which 
governs the concentration of the radionuclide. 

Morphological examinations may last from several minutes to a few 
hours, and the activities range from several tens to several hundreds of 
microcuries. Very fast functional examinations, on the other hand, are 
completed in a fraction of a second, and the activity may be as high as 
10 mCi. In the latter instance the total dose must be kept as low as possible by 
selecting a radionuclide with a very short half-life. 



4. Therapeutic Applications of Radionuclides 

The chief characteristic of radiation therapy with the aid of unsealed 
sources is that it permits highly selective irradiation, because the radio- 
activity accumulates preferentially in the tissue to be irradiated. 

Methods of therapeutic application 

Radiotherapy using metabolic characteristics 

This form of therapy is based on the selective uptake and retention of 
a radionuclide by the target tissues. The fact that certain nuclides tend to 
become localized and concentrated in particular organs makes it possible 
to limit the irradiation of neighbouring tissues. This applies particularly to 
radioiodine and its organ of uptake-the thyroid-where treatment is 
intended either to destroy diseased tissues or to reduce the gland's functional 
activity. The activities administered are determined by the organ dose 
desired and are calculated from metabolic data measured in the patient and 
from the mass of the affected organ. 

Interstitial and intracavitary therapy 

A source may be used by the physician either for close contact with the 
tissues (as in interstitial radiation therapy and radiation therapy using 
colloids) or for contact with a mucous membrane in a natural cavity (as in 
intracavitary therapy). 

In interstitial radiation therapy, the topographical distribution of the 
source may undergo discrete changes; while the physicochemical properties 
of the radioactive preparations used for intratissue injections favour their 
deposition at the desired site, biological effects may slightly alter the initial 
distribution. The effective half-life is usually very close to the physical 
half-life. 

In colloidal radiotherapy the source distribution may undergo substantial 
changes owing to the physicochemical properties of the colloid. In the 
treatment of pleural and peritonea1 extravasation of cancerous origin, use 
is made of radionuclides in colloidal solution with physicochemical charac- 
teristics that facilitate their deposition on serous membranes. Here, too, 
the effective half-life is close to the physical half-life. 
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Choice of radioactive preparations 

The choice of radioactive preparations is governed by four factors : 

(1) the chemical nature of the compound in the case of metabolic 
radiotherapy, since selective uptake and prolonged retention by the treated 
organ are essential. 

(2) the physical characteristics of the preparation in the case of non- 
metabolic radiotherapy, the size of the rnicelles or microspheres being 
adapted to the proposed application. 

(3) the type and energy of the radiation, which should also be adap- 
ted to the therapy. 

(4) the physical half-life of the nuclide, the choice usually being a 
compromise between : 

(a) the therapeutic requirements (e.g., the desired irradiation time), 
(b) the pharrnacokinetic characteristics of the compound (the physical 
half-life should be short in relation to the kinetics of elimination and long 
in relation to uptake kinetics so as to minimize the dose received by 
other organs), and 
(c) practical problems such as the high activity of short-lived radio- 
nuclides, which creates difficulties in production, dispensing, transfer, 
and personnel protection. 

Preparation and administration 

Level of activity 

Radionuclide therapy requires the use of high activities, which should 
be administered in the smallest possible volume so as to reconcile therapeutic 
needs with the requirements of radiation protection. Thus, solutions of 
high specific activity are used. In radioiodine therapy, for example, there are 
three basic dose ranges : 
- hyperthyroidism: activity about 5-10 mCi (radioiodide solution 

with specific activity of 2 mCi/ml). 
- cardiothyrosis: activity about 10-25 mCi (solution containing 

1-10 mCi/ml). 
- cancer of the thyroid : activity about 50-250 mCi (solution containing 

10 mCi/ml). 
Radioactive gold is generally used at specific activities of about 30 mCi/ml 

and administered as an infusion with a total activity of 100-350 mCi. 

Preparation 

The preparation of a therapeutic amount for direct administration does 
not require procedures basically different from those employed in preparing 
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diagnostic doses. The use of much higher activities, however, calls for great 
care and special precautions in handling. Often automatic dispensing devices 
are used, and this equipment is specially designed to place the desired amount 
in the device in which it is to be administered (see Chapter 8). 

Administration 

The method of administration depends on the form of therapy. For 
example, in metabolic radiation therapy radioactive sodium iodide in true 
solution with water can be administered either orally or intravenously. In 
the former case the solution is contained in a receptacle to be thrown away 
after use, just as with a tracer amount. In the latter case the injection is 
made with shielded equipment and as rapidly as possible since radiation 
protection depends partly on the speed of the operation. 

In radiation therapy using colloids, solutions are often administered by 
means of a specially shielded syringe (see Chapter 8). 

Evaluation of absorbed dose 

It is often necessary, particularly in metabolic radiation therapy, to 
make certain that the activity administered actually delivers the desired 
dose. Verification is obtained by uptake measurements and by tests on 
biological specimens. In the case of radioiodine, uptake measurements 
may be made with the same counting equipment as that used in diagnostic 
tests, though with a different range of sensitivity. The measurements enable 
the physician to assess the proportion of the element accumulated and to 
trace its elimination in the course of time. Since the biological half-life 
of iodine in the thyroid depends on the physiopathological state of the 
gland, measurement of the effective half-life after the administration of a 
therapeutic amount is the only way of evaluating the absorbed dose deliv- 
ered to the organ. 

Isolation of patients 

After receiving a therapeutic dose of a radionuclide, the patient is 
usually accommodated in a separate room. Should that not be possible, the 
patient may be accommodated in a shared room but adequate measures 
must be taken to safeguard other patients and individuals. Strict precautions 
must be observed for the radiation protection of the staff. 

Visits are strictly controlled. Nursing is kept to the basic minimum and 
carried out by trained staff. 

The collection of excreta is preferably attended to by the patient himself, 
in strict conformity with instructions furnished by the staff. 



5. Organization and staffing 

The organization needed to ensure good radiation protection in a 
hospital as a whole is described in Volume 1 of the manual, but the organiza- 
tion within the department dealing with unsealed sources is here considered 
in greater detail. 

Much depends, of course, on the size of the department. In a small clinic 
the major part of the responsibility could rest with one or two individuals, 
although arrangements should be made for expert advice, health physics 
services, and medical aid. In particular, plans must be made for the hand- 
ling of accidental situations. 

In a large department, on the other hand, the person in charge of work 
with radioactive sources must appoint a competent person to act as safety 
officer in close liaison with the hospital's medical and health physics services. 
The safety officer should be fully responsible for the technical side of radia- 
tion protection-for example, the construction of the building, the protec- 
tion of working places, and the radiation surveillance of staff, patients, and 
visitors. 

Even when every effort is made to inculcate an awareness of radiation 
safety in the staff of the department, experience shows that workers cannot 
be completely relied on to remember safety requirements when preoccupied 
with their work. Responsibility must therefore be shared between the 
individual engaged on the work, the safety officer (and, through him, the 
head of the department and the heads of the various sections), the radia- 
tion protection officer of the hospital, and the medical services. 

The radiation protection of the patient depends, among other things, 
on the magnitude of the activity administered during the examination or 
therapy. It therefore rests largely with the physician, who must balance 
the benefits of the procedure against the harmful effects of the radiation. 

In a large hospital, the department dealing with unsealed sources should 
engage its own specialists in radiation therapy, nuclear medicine, and hospi- 
tal physics. A responsible person should be appointed to take charge of the 
rooms devoted to the storage, dispensing, and administration of radioactive 
sources. 

Small hospitals may not have the full-time services of a health physicist, 
but one should certainly be engaged to work on a part-time basis. In this 
case, a physician trained in work with unsealed sources and thoroughly versed 
in radiation protection should take the responsibility for technical radiation 
protection measures. A radiological technician should be specially trained to 
operate measuring equipment and to handle radiation sources safely. For 
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the therapeutic applications of unsealed sources, a nurse who is familiar with 
radiation protection problems should be available. The use of radionuclides 
in outpatient departments should be avoided as far as possible. 

When nuclear medicine techniques are used in general practice, the physi- 
cian should have a substantial technical knowledge of radiation protection 
and be responsible for it. 

Education of personnel 

Personnel who require special training include radiologists, physicists, 
nuclear medicine specialists, and radiological technicians. Their training 
should include cooperation between the different disciplines. 

It cannot be assumed that every radiologist has knowledge of the whole 
field of work with unsealed sources, and for work in large hospitals, he should 
be given a year's special training. Moreover if a radiologist who has had 
special training of this kind is appointed head of a nuclear medicine depart- 
ment in a small hospital, he will also need a basic knowledge of radiation 
protection. He should be able to determine the shielding necessary for a 
radiation source, the dilution of radioactive substances in sewage, the time 
for which staff may be permitted to remain in a hazardous area when the 
local exposure rate is known, and the shielding required for the staff 
around a therapy patient. Furthermore, he should be capable of choosing 
the radiation dosimeters that are appropriate for the radiation to be meas- 
ured, and he should know how to monitor for contamination. 

Experience has shown that many graduates in physics and medicine do not 
have formal training in radiation protection. This has to be borne in mind 
when planning training courses. 

The training should include information on the operation of measuring 
equipment, so that a biologically caused deviation of the measured values can 
be distinguished from an electronic or operating error. This a prerequisite 
to avoid unnecessary repetitions of examinations. 

Staff should be instructed at the beginning of employment, and given 
refresher courses during employment, on the principles of radiation relevant 
to their type of work. Written instructions for routine operations as well as 
accidental situations should be readily available. 

Arrangements for procurement and delivery of radionuclides 

The date of delivery of a radionuclide should be arranged so that the 
maximum use can be made of it without undue loss by radioactive decay. 
Work can be planned in a variety of ways to achieve this. 

For example, if thyroid examinations are carried out twice a week, 
Mondays and Wednesdays are the best days to start the examinations. For 
this schedule, the nuclides must be received on Monday mornings. If the 
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nuclides can be delivered only later during the day, another schedule is 
preferable-e.g., Tuesdays and Thursdays. Other examinations, however, 
will then have to be done on a Saturday. It is advisable to carry out all 
other examinations on the days when no thyroid examinations are performed. 
This scheduling is recommended not only with regard to personnel but also 
with regard to equipment. Since thyroid examinations with the scintiscanner 
are usually carried out 24 hours after the application, the equipment will be 
in operation for most of the day. Other measurements with the scintiscanner 
will therefore have to be carried out on other days. It is recommended that 
a nuclear medicine department performing various examinations in addition 
to those on the thyroid should arrange for the delivery of radionuclides on at 
least two days every week, one day being reserved exclusively for radio- 
active iodine. Only in this way can a continuous working procedure be 
guaranteed. 

Such planning is very important from the radiation protection point of 
view, in order to avoid accidents and to minimize the storage of unnecessarily 
large amounts of radioactive material. Of course, the schedule can be modi- 
fied according to local conditions, and provision can be made to carry out 
work with short-lived radionuclides of higher activity. 



6. Planning of Facilities 

Apart from improving the convenience to patients and staff, the proper 
planning of departments for the diagnostic and therapeutic uses of unsealed 
sources ensures more efficient radiation protection and easier supervision. 
The design should allow for modifications or extensions to meet future needs. 

Preferred location and arrangement of laboratories and clinics 

Nuclear medicine diagnostic departments serve all clinical departments 
of the hospital and should therefore be located as centrally as the X-ray diag- 
nostic departments. On the other hand, the location of therapy depart- 
ments and of research laboratories need not be centralized. Nevertheless, 
there will generally be some connexion between the different departments 
using unsealed sources, since this is desirable from both the organizational 
and the economic points of view. The fact that personnel can make common 
use of various facilities (such as the dispensing room, measurement rooms, 
storage rooms, radioactive waste disposal services, and radiation protection 
services) will reduce not only the costs of construction but also the number 
of staff needed. 

The grouping of all radiological departments to form a "radiological 
centre" has proved most successful. However, precautions should be taken 
to protect the sensitive measuring equipment in the diagnostic department 
from the highly active sources in the therapeutic department. 

A different organization may also be possible--especially in small hospitals 
or gynaecological clinics-in which the therapeutic and diagnostic depart- 
ments are located away from each other. Moreover, if the hospital or clinic 
already possesses a modern department for therapy with sealed sources 
(such as radium-226 or cobalt-60) and if this department is equipped with 
a special operating room, a room for the storage of sources, and wards 
having radiation protection facilities, radiotherapy with unsealed sources 
may occasionally be performed there. 

Adequate distance between the diagnostic and therapy departments has 
the advantage of avoiding the problem of shielding the measurement rooms, 
not only against the radiation from therapeutic sources but also against that 
from teletherapy units, betatrons, linear accelerators, and even conventional 
X-ray therapy units. There are consequent savings in the cost both of the 
shielding of the equipment and of the specially strong floors needed to 
support it. 



30 MANUAL ON RADIATION PROTECTION : UNSEALED SOURCES 

Constructional considerations 

In radiation therapy departments, particularly where gamma emitters 
are used, the background radiation is generally elevated. The staff are thus 
exposed not only to the radiation received in nursing patients with radioactive 
sources or in dispensing sources in the laboratory but also to the continuous 
background radiation. In planning the construction of radiation rooms 
two principles of radiation protection should be observed-firstly, that all 
unnecessary exposure should be avoided and, secondly, that the exposure 
should in no circumstances be allowed to exceed the maximum permissible 
levels recommended by the International Commission on Radiological Pro- 
tection (ICRP) and other international organizations. 

In carrying out these recommendations, an effort should be made to 
ensure that the exposure received by a person remaining continually in a 
radiation room shall be as low as possible. It is not sufficient merely to 
ensure that the exposure falls short of the maximum permissible level, because 
this situation would not allow for any further exposure received in the course 
of the person's work. In addition, the ICRP and the basic safety standards 
of the International Atomic Energy Agency recognize two conditions of 
work, namely: 

(1) conditions such that the resulting dose might exceed three-tenths 
of the annual maximum permissible dose, and 

(2) conditions such that the resulting dose is most unlikely to exceed 
three-tenths of the annual maximum permissible dose. 

The important practical implication is that under conditions (1) the dose 
assessment of the worker is usually based on individual monitoring for 
external radiations or internal contamination as appropriate, while under 
conditions (2) workers may not require individual monitoring or special 
health supervision, and it is sufficient in some cases to rely on area monitor- 
ing. When these factors are taken into account, the initial design may be 
somewhat more expensive, but the savings that result in the running costs 
of monitoring, health supervision, and lower exposure more than compen- 
sate for the initial expense. 

As a practical guide, planning and construction can be carried out on the 
basis of there being no area within the department where the staff can be 
exposed to more than 10% of the maximum permissible average weekly 
dose; i.e., the local dose must not exceed on the average 10 mrem per week. 
Thus for a working week of 50 hours (as is often the case in hospitals) the 
average local dose must not be higher than 0.2 mrem/h. 

The radiation measuring equipment in the diagnostic measurement rooms 
is highly sensitive and may require extra shielding. The background should 
be as low as that in normal rooms (about 10 pradlh.) 

This extremely low local dose shows the advisability of locating this 
group of measurement rooms as far away from all radiation sources as 
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possible. Teletherapy units, accelerators, and X-ray units may create very 
expensive shielding problems if the distance is insufficient. 

Special shielding devices are required for patients with therapeutic 
doses of radioactive material and for the transportation of radioactive sources 
--e.g., lead-shielded chairs in therapy rooms and movable lead shields. As 
these shielding devices are not fixed, their value for radiation protection 
can be taken into account in construction planning to only a limited degree. 
A change in the working procedures of the department may involve a 
change in their location from that originally planned; indeed they may be 
dispensed with altogether. This implies that no allowance should be made 
for local shielding in the design of the structural shielding. 

The floors and walls of the building in which the departments are housed 
must be strong enough to support the heavy weight of the shielding. 

PO wer supply 

At the planning and design stage careful consideration should be given 
to the rather demanding electrical supply needs of the complicated electronic 
instrumentation system necessary in a nuclear medicine laboratory. 

Provision of adequate ventilation 

The ventilation of departments dealing with unsealed sources does not 
present the special problems that are posed by large nuclear facilities. How- 
ever, in a radiochemical laboratory, the ventilation of the fume cupboards 
should be separate, and the exhaust air should be conducted through a straight 
corrosion-resistant tube to about 2 m above the roof. The ventilation system 
should never be connected with the ventilation system of the building. When 
radioactive gases are used, care should be taken to ensure that the air 
exhaled by patients is conducted into a special exhaust system. Other rooms 
require only normal ventilation. 



7. General Layout of Department for the Use 
of Unsealed Sources 

The general layout of a department for the use of unsealed sources can 
be described under four separate headings : 

(1) laboratories and premises not frequented by patients, including 
rooms for the storage, preparation, and dispensing of radioactive materials. 

(2) premises frequented by patients, including rooms for the administra- 
tion of radioactive materials and for carrying out measurements on patients. 

(3) offices. 
(4) storage places for radioactive waste materials. 

Laboratories and premises not frequented by patients 

The importance and the number of these rooms varies widely in different 
hospitals. According to the workload and the number of radionuclides used, 
it may be advisable to have separate rooms for the main nuclides. This is 
particularly true when nuclide generators are used, because they have 
specific requirements for elution and sterilization. 

Rooms for preparation and dispensing of radioactive materials-diagnostic 
purposes only 

The minimum requirement is a room about 8 m2 in area having a water- 
proof floor finish extending up the walls to a height of about 10 cm. Rubber, 
vinyl, or asphalt tiles made waterproof by waxing have the advantage that 
contaminated areas can readily be removed by replacing a few tiles. The 
room should be equipped with a big sink divided into at least two parts and 
with cold-water taps for constant rinsing. Beneath the sink there should be 
two pedal-operated buckets, one of which is reserved for radioactive wastes 
and marked with the sign for radioactivity. On a strong table (capable of 
supporting 200 kg) there should be a container lined with 3-5 cm of lead and 
having a door on one side attached in such a way that when opened it pro- 
tects the person working at the table. Beside this table there should be 
another one for dispensing the radionuclides. It should be waterproof and 
jointless and covered with a double layer of plastic and blotting paper in 
order to absorb spilled liquids at once. Rubber and plastic gloves and 
a receptacle for contaminated instruments should be available. A small 
refrigerator should be placed under the table for the storage of heat-sensitive 
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radioactive compounds. A third table, also easy to decontaminate, should 
be available to act as a workbench for handling biological material such 
as blood. It should be equipped with a small centrifuge and should contain 
drawers for pipettes, syringes, needles, beakers, etc. 

Rooms for preparation and dispensing of radioactive materials-diagnosfic 
and therapeutic purposes 

This room should be similar to the one described above, but somewhat 
larger-not less than 10 m2 in area. The working place in front of the 
open lead container must be provided with a protective shield lined with 
3 cm of lead and containing an oblique lead-glass window of about 1 cm 
lead equivalent. Samples in the millicurie range should be handled only 
with bottle-holders, bottle-openers, tongs, teleguiders, and protected syringes. 

If the dispensing of therapeutic radioactive substances is performed more 
than once a week, it is inadvisable to use one room both for dispensing 
and for handling biological materials. The reason is that the frequent use of 
radioactive substances in the millicurie range may interfere with radiation 
measurements carried out in neighbouring rooms, and so the walls separating 
the dispensing room from the measurement rooms must provide sufficient 
protection to reduce the radiation level almost to that of the natural 
background. It is therefore more economical to make the dispensing room 
as small as possible and to combine in one room the facilities for preparing 
biological samples and the facilities for in vitro measurements. For the same 

I 

reason it is advisable to transfer the sink from the dispensing room into 
a separate washroom, which should be equipped with several sinks in order 
to allow the separate cleaning of contaminated waste. That the handling 
of radioactive substances in the millicurie range involves the radiation 
exposure of persons working in the dispensing room is an additional reason 
for recommending the separation of dispensing room, in-vitro measurement 
room, and washing room. 

Rooms for radiochemical work with gamma emitting sources and high-energy 
beta sources 

The radiochemical laboratory group should consist of an adequate num- 
ber of rooms adjoining each other but not connected by doors. The group 
should include : 

(1) a working room for the chemist, containing a desk and equipment 
such as a balance, a photometer, and a microscope. 

(2) a laboratory for inactive and low-active substances. It should be 
equipped with decontaminable working surfaces, waterproof floor, cupboards 
with decontaminable shelves, a fume cupboard 1.5-2.0 m wide for large 
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pieces of apparatus with its own separate ventilation system (not connected 
to that of the building). 

(3) a laboratory for active substances in the millicurie range, equipped 
with a "cow generator" for short-lived radionuclides. The finish of the 
waterproof floor should extend up the walls for a height of about 10 cm. 
The working table must be decontaminable and able to carry loads of at 
least 300 kg/m2 in order to support lead shielding devices. A fume cupboard 
at least 2 m wide must be provided, the window of which should be of lead 
glass (safety glass) if the hood is shielded because of possible radiation. 
The fume cupboard itself should have stainless steel or other easily cleaned 
surfaces. Concrete walls at the sides and back should be part of the building 
construction. The fume cupboard should be of corrosion-proof material 
and should not need maintenance. The outlet of each exhaust should be at 
least 2 m above the roof of the building. Radioactive gases discharged from 
the exhausts must emerge high enough to minimize the possibility of re- 
entry through windows. Exhaust duct dampers should be provided to adjust 
the air velocity to 15-25 m/min with open sash. Filters are needed if air 
from radioactive particulate material is expected in the exhaust. The centri- 
fugal fan should be inside the exhaust duct at a point near the final outlet. 
This ensures that air is pulled, rather than pushed, from the fume cupboard 
through the duct. The motor should be outside the ducts to prevent conta- 
mination and to facilitate repairs. The waste air from nuclear medicine 
laboratories does not constitute any danger to the environment. 

Generators for short-lived radionuclides should be installed in such a 
way that the radionuclides can be extracted without direct manipulation of 
the generator. The generator itself should be suitably shielded. For larger 
institutions a more comprehensive group of rooms is required. If more 
than two people are to work in them, the following arrangement is advisable. 

The first room should be replaced by a room for the chemist and a 
measurement room for the balances, photometer, microscopes, thin layer 
scanner, chromatographs, etc. 

The second room should be replaced by two rooms, one room for the 
work with inactive substances and the other for work with substances of 
low activity. It is advisable to have an extra washing room for this laboratory 
since it may prove difficult to wash the glassware of this department to- 
gether with the glassware of other clinical departments. 

Rooms for radiochemical work with low-energy beta sources 

Radiochemical laboratories for low-energy beta activities are mainly 
used in medical research, but their use in clinical work may increase in the 
future. It is here that tests on radiopharmaceuticals labelled with carbon-14 
and tritium are carried out. 
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All surfaces should be easy to clean to ensure easy decontamination. 
All radioactive waste from chemical preparations should be collected in 
containers and disposed of according to the national regulations. The 
gaseous waste produced during chemical tests may constitute a radiation 
protection problem, depending on the retention and distribution of the 
gases in the human organism. Consequently a very efficient fume cupboard 
must be provided, the exhaust from which must not be connected to the 
ventilation system of the building. 

When working with tritium in the form of gas, all chemical tests must 
be done within the fume cupboard. Furthermore, a continuous tritium air 
monitor must be installed in the laboratory, with an alarm preset to sound 
when a certain concentration is reached. The laboratory should be kept at 
a lower air pressure than that in adjacent corridors and rooms by means of 
a powerful fan, in order to minimize the flow of contaminated air into those 
places. 

Room for measuring samples 

The sample-measuring room should be divided into two areas-a "dry" 
side for the well-type scintillation counter, the electronic measuring instru- 
ments, and the sample changer, and a "wet" side for the blood preparation, 
this area being fitted with ion exhange equipment and a centrifuge. The 
"wet" working area should also have a sink and a table with drawers for 
glassware and chemicals. This room should provide working space for one 
member of the staff. 

In small nuclear medicine departments this room may be combined 
with the dispensing room, but it should always be separate from the patient 
measuring room. 

Storage room 

The requirements are, in general, similar to those outlined for rooms for 
the preparation and dispensing of radioactive materials. 

Premises and rooms frequented by patients 

Rooms for the administration of diagnostic radioactive materials to patients 

~ 

The administration rooms should be close to the dispensing room in 
order to minimize the transportation of radioactive liquids, so reducing 
the risk of spillage of liquids in other rooms and corridors, particularly the 
measurement rooms. 

Apart from a waterproof floor to facilitate decontamination, there are 
no special requirements in the administration room for diagnostic radio- 
active substances. 
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Other rooms for handling unsealed radiation sources are not necessary 
for routine clinical work. 

Measurement room-thyroid function tests 

The measurement room should be at least 25 m2 in size. Since most 
measurements last from 0.5 to 5 minutes, the radiological technicians 
will probably not leave the room during testing, and so the room serves 
as their continuous working place. It should therefore contain a desk and 
a cupboard for records. There must be enough room for the following 
installations, although the equipment may vary from place to place. 

The couch for the patient should be at a distance of 50-100 cm from the 
wall on one side of the room, the distance depending on the position and 
size of the support for the scintillation counter. At the head of the couch is 
the table for the measuring instruments, which should be no more than 
150 cm apart in order to allow the use of probes. Beside the measuring place 
there should be a desk for recording the measured values. At one side of the 
couch there must be a space of at least 250 cm to allow for the rotation of 
the couch and the repositioning of the patient. The space within the room 
can be used more fully if the door to the corridor is not in the middle of 
the wall. 

Measurement room-scintigraphy 

Besides the scintiscanner, the scintigraphy room contains the couch for 
the patient, and a space about 250 cm in diameter for turning the couch. The 
door to the corridor should lead directly to this place, and should not 
therefore be in the middle of the wall but to one side. A cupboard for 
collimators, scintigram paper, accessories, and colour ribbons is also 
necessary. In small departments where there is no cupboard for record 
storage, a small place to keep the scintigrams should be available. The room 
should be at least 25 m2 in area. 

If the X-ray department is not located near the nuclear diagnostic 
department, a diagnostic radiography room should be available so that X-ray 
pictures can be used in conjunction with photoscintigrams. A small dark- 
room for development is equally necessary. 

Measurement room-two-probe function tests (e.g., nephrography and 
cardiovascular investigations) 

This should be a large and comprehensively equipped room, with a 
movable couch for the patient. A dual probe with extended side arms is 
installed at the head of the couch, and a table for the measuring instruments 
should be placed no more than 150 cm from the probe. Two measuring 
places, two recorders, and one tape recorder are installed. For placento- 
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graphy, another measuring place with a hand-probe and a support together 
with a small desk and shelves for storage should be available. Beside the 
couch there should be anough space for three persons. Adequate cupboard 
space should be provided for the numerous accessories. 

Such a two-probe measuring room should be at least 30 m2 in area, since 
encephalographic examinations may also be performed there. Moreover, 
physicians from other departments may be present during the tests, and 
the space should be sufficient to accommodate them. 

Measurement room-scintillation camera 

The arrangement is similar to that in the scintigraphy room, although 
the area required may be somewhat less, since the equipment is usually 
smaller. 

Measurement room-whole-body counting 

In whole-body counting, the need to shield the patient gives rise to 
certain structural requirements. Therefore the installation of the whole-body 
counter in a diagnostic measuring room is not to be recommended. In many 
hospitals the whole-body counter is installed in a basement room. A clear 
distinction must be made between the use of whole-body counters in radiation 
protection surveys and their use in clinical investigations. The former pur- 
pose requires rooms for organization and administration, decontaminable 
waiting rooms, and dressing rooms, none of which are necessary for the 
latter purpose. In addition to the shielded area, a place for the electronic 
instruments must be provided. The total area needed is about 30 m2. A 
reliable mains supply is of great importance; it should therefore be indepen- 
dent of the mains circuit that supplies other electric-power consuming equip- 
ment such as elevators and linear accelerators. 

All objects within and near the patient's booth should be easy to decon- 
taminate. The use of rubber shoes has proved valuable. 

Wards and rest rooms 

No general rules can be laid down for the size of a ward serving a depart- 
ment for the diagnostic and therapeutic use of unsealed sources; it depends 
solely on the size of the hospital, the degree of specialization in the various 
departments, and the frequency of therapeutic applications. However, tak- 
ing into account the necessary radiation protection measures, the ward should 
not have more than about 25 beds. It is not advisable to reserve a few 
beds in a general ward for diagnostic (nuclear medicine) patients. 

Patients receiving therapeutic doses in the 100 mCi range should stay in 
hospital for treatment usually for 1-3 weeks, not only for medical reasons 
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but also to prevent the irradiation of persons at home and to avoid domestic 
waste disposal problems. However, practice varies in different hospitals and 
different countries. Of course, the stay in hospital depends on the radio- 
nuclide used and the residual activity at the discharge date. 

Because of the relatively long stay and isolation of the patient, the rooms 
in which the radiation protected beds are installed should be bright and 
comfortable. A radiation symbol should be attached to the patient's bed, 
and the amount of activity administered and the date of administration 
should be indicated, but the radiation protection devices should not be 
obvious to the patient since they might cause psychological stress. 

In the ward illustrated in Fig. 1 (Rudolf-Virchow Hospital, Berlin), the 
therapy patient enters from the elevator on the left, which is within easy 
reach of all the rooms. In contrast with the usual symmetrical arrange- 
ment of hospital wards, the nuclear medicine ward is arranged from high 
to low activities-i.e., the rooms for high activities are on the left hand side 
of the plan and the inactive rooms for the personnel are on the right. 

The initial design and layout of the ward depends on the size of the 
hospital, the expected number of patients to be treated and the demand for 
various kinds of treatment. Allowance must of course be made for the 
future expansion and development of the nuclear medicine facilities. 

The patients' rooms can be conveniently constructed in three groups : 

(I) at least one highly shielded single-bed room for activities up to 
450 mCi of cobalt-60, 

(2) two or three single-bed rooms shielded for up to 150 mCi of cobalt-60 
(the shielding being completely sufficient also for 250 mCi of gold-198), and 

(3) several two-bed rooms shielded for up to 5 mCi of iodine-131 or 
gold-198 per bed, 

In order to avoid constant changes of bed for the patients, the beds and 
night tables should be easily movable from one room to another. 

The optimum radiation protection features for a highly shielded room 
are shown in Fig. 2. To avoid covering the doors with a considerable 
thickness of lead, protection is provided by the wall of the sanitary zone 
separating the patient's room from the corridor, which prevents primary 
radiation from striking door (2). Doors (1) and (2) then need only slight 
protection (6 mm of lead) against scattered radiation. The wall of the 
sanitary zone contains a lead-glass window to permit observation of the 
patient from a radiation-protected room. Alternatively, a mirror could be 
used for indirect viewing. The protected area is fitted with a washbasin. 
The patient also has access to a washbasin and to two toilet basins, one of 
them of the ordinary kind and the other equipped to retain the excreta in a 
polyethylene bag that can be closed automatically by pressing a button. 
The excreta may then be removed to a storage place until the radioactivity 
diminishes to a level acceptable for waste disposal. 
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FIG. 2. HIGHLY SHIELDED ROOM 

Special Zoilet with 
lead shielding 

Special facilities in the operating theatre and autopsy room 

The room for administering therapeutic unsealed sources in the millicurie 
range is often used also for the application of sealed sources of cobalt-60 
and radium-226, the energy of which demands special radiation protection 
measures. Additional measures are to be taken for the decontamination of 
all equipment when working with unsealed sources. To avoid explosions 
caused by discharges of static electricity, the floor covering should be con- 
ductive and electrically earthed, and the floor itself must be sufficiently 
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strong to bear the weight of shielded chairs, heavy movable lead screens, and 
lead containers. It must therefore have a compressive strength capable of 
supporting pressures of over 100 kg/m2 without leaving impressions. 

For the application of cobalt-60, radium-226, and gold-198 with activi- 
ties of about 250 mCi, the door of the application room must be lined with 
lead to give a protection equal to that of the walls. A valuable technique 
is the installation of a concrete barrier that casts a radiation shadow on the 
door leading to the corridor. The door can then be normally constructed. 

The moving of a patient from the operating table to the bed often poses a 
problem, because in coming close to the patient the staff can receive a high 
exposure. For this reason the operating table should be equipped with 
interchangeable and movable top plates, which permit the direct transporting 
of the patient to his radiation protected room. Manually controlled oper- 
ating tables have the disadvantage that the control levers can become con- 
taminated by the contaminated gloves of the operator, and the cleaning of 
handles and knobs is very difficult. It is therefore preferable to install an 
electrically controlled operating table, since the control panel can be covered 
by a transparent polyethylene bag that is sufficiently flexible to allow the 
the operation of the controls. The contaminated bag may then be removed 
and thrown away. 

The relative positions of the therapeutic application room, the storage 
room for sealed sources, and the dispensing room for unsealed sources are 
very important. A special operating theatre is so expensive that it will 
almost certainly be used for both sealed and unsealed sources. The room 
containing the safe for the sealed sources should be immediately accessible 
so that a special container for transportation is not necessary and the sterile 
preparation can be handed directly to the physician. The transportation 
of unsealed sources is less dangerous because the activity is usually much 
lower. The only danger is a possible contamination of the floor by spillage; 
the route taken in carrying the source should therefore avoid the main 
corridors of the department. 

The active substances can be brought to the therapy room in two different 
ways. The sources can be received directly from the adjacent room contain- 
ing the safe to avoid the need for a shielded container. The room containing 
the safe should also contain all facilities for the preparation of the active 
substances and the cleaning of glassware, containers, etc. The sources can 
also be transported from the dispensing room to the application room along 
a special corridor constructed specifically to avoid contaminating the floor 
of the main corridor. 

After treatment, the patient with a high activity source has to be taken 
to his room by the shortest possible route. If practicable, a special elevator 
should be installed opposite the door of the application room, and it 
should be readily available when needed. The elevator should contain a 
shielding device to protect the staff. 
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In case an autopsy has to be performed on a contaminated cadaver, a 
special autopsy room should be available. Since it will probably be used only 
rarely, no expensive facilities are needed. A refrigerator is available in 
which cadavers can be kept for long periods at temperatures as low as -lO•‹C. 
In the same room a plastic-covered table should be provided for the autop- 
sies. A waterproof floor is necessary, and the room should be equipped with 
containers for organs, a washing stand for the pathologist, and an instru- 
ment cabinet. 

Arrangements for outpatient departments 

Therapy with unsealed radioactive sources is usually performed only 
on inpatients. The work in an outpatient department is thus restricted to 
diagnostic nuclear medicine. However, certain kinds of treatment (e.g., 
using phosphorus-32) can be performed on outpatients provided that their 
condition permits it. In the treatment of thyrotoxicosis as much as 15-20 mCi 
of iodine-131 can be given without restriction on the patient going home. 

The diagnostic nuclear medicine department with facilities for both in- 
patients and outpatients should not be considered a controlled area, because 
this would handicap the work to an extent where a normal service would no 
longer be possible. No objection can be made to such a classification since 
the activities used do not constitute a significant danger for staff or patients, 
provided that correct working procedures are adopted. 

The staff must therefore be highly qualified. The operation of electronic 
measuring equipment and work with radioactive material require good and 
thorough training. Great care should be taken to avoid contamination in the 
measurement rooms. Even if it is not dangerous to people, it may increase 
the background radiation to such a degree that the measurements are no 
longer reliable. 

The dispensing of test activities and their administration to patients 
should be completely separated from the measuring room. However, in 
dynamic function studies it is necessary to inject the radioactive material 
while the patient is positioned under the detecting instrument. It is advisable 
to carry out these studies in a room a short distance away from the measure- 
ment rooms, perhaps utilizing the intervening space as waiting rooms. 

Waiting rooms are important since a number of nuclear medicine tests 
require repetition after a waiting period. It is advisable to have separate 
waiting rooms for ward patients and outpatients, since the former are gen- 
erally more seriously ill, and contact between the two groups is undesirable. 
Thus a diagnostic nuclear medicine department for outpatients should have 
the following facilities : 

(1) Rooms for work with active substances, including a dispensing room 
(possibly with a place for measurement with a well-type scintillator), a 
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physician's room, and an examination room. The physician's room may 
sometimes be combined with the examination room. 

(2) Waiting rooms, including an outpatient waiting room with toilets, an 
inpatient waiting room, and a working place for the nurse or secretary near 
the entrance equipped with a card index. 

(3) Measurement rooms for function examinations with a working place 
for the radiological technician, and measurement rooms equipped with 
scintiscanners and scinticamera. 

Offices 

Physician 

Since nuclear medicine impinges on many specialties, the physician 
engaged in nuclear medicine needs a good supply of reference books. His 
office should therefore contain a large bookcase as well as a viewing box, a 
dictation machine, a telephone, and possibly an intercommunication system 
connected with the measurement rooms. 

Radiological technician 

The room of the radiological technician should be as close as possible 
to the measurement rooms. A reasonable working procedure is to allocate 
to this staff member the room next to the one in which measurements are 
made of thyroid function. 

Physicist 

The physicist, if working only in nuclear medicine, should be near the 
measurement rooms. Two rooms should be available to him-a smaller 
one for use as an office and a larger one for use as a laboratory. It should 
be possible to keep radiation sources for test purposes in this laboratory. 

If the physicist is working both in nuclear medicine and in radiotherapy, 
his working place should be provided in the radiotherapy department. In 
this case three rooms are the minimum-a small office, a nuclear medicine 
laboratory with electronic measuring equipment, and a laboratory with 
dosimetric equipment for the planning of radiotherapy treatment. 

Storage of waste 

A collecting or storage tank to allow for decay of liquid waste is not 
convenient for a hospital from an economic point of view. 
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In a small nuclear medicine department, a small cellar room will be 
sufficient for the segregation of dry waste. The short half-life of most 
nuclides used in medicine permits a quick change of the "decaying" waste 
containers. Bigger departments should have two separate rooms-one 
room (equipped with cold storage) for faeces and another room for dry 
wastes. A third storage room is necessary for wastes resulting from work 
with carbon-14 and tritium, and this room should be periodically emptied. 

All rooms should have waterproof floors and good lighting. All shelves 
and installations should be made of aluminium or plastic, not of wood. 



8. Examples of Departments for Diagnosis and 
Therapy with Unsealed Sources 

Small department 

Fig. 3 shows the arrangement of a small department for diagnostic and 
therapeutic use of both sealed and unsealed sources. If the heavily shielded 
therapy room is left aside, the remainder of the layout represents the mini- 
mum requirements for a diagnostic clinic, which is also suitable for a 
physician's private practice. The following arrangement of rooms has 
proved adequate. 

Therapy room 

This is the heavily shielded room shown on the left of the figure. It 
contains a safe for the storage of sealed sources and a table for preparing 
the therapeutic applications. The bed is a delivery room bed from which 
the foot can be detached and to which a support can be attached. The 
therapy application is performed in the area marked with a circle, which 
contains the radiation protected chair and the lead shield for the physician. 
A table with drawers is used for the preparation of the empty carriers. 
The door leading to the corridor is shielded against primary radiation by a 
concrete maze. 

Dispensing room 

The unsealed sources are stored in the safe, which can be opened in the 
direction of the laboratory bench on which the "cow" generators for short- 
lived radionuclides are installed. The room has a washbasin and a table 
for the preparation of blood samples to be measured in a well-type scintilla- 
tion counter. The small chamber contains a shower and washbasin. A hand 
monitor is provided to ensure that the staff have no contamination on their 
hands when they leave the laboratory. This monitor can also be used in the 
dispensing room to check contamination. 

Measuring room 

Two identical counting systems are installed to which the well-type 
scintillation counter may be connected. A dual recorder is placed in the 
middle of the table. The two scintillation counters are connected to the 
recorder. A scintiscanner is positioned above the patient's couch. 
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Medium-sized nuclear medicine department 

Fig. 4 shows a medium-sized nuclear medicine department for routine 
examinations. The waiting room (1) is divided into a part for inpatients and 
another for outpatients. The adjacent room (2) is used for thyroid function 
tests and is also the working place of the radiological technician who surveys 
the incoming patients. Room (3) is the room for examinations and admin- 
istration of radionuclides. Two dressing cubicles will speed up the pro- 
cedures. The test activities are received from the dispensing room (4) by way 
of a hatch. The dispensing room together with the washing room (4a) 
and the test measurement room (5) form a group for wet operations. 
Room (6)  is the workroom of the radiological technician, (7) the room for 
the physician, and (8) the physicist's room and measurement laboratory. 
Rooms (9) and (10) are used for scintigraphy, one room possibly being 
reserved for the scintillation camera. In room number (1 1) a dual system 
for automatic recording is installed, as used for renography. 

The adjacent sanitary rooms need no explanation. A hand-foot monitor 
located near the staff entrance will ensure that no activity is carried off inad- 
vertently. 

Large department 

Fig. 5 shows a large diagnosis and therapy department that provides 
facilities for both storing and applying radioactive substances and for carry- 
ing out measurements on patients. These functions raise a difficult prob- 
lem, since, on the one hand, radioactive substance in the curie range have 
to be stored and, on the other hand, activities in the millicurie range have 
to be measured. If reliance were placed solely on barrier protection, the 
walls would have to be very thick and heavy, and so the principle is followed 
of separating these functions by as great a distance as possible. The rooms 
where active substances are handled are therefore situated on the left hand side 
of the department, while the measurement rooms are on the right. The 
centre block consists of elevators, staircases, rest rooms and non-radioactive 
storage rooms and provides an additional buffer and absorption zone. 

Three different groups of patients are handled: 
(1) hospitalized diagnostic patients from the clinical wards, most of 

whom are able to walk and are therefore required to wait in the outpatient 
waiting room. 

(2) clinical therapeutic patients, most of whom are confined to bed and 
are sent to the department from the various wards of the hospital, and 

(3) outpatients for diagnosis, who constitute the smallest group and 
who go to the outpatient waiting room after calling at the reception desk. 

The plan ensures that there is an orderly movement of patients from the 
waiting rooms to the nearby examination and diagnostic application rooms 
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or to the diagnostic measurement rooms on the right hand side of the 
entrance hall without causing unnecessary traffic in other areas. The ther- 
apy rooms similarly constitute a unit on the left hand side of the plan. The 
therapy application room, dispensing room, and chemical laboratories 
(where the radiopharmaceuticals are prepared) all produce contaminated 
glassware, and the washing and sterilization rooms are therefore located in 
the centre of this suite, in the corner of the block. The arrangement also 
ensures that the rooms containing active substances cannot be entered by 
unauthorized persons since the corridor serving them is separated from the 
entrance hall by a lockable door. Behind this door a hand-foot monitor 
is installed for the use of personnel leaving the suite. 



9. Safe Handling of Unsealed Sources prior 
to Administration l 

The procedures to be applied for the safe handling of unsealed sources 
vary according to physical form (liquid, gas, aerosol or solid), the nature 
of the radionuclide (radiotoxicity), the type of operation to be carried out, 
and the amount of activity involved. 

Safe handling depends basically on careful selection of the technique to 
be employed, and this requires special training of the personnel who handle 
radionuclides. 

Most of the unsealed sources used in diagnosis and therapy are in liquid 
form, as true solutions, colloidal solutions, suspensions, or gases dissolved 
in liquids. The chief operations to be carried out are the movement of 
sources, the opening of receptacles, the extraction and transfer of contents, 
and dilution. 

The risks involved in these operations with liquid radionuclides arise from 
contamination and from external irradiation by penetrating or slightly penet- 
rating radiations. 

Obviously the seriousness of these risks varies greatly according to the 
activities handled. A useful distinction can be drawn between the activities 
required for diagnostic examinations and those employed in therapy. 

Movement of sources 

To move sources of low activity from storage to the handling labora- 
tory the operator uses either simple tongs or a piece of cord from which the 
source, enclosed in an unbreakable container, is suspended. When high 
activities are involved, especially when the substance is a gamma emitter, 
shielded trucks are generally used. 

Operations with sources 

Irrespective of the degree of activity, operations involving the opening of 
containers and withdrawal and dilution of their contents always require 
scrupulous observance of the following basic rules. 

(1) The operations should be carried out in a laboratory specially reserved 
for work with radioactive materials. 

1 See: International Atomic Energy Agency (1973) Safe handling of radionuclides, 1973 edition, Vienna 
(IAEA Safety Series No. 1). 

- 51 - 



52 MANUAL ON RADIATION PROTECTION : UNSEALED SOURCES 

(2) The glassware and instruments used should be reserved for the lab- 
oratory in which the sources are handled and should bear distinctive markings. 

(3) Every handling operation involving radioactive material should be 
conducted with care, precision, and neatness. 

(4) Generally speaking, every handling operation requires a certain mini- 
mum of preparation. The working surface must be prepared and certain 
items, including all the instruments that will be needed during the work must 
be placed ready to hand. A bag of impermeable material into which con- 
taminated waste can be dropped should be placed in an immediately ac- 
cessible position. 

(5) Handling operations that are not in routine use should be planned 
in advance and rehearsed with nonradioactive liquid. 

(6) Operators should wear special clothing--e.g., laboratory overalls and 
gloves. 

(7) Pipetting should never be carried out orally because of the danger of 
radioactive material entering the mouth. 

(8) As far as possible, all receptacles containing radioactive liquids 
should remain sealed during the operation. 

(9) Sources should be returned to storage as quickly as possible when no 
longer required. 

(10) After the handling operation the technician should clean the work- 
ing surface and monitor all other surfaces, equipment, and tools, as well as 
his own clothing and hands, for contamination. 

Apart from these general rules, which should always be observed, certain 
additional precautions have to be taken when the activity handled is high. 
Ampoules and receptacles containing beta and gamma emitters should not be 
held or opened by hand. Tongs should be used to move them and remote hand- 
ling devices to open them. The ampoules should be held in supports when 
being opened so as to avoid contact with the hands. However, these problems 
are rarely encountered nowadays because wider use is being made of her- 
metically sealed rubber-stoppered vials through which the source can be 
withdrawn by means of a syringe and needle. 

To protect the body from penetrating radiation, gamma emitters are 
frequently handled from behind a sheet of lead glass or a wall of lead bricks; 
in the latter case a carefully positioned mirror makes it possible to follow 
the operation without direct exposure of the head. Exposure of the hand 
and arms cannot be avoided by these devices, however, so it is essential to 
use gripping tools or remote handling instruments and to conduct the 
operations in as short a time as possible. When the activities are very high it 
may be necessary to perform handling operations in a shielded hot cell by 
means of a master-slave device. 

When an operation is likely to create vapours, gases, or aerosols that 
might be inhaled by the operator, it should be carried out in a fume cup- 
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board with exhaust ventilation. Operations involving the most toxic radio- 
nuclides may (even within the fume cupboard) have to be performed in 
glove-boxes at negative pressure with respect to the laboratory. One exam- 
ple of a product that has to be handled in a fume cupboard is chlormerodrin; 
when its container is opened this substance gives off mercury vapours that 
may contaminate the laboratory atmosphere. 

Techniques for handling sources 

The handling of radioactive liquids before their administration to patients 
generally involves transfer operations. A good general rule is that these 
liquids should not, in the course of transfer, be poured from one receptacle 
into another. It is particularly important to avoid spillage of liquid onto 
working surfaces, the formation of aerosols, and contamination of the out- 
side of the container by drops of liquid that remain on the lip or spout after 
pouring. Where high activities are involved, all contact with the receptacles 
containing the radionuclides should be avoided, even if gloves are worn. 
Transfer operations then require fairly complex instruments : 
- ordinary syringes and needles to extract the contents of hermetically 

sealed rubber-stoppered vials, 
- rubber-bulb pipettes, 
- gravity systems, 
- siphoning at positive or negative pressures, permitting remote control of 

the operation. 

Simple systems 

In principle, the simplest system compatible with the safety regulations 
should be chosen. The advantage of all simple systems is that they greatly 
reduce the time required to perform an operation, so that the dose received 
is proportionately lower. 

The use of hermetically sealed rubber-stoppered vials makes it possible 
to transfer liquid radiation sources by extraction and subsequent injection 
with needles and syringes. This procedure is rapid, and if perfomed with 
care it preserves the sterility of the product and minimizes the risk of con- 
tamination. Normally two needles are used, the point of the first stopping 
just short of the liquid so as to equalize the pressure while the other is used 
for extraction and subsequent injection. Particular care should be taken to 
preserve sterility and to make sure there is no contamination on the rubber 
stopper through which the needles pass. 

If the radionuclide is not delivered in this type of container or if a rubber- 
stoppered vial is not available, the simplest method of transfer is by a pipette 
fitted with a rubber bulb or similar device. This device is commonly used 
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for solutions of relatively low specific activity employed in radiation diag- 
nosis or for any other study involving radioactive tracers. 

The pipette should be long enough to ensure some distance between the 
operator's hand and the opening in the receptacle and to ensure that the tube 
does not have to be filled to a point near the hand. This minimizes the 
exposure of the hands to beta radiation, which always yields high dose rates 
at short distances. With a little practice the operator will find how much 
pressure he must exert on the bulb to raise the liquid to the required level 
when extracting it from the container. 

In some pipettes the rubber bulb is replaced by a rubber tube encased 
in a protective sheath. The volume of the tube can be altered by tightening 
a screw. These models provide better protection for the hands and make it 
possible to adjust the level of the liquid in the pipette more accurately. There 
are several other devices by which small amounts of liquid can be extracted 
with a high degree of precision by means of a simple movement that does 
not have to be regulated (for example, simple pressure). 

Remote control systems 

Remote handling devices are required when one is dealing with solutions 
of high specific activity commonly used in therapy and occasionally (where 
short-lived nuclides are involved) in diagnosis. 

Remote transfers from hermetically sealed rubber-stoppered bottles 
can be performed by inserting between the needle and syringe a long piece 
of tubing that retains the liquid until it is reinjected, either totally or partially, 
into other containers or into the syringe with which the patient is given the 
injection. 

A micropipette fitted with a syringe is particularly useful for filling a large 
number of small vessels without contaminating them. Systems that rely on 
gravity flow or remote siphoning are usually an integral part of laboratory 
installations (such as glove-boxes and shielded cells) in institutions where 
the transfer of highly active liquids is a common operation. 

All remote transfer systems should be so designed that any malfunction 
will be detected at once by the operator, who can then take the necessary pre- 
cautions to avoid a hazardous incident. 

Separation of activities and concentration of solutions 

Generators are permanent sources of short-lived radionuclides, such as 
iodine-1 32, technetium-99m, indium- 1 13m, and strontium-87m, which are 
obtained from the appropriate parent nuclide. An elution or "milking'" 
technique is used to separate the daughter element from the parent element, 
which is retained in the column. To recover all the short-lived radio- 
nuclide produced in the generator (the activity of which is known exactly once 
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radioactive equilibrium has been established between the parent and daugh- 
ter elements), it may be necessary to use fairly large amounts of eluant, thus 
swelling the volume of the solution obtained. It is then necessary to reduce 
the volume before administration, usually by evaporation in a fume cup- 
board or by solvent extraction. 

The elution and extraction of a nuclide can be carried out in complete 
safety and in perfectly sterile conditions by using devices specially designed 
to contain these generators-for example a cylindrical lead castle with a 
double-leafed door. The generator is connected to a multiple-dose vial 
to collect the eluate. A needle attached to a long tube permanently inserted 
in the bottle makes it possible to draw off the liquid from a distance by means 
of a syringe. 

When it is not essential to know the exact amount of activity injected into 
the patient, it is advisable to limit the amount of eluant used so as to obtain 
a solution of small volume that can be directly injected. 

Receptacles for radioactive liquids 

Radioactive substances in the form of solutions, suspensions, etc., are 
usually delivered in hermetically sealed rubber-stoppered bottles, though 
sometimes also in ampoules or other receptacles made of either glass or 
plastic. All such containers can be used satisfactorily as storage vessels. 

When operations involving extraction, transfer, dilution, concentration, 
and so on are undertaken, there is always a risk-even when the greatest care 
is taken-that the receptacles may be dropped; hence it is wise to use bottles, 
beakers, tubing, etc., made of an unbreakable material. F this way one can 
avoid the extensive contamination that would result from the spattering of 
radioactive material over equipment and personnel and the risk of injury from 
contaminated glass fragments. 

The containers used for beta emitters should always have a cover or stop- 
per and should be kept closed to avoid any risk of irradiation by beta rays 
through the opening. Containers for gamma emitters should be lined with 
a lead shield or kept inside a lead sheath throughout the handling operation. 

Use of small disposable items of equipment 

The washing and decontamination of equipment after use always 
gives rise to difficult problems. Decontamination techniques are bound to 
vary depending on the chemical nature of the substances handled, but they 
always include washing, rinsing, and prolonged soaking with carefully 
selected entraining agents. They require a certain number of staff and in the 
long run this kind of "washing up" proves very costly. At present the problem 
can be partially solved by making the widest possible use of small disposable 
items of equipment. 
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The mass production of unbreakable sterilized tubing, pipettes, syringes, 
and other such items has reduced prices to the point where it is more econo- 
mical to replace the equipment on each occasion than to salvage it by 
washing and decontamination. It is not advisable to use polyethylene syringes, 
however, as they may contain pyrogenic substances. Polypropylene does not 
appear to have this disadvantage. 

It is important to make sure that all disposable items are collected after 
use and consigned to the radioactive waste. Only those that have been used 
for handling relatively short-lived radionuclides can be thrown away- 
after a suitable lapse of time and after monitoring-with the nonradioactive 
waste. 

Design of working surfaces 

To facilitate handling operations, working surfaces should be designed 
to accommodate all the equipment needed for a given job without undue 
congestion. An independent support near the working surface proper can be 
very useful for holding tools (tongs, openers, pipettes, boxes of cotton, etc.) 
that are used during the operation. 

The consequences of contamination due to accidental spillage of radio- 
active liquid can be minimized with proper working surfaces. It must be 
possible to clean up every drop spilled so that no trace remains. That is 
why there should be cotton wool and paper towels constantly within reach 
of the operator and why the working surfaces themselves must have special 
features-for example, a covering of some smooth, glossy, and leakproof 
material such as stainless steel, aluminium, or certain plastics. In some cases 
scrapable material can be of value in the decontamination process. These 
surfaces are often available in the form of large trays with slightly raised 
edges to retain any liquid that may be spilled. They can also be covered 
with a sheet of plastic material and one or more layers of absorbent paper, 
which can easily be disposed of. 

Protective clothing 

Work with radionuclides should never be carried out in everyday 
clothing. It is essential to wear laboratory coats and at times a more complete 
outfit consisting of a special jacket and trousers. This is particularly advisable 
during remedial action following contamination incidents. In such cases it 
may also be wise to wear special shoes or overshoes and to protect the head 
by means of a cap. 

The same precautions should be taken whenever the risk of surface 
contamination (on floors, walls, and equipment) is fairly serious. It may also 
be advantageous to have impermeable clothing available. 
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It is essential to wear gloves made of rubber or plastic at all times, even 
when performing operations with tools that need to be gripped. 

The officer in charge of a radionuclide laboratory should make certain 
that his stores always contain enough clothing, overshoes, caps and so on, 
in a variety of sizes. He should also provide good-quality working gloves 
(and where required glove-fingers) made of rubber or plastic and impress 
upon his staff the importance of wearing only intact and impermeable gloves. 

Movable shielding 

Protection of the operator against external irradiation will take different 
forms according to whether a beta emitter or a gamma emitter is involved. 

A movable screen of glass or acrylic resin a few millimeters thick will 
provide protection against beta radiation. Often, however, the maximum 
energy of the beta radiation is sufficiently high that the bremsstrahlung 
emerging from the screen can no longer be considered negligible (this is 
so with phosphorus-32 for example) and it is then safest to use a mobile 
screen of lead glass, which will absorb the bremsstrahlung along with the 
beta particles. 

For the beta emitters that are being increasingly employed in scanning, 
it is advisable to use mobile shields of lead bricks to attenuate the 0.51 MeV 
annihilation gamma rays. For diagnostic procedures a lead shield 3 cm 
thick is sufficient. 

Gamma emitters, however, are the sources for which shields-whether of 
lead glass or lead bricks-are most often used. The standard lead brick used 
at present is 5 cm thick. It is as well to recall here a few figures that make 
it possible to gauge fairly rapidly the order of magnitude of the shielding that 
has to be installed in any particular case. A wall consisting of a single 
thickness of lead bricks reduces the dose rate at 30 cm from a 17 mCi gamma 
source emitting 1 MeV gamma rays to 2.5 mrem/h. 

Methyl methacrylate or lead walls set up between the source and the 
operator are not the only types of movable shielding used to reduce the ex- 
ternal radiation hazard. There are also lead-walled containers of various 
sizes, usually cylindrical in shape that can receive bottles, ampoules, or test- 
tubes containing gamma emitters (for example, the lead test-tube holder). 

On-the-spot sterilization before administration 

Generally speaking, the radionuclides supplied to hospitals have been 
sterilized and packaged in such a way as to preserve sterility. Sterilization 
should conform with the International Pharmacopoeia requirements. 

However, the user is sometimes obliged-perhaps as a result of an 
incident that might have involved bacterial contamination-to resterilize his 
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radioactive preparation just before administering it to the patient. This 
is usually a simple operation that can be carried out on the spot by means 
of filtration through millipore filters and by the addition of bacteriostatic 
or antiseptic agents. 

Radioactive gases 

Radioactive gases may be supplied in solution or produced shortly 
before use by the irradiation of stable isotopes. They can also be generated 
through the radioactive decay of a parent element (as radon is generated 
from radium, for example). 

The main problem in handling these gases is to prevent leaks that result 
in contamination of the air, which can easily spread to all neighbouring 
rooms unless the laboratory is specially designed to deal with atmospheric 
contamination. The presence of radioactive gases in the air exposes the 
staff to internal irradiation through the respiratory tract as well as to 
external irradiation. It also raises the background above normal levels, 
thereby interfering with measurements on samples containing small amounts 
of activity. 

Particular care must be taken to see that pipes, purification systems, 
joints, and couplings are leakproof. 

Certain operations, such as the filling of balloons, must be carried out 
in ventilated fume cupboards, and both the laboratories handling radioactive 
gases and the rooms in which they are administered to patients should be, 
suitably equipped to minimize the risk of airborne contamination. They 
should, for example, be at negative pressure to ensure that no radioactive 
gases can enter the corridor or other parts of the building. 



10. Equipment for the Safe Handling of 
Radioactive Materials 

Equipment is necessary for carrying out the following operations on 
radioactive materials in hospitals : 

- storage 
- transportation within the hospital premises 
- safe handling 
- preparation and calibration of deliveries 
- administration and measurement of low-level activities 
- administration and measurement of high-level activities. 

Storage equipment 

The energy of the radiation emitted from the radioactive sources is most 
important for radiation protection measures; the activity is the second point 
to be considered. The latter factor explains the difference of protection 
measures in radiotherapy and radiodiagnosis. 

Annex 3 lists some of the radionuclides commonly used in clinical 
medicine and the radiation doses received by patients during various types of 
diagnostic examination. Annex 1 lists, for various radionuclides the physical 
half-life, the type of decay, and in the case of gamma emitters the energy of 
the emitted gamma rays as well as the exposure rate constant. 

Radiotherapy 

In radiotherapy, sources such as gold-1 98 and iodine- 13 1 are generally 
used. A lead box with walls, floor, and lid 3-5 cm in thickness is sufficient 
for storage. (The half-value thickness is about 0.3 cm). The maximum 
activity will usually be less than 500 mCi, for which a lead box is sufficient. 
It is recommended that the exposure rate should never exceed 20 mR/h at 
a distance of 5 cm from the surface of containers. However, for permanent 
storage it is usually simpler and cheaper to rely on shielding material to 
lower the dose rate to a negligible value. 

It is not advisable to store unsealed sources in the safes intended for 
the storage of radium. Usually the shelves are too small, and, since they 
are also movable, liquids might be spilled very easily. Efficient and lasting 
radiation protection can be provided by a lead container consisting of 
5 cm lead bricks, which are readily available. Their interlocking and 
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oblique edges prevent radiation from leaking through the adjoining edges. 
However, they are not convenient for frequent use since they cannot be 
opened by a door and lead bricks have to be removed to obtain access. It is 
obvious that all safes and lead containers must have a waterproof floor to 
allow the easy removal of spilled liquids. For short-term use, photographic 
developing dishes have proved useful. 

Nuclear medicine 

Radionuclides for diagnostic application are generally stored in the same 
safe as the radionuclides to be used for therapy. If only radiodiagnosis is 
performed in the department, the same sort of safe should still be used, since 
the energy of the radiation from the sources is the same. Alternatively, the 
ampoules should be kept in individual containers having the equivalent wall 
thickness. The storage of diluted solutions of considerable volume presents 
a special problem since a large shielded space is needed. Therefore the 
preparation of diluted solutions of iodine-131 for test drinks is advisable 
only in very large departments, where at least 100 test drinks can be dispensed 
at one time. For the actual dispensing of test drinks a burette with a shielded 
reservoir has proved useful. If the remainder of the solution is kept in the 
reservoir, the volume of the test dose has to be continually increased as the 
specific activity decreases. This is an occasional source of error in the 
determination of the volume of the test dose by activity measurement, since 
corrections must be applied to allow for the different geometry of the larger 
volume. 

Equipment for transportation 

Standard solutions are always carried to the safe in the original packing 
provided by the manufacturer. This section will therefore consider only the 
transportation of the dispensed radioactive solutions for diagnosis and 
therapy. 

The transporting of test activities within the department constitutes no 
danger to the staff, but it may have a considerable effect on highly sensitive 
measuring equipment. Moreover even the smallest activities have to be 
conveyed very carefully in order to avoid contamination. The transportation 
is best done with a small service wagon and a tray. The flange of the tray 
prevents the losing of spilled liquids, and the service wagon prevents the 
dropping of receptacles or syringes. 

In the case of therapeutic activities in the millicurie range, protection 
of the staff is important. Therefore the wagons on which these activities 
are carried must be constructed in such a way that they can support 
a lead shielding of 1 cm thickness on all sides. It is advisable to construct the 
shielding device to serve also as a container for the syringes. 
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Safe handling equipment 

The person dispensing the activities must always wear gloves to avoid 
contamination. Gloves made of thin polyvinyl chloride are highly recom- 
mended but are to be used only once. The outer side of rubber gloves is 
usually not marked so that contamination may occur when the gloves are 
accidentally worn inside out. Disposable syringes are recommended, as are 
polyvinyl chloride cups for the test drinks. 

These measures are to be observed not only to protect the staff but also 
to prevent contamination of the measuring equipment, which might render 
its use impossible for a long time. The glass tubes used for the well-type 
counter are extremely sensitive to contamination. This can be partly lessened, 
when iodine is used, by washing before use with a stable iodine solution. In 
no circumstances should they be rinsed together with other glassware and 
syringes. The use of protective gloves and a contamination-proof tray for 
dispensing small test activities in the microcurie range are the main protec- 
tive measures to avoid contamination. Lead shielding will be required 
only for test activities higher than 3 mCi. Shielding is, however, indispens- 
able if nuclide generators are used. 

Therapeutic activities of up to 250 mCi should be dispensed on a special 
gamma-shielded table of the kind used for the preparation of sealed sources 
such as radium. 

Equipment for preparation and calibration of delivered radiopharmaceuticals 

For routine clinical work, only gamma emitters are used. Since radio- 
pharmaceuticals are rarely delivered in activities of less than 1 mCi, counters 
should not be used to measure them because the pulses of ionization are 
too rapid for resolution and false readings will be obtained to which no 
suitable or reproducible corrections can be applied. The measurement 
should be made with well-type ionization chambers, in which the ionization 
current produced is proportional to the activity and the values are indicated 
directly in microcuries or millicuries. The range may be from 2 pCi to 
1000 mCi. However, the measurement of different volumes of liquids may 
be subject to errors. Gamma activity can be measured accurately by the 
well-type chamber only if a small volume of the solution is in the centre of 
the chamber (about 0.1-5.0 cm3) and a spherical geometry can be assumed. 
For greater volumes, the level of the solution will be higher and a spherical 
geometry will no longer be valid. For the measurement of larges volumes 
correction tables (usually provided with the instrument) must be used. 

Radiopharmaceuticals containing carbon-14 and tritium can be measured 
only by comparison with standard sources in a liquid scintillation counter. 
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Equipment for administration and measurement of low activities 

Apparatus for intravenous and intramuscular injection, ingestion, and inhalation 

To avoid the contamination of measuring equipment and test tubes, 
only disposable syringes, needles, and glassware should be used for routine 
work. In large departments it is advisable to replace the glass test-tubes 
used for the well-type counter by plastic tubes. Disposable plastic centri- 
fuge tubes are also available. 

Temporary storage of doses before administration 

Test activities may be stored for a short time without shielding provided 
that no measuring equipment is in the vicinity. The sources should always 
be placed on a waterproof tray with a raised edge, and the same procedure 
should be followed for the temporary storage of glassware and syringes. 

Measurement of functional uptakes 

The radiation dose to the patient is inversely proportional to the sensi- 
tivity of the radiation detector; in other words, the dose can be minimized 
by using very sensitive scintillation counters with large sodium iodide 
crystals. 

The sensitivity of the measuring assembly depends on both the radiation 
energy and the use of the crystal. A crystal 2.5 cm thick absorbs only 65 % 
of the gamma energy from iodine-131, which is emitted at 0.36 MeV. If the 
crystal is 5 cm thick, 90 % of the gamma energy will be absorbed, and there- 
fore a smaller test dose will suffice. 

The test dose can also be reduced by using a pulse height analyser. For 
uptake measurements, the analyser is used not as a spectrometer but as a 
means of more clearly distinguishing the signal from the background radia- 
tion. The analyser so improves the sensitivity of the radiation detector 
that the test dose may be approximately halved. It is, however, essential 
that the range of the analyser be wide enough to embrace the complete peak 
of the signal. Otherwise the opposite effect would be obtained-i.e., a 
higher test dose would have to be used. Since many pulse height analysers 
have been constructed for use as spectrometers, not all of them have a 
sufficiently wide range. If the analyser is used as a background suppressor, 
the energy resolution of the scintillation counter is not very important, 
whereas the drift resistance of the system is of very great importance. The 
peak of the gamma radiation must remain constant over the whole working 
period, otherwise large errors may occur in the measurements. 

If a sufficiently small drift cannot be ensured, it is advisable to abandon 
the pulse height analyser and to use a discriminator to eliminate the low- 
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energy Compton photons. A discriminator is the minimum equipment 
needed to effect a considerable reduction in the counting of backscattered 
particles and background radiation. 

Display of images by scintiscanner or scinticamera 

In this section the methods of displaying images are discussed purely 
from the point of view of radiation protection. The main problem is the 
choice of detectors and collimators, both of which influence the test dose 
and consequently the radiation dose to the patient. The size of crystal in 
the scintiscanner should be the same as that described above, i.e., 5 cm thick, 
and even bigger crystals may sometimes be needed. If, for example, the 
examination calls for the scanning of a selected layer within an organ rather 
than for the uniform scanning of the entire organ, use is made of a multi- 
channel collimator with several holes. The thickness of the crystal is then 
determined by the energy of gamma radiation and its diameter by the 
diagnostic measurement to be made. Crystals 20 cm in diameter may be 
used for a liver scintigram capable of revealing minor defects. It is not 
however possible to make a good scintigram of the thyroid with such a 
collimator; the deep-seated side lobes of the organ are shown very poorly 
or not at all. The detector should rather be collimated in such a way that 
a 100 % isoresponse line of about 6 cm is obtained. This can be done with 
crystals 5 cm in diameter. For routine clinical examinations, it has been 
found that crystals 5 cm thick and 8 cm in diameter have a fairly wide 
applicability. 

The use of a pulse height analyser is very important for "picture" 
registration in scintigraphy, since it removes unwanted impulses that falsify 
the registration. From the radiation protection point of view, the use of 
short-lived low-energy radionuclides such as technetium-99m is highly recom- 
mended. If high-energy collimators calculated for 0.4 MeV are used for 
low-energy radionuclides, the sensitivity of the scanner may be reduced to 
such a degree that a high test dose has to be administered. The use of thin- 
walled special collimators for low gamma energies is therefore absolutely 
necessary. 

Thyroid scintigraphy is the only method that gives good contrast between 
the signal and the background. For most scintigraphic methods, an increase 
in contrast and elimination of extra radiation is necessary. Cerebral 
tumours, for example, cannot be demonstrated without an increase in con- 
trast. Very high test doses are sometimes applied in order to increase the 
signal strength, but this procedure is ineffective because it also increases the 
background. It merely subjects the patient to a needlessly heavy exposure. 

For all scintigraphic examinations in which the radiopharmaceutical 
does not remain in the organ long enough for scanning with a conventional 
scanner, the scinticamera is necessary. Although the crystal disc of the 
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scinticamera is only 1.3 cm thick, it gives good information since it is 
constantly exposed to radiation from the whole organ during the entire 
examination. 

Calibration equipment 

Well-type ionization chambers may be used for the calibration of sources 
if the radioactive solution is kept in the hermetically sealed multiple- 
dose vials in which they are delivered by the manufacturer. Owing to the 
large volumes involved, test doses in ampoules or glasses cannot be measured 
with a well-type ionization chamber and are best measured by comparison 
with a long-lived standard source for which the number of impulses per unit 
time per microcurie is known. If the measuring instrument is used in con- 
junction with a pulse height analyser or a threshold discriminator, the 
spectra of the standard source and the measured source must be exactly the 
same. Such long-lived standard sources are available; they are known as 
mock standards or simulated standards. Thus the spectrum of iodine- 13 1 
is simulated by barium-133 and by caesium-137. 

These standard sources allow the determination both of the activity of a 
source in microcuries and of the photopeak in the impulse analyser. 

Measurement of biological specimens 

A thorough thyroid examination consists of three different measurements 
-the uptake measurement, the scintigram, and the total serum iodine and 
protein-bound iodine. The sensitivity of the detectors has to be selected 
in such a way that as small a test dose as possible will allow all three measure- 
ments to be made. This is a frequent source of error. If the scintillation 
crystals used for uptake measurement and for scanning have been selected 
correctly (i.e., 5 cm thickness for iodine-131) a well crystal of the same 
thickness will be too small, and the test dose for the measurement of the 
total serum iodine and protein-bound iodine will have to be increased. Since 
at least 5 cm of absorption layer are needed for iodine-131, the sample tube 
(which is usually about 1.6 cm in diameter) must be surrounded by an annular 
width of 5 cm of crystal, so that the overall diameter must be at least 11.6 cm. 
Spherical geometry demands that the thickness of the crystal should be the 
same as its diameter. Thus the well crystal chosen should not be less than 
12 X 12 cm. 

Because of the high sensitivity of the well-type ionization chamber, 
precautions have to be taken to avoid contamination of the workplace. To 
avoid the accidental contamination often resulting from manual operations, 
greater use is nowadays being made of automatic sample changers. The 
same arguments are valid for biological, medical, and pharmacological 
measurements using carbon-14 and tritium. The background can also be 
reduced by keeping the sample and the crystal shielded from the light (i.e., 
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in a container) and by cooling the sample, which can be done only by means 
of an automatic sample changer. 

Equipment for radiochemistry 

Radiochemical laboratories play no part in ordinary clinical routine. 
The work done in these laboratories is extremely varied, and it is hardly 
possible to find any common ground with hospital work. Construction 
measures, such as efficient fume cupboards and the separation of high- 
activity rooms from those for low activities and inactive substances are 
particularly important. Sensitive measuring equipment must be available to 
detect any contamination, and, if work is to be carried out on radioactive 
gases, an air monitor having a warning system should be available. 

A full account of radiation protection in these laboratories is beyond the 
scope of this manual, and reference should be made to other pub1ications.l 

Equipment for administration and measurement of high activities 

Apparatus for irjection and infusion 

The oral administration of therapeutic doses of radioactive substances 
should normally be avoided because if the patient vomits an indeterminate 
amount of the dose will be lost. An error in dosage might then occur that 
could even endanger the patient's life. Several manufacturers produce 
shielded syringes for the injection of radioactive liquids but they have not 
proved convenient in clinical routine. Their weight and unhandiness 
provoke accidents that lead to contamination, and if used more than a few 
times they start leaking. Moreover, the cleaning of such equipment raises 
many problems. Disposable syringes and needles are therefore recom- 
mended for the administration of therapeutic doses. They can be used 
without additional shielding for activities up to 5 mCi of iodine-131 and 
gold-198. For activities up to 250 mCi, the syringe can be encased in a lead 
sheath provided with a slit so that the scale can still be seen. Lead 3 mm 
thick is sufficient to reduce the gamma dose to the hands to half its original 
value and to eliminate the beta radiation completely. When the injection 
has been made the syringe is thrown away. 

If high test doses are applied frequently, it is best to fill the syringes by 
means of a remote handling device behind a lead shield. Long-handled 
tongs allow the syringes to be handled from a safe distance. The syringes 
should be transported only on a protected wagon. 

l See, for example: International Atomic Energy Agency (1973) Safe handling of radionuclidex, 1973 
edition, Vienna (IAEA Safety Series No. 1). 
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The following technique is generally applied for infusion. From the 
newly delivered bottle containing the therapy dose the detachable middle 
part of the aluminium cap is removed. A sterile needle is inserted through 
the sterile rubber stopper and pushed downwards to just above the liquid 
level. A second sterile needle is then pushed through the stopper to the 
bottom of the bottle, and the bottle is placed in a lead container with walls 
3 cm thick. The needle is connected by means of a sterile tube with a needle 
in the patient, while the first needle in the bottle is connected to the tap of a 
flask containing physiological sodium chloride solution. When this tap 
is opened, the sodium chloride solution will flow into the bottle and push 
the therapy solution into the injection needle. This technique is very useful 
in the administration of gold-198 colloid. 

Temporary storage of doses before administration 

The syringes filled with the therapeutic solution must remain within 
lead shielding until they are used. 

Measurement of functional uptakes 

In the measurement of the thyroid uptake of functional therapeutic 
doses (e.g., up to about 10 mCi), the counter cannot be used at the normal 
distance of 35-50 cm from the patient because its resolution would be 
exceeded. The distance must therefore be increased to about 200 cm. 
However, at this distance the collimation of the thyroid field is more difficult. 
Indeed, measurement is possible only when the patient is in a sitting posi- 
tion and shielded with a l-cm thickness of lead in such a way that only the 
thyroid field remains free, thus obtaining a "negative collimation". 

Measurement of therapeutic amounts of radionuclides 

The measurement of therapeutic amounts of radionuclides (i.e., hundreds 
of millicuries) can be made only with ionization chambers, preferably of the 
well type. All measurements should be made by a medical physicist. 

Display of images by scintiscanner or scinticamera 

The use of scintigraphy in radiotherapy is illustrated by the following 
example. To determine the distribution of gold-198 colloid solution, the 
scanner must meet two requirements-it must have a high energy resolution 
(higher than 106 counts per second) and the recording device must be movable 
in order to display the distribution in different directions around the patient. 
A camera with a movable head-unit meets both requirements. 



11. Waste Treatment and Disposal 

The disposal of radioactive wastewater into the normal sewerage system 
should concur with national regulations. The general principles of waste 
disposal are given in an internationally accepted code of practice1 

Regulations normally give a restrictive safe discharge limit permitting 
the release of radioactive waste material into the environment in amounts 
determined by their final concentration in the sewerage system expressed in 
pCi/litre (i.e., taking acount of the total available flow of water in the system 
averaged over a moderate period--daily or monthly). This provision ensures 
that the exposure of individual members of the public will be limited to very 
low doses-under no circumstances in excess of the dose limits set by the 
International Atomic Energy Agen~y .~  

A safe limit for discharge may be arrived at by identifying: 

(1) the critical nuclide ; 
(2) the critical pathway to man; 
(3) the critical group in the community; and 
(4) the critical organ. 

1 With a knowledge of these criteria it is possible to calculate the rate at 
I which radioactivity may be released at a given point in the environment. 
l 

i Account must, of course, be taken of any alternative requirements of the 
competent authority, and local studies by experts may provide justification 1 for other levels. It must be empharised that in practice the small user seldom 

~ needs to consider the problem in such detail since the amount and nature of 
the radionuclides he uses would not in any probability pose a significant en- 
vironmental problem. Indeed, the following arguments tend to show that no 
significant environmental problem arises from waste disposal from depart- 
ments using unsealed sources. 

Apart from iodine- 13 1, gold-198, and phosphorus-32, the radionuclides 
used in the form of unsealed sources have low activities and are used in very 
small amounts. 

Iodine-1 3 1, gold-198, and phosphorus-32 would appear to be more serious 
potential sources of contamination, which might take the form either of 
laboratory spillage and leakage, the consequences of which can be avoided 
by the proper design of the preparation and application rooms, or, more 
important, of contaminated excreta from patients. Gold-198, however, is 

International Atomic Energy Agency (1973) Safe handling of radionuclides, 1973 edition, Vienna 
(IAEA Safety Series No. 1). 

International Atomic Energy Agency (1967) Basic safety standards for radiation protection, Vienna 
(IAEA Safety Series No. 9). 
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always used in colloidal form and is therefore not excreted. Iodine-131 and 
phosphorus-32 appear in the excreta for the first few days after application, 
and these excreta should be stored for several weeks until the radioactivity 
has decayed to a sufficiently low level for disposal. 

Type and source of waste 

Liquid wastes 

Liquid wastes originate from : 

(1) the remains of administered solutions, comprising small volumes of 
less than 1 m1 and activities of less than 1 mCi. 

(2) excretions from patients, comprising about 2 litres of faeces and urine 
per day per patient. The biological elimination of activity is about 
50 % within the first three days. 

(3) stomach contents that in rare cases might be vomited on the day of 
application, comprising perhaps 100 m1 with a maximum activity of a few 
millicuries. 

(4) rinsing water that has been used for cleaning apparatus, comprising 
an indeterminate volume with an activity of a fraction of a millicurie. 

(5) rinsing water from contaminated laundry. 

Solid wastes 

Solid wastes include: 
(l) contaminated laundry, comprising towels and (in rare cases) bed linen 

and nightgowns of enuretic patients, the total activity being a few milli- 
curies. 

(2) contaminated dressing material bearing activities of a fraction of a 
millicurie. 

(3) contaminated equipment (syringes, drinking glasses, dishes, etc.) 
bearing minor contamination of the inner side of the equipment. 

(4) contaminated wrapping material (a rare occurrence) containing acti- 
vities of a few millicuries. 

Treatment of liquid wastes 

The excretions of patients who have received low doses-less than 
15 mCi -and of course those of diagnostic patients may be connected 
directly to the sewerage system. The toilets in all patients' rooms should 
therefore be connected directly with the sewage system. For the rare 
application of high doses of iodine-131 (for example for thyroid cancer) the 
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patient may use a specially constructed toilet which contains a bag for faeces 
that can easily be changed. A sufficient amount of deodorants prevents the 
formation of gases and smell. 

At intervals, say once a day, the deodorized bag containing faeces and 
urine is taken to the cellar in a shielded container and emptied into a sink 
for faeces. 

Vomited stomach contents are treated as excretion. The remainder of 
oral radioactive preparations should be kept in a lead-lined bottle in a fume 
cupboard, and similar bottles may also be stored in the cellar if needed. 

1 Every instrument used during the application or for other manipulations 
is marked and must not leave the department. The decontamination should 
be carried out in a special workroom, and the rinsing water may pass into 

l the normal drain. The same applies to the water from the washing machine 
l 

in which contaminated linen is cleaned. 

, Treatment of solid wastes 

All linen that has been in use during manipulations with unsealed radio- 
active sources as well as the linen from the wards and patients' rooms is to 
be examined for contamination before being sent to the laundry. The con- 
taminated linen is collected in a specially marked container in a storage room 
and washed in the room in which decaying substances are kept. Uncontam- 
inated linen may be washed in the clinic laundry. 

Contaminated dressing material is collected in specially marked plastic 
bags and stored until its radioactivity has decayed, when it is burned in the 
hospital incinerator like normal dressing material. Cleaned equipment, 
which is marked and is not to leave the department, may be used again. 

Disposable linen, coats, etc., are now available. After use they are 
stored until their radioactivity decays away, when they are treated as non- 
radioactive waste. 

Storage of wastes prior to disposal 

Two separate well ventilated rooms should be provided for the accommo- 
dation of radioactive waste during the time required for the activity to decay. 
Each room should be about 20 m2 in size and should have a lockable spe- 
cially marked door. One of the rooms should contain a refrigerator to 
store faeces and other contaminated substances that have to be kept in a 
cool place. It should also contain a sink for faeces. The other room is 
equipped with storage facilities for contaminated objects. Here also the 
marked containers of radioactive material may be stored, each one signed 
with the date for dispatch. The rest of the room is reserved for storage of 
large contaminated objects such as bed, furniture, and mattresses. 



70 MANUAL ON RADIATION PROTECTION : UNSEALED SOURCES 

Wastes from radiochemical laboratories 

No general rule can be applied for contaminated wastes from radio- 
chemical laboratories. When carbon-14 and tritium are used, all residues 
and wastes from chemical processes should be stored in containers. 

Tanks cannot of course be used for these long-lived radiation sources 
because of the slow decay. It has been found suitable to store such sources 
in small cans that are passed to industrial radioactive waste depositories. 
When short-lived radioactive substances of high activity are to be disposed of, 
an output measurement is necessary in order to estimate the activity passed 
into the sewerage system, which should not exceed the daily millicurie limit. 



12. Monitoring 

For the detailed operational and instrumentation aspects of monitoring, 
the reader is referred to publications of the International Atomic Energy 
Agency.l 

Monitoring is essential for the protection not only of individuals but 
also of sensitive measuring equipment, which would be rendered inoperative 
if slightly contaminated by radioactive material, even though such 
contamination would be harmless from a biological point of view. 

In monitoring, two aspects are to be considered-external irradiation 
and radioactive contamination. Radioactive contamination for monitoring 
purposes includes the contamination of surfaces as well as the external and 
internal contamination of individuals. 

The monitoring sensitivity must be appropriate to the object to be moni- 
tored. Small laboratory monitors (such as Geiger and end-window coun- 
ters) are of limited value in the monitoring of glassware used in conjunction 
with the well-type scintillation counter; such glassware should be monitored 
in the scintillation counter itself. Geiger counters are likewise useless for 
measuring contamination due to carbon-14 and tritium, for which liquid 
scintillation counters or methane counters should be used. Thus monitoring 
equipment must be chosen according to the object to be monitored and the 
quality of the radiation emitted by it. 

The evaluation of the potential health hazard from the measurements 
obtained with the monitor is often a very complicated procedure and should 
be carried out by an experienced medical physicist in cooperation with a 
physician knowledgeable in this field. 

Monitoring of protective clothing and bedding 

Routine monitoring should be carried out on the protective clothing of 
the personnel working with unsealed radioactive sources, the protective 
clothing of the cleaning staff and nurses taking care of patients with incor- 
porated unsealed sources, on the bedclothes of these patients, including 

l International Atomic Energy Agency, Vienna: 
IAEA Safety Series No. 2 - Safe handling of radioisotopes: health physics addendum (1960). 
IAEA Safety Series No. 8 - The use offilm badges for personnel monitoring (1962). 
IAEA Safety Series No. 14 - The basic requirements for personnel monitoring (1965). 
IAEA Technical Report Series No. 109 - Personnel dosimetry systems for external radiation exposures (1970). 
IAEA Technical Report Series No. 110 - Manual of dosimetry in radiotherapy (1970). 
IAEA Technical Report Series No. 120 - Monitoring of radioactive contamination on surfaces (1970). 
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nightgowns and covers. Bed linen is generally removed after accidents 
such as the spilling of a therapeutic dose or the vomiting of a radioactive 
chemical. The contaminated bedding should either be stored for several 
half-lives in special polyvinyl chloride bags or be given a preliminary washing 
before being sent for cleaning-a procedure that applies particularly to short- 
lived sources such as iodine- 13 1, gold- 198, phosphorus-32, and technetium- 
99m. 

Before the bedding leaves the controlled area to be laundered it should be 
checked for contamination. Owing to the low physical density of bed linen, 
it is advisable to measure the beta component since the measurement of 
gamma activity might show a negative result. For the segregation of linen, a 
count rate of double the background count has proved a useful limit, but it 
is also possible, without any danger, to use a value three times that of the 
background. 

Working surfaces 

The floors, tables, and door handles of dispensing and application rooms 
are prime subjects for monitoring. Since radioactive sources are always 
present in these rooms, contamination can be detected only with shielded 
monitors. When working with gamma ray emitters and beta ray emitters of 
more than 1 MeV, end-window Geiger-Miiller counters are to be recom- 
mended. 

Because of the high danger of spreading contamination, the maximum 
permissible contamination level of floors and door handles should be restricted 
to the double-background radiation level. If the background radiation is 
higher than normal only the radiation protection officer can decide whether 
work can be continued or whether chemical decontamination is necessary. 
For table tops, a higher degree of contamination may be allowed. The 
absolute absence of contamination in radiochemical laboratories is impossible. 
The permissible count rate varies with the type of radioactive contamination 
and the critical organ that might be affected. 

If strong radioactive sources are present in the laboratory, the contamin- 
ation can no longer be measured, even with collimated detectors. In this 
event the "wipe test" is to be applied. In this test the surface is wiped with 
a gauze pad moistened with a solvent-usually water since most of the 
compounds used in clinical departments are water soluble. Where the 
compound is not water-soluble, of course, the best solvent for that compound 
should be used. Gloves should always be worn when carrying out such tests, 
in order to avoid secondary contamination. The gauze pad is slightly 
moistened and thoroughly compressed, then wiped several times over the 
surface to be examined. It is placed in a Petri dish and dried at a moderate 
temperature (no higher than 60•‹C), then put into a gas flow counter. If the 
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background count rate is increased, a contamination has occurred. An 
evaluation based on the pulse height rate is not possible. 

Air monitors 

The detection of radioactive gases is very difficult. Most air monitors 
are based on the adherence of radioactive molecules to aerosol droplets, 
which are subsequently absorbed on a test disc or on filter paper. This 
procedure, however, is not sufficiently reliable in a radiochemical laboratory. 
The only reliable procedure is to suck the air continuously through a measur- 
ing instrument, which might be an ionization chamber of large volume 
or a proportional counting tube. The tritium monitor is an example of the 
instruments of this kind that are available. Their biological suitability 
can be determined only after careful consideration of all relevant factors 
by a health physicist. 

Personnel monitoring for external radiation 

The constant surveillance of personal doses by an integrating device 
such as a pocket monitor or a film badge is essential for all work with 
radioactive substances. In many countries the use of such devices is obliga- 
tory. The readings are regularly recorded and kept permanently in the 
individual's file. Pocket dosimeters are particularly useful (in addition to 
film badges) for workers who may be exposed to gamma rays and hard beta 
rays. Lithium fluoride thermoluminescent dosimeters are especially suitable 
as finger rings for checking the dose to the fingers. For the checking of 
hands and feet a hand-foot monitor should be installed in the laboratory so 
that personnel can use it regularly before changing from their working clothes 
into their ordinary clothes. Highly sensitive monitors of this kind should 
also be used before entering the measuring rooms. Gas-flow proportional 
counters with thin-window counting tubes have proved particularly suitable. 
Those in which the window foils can be changed are preferable. 

A slight increase of the background count rate is biologically harmless, 
but it cannot be allowed in a measuring room. The highly sensitive scintil- 
lation counters must be protected against secondary contamination at all 
costs. 

Warning devices for personnel monitoring 

The drawback of film badges is that the results are available only after 
several weeks have passed so that it is usually very difficult to pinpoint the 
cause of any overexposure or to determine the time when it occurred. The 
identification of the source of overexposure can be especially difficult if the 
staff member works at different places with different sources. The main 
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problem is not in keeping a check on the exposure to which a person has 
been subjected over a period of time but in ensuring that he receives timely 
warning that overexposure is occurring. 

Individual dosimeters are available that give an acoustic signal when a pre- 
determined dose is reached. Their disadvantage is the fact that they work 
on the dose-integration principle; the staff member wearing this device must 
receive his full daily dose before the instrument gives any signal. He is then 
very often already in another place and has had no opportunity to avoid the 
radiation beforehand. Furthermore, these instruments do not give a reading 
of the overexposure, which is very important for the user because it is 
not, for instance, possible for a physician to interrupt the treatment of a 
patient immediately the signal is given. 

The evaluation of the degree of radiation exposure must be indicated by 
some instantly recognizable means. Instruments that give an optical reading 
of the exposure after sounding an acoustic signal are virtually useless 
because it is difficult to carry out clinical or chemical work and at the same 
time to observe the scale of a dosimeter. Mechanical manipulation of the 
warning device, such as the pressing of buttons to select warning ranges, is 
similarly to be avoided since it would merely spread contamination from 
the worker's gloves to the monitor. 

The most practical system of warning is the acoustic dose-rate meter, 
which gives an audible warning when the wearer is subjected to a high rate 
of irradiation. As the dose rate increases, the pitch of the sound rises. This 
variation of the signal within the radiation field not only calls attention 
to the danger but also permits the location of the source. A person wearing 
the warning device can change his position in the room and choose the place 
where the radiation is least. 

The monitoring powers of these pocket-sized warning devices are 
restricted to gamma rays and hard beta rays. The best instruments of this 
type have a small rate-meter scale, which is divided'logarithmically from 
0 to 100 mR/h. They are accurate to about & 25 %, which is sufficient for 
dose rates and dose limits in the radiation protection range. 

Whatever personnel monitor is used, it should not be forgotten that some 
parts of the body, such as the hands, may be subjected to a higher exposure 
than that recorded by the dosimeter. 

Choices of monitoring equipment 

The equipment described in this section is suitable for the monitoring of 
gamma rays and hard beta rays. Equipment for soft beta rays is given in 
Chapter 13. 

All persons working with radionuclides must wear film badges and 
pocket dosimeters. Those working with therapeutic doses and therapy 
patients should preferably also wear acoustic dose-rate warning devices. 
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A hand-foot monitor should be placed at the door of the active room. 
In small departments where only one physician and one technician are 
working, a counting tube rate-meter placed in a cupboard and having an 
acoustic device is sdcient. An end-window counting tube with a long 
cable permits the monitoring of hands and feet and may also be used for 
monitoring contamination. In large departments an end-window counting 
tube is similarly used for contamination control, but in this case it is battery- 
powered to avoid the need for a cable. End-window counting tubes are 
absolutely necessary in order to include the beta component in the measure- 
ment. 

Monitoring for internal contamination 

The monitoring of a staff member working with unsealed sources can 
be achieved by indirect methods involving measurement of the airborne 
radioactivity at his workplace or of the radioactivity of his excreta and by 
direct methods involving measurement of his body radioactivity. 

An indirect assessment of internal contamination can be made from 
information on the quantity of radionuclides assumed to have been incorpo- 
rated through inhalation, ingestion, or wounds. Inhalation is the most 
frequent means of absorbing radioactive material. Indirect monitoring is 
not a very convenient method because it involves the frequent taking of air 
samples to obtain the most accurate possible picture of the air breathed. 
For every worker, the type of work done and the time spent on each operation 
must be known. From a knowledge of the quantities of air inhaled and the 
modes of absorption for an average individual, the body content after a 
specified period-a day, a week, or a month-can be deduced. This method 
is of value in radiochemical laboratories. 

The second type of indirect monitoring is made by monitoring the 
excreta (bioassay) on the assumption that the biological elimination can be 
represented by known mathematical formulae. The pattern of elimination 
from the body depends on the nature of the radionuclide. Radiochemical 
analyses are generally carried out on urine and occasionally on faeces and 
exhaled breath. Urine analysis is particularly useful for radionuclides such 
as phosphorus-32 and tritium. 

The direct measurement of the body and organ content is possible only 
if the radionuclide is a gamma emitter that can be detected ouside the body 
by gamma spectroscopy with properly calibrated equipment. It is particularly 
useful in cases where a worker is suspected of having an appreciable 
internal contamination. There is no need to take samples, and the method is 
highly sensitive, convenient, and reliable. The only precaution necessary is to 
make sure that there is no external contamination. It is used for radio- 
nuclides such as iodine-1 3 1, iron-59, and caesium- 137. 
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Ward monitor 

For the contamination control of the beds and linen in highly active 
rooms a proportional counter of large area with a thin-foil window is most 
suitable. This instrument is connected to a rate-meter with an acoustic 
warning device. It also allows checks to be carried out on students. 

Monitors are sometimes needed in wards. Since it frequently happens 
that patients with therapeutic doses in the millicurie range try to leave the 
radioprotective rooms, an alarm system at the exit of the ward or the 
patient's room is advisable. A simple rate meter is sufficient for this purpose, 
as well as a cheap gamma counter and a holder in the door frame. The 
nurse is informed immediately by the alarm when the patient tries to leave 
the room. When the ward is far away from the technical working places, 
a counting tube monitor with a scale measuring millirontgens per hour 
should be available to determine the activity in the patient without any extra 
calculations. 



13. Special Problems Relating to Tritium and 
Carbon-14 

The use of compounds labelled with tritium or carbon-14 has gained 
great importance in biological and medical research as well as in pharma- 
cological studies. In clinical medicine their use is still somewhat restricted, 
but it may be expected to develop in future. 

Tritium and carbon-14 have the great advantage that they do not alter 
the chemical characteristics of organic molecules and therefore do not affect 
their fate in the body. The label may be homogeneous or may be attached 
to some particular group in the molecule, a property permitting a more 
detailed analysis of metabolic processes than would otherwipe be possible. A 
point to be noted, however, is that tritium labels are sometimes unstable, 
particularly in certain positions in organic molecules. 

The use of these radionuclides presents certain problems. It is difficult 
to detect and measure the tracers in the body (especially tritium), and the 
evaluation of the dose that actually results from the administration of 
complex labelled molecules is far from easy. Owing to its ability to exchange 
with hydrogen in water, tritium can become widely disseminated. 

Since both these radionuclides are pure beta emitters, no external 
detection is possible, and measurements have to be made entirely on biolo- 
gical specimens. These measurements themselves entail difficulties because of 
the low beta radiation energy-very low for tritium (l8 keV) and relatively 
low for carbon-14 (158 keV)--which requires the application of special 
techniques and equipment. Difficulties similarly arise in the monitoring of 
personnel and of the working environment for contamination. The moni- 
toring of personnel is best carried out by monitoring the excreta in a scintil- 
lation counter. 

Owing to the danger of incorporation of tritium into the body, labelling 
should not be attempted in nuclear medicine clinics. The compound required 
in a labelled form should be obtained from laboratories specializing in 
labelling procedures. The irradiation that results from the administration 
of tritiated water to determine total body water can be evaluated simply 
and relatively accurately. Unfortunately this is not true for complex organic 
molecules, owing to our uncertain knowledge of their pharmacokinetic 
properties. The consequent uncertainties in the doses received may be 
considerable. Where significant exposure is suspected, it is important to 
supplement the routine bioassay measurements with a series of measure- 
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ments to obtain the decay curve of the radioactivity of the excreta of the 
individual under investigation. 

More detailed information on dose assessment from internally deposited 
carbon-14 and tritium are given in ICRP pub1ications.l 

l International Commission on Radiological Protection (1968) Report of Committee IV on Ev& 
ation of Radiation Doses to Body Tissues from Internal Contamination due to Occupational Exposure. 
Oxford, Pergamon (ICRP Publication 10); International Commission on Radiological Protection (1971) 
The assessment of internal contamination resulting from recurrent or prolonged uptakes, Oxford, Pergamon 
CICRP Publication 10 A). 



14. Decontamination 

Contamination occurs when a radionuclide spreads beyond its normal 
place of confinement. The radionuclide thus released may spread through 
the environment (air, water, floors, and surfaces in general) and become 
partly fixed there. It may eventually affect human beings and become fixed 
on the inside or outside of the body. We will deal only with contamination 
that remains outside the body. This external contamination may involve 
personnel, clothing and bedding, laboratory equipment and instruments, 
working surfaces and other surfaces in rooms. Every centre handling 
radioactive materials should institute a decontamination service comprising 
a team of people specially trained in decontamination techniques and pos- 
sessing all the necessary equipment and chemicals. 

Personnel 

Contamination of personnel is usually the result of an accident. It can 
affect persons who handle radionuclides or those who come in contact with 
patients incorporating radioactivity (through vomiting, discharges associated 
with injections, contaminated bed linen, and excreta). It takes the form of 
contamination of the hands or other areas of the skin or scalp. The serious- 
ness of this kind of contamination depends mainly on the dose delivered at 
the site where the radionuclide settles (which may not be negligible) and on 
the secondary risk of internal contamination, either through penetration 
of the skin or through ingestion. 

When a monitor detects contamination of the hands or skin, the radio- 
activity can often be reduced below the detection level by careful washing 
with soap. If the contamination persists, decontamination must be carried 
out by a specialized service. Every laboratory should be equipped with 
eye-cups and showers in the vicinity of the changing room. 

When an incident occurs that involves contamination of personnel, 
remedial action is first confined to containing the contamination. If only 
the hands and arms are contaminated, the affected person should wash 
very thoroughly and repeatedly. Hasty action, which might spread limited 
contamination further, is normally to be avoided, but if the eyes or mouth 
are affected rapid decontamination is essential. For this reason the decon- 
tamination service should be called immediately. 

When the skin is contaminated the dose rate to the skin itself may be 
considerable. Moreover, some radionuclides can actually penetrate the 
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intact skin and cause internal contamination. Such contamination can 
also arise by the passage of radioactive substances through open wounds. 

The best decontaminant in the event of skin contamination has proved 
to be ordinary soap. If the contamination persists, one can try to reduce 
the radioactivity by washing with an entraining agent. Should this treat- 
ment prove inadequate other methods are availableY1 but their value is 
limited by the risk of facilitating the passage of contamination into the body 
through skin abrasions. A detergent ointment with a titanium dioxide base 
can be used, as can a saturated potassium permanganate solution. But 
chemical treatments of this kind should be applied with care in order not to 
damage the skin, and the same is true of the use of light abrasives and 
scrubbing. Contaminated wounds must be thoroughly washed in running 
water, even before calling the decontamination service. 

Clothing and bedding 

In the laboratory and during the treatment of patients incorporating 
radioactivity, working clothes may become somewhat contaminated, but 
major contamination is almost always the result of a handling incident or 
mishap. In hospitals, clothing and bedding may become contaminated by 
perspiration, discharges following injections, the incontinence of a patient, 
vomiting, or some other incident. It is important to change the contami- 
nated clothing and bedding at once and to store them in impermeable bags 
until they can be sent to the laundry. 

Contamination of clothing carries the risk of irradiation of the skin and 
the danger of internal contamination through the formation of a suspension 
in air. It can easily be detected with portable monitors. 

Working clothes and bedding or linen that have become contaminated 
should be washed in a special laundry so as to avoid the washing of radio- 
active and nonradioactive clothing together. 

Either soap or a detergent can be used for washing. The operation is 
preceded and followed by numerous rinsings. A hot 1 % citric acid solu- 
tion can also be used. Highly contaminated clothing or linen can be stored 
for a while to allow the short-lived nuclides to decay. If contamination 
with long-lived radioisotopes cannot be removed by laundering, the linen 
should be treated as radioactive waste. 

After laundering, clothing should be monitored for residual radioactivity. 
Residual levels should be well below the limits given as examples in publica- 
tions dealing with permissible contamination of working  clothe^.^ 

International Atomic Energy Agency (1960) Safe handling of radioisotopes: medical addendum. Vienna 
(IAEA Safety Series No. 3). 

P International Labour Office (1963) Manual of industrial radiation protection. Part ZII: General guide on 
protection against ionising radiations, Geneva; International Atomic Energy Agency (1973) S d e  handling of 
radionuclides, 1973 edition, Vienna (IAEA Safety Series No. 1). 



DECONTAMINATION 

Equipment and apparatus 

A useful distinction can be made between loose and fixed contamination of 
laboratory equipment and instruments, the latter being the residual amount 
remaining after normal decontamination procedures have been completed. 

The contamination of equipment such as glassware and minor laboratory 
tools is obviously undesirable as it may lead to contamination of the staff 
and may also be a source of errors in analyses and measurements. Equipment 
used for radioactive materials can be marked to distinguish it from other 
equipment used for nonradioactive handling operations. If the laboratory 
works with a single radionuclide the consequences of slight residual con- 
tamination of glassware are likely to be less serious, but it is still important 
that this glassware should not be mixed up with uncontaminated glassware. 

Even slight contamination of counting equipment is undesirable, because 
I of the importance of keeping the background very low and of avoiding any 
l distortion of the count by extraneous radionuclides. 

The degree of contamination of glassware and certain laboratory 
instruments and equipment is often difficult to determine with accuracy. 

l Unless the contrary can be proved, all items of equipment used in the 
handling of radioactive substances should be assumed to be contaminated. 

After use, porcelain and glassware should be cleaned with appropriate 
detergents or chemical decontaminants, the most common of which is I chromic acid cleaning mixture (K2Cr20, + H,S03, and thoroughly rinsed. 
Other agents, such as ammonium citrate [(NH,),C,H,O,], pentasodium 
triphosphate (Na,P,O,,), and ammonium fluoride (NH,HF,) can also be 
used, but when handling plastics one should avoid any agents that might 
damage the material. 

Metal objects should first be cleaned with good detergents: this pro- 
cedure may be followed as required by the use of complexing agents (a 
citrate-edetic acid mixture), ammonium fluoride, or dilute acid solutions. 

Ordinary metal cleaners are used to clean stainless steel. If contam- 
ination persists, a mild abrasive can be employed. Persistent contamination 
can be removed with a mixture of nitric acid and 1 % sodium fluoride. 

Decontamination of intricate equipment may require dismantling and 
cleaning of the individual components by one of the procedures described 
above. A removable coating of paint can be a great help in the decon- 
tamination of equipment. 

If these methods prove inadequate, one can resort to sand-blasting and 
ultrasonic techniques. The choice of method depends primarily on the 
type of equipment and whether or not it can withstand treatment that might 
lead to a loss of material. 

If the contaminant is a short-lived nuclide, objects and equipment that 
prove difficult to decontaminate must be stored until the radioactivity has 
decayed; otherwise they must be disposed of as radioactive waste. 
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Working surfaces and rooms 

Contamination of working surfaces, floors, and corridors may originate 
from limited spills, the settling of aerosols present in the air and the transfer 
of contamination by footwear. It may also result from a contamination 
accident, such as the overturning of radioactive solutions or substances, 
vomiting, etc. The outcome may be exposure of personnel and contamin- 
ation of skin and clothing. Finally, the contaminating material may form 
a suspension in the air and lead to internal exposure through inhalation. 

Surfaces and rooms should be periodically checked for contamination 
and should be decontaminated whenever the levels exceed certain limits, 
which may be established by national 1egislation.l 

Whenever the contamination of surfaces exceeds these levels, decontam- 
ination must be carried out. The cleaning-up operation is usually carried 
out by sweeping the surface with a broom or brush wetted with a suitable 
agent, or by mopping it with a damp cloth. Dry sweeping should be 
avoided as it leads to the formation of dust particle suspensions. 

Linoleum-covered or painted floors are decontaminated by means of 
detergents, care being taken to avoid spreading the contamination. If con- 
tamination persists, the floor coverings or paint must be removed. Con- 
tamination on walls lined with porous material should not be allowed to 
penetrate the material; if it does, the contaminated portions of the surface 
must be cut out. 

When a radioactive solution is spilt, the first step is to prevent the con- 
tamination from spreading. The liquid should be soaked up with sawdust, 
absorbent material or dry rags. Decontamination can be carried out by 
mopping the surface with a damp cloth, by ordinary washing, or by scrub- 
bing. 

If a patient vomits within five hours of receiving a radionuclide, all 
affected floors, bedding, linen, and persons must undergo the same decon- 
tamination procedures as would be applied in the event of spillage of a radio- 
nuclide. Some indication of the actual risk involved will be given by a 
knowledge of the radionuclide used and the activity administered. 

Monitoring with probes suited to the radiation emitted by the con- 
taminant nuclide will show whether the decontamination has been success- 
fully carried out. 

If tables or other furniture have been contaminated by pure beta emitters 
and decontamination proves difficult, the contaminated spots can be painted 
or varnished over, or else covered with firmly attached pieces of glass or plastic. 

1 The working limits adopted in various countries are given in: International Labour Office (1963) 
Manual of industrial radiation protection. Part ZZZ: General guide on protection against ionising radiations, 
Geneva; International Atomic Energey Agency (1973) Safe handling of radionuclides, 1973 edition, Vienna 
(IAEA Safety Series No. 1). 



15. Protection of Patients 

The administration of radioactive materials always involves a radiation 
hazard for the patient receiving them, whether the irradiation is the actual 
purpose of the medical intervention or merely an undesirable but inevitable 
consequence of it. 

These risks, the nature and extent of which depend on the organs and 
tissues irradiated and on the dose delivered, should be carefully weighed 
when it is proposed to administer radionuclides to a patient. 

In some instances simple procedures can reduce the dose to the critical 
organs and/or the gonads (e.g., the emptying of the bladder in cases in 
which the radionuclide is excreted in the urine). 

For patients it is not of course possible to establish in general terms-as 
is done for workers and the general public-an acceptable level of risk from 
which dose limits may be derived, because the benefit gained by the patient 
from a diagnostic examination or therapeutic treatment will vary with the 
importance of the findings of the examination or with the seriousness of the 
malady and the improvement expected from the therapy. Thus in every 
case the risks involved in the administration of radioactive materials must 

I be weighed against the advantages which the patient seems likely to gain 
l 
I from it in terms of health and wellbeing. As a general rule, however, one , should try to keep the irradiation resulting from the administration of radio- 

nuclides to the lowest level consistent with obtaining the necessary infor- 
mation or the desired therapeutic effect. 

1 Diagnostic applications 

! Evaluation of hazard 

The information required for clinical purposes can often be obtained by 
a variety of methods, and to choose the one that will expose the patient to 
the smallest risk the physician must evaluate the doses likely to be received 
by the various irradiated organs or tissues. The aim should be to determine 1 the total dose that will be delivered up to the time of complete disappearance 
of the radionuclide through radioactive decay and biological elimination-in 
other words the intake dose. The hazard evaluation of the internal dose 
following incorporation has been discussed in Chapter 2 (page 15) to which 
the reader may wish to refer. The internal dose can be iduenced by the 
purity of the compound. 
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Certain preparations may contain impurities that alter the intake doses. 
The presence in a labelled compound of another radioisotope of the tracer 
element (for example, mercury-203 with mercury-1 97, calcium-45 with 
calcium-47, or iron-55 with iron-59) may step up the dose considerably. 
The presence of 1 % mercury-203 in chlormerodrin labelled with mercury-1 97, 
for example, doubles the dose to the kidney. The same may apply if a 
fraction of the activity present is not in the desired chemical form. The 
responsibility for the purity of the compound to be administered (which 
must meet the pharmacopoeia1 specifications or any other national or 
international requirements) rests with the producer. It is essential that the 
producer should indicate the nature and degree of purity of the compound 
and the impurities present, and the user must take these data into con- 
sideration when contemplating the administration to the patient. 

Range of doses from diagnostic procedures 

The doses resulting from diagnostic examinations vary considerably. 
For example, brain scanning using pertechnetate labelled with tech- 
netium-99m (10 mCi) delivers doses of about 1 rad at the large intestine and 
0.1 rad at the thyroid. Again, a kidney scan using chlormerodrin labelled 
with mercury-197 delivers a dose of about of 10 rad to the kidney. 

Generally speaking, in a normal adult the doses range from several 
hundred millirads to several rads. As an illustration Annex 3 shows the 
doses resulting from various examinations. In some cases they far exceed 
the values given above, but it may nevertheless be felt that the risk is accept- 
able owing to the importance of the treatment to the patient. 

A point to be noted is that clinics are sometimes induced by the poor 
sensitivity of their measuring equipment to increase the activities admin- 
istered. This practice should be avoided. The measuring equipment used 
should contribute, like the choice of compound and tracer, to keeping the 
doses received by patients as low as possible. 

Finally, it is worth stressing the importance of doses received by the 
embryo or fetus during examinations of pregnant women, for epidemio- 
logical studies on the frequency of cancerous affections in infants irradiated 
in utero have shown the particularly high radiosensitivity of the embryo 
and fetus. Thus examinations of this kind should not be carried out unless 
the dose received by the embryo or fetus is small. If possible they should 
be postponed until the end of pregnancy or at least until the second half of 
it. Similarly, in women of reproductive capacity the possibility of pregnancy 
should be borne in mind, and as far as possible any examination that might 
result in irradiation of an embryo should be carried out during the time when 
pregnancy is least likely-that is to say, during the ten days following the 
start of menstruation. 



PROTECTION OF PATIENTS 

I Re-examination and multiple examinations 

It is sometimes necessary to subject a patient to a series of examinations 
involving the administration of radioactive compounds or to perform a re- 
examination in order to assess the effectiveness of the treatment applied. In 
all such cases one should bear in mind the total dose received by the patient 
from all the examinations taken together. As a general rule, no more exa- 
minations should be performed than are absolutely necessary. To prevent 
examinations being ordered independently by different departments of the 
same hospital, all the occasions on which radioactive compounds have been 
administered should be noted on a single card kept permanently in the 
patient's medical record. 

Whenever a series of examinations is required, the order in which the 
examinations are carried out (unless dictated by the relative urgency of the 
information to be obtained from the different tests) should be such as to 
minimize the dose received by the patient. The activity remaining in the 
body after an examination may well make it necessary to use higher activities 
for subsequent examinations than would otherwise be needed to ensure 
accurate results. Hence, as far as possible, one should begin with examinations 
involving compounds of short retention time, i.e., those that undergo rapid 
biological elimination or rapid radioactive decay. 

The attempt to keep activities to a minimum should not be overdone. 
Activities should be adjusted to the level required to provide the desired infor- 
mation, otherwise the examination may have to be repeated and the patient 
consequently subjected to a higher dose than necessary. 

Therapeutic applications 

In therapeutic applications, irradiation is no longer an undesirable side- 
effect-of the medical intervention but its very purpose. Whereas in diagnosis 
the activity administered depends on the measurements to be carried out 
and the accuracy required, in therapeutics it is governed by the dose to be 
delivered to particular organs or tissues. It is nevertheless true that irradia- 
tion of diseased tissues, while producing a healing effect, may involve cer- 
tain risks; above all, it is accompanied by a more or less extensive radiation 
of healthy tissues. 

The radiation risks to diseased organs or tissues depend on the condition 
to be treated. With cancer-quite apart from the fact that the seriousness 
of the affection may justify greater risks-the occurrence of long-term secon- 
dary effects is unlikely as the doses delivered are very high and are aimed at 
total destruction of the diseased tissue. In the case of noncancerous affec- 
tions, the doses delivered are lower and the chances of secondary effects 
occurring must be anticipated and weighed. An example is the treatment of 
hyperthyroidism with iodine-131, which may result in a greater proba- 
bility of subsequent thyroid tumours, especially, it is thought, in children. 
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However the greater probability of tumours has not yet been clearly dem- 
onstrated. 

The doses delivered to diseased tissues and hence the activities to be 
administered are evaluated as described on page 25. The variables of 
importance in metabolic therapy-uptake rate, retention function, and mass 
of organ-have to be determined on the patient himself. 

In evaluating the doses received by healthy organs and tissues, it is not 
enough to determine the doses to organs through which the radionuclide 
passes or in which it resides, as can be done in diagnosis. Because of the high 
activities used, allowance must be made for the long-range irradiation of 
tissues by gamma rays. For example, the administration of about 100 mCi of 
iodine-131 for treatment of cancer of the thyroid exposes the bone marrow 
to an average dose of several tens of rads (in adults). The ratio between 
the dose delivered to the diseased organ and that delivered to healthy tissues 
should be as large as possible. The risks associated with radiation therapy 
are greater in children than in adults owing to the relatively greater exposure 
of healthy tissue, higher radiosensitivity, and the fact that effects charac- 
terized by a long period of latency have a longer period in which to develop. 

The indication for treatment with radioactive compounds should there- 
fore be carefully established. The effectiveness and risk of radiation therapy 
must be compared with the effectiveness and risk of other possible thera- 
peutic techniques. 

New therapeutic or diagnostic applications 

The policy followed by the physician in relation to new therapeutic or 
diagnostic applications should be based on the principles formulated in the 
Declaration of the World Medical Association at Helsinki in 1964, which 
defines tests for therapeutic purposes as those involving the trial of a new 
therapeutic method and those aimed at perfecting a new type of examination 
that may permit more accurate diagnosis and thereby lead to improvements 
in therapy. 

A doctor should resort to a new method of examination or treatment only if 
its merits have been demonstrated by laboratory tests, experiments with ani- 
mals, or other scientific evidence, and only if he feels that it offers a genuine 
hope of improving the diagnosis of the patient's disease or of allaying 
his suffering. 

Before undertaking a test the doctor should carefully assess the risks and 
should consider the test legitimate only if the benefit that the patient seems 
likely to gain from it stands in a reasonable relationship to the risks involved. 
The doctor should always obtain the free and informed consent of the 
patient (allowance being made for his mental state) or, if the patient is 
incapacitated, of his legal representative. 



16. Handling of Cadavers with Incorporated 
Radionuclides 

Occasionally the condition of a patient treated with radionuclides may 
lead to death while his body still contains substantial residual activity. 

The rules and regulations governing the embalming, burial, or autopsy 
of cadavers containing substantial residual activities vary from country to 
country since they take account of various social, climatic, and religious 
factors. In this chapter an attempt is made to describe methods of pro- 
cedure that can be applied, with modifications, to most situations. 

The house physician has the responsibility of identifying a radioactive 
patient. The date and amount of the administered activity should therefore 
be indicated on the patient's bed to permit the assessment of the residual 
activity at the time of death. If there is still significant residual radioactivity, 
the physician who declares the patient dead should attach a label to the body 
indicating the presence and amount of radioactivity and the radionuclide 
responsible. 

The label should be readily recognizable, legible, and easy to understand. 
The physician in charge of the case and the person responsible for radiation 
protection should be informed immediately. When a patient is released 
from the hospital with significant incorporated amounts of radioactive 
material, the physician in charge of the case must make certain that appro- 
priate instructions are given to the relatives in the event of death. 

The precautions to be taken in handling such cadavers depend on the 
nature and quantity of the radionuclide present and on the type of handling 
intended (e.g., autopsy or merely simple treatments prior to burial). As a 
general rule it can be said that no appreciable hazard exists unless the body 
is opened, when the hands and face of the pathologist could receive high 
radiation doses, depending on the duration of exposure and the dose rate. 

Storage 

Storage of the cadaver is generally to be avoided for ethical and practical 
reasons. However, it may be necessary if embalming or autopsy is to be 
carried out. If, for example, a patient dies shortly after being given an 
infusion of 100 mCi of gold-198, it is preferable to store the body in a re- 
frigerator at -20•‹C for at least three consecutive days. The lapse of a half-life 
can contribute considerably to the reduction of doses to the attending per- 
sonnel. 
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Preparation for burial or cremation without autopsy 

The amount of incorporated radioactivity allowed at the time of burial 
depends on national regulations, which take into account regional and 
environmental conditions such as climate, distance to cemetery, type of 
transport, and availability of low-temperature refrigerators. 

The procedures that may be adopted may be classified according to 
three levels of activity remaining at the time of burial. 

( 1 )  Residual activity up to 2 mCi of iodine-131 or 5 mCi of gold-1 98. Under 
these conditions there is no need for personal dose control either of the staff 
or of the relatives of the deceased and no need for supervision by a health 
physicist. It is unnecessary to mark the cadaver, the coffin, or the clothes or 
to undertake a contamination test. 

(2) Residual activity of 2-30 mCi of iodine-131 or 5-50 mCi of gold-198. 
There is no need for personal dose control of the staff or of the relatives 

of the deceased. Preparations for burial and any contact between relatives 
and the cadaver should be controlled by a competent person, who is respon- 
sible, in addition, for marking the body with the radiation symbol. There 
is no need to label the coffin. All objects, clothes, documents, etc. that might 
have been in contact with the deceased must be tested for contamination. 

(3) Residual activity of 30-300 mCi of iodine-1 31 or 50-400 mCi of gold-198. 
Relatives must be prevented from coming into contact with the body, 

and people must not be allowed to linger in the presence of the coffin. 
The hospital staff, the coroner, the persons washing and preparing the corpse 
for burial, the staff of the undertaker, and the transportation and cemetery 
staff must be instructed by the health physicist and monitored for their per- 
sonal dose rate by means of pocket dosimeters. While there is no need to 
mark the coffin, all objects, clothes, documents, etc. must be tested for con- 
tamination. It is expedient to wrap the cadaver in plastic foil immediately 
after death has occurred, and it should never be handled unless with dispos- 
able protective gloves. 

Cadavers may be cremated only if the residual activity at the time of 
cremation is less than 2 mCi of iodine-13 1 or 5 mCi of gold-198. If the 
residual activity is higher, prior authorization should be obtained from the 
appropriate authority. 

If the body is prepared for burial in a simple standard manner there is no 
significant hazard and the procedure can be repeated a few times a year with- 
out exposing the undertaker's staff to doses in excess of the limits set for 
members of the public. 



HANDLING OF CADAVERS 

Embalming 

The embalming of cadavers constitutes an undesirable hazard and should 
if possible be avoided. If the body is not autopsied and embalming is done 
simply by the injection method, the contamination risk to the embalmer is 
small. Nevertheless, all embalmers should wear disposable gloves. If in 
exceptional cases it is considered important that the cadaver should be 
embalmed, the process should be permitted only if residual activities do not 
exceed 2 mCi of iodine-131 or 5 mCi of gold-198. Since embalmers are not, 
as a rule, familiar with health physics, they must be supervised by a health 
physicist. 

Autopsy 

Autopsy is inadvisable if the radioactivity in the cadaver is greater 
than 2 mCi of iodine-131 or 5 mCi of gold-198. The autopsy of highly 
radioactive cadavers should be invariably restricted to the absolute mini- 
mum. It is essential that the staff should wear disposable gloves, and 
supplementary measures for radiation protection and decontamination 
should be provided in consultation with the health physicist. 



17. Protection of Personnel and Members 
of the Public 

For clinical staff, as for the personnel who prepare and administer radio- 
nuclides, radiation safety is based on observance of the maximum permissible 
doses established by the public authorities in accordance with the recommen- 
dations of the competent international bodies. 

Since they spend much of their time in the presence of patients, nurses 
and auxiliary personnel are exposed to external radiation hazards, especially 
when dealing with patients who are carrying therapeutic sources. They are 
also exposed to a risk of contamination, chiefly of the skin, as a result of 
various incidents that may occur when they are nursing patients and dis- 
posing of contaminated excreta. 

Protection against external irradiation from patients 

External irradiation hazards are created by the presence of a radionuclide 
in the patient's body and excreta, Staff must accordingly take special pre- 
cautions when near the patient and when disposing of excreta. In particular 
they should not spend more than a specified period of time in the presence 
of the patient and should keep as far from him as possible. 

During the first 48 hours after administration of a therapeutic dose of 
a radionuclide, nursing should be reduced to the basic minimum. Bathing, 
for instance, should be discontinued and the bed remade very quickly. The 
amount of time spent by the nursing staff in the presence of the patient 
should be limited in such a way as to minimize the irradiation to which they 
are subjected and to ensure that the sum total of the doses received remains 
within the maximum permissible limits. 

In Annex 5, data are given from which the exposure rate from a gamma 
emitter of a given energy at a given distance from the patient can be estimated 
as a function of the activity administered and the time spent near the patient. 
Let us note here that at one metre from a patient who has received 100 mCi 
of gold-198 the exposure rate is of the order of 20 mR/h during the first day 
after treatment. At this exposure rate the maximum permissible dose for 
a week would be delivered in about 4 hours. It may be useful to delineate 
the area around the patient's bed within which it is inadvisable to remain 
(for example, by painting lines on the floor). 

The use of movable screens is unusual, but there may be need to resort to 
them if a nurse has to be stationed permanently by the patient's bedside. 
Remote surveillance by television obviates the need for such arrangements. 
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A patient who has received a therapeutic dose should in principle be isolated 
in a single room. In exceptional circumstances two such patients may 
have to be put in the same room, and in this case special care must be taken 
in nursing. 

The irradiation problems created by the collection and disposal of excreta 
can be lessened by asking the patient to take charge of the operations himself 
as soon as his state of health permits it. Unbreakable, leak-proof recep- 
tacles of plastic, sometimes incorporating special shielding, can be used 
for this purpose. The faeces are not usually very active, but their collection 
requires the same precautions as does the collection of urine. 

If these measures nevertheless fail to keep the doses received by the staff 
within reasonable limits, rotation of personnel should be resorted to. A de- 
tailed roster establishing the periods when each staff member may remain in the 
presence of radioactive patients must be drawn up, and the officer in charge 
must ensure that it is rigorously observed. 

Protection against contamination risks from patients 

Contamination risks are particularly serious when personnel are called 
upon to assist patients who are prone to vomiting or incontinence or who 
expectorate or perspire profusely. In such cases contaminated bedding or 
linen must be handled with gloves. However, the patient's excreta and vomit 
will not normally be heavily contaminated except during the first 2448 hours 
after administration of a radionuclide. 

There are also occasions when a radionuclide escapes through the punc- 
ture hole after injection of a radioactive substance. In such cases a dressing 
should be applied at the point where the injection was given. 

Routine medical supervision of radiation workers 

The routine medical supervision of the worker should be similar to that 
in good industrial medicine. In particular, attention should be directed to 
proper job placement at the beginning of employment and to supervision 
during employment and at termination. The medical examination should 
include the normal examinations and tests to ascertain the health status of the 
individual. In addition special medical tests should be made in the light of 
the hazards of unsealed s0urces.l 

The skin (particularly of the hands) must be examined for conditions such 
as eczema and wounds, which may temporarily contraindicate work with 
unsealed sources, since a person with such lesions could not be easily 
decontaminated. The hands are especially vulnerable in this respect. 

Detailed information on special medical tests is given in: International Atomic Energy Agency (1968) 
Medical supervision of radiation workers. Vienna (IAEA Safety Series No. 25). 
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Special recommendations 

Pregnant women should be removed from nursing teams responsible for 
patients who have been treated with radionuclides and from the laboratories 
where nuclides are prepared and administered. 

Voluntary subjects for the testing of new techniques should not be 
recruited from among personnel occupationally exposed to ionizing 
radiations. 

Protection of members of the public 

This section considers the protection of members of the public who may 
come close to patients with incorporated radioactive sources. The protection 
of the public against radioactive wastes released into the environment has 
been dealt with in Chapter 1 1. 

Generally speaking, every precaution must be taken to ensure that the 
doses received by individuals who come close to a patient or who spend 
some time in neighbouring rooms remain below the maximum permissible 
doses for the public. 

The activities administered for diagnostic purposes are moderate. A 
few simple precautions are usually enough, and the patient does not even 
need to be hospitalized. The patient's family should be advised of the 
precautions to be taken and especially of the need to avoid contamination 
during the collection of excreta. 

Therapeutic applications give rise to more serious problems, since the 
activities administered are much higher. The patient is a significant source of 
external irradiation and of contamination (vomit, urine, and faeces); 
hospitalization and isolation are therefore essential. 

Patients are hospitalized in special wards, the walls, floors, and ceilings 
of which are so constructed that the doses in neighbouring rooms remain 
within the maximum permissible limits for members of the public-allowance 
being made for the maximum activities that the patients may be carrying and 
the extent of occupation of the neighbouring rooms. 

In wards containing several beds, each patient should be protected 
against radiation from neighbouring patients by suitable means. 

Visits should be minimized and visits by pregnant women and children 
should be avoided altogether. Visitors must remain a reasonable distance 
from the patient's bed, as specified by the person in charge of radiological 
protection. The duration of their visits should be limited, especially during 
the first few days following treatment. 

A patient may leave the hospital when the activity in his body has 
decayed sufficiently. In some countries the activity levels below which 
the patient may return home are fixed by law for each radionuclide. 
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When a patient leaves hospital, his ielatives should be advised on the 
precautions to be taken in order to avoid contamination and minimize the 
external irradiation of those in attendance on him. As long as the activity 
in his body remains above a certain level, visits by pregnant women and 
persons under 18 years of age must still be forbidden. 

The physician must consider with great care the discharge date of therapy 
patients with incorporated activities in the millicurie range. If it can be 
ensured that the patient will sleep alone and at a sufficient distance from 
other persons and will not have any contact with young people or pregnant 
women, he might be discharged from hospital. If, however, the circumstances 
at the patient's home are not quite clear, the following considerations should 
be borne in mind. The dose limit for members of the public is 150 mrem per 
year. If it is assumed that exposures of this kind will not occur more than 
twice a year, a total integrated dose of 75 mrem over the whole of the 
radioactive decay may be considered acceptable. If it is further assumed that 
the average distance between two persons will never be less than 1 metre, it 
follows that patients containing 2 mCi of iodine-131 or 5 mCi of gold-198 
may be discharged from hospital. 

Patients incorporating the beta-emitter phosphorus-32 require no sepa- 
ration by distance from other people, but there is a danger of contamination 
through vomiting after oral administration. Thus the immediate discharge 
of a patient is possible only after intravenous administration of phos- 
phorus-32. Experience has shown that, in general, patients should stay in 
hospital for 2-3 weeks after the administration of a radioactive substance. 



18. Measures for Dealing with Accidents 

In a hospital where unsealed sources are used, various types of accidents 
may occur. 

The most common is a contamination accident resulting from the fall 
and rupture of a receptacle containing a sizable amount of radioactive 
material. The result is extensive contamination of the floor, surfaces, and 
equipment, and often contamination of the air. The hazards involved for 
personnel are skin contamination and sometimes internal contamination 
resulting from the inhalation of airborne activity or from an injury inacted 
by contaminated debris or tools. 

Risks of the same kind may follow an explosion caused by the accumu- 
lation of radon emanated in hermetically sealed vessels containing high 
activities. 

Accidents caused by human error may sometimes occur, though fortu- 
nately very rarely. An example is the administration of the wrong dose of a 
radioactive compound to a patient. 

Finally, the outbreak of fire may be particularly hazardous owing to 
the presence of radioactive sources. This risk should be taken fully into 
account in drawing up the plan for emergency operations. The choice of 
fire-fighting methods should be made with great care. 

First aid 

First aid for persons involved in a contamination accident should be 
designed to minimize contact with the radioactive material and as far as 
possible to prevent any inhaled or ingested radionuclides from reaching 
the organs in which they tend to concentrate. 

After the accidental contamination of working areas, it is important to 
vacate the affected premises and to note the identity of all persons present, 
transferring those with contamination of the skin or clothing to the decon- 
tamination service. Any person suspected of having been affected should be 
monitored for contamination with detecting and measuring equipment suited 
to the type of radiation involved. Contaminated wounds should be washed 
in running water until the medical officer in charge of radiological health and 
safety arrives on the scene. 

The first measures to be taken in the event of a contamination accident 
should be embodied in a set of instructions, and some of the nursing staff 
should have training in carrying out the initial decontamination operations. 
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In cases of internal contamination the medical officer may be required to 
give emergency treatment before the casualty is referred to the decontamin- 
ation service. Of the measures he applies, some are designed to deal with 
the nuclide through its path of entry into the body while others are an impor- 
tant part of the more general treatment, the effectiveness of which depends 
largely on prompt action. 

Three types of emergency treatment through the path of entry may be 
carried out. 

(1) Contaminated wounds can be washed either with a product that 
renders the radionuclide insoluble (such as magnesium sulfate or sodium 
rhodizonate for the alkaline earth elements) or with a chelating agent for 
elements of high valency. 

(2) In the event of contamination by ingestion the casualty can be given 
either an emetic or a product that reduces intestinal absorption of the radio- 
nuclide-for example, aluminium phosphate gels for the alkaline earths. 

(3) In the event of contamination through the respiratory tract, inhal- 
ation of the aerosols of a chelating agent should be considered. 

To reduce the irradiation resulting from absorption of a radionuclide into 
the bloodstream, the medical officer may begin at once a general treatment 
involving one or more of the following measures : 

- the blocking of the organ of uptake (for example by administering 
stable iodine to saturate the thyroid), 

- the speeding up of diuresis (as in the case of contamination by 
tritium), 

- the administration of a stable isotope of the same element in order to 
bring about a dilution of the nuclide, and 

- the administration of a chelating agent capable of forming a complex 
with the radionuclide, which is then eliminated via the kidney; diethylene- 
triamine pentaacetic acid (DTPA) is the most common chelating agent 
for high-valency radionuclides. 

It is essential that a first aid kit be available containing the necessary 
medicaments. 

Finally, it is advantageous to take urine and blood specimens as soon as 
possible after any accident involving internal contamination so that they can 
be used later as control samples for any further analyses that may be made 
during the treatment. 

Equipment needed to deal with accidents 

In addition to the conventional equipment (stretchers, blankets, and 
first aid kit) essential at every establishment where a large number of persons 
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are to be found, hospital departments handling unsealed radioactive sources 
should be provided with: 
- rooms in which personnel can be isolated while awaiting decontam- 

ination, 
- decontamination facilities such as showers and equipment for bathing 

the eyes and washing the head, 
- monitors for detecting and measuring surface contamination (on 

floors, equipment, skin, clothing, etc.), 
- equipment necessary for taking the initial samples for radiotoxico- 

logical analysis ; 
- supplies required by the medical officer for any of the emergency 

treatments discussed in the previous section, and 
- a fresh supply of clothes, gloves, tongs, gas-masks, and bags for 

collecting contaminated objects and garments. 

The equipment provided should, of course, take account of the type of 
work done in the nuclear medicine department and the nature of the nuclides 
handled. 

Organization and planning 

The treatment of persons who have suffered serious harm in irradiation 
or contamination accidents calls for highly specialized medical services. It 
would not be reasonable to expect every hospital and clinic handling radio- 
active sources to have the equipment or to be able to provide the expert 
medical staff and specialized technology needed to undertake this kind of 
treatment on their premises. 

In some countries there are a limited number of hospital centres that 
have been equipped to provide treatment for persons who have suffered 
serious irradiation or contamination. 

Although the treatment normally given to irradiated persons may not be a 
matter of extreme urgency, the same cannot be said of the treatment needed 
in cases of serious internal contamination. Casualties should therefore be 
referred to the specialized treatment centres as soon as possible. To avoid 
delays following accidents, establishments handling radionuclides would 
accordingly do well to conclude agreements with specialized centres and to 
make arrangements for the rapid evacuation of casualties. 

Ideally it should be possible to conclude similar agreements with special- 
ized centres in foreign countries whenever this is desirable because of their 
proximity or for reasons of finance. 

Action to be taken in the event of a fire 

When radioactive material is heated to a high temperature during a fire, 
it undergoes the normal transformations of melting, boiling, and sublimation 



ACCIDENTS 97 

accompanied by the formation of vapours, gases, or aerosols, which spread 
and contaminate the environment. The result may be contamination of the 
emergency teams and, in the most serious cases, contamination of houses in 
the neighbourhood of the facility. The presence of radioactive material in a 
hospital will accordingly affect the way in which emergency operations are 
carried out in the event of a fire. Consideration should also be given to the 
possibility of lead shields melting. 

Officials in charge of the fire-fighting teams that may be called in should 
always be kept informed of the presence of radioactive sources in the facility. 

The types of radionuclide, their form (whether sealed or unsealed) and 
the magnitude of the activities normally present should be made known 
to these officials so that they can make appropriate plans for dealing with 
emergencies. 

The instructions for the staff of the facility should make it clear that radio- 
active sources (unless stored in an installation specially protected against fire 
hazards) must be taken out of range of the fire if at all possible. 

If it proves impossible to remove the radioactive sources to safety during 
a fire, the conventional approach to fire-fighting may have to be modified. 
The following three points should be noted in particular. 

(1) Depending on the circumstances and the radionuclide involved, the 
protection of the radioactive sources may become a matter of greater 
urgency than the prevention of spread of the fire to buildings where only 
conventional risks prevail. 

(2) The fire should be fought from a distance by a minimum of personnel. 
It may be necessary for the firemen to wear protective respirators-pref- 
erably of the closed-circuit type. 

(3) Use of water should be kept to a minimum to prevent the spread of 
contamination. It is preferable to use a fine spray, applying as many jets 
as are required. A full direct stream of water should not be used. 

Training and rehearsal of hospital staff for emergencies should be under- 
taken, and prior arrangements must be made with the local fire department 
to prepare for any possible accidents. 

After the fire has been put out, decontamination operations should be 
entrusted to specially trained teams possessing the proper equiment for this 
kind of emergency action. 

I 
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CHARACTERISTICS OF SOME COMMONLY USED 
RADIONUCLIDES 

Nuclide Half-life Type of Particle energy Gamma energy Exposure rate constant 
decay (MeV) (Mew (X 1 0-4 R.m2/Ci.h) 

"As I 8  days p- 0.72 (15%) 0.635 (1 5 %) 4.4 
1.36 (1 8 %) 

p+ 0.91 (26%) 0.51 (from p+) 
1.51 (4%) 0.596 (62 %) 

EC (37 %) 

lWAu 2.7 days p- 0.29 (1 %) 0.41 2 (95.6 %) 2.3 
0.96 (99 %) 0.68 (1 .l %) 
1.37 (0.025 %) 1 .O9 (0.26 %) 

ls3Ba 7.5 years EC (1 00 %) 0.056 (2 %) 2.1 2 
0.079 (29 %) 
0.274 (1 %) 
0.302 (26 %) 
0.358 (70 %) 
0.381 (10%) 

82Br 36 hours p- 0.44 (1 00 %) 0.55 (75 9 

'Ta 165 days p- 0.25 (1 00 %) 

4.7 days p- 0.66 (83 %) 0.48 (6%) 
1.94 (1 7 %) 0.83 (6 %) 

1.31 (77%) 

14C 5760 years p- 0.1 55 (1 00 %) 

='Cr 27.8 days EC (1 00 %) 0.323 (8 %) 0.1 5 
0.005 (X-rays) 

lsr CS 10 days EC (1 00 %) 0.030 (X-rays) 
0.004 (X-rays) 

lS7Cs 30 years 8- 0.514 0.662 (85 %) (X-rays) 3.3 (from Ba) 
1 .l 76 (7 %) 

270 days EC 
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Nuclide Half-life Type of Particle energy Gamma energy 
decay (MeV) ( M W  

Exposure rate constant 
(X 1 0-4 R.m2/Ci.h) 

71 days EC 0.81 (101 %) 
(85 %) 1.62 (0.5 %) 

5.5 
p+ 0.47 (15%) 

0.51 (from P+) 

=OCo 5.26 years B - 0.31 4 (99.8 %) 1 .l 73 (1 00 %) 13.0 
1 A80 (0.1 2 %) 1 .l 33 ( l  00 %) 

12.8 hours P- 

E; 
1.2 

0.51 (from B+) 
1.34 (0.6 %) 

Fe 2.7 years EC (1 00 %) 0.0059 (X-rays) 

"Fe 45 days B- 0.13 (1 %) 0.1 4 (0.9 %) 6.4 
0.27 (46 %) 0.19 (2.4%) 
0.46 (53 %) 0.34 (0.3 %) 
1.56 (0.3 %) 1 .l 0 (56 %) 

1.29 (44 %) 

a H 12.26 years B- 0.01 8 (1 00 %) 

lB7Hg 65 hours EC (100%) 0.077 (20%) 
0.19 (0.5 %) 
0.069 (X-rays) 

20aHg 47 days g- 0.21 (1 00%) 0.279 (83 %) 1.3 

ll~ml,, l .66 hours EC (1 00 %) 0.393 (64 %) 1.48 (including Y3n) 

lzrl 60 days EC (1 00 %) 0.035 (7 %) 0.66 
0.027 (X-rays) 

r a ~ l  8.04 days g- 0.25 (3 %) 0.08 (2 %) 2.2 
0.33 (9 %) 0.28 (5 %) 
0.61 (87%) 0.36 (80 %) 
0.81 (1 %) 0.64 (9 %) 

0.72 (3 %) 

2.26 hours P- 0.73 (15%) 0.53 (27 %) 11.8 (including la2Te) 
0.90 (20 %) 0.62 (7 %) 
1.16 (23%) 0.67 (100%) 
1.53 (24 %) 0.78 (85 %) 
2.12 (18%) 0.96 (21 %) 

1 .l 6 (9 %) 

74.2 days B- 0.67 (95.5 %) 0.296 (29 %) 4.8 
EC (4.5 %) 0.308 (30 %) 

0.31 7 (81 %) 

K 12.45 hours g- 2.0 (1 8 %) 0.32 (0.2%) 1.4 
3.6 (82%) 1.52 (18%) 
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Nuclide Half-life Type of Particle energy Gamma energy Exposure rate constant 
decay (MeV) (Mew (X 1 0-a R.mg/Ci.h) 

O5Kr 10.6 years P- 0.1 5 (0.7 %) 0.51 4 (0.7 %) 0.021 
0.67 (99.3 %) 

g 9 M ~  67 hours P- 0.45 (14 %) 0 04 %) 
0.87 (1 %) %) 
1.23 (85 %) (0.37 %) 

(0.74 %) 
(0.78 %) 

2.6 years P+ 0.52 (89 %) 0.51 (from B+) 12.0 
1.83 (0.06 %) 1.28 (1 00 %) 

EC (11 %) 

"Na 15 hours p- 1.39 (1 00 %) 1.37 (1 00 %) 18.4 
2.75 ( l  00 %) 

14.2 days 8- 

18.7 days P- 0.68 (8.5%) 1.08 (8.5 %) 
1.77 (91.5%) 

S5S 87.2 days P- 0.167 (100%) 

75Se 121 days EC 

llsSn 119 days EC (1 00 %) 0.26 (2 %) 2.20 
0.024 (X-rays) 
0.0033 (X-rays) 

85Sr 65 days EC (1 00 %) 
+ daughter 
85mRb 0.9 PS 0.51 3 (l 00 %) 3.0 

2.8 hours IT 
E C 

0.1 8 (including 87Y) 

l OgTa 115 days P- 0.522 0.046 (5 %) 6.8 (X-rays 
1.71 0 (0.3 %) 0.053 (5 %) from tungsten) 

0.099 (7 %) 
0.1 08 (1 1 %) 
0.1 61 (1 7 %) 
0.246 (33 %) 
0.300 (1 1 %) 
0.354 (1 1 %) 

6 hours IT 0.55 (including ggMo) 

78 hours P- 0.22 (100%) 0.053 2.2 (including X-rays) 
0.23 (95 %) 
0.029 (X-rays) 
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Nuclide Half-life Type of Particle energy Gamma energy Exposure rate constant 
decay (MeV) ( M W  (X 10-4 R.m2/Ci.h) 

5.27 days B- 

80 hours !; (0.3 %) 0.483 (97.4 %) 0.45 
(99.7%) 0.51 (from p+) 

106.5 days EC (99.8%) 0.51 (from P+) 1.35 
R + (0.2 %) 0.90 (91.5 %l 

OOY 64.2 hours B- 225 (1 00 %) 

222Rn 3.83 days in equilibrium with short-lived daughters and 8.25 
filtered by 0.5 mm of platinum. 
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TYPICAL ACTIVITIES ADMINISTERED FOR DIAGNOSTIC 
PURPOSES IN SWEDISH HOSPITALS 

Activity administered 
( k m  

Average 
amount 

Examination Nuclide Chemical form $%i$ation Used by all range 
hospitals 

Calcium "Ca 
metabolism 

chloride oral 3.5 - 
Metabolism 14C 
examination 

various intravenous 9 0.8-1 5 
compounds or oral 

Steroid 14C various intravenous 10 - 
compounds 

various intravenous 2 - 
compounds 

metabolism 
aH 

Peripheral lalI 
circulation 

sodium - - -. - . . . 

iodohippurate subcutaneous] 
phenazone intramuscular 3-1 0 Thyroid blocked 
- intramuscular 8500 - Thyroid blocked 
chloride intramuscular 8 6-1 2 

Erythrocyte 51Cr red blood cell intravenous 62 25-200 
survival erythrocyte 

Stomach lP51 polyvidone oral 10 - Thyroid blocked 
emptying Ia1l iodinated human oral 10 Thyroid blocked 

serum albumin 

Cisternography lal I iodinated human 
serum albumin 

intralumbar 
or intraspinal 

100-1 000 Thyroid blocked 

Rate of 
destruction of 
erythrocytes 

diisopropyl 
fluorophosphate 
(D FP) 

intravenous 

Triolein i a i  l 
conversion 

oral 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

Parotid gland 9 9 T c  
scintigraphy 

pertechnetate 1000-2000 No blockage 
in thyroid 

Pancreas 75Se 
scintigraphy 

methionine 

Shunt irsl 
determination 

sodium 
iodohippurate 

methionine 

- Thyroid blocked 

Parathyroid 75Se 
scintigraphy 

Protein Cr 
leakage 

iodinated human 
serum albumin 

Blood lymph phosphate intravenous 6 - 
barrier 

Albumin l albumin intravenous 22 20-23 Thyroid blocked 
consumption 

Total sodium 22Na chloride intravenous 3.5 2-5 
determination P4Na chloride oral 62 50-80 
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Activity administered 
( f w  

Average 
Mode of 

Examination Nuclide Chemical form administration by all range 
hospitals 

Spleen "Cr red blood cell intravenous 192 150-200 
scintigraphy erythrocyte 

Resorption 8H hyoscine butyl oral 50 - 
test bromide 

Extracellular %r bromide oral 30 - 
volume 

Lymph ' a 8 A ~  colloid subcutaneous 50 - 
sc~nt~graphy 

Eye =*P phosphate intravenous 800 - 
measurement 

Stomach pertechnetate intravenous 1000 - No blockage in thyroid 
scintigraphy albumin intrathecal 20 No blockage in thyroid 

Folic acid =H folic acid oral 20 - 
absorption 
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INTEGRATED DOSE RECEIVED BY PATIENTS IN DIAGNOSTIC 
EXAMINATIONS USING RADIONUCLIDES 

C c 
.- 0" 
C zq Dose (mrad) 

Q) m 
Examination Chemical form $.' 

=I 0 E 
z rB 

W 
r t  2 X C V  Q) 

0 .V) 
c. 

.. .! 2 Critical .- .- Critical Gonads P E.? organ organ 

Thyroid 1811 iodide oral 41 thyroid 73000 96 a 
scintigraphy 12=1 iodide oral 42 thyroid 31000 1 6 a  

;;F pertechnetate oral 1700 thyroid 430 14 a 
iodide oral 980 thyroid 1700000 2300 a, b 

Profile l iodide oral 220 thyroid 430000 510 a 
scanning 

Thyroid l iodide oral 
function iodide oral 

Renography 

Kidney 
function 

Kidney 
scintigraphy 

Spleen and 
kidney 
scintigraphy 

Liver 
scintigraphy 

Schilling test 

sodium 
iodohippurate 

sodium 
iodohippurate 

iodide 
sodium 

iodohippurate 

chromate 

chlormerodrin 
iodide 
iron complex 
sodium 

iodohippurate 
mersalyl, bromo- 
mercurihydroxy- 
propane (BMHP) 

chlormerodrin 

colloid 
sulfur colloid 
rose bengal 

sodium 

vitamin B12 
vitamin B12 
vitamin B12 

intravenous 

intravenous 

intravenous 
intravenous 

intravenous 

intravenous 
intravenous 
intravenous 
intravenous 

intravenous 

intravenous 

intravenous 
intravenous 
intravenous 

oral 
oral 
oral 

9 thyroid 16000 21 a 
16 thyroid 12000 6 a 

bladder 

kidneys 

gonads 
bladder 

liver 

kidney cortex 
gonads 
kidneys 
bladder 

kidneys 

kidney cortex 

spleen 
liver-spleen 
liver 

liver 
liver 
liver 

Blood flow laaXe saline solution intramuscular 109 muscle, uterus 94 
in muscle and fat 2800 e 

Brain OgTc pertechnetate intravenous 10000 large intestine 1700 170 C 
scintigraphy intravenous 

lall iodinated human intravenous 353 thyroid 12000 1600 c 
serum albumin 

lm7Hg chlormerodrin intravenous 600 kidney cortex 6700 30 

Calcium. "Ca chloride intravenous 3.5 bone 90 12 
metabolrsm or oral stomach and 100 7 

intestine 
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C 
.- C -E S- 0 Dose (mrad) 

Q 
0 

U-* 
E 5 
Cl- 

0 .E 's & Critical U .- .- Critical Gonads g 
Examination Chemical form 

a o E E.> organ organ o 
z 22 U, 

Peripheral "'I sodium subcutaneous 1 6 point of 
circulation iodohippurate 

phenazone intramuscular injection 
g4Na chloride intramuscular 8 gonads 

fetus 

62 Spleen, liver, 
blood 

391 central nervous 
system 

5 blood 

Erythrocyte Cr 
survival 

erythrocyte intravenous 

intralumbar 
or intraspinal 

intravenous 

oral 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 
intravenous 

intravenous 

intravenous 

intravenous 

intravenous 
or oral 
intravenous 
or oral 

intravenous 
or oral 

oral 

intravenous 

Cisternography lal l iodinated human 
serum albumin 

diisopropyl 
fluorophosphate 
(DFP) 

triolein 

Rate of s2 P 
destruction of 
erythrocytes 

Triolein ts< l  
conversion 

42 intestine 

Parotid gland "Tc 
scintigraphy 

pertechnetate 1330 thyroid 

Pancreas 75Se 
scintigraphy 

methionine 21 0 kidneys 

Shunt tzq 
determination 

sodium 
iodohippurate 

10 kidneys 

Parathyroid 7sSe 
scintigraphy 

methionine 21 7 kidneys 

Protein 'l Cr 
leakage 

iodinated human 
serum albumin 

67 liver 

Determination laiI 

volume Of "I 

iodinated human 
serum albumin 

iodinated human 
serum albumin 

11 thyroid 

3 blood 

Lung function laaXe saline solution windpipe 

bone 
bone marrow 

lungs 

blood 

kidneys 

spleen 

blood 

Bone 8sSr 
scintigraphy 87mSr 

chloride 
citrate 

Lung t a l l  macroaggregated 
albumin 

macroaggregated 
albumin 

iron complex 

scintigraphy " T c  

citrate 

citrate 
consumption 

55Fe 

Total water sH 
consumption 

464 whole body water 

Total K 
potassium 
determination 

chloride 151 stomach and 
intestine 

Red cell Cr 
determination 

albumin 46 liver 



c c 
.- 0" 1 

C 'F. U Dose (mrad) 

Q) 

I % 
C V  

0 .U, U 2 Critical Critical Gonads g 
Examination Chemical form $ m 5  

.- .- 
=I 0 E 

organ o 

Z z z  L L  

Brain l iodinated human intraarterial 156 
circulation serum albumin 

l sodium intravenous 1 50 
iodohippurate 

la8Xe saline solution intravenous 500 

thyroid 

bladder 

windpipe 
brain 

Bone marrow 
scintigraphy 

colloid intravenous spleen 

Placenta 
scintigraphy 

pertechnetate 
iodinated human 

serum albumin 
iodinated human 

serum albumin - 

intravenous 
intravenous 

intravenous 

intravenous 

intravenous 

large intestine 
thyroid 

blood 

liver 

thyroid Metabolic 
studies 

albumin 

Heart minute 
volume 

1251 

tar l 

rail 

9s"T~ 

a2P 

sodium 
iodohippurate 

iodinated human 
serum albumin 

sodium 
iodohippurate 

pertechnetate 

intravenous 

intravenous 

intravenous 

intravenous 

intravenous 

kidneys 

thyroid 

bladder 

large intestine 

Blood lymph 
barrier 

phosphate bone, bone 
marrow, liver 

Albumin 
consumption 

iodinated human 
serum albumin 

intravenous blood 

Total sodium 
determination 

chloride 
chloride 

intravenous 
oral 

whole body 
stomach 
and intestine 

Spleen 
scintigraphy 

erythrocyte intravenous spleen, liver, 
blood 

Extracellular 
volume 

bromide stomach 
and intestine 

oral 

colloid subcutaneous Point of 
injection 

Eye 
measurement 

phosphate intravenous bone, bone 
marrow, 
spleen, liver 

Stomach 
scintigraphy 

pertechnetate 
albumin 

intravenous 
intrathecal 

thyroid 
thyroid 

a No blockage in thyroid. 
b Uptake measurements in relation to cancer tests. 
C Thyroid blocked. 
d~xamination with micro camera. 
* Dose to gonads depends on distance from injection. 
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RADIONUCLIDES USED IN SCINTIGRAPHY AND RESULTING RADIATION DOSES 

Activity in pCi Dose 

Organ Nuclide applied Physical Chemical  reference^ Critical to critical organ to whole body References 
half-life compound organ (red) (mrad) 

Thyroid tat1  
4251 

raq 
ss'T~ 

Liver 'WAu 
1st l 
1251 

Kidney jS7Hg 
lB7Hg 
PosHg 
ooaHg 
99Tc 

Pancreas 75Se 

Brain 

8 days 
60 days 
2.3 hours 
6 hours 

2.7 days 
8 days 
60 days 

2.7 days 
2.7 days 
47 days 
47 days 
6 hours 
6 hours 

120 days 

2.7 days 
2.7 days 
47 days 

12.8 hours 
18 days 
26 hours 
8 days 

68 min 
6.3 days 
6 hours 
1.87 hours 

iodide 
iodide 

10 
pertechnetate 250-1 000 

colloid 
rose bengal sodium 
rose bengal sodium 

chlormerodrin 
dichloride 
chlormerodrin 
mersalyl 
iron complex 
sulfur colloid 

methionine 300 

chlormerodrin 1 00-1 000 
dichloride 1000 
chlormerodrin 500-700 

edetic acid 700-1 000 
arsenate 1000-1 500 

1300 
iodinated human 350-700 

thyroid 
thyroid 
thyroid 
thyroid 

liver 
liver 
liver 

kidney 
kidney 
kidney 
kidney 
kidney 
liver-spleen 

pancreas 

kidney 
kidney 
kidney 

liver 
kidney 
kidney 
thyroid 

kidney 
kidney 

0.4-1.7 
25 
9-1 45 
with pretreatment 
29-35 
without pretreatment 
1-2 
5 
6.6-7.7 
12 
with pretreatment 
0.05 
1 7-21 

a The doses are calculated for the "reference activity" and the ranges of doses thus indicate the differences in dose estimation by different authors. 

References 3. Frost, D. (1 959) Strahlentherapie, 108, 239 6. Sodee, D. B. (1 965) Strahlentherapie, Supple- 
1. Wolf, R. (1 965) Der Radiologe, 5, 345 4. Borner, W., Moll, E. & Bayer, H. (1965) Med ment No. 60, p. 167 

2. CEA, CEN & SORlN (1965) Medicalscanning, Welt (Stuttg.), 1 1 51 7. McJafee, J. G. et al. (1 964) J. nucl. Med, 5,811 
Gif-sur-Yvette, Commissariat B 1'Bnergie ato- 5. Endlich, H. et al. (1962) Amer. J. Roentgenol., 8. Wilcke, D. (1 965) Der Radiologe, 5,393 
mique, DBpartement des radioBl6ments 87,148 
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CALCULATED EXPOSURE RATES FROM POINT SOURCES 
AT VARIOUS DISTANCES 

Radionuclide Calculated exposure rate in mR/h at Time in hours:minutes to achieve the 
following distances from source or maximum permissible dose for one week 
patient containing l 0 0  mCi (1 00 mrem) 

50 cm I m 2 m  3 m  50 cm I m 2 m 3 m 

Data extracted from: United States of America, National Council on Radiation Protection and 
Measurements (1 970) Precautions in the management of patients who have received therapeutic 
amounts of radionuclides, Washington, D.C. (NCRP Report No. 37). 

The exposure rate is calculated for point sources without considering the attenuation within the 
patient's body. Depending on the distribution of the nuclide within the body and the radiation energy, 
the actual exposure rate when individually measured will be somewhat smaller than the quoted values, 
which are upper limits. For iodine-125 the values entered here are the maximum values obtained from 
measurements on average patients at Memorial Hospital, New York City. The values for radon-222 
are valid for its equilibrium with short-lived daughters and when using a 0.5 mm platinum filter. 
Sources within patients will, of course, decay according to the effective half-life, which depends on 
the physical half-life and the biological half-life (see page 14). 



Accidents, contamination, 18, 94, 95 
emergency treatment, 95 
equipment, 95 
explosion, 94 
fire, 94, 96 
first aid, 94 
human error, 94 
specialized medical services, 96 

Acoustic dose-rate meter, 74 
Administration of diagnostic radioactive 

materials, 35 
activities administered in Swedish hospi- 

tals, 102 
compounds administered, 16 

Aerosols containing radionuclides, 14 
Air monitors, 73 
Ammonium citrate, as decontaminant, 81 
Ammonium fluoride, as decontaminant, 81 
Apparatus, decontamination, 81 
Autopsy of radioactive cadavers, 89 

special facilities, 42 

Bedding, decontamination, 80 
monitoring, 71 

Biological specimens, chemical treatment, 
20 

measurement, 64 
Blood flow measurements, 19 
Bremsstrahlung, as external radiation haz- 

ard, 15, 57 
Burial of radioactive cadavers, 88 

Cadavers with incorporated radionuclides, 
87-89 

autopsy, 89 
embalming, 89 
preparation for burial or cremation with- 

out autopsy, 88 
residual activity of iodine-1 3 1 and 

gold-198, 88 
storage, 87 

Calibration equipment, 61, 64 
Carbon-14, special problems, 77 
Cardiothyrosis, radionuclide therapy, 24 
Chlormerodrin, concentration in renal 

cortex, 16, 17 
handling, 53 

Chromic acid cleaning mixture, as decon- 
taminant, 81 

INDEX 
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Clearance rate measurements, 19 
Clothing, decontamination, 80 
Colloidal radiotherapy, 23 
Colloidal solutions, 13 
Compound administered, pharmacokinetic 

behaviour, 16 
Contamination, 18, 79, 94, 95 
Cow generator method, 13, 34, 45 
Cremation of radioactive cadavers, 88 

Declaration of World Medical Association, 
86 

Decontamination, 79-82 
apparatus, 8 1 
bedding, 80 
chemicals, 8 1 
clothing, 80 
equipment, 81 
following fire, 97 
personnel, 79 
rooms, 82 
working surfaces, 82 

Department for use of unsealed sources, 
general layout, 32-44 

Departments for diagnosis and therapy 
with unsealed sources, 45-50 

large department, 47 
medium-sized nuclear medicine depart- 

ment, 47 
small department, 45 

Diagnosis, activities administered in 
Swedish hospitals, 102 

Diagnostic applications of radionuclides, 
19-3 1 

functional studies, 19 
activity levels, 20 
chemical treatment of biological spec- 

imens, 20 
selection of tracer, 20 
timing of measurements, 19 

integrated dose, 104 
scintillation imaging, 21 

Diagnostic examinations using radionu- 
clides, integrated dose, 104-106 

Discriminator, in measurement of function- 
al uptakes, 62, 63 

Dispensing room, 45, 46 
Dose, integrated, in diagnostic examina- 

tions, 104 
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Dose evaluation, 15, 25, 86 
metabolic variables, 16 

Dosimeters, acoustic, 74 
individual, 74 
lithium fluoride thermoluminescent, 73 
pocket, 73, 74 

Education of personnel, 27 
Embalming of cadavers, 89 
Embryo, effect of diagnostic procedure on, 

84 
End-window counters, monitoring, 71, 75 
Equipment, decontamination, 81 
Explosion, 94 
Exposure rates from point sources, 108 
Exposure rate constant, values, 98-101 

Fetus, effect of diagnostic procedures on, 
84 

Film badges, 73, 74 
Fire emergencies, 94, 96 
First aid, contamination accident, 94 
Functional spaces or compartments, mea- 

surement, 19 
Functional studies, 19 
Functional uptakes, measurement, 66 

Gamma emitters, shielding, 57 
Gas-flow proportional counters, 73 
Geiger counters, monitoring, 71 
Geiger-Miiller counters, end-window, 72 
General practice, physician's responsibility, 

27 
Gold-198, disposal, 67, 68 

exposure rate, 90 
residual activity in cadavers, 88 

Gold-198 colloid, infusion technique, 66 

Half-life, biological, 14 
effective, 14 
in tracer selection, 20 
physical, 14, 98-101 

Hand-foot monitor, 75 
Health physicist, responsibilities, 26 
High activities, administration and mea- 

surement, 65-66 
apparatus for injection and infusion, 65 
display of images by scintiscanner or 

scinticamera, 66 
measurement of functional uptakes, 66 
measurement of therapeutic amounts, 66 
temporary storage of doses before 

administration, 66 

Human error, causing accidents, 94 
Hyperthyroidism, radionuclide therapy, 24, 

85 

Injection and infusion of high activities, 65 
Integrated dose in diagnostic examinations, 

104 
Interstitial radiation therapy, 23 
Intracavitary therapy, 23 
Iodine, stable, blocking radionuclide uptake 

in thyroid, 17 
Iodine-1 3 1, disposal, 67, 68 

residual activity in cadavers, 88 
Ionization chambers, well-type, 61, 64 
Isolation of patients, 25 

Laboratories, for measuring samples, 35 
preparation and dispensing, 32, 33 
radiochemical work, 33, 34 

gamma and high-energy beta sources, 
33 

low-energy beta sources, 34 
Location of facilities, 29 
Low activities, administration and mea- 

surement, 62-65 
apparatus for injection, ingestion, and 

inhalation, 62 
calibration equipment, 64 
display of images by scintiscanner or 

scinticamera, 63 
measurement of biological specimens, 64 
measurement of functional uptakes, 62 
radiochemistry equipment, 65 
temporary storage of doses before adrnin- 

istration, 62 

Measurement rooms, 45, 46 
scintigraphy, 36 
scintillation camera, 37 
thyroid function tests, 36 
two-probe function tests, 36 
whole-body counting, 37 

Milking technique, 54 
Molecules, inorganic and organic, 16 
Monitoring, 71-76 

air monitors, 73 
bedding, 71 
choice of equipment, 74 
direct, 75 
indirect, 75 
internal contamination, 75 
personnel, for external radiation, 73 

warning devices, 73 
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Monitoring (continued) 
protective clothing, 71 
ward, 76 
working surfaces, 72 

Negative collimation, 66 
Nuclear medicine, storage equipment, 60 
Nuclear medicine departments, 47 
Nuclear medicine ward, 38 

highly shielded room, 38 

Offices, physician, 43 
physicist, 43 
radiological technician, 43 

Operating theatre, special facilities, 40 
Operations with unsealed sources, basic 

rules, 51 
Organization and stafIing, departmental, 

26-28 
education of personnel, 27 
radionuclide procurement and delivery 

arrangements, 27 
Outpatient departments, 42 

Patient protection, 83-88 
diagnostic applications, 83 

dose ranges, 84, 104 
hazard evaluation, 15, 83 
multiple examinations, 85 
new, 86 
re-examination, 85 

therapeutic applications, 85 
new, 86 

Pentasodium triphosphate, as decontamin- 
ant, 81 

Personnel, decontamination, 79 
Personnel protection, 90-93 

contamination risks from patients, 91 
external irradiation from patients, 90 

exposure rates, 108 
pregnant women, 92 
routine medical supervision, 91 
skin, 91 
special medical tests, 91 
special recommendations, 92 
volunteers for new techniques testing, 

92 
Pharmacokinetic behaviour of administered 

compounds, 16 
Phosphorus-32, disposal, 67, 68 

external radiation hazard, 15 
protection requirements, 93 

Planning of facilities, 29-3 1 
arrangement of laboratories and clinics, 

29 
constructional considerations, 30 
power supply, 31 
preferred location, 29 
provision of adequate ventilation, 31 
shielding devices, 3 1 

Positron emitters, external radiation haz- 
ard, 15 

Pregnancy, diagnostic procedures during, 
84 

radiation protection during, 92, 93 
Procurement and delivery of radionuclides, 

27 
Protective clothing, 56 

monitoring, 71 
Public, protection of, 92 

dose limit, 93 
external irradiation and contamination 

from patients, 92 
radioactive wastes, 67 

Pulse height analyser, 62, 63 

Radiation hazards, contamination risks, 18 
external, 15, 18 
internal, 15, 18 

pharmacokinetic behaviour of com- 
pound, 16 

physical characteristics of radionu- 
clides, 17 

Radiation protection of patient, responsi- 
bilities, 26 

Radioactive gases, direct administration by 
inhalation, 14 

safe handling, 58 
Radioactive gold, dose ranges, 24 
Radioactive liquids, receptacles for, 55 
Radioactive preparations, factors govern- 

ing choice, 24 
sterilization before administration, 57 

Radioactive waste, hazards, 18 
treatment and disposal, 67-70 

Radiochemical laboratories, waste treat- 
ment and disposal, 70 

Radiochemistry, equipment, 65 
Radioiodine therapy, basic dose ranges, 24 
Radiological centre, 29 
Radiological technician, training, 26 
Radionuclide half-life, types, 14 
Radionuclide tracer, selection of, 20 
Radionuclides, calculated exposure rates, 

108 
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Radionuclides (continued) 
diagnostic applications, 19-3 1 
distinction between diagnostic and ther- 

apeutic uses, 17 
physical characteristics, 14, 17, 98-101 
procurement and delivery arrangements, 

27 
safe handling, equipment, 59 

prior to administration, 51 
therapeutic applications, 23-25 
used in scintigraphy, 107 

Radiotherapy, storage equipment, 59 
using metabolic characteristics, 23 

Remote handling devices, 54 

Safe handling of radioactive materials 
(equipment for), 59-66 

administration and measurement of high 
activities, 65-66 

administration and measurement of low 
activities, 62-65 

delivered radiopharrnaceuticals, prepara- 
tion and calibration, 61 

disposable syringes, 61 
glassware, 61 
gloves, 61 
ionization chambers, 61 
lead shielding, 61 
storage equipment, 59 
transportation equipment, 60 

Safe handling of unsealed sources prior to 
administration, 51-58 

design of working surfaces, 56 
handling operations, rules and precau- 

tions, 51-52 
movable shielding, 57 
movement of sources, 51 
on-the-spot sterilization, 57 
protective clothing, 56 
radioactive gases, 58 
receptacles for radioactive liquids, 55 
separation of activities and concentration 

of solutions, 54 
techniques 53-54 
use of small disposable items of equip- 

ment, 55 
Safety officer, responsibilities, 26 
Safety standards, recognized conditions of 

work, 30 
Scanning, cinematographic, 22 

photographic, 21 
Scinticamera, display of images, 63, 66 

secondary contamination, 73 

Scintigraphy, radionuclides used, 107 
Scintillation imaging, 21 

activities administered, 22 
Scintiscanner, display of images, 63, 66 
Shielding, 57, 59, 61 
Skin contamination, 79 
Specialized treatment centres, 96 
Staffing, 26 
Sterilization, 57 
Storage room, 35 
Storage of waste, 43, 44 
Suspensions, characteristics, 13 
Swedish hospitals, activities administered 

for diagnostic purposes in, 102 

Technical radiation protection measures, 
responsibility, 26 

Therapeutic applications of radionuclides, 
23-25 

administration, 25, 65-66 
choice of preparation, 24 
evaluation of absorbed dose, 25 
interstitial and intracavitary therapy, 23 
isolation of patients, 25 
level of activity, 24 
preparation, 24 
radiotherapy using metabolic character- 

istics, 23 
Therapy room, 45 
Thyroid cancer, radionuclide therapy, 24, 

86 
Thyroid examination, biological specimen 

measurement, 64 
Transportation equipment, 51, 60 
Tritium, special problems, 77 
Tritium monitor, 73 
True solutions, categories, 13 

Unsealed sources, characteristics, 13 
radiation hazards, 15-1 8 
safe handling prior to administration, 51 
solid forms, 13 

Uptake measurements, 19 

Ventilation, 31 

Ward, in nuclear medicine department, 38 
monitor, 76 

Warning devices, 73 
Waste treatment and disposal, 67-70 

contamination wastes from radiochem- 
ical laboratories, 70 

exposure of public, dose limits, 67 
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Waste treatment and disposal (continued) Well-type scintillation counter, monitoring, 
internationally accepted code of practice, 71 

67 Wipe test, 72 
liquid wastes, 68 Working surfaces, decontamination, 82 
solid wastes, 69 design, 56 
storage prior to disposal, 43, 69 monitoring, 72 




