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Abstract 
 
The radiopharmaceutical therapy is the administration of unsealed sources of 
radioactivity designed to elicit a therapeutic response as a result of irradiation of 
a target human tissue. Historically, radioiodine (131I) therapy for thyroid diseases, 
including hyperthyroidism as well as localized and metastatic thyroid cancer, has 
been the most studied and successful application of radionuclide therapy. This 
success has largely resulted from the high, rapid, and long-retained uptake of 
iodide in thyroidal tissue, whereas little uptake occurs in extra-thyroidal tissues. 
After diagnostic nuclear medicine procedures, precautions for the public are rarely 
required. In the other hand, after some therapeutic procedures, exposures to the 
public, patient’s relatives, and others should be limited. The decision to hospitalise 
or release a patient after the therapy with unsealed radioactive sources should be 
determined on an individual basis, and on the factors such as the residual activity 
in the patient, the patient’s wishes, the occupational and public exposures,  cost, 
family and environmental aspects. The ICRP Publication 94 sets a limit for the 
radio nuclide activities, depending on external dose to other people, that can 
decide if patients may be or may not be hospitalised after the therapy. The 
International Commission on Radiological Protection (ICRP) has relied upon the dose 
limit of 1mSv/year for the public, and the dose constraint of 5 mSv/episode for 
relatives, visitors, and caregivers (ICRP, 1991, 1996). These recommendations have 
been interpreted in various Countries, and the dose constraint has often been 
inappropriately interpreted as a rigid annual dose limit. As iodine-131 is a 
frequently used high-energy gamma emitter and has an 8-days physical half-life, it 
results in the largest dose to medical staff, the public, and relatives after 
procedures involving therapeutic administration of unsealed radionuclides. If we 
consider 1 mSv as the dose effective for the general public, the remaining activity 
in the patient of 240 MBq of 131I is sufficient to hospitalise the patients. The Italian 
regulation establishes that it could not be necessary the patient’s hospitalisation 
after hyperthyroidism therapy with 131I if the administered activity is less than 600 
MBq. (D. L.vo 187/2000, All.I, part II, codicil 6). On the basis of the previous 
considerations, in this paper the authors compare the ICRP recommendations with 
the Italian procedures adopted in the nuclear medicine practices, either from the 
point of view of the correct management of the patients or from the point of view 
of the radioprotectione and of the dose contribution to the population. This 
comparison takes into account either the environmental release and its 
contribution to the public dose, or the good protection measurement, which should 
have been adopted for limiting the exposure of the medical staff, relatives, 
caregivers and the general public, both in the case of the patient’s hospitalisation 
and of his release. 
 
INTRODUCTION 
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Unsealed source radiotherapy relates to the use of radioactive substances which 
are administered to the body by injection or ingestion. Such substances are 
typically used for their biological properties, which are similar to their non-
radioactive parent substance. For example, iodine is an element selectively taken 
up by the thyroid gland in healthy people. The use of unsealed source for therapy 
has almost doubled over the last decade. In developed countries, UNSCEAR 
estimated that the frequency of treatments with unsealed source increased from 
0.10 per 1000 Pts. in 1985–1990 to 0.17 per 1000 Pts. in 1991–1996. UNSCEAR also 
estimated that, worldwide, approximately 210,000 treatments were performed in 
1985–1990 and an estimated 380,000 therapeutic procedures with unsealed 
radionuclides were performed between 1991 and 1996. Actual frequencies of 
procedures in a particular country may vary significantly from global values, and 
would be more useful in assessing local or regional radiation protection. Table 1 
shows the annual estimated numbers of common therapeutic procedures with 
unsealed radionuclides between 1991 and 1996. In the same table the other 
unsealed sources and the pathology are reported. There are strict radiation 
protection regulations governing the use of these sources. The European Directive 
on the patient radioprotection requires that the Member States shall ensure that in 
the case of a patient undergoing a treatment or diagnosis with radionuclides, 
where appropriate, the practitioner or the holder of the radiological installation 
provides the patient or legal guardian with written instructions, with a view to the 
restriction of doses to persons in contact with the patient as far as reasonably 
achievable and to provide information on the risks of ionizing radiation. These 
instructions shall be handled out before leaving the hospital or clinic or a similar 
institution. 
The data in the Table 1 show also that the most used radioisotope is the 131I and in 
particular for the treatment of the thyroid disease. In fact both benign and 
malignant conditions can be treated with radioactive 131I, because this is then 
concentrated into the thyroid, the remnant and metastases.  Iodine-131 produces 
beta and gamma radiation. The released beta radiation destroys thyroid tissue, 
and any thyroid cancer that takes up iodine, while most of the gamma radiation 
escapes the patient's body. Most of the iodine not taken up by thyroid tissue is 
excreted through the kidneys into the urine. After radioactive iodine treatment, 
the urine will be radioactive or 'hot', and the patients themselves will also be 
radioactive. Depending on the amount of radioactivity administered and on 
physiological processes, it can take days to weeks to reduce the radioactivity at 
levels that patient is not a radiation danger to bystanders. 
 



 3

 
 

UNSEALED SOURCE RADIOTHERAPY WITH IODINE 131 
 
The 131I is a beta-emitting radionuclide with the following physical characteristic: -
1)a physical half-life of 8.0 days, -2) a principal gamma ray of 364 keV, -3) a 
principal beta particle with a maximum energy of 0.61 MeV and average energy of 
0.192 MeV -4) and a range in tissue of 0.8 mm. Therapy in this context means the 
oral administration of 131 I as Na iodide. Benign conditions in this context mean 
Graves’ disease (diffuse toxic goitre), toxic or non-toxic nodular goitre, solitary 
hyperfunctioning toxic thyroid nodule or thyroid remnants from cancer surgery. 
Malignant conditions include thyroid remnants and/or matastases, that 
accumulates radioiodine or functioning thyroid cancer metastases. Oral 
administration of 131 Iodine has been used to treat benign and malignant conditions 
of the thyroid since the 1940’s. The Na iodide (131I) is usually administered orally in 
liquid or capsule form. The iodide is rapidly absorbed from the gastrointestinal 
tract into the blood stream, and trapped and organified by functional thyroid 
tissue. Radioiodine-labelled thyroid hormone circulates on plasma-binding proteins 
that are metabolised by the liver and muscles. Some radioiodine is conjugated in 
the liver and excreted in the bile to the intestinal lumen. The salivary glands, 
stomach, and lactating breast contain epithelia that can maintain a concentration 
gradient of inorganic iodide that is approximately 1520 times the level in the 
plasma. The radioactive iodine is excreted fundamentally through urines, with 
smaller amounts in saliva, the sweat and faeces; a small amount is exhaled.  
From a radioprotection point of view the conservative hypothesis is assumed that 
100% of the radioiodine is eliminated in the drains, even if the experience shows 
that this conservative consideration can carry to an over-estimation of ca. 15% of 
the consequences on the environment. In fact 55% of the administered activity 
come excrete in the first 24 hours, following the treatment, 22% in the second 24 
hours and 6% in the third 24 hours; a total of 85% is excreted after the first 5 days. 
The activities of iodine administered to the patients may vary  
 from 100 to 1000 MBq for the treatment of the hyperthyroidism  
  from the 1850 to 8000 MBq for the treatment of the thyroid cancer.  

The physicians responsible for treating thyroid disease should have an 
understanding of the clinical pathophysiology and natural history of the disease 
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processes; he should be familiar with other forms of therapy and he should be able 
to collaborate closely with other physicians involved in managing the patient. The 
physician should be appropriately trained and experienced in the safe use and 
administration of 131I therapy. Clinicians undertaking unsealed source therapy must 
know and compliant with all applicable national and local legislation and 
regulations. 
The facility in which treatment is administered must have trained personnel, 
radiation detector and safety equipments, standardised procedures for waste 
managing and disposal, operational procedures for the contamination prevention 
and control, radionuclide activity meter and equipment for workplace monitoring 
including contamination monitoring. 
 
RADIATION PROTECTION: DOSE LIMITS AND DOSE CONSTRAINTS 
 
In the nuclear medicine field the optimisation process of the radiological 
procedures involves many and different professional activities and it is directed to 
all the subjects involved in the procedures, i.e. the patients, the operators, the 
public and the environment. In fact the nuclear medicine practices, either 
diagnostic or therapeutical, can produce exposure problems due to radiation fields 
with detectable strength, not only for the healthy operators, but also for the public, 
patient’s relatives and caregivers. Furthermore, among the public, some categories 
of people must be considered  critical group in respect of the exposure from 
patients treated with the unsealed radioactive sources. This is the case of the 
operators in the sewage, sludge and incineration plants, the work colleagues of the 
patient, the taxi drivers, if they transport a treated patient, and, in case of the 
death of the patient who had received radiotherapy with unsealed sources in the 
last few months, the operators of the “post mortem” examination unit, and burial 
and cremation operators. So it becomes very important to provide a guidance 
regarding the protection of these people. Therefore, one of the fundamental 
problems in the definition and management of the quality assurance program in the 
nuclear medicine is the correct management of the patient, during and after the 
treatment. This operation can be defined like a technical-medical protection 
practice finalized to assure a system of high protection in the medical exposure. In 
fact, the patient represents either the object of the quality program or the source 
of radiation to which to apply the radioprotection regulations for the workers, 
people and environment exposure. 
Naturally the problem of the management of the patient, when he is in the hospital, 
is at least easy to solve and to control with:  
 setting up correct procedures of behaviour, that must be respected from all 

the people which are been involved in the handling of the radionuclide and 
the cure of the patient 

 achieving the radioprotection measures, established by the qualified expert 
in radioprotection, by the medical physicist and the nuclear medicine 
physician. 

The decision to hospitalise or release a patient after the therapy with unsealed 
radioactive sources should be determined on an individual basis, and should 
consider factors such as the residual activity in the patient, the patient’s wishes, 
the occupational and public exposures, cost, familiar and environmental aspects.  
One of the purpose of the optimisation in the nuclear medicine practices is also the 
limitation of the exposure of workers and the public to the risk generated by the 
patient and the respect of the dose limits and dose constraints for every category 
of exposed people. 
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According to ICRP recommendations, dose limits apply to exposure of the public and 
medical staff due to the patients. A dose constraint of a few mSv/episode applies 
to relatives, visitors, and caregivers at home. Dose constraints represent a source-
related system of control from exposures to the individual, below which 
optimisation is carried out. 
ICRP recommendations, regarding dose limits and dose constraints, have been 
interpreted very differently in various countries. Some countries have interpreted 
the dose constraint as a rigid annual dose limit. ICRP recommendations do not 
explicitly state that patients should be hospitalised after nuclear medicine therapy. 
Generally, the values of dose to the public from radiopharmaceuticals used in 
therapy, except for the iodine, are below the established limits and suggested dose 
constraints; the radionuclide that can produce problems is the 131I.  
The main source of radiation to members of the public and sewage-treatment 
workers from the administrations of iodine-131 activity will be from external 
radiation. For the medical staff, the relatives and the caregivers of the patients, 
instead, exist also the risk of the contamination. 
The exposure of the relatives, assistants and public due to patients treated with 
unsealed source can occur in different ways:  
1) external irradiation of people close to the patients;  
2)  internal contamination of people close to the patients due to the excreted or 

exhaled radioiodine 
3)  exposure through environmental pathways including sewage, discharges in water, 

incinerated sludge or cremation of bodies.  
 
EXTERNAL EXPOSURE 
 
Studies and measures reported in literature demonstrate that external exposure is 
the major source of radiation in presence of patients treated with the radioiodine. 
For conservative reasons the calculations of the absorbed doses from radioactive 
patients to other people  are always carried out,  assuming that the activity 
distribution in the patient is an unattenuated point source, and the external dose 
estimates are usually made using the inverse square law. This hypothesis is 
fundamentally corrected when the radionuclide is concentrated in the lesions (cases 
of hyperthyroidism, thyroid cancer with localized metastasis), and is conservative 
when the activity is widely distributed in the patient. In this case a line-source 
attenuation correction model is more accurate and can be implemented routinely. 
The measured dose rates at various times post-administration and at various 
distances from the patient show a dependence from patient’s pathology. In fact  
for the thyroid cancer the rate of external dose for unit of administered activity 
decreases more quickly, than for the hyperthyroidism, because of in the first case 
the thyroid has been ablated and therefore there is no uptake of  iodine and the 
administered radioactivity is mainly eliminated in urines in the first two days after 
the treatment. This is shown in the tables 2, 3, 4 and 5. 
 
CONTAMINATION  
 
The contamination pathways fundamentally are represented from the contact with 
patient’s excrete: urines, breath, saliva, sweat, faeces, milk (in the case of women 
in breast-feeding). Generally the more dangerous excrete is represented from the 
urine. However, for adult relatives, the value of the internal dose, due to the 
contamination, is approximately less than 10% of the external dose. 
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As regard to the other excretes, in literature is reported that the mean salivary 
activity collected in the first 24 hour  after the hyperthyroidism treatment with 
200 to 600 MBq of radioiodione, was 86.7 Bq/g/MBq administered activity. By 3 
days post treatment, this had decreased to approximately 27 Bq/g/MBq. Maximal 
salivary activity occurs approximately 24 h post therapy. So it seems reasonable to 
recommend no mouth-to-mouth contact between the patient and their relatives for 
at least the first 48 h post therapy. 
An other pathway of contamination is the palm sweat. The secretion of activity in 
palm sweat during the first 24 h post therapy was 170 Bq/cm2 and the mean palmar 
secretion was 45 kBq in 24 h. There was poor correlation with administered 
activity and body size. Thus, the risk from 131I contamination in sweat is small. 
The values of activities released through the expiration, measured in the air of the 
therapy room, are up to 0.1% of the administered activity. These values depend on 
the patient’s pathology (greater  in hyperthyroidism patients than in thyroid 
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cancer patients) and the dose increment to the staff, is easy controllable with a 
good system of aeration, even if low.  
Concerning the dose to the public, due to the contamination in the air, it has been 
found that in the case of hyperthyroidism patients who are in hospital for 3 days, 
nobody of the relatives had exceeded the values of 0,1 mSv, while in the case of 
absence of hospitalisation, the dose to the public could exceed 1mSv/year . 
Contamination from a thyroid cancer patient is greatest at approximately 24 h 
post radioiodine administration, and it is higher than that from hyperthyroid 
patients. In a study is reported that removable activity from the skin, measured at 
4, 24, and 48 h post administration ranged from 10 to more than 250 Bq/cm2. There 
was a correlation between removable activity and administered activity. Patients 
who washed frequently had significantly lower amounts of removable 
contamination. Removable contamination on surfaces in contact with the patients 
was very variable and ranged from less than 1 to 190 Bq/cm2. Removable activity 
on the rim of toilets during the first 48 h post treatment was much greater for men 
(approximately 1500 Bq/cm2) than for women (approximately 20 Bq/cm2). Salivary 
activity was found to be proportional to administered activity and it was highest 
at 24 h post therapy. For patients receiving 11 GBq of activity, the 24-h activity 
was approximately 4 MBq/ml of saliva. 
 
PUBLIC AND ENVIRONMENT EXPOSURE    
 
Due to its half-life of 8 days, the 131I can be detected in the environment, after the 
medical use, but its impact is not measurable. The radionuclide is present in the 
body, where it decays and is excreted mainly in urines, finding therefore its 
preferential pathway  in the environment.  Moreover the time of release of 
excretes is rather long, in respect to the half life of the iodine.  Therefore, the 
radioprotection problems must be considered for the operators of the drains, of 
sewer maintenance workers and of the wastewater treatment operators, from the 
effluent liquids, discharged to the water course and mud.  Generally the activities 
are very low and the processes of dilution, dispersion and the necessary time for 
the return to the alimentary chain makes this way not important. On the basis of 
the data actually available, the Commission believes that the quantity of 131I that 
enter the human body through the alimentary chain, either by the waters or by the 
earth is not significant, considered the treatment processes of the solid refusals, 
and of the liquid ones. 
It is possible to demonstrate that with appropriate and corrected regulations and 
methodologies of  treatment, the sewer disposal of the excreta from the patients 
produces a dose well within the established dose limits  both for the workers and 
for the public.  The Commission does not requires the storage of patient’s urines, 
before their discharge in the drain, because this practice involves minimal benefits, 
in respect to its cost, with insignificant impact on the environment. This is contrary 
to regulations of the Italian law, which in the All.  I, part II, codicil 7 of D.Lgs. 
187/2000 establishes the obligation of the hospitalisation, with the collection of 
the patients’ excreta for all the radiopharmaceutical therapies, included the 
exsperimental practices, with the exception of those ones not included in the 
codicil 6.  Moreover the ICRP recommendations are in contrast with the dispositions 
of the art.154, codicils 2 and 3 bis of D.Lgs. 230/95 and s.m.i., which establishes 
that the direct sewer disoposal of radioactive contaminated materials is possible if 
and only if the half life of radionuclide is less than 75 days and its activity 
concentration is at maximum 1 Bq/g.  The radioactive wastes from hospitals have 
such level of concentration, if a suitable system of collection, storage and 
management of the patients’excreta is present. 
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HOSPITALISATION  
 
Another important issue in the quality of the management of the nuclear medicine 
patient is his hospitalization, after the treatment.  
The ICRP Publication 94 recommends that the respect of both the dose constraints 
and the dose limits is the fundamental aspect to be taken into account in the 
management of the nuclear medicine patient and especially in relation to the 
decision about his release or his hospitalisation. In the table 6, there are the 
residual activities of the most used radionuclides, in the nuclear medicine 
practices, which the ICRP Publication 94 correlates with the external dose to other 
people. 

 
 
The Italian regulation establishes that the hospitalization is not necessary in the 
following cases: 

• therapy for hyperthyroidism with 131I until 600 MBq of administered activity   
• therapy for myelo-proliferative disorders with 32P until 260 MBq of 

administered activity   
• treatment of the skeletal metastases with 32P until 110 MBq of administered 

activity, until 150 MBq for 89Sr, until 1.3 GBq for 186Re and until  3 GBq for 
153Sm 
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• intra-arthicular therapy of not tumoural affections with 90Y  until 200 MBq 
of administered activity , with 186Re until 200 MBq and  until 40 MBq for 
169Er.  

All the other radiopharmaceutical therapies, included the experimental practices, 
must be carried out under hospitalisation. As it can be seen from the table 6, the 
only value that is different by the Italian norm is for the 131I, that establishes in 
600 MBq the limit for the hospidalisation,against the 240 MBq of the ICRP. But one 
of this value (the Italian one) is referred to administred activity, the other one to 
remaing activity in the patient’s.Another important recommendation from ICRP is 
the necessity to consider the following   important factors for the hospitalisation: 
the patient’s wishes, occupational and public exposures, family considerations, the 
presence of children, cost, and environmental factors. In fact, if a major duration 
of the hospitalisation reduces the exposure for the public, it increases the 
occupational one; the isolation often can represent a psychological problem for the 
patient and its relatives, although this has rarely been taken into account with 
respect to patient release, without considering the costs deriving from the 
hospitalisation that should have to be analysed and justified. The ICRP  has set up 
the dose limit of 1mSv/year for the public, and the dose constraint of 5 
mSv/episode for relatives, visitors, and caregivers (ICRP, 1991, 1996), placing 
particular attention for the critical groups (pregnant women, infants and children). 
In the table 7 the dose constraints, for different exposed categories of caregivers, 
established by the  European Commission (1998) and by the Italian regulations are 
reported. 
 

 
 
OTHER CATEGORIES OF EXPOSED PEOPLE 
 
Another possible risk of exposure for the public has represented by the patient’s 
travels, either in the case of private or of the public transportation. A good 
practice should consider also this aspect in the indications, given to the patient by 
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the physician, when he is released after the treatment, like for example, how much 
time the patient can spend in the public cabs or buses, versus the time from the 
treatment, etc.  
One consideration when releasing patients with internal radionuclides who have 
measurable gamma emissions is the unanticipated detection of such people at their 
place of employment, borders, airports, and other areas where there are radiation-
detection systems. When patients are detected at airports, etc., the situation is 
more difficult as these instruments are in place to restrict transport of illicit 
radioactive materials and detect inadvertent transport of orphan sources. Often 
this detection and the consequent controls can stress the patient. It would be a good 
practice that the staff assigned to these controls is informed about the possibility 
of  radiopharmaceutical patient transit, so that they can identify them.  Moreover 
it may be well that also the patient is informed of this possibility and that it may 
be best to suggest that patients do not do much traveling in major public areas 
(airports, border crossings, subways, boats, and public buildings) unless they are 
willing to experience some inconvenience, related to restrictive controls. It is a 
good rule to give to the patient a card with the information about his treatment, 
with indications of the radionuclide characteristics  and of its activity, and it is 
important to suggest that the patient bring this card with him for all the time, 
indicated by the physician. Some suggestions, that can be used like a guide line to 
draw up  the written recommendations for the patient behaviour, after the 
treatment, are reported in the table 8.  
Other important categories of possible exposed people are represented by the 
personnel of the autopsy centers and by the staff of the burial and cremation, in 
the case of the death of a patient, who had received radiotherapy with unsealed 
radionuclides in the last few months. 
The pregnant women represent a critical group, owing to the high sensibility of the 
foetus thyroid, either she is a patient or she is an exposed person of the public. 
The normal praxes of treatment suggests to delay the therapeutic and diagnostic 
treatments with radiopharmaceuticals, in the case of pregnant women, except 
there is danger for the same woman. If instead a woman in fertile age have 
treatment with unsealed radionuclides she must avoid the pregnancy for a 
consistent period of time, depending on the types and the half-life of the 
radionuclides. 
 

 
 
INFORMATION FOR PATIENT  
 
The ICRP Report 94 and the document of the European Commission Protection from 
Radiations 97 of the 1998 give some very useful indications either about the 
information to supply the patients before the treatment, or about the written 
guide-lines of behaviour to give to the patient, when he is released, with the aim to 
reduce and to contain the exposure of the public and the contamination of the 
environment and to respect the limits and dose constraints. It may be useful what 
is reported in the Table 9 (European Commission (1998)), in which are indicated the 
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values of effective dose intensity to 1 meter of distance from the patient, in 
function of the estimated residual activity. In these guide lines the following 
considerations are pointed out: - the behaviour to hold immediately after the 
treatment, especially if  vomit occurs, within 24 hours from the treatment; - the 
behaviour in case of travels with and without public transportations; - the 
behaviour to hold in house with relatives, also in function of their age;  - the 
behaviour with infants, children, and pregnant women; - the use of daily routine 
devices, as rested, pottery and linen;  - behavioural rules for the social life, for the 
working activity, and in cases of emergency or accidents.  
The ICRP still recommends that in the hospital a copy of treatment conditions is 
conserved and that a copy is delivered to the patient, with to the written 
instructions about the holding behaviour, with the aim to respect the limits for the 
population and dose constraints for the relatives and the caregivers. An important 
other and useful suggestion supplied from the ICRP is the model of the card to 
deliver to the patient, with indications on the carried out therapy and the main 
rules to follow, recommendations that are already respected in Italy. 

 
 
CONCLUSIONS  
 
The very important conclusion, deriving from the correct and punctual examination 
of the ICRP Publication 94, is that the respect of the recommendations of the 
Commission  about the observation of the public dose limits and dose constraints 
for other people can be obtained with a correct planning of the treatment and with 
suitable measures for the limitation of the exposure and the contamination. This 
measures must include especially the information of the patient about the risks 
from the therapy to other people and consequently the information about the 
correct behaviour to follow after the therapy so to reduce the risk for the 
relatives, the caregivers and the other people. This is part of the quality program 
which must be assured in the nuclear medicine applications for the objectives of 
the treatment optimization  and the dose limitation. The hospitalization and the 
other concerns, like for example the necessity to store  the patient’s urine, are not 
mandatory dispositions by Commission but they are related to a series of 
considerations about the specific conditions of the treatment, of the patient and 
the decisions which every Country would take to assure the observations of the 
dose limits and constraints. Also the difference between the 131I activity values, 
established for hospitalisation by the ICRP Commission and by the Italian 
Regulation, can be explained, considering that the value of the ICRP is related to 
remaining activity whereas the Italian value is related to administered activity. 
However the basic principle of the dose constrain respect must be observed. A 
correct program of quality assurance and of the optimization of the patient care 
and treatment is assured by the strict collaboration among the suitable experts, 
which take care of the protection either of the patient, or of the workers, general 
public and environment. 
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