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Introduction 
 
According to the Euratom directive 97/43 [1], recommendations must be given 
to patients to whom radioactive materials have been administered. For 
example, in nuclear medicine, such recommendations must be applied to 
patients receiving 131I thyroid treatment in order to limit doses to other 
individuals. For this purpose, the concept of dose constraints has been 
introduced for exposures of individuals who are knowingly and willingly 
helping in the support and comfort of patients undergoing medical diagnosis or 
treatment. In France, patients suffering from hyperthyroidism and receiving 
less than 740 MBq (20 mCi) of 131I can be released as outpatients provided that 
proper recommendations are given to limit contact to the relatives [2]. The 
aim of this work was to compare two available spreadsheets [3,4] for 
calculation of close contact restrictions to other individuals in the case of 
hyperthyroidism treatment. Influences of parameters involved in the 
calculations were also investigated.  
 
 
Method of calculation 
 
Complete description of the method of calculation of the two spreadsheets can 
be found in the original papers [3,4]. In both cases, initial parameters are:  
 

- Dose constraints: they are not dose limits but prospective levels that are 
not expected to be exceeded for people involved in the care of patient. 
As this concept has not been transposed into French regulations yet, 
values of the European commission were chosen [5]: 3 mSv for the family 
and close friends (adults), 15 mSv for the relatives older than 60 years 
old, 1 mSv for the children and 0.3 mSv for the public.  

- Whole body clearance data in terms of the proportion and half-life of 
each clearance component. Cormack’s spreadsheets assume a bi-
exponential model to assess 131I clearance from the body: the effective 
half-lives of 131I for thyroidal and extrathyroidal components were 
assigned values of 5.8 days (27 %) and 0.3 days (73 %), respectively [10]. 
In Carlier’s spreadsheets, clearance of 131I is assumed to follow a mono-
exponential decay. For comparison purposes, an effective half-life of 5.8 
days was chosen and this value was artificially weighted by 27 %.  

- Radiation exposure rate: initial measured exposure rate shortly after 
administration of 131I therapy doses. A conversion factor of 0.086 µGy 
MBq-1h-1was used to convert observed exposure rate into administered 
activity [6]. 
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- Contact patterns: they are complete descriptions of distance and time 
people spend from each other everyday. The following common lifestyle 
behaviours were investigated: travel by public transport (2 hours at 1 
metre) exposure of spouse (6 hours at 1 metre followed by 8 hours at 0.1 
metre), return to work (8 hours at 1 metre), exposure of children from 2 
to 5 years old (8 hours at 1 metre and 4.5 hours at 0.1 metre) and 
exposure of children from 5 to 15 years old (4 hours at 1 metre and 2 
hours at 0.1 metre).  

 
Given these four parameters, both programs compute the time during which 
contact should be avoided in order to constraint the radiation exposure to 
selected dose limits. Comparison of both programs as well as discussion on 
parameters used is addressed separately in the following sections.  
 
Comparison of calculated restriction times  
 
Results are summarised in table 1. Both spreadsheets lead to restriction times 
that are quite similar. This was roughly expected since calculations were 
made using the same formalism except the following differences: 
 

- Whole body clearance data (mono- versus bi- exponential decay of 131I).  
- Implementation of the exposure rate at different distances. Based on 

measured dose rates from patients, Cormack’s spreadsheets were used 
with an assumed ratio of 14.2 between exposure at 0.1 metre and 1 
metre. Carlier et al. assume exposure rate to be inversely proportional to 
the distance leading to a ratio of 10 between exposure rate at 0.1 metre 
and 1 metre. Note that measured exposure rates at different distances 
might also be used as input in both spreadsheets. 

- Modelling of contact patterns: using Cormack’s spreadsheets, time and 
distance can be customised at each hour of the day, taking also into 
account the time of administration. Carlier et al. used a more simplified 
model, with distance and contact times being defined per day regardless 
of the moment in the day.  

 
Table 1 shows that the simplified model [4] gives reasonable good results 
compared to the more rigorous one [3]. Nevertheless, it should be pointed out 
that Carlier’s spreadsheets were used with a weighted effective half-life, 
which is not clinically relevant for a mono-exponential decay. Without this 
assumption, the spreadsheets lead to restriction times that are almost twice 
as high as those calculated using Cormack’s spreadsheets.  

 
Pattern Activity (MBq) 100 200 400 600 800 

Cormack 0 4.6 10.5 13.7 15.8 
A Spouse 

(3 mSv) Carlier 0 2.1 7.9 11.3 13.7 

Cormack 0 1.2 7.1 10.2 13 
B Workplace 

(0.3 mSv) Carlier 0 1.5 7.3 10.7 13.1 

C Children Cormack 3.6 9.4 15.3 18.6 21 
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 (2 to 5 years 
old) 

(1 mSv) 
Carlier 1.5 7.3 13.1 16.5 18.9 

Cormack 0 2.9 8.5 11.9 14.4 
D 

Children 
(5 to 15 years 

old) 
(1 mSv) 

Carlier 0 0.7 6.5 9.9 12.3 

Cormack 6 11.6 17.4 21 23 
E Public transport 

(0.3 mSv) Carlier 3.5 9.3 15.1 18.5 20.9 
Table 1: Number of days of restrictions for patients receiving 131I treatment 
for thyrotoxicosis. Simulations were carried out for various contact patterns 
using Carlier’s spreadsheets [4] and Cormack’s spreadsheets [3] (activity 
administered at 10 am). European dose constraints were used.  
 
 
Calculated restriction times versus published data 
 
Comparison with published data was difficult due to the large variations in the 
assumptions used in each study. Two main approaches have been adopted for 
the estimation of the radiation dose to others [7]: those based on measured 
dose rates from patients and estimations of distance and time for people in 
close contact [8-10], and those based on direct measurement with digital dose 
meters or thermoluminescent dosimeters [11,12]. A compilation of proposed 
guidelines for pattern A (restricting time with one’s partner) is shown in table 
2.  
 

Activity (MBq)  Dose 
constraint 200 400 600 800 

Thomson et al. [8] 8 16 24 30 

Hilditch et al.  [9] 2 9 - 15 

O’Doherty et al. [10] 15 20 24 26 

Monsieurs et al. [11] 7-21 

Cormack et al. 14 20 23 25 

Carlier et al.  

1 mSv 

11 17 20 23 

Barrington et al. [12] 1 5 9 12 

European commission [5] 7 15 15 21 

Cormack et al. 5 10 14 16 

Carlier et al. 

3 mSv 

2 8 11 14 
Table 2: Number of nights of separate sleeping arrangements required 

following 131I treatment for thyrotoxicosis. 
 
There are large variations in the proposed guidelines depending on the 
methodology used to assess radiation doses to the partner. Of particular 
interest for us were the recommendations from Barrington et al. [12] and 
from the European commission [5] since they were formulated for a 3-mSv 
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dose constraint. As shown in table 2, simulations carried out with both 
spreadsheets lead to restriction times that fall between these two 
recommendations. This gives confidence that assumptions used in these 
spreadsheets are sufficient to give reasonable radiation protection advices. 
This assertion is also supported by the experimental findings of both 
Monsieurs et al. [11] and Barrington et al. [12]. The study of Monsieurs et al. 
reported a violation of the 1-mSv limit for 21% of the patients who received a 
7 to14 days period of restriction while Barrington et al. found that the 3-mSv 
limit was reached for only 1 patient over 31 when the duration constraints 
were those described in table 2.   
 
Influence of biological data 
 
Carlier et al. measured patient-specific effective half-lives from a group of 41 
patients suffering from Graves’ disease (data not published). For each 
patient, exposure was sampled over a period of time and fitted to a two-
compartment model. From this fitted clearance, an effective half-life was 
derived and used as input in the spreadsheets.  
 
131I mean effective half-life was found to be 4.8 ± 1.5 days (range 2 – 7.7 
days). Influence of the value of 131I effective half-life on computed restriction 
times is shown in table 3 for the pattern A. 
 

Range of measured 131I effective 
half-life Activity 

(MBq) 
Tmin = 2 days Tmean = 4.8 

days 
Tmax = 7.7 

days 

T = 5.8 days 
from O’Doherty et 

al. [8] 

T = 6.3 days 
from Hilditch et 

al. [7] 

200 0.0 0.5 5.8 2.1 3.0 
400 0.0 5.3 13.5 7.9 9.3 
600 1.0 8.1 18.0 11.3 13.0 
800 1.9 10.1 21.2 13.7 15.6 

Table 3: Number of nights of separate sleeping arrangements required 
following 131I treatment for thyrotoxicosis. Calculations were carried out with 
Carlier’s spreadsheets for various effective half-lives of 131I, assuming a dose 
constraint of 3 mSv and a biological half-life of 5.8 days (27 %).  
 
Calculated restriction times are heavily dependent on biological data. 
Concerning hyperthyroid patient, common values of 131I effective half-life 
range from 5 to 7 days. This can lead to differences in restriction times up to 
5 days. Larger variations may occur from one patient to another depending on 
the state of the disease process.  
In Carlier’s spreadsheets, the mono-exponential decay of 131I was artificially 
weighted to match the clearance of Cormack’s spreadsheets and so use of a bi-
exponential decay was found to give better recommendations with respect to 
published data (table 2). When available, individual measured clearance rates 
should be used to more accurately estimate restriction times.  
 
Relation between administered activity and external exposure rates 
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Air kerma rate constant for 131I is 0.05 m2 µGy MBq-1h-1 assuming a point 
source in air with no attenuation and no scattering medium [13]. The 
theoretical dose rate at 1 metre can be calculated by multiplying the 
administered activity of 131I by the above constant. External exposure rates 
measurements from patients are usually found to be significantly different 
from the theoretical one due to photon attenuation and radioiodine 
distribution within the patient. Moreover, depending on detector efficiency 
and detector positioning, external exposure rates can exhibit a high degree of 
variation [14]. 
 
Jorgensen et al. [6] measured external exposure rates from 45 patients 
undergoing radioiodine treatment of benign goitre. They proposed to use a 
conversion factor of 0.086 µGy MBq-1h-1 at a distance of 1 meter for patients 
receiving 131I therapy. This value was multiplied by 1.111 to account for 
discrepancies between absorbed dose to air and absorbed dose to soft tissue 
[13]. This gives an overall factor nearly twice as high as the theoretical one. 
Influence of this factor on computed close contact restriction times (pattern A) 
is shown in table 4. 
 
 

Activity (MBq) 200  400  600 800  

Theoretical factor  
0.05 µSv MBq-1h-1 

- 3.4 6.7 9.1 

Measured factor 
 0.086 µSv MBq-1h-1 

2.1 7.9 11.3 13.7 

Table 4: Number of nights of separate sleeping arrangements. Simulations 
were carried out with Carlier’s spreadsheets assuming a dose constraint of 3 
mSv and a biological half-life of 5.8 days (27 %).  
 
Recommended times to limit close contact with others were found to be closer 
to published data (see table 3) when a factor of 0.086 µSv MBq-1h-1was used to 
convert external exposure rates into administered activity. Again, 
calculations are heavily dependent on assumptions used to assess radiation 
exposure to others. Observed dose rates are known to show large variations 
from patients to patients. Besides, calculated restriction times have to be 
considered as upper limits because dose calculations based on measured dose 
rates usually overestimate the actual dose to others from patients released 
after 131I therapy [15].  
 
Given the air kerma rate constant, exposure rates at different distances may 
be derived using the inverse square law but such calculations will tend to 
overestimate the dose received from the patient. Observed external exposure 
rates are usually found to be less sensitive to the distance, especially at close 
distances [4,12,16]. Influence of this factor on computed close contact 
restriction times (pattern A) is shown in table 5. If not measured, exposure 
rates have to be assessed with a conservative model to keep estimations 
compliant with regulatory needs.   
 



  6 

Exposure rate at 0.1 metre / Exposure rate 
at 1 metre Activity 

(MBq) 
10 14.2 20 100 

200 1.7 4.6 7.5 20.6 

400 7.6 10.5 12.8 26.5 

600 10.8 13.7 16.6 29.7 

800 13.5 15.8 18.8 31.8 

Table 5: Number of nights of separate sleeping arrangements. Simulations 
were carried out with Cormack’s spreadsheets for various ratios between 
exposure rate at 0.1 metre and exposure rate at 1 metre. Note that the last 
column (ratio of 100) corresponds to the inverse square law.  
 
This methodology could be used to calculate any time limits related to other 
radioiodine treatment such as, for instance, the thyroid carcinoma treatment 
(TCT). Nevertheless, as far as radiation protection recommendations are 
concerned, hyperthyroidism treatment is more critical than TCT despite the 
large difference in amount of activity administered to patients. This is mainly 
due to the typical effective half-life of radioiodine in TCT, 8 times lower than 
the one encountered for hyperthyroidism treatment [4]. 
 
 
Conclusion 
 
Comparison of the two spreadsheets didn’t show any significant differences 
provided that proper biological models were used to follow 131I clearance. This 
means that even simple assumptions can be used to give reasonable radiation 
safety recommendations. Nevertheless, a complete understanding of the 
formalism is required to use correctly these spreadsheets. Initial parameters 
must be chosen carefully and validation of the computed results must be done. 
Published guidelines are found to be in accordance with those issued from 
these spreadsheets. Furthermore, both programs make it possible to collect 
biological data from each patient and use it as input to calculate individual 
tailored radiation safety advices. Also, measured exposure rate may be 
entered into the spreadsheets to calculate patient-specific close contact 
delays required to reduce the dose to specified limits. These spreadsheets 
may be used to compute restriction times for any given radiopharmaceutical, 
provided that input parameters are chosen correctly. They can be of great 
help to physicians to provide patients with guidance on how to maintain doses 
to other individuals as low as reasonably achievable.   
 
 
References 
 

1. Council Directive 1997/43/EURATOM on Health Protection Of Individuals 
Against the Dangers of Ionizing Radiation in Relation to Medical 



  7 

Exposure. Official Journal of the European Community, n° L 180, 
9.7.1997. 

 
2. Arrêté du 21 janvier 2004 relatif à l’information des personnes 

exposées aux rayonnements ionisants lors d’un acte de médecine 
nucléaire. 

 
3. Calculation of radiation exposures from patients to whom radioactive 

materials have been administered. J. Cormack. J. Shearer. Phys. 
Med.Biol. 1998. 43(3). 501-516. 

 
4.  Practical recommendations for outpatients after differentiated thyroid 

carcinoma treatment with iodine-131. T. Carlier. A. Lisbona. F. 
Kraeber-Bodere. C. Ansquer and O. Couturier. Radioprotection 2004. 
39(4). 481-492. 

 
5. Radiation protection following iodine-131 therapy, radiation protection 

97, European Commission, Directorate-General Environment, Nuclear 
Safety and Civil Protection, 1998. 

 
6. Estimation versus direct measurements of external dose rates in 

radioiodine treatment of benign goiter. H.B. Jorgensen. P.F. Hoilund-
Carlsen. Eur. J. Nucl. Med. 2004. 31. S234. 

 
7.  Radiation protection issues associated with nuclear medicine out-

patients. W.H. Thomson. L.K. Harding. Nucl. Med. Commun. 1995. 16. 
879-892. 

 
8. Day and night radiation doses to patients’ relatives: implications of 

ICRP 60. W.H. Thomson. A.P. Mills. N.B. Mostafa. A. Notghi. L.K. 
Harding. Nucl. Med. Commun. 1993. 14. 275. 

 
9. Radiological protection guidance for radioactive patients – new data for 

for therapeutic 131I. T.E. Hilditch. J.M.C. Connell. D.L. Davies. W.S. 
Watson. W.D. Alexander. Nucl. Med. Commun. 1991. 12. 485-495. 

 
10. Radiation dose rates from adult patients receiving 131I therapy for 

thyrotoxicosis. M.J. O’Doherty. A.G. Kettle. C.N.P. Eustance. P.J. 
Mountford. A.J. Coakley. Nucl. Med. Commun. 1993. 14. 160-168. 

 
11. Real-life radiation burden to relatives of patients treated with 

iodine-131: a study in eight centres in Flanders (Belgium). M. Monsieurs. 
H. thierens. R.A. Dierckx. K. Casier. E. De Baere. L. De Ridder. C. De 
Saedeleer. H. De Winter. M. Lippens. S. Van Imschoot. D. Wulfranck. M. 
Simons. Eur. J. Nucl. Med. 1998. 25 (10). 1368-1376. 

 
12. Radiation exposure of the families of outpatients treated with 

radioiodine (iodine-131) for hyperthyroidism. S.F. Barrington. M.J. 
O’Doherty. A.G. Kettle. W.H. Thomson. P.J. Mountford. D.N. Burrel. R.J. 



  8 

Farrell. S. Batchelor. P. Sees. L.K. Harding. Eur. J. Nucl. Med. 1999. 26 
(7) 686-692. 

 
13.  Air kerma rate constants for radionuclides, H. Wasserman, W. 

Groenwald, Eur. J. Nucl. Med., 1988, 14, 567-571. 
 

14. Comparison of the rate meters used in radiation protection of 
patient entourage after iodine 131 therapy. SFPM working group 
“Dosimetry in nuclear medicine”. 41ème journées scientifiques de la 
société française de physique médicale, Grenoble. 11-14 juin 2002.  

 
15. The need for better methods to determine release criteria for 

patients administered radioactive material, R.B. Sparks, J.A. Siegel, 
R.L. Wahl, Health Physics 1998, 75 (4), 385-388. 

 
16. Radiation safety considerations for post-iodine-131 hyperthyroid 

therapy, C.M. Culver, H.J. Dworkin, J. Nucl. Med. 1991, 32, 169-173.  
 
 


