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ABSTRACT 
Radionuclide therapy currently is the principal direction of medical care delivered to population. Normative 

documents of the Russian Federation, that regulate radiation safety in nuclear medicine, govern the durable 
hospitalization of patients, undertaken the treatment with 131I for thyroid gland disorders, such as diffuse toxic goitre and 
differentiated thyroid cancer. How showed the results of the processing of dosimetric information for 335 patients, at 
reasonable social behavior patients after radiotherapeutical procedures do not present real hazard for population and 
relatives. On the grounds of received data, authors came to the conclusion that, domestic norms are very strict, that can 
bring to rise of the cost of treatment, to reduction of the frequencies of radiotherapeutical procedures. 

INTRODUCTION 
Radiotherapy is acknowledged by the most effective 

method of the treatment of such entanglements of thyroid 
gland, as diffuse toxic goiter, as well as of a number of the 
forms of differentiated thyroid cancer. In particular, at 
treatment of diffuse toxic goitre the negative 
consequences of the exposure essentially below eventual 
complications caused by surgical intervention. In case of 
treatment of delayed metastases of differentiated thyroid 
cancer the method at all have no alternatives. 

Patient received the course of radiotherapy, can 
present radiation hazard for the medical personnel of 
radiologic departments, relatives and other persons, since 
after peroral administration of 131I a patients becomes a 
source of ionizing radiation and the radiocontamination of 
environment. In radiological departments such patients 
stay in special chambers equipped with special ventilation 
and special sewage system, by shields, telemonitors and 
phones for communication with medical personnel and 
with another equipment minimizing exposure. 

In domestic normative acts extract from case history 
is regulated by the dose dose at a distance of 1 m from a 
patient, it is equal to 3 µSv/hour. Such approach brings to 
the necessity of the hospitalization of patients irrespective 
of diagnosis and the gravity of a disease on average from 
3 to 12 days (in some cases up to 21 days). 

The experience gained in foreign clinics, the majority 
of patients with diffuse thyroid goitre do not need durable 
stay in radiologic departments, if clinical indications are 

absent. The duration of hospitalization of patients with 
differentiated thyroid cancer does not exceed, as a rule, 5 
days. Furthermore, in the USA and in some other 
countries functions the rule expelling the stay of patients 
in a hospital if they are given medicinal activity from 131I 
less than 1.1 GBq (H.R. Maxon III, 1992). 

On the stage of making decision concerning the 
discharge of a patient got radiotherapy from special 
regime it is important to evaluate, what dose a patient’s 
relatives and those who contact with a patient can receive, 
as well as to give a patient instructions for behavior in 
society which will guarantee for healthy people receiving 
annual permissible dose less than1 mSv, which was 
approved by national and international commissions for 
radiation safety. 

METHODS 
For achievement the tasks archived medical and 

dosimetric data accumulated in Medical radiological 
research center of Russian Academy of Medical Sciences 
from 1983 to 1999 were treated in order to determine the 
time of discharge a patient from close regime in 
accordance with workable standards. The magnitude of 
exposition dose at a distance of 1 m from a patient and to 
a body (fixed maximal value in the view of the target for 
radiopharmaceuticals) was measured by portable 
scintillation dosimeter DRG-05M(Russia) designed for 
the measurement of exposition dose from x- and gamma 
rays, as well as of the qualitative estimation of the 



 

 

presence of beta radiation. Dosimetric measurements were 
made in 24 hours (sometimes in 48-72 hours) after 
administration of 131I, and, as a rule, daily during the full 
course of hospitalization of a patient. 

Investigated group of patients consisting of 335 
people, was divided on 4 groups depending on the 
diagnosis (thyroitoxicosis, thyroid cancer) and a character 
of applied radionuclide procedures (ablation, the 
treatment of metastases in lungs and bones). Data on 
patients given in table 1. 

 All estimates and computations were made on the 
basis of models concerning duration and the character of 
the contact of patient with people: 

1. the patient stay in a hospital for 3 days 
irrespective of a disease and a character of applied 
treatment with radioiodine; 

2. stay in public transport on a close distance from 
surrounding people and in individual transport at a 
distance of 1m from passengers; 

3. 8-hour contact with colleagues at a distance of 1m; 
4. at home, communication with spouses during6 

hours at a distance of 1m and during the night (of 8 hours) 
adjacently; 

5. the 4-hour communication with children under 7 
years of age at close contact and 8- hour contact at a 
distance of 1m; 

6. long stay with other relatives in one room within 
2 m during 15 hours, excluding close contact with a 
patient. 

RESULTS 
Averaged curves of temporal variations of dose-rate 

with regard to distance from a subject were built with the 
use of processed available dosimetric data on patients 
(table 2 and 3). 

Averaged curves were approximated by one- or by- 
two exponential functions and presented in analytical 
type: 

Group A (diffuse toxic goitre): 

Dt= D1(0.26e - 0.31 (t-1)+0.74e - 0.10 (t-1)) (1) 
on a body surface; 

Dt=D1(0.23e-0.2 (t-1)+0.77e-0.12(t-1)) (2) 
at a distance of 1m;  
where Dt – the dose rate on day t, D1 – the dose rate 
measured in 24 hours after administration of 131I. Effective 
half-life of short and long components of the dose rate 
decay was about 2.27 days and 7.19 days respectively on 
a body surface. If R=1 m it was 3.25 days and 5.85 days; 

Group B (Ablation): 

Dt=D1 (0.52 e-2.1 (t - 1)+0.48 e - 0.17 (t - 1)) (3) 
on a body surface;  

Dt=D1 (0.66 e - 1.8 (t - 1)+0.34 e - 0.14 (t - 1)) (4) 
at a distance of 1m;  

Effective half-life of short and long components of 
the dose rate decay was about 0.33 days and 3.39 days 
respectively on a body surface. If R=1 m it was 0.38 days 
and 4.88 days; 

Group C (thyroid cancer with metastases  
in lung): 

Dt=D1 e-0.45 (t - 1) (5) 
on a body surface; 

Dt=D1 e - 0.46 (t - 1) (6) 
at a distance of 1m; 

Effective half-life period was about 1.55 days on a 
body surface. If R=1 m it was 1.50 days; 

Group D (thyroid cancer with metastases  
in bones): 

Dt=D1 (0.49 e-1.1 (t - 1)+0.51 e - 0.11 (t - 1)) (7) 
on a body surface; 

Dt=D1 (0.70 e - 1.3 (t - 1)+0.30 e - 0.11 (t - 1)) (8) 
at a distance 1м; 

Effective half-life of short and long components of 
the dose rate decay was about 0.64 days and 6.52 days 
respectively on a body surface. If R=1 m it was 0.52 days 
and 6.24 days. 

On the following stage of the study it will be possible 
to estimate potential doses which could receive people 
being in contact with a patient. It can be done with the use 
of averaged temporal changes of dose-rate (1)-(8) and if 
above models of behavior are applied (table 4). 

Corresponding constraints concerning the time of 
contacts with unexposed people which prevents from 
receiving annual dose higher than 1mSv are given in 
table 5. 

The compulsory hospitalization of all patients for 3 
days was supposed to be made for the purposes of 
radiation safety. In addition to that dosimetry 
measurements must be made in order to estimate absorbed 
doses to the target and evaluate clinical effect. Dosimetric 
measurements will allow one. 

As table 5 shows, the most exclusionary scenario 
should be applied to patients with diffuse toxic goitre, as 
well as with differentiated thyroid cancer with metastases 
in bones, if they are at close contact with spouses and 
children. Since limitations turned out to be significant 
during 3-4 weeks, we selected subgroups of patients in 
each group. The patients in subgroups had short period of 
half elimination of 131I, corresponding doses and 
temporary limitations for them were given (tables 4 and 
5). It was found that doses, that could be received by 
people at contact with such category of patients, would be 
an order below, and the time between contacts was 
reduced considerably.  

Use of public transport during more than 0.8 hour 
(group B) and over 2-3 hours (the rest groups) is not 
desirable for passengers who are near such patient. At the 



 

 

same time, for those who are at a distance of about 1m a 
patient does not present any hazard. As for use of 
individual transport, any limitations are not needed, even 
a patient stays in a transport for a long time. But if 
accompanying persons are close relatives (spouses or 
children) the behavior of a patient must be corrected. This 
is necessary to do for prevention them from receiving 
annual permissible dose. It is essential that a patient can 
come back to his activity breifly after leaving the hospital, 
in that case his colleagues will not be exposed to radiation 
from him. Some constraints must be applied to patients 
with differentiated thyroid cancer who had a course of 
treatment of metastases in bones with 131I, as well as if 
they have radioiodablation. 

DISCUSSION 
Findings of the study are in accord with data 

published in a number of foreign journals. (Barrington, 
1996; Culver 1991; Culver 1992, Monsieurs, 1998) 
Effective periods of half-elimination of 131I are similar to 
parameters which were received by Barrington S. F.  

Approximation of averaged curves of temporal 
changes of dose rate by two-exponential curves was made 
because radioiodine eliminated by two modes: quick and 
slow. In groups A and D subgroups of patients who 
eliminated radioiodine by quick and slow modes were 
selected. Recommendations given to patients of various 
subgroups, will be different because of different kinetics 
of elimination of 131I. 

TABLE 1. Number of patients and amount of administered activity with regard to the diagnosis 

Groups Disease Number of patients Average activity 
Group A Diffuse toxic goitre 60 148 ± 96 GBq 
Group B Thyroid cancer, ablation 100 2,0 ± 0,6 GBq 

 
Group C 

Thyroid cancer with metastases in 
lung 

75 1,5 ± 0,7 GBq 

 
Group D 

Thyroid cancer with metastases in 
bones 

100 3,4 ± 0,7 GBq 

TABLE 2. Dose rate from thyroitoxicosis patients and ablation patients (µSv/h per MBq administered activity) 

days Mean ± s.d.  
(sample number) 

Group A 

Mean ± s.d. 
(sample number) 

Group A 

days Mean ± s.d. 
 (sample number) 

Group B 

Mean ± s.d.  
(sample number) 

Group B 
 on a surface of a body 1m  on a surface of a body 1m 

1 6,1 ± 4,3(39) 0,105 ±  0,109 (40) 1 1,18  ± 1,57 (82) 0,033  ± 0,023 (81) 
2 4,4 ± 3,6(35) 0,092  ± 0,161 (36) 2 0,57  ± 0,82 (61) 0,013  ± 0,017 (61) 
3 4,5 ± 2,8(34) 0,058  ± 0,040 (32) 3 0,40  ± 0,77 (41) 0,008  ± 0,011 (39) 
4 4,5 ± 2,6(33) 0,056  ± 0,067(31) 4 0,45  ± 0,84 (33) 0,006  ± 0,007 (34) 
5 4,6 ± 2,2(23) 0,054  ± 0,037 (21) 5 0,26  ± 0,40 (51) 0,006  ± 0,007 (51) 
6 3,9 ± 2,1(23) 0,043  ± 0,023 (20) 6 0,23  ± 0,29 (46) 0,005  ± 0,006 (45) 
7 3,5 ± 1,5(31) 0,039  ± 0,017 (29) 7 0,19  ± 0,21 (30) 0,004  ± 0,004 (32) 
8 2,75 ± 0,95(22) 0,033  ± 0,011 (22) 8 0,18  ± 0,15 (14) 0,005  ± 0,004 (15) 
9 2,31 ± 0,95(16) 0,031  ± 0,014 (17) 9 0,13  ± 0,10 (8) 0,004  ± 0,003 (8) 

10 1,95 ± 0,99(19) 0,023  ± 0,008 (17) 10 0,04  ± 0,07 (6) 0,0024  ± 0,0009 (6) 
11 1,88 ± 10,6(16) 0,025  ± 0,007 (13) 11 0,09 ± 0,06 (7) 0,0020 ± 0,0009 (7) 
12 2,43 ± 1,16(9) 0,028  ± 0,012 (7) 12 0,07  ± 0,04 (11) 0,0024 ± 0,0016 (12) 
13 1,69 ± 1,18(8) 0,019  ± 0,008 (6) 13 0,07 ±  0,03 (12) 0,0020 ± 0,0009 (12 
14 1,79 ± 0,92(11) 0,024  ± 0,020 (8) 14 0,06 ± 0,03 (7) 0,0020 ± 0,0009 (7) 
15 1,74 ± 0,37(3) 0,019  ± 0,002 (3) 15 0,05  ± 0,02 (4) 0,0015 ± 0,0004 (5) 
16 1,29 ± 0,26(2) 0,019  ± 0,006 (3) 16   
17 1,61 ± 0,95(4) 0,018      (1) 17   
18 1,68 ± 0,20(3) 0,018     ( 1) 18   
19 1,15 ± 0,33(4) 0,015     (1) 19   
20 1,11 ± 0,4(3)  20   
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TABLE 3. Dose rate from  patients with thyroid cancer, metastases in lung and bones ( µSv/h per MBq 
administered activity) 

Mean ± s.d. 
 sample number) 

Group C 

Mean ± s.d.  
(sample number) 

Group C 

days Mean ± s.d. 
(sample number) 

Group D 

Mean ± s.d.  
(sample number) 

Group D 
a surface of a body 1m  on a surface of a body 1m 
0,6  ± 0,42 (59) 0,031  ± 0,017 (59) 1 0,36  ± 0,34 (75) 0,021  ± 0,011 (74) 
,14  ± 0,12 (38) 0,0065  ± 0,0047 (37) 2 0,23  ± 0,34 (53) 0,0096  ± 0,0073 (54) 
,11  ± 0,18 (23) 0,0055  ± 0,0079 (23) 3 0,12  ± 0,16 (55) 0,0058  ± 0,0064 (53) 
,09  ± 0,17 (30 ) 0,0055  ± 0,0010 (30) 4 0,06  ± 0,10 (50) 0,0037  ± 0,0046 (49) 
,11  ± 0,14 (16) 0,0055  ± 0,0077 (16) 5 0,12  ± 0,32 (56) 0,0037  ± 0,0045 (56) 

0,12  ± 0,14 (9) 0,0046  ± 0,0035 (9) 6 0,13  ± 0,27 (41) 0,0037  ±,0041 (43) 
0,14  ± 0,14 (6) 0,0028  ± 0,0018 (6) 7 0,13  ± 0,28 (37) 0,0030  ± 0,0029 (37) 

0,03   (1) 0,0009   (1) 8 0,16  ± 0,28 (19) 0,0031  ± 0,0029 (20) 
  9 0,14  ± 0,25 ( 16) 0,0028  ± 0,0023 (15) 
  10 0,045 ± 0,041 (11) 0,0021  ± 0,0012 (11) 
  11 0,037  ± 0,021 (10) 0,0025  ±  0,0014 (8) 
  12 0,095  ± 0,136 (10) 0,0017  ± 0,0006 (12) 
  13 0,090  ± 0,104 (11) 0,0018  ± 0,0008 (12) 
  14 0,085  ± 0,080 (9) 0,0015  ±  0,0007 (9) 
  15 0,074  ± 0,057 (7) 0,0015  ± 0,0003 ( 7) 
  16 0,040  ± 0,020 (6) 0,0010  ± 0,0004 (5) 
  17 0,014  ± 0,007 (2) 0,0009   ± 0,0002 (2) 

 4. Dose (mSv) which can be received by people being at contact with a patient after his discharge from a 
hospital. *  relevant information on  patients with quick  elimination of  131I 

Groups Activity 
(MBq) 

Colleague Partner Children 

Group A 
ients with thyroitoxicosis) 

185 0,7 8,8*  - 72 3,3*-36,7 

Group B 
tients with thyroid cancer, 

ablation) 

2590 1,1 48,7 23,4 

Group C 
tients with thyroid cancer, 

metastases in lung) 

2590 0,5 12,6 6,4 

Group C 3700 0,7 18,2 8,9 
Group D 

ients with thyroid cancer, 
metastases in bones) 

2590 0,5*-0,9 9,8*-31,7 5,1*-14,5 
structions on the patient’s behavior given to a 
some averaged recommendations based on the 
andard radiotherapy. However, at this stage of 
s we can recommend to a patient the standard 
havior with corrections that are specific to an 
The recommendations must be revised with 

he amount of the courses of radiotherapy that a 
during a year. 
tly individual recommendations for social 
 a patient have been developed. Dose rates for 
of hospitalization, the effective period of half 

elimination of the isotope, activity of 131I are input into the 
model. The list of standard recommendations of the mode 
of behavior of a patient that will prevent people to be at 
contact with him from receiving annual dose higher than 1 
mSv established by ICRP and NCRP will be output 
information. 

Our results of the study confirm the conclusions of 
foreign scientists that at reasonable social behavior a patient 
after radioiodtherapy does not present real hazard for the 
population. This is related, in the first place, colleagues and 
relatives who have to live with a patient in one room 

Group D 3700 0,7*-1,3 13,9*-45,3 7,4*--23 



 

 

without more close contacts with him. These people will 
receive doses, not exceeding annual limit (table 6). 

Our study shows that children and the spouse of a 
patient, tightly contacting him, belong to a group of high 
risk. Since one of the factors associated with development 
of thyroid neoplastic malignancies is believed to be the 
exposure of the target to ionizing radiation especially at 
the age of childhood, contact of a patient with children 

must be strictly regulated, especially in the first days after 
leaving a hospital. 

On the ground of numerous studies we believe, that 
existing domestic regulations for radiation safety in 
nuclear medicine, are very strict that can lead to the long-
term hospitalization of patients, increase in cost of 
treatment, as well as to groundless reduction of the 
number of radiotherapeutical procedures. 

TABLE 5. Recommendations concerning mode of behaviour of a patient had radiotherapy. *  relevant information 
on  patients with quick  elimination of  131I 

Groups Activity 
(MBq) 

Duration of stay 
in public 

transport on the 
first day of 

leaving hospital 
(hours) 

Duration of stay in 
individual 

transport on the 
first day of 

leaving hospital 
(hours) 

Limitation 
time for 

contact with 
spouses 
(days) 

Limitation time 
for contact with 
children (days) 

Limitation  
time for 

contact with 
colleagues 

(days) 

Group A 
(patients with 

thyroitoxicosis) 

185 2,3* -    1,2 No limits 7*   -    37 2*  -     20 No limits 

Group B 
( patients with 
thyroid cancer, 

ablation) 

2590 0,8 No limits 20 12 1 

Group C 
( patients with 
thyroid cancer, 
metastases in 

lung) 

2590 2,9 No limits 6 4 No limits 

 3700 2 No limits 7 5 No limits 
Group D 

patients with 
thyroid cancer, 
metastases in 

bones) 

2590 3,2*    -     2,9 No limits 8* -   27 7*     -    14 No limits 

 3700 2,2*        -    2 No limits 11* -   30 7 *    -    21 2 

TABLE 6. Doses, which can be received by relatives living with a patient in one room having  
(close contact with him is excluded) 

Groups Activity 
( MBq) 

Relatives 

Group A 
(patients with thyroitoxicosis) 

185 0,59 

Group B 
(patients with thyroid cancer, ablation) 

2590 0,75 

Group C 
( patients with thyroid cancer, 

metastases in lung) 

2590 0,31 

Group C 3700 0,43 
Group D 

patients with thyroid cancer, 
metastases in bones) 

2590 0,25*-0,68 

Group D 3700 0,42*-0,78 
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