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Hyperthyroidism refers to a clinical state that 
results from inappropriately high thyroid hormone 
levels in the tissues[1]. I-131 therapy plays a critical 
role and provides a remarkable curative effect in 
targeting thyroid diseases. Thyroid cells can take up 
isotope I-131, which emits not only beta rays but also 
gamma rays. Beta rays are used for killing thyroid 
cancer cells and for destroying a number of glandular 
tissues, which is a key in achieving treatment goals. 
However, gamma rays with strong ionizing radiation 
effects can cause radioactive contamination, which 
causes radiation hazard to other individuals who 
come into contact with patients. Radiation can induce 
carcinogenesis, such as leukemia and skin cancer. 
Therefore, more and more attention is being paid to 
radiation safety and protection against the radiation 
hazard from I-131[2,3]. 

The external dose rate or retained body activity 
of I-131 in patients with hyperthyroidism have been 
well characterized[2]. However, the functional 
relations of the external dose rate and retained body 
activity has not been established[4-6]. Therefore, an 
appropriate relationship between external dose rate 
and retained body activity must be established for 
patients with hyperthyroidism, and a quantitative 
analysis on the effects of radiation on other 
individuals should be carried out. 

This study was approved by our institutional 
review board. Data used in this study were collected 
from 72 patients with hyperthyroidism (14 women and 
58 men) receiving I-131 therapy at the nuclear medicine 
department of a hospital, and a written informed 
consent was obtained after providing an explanation 
to the patients. The patients’ age ranged from 20 to 53 
(mean: 44 ± 10), and they received a dose of 340-740 

MBq. To reduce errors, all selected patients were first 
treated with I-131 and were prescribed with a 
low-iodine diet for 5-7 weeks before therapy. 

The external dose rates were measured at 0.5, 4, 
8, 24, 48, 72, 96, 120, 144, 168, 192, and 288 h after 
the administration of I-131 as well as at 0.6, 1, and  
2 m in front of the patients’ thyroid gland at a height 
of 1 m above the floor. All measurements were 
conducted in a room where the natural background 
was measured before the external dose rate was 
obtained. Then, the net external dose rate was 
calculated by removing the natural background. To 
reduce errors, three values were recorded for each 
measurement, and these values were averaged. In 
this experiment, a laser distance meter (Disto D2, 
Leica Geosystems AG, St. Gallen, Switzerland) was 
used to measure the distance from the patients, and 
a portable radiation survey meter with an NaI (Tl) 
scintillator detector (RadEye PRD, Thermo Fisher 
Scientific Inc, Waltham, MA, the USA) was utilized to 
detect the external dose rate. 

The external dose rate was normalized to 
administered activity to facilitate comparison. The 
initial external dose rate obtained at 0.5 h was 
considered 100% of the administered activity. Figure 
1 shows the normalized external dose rate at various 
times and distances. Even though the external dose 
rates measured at different distances have a similar 
trend over time, a highly significant difference was 
observed in the degree of variability. At 0.6 m, the 
external dose rate was relatively high, and it 
significantly fluctuated. Moreover, the external dose 
rate at 2 m was relatively small, and it was easily 
affected by the natural background dose. The 
experimental outcomes showed a good correlation 
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The metabolic model of I-131 in the patients 
was obtained and described using Equations (5) and 
(6).  

                  (5) 

                  (6) 
where P1 and P2 are the percentages of retained 
activity in the patients estimated via urine analysis 
and using the whole-body counter, respectively, and 
t is the hours after the administration of I-131. The 
retained body activities in the patients decreased 
exponentially with an average half-life of 6.07 days 
via urine analysis and 5.68 days using the whole 
body counter.  

As shown in Table 1, the retained body activity 
obtained using the whole body counter was smaller 
than that obtained via urine analysis. The difference 
was statistically significant (P < 0.001). This 
phenomenon may be attributed to several reasons. In 
addition to the urinary system, there are many other 
excretion routes, such as exhalation, perspiration, and 
saliva[5]. Furthermore, during urine collection, activity 
in the urine is constantly attenuating. 

Based on the fact that the different levels of 
retained body activities can lead to different external 
dose rates at a given distance, the relationship 
between the external dose rate and retained body 
activity was explored in this study. A significant 
positive correlation between these two variables 
was observed, as shown in Figure 2. It showed a 
linear relationship at 1 m with a correlation 
coefficient R2 of 0.978 for urine analysis and 0.979 
for using the whole-body counter. Therefore, the 
retained body activities in the patients can be 
estimated by directly measuring the external dose 
rate. Compared with the two conventional methods 
(urine analysis and whole body counter) utilized for 
calculating the retained body activity, the measurement 

Table 1. Results Obtained Using the Two 
Methods of Detection (x ̅± s)* 

Group 
Retained Body Activity (MBq) 

Male  
participants 

Female 
participants 

Urine 380.59 ± 172.32 358.44 ± 168.53 
Whole body counter 375.16 ± 173.72 350.54 ± 171.12 
Difference in value 5.44 ± 15.29 7.90 ± 9.81 

t 4.61 21.25 
P < 0.001 < 0.001 

95% CI 3.11-7.76 7.18-8.64 

Note. *: Paired t test. 

of the external dose rate at 1 m cannot only reduce 
radiation dose for medical staff but also decrease 
costing. 

Patients with hyperthyroidism receiving I-131 
therapy will continually release radiation when they 
have activities in their bodies. Hence, medical staff 
who treat or care for these patients and individuals 
close to them may be at risk of radiation. There are 
two modes of exposure: external exposure and 
internal intake (due to contamination and 
environmental pathways)[2,9]. The external exposure 
was detected using the thermoluminescence 
dosimeter that assesses the extent of radiological 
hazards acquired by 20 medical staff. Results 
showed that the absorbed annual effective radiation 
dose of the medical staff was lower than 1 mSv, 
which meets the ICRP Publication 60 with respect to 
annual radiation exposure limits (5 mSv).  

When medical staff inject radiopharmaceuticals  
to patients, the drug volatilizes and is inhaled by the 
medical personnel. Moreover, when medical    
staff take care of patients, they are directly in contact 
 

 

Figure 2. Retained body activity 
corresponding to external dose rate. (A) 
Monitored via urine analysis. (B) Monitored 
using the whole-body counter. 
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with the patient’s items (sheets, clothes, excreta, 
etc.) and may take radioactive I-131. In the past, 
external irradiation dose alone was primarily 
monitored. However, whether the medical staff may 
be subjected to internal irradiation is worth assessing. 
To confirm the abovementioned conjecture, the whole 
body radioactivity of 10 medical staff who got into 
contact with patients with hyperthyroidism receiving 
I-131 therapy were measured using the whole body 
counter. Result showed that none of the medical staff 
exceeded the limit.  

This outcome may be attributed to several 
reasons: First, the hospital has proper radiation 
protection equipment (masks, lead aprons, etc.), 
which reduce I-131 absorption among medical staff; 
Second, volatile in the air is low. Previous 
investigations have indicated that the internal dose 
due to contamination was usually less than 10% of 
the external dose[10]. Moreover, the physical half-life 
of I-131 is relatively short, which indicates that the 
iodine absorbed into the body can be easily 
attenuated. However, evidence did not suggest that 
it would not cause health problems. Thus, exposure 
to unnecessary radiation must be reduced as much 
as possible.  

Based on the abovementioned measurements, 
evaluating the retained body activity of patients by 
directly measuring the external dose rate is feasible, 
and this provides experiment-based clinical practice 
guidelines for reducing radiation exposure among 
the patients’ families, nurses, and physicians.  
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