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Chapter 5: Radiation Dosimetry

Accumulated Dose from Internally Deposited Radioactive 
Sources



Serial post-I 131 therapy scans (anterior whole body views). (A) Age 
10, 3.01 GBq; (B) age 11, 2.95 GBq; (C) age 13, 4.3 GBq; (D) age 14, 5.1 
GBq; (E) age 15, 9.9 GBq, 7 months before conception. Neck disease 
present at age 13 (C) was treated surgically. The final study (E) 
showed the presence of radioiodine avid bilateral pulmonary 
metastases (<5 mm maximum diameter on computed tomography) 
and very small, low-grade lower neck disease. The focal uptake in the 
left upper abdomen is colonic and is likely physiological in nature.

Case Report: “Management of metastatic thyroid cancer in 
pregnancy: risk and uncertainty”, by Christopher W Rowe et 

al., Endocrinology, Diabetes and Metabolism, 2016 





Partial Absorption of Gamma-Ray Energy – 
MIRD Method
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F To account for the partial absorption of gamma-ray energy in organs and 
tissues, the Medical Internal Radiation Dose (MIRD) Committee of the 
Society of Nuclear Medicine (SNM) has developed a formal system for 
calculating the dose to a target organ or tissue from a source organ 
containing a uniformly distributed radioisotope.  

F The absorption fraction – the fraction of the energy radiated by the source 
organ, which is absorbed by the target organ.
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F The absorption fraction – the fraction of the energy radiated by the source 
organ and absorbed by the target organ.



Partial Absorption of Gamma Ray Energy – 
MIRD Method
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F The absorbed fraction are calculated by the application of Monte Carlo 
methods. 

F Standard data on the absorbed dose for photons of various energies for 
point isotropic sources and for uniformly distributed sources are 
published by MIRD in several Supplements to the Journal of Nuclear 
Medicine
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MIRD Method – An Example (Cember, p203-206)
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Evaluate the dose rate to a 0.6kg sphere made of tissue-equivalent material in which 
1MBq of I-131 is uniformly distributed. 

gamma rays and beta rays
Absorbed dose comes from
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F The absorbed dose is the sum of beta dose and gamma ray dose.

F The absorbed gamma-ray energy per I-131 transformation is given by 

what is absorption fraction?
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F Since the absorption fraction is 1 for internally distributed beta sources, the 
absorbed beta energy per I-131 transformation is given by 

F So the total energy absorbed by the 0.6kg tissue-equivalent sphere per I-131 
transformation is 



MIRD Method – An Example
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F Therefore the daily dose rate to the 0.6kg tissue-equivalent mass is 



Internally Deposited Radioisotope (II)
Effective Half-Life
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F The total dose absorbed by an organ during any given time interval after the 
deposition of the isotope in the organ may be calculated by integrating the 
dose rate over the required time interval.  For this purpose, two factors must 
be considered:

 In situ radioactive decay of the isotope à exponential decay

 Biological elimination of the isotope à follows the first-order kinetics à 
exponential decay

F The equation for the quantity of radioisotope within an organ at any given time 
after the deposition of a quantity Q0 is given by 
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F One can define an effective elimination constant lE =lR + lB  that represents 
the combined effects of these two decay processes,  

and  

is called the effective half-life. 
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Internally Deposited Radioisotope (III)
Accumulated Dose and Dose Commitment
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F Given the initial dose rate 𝐷̇!, the accumulated dose received during a time 
interval t after the deposition of the isotope is 

F For practical purpose, an infinitely long time corresponding to about 6 half-
lives. The total dose received from complete decay is called the dose 
commitment. 
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Internally Deposited Radioisotope (III)
Total Dose: Dose Commitment
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Overall dose commitment
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Internally Deposited Radioisotope (III)
Total Dose: Dose Commitment
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MIRD Method – General Treatment of Internal Dose
An Example
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absorption fraction

amount of E emitted 
per decay

amount of E absorbed 
per decay
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!𝐴,	organ burden: total 
number of decays that 
would happen in the 
organ.  



MIRD Method – General Treatment of Internal Dose
An Example
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absorption fraction

amount of E emitted 
per decay

amount of E absorbed 
per decay
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The total dose that the organ 
will be receiving from the 
internally administrated 
radioactivity
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MIRD Method – Another Example, Cember, 6.18
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Step 1: Derive the effective half-live of I-131

Note that we will use 𝜆 to symbolize the effective decay constant in the following derivations.  
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Step 2: Derive the absorbed dose to the thyroid per I-131 decay

Beta energy absorbed in the thyroid per I-131 decay
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Absorption fraction

Beta energy absorbed 
in the thyroid per I-131 
decay



Step 3: derive the I-131 activity in the thyroid as a function of t

rate of intake



If the uptake of I-131 continues, the 
dose rate as a function of time is 

𝐷̇ 𝑡 =
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If the uptake of I-131 continues, the 
saturation dose rate is given by

𝐷̇% =
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𝑚
⋅
𝐾
𝜆



If the uptake continues, the accumulated dose received by a given time t is 
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So the accumulated dose is given by
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and %𝐸 is the mean absorbed energy in the organ per decay of I-131 in the thyroid.

Step 4: Derive the accumulated dose received within the first 30 days.



𝐷̇ 𝑡 =
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accumulated dose within the first 30 days

accumulated dose after the initial 30 days.
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Using the following equation for accumulated dose till time t,

Step 4: Derive the accumulated dose received within the first 30 days (continued)



Internally Deposited Radioisotope: 
Total Dose or Dose Commitment (Revisited)
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F The total dose received during a time interval t after the deposition of the 
isotope is 

F For practical purpose, an infinitely long time corresponding to about 6 half-
lives. The total dose received from complete decay is called the dose 
commitment. 



Step 5: Derive the total dose (dose commitment ) received after t=30d.

𝐷̇ 𝑡 = 𝐷̇ 𝑡 = 30𝑑 ⋅ 𝑒"# $"*!+



(Final) Step 6: Derive the total dose (dose commitment) from the initial intake of I-131


