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2.1
Exposure R

outes

(i) α‐emitters > β‐emitters or γ‐emitters

(ii) Materials that enter easily but are difficult 
to excrete

(iii) Materials that are likely to accumulate in 
specific organs

Exposure Routes Internal Exposure and Radioactive Materials

The characteristics of radioactive materials that especially cause 
problems in internal exposure

Radioactive materials

Radioactive materials within the body disintegrate into other elements and are gradually 
excreted in the urine and feces through metabolism. The time required for radioactive 
materials to reduce to half by disintegration is called physical half-life (Tp), and the time 
required for radioactive materials within the body to reduce to half through metabolism 
is called biological half-life (Tb). Radioactive materials that enter the body decrease both 
through their physical half-life and biological half-life. The time required for such radioactive 
materials to reduce to half is called effective half-life (Te), and the following relationship is 
found between Tp and Tb:

 1/Te = 1/Tp + 1/Tb
A major problem with internal exposure is caused by radioactive materials that have 

a long half-life and emit α-particles. In terms of the chemical nature and element-specfic 
biokinetic behavior, radioactive materials that are easily incorporated into the body but are 
difficult to be excreted, and also those that tend to be accumulated in particular organs/
tissues cause problems as they result in increasing internal exposure doses.

Plutonium, which is not easily absorbed in the digestive tract, for example, could be a 
concern if taken into the lungs during inhalation rather than being taken into the body via 
food. It has been known that plutonium then enters blood vessels from the lungs and is 
transported by blood flow to bones and the liver, where it settles. Since plutonium emits 
α-particles within such organs, it could cause lung cancer, bone tumors or liver cancer.

Radioactive cesium, on the other hand, easily enters the body because of its properties 
similar to potassium but it also tends to be easily excreted. It does not accumulate in 
any specific organs but is taken in mainly in muscles. For adults, the time required for 
radioactive cesium that enters the body to reduce to half is said to be about 70 days (p.31 
of Vol. 1, "Radioactive Materials Derived from Nuclear Accidents").

Included in this reference material on March 31, 2013
Updated on March 31, 2017


