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used for estimating risk of stochastic effects.  Figure 4 illustrates some common features of curve 
shape of the experimental dependence of RBE on the LET of the radiation, although it should be 
emphasized that there is considerable dependence of detail also on other factors such as the biological 
effect under study (e.g. induction of particular chromosome aberrations, or of particular mutations, or 
types of tumor), the biological system in use, the level of effect or the dose (since low-LET dose-
responses are usually non-linear and high-LET response tend more towards linearity), the dose rate 
and the velocity of the charged particles of a given LET.  The latter variation in RBE at a given LET 
is the consequence of the differences in track structures between particles that have the same LET but 
different charge and velocity. 

 

 

Figure 4. Illustration of features commonly observed for the variation of relative biological effectiveness 
(RBE) with LET.  (Adapted from Goodhead 1994.) 

 For the purpose of prospective radiation protection, the International Commission on 
Radiological Protection (ICRP) has defined the dimensionless quantity radiation weighting factor, wR, 
in order to convert absorbed dose (in Gy) to equivalent dose (Sv) in a tissue and to effective dose (Sv) 
in the body (ICRP 2007).  The ICRP-specified values of wR are 1 for all photon and electron 
radiations, 2 for protons and charged pions and 20 for all alpha-particles, fission fragments and heavy 
charged particles (ICRP 2007). This simplified set of values was based on judgement from the 
available data on RBE, but with recognition of the simplicity and limited accuracy required for 
systematic application for radiation protection planning.  For operational radiation protection 
(measurements and assessment of doses in the body), a quality factor, Q, was defined as a continuous 
function of the LET of the radiation in order to give broadly similar results for measured radiation 
fields (ICRP 2007).  It is recognised that different particles of the same LET may show differences in 
RBE, but this is neglected in specifying Q as a simple function of LET because of the simplicity and 
limited accuracy required for radiation protection on earth and the small range of high of high-LET 
exposures encountered on earth. The ICRP values of wR and Q are summarized in Figure 5.  
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