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CONSIDERATIONS THAT LED TO THE INTRODUCTION 

OF THE DOSE-EQUIVALENT INDEX 

A.M.Kellerer 
I n s t i t u t für Medizinische Strahlenkunde der Universität Würzburg, 

Versbacher S t r . 5 , D-8700 Würzburg 

Introduction 

The adoption o f the I n t e r n a t i o n a l System o f Units has - apart 

from c e r t a i n inconveniences - the p o s i t i v e e f f e c t t h a t , along 

w i t h the u n i t s , fundamental q u a n t i t i e s are reconsidered in v a r i 

ous f i e l d s . The present symposion, although motivated by a d d i 

t i o n a l , p r a c t i c a l n e c e s s i t i e s , r e f l e c t s such a r e c o n s i d e r a t i o n 

in the area o f r a d i a t i o n p r o t e c t i o n . 

The l i v e l y d i s c u s s i o n provoked by the somewhat unconventional 

nature o f the new index q u a n t i t i e s makes i t a p p r o p r i a t e t o r e 

examine c e r t a i n c o n s i d e r a t i o n s t h a t led t o t h e i r d e f i n i t i o n . In 

the f o l l o w i n g , some o f the o r i g i n a l c o n s i d e r a t i o n s w i l l be r e 

c a l l e d and e s s e n t i a l p r o p e r t i e s o f the q u a n t i t i e s w i l l be d i s 

cussed. However, no attempt w i l l be made t o r e t r a c e more recent 

arguments t h a t led t o the adoption o f the q u a n t i t i e s by the 

ICRU (1,2) or t o the statements made by the ICRP on the index 

quant i t i es (3 ,Ό . 

Some a d d i t i o n a l remarks w i l l deal w i t h a q u a n t i t y f o r r a d i a t i o n 

p r o t e c t i o n m o n i t o r i n g t h a t is c l o s e l y r e l a t e d t o the e f f e c t i v e 

dose e q u i v a l e n t and t h a t is also i n an i n t e r e s t i n g r e l a t i o n t o 

the dose-equivalent index. This i s a c o n t r i b u t i o n t o the c u r r e n t 

d i s c u s s i o n and r e f l e c t s no o f f i c i a l p o s i t i o n . 
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Need for a Receptor Related Field Quantity 

The concepts of absorbed-dose index and dose-equivalent index 

o r i g i n a t e d i n a news item and a subsequent d i s c u s s i o n w i t h 

H.H.Rossi. The item in the news had been the statement t h a t two 

US a s tronauts had t r a v e r s e d the Van A l l e n b e l t at a period o f 

increased r a d i a t i o n a c t i v i t y , and t h a t d u r i n g t h i s period the 

dose rate expressed in rads per hour was a l a r m i n g l y high. The 

subsequent d i s c u s s i o n arose from the obvious question whether 

such a statement had t r a c e a b l e q u a n t i t a t i v e meaning. I t was 

r e a d i l y apparent t h a t i t had not. The statement of an absorbed-

dose r a t e - p a r t i c u l a r l y in an unknown r a d i a t i o n f i e l d - can be 

meaningful only i f the receptor c o n d i t i o n s are d e f i n e d . I f the 

receptor c o n d i t i o n s are not s p e c i f i e d , values o f absorbed dose 

or o f absorbed-dose r a t e may say very l i t t l e . The s i t u a t i o n i n 

space, complicated by the presence o f a magnetic f i e l d and by 

an unknown degree of secondary charged p a r t i c l e e q u i l i b r i u m , was 

an e v i d e n t example f o r the d e s i r a b i l i t y o f a dose q u a n t i t y t h a t 

could be meaningful even in a r b i t r a r y and unknown r a d i a t i o n 

f i e l d s . 

Kerma or kerma r a t e would be a s u i t a b l e q u a n t i t y i f one d e a l t 

merely w i t h uncharged r a d i a t i o n s . I t o f f e r s a convenient way t o 

d i s r e g a r d the c o m p l e x i t i e s of energy t r a n s p o r t by secondary 

charged p a r t i c l e s , and in those usual cases where the absorbed-

dose concept is unproblematical kerma tends t o be n u m e r i c a l l y 

equal t o absorbed dose. I f one d e a l t merely w i t h photon r a d i a 

t i o n or w i t h f a s t neutrons, kerma would be an e n t i r e l y adequate 

monitor q u a n t i t y f o r p r o t e c t i o n . However, i t is h a r d l y s a t i s 

f a c t o r y t o r e s t r i c t basic d e f i n i t i o n s t o c e r t a i n types of r a d i a 

t i o n , and the question a r i s e s , t h e r e f o r e , whether the concept o f 

kerma or a r e l a t e d n o t i o n could be made a p p l i c a b l e to general 

r a d i a t i o n f i e l d s . 

Even a s i m p l i f i e d graph of the complex pathways and loops of 

energy t r a n s p o r t between uncharged r a d i a t i o n f i e l d s , charged 
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SOURCE SOURCE 

Schematic dtag ramme o f the 
d i f f e r e n t channels o f 
energy flow between the 
uncharged r a d i a t i o n 
f i e l d , U, the charged r a 
d i a t i o n f i e l d , C, and the 
i r r a d i a t e d matter, M. 

The symbols Κ and D i n d i 
cate those terms t h a t con
t r i b u t e t o the kerma r a t e 
and the absorbed-dose r a t e . 

r a d i a t i o n f i e l d s , and matter serves t o i n d i c a t e t h a t t h e r e i s no 

simple extension o f the kerma concept. 

Kerma r a t e ,K, is d e f i n e d in terms of the energy flo w r a t e from the 

uncharged r a d i a t i o n f i e l d , U , t o the charged r a d i a t i o n f i e l d , C . The 

uncharged r a d i a t i o n f i e l d , U , remains e s s e n t i a l l y unchanged i f a 

small receptor is introduced and kerma is t h e r e f o r e meaningful 

w i t h o u t exact s p e c i f i c a t i o n o f the receptor geometry. 

In c o n t r a s t , the charged p a r t i c l e f i e l d depends s t r o n g l y on the 

receptor geometry. Acco r d i n g l y there is no simple approximation 

f o r absorbed-dose r a t e i n those cases where there i s , in a d d i t i o n 

to K, a source term,c, f o r primary charged i o n i z i n g p a r t i c l e s . An 

e x p l i c i t s p e c i f i c a t i o n o f the receptor geometry i s t h e r e f o r e r e 

q u i r e d i f one wishes t o avoid p o t e n t i a l l y complex p o s t u l a t e s such 

as the attainment o f charged p a r t i c l e e q u i l i b r i u m . I t was t h e r e 

f o r e n a t u r a l t o d e f i n e a f i e l d q u a n t i t y f o r receptor f r e e c o n d i 

t i o n s t h a t is nevertheless r e l a t e d t o a s u i t a b l y chosen standard 

receptor. 

A f i e l d q u a n t i t y in the usual sense is defined on po i n t s and 

r e f e r s t o p r o p e r t i e s o f the r a d i a t i o n f i e l d at these p o i n t s . Such 



- (JO -

q u a n t i t i e s may, a c c o r d i n g l y , be inadequate t o s p e c i f y energy de

p o s i t i o n i n an extended body t h a t is centered at the reference 

p o i n t . However, one can understand the concept o f a f i e l d quan

t i t y in a broader sense. I t s value at a po i n t can, in t h i s wider 

d e f i n i t i o n , depend a l s o on p r o p e r t i e s of the r a d i a t i o n f i e l d w i t h 

in a c e r t a i n neighbourhood o f the reference p o i n t . This led t o the 

adoption o f a h i g h l y s i m p l i f i e d phantom, the 30cm diameter t i s s u e 

e q u i v a l e n t sphere. Furthermore i t was na t u r a l t o choose the cen

t e r o f the sphere as ref e r e n c e p o i n t . 

I t is important t o note t h a t i n t r o d u c i n g the sphere i n t o the de

f i n i t i o n o f a f i e l d q u a n t i t y i s one e s s e n t i a l step, w h i l e the 

ac t u a l dependence o f the q u a n t i t y on the dose d i s t r i b u t i o n w i t h 

in the sphere i s a second and separate problem. 

In the d e f i n i t i o n o f the index q u a n t i t i e s one p a r t i c u l a r conven

t i o n has been chosen, and the reasons f o r t h i s choice w i l l be 

d e a l t w i t h i n the f o l l o w i n g s e c t i o n . A subsequent s e c t i o n is con

cerned w i t h an a l t e r n a t i v e convention and shows t h a t a d d i t i o n a l 

q u a n t i t i e s may be ob t a i n e d t h a t are also of p o t e n t i a l i n t e r e s t 

to r a d i a t i o n p r o t e c t i o n . 

Definition i n Terms of the Dose-Equivalent Maximum 

and Some Consequences 

When the index q u a n t i t i e s were f i r s t considered dose e q u i v a l e n t 

was merely r e l a t e d t o s p e c i f i e d points w i t h i n c r i t i c a l t i s s u e s 

or organs i n the exposed body. The most s t r a i g h t f o r w a r d i n t e r 

p r e t a t i o n o f the d o s e - e q u i v a l e n t l i m i t s was t h e r e f o r e in terms 

of the maximum dose e q u i v a l e n t o c c u r r i n g i n the human body. Ac

c o r d i n g l y the absorbed-dose index and the dose-equivalent index 

were a l s o d e f i n e d i n terms o f maximum values w i t h i n the sphere. 

Fine d e t a i l s , such as the s k i n o f the sphere or the d i f f e r e n t 

l ayers o f the sphere, need not be d e a l t w i t h i n the present d i s 

cussion t h a t i s aimed a t the basic arguments. 

The d e f i n i t i o n i n terms o f the maximum confers upon the index 

q u a n t i t i e s c e r t a i n u n f a m i l i a r p r o p e r t i e s . One o f these p a r t i c u -
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l a r i t i e s , the reference t o a po i n t w i t h simultaneous dependence 

on f i e l d p r o p e r t i e s in an extended r e g i o n , has been discussed. 

A f u r t h e r somewhat u n f a m i l i a r p r o p e r t y is the dependence on angu

l a r d i s t r i b u t i o n of f l u e n c e . I t is sometimes assumed t h a t a s i n g 

le valued f i e l d q u a n t i t y should be dependent only on t o t a l 

fluence and not on i t s angular d i s t r i b u t i o n , but t h i s i s by no 

means a necessary requirement. At a s p e c i f i e d t o t a l f l u e n c e a 

u n i d i r e c t i o n a l r a d i a t i o n may w e l l cause a l a r g e r r i s k than the 

i s o t r o p i c f i e l d , and i t is t h e r e f o r e not i n a p p r o p r i a t e t h a t the 

index q u a n t i t i e s are l a r g e r f o r the u n i d i r e c t i o n a l f i e l d . 

The frequent o b j e c t i o n t h a t the index q u a n t i t i e s can not be 

measured^ or can not be measured d i r e c t l y appears t o be f a l l a 

c ious. The same argument has, on occasions, been a p p l i e d a g a i n s t 

numerous o t h e r q u a n t i t i e s . In f a c t , no p h y s i c a l q u a n t i t y i s ever 

measured d i r e c t l y ; the process of measurement i s by i t s very na

tu r e an o f t e n complex chain of i n t e r a c t i o n s , t r a n s f o r m a t i o n s , 

and inferences. 

One can c e r t a i n l y r a i s e the p r a c t i c a l o b j e c t i o n t h a t i t i s 

easier to c o n s t r u c t d e t e c t o r s t h a t are additive, i n the sense 

that they sum the response t o v a r i o u s components o f a r a d i a t i o n 

f i e l d . However, one must note t h a t t h i s o b j e c t i o n i s based on 

p r a c t i c a l c o n s i d e r a t i o n s , not on p r i n c i p a l requirements. 

Lack of additivity in a temporal sense i s another p a r t i c u l a r i t y 

of the index q u a n t i t i e s . I t has been f r e q u e n t l y commented upon 

and deserves c o n s i d e r a t i o n . 

Let H j i t ^ t ) be the dose-equivalence index f o r the time i n t e r 

val t ^ to t , and l e t t2 be a time between t - j and t . Then one 

has the in e q u a t i o n : 

H I ( t 1 , t ) < H I ( t 1 , t 2 ) + H I ( t 2 , t ) (1) 

The e q u a l i t y a p p l i e s f o r stable f i e l d s , i . e . , f o r f i e l d s t h a t 

may change in i n t e n s i t y but are o t h e r w i s e c o n s t a n t . 
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What is u s u a l l y termed lack of a d d i t i v i t y , can a l s o be described 

as the lack of a unique value of the time d e r i v a t i v e of the index 

q u a n t i t i e s . At a s p e c i f i e d l o c a t i o n and t i m e , t , i n d e x rates can be 

d i f f e r e n t i n a f i e l d t h a t i s not s t a b l e : 

H I ( t 1 , t ) 4 H I ( t 2 , t ) (2) 

Nevertheless there can be a r a t e meter f o r the index. Such an 

instrument would measure the q u a n t i t y : 

i ( t ) = H ( t , t ) (3) 

t h a t is equal to the maximum of the dose-equivalent r a t e in the 

sphere. I ( t ) can be c a l l e d the d o s e - e q u i v a l e n t - r a t e index; f o r 

s t a b l e f i e l d s i t is equal t o the r a t e of change of the dose-equi

valent index. In general i t is merely an upper bound and i t s i n 

t e g r a l is an upper bound f o r the dose-equivalent index: 

t . 
H I ( t 1 , t ) 1 K t ) and H I ( t 1 , t ) K t ^ t ) - / I ( i ) d t 

t l 

The e q u a l i t y a p p l i e s i n s t a b l e f i e l d s . 

In passing,one may note t h a t the q u a n t i t y I i s intermediate in 

character between Hj and the dose-equivalent c e i l i n g (5) which 

is an even more c o n s e r v a t i v e q u a n t i t y , p a r t i c u l a r l y s u i t a b l e 

f o r uncharged r a d i a t i o n s . 

The u n f a m i l i a r p r o p e r t i e s expressed in Eqs(l - *0 i n d i c a t e t h a t 

the index q u a n t i t i e s are p r i m a r i l y intended f o r r o u t i n e moni

t o r i n g r a t h e r than f o r q u a n t i t a t i v e book-keeping purposes. 

I t is not too s u r p r i s i n g , in view o f Eqs ( 1 - 4 ) , t h a t doubts have 

been expressed as t o the consistency o f the u n d e r l y i n g d e f i n i 

t i o n s . Such doubts can be dispersed by a simple example. Assume 

t h a t H ( t p t ) is the d i s t a n c e , a t time t , o f a moving p o i n t from 

i t s l o c a t i o n at time t ^ . This e n t i r e l y innocuous f u n c t i o n w i l l 

a l s o obey E q s ( l - A ) , and the reader w i l l f i n d i t easy t o i n t e r 

p r e t the terms H f t ^ t ) , I ( t ) , and K t ^ t ) . 
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Consideration of a Related Quantity 

As s t a t e d , the d e f i n i t i o n o f the index q u a n t i t i e s is l i n k e d t o 

the maximum of the dose e q u i v a l e n t or o f the absorbed dose i n the 

s i m p l i f i e d phantom. This concept is s u f f i c i e n t i n the common s i t 

u a t i o n where exposures are too low to m e r i t q u a n t i t a t i v e assess

ment. The f i e l d monitor q u a n t i t y I serves then t o a s c e r t a i n nor

mal, low l e v e l s o f r a d i a t i o n t h a t n e c e s s i t a t e no book-keeping o f 

time spent by i n d i v i d u a l s at the s p e c i f i e d l o c a t i o n . 

The more recent philosophy o f ICRP is l a r g e l y o r i e n t e d towards a 

c o s t - b e n e f i t balance in r a d i a t i o n p r o t e c t i o n . The i n t r o d u c t i o n o f 

the e f f e c t i v e dose equivalent to a human body from i n t e r n a l emit

t e r s and the extension o f t h i s concept t o e x t e r n a l i r r a d i a t i o n i s 

in l i n e w i t h t h i s development. 

One may t h e r e f o r e ask f o r a f i e l d q u a n t i t y , t e n t a t i v e l y c a l l e d Ω, 

that is r e l a t e d t o the e f f e c t i v e dose e q u i v a l e n t and t h a t is also 

based on the t i s s u e e q u i v a l e n t standard sphere. I t is evident 

t h a t such a q u a n t i t y i s not i d e n t i c a l w i t h the e f f e c t i v e dose e q u i 

v a l e n t i n a p a r t i c u l a r human body a f t e r a p a r t i c u l a r exposure. 

Nevertheless, a d e f i n i t i o n can be sought t h a t makes Ω or i t s r a t e 

a meaningful estimator o f the e f f e c t i v e dose e q u i v a l e n t or i t s 

r a t e i n the body o f a person at the s p e c i f i e d l o c a t i o n . I t need 

not be emphasized t h a t such a q u a n t i t y c o u l d , i n many cases, be 

u t i l i z e d instead o f the e f f e c t i v e dose e q u i v a l e n t ; but i t is 

e q u a l l y e v i d e n t t h a t i n c r i t i c a l s i t u a t i o n s the actual value o f 

the e f f e c t i v e dose e q u i v a l e n t w i l l have t o be i n f e r r e d from a 

more thorough i n v e s t i g a t i o n or from a p p r o p r i a t e personal d o s i 

meters . 

As w i t h the index q u a n t i t i e s , the d e f i n i t i o n o f the q u a n t i t y Ω i s 

r e l a t e d t o the 30cm t i s s u e sphere, but i t r e q u i r e s the choice o f 

a response f u n c t i o n t h a t depends on dis t a n c e from the center o f 

the sphere. The dose e q u i v a l e n t or dose-equivalent r a t e in the 

sphere must be weighted by t h i s response f u n c t i o n . 

The p r e c i s e form o f the response f u n c t i o n t h a t would lead t o 



the best estimate may deserve f u r t h e r i n v e s t i g a t i o n ; however, i t 

could t u r n out t h a t a constant f u n c t i o n is acceptable and t h a t , 

consequently, the average dose e q u i v a l e n t or i t s r a t e in the 

sphere is a s u i t a b l e e s t i m a t o r f o r the e f f e c t i v e dose e q u i v a l e n t 

or i t s r a t e in a human body of u n s p e c i f i e d o r i e n t a t i o n , s i z e , sex, 

or age at the s p e c i f i e d l o c a t i o n . 

Concluding Remarks 

There is a need f o r f i e l d q u a n t i t i e s t h a t preserve t h e i r meaning 

even i n a r b i t r a r y and unknown r a d i a t i o n f i e l d s and t h a t can be 

u t i l i z e d f o r r a d i a t i o n p r o t e c t i o n m o n i t o r i n g . The dose-equivalent 

index and the dose-equiva1ent-rate index are such q u a n t i t i e s ; 

they are r e l a t e d t o the concept o f the maximum dose e q u i v a l e n t in 

the human body. 

The i n t r o d u c t i o n o f the index q u a n t i t i e s involved two d i s t i n c t 

steps tha t need not n e c e s s a r i l y be coupled. The f i r s t step is the 

choice o f a g r e a t l y s i m p l i f i e d phantom, the 30cm t i s s u e equiva

l e n t sphere. The second step is the d e f i n i t i o n in terms o f the 

maximum o f absorbed dose or dose e q u i v a l e n t in the sphere; i t 

makes the q u a n t i t i e s a p p l i c a b l e t o those common c o n d i t i o n s where 

c e i l i n g values are s u f f i c i e n t . 

Whenever a more p r e c i s e assessment of exposures is d e s i r a b l e the 

concept o f a maximum o f the dose e q u i v a l e n t in the human body may 

be i m p r a c t i c a l . The e f f e c t i v e dose e q u i v a l e n t may then be invoked. 

In c r i t i c a l s i t u a t i o n s t h i s q u a n t i t y can be assessed by d e t a i l e d 

computations or measurements t h a t account f o r the p a r t i c u l a r i t i e s 

o f a human body, i t s l o c a t i o n , and o r i e n t a t i o n d u r i n g exposure. 

I t can also be estimated from personal dosimeters t h a t are s u i t 

a bly c a l i b r a t e d and a p p r o p r i a t e l y worn by the supervised person. 

In less c r i t i c a l s i t u a t i o n s a monitor q u a n t i t y , Ω, could be used 

t h a t serves as e s t i m a t o r o f the e f f e c t i v e dose e q u i v a l e n t or i t s 

r a t e i n a human body at the s p e c i f i e d l o c a t i o n . Ω shares w i t h the 

index q u a n t i t i e s the pr o p e r t y o f being a p o i n t q u a n t i t y dependent 

on the dose d i s t r i b u t i o n i n a t i s s u e e q u i v a l e n t sphere. However, 

the d e f i n i t i o n o f the q u a n t i t y involves an averaging o f dose 

e q u i v a l e n t w i t h i n the sphere. 
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