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Human Studies Project Comments on the  Proposed Change i n  RBE 

A .  There i s  no conf l i c t  which w i l l  be resolved by the proposed change. 

It i s  w e l l  known‘ l J 2 )  that  the RBE depends on species,  end-point, 

qua l i t y  of the  rad ia t ion ,  dose rate, f r ac t iona t ion  of dose, general  con- 
d i t i ons  of care and housing, e t c .  

other  conditions of t h e  experiment, the RBE w i l l  continue t o  be a t  bes t  

a vague and e r r a t i c  concept. 

t he  l i t e r a t u r e  does there  seem t o  be any attempt t o  give it a prec ise  

meaning. 

Without spec i f i ca t ion  of these  and 

The imprecision i s  so grea t  t h a t  nowhere i n  

The usual form of the  de f in i t i on  fea tures  a r a t i o :  

(1) 
Dose of basel ine rad ia t ion  required f o r  e f f e c t  

RBE = Dose of other  rad ia t ion  required f o r  equal e f f e c t  

It i s  c l ea r  t h a t  i n  near ly  a l l  the  experiments involving m a m m a l s  the  dose 

pa t t e rn  i s  not uniform even t o  within 5$ or  of ten  t o  within 10%. Thus it 
is  not c l e a r  what dose i s  t o  be used i n  the  r a t i o .  Is  it the  average dose 

i n  t h e  e n t i r e  animal? This  would not seem t o  be the s i g n i f i c a n t  parameter 

i n  cases where a s ing le  organ i s  involved. If the maximum doses are used, 

t h i s  ignores r ad iosens i t i v i ty  of p a r t i c u l a r  t i s s u e s  as w e l l  as synerg is t ic  

e f f e c t s .  

t he  rad ia t ion  f i e l d  i s  f requent ly  not constant i n  time, it i s  necessary t o  

specify whether t he  t o t a l  dose over t he  e n t i r e  exposure period i s  t o  be 

used o r  some average dose, o r  a maximal  dose rate over a shor t e r  period. 

For example, consider t he  case of occupational exposure. 

Ra226 i s  accepted as a permissible s k e l e t a l  burden and the permissible bone 

burden of the  y-emitting boneseeker i s  s e t  a t  120 pc, i . e . ,  

Since the RBE i s  known t o  be dose-rate dependent (” 2, and s ince 

If 0 .1  pc of  

11 Mev/disintegration of Ra226 x 10 RBE: f o r  CU 

0.091 Mev/disintegration of Sr8’ x 1 RBE f o r  7 
120 pc = 0 . 1  pc x ? 

t h e  comparison i s  r e a l l y  made on the dose r a t e  a t  t h e  end of a 50-year 

exposure period. 

type of exposure, and the doses used i n  (1) should be these maximal dose 
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rates a t  the  end of the per iod.  

defined by (1) i s  inescapably connected o r  determined by t h e  use that i s  

t o  be made of it. 

then it must be determined on t h e  basis of the r a t i o  of such maximal dose 

rates. Conceivably, an REE determined on the bas is  of t o t a l  dose might give 

a qui te  erroneous comparison. 

I n  short ,  the  s ignif icance of t h e  RBE as 

If the  REE i s  t o  be used i n  comparing maximal dose rates, 

It would seem tha t  most s c i e n t i s t s  concerned with these  problems have 

r ea l i zed  that the RBE i s  e s s e n t i a l l y  an imprecise concept, and they have 

not attempted t o  give it g rea t  precis ion.  

it p rec i se  we destroy i t s  usefulness.  If species, dose rate, dose 

d i s t r ibu t ion ,  and every condition of the experiment other  than r ad ia t ion  

q u a l i t y  must be ident ica l ,  we have a d i r e c t  experimental determination of 

the  l e v e l  of e f f ec t  f o r  t h e  required conditions of exposure, and no com- 

par ison is 

To be usefu l  the  RBE must be appl ied i n  s l i g h t l y  d i f f e r e n t  s i t ua t ions ,  and 

i n  most of these s i t ua t ions  t h e  differences a r e  of a kind which a r e  known 

t o  a f f e c t  t he  value of t he  RBE. 

It can be argued that  i n  making 

necessary t o  determine the  e f f e c t s  of the  given exposure. 

It does not appear t h a t  t h e  d i s t i n c t i o n  proposed by the  ICRU w i l l  

g r e a t l y  c l a r i f y  matters.  

s ide ra t ion  of "the REE f o r  a rad ia t ion"  and o ther  such oversimplified 

phrases, the  RBE w i l l  remain as imprecise as before.  If t h e  profession i s  

wi l l i ng  t o  be more spec i f i c  and only consider "the RBE f o r  01 r ad ia t ion  i n  

human bone with end-point bone carcinoma a t  some time during 30 years of 

exposure a t  a dose rate and d i s t r i b u t i o n  comparable t o  t h a t  due t o  ingest ion 

of F'u*~' a t  a constant rate of 13 mc/day during t h i s  period, exposure t o  

begin a t  age 18, and other  conditions t o  be t y p i c a l  of normal l i f e  &or 
i n d u s t r i a l  employees," then t h e  concept w i l l  be more near ly  precise ,  although 

the re  does not seem t o  be any possBble way of determining i t s  value.  The 

Main Commission of ICRP has, i n  f a c t ,  indicated t h i s  meaning of t he i r  REE 

values without the  pedantic meticulousness of t he  above phraseology (see 

Report of Committee I, 1954, pages 18-19) by saying tha t  they  apply t o  

" a l l  conditions of ex terna l  exposure, a l l  t i s sues ,  and e f f e c t s  of i n t e r e s t .  

e t c . "  There i s  no conf l i c t  of such an  REB being assumed t o  be 10 and 

Unless they  a r e  wi l l ing  t o  forego f u r t h e r  con- 
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having an REE of 2 "for cxl radiation in rat bone with end-point bone carcinoma 

at some time during two years of exposure at a dose rate and distribution 
comparable to that due to ingestion of Pu239 at a constant rate of l/ma/day, 
etc., etc." 
there is an RBE for a particular quality of radiation which is independent 
of practically all other conditions of the experiments envisaged. 

has not made this assumption but has selected values which, in the con- 
sidered judgment of its members, represent acceptable approximations to 
these unknown RIBS. In the reference cited sanction is given to the use 
of any well-established relevant value which can claim general acceptance 

among those competent to judge. 

Thus there is a conflict only if the assumption is made that 

The ICRP 

If a relative hazard factor is adopted, this will resolve none of' the 
This concept will involve all the above difficulties and above questions. 

conceptually can be distinguished from an RBE only with great difficulty. 
We did not adopt a new name f o r  the unit of length to be used on the face 
of the moon opposite to us when we had no practicable way of measuring 
heights and distances there. 
for conditions typical of occupational exposure is not altered by changing 
the name. We still have to use our best estimates, or guesses, of their 
value if we wish to base predictions and permissible levels on comparisons 
of doses. 
Whatever change is made should be made only after careful consideration of 
the influence it may have on future developments. 

The fact that we cannot determine RBE factors 

B. 

If the concept of a hazard factor is introduced as distinct from the 
RBE, this will probably emphasize the point of view already voiced in some 
quarters that the permissible levels are, in fact, not scientifically 
determined but are only expressions of the personal views of the members of 
the Commission. 

values underlying the "weighing of risks and benefits" which underlies the 
decision to adopt a given standard, say 0.1 pc of Ra226 as standard of 

comparison for dose to bone, 
Commission envisage this personal element as extending to the details of 
the calculations on which comparisons are based. Perhaps it is inescapable 

Undoubtedly there is an element of judgment and of personal 

However, it isidoubtful if the members of the 
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t h a t  some value judgments are involved i n  deciding t o  accept a c e r t a i n  l e v e l  

of r isk,  but  t he  comparison of b io logica l  e f f e c t s  due t o  spec i f ied  conditions 

can be l a r g e l y  divorced from such considerat ions.  

a bone burden of 0 . 1  pc  of Ra226 i s  more carcinogenic than a bone burden 

of 0.04 pc of Pu*~' o r  it i s  not .  

potency, i s  not known w i t h  any great precis ion,  bu t  it seems more i n  accord 

w i t h  usual s c i e n t i f i c  prac t ice  t o  use the  b e s t  es t imate  experts  can supply 

f o r  the purpose i n  question, r a the r  than seek t o  introduce a new concept 

which can scarce ly  be dis t inguished from t h a t  formerly used. The "best  

estimate f o r  t he  purpose" is  not necessar i ly  the  most accurate estimate 

from an object ive point  of view. 

The more o r  l e s s  open admission t h a t  t he  Commission i s  not using s c i e n t i f i c a l l y  

val idated da ta  even i n  the  details of i t s  ca lcu la t ions  i s  an unfor-kunate 

implication t o  suggest and i s  probably unwarranted. 

R E E s  by t h e  Commission a r e  probably as good " fo r  t h e  purpose intended" as 

are most o ther  c r i t e r i a  used i n  toxicology. There i s  no da ta  known t o  us 

which suggests t he  contrary and much which suggests t h a t  these are con- 

se rva t ive ly  appropriate  estimates. 

Under spec i f ied  conditions,  

Admittedly the  answer, or re levant  

The exper t s  may choose t o  be "conservative." 

The estimates of these 

In  the present  ICRP publ icat ions f i x e d  values of RBE are given which 

a r e  su i t ab le  and genera l ly  applicable t o  i n t e r n a l  dose ca lcu la t ions .  These 

values are RBF: = 1 f o r  x ,  y ,  e , 0- (except i n  the  case when E 0.03 !.lev, 

and then RBE = 1.7) 
For ex te rna l  sources of rad ia t ion  values of RBE are given as a funct ion of 

LET and these  values were used by one of us ( W .  S .  Snyder) t o  ca lcu la te  

the  values ofm3XimuIIIpermissible flux f o r  fast  neutrons f o r  incident  energies  

ranging €&r€~-&+ . -&&MeV. 

prac t ice  i n  the appl ica t ion  of these values  t o  cases of chronic exposure and 

when more reliable data i s  ava i lab le  the above values w i l l  most c e r t a i n l y  be 

revised.  However, it i s  evident from experiments t h a t  the RBE f o r  t he  

general  r ad ia t ion  syndrome i s  not necessar i ly  the same as the  RBE f o r  more 

spec i f i c  e f f e c t s  such as the weight loss of the gonad o r  the weight loss  of 

the thymus. 

exposure t o  neutrons o r  a: rad ia t ion  i s  considerably l e s s  f o r  acute than 

- +  
i !ax 

REE = 10 f o r  a! and RBE = 20 for heavy r e c o i l  ions.  

,,[) f ,- 
There i s  no g r e a t  d i f f i c u l t y  i n  theory o r  i n  

It appears l i k e l y  t h a t  t h e  RBE f o r  many types of damage from 
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f o r  chronic exposure. Nevertheless such general izat ions must be made with 

caution because t h e  RBE for ca tarac t  formation decreases with t h e  dose rate. 
Even i n  the most elementary concept or basic experiment, when the dose rate 

i s  kept constant and the only var iable  i s  the energy of t h e  monochromatic 

radiation, e.g., a p a r t i c l e s  impinging on a t h i n  f i l m  of b io logica l  media, 

the  RBE f o r  each type of damage t o  the media probably increases as the 

incident energy increases  beyond zero o r  f i n a l l y  reaches a. maximum and then 

decreases w i t h  f u r t h e r  increase i n  incident energy. 

More serious and more subt le  developments are l i k e l y t o  occur i f  the 

proposed change i s  made. The Commission i s  aware t h a t  p a r t i c u l a t e  energy 

i n  bone f o r  a l l  radionuclides except Ra226 i s  weighted w i t h  a " r e l a t i v e  

damage f a c t o r  nl '  which i s  taken as 5 .  In some cases, such as t h i s  

i s  t r u l y  a nonhomogeneity fac tor ,  and i n  other cases such as SrgO it must 

be termed a " r e l a t i v e  damage fac tor"  since the dose d i s t r i b u t i o n  due t o  

Srgo i s  almost c e r t a i n l y  more near ly  homogeneous than the dose p a t t e r n  due 

t o  

experimental determination of the r e l a t i v e  hazard of Ra226 and Sr89 as 

carcinogenic agents i n  bone. 

RBE of 10 fo r  a: radiat ion,  or whether the lower, more uniform dose from 
Srgo irritates more c e l l s  while the more spot ty  dose due t o  Ra226 k i l l s  

the  c e l l s  near t o  t h e  "hot spots" (and thus wastes some of i t s  energy on 

dead c e l l s ) ,  o r  whether some other  explanation i s  cor rec t  i s  nc t  demonstrated. 

The fac tor  stands as a " r e l a t i v e  hazard fac tor"  based on a f a i r l y  d i r e c t  

experimental comparison. Y e t  no parameter used i n  the  current  scheme of 

i n t e r n a l  dose i s  l e s s  understood o r  requires more elucidat ion.  It seem 

l o g i c a l  and tempting t o  adopt a " re la t ive  hazard fac tor , ' '  say H, and l e t  

it car ry  the burden of a l l  such f a c t p r s  t h a t  are cur ren t ly  used. But if  

t h i s  i s  done the f a c t o r  can hardly be determined by e d i c t ,  o r  " legis la t ion,"  

without considerable repercussions. Thus, if  we were t o  adopt H, and i f  H 

is  t o  be defined as the f a c t o r  by which energy cf a given kind i s  t o  be 

weighted, and i f  for B rays H i s  taken t o  be cne while  f o r  0: rad ia t ion  H 

i s  taken as 10, then t h e  permissible body burden of Srgo which i s  now 2 ~c 

would become 10 pc based on a d i r e c t  camparism of average doses t o  bone. 

This fac tor ,  i n  t h e  case of Si-", rests on a r a t h e r  d i r e c t  

Whether t h i s  f a c t o r  r e a l l y  cor rec ts  t h e  high 
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At present we have too little quantitative information on the dose 
distribution due to Ra 

volumet1 to make tne comparison on any other basis. 

226 and too imprecise knowledge of the "significant 

While the n factor is probably the most important of these "relative 
damage factors" now used, there are others which might be included in this 

category. For example, energy in the gastrointestinal tract is weighted 

by a factor of 0.Oi since only a small fraction of the Ci energy penetrates 
the mucosal layer. 
layer is not a body tissue of concern. 

in the computation of effective energy and might be included in a "relative 
hazard factor." 

precisely defined, and if it is to include all "weighting factors" that are 
used in computing effective energy, it must be carefully considered in 

individual cases and not "legislated" in uniform fashion without regard to 
organ, effect, condition of exposure, dose rate, other associated tissue 
irradiated, specific ionization, etc. 

This can be rationalized by deciding that the mucosal 

However, this factor will appear 

It is apparent the factor will have to be carefully and 

A more serious situation confronts us in the problem posed by the 
Data accumulated during the past few years indicate that lymph nodes. 

for inhalation of Pu and other heavy elements the lymph nodes may be the 
site of maximum concentration. 
revealed the concentration in the lymph nodes was some 20 times the con- 

centration in the lungs and about 80 times the concentration in bone. 
studies support this finding, although the quantitative dependence on 

particle size, etc., is not yet clearly established. At present the lymph 

nodes would be classed among the "other organs" for which the Commission 

recommends a dose limit equivalent to 15 rem/yr or 0.3 reM/wk. 
limit is to continue and if the RBE or relative hazard factor of 10 is to 
be used for Q: radiation, then the MPC values of Pu239 will be lowered 
considerably. 
whether the Commission might wish to consider RBE values which took into 
account organ specificity as well as quality of radiation, but it was 
decided to defer any present action or discussion of this question until 
adequate consideration could be given to all facets of the problem. 

A recent autopsy of one worker at Los Alamos 

Animal 

If this 

The question was raised at the Munich meetings as to 

Thus 
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if a r e l a t i v e  hazard f ac to r  i s  t o  be defined, and if the Main Commission 

i s  t o  f i x  i t s  value, the  matter should be given very carefu l  considerat ion.  

The question of appropriate dose l i m i t  and of r e l a t i v e  hazard f a c t o r  are 

almost inext r icably  in t e r r e l a t ed .  It i s  qui te  f eas ib l e  t o  have a blanket 

l i m i t  of 0.3 rem/wk f o r  a l l  organs and end-points considered i f  t h e  Commission 

wishes t o  recognize the  organ and e f f e c t  s p e c i f i c i t y  of a su i t ab ly  defined 

r e l a t i v e  hazard f a c t o r .  

it, o r  i t s  dose limits become almost meaningless, and it would be unwise t o  
assume t h a t  the  de f in i t i on  can ignore real differences i n  r a d i o s e n s i t i v i t y  

of d i f f e r e n t  t i s sues ,  dependence on end-point, e t c .  

Thus t he  Commission must be precise  i n  def ining 

This note i s  not intended t o  urge any p a r t i c u l a r  ac t ion  a t  t h i s  time, 

but  r a t h e r  t o  urge t h a t  the  r e s u l t s  of t h e  present  b a l l o t  should be sen t  t o  

the  members and tha t  they should c a r e f u l l y  reconsider the  e n t i r e  question. 

If a r e l a t i v e  hazard f ac to r  i s  defined, i t s  de f in i t i on  should be c a r e f u l l y  

sc ru t in i zed  t o  see what e f f e c t  t h i s  w i l l  have on present concepts, and i f  

values are assigned, these should be c a r e f u l l y  checked t o  see w h a t  effect 

they  have on the  present methods of arriving at  operat ional  values.  It 

may be t h a t  t he  ICRP, l i k e  the  NCRP i n  t h e  USA, w i l l  f i nd  the  question so 

involved that  spec ia l  consideration b y  a separate  p u p  i s  advisable .  

by very c a r e f u l  ac t ion  can we be reasonably sure  we w i l l  not have t o  retreat 
from an untenable pos i t ion  which was h a s t i l y  assumed o r  a r r ived  a t  by 

b a l l o t  without giving adequate considerat ion t o  a l l  the  many dependent 

var iab les  

Only 

W. S. Snyder 
K. Z .  Morgan 
December 11, 1959 


