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Re: Toleranoe Dore for  Slow and Irl;dt'IIeutronr 

There doem not reem t o  bo -thing new that can be raid labat t h l a  
aubjoot, but I w i l l  b r i e f ly  mammarise my thoughta on the matter. 

Tha tolsranco doae i t r e l f  a r t ,  of courre, be r e t  by the medical men 
on th. baair of blologlcrl  experiments on the effect  of noutrona snd other forma 
Of rabistion. It  ir, however, necessary that ne hnve at o u r  disporal meana for 
accurately aearuring the types of radfatlon fo r  which toleranue darer m e  t o  be 
epoc)iffad. In the care of a l o v  neutrona. no simple pleae of eqpipment can be w e d  
without there being some uab iwty  in the re ru l t r .  counter, 
f o r  lnatanue, l a  v e q  much a funation of the energ  of the radiation whdh fall8 
od It. Vbt resar t o  me the soa t  straightforward method of teeordin8 the dore 
from alov nsutronr l a  the ordinary pooket chamber, The gamma ray* releared from 
the bo& os t&pt-,-e af slow neutrea3 %a hydrogen wil% bo r+sWdaQ OI! the pocket 
mater with approximately a l t l  corrospondonco between the bow doao Iron the cap- 
ture  - rayr and the reading of the pocket motor. 
tho inareare in ionigatlon prodwed when the Ion chamber is a a v e r d  r i t h  Cd Is a 
fafr mearure of the dome which one would reaefve wbn exposed t o  ouch 1 slow 
noutron be-. 
be ar high aa 50$. On thcl baris of w h 8 t  has bean raid above, we &re a a a a l n g  that 
tho offeat  of alaw neutrani i e  due onti rely t o  capture gama radiation. 
oer ta lnly true t o  v i t N n  a few p e r c a t ,  but there may be soma more highly Ionizing 
rabiatlon produced such ar proton# raaulting from nsutrono f i l l i n g  on nitroeen. 

' With our prorent knowledga o f  what conr t l ta tes  a uafo t o l e r ~ ~ ~ s o  boas, It hairdl7 
1.01111 that conaideratlm Of thi6 need be =de at  the prB80nt time. 

' h e  rerponrs of a BF 

Por a rpnrp instrument, 

Tho errors which might be expected i n  such mmanremonte laight w e l l  

?'hi8 i r  

With fast neutrona on. met, of course, conrfder the greater bio- 
1ogtc.l effectirenear of ta given amount of tliemo Ionization an compared with aa 
oqprl Ionization ronrl t ing from x - v r  o r  &aanra rayr. %la i r ,  o f  Course, the 
priar;Fy qtaaetion t o  be ansuerob, an4 one which m a t  be anrwored b~ the b1oloe;iste. 
I t  h a  generally been speed  that f r e t  neutroaa are from two t o  f i r e  tfmee more 
effective than x-rays o r  gamma rays f o r  oqual amounts of tfeane lonirat ion due t o  
the higher upecific ionisation of reooil proton8 than of electrona. I do not be- 
l i ere  that anybody l s  in poeltioa at the prseent time to  d e  a more defini te  
statement remrdlq these f I p 6 r .  Beealte on t h i s  point have, Of CouraO, been 
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accumulatiw during the year in the work of Zlrkle and othem. 
r e r u l t r  of Zlrkle on lethal effects  on mlae sad rabbitr give a value of about 
throe f o r  t h i s  figure. 
dose, one m a t  f i r c t  e m f n e  the nethods o f  aea8uring the do88 from fast neutrons. 

mr, and the other i a  f i l l e d  v i t h  some gar l i k e  a*=. 
hydrogen l o  much more senrl t lve t o  neutron# than the one containin& argon, 
bslsnclng the two chamberr f a r  gamma rays, the dosage ra te  f o r  f a r t  neutrons can be 
measured. 
e;urau rayr, a chamber f i l l ed-wl th  &drogen at  Ugh pressurn can be made t o  Incor- 
porate a factor of about four fo r  the greater biologica l  effectiveness of neutrons 
over 
f o r  uhlah the energy of the mutrans and the W b e r  emitted par am' oec. i s  knovn. 
The.rarultant dosage rete in body t i r r P s o  must then be calculated from the energy 
Of the neutrons and the a.tomic conatant8 for body t lssue.  
timet?, aad for convenience a tablo IS reproduced here from 
the IlstallPrglcal &borntory Honbbook; 

%e moat recent 

If one attempt8 t o  e e t  a flguro for the safe tolerance 

ob are the balancod The two pieces of equipment which eeam t o  be abp tab lo  t o  t h i o  
ion ohasber apporntus in whlth one ahamber l a  f i l l e d  with ... a 4 o&n containing 

The chamber containing 
By 

If one i o  not l n t t r s c t ed  In separating the effectm of neutron8 and 

rap. Such equipmuat can be callbratod w i t h  rtanberd neutron sourcal; 

This has been done several 
10, Chapter 12, of 
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Certainly the aucoraw 09 Mamuring fast neutrons by the methods 
outlined l a  not yet coaparablo t o  that at ta ined in tho meamremont of x-rays by 
the Viatoreen r-mater, but in the hand. of proper people i t  ai&$ &+e result8 good 
t o  29. @ila, o m  sees that there is no manme in establlshlng a ra lue  f o r  the 
tolernuce dome more acuurate thsn meaoahtmnto of  the radiation can be made. 

I f t  memr t o  me that the noutron problem 18 not a asrims one since 
the oeasuromsnts indlcatr  in general that the neutron l eve l  IS low i n  area8 where 
one might expoat w, If 8 good job is done with the equlpaent already dari(graed 
an& an approximate value f o r  the safe tolaranae dose 1 s  uaed, It would aeam that 
there ahould be no caume f o r  conce'zp on thie problem. 

Very truly purs,  

E. 0. w011.n 


