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August 18, 1954 

Dear D r .  Morgan: 

I n  reply t o  your l e t t e r  of July 30, the average value of alpha 
p a r t r c l e  energy of 7.58 Mev given on page 141 of UR-298 was obtained 
as follows: 

From page 24 of the  report ,  the  r e l a t i v e  a c t i v i t i e s  of RaCl and 
R a C '  which bui ld  up i n  a system which f i l t e r s  t he  daughter prodmts 
from the  a i r  fo r  several  hours a re  5.53 and 89.9 respectively.  
The energies of t he  RaA and R a C '  alphas a re  given i n  Table 3 ,  page-1'7 
of t h e  report  a s  6 b k u .  an? 7.68 Mev respectively.  

The average energy 
: .-. I. 
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is then calculated as 

I bel ieve t h a t  t h e  permissible l i m i t  of exposure tojradoq should 

As you indicate ,  
be based on exposure t o  t h e  bronchial passageways r a t h e r \ B d o n  
average exposure t o  the  en t i r e  mass of lung t i s sue .  
calculat ions based on bronchial exposure give lower WC values than 
those considering t h e  exposure t o  the whole lung, and our measurements 
bear t h i s  out. We're t ry ing  now t o  get an idea as t o  what p a r t  of the  
resp i ra tory  t r e e  does get  the mximum dosage and the  extent .of  t h e  
dosage. 
near future .  

I believe w e ' l l b e  able t o  furnish you with some data i n  the  

O f  course, t he  calculat ion of dosage from measurements of the  
rad ioac t iv i ty  of resp i ra tory  passageways s t i l l  depends on the  assumption 
of a value f o r  t h e  volume of t i s sue  i r radiated.  I have been using 
as t h i s  volume a cy l indr ica l  s h e l l  whose m e r  radius i s  the  inner 
radius  of t h e  respiratory tube and whose thickness is  the  range of 
t he  alpha pa r t i c l e s  i n  water. I should be in te res ted  i n  knowing if 
you use any other method f o r  t he  calculat ion of the  volume of t i s sue  
i r radiated.  

Sincerely , REPOSlTORY m w s -  (Z P UL 
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D r .  Karl Z.  Morgan, Director 
Heal4& Phiysics Division 
O a k  Ridge National Laboratory 
Post Office Box P 
Oak Ridge, Tern. 

D e a r  D r .  Morgan: 

The attached sheet gives the calculation of the average dose rates 
- *  

t o  the lung from (1) deposition of the radon daughter products, and from 
(2)  radon and the daughter products of the radon molecules-decaying i n  
the lungs. The resul ts  of the calculation are  summarized on page 121, 
paragraph 2, of the University of Rochester Atomic Energy Project Report 
UR-298, " A n  kraluation of the Pulmonary ARadiation Dosage from Radon and 
Its Daughter Products ." 

The calculation was made assuming a retention of 25 per cent, 
The a minute volume of ten liters, and a lung weight of one>il=i 

minute volume w a s  the average minute volume measured for the subject during 
the retention experiment (Table 26, p.  94, of UR-298). 
depends on the breathing pattern,and the 25 per cent retention figure can 
be used t o  calculate dose r a t e  only f o r  the breathing pattern with which 
it was  obtained. 

The retention 

An idea of the vsr ia t ion of dose among individuals 02 a species 
may be obtained from Table 19, p.  79, which summarizes the rat dosages. 
The average dosage t o  15 rats w a s  334, the standard deviation was 118. 
some dog data are given on page 89. 

B e  deposition of the daughter products is probably mainly by 
diffusion t o  the w a l l s  of the a i r  passageways by Brownian movement. 
Accordingly, I believe tha t  average lung dosages among individuals with 
different  breathing patterns w i l l  be smoothed out somewhat because per  cent 
deposition w i l l  l ikely change i n  a direction opposite to  the change of the 
minute volume. Ye s h a l l  need more data before we can make any definite 
conclusions on this point. 
that t racheal  dosage depends very strongly on the breathing pat tern and 

However, from Table 25, p. 89, it also seems 



D r .  lzarl Z. Morgan - 2 7/13/54 

dosage to  the large bronchial tubes m y  be the c r i t i c a l  dosages i n  
radon exposure. 

I am sorry tha t  I overlooked mentioning i n  the calculation of 
the dosage from radon i n  equilibrium with i ts  daughter products that the 
lung volume vas assumed to be :bee l i%ers  and the lung weight w a s  again 
assumed to be one kilogram. 

I shall be very happy i f  you and the committees you work with 

:.le are  preparing an 
can use some of the data presented i n  UR-298. 
there is  any other infomation I can furnish you. 
a r t i c l e  f o r  publication tha t  contains some recent data, and I sha l l  send 
you a copy as soon as it is ready to  be submitted. 

Please l e t  me h o w  i f  

Sincerely yours, 

JS b 

encl. 

. . ddAP Jacob Shapiro 

. .  . . .  
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C. LCULATI 
.--- -.__ 

R ,  r4  N OF LUNG DOSAGZ .. 
UR-298, p.121, paragraph 2 

Average dosage from 25$ retention of inhaled daughters i n  equilibrium with 

From p. 141 

c / l  radon. Minute vohme = 10 l i t e r s .  Assume 1 kg lung 

r e m / h r  = 26.4 x l i t e r s  /min fo r  10-9 c /1  
w t .  ingm ~ O O $  retention 

mrem/hr  = 0.264 x 10 x 0.25 x 1000 f o r  c / l  
1000 25% retention 

mrem/hr = 6.6 

Average dosage from inhaled radon and daughter products of radon molecules 
decaying i n  lungs. 
Xner J of radon family alphas = 19.2 MeV. 

Assume 1 kg lung. Lung volume = 3 l i t e r s .  

10 -If- cur i e s / l i t e r  = 1332 radon disintegrations/hr. 

mrem 3 l i ters  1332 d i s .  19.2 Mev. 1.6 x erg - =  
hr ~ O O o  gm .hr . u s .  MeV _. 

20 rem 1OOOmrem . 
1 rep 1 rem . 

mrem - 0.0264 - -  
hr 

Recalculation on basis of RBE = 10 fo r  alphas, 1 rep = 100 ergs/gm 

MtiLtipby previous values by 10 ,, a = 0.465 
20 'L loo 

Dosage from 25% of daughters = 0.465 x 6.6 = 3.1 mrem/hr 

Dosage from radon and daughters i n  equilibrium = 0.0264 x 0.465 = 0.0123 m r e m / h r  


