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l n t  e r n a l  Dose D e t  emina t  ions  

WIOISOTOPdS. 

PART I 

A, In t roduct ion  

The t issue doses produced by the rad io iso topes  o f  those  elements which 

are common t o  our body metabolism m y  be ca l cu la t ed  i n  a more o r  less 

s impl i f i ed  manner i f  we consider  t h e  rad io iso topes  as being in  equi l ibr ium 

w i t h  the stable elements w i th in  t h e  organs, However, in those  cases  where 

it i s  des i red  t o  c o n t r o l  t h e  magnitudes o f  t h e  t i s s u e  doses a t  a t i m e  less 

than  about five e f f e c t i v e  h a l f - l l v e s  a r t a r  t h e  beginning o f  the exposure, 

a l l  t ha t  i s  requi red  i s  t o  r e t a i n  the f a c t o r  (1 - e - 
cu la t ions ,  A l l  c a l c u l a t i a n s  have been made he re in  on t h e  basis t h a t  

t>-l in the  cal- 

2 

5T which permits o f  t h e  omission of t h e  f a c t o r  (I - e At) -1 

L i t t l e  i s  known concerning the  exac t  d i s t r i b u t i o n  o f  a given element 

w i th in  an org%nd \i5ithout t h i s  e s s e n t i a l  information it becomes neoesssry 

t o  use an average concent ra t ion  value and t o  introduce e i t h e r  a f a c t o r  

which r ep resen t s  a good guess  concerning the degree o f  non-uniformity o f  

d i s t r i b u t i o n ,  o r  t o  use a f a c t o r  o f  safety which includes this as well  as 

other unknown q u a n t i t i e s ,  

of s imp l i c i ty ,  

data are 8vailabl.e which supply  t n i s  much needed information, proper 

f a c t o r s  be introduced i n  t h e  eqirations here  developed t o  produce more 

real is t ic  va lues  

The latter procedure was chosen f o r  purposes. 

It i s  suggested,  however, t h a t  i f  and when experimental  
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The f a a t o r s  o f  safety l i s t e d  i n  %able 111 are suggested values only. 

It w i l l  be noted t h a t  f o r  a l l  radioelements,  except radioiodine,  a 

f a c t o r  of s a f e t y  o f  lom2 has been suggested.  

iodine a f'actor o f  s a f e t y  of  10-' has been suggested. 

f a c t o r s  which should govern t h e  s e l e c t i o n  o f  a value f o r  the f a c t o r  of  

s a f e t y ,  

In  -the case of  radio-  

There are many 

Among t h e s e  a re  t h e  degree o f  unce r t a in ty  which e n t e r s  i n t o  

t h e  various assumptions and c a l m l a t i o n s  of t h e  t issue doses,, and t h e  

degree o f  r i s k  which  i s  involved, Xuch can be s a i d  concerning t h e  

degree of risk. Suf f i ce  t o  say, however. t h a t  t h e r e  i s  a vast d i f f e rence  

between the  permissible r i s k s  to the workers i n  non-controlled areas 

( c i t i e s ) ,  con t ro l l ed  a r e a s  ( A Z C  i n s t a l l a t i o n s ,  et:.), and l a s t l y  t h e  

risk which t h e  men in  the armed s e r v i c e s  are prepared t o  take,  

suggested t h a t  t h e  f ao to r  o f  safety which is  s e l e c t e d  be f i t t e d  t o  t h e  

It is 

risk a t  hand BB Qf 

The daily i n t akes  ol' hydrogen and o f  carbon were ca l cu la t ed  on t h e  

basis o f  a 3000 c a l o r i e  i n t ake  p e r  day., 

i n t ake  of' 130,4 grams o f  ? ro t e in ,  130,4 grams of  f a t ,  and 326 grams of  

carbohydrate were  assumed, 

are acce2tablu t o  all because whi le  one group recornmends a Pow p ro te in  

in take ,  another  will recommend a high p r o t e i n  in take ,  The above f igu res  

are in-between and were extrapolated from "Rankes" d i e t  publishsd in t h e  

"Textbook of  Phys io loa ' '  by Zoetout a d  Tut t fe .  In t h e  case o f  t h e  hy- 

drogen intake,  2200 ml water  wsre added t o  t h e  d a i l y  in take  ELS a souroe 

o f  hydrogen, 

In t h i s  ca l cu la t ion ,  a d a i l y  

I t  i s  very d i f f i c u l t  t o  choose va lues  which 
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The d a i l y  in takes  f o r  t h e  other elements were  s e l e c t e d  on an average 

bas i s  f rom several publ ished works. It is a simple matter to s u b s t i t u t e  

d i f f e r e n t  values f o r  t h e  elemens i n b k s s  

dose. It i s  suggested t h a t  t h i s  s u b s t i t u t i o n  be done when advisable.  

Zxperimental da t a  concerning tile b io log ica l  decay constants  o f  the 

clemsnts i n  the various organs are not ava i l ab le ,  

t he re fo re  t o  make approximat ions which are based upon assumptions. 

It becomes necessary 

Although n o t  f a c t u a l ,  it has been customary t o  consider the  b i o l o g i c a l  

decay constant  as being exi3onential i n  character. This assumption 

makes it poss ib l e  t o  ob ta in  the e f f s c t i v a  decay constant  by simply 

a d d i n g  the b io log ica l  and rad io lo(p5ca l  decay constams toge ther ,  J'his 

. procedure has been f o l l o w e d  herein, 

It has been fa - thar  aBsumed tha-t; %ha biological. decay f o r  any given 

element wikhin a given organ i s  df rec t ly  proportional t o  the quantity 

o f  t h e  element with t h e  or-gan, This may or may no t  be a close approxi- 

mation; howevero it; has been used here  becaus3 o f  the  l ack  o f  expesi- 

mental data, 

The q u a n t i t i e s  f in  the %able, which a r e  the f ract ions o f  e l m e n t s  
1 

which e n t e r  the  blood e i t h e r  via the lungs CI t h e  gas t ro - in t e s t ina l  tract, 

are assumed. In the  case where the entry i s  via t h e  lungs it i s  assumed 

t h a t  75% of  a l l  the radioactive r lust  which is  breathed w i l l  reach t he  

UNCUSSIFLED 
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blood, 

t h e  maximum f r a c t i o n  which c m  e n t e r  the b lood  v i a  t h e  alveoli (-2,h) 

but a l s o  tha t  por t ion  of  t h e  dus t  which i s  deposj ted i n  t h e  upper 

r e s p i r a t o r y  t r a c t  and subsequently swallowad, t h u s  reaching t h e  blood 

This percentage may seem h i g b i  however, it n o t  only includes 

via the gastro-iaSantJnal t racto 

The f r a c t i o n  f which e n t e r s  the blood v i a  t h e  G-I tract i s  assumed t o  1 
be 1, Although, in some cases t h e  value might be c lose r  t o  0 - 5 ,  the 

value has been se t  as 1 f o r  t h r e e  reasons. F i r s t ,  the  elements con- 

s i d e r e d  here  are common t o  t h e  body m e t a b o l i s m  and the re fo re  they are 

expected t o  be readily absorbed by t h e  G-3: t r a c t  tissues, thus entering 

t h e  blood stream, Second, it i s  a safe assumption. And t h i r d ,  it is  

very easy t o  rep lace  the  f i g u r e  one wtth a more f a c t u a l  figure based 

upon experimentation i f  and when these data are ava i lab le .  

The f a c t o r  f which i s  that fraction of t h e  element which e n t e r s  t h e  

organ f r o m t h e  blood, i s  assumed. 3ecause o f  t h s  absence of experi-  

mental data f o r  t h e s e  elements, it is assumed that the  f r a c t i o n a l  

elemental intake t o  t h e  organ i s  equal t o  the  f r a c t i o n a l  elemental 

2+ 

content  o f  t h e  organ, That i s ,  f is eqml to the r a t io  of t h e  weight 
2 '  

of the4?1emant i a z  t h e  orgbtn' t o  t he  weight of t h e  a lment  in  the bodx. 

It is .pointed ou 

approximat ion e E element tu rnover  rate may vary considerably 

in d i f f e r e n t  portions o f  the same organD 

n some c&Bes this may not be even a close 
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The o the r  assumptions such a s  the  volumes o f  air breathed and the  

quan t i ty  of w a t e r  consumed during given per iods of' time are arbitrary; 

however, the values used are i n  agreement with t h e  recornmendations 

made, and agreed upon, a t  t h e  "Chalk River" meeting.* 

A11 ca lcu la t ions  f o r  a i r  and water concentrat ions were m d a  on t h e  basis 

t h a t  the dose r a t e  dr/dt to t i s s u e  is -3 rep/week or .3/7 rep per  day. 

For some purposes it ~$1,' be desira ble to choose o the r  dose rat->se 

8, Derivat ion of  iiquations 

Developnent of Zquation f o r  P,D. pc/day (Porrnissible Dose/day, expressed in  p c ]  (I 

k t  m m mass o f  organ in  gmms 

Q P pc/gm organ t i s s u e  t o  give a dose  rate o f  .3/7 rep/day o r  

3 rap,&eek 

f e t h a t  f r ac t lon  o f  e lemental  in take  which g e t s  t o  the organ via 

lungs o r  G-1  t r a c t  

= t o t a l  decay (elimination) constant ,  days-' 

* l ee t ine ;  o f  t h e  r ep resen ta t ives  o f  t h e  Corni t tees  on Radiation Pro tec t ion  

of the United States, Great B r i t a i n  and Canada, h e l d  on September 2 9  and 

30,  1949 a t  Chalk River,  Curia&, 
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Then 

(1) 

De ts mivlat i on s 

= dt d (mQ) 
(P,D./day) x f -&nQ 

- -  I &Y 
h 

3; In (P,D,/day) - 3  c 
-7 

(P.I),/day) f - hmQ, = (P.Dn/day) f x e” A t  

(P,D./day) E - (P,D,/day) f x e- h = A m Q  

(P,D./day) f (1 - e - h t  ) =  h m Q  

( 2 )  P*D,/day = h mQ w 
f (I2- e- At- )  

Since we are deal ing  wi th  an equi l ibr ium state, we may assume 

that (f  - 
of 4 9 % ,  he may asswns that  equilibrium exists ai’ter 5 half lives, 

2 L f f  QX~O 18 in%aka t sd  in computational accuracy 

UNCLASSIFIED 
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If the time t under cons idera t ion  i s  <5T9 then t h e  f a c t o r  

(1 - 0 
- h t ) 4  should be retained, 

OWL-591 
page 10 

Letting f 0: f for t h a t  f r a c t i o n  which g e t s  t o  the organ 

v i a  the lungs and f = f 

organ v i a  the GI tract ,  we have 

L 
f o r  t h a t  fraction which g e t s  t o  t h e  

G 

P,D./day = Q m, 
f 

pc, v i a  G-I tract. ( 4 )  
G 

The total decay-constant is, 

1 5  

m =  

e =  

mc e: 

mc 

element, in'ta.ke/day in grams, 

concent ra t ion  of element i n  organ (gms element 
per gm organ) 9 

gms element i n  organ, 



Internal  Dose Determinations OBNL-591 
page 11 

fG = tha t  fraction of the  elemental intake which 

T, = radiological half-l ife in days, and 

reaches the organ v i a  the  G I  t s a c t ,  

-1 693 
h p  Tr days 
- 

Substituting, we have 

Note t h a t  t h e  quantity 1 fG i s  t h e  elemental  i n t ake  which reaches t h e  

organ per day, 

leaves the organ per day, 

In an equilibrium s t a t e  t h i s  is equal t o  t h e  mount  which 

E ~ U Z L ~ ~ Q ~ I S  3 and 4 are used t o  calculate t h e  P.D,/day of the r a d i o i s o t o p s  

i n  the a t tached  listo 

Q is  determined i n  the  following manner: 

%here 3 * 6  x 104 = d i s in t eg ra t ions / sec  per pc 
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Q = pc/gm tissueo 

= effective energy in Mev per d i s in t eg ra t ion ,  *eff/dis 
106 = ev in MeV, 

4.8 x 10-1Q = esu/ion pair, 

8.64 x lo4 = seconds in one day, 

32-5 = ev requi red  to produce one i o n  pairs and 

874 relative m a ~ 5  stopping ~ O W ~ O P  for sof t  t i s s u e  
dens i ty  of air 

1-14 
001293 

= -  

The se lec t ion  of a value f o r  * will depend upon t h e  use for which t h e  
d t  

calculation i s  being made, and/or the current opinion of those who e s t a b l i s h  

s e l e c t e d  principal organ of r e t en t ion .  

dr 3 
dt 7 Equating - = .L rep per day, w e  obtain: 

a r b i t r a r y  dose rates, I n  t h e  case a t  hand, we desire t o  determine the value 

of Q which will g ive  a dose rate of .3 rep/saeek (o r  2 replday) t o  t h e  
7 

. 3  rep/ruaek. 

g i v  dOS B 

It i s  obvious t h a t  the value of Q w i l l  depend upon t h e  

te of 2 rep/day or  7 

e f f e c t i v e  enerw per 

d i s i n t e g r a t i o n ,  The attached sheets shotr t h e  d i s i n t e g r a t i o n  schemes used 

and t h e  c a l c u l a t i o n s  t o  ob ta in  Q for  t h e  v a ~ i o u s  radioisotopes, 

UNCWSSIFIED 
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Calculations of t h e  average values for beta emissions are  made in the 

follovdng manner : 

E,,/emission = bEma where 

is the r n a x h m ~ ~ ~  anergy of t h e  beta d s s i o n ,  Emax 
1 1 I 

b = ,33 (1 - Lz)(l c >*, and 
43 l+ 

Z is the atomic number of the radioelement 

* This  is an equation which was suggested by K , Z ,  Morgan to give approxi- 

mate values for the average energies  of beLas which have normal distri- 

but ions  of energies, 

In general, Q = lo-' pc/gm t i s sue  to give a dose rate of .3  rep/week, 
E e f f / a s  

Eef f /d i s  is in the dimensions of Mev/dis, and i t s  magnitude will depend 

upon t h e  contributions made by the  average beta and gamma radiation per 

disintegration 

The gama r a y  absorpt ion by the organs is accounted f o r  in the following 

manner : 

where Ed = Uev/photon9 

p = total scattering coef f ic ien t  for  the particular g m  photon 

and t i s sue ,  

UNCWSSIF'IED 
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p, = t o t a l  scattering c o e f f i c i e n t  for  the par t icu lar  gamma 

photon and tissue, and 

D = effective th i ckness  of organ in cm, 

C. Calculations of Q 

The followiw are c a l c u l a t i o n s  -which indicate t he  number of 

microcuries/gm t issue of t h e  various radioisotopes which are required 

t o  give a. t i s sue  dose of .3 rep/week, 

reynired, t h e  proper substitution should be nade i n  equation 7., 

If a different dose rate is 
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- ?A3 

b = -33,  = .OX35 Heu P3 
Using t h e  t o t a l  body as the  p r i n c i p a l  organ of r e t e n t i o n  

/ d i s  = .33 x .0185 = .006 Mev 

Q =  8e 2  * lo-‘ 5 .137 pc H3/gm t i s s u e  

-k .01858” 
%f f 

2He3 
.006 Tr= 12.1 y 

- C“ 

Using adipose t i s s u e  as the  p r i n c i p a l  organ of pe t en t ion  

b = 63119 Em = .155 Mew 6CU 
E /d i s  = -34. x .155 = .C527 % e ~  eff 

22 
Ma 
L 

x 1 ~ 1 ~  pc c 14. /gm tiL) psue +, 
7 T, = 5160 y 

Using the  t o t a l  body as t h e  p r i n c i p a l  argan of r e t e n t i o n  
22 

b = .362, En(fi+) = -58 Mea lPa 
4- 

d 586 t 

Eq,(P = .362 x .58 = .209 luIeo/dis 

(d) = Ed (1. - e-(p -GID) Hev/dis 
E@f f 

22 whepe (1 - e-(’ -GID) i s  t h a t  f r a c t i o n  of the Ne 
LO 

gamma rays which produce i o n  pairs, 

D = 30 cm (thickness of abdominal pegion of a 70 Kg man) 

Tr = 2.6 y 

UNCLASSIFIED 
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Eeff/dis = .209 + .738 = .947 Mete 

Q =  8 0 2  22 lo-' = 8.66 x loe4 pc Ma /gm tissue 
947 

Using the t o t a l  body as the principal organ of re tent ion 

+ 1.38 (1 - e-*o28 X 30) Mev 

- 1.373 + .784 2,157 Mev 

, 
/dis = .54 + 2,157 = 2*697 Mev Eeff  

24 Q = 8 e 2  lo-' = 3.0k x pc Na /gm tissue 
2 I( 697 

1.398' 

/ 2.7& 

f 

\ I  

1,3W 
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- P32 

Usirg bone as ,he p r i n c i p a l  organ of reten i o n  

g2 15 

1 729- I 

32 = 802 x 10-' 
685 

= 1,2 x 10-3 pc P /gm t i s s u e  
s3 16 

Tr = l4.3 d 

I s35 

Using s k i n  as t h e  p r i n c i p a l  organ of r e t en t ion  

b = *33, E = .Z69 Me8 m s35 16 

E,,./dis = .33 x -169 = .056 Mev 

802 lo-"'( = 1-47 x 1G-2 pc S35 /gm t i s sue  L 
c13 5 

a =  
., 056 

17 
Tr =: 87*1 d 

- C P  

Using s k i n  and subcutaneous t i s sue  as  the pr inc ipa l  organ of r e t e n t i o n  

Eeff /dis  = .359 x .66 = .24 &lev 

& =  

e 66@- 

8 e 2  lG"' = 3.42 x LOm3 pc C1 36 /gm t i s s u e  

6 $6 
Tr = 10 y 18 .a 
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< K = 3*6 Kv X-ray 
81 

KD-2 

dL 

4 

4 4 

= 3.33 Kv X-ray 

bE (p") = .383 x 1.35 = -517 gdex/emission 
m 

,0036 (1 - e 

similar t o  above = .C033 Bjiev/emission 

20) = .0034 Hsv/emission 

.GL32 Mev/emission ( K  capture X-rdys) 

= 1.46 (1 - e -002sg 2G) = -634 Mev/emissicn 



UNCLASSIFIED 

Internal Dose Determinations 

Using musela as the  principal oPgan of rekention 

12.4 hr 

/ d i s  = .l7 x b x 1,4 + .13 x b x 2,l + .70 x b x 3.5 + *l7 x Eeff + .13 Eeff Et3ff 
104p- 2 4 -  3.5p" 2.1. l * W  

b(1.4Pm) = -384 

b(2,lP") = .404 

-.0275 x 18 
(1,4d)/emission = l&(l - e? ) = 1.4 x .39 = .546 Mev 

*eff 

Eeff/dis  = .0915 i .ll03 + 1,067 + .1274 + .CY710 = 1.4673 Mew 

42 Q =  8*2 = 5.6 x lom4 wc K /gm tissue 
1.4673 UNCLKSSIFIE D 
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45 Ca - 
U s i n g  bone as the principal organ of retention 

b = .33, Em = .26 Mev ca45 

Eeff / d i s  = .33 x .26 = ,086 Mea 

Q m  802 x lo-‘ - * 9 5  x 10-2 pc Ca /gm tissue 
L\ , *:B- 45 

45 
21SC 086 

Tr = 152 d 

Using bone as the principal organ of r e t e n t i o n  

k7 
2CP b = .373 - 

Tr * 5.% d 
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- Ca49 

Using bone as the principal 0- ~f retention 

b = .407 

52 & E L  

Using liver as t he  principal organ of re tent ion 

b = ,348 

E /d i s  = .35 x .348 x .58 = .071 Mev 
63" 

P 
12407 - 
2 .Of306 

K X-ray = _I_ - 
1 

= .006 Xev/emission 

(all absorbed) 

= .65 x .OW3 = .O039 Mev/dis 

52 (From 21 m i n  decay scheme) 
52 Tr = 6,5 d 24C' 
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Eeff(*4d) = .4(1 - e-'0315 = *150S hlev 

kEeff /dis  = .071 +- .OG39 4 .1508 + .2767 + . 3 5 4  + .3694 = 1.226 M e V  

E -  - 8*2 lo-' = 6.68 x 10-4 pc b52/m t i s sue  
l o 226 

Using l i v e r  as t h e  pr inc ipa l  organ of re ten t ion  

E(KP X-ray)/dis = .GO6 BJev (See Mn52) 
1 

54 2p 

54. Q = 8*2 = 2,24 x pc Mn5'/gm tissue 

.367 24cr Tr = 310 d 
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Using l i v e r  as t h e  pr incipal  organ of retention 

b (2.868") = .415 

b (1005~") = .366 

b (e75P-) = *355 

(2,86p-)/dis = .5 x .415 x 2.86 = .594 Mev 

Eeff(l.05fY")/dis = .3 x -366 x 1.05 = .115 Edev 

Eeff(.75f3-)/dis * .2 x .355 x .75 = .053 Mew 

(2.0W)/dis = .2 x 2.06[1 - e - 0 ~ ~ 4 5  

*,f f 

lr) = 
Eeff  

= .l27 Mea! 

26 -.Li26 x 15 Peff(L77t/)/dLs 3 -3  x 1.77(1 - e > =  

= *172 MeV Tr = 2.59 hr, 

= .594 + .115 f .(I53 + i .172 + *313 = 1,374 Mev/dis 5 E , f f  

k 
Q = 8 e 2  lo- = 5.96 x pc lar15~/gm t i s s u e  

1.374 
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I Fe42 

Using blood as the  p r i n c i p a l  organ of  r e t e n t i o n  

b = .345 52 

0 55p' P Eeff = .345 x .55 = -190 Me% 

Q =  lo-' = 4.3 x pc t issue 
a 19 

Tr = 7.8  h r .  

- FaS5 

Using blood as t h e  p r i n c i p a l  organ of retention 

Accoyding t o  jeaborg and Perlman 55 
26Fe 

decays by K ca?ture, There are no 

internal conversion electrons, 

pos i t rons ,  nor garmas, Fer5 would therefore  decay to According t o  

Peacock, til, (J. Clin, Invest., Voi. XXV, J u l y  l946>, the m u s t  abundant 

and most ene rge t i c  x-rays has emftteditn energy equiva len t  t o  the K, 

of Mn55. Therefore, 

line 
1 
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12407 Q 5.1915 Kv, energy of  the KcL line of Mn5’ which i s  
1 2 0975 

Eeff - 
monoenergetic, 

& =  8 -2 ~o.--S = .139 v c  Fo 55 /gm tissue 
5.935 10-3 

#. 
Using t h e  l i ve r  as the  p r i n c i p a l  organ of r e t e n t i o n  

b(,26P”) = .33 

b ( e 4 @ - )  = 949 

Eeff( .26@-)/dis = * 5  x .33 x .26 = .043 Me% 

Eeff(n46fj-)/dis = .5 x -49 x .46 .113 k7e.r 

(lo3/)/dis = .5 x 1.3  (1 - e-bo28 15) Eeff 

= .223 Mev 

1 -,029 x 15  (l .W)/dis = .5 x L , 1 ( 1  - e 
*bff 

% The l i v e r  has been s e l e c t e d  as t h e  p r i n c i p a l  organ of r e t e n t i o n  i n  
order t o  account f o r  the gamma absorpt ion,  
i r o n  concentrat ion i n  t h e  l i v e r  i s  the  same as that i n  t h e  blood. 

It w i l l  be noted t h a t  t h e  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . 



IJNC LASS1 FIED 
ORNL-591 

Internal  Dose Determinations page 26 

Using the l iver  as t h e  principal organ of re tent ion 

T, = 56 h r .  

Using the thyroid as the pr inc ipa l  organ of re ten t ion  

1125 
53 b = .296 

Eeff(8-)/dis = .03 x .1 x .296 = 

= .GOO8 MeV 

E(K@ X-ray) = - 12407 
2 e h 5 W 5  

= -0276 DtIev 

Tr = 56 d 

UNCLASSIFIED 
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Using t h e  thy ro id  as the  p r i n c i p a l  organ of re ten t ion  
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. . _  

Using t h e  t h y r o i d  

b = .355 

as the  pr inc ipa l  organ of re ten t ion  

$93 

ORNL-59' 
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,131 - 

363 kev gamma (79%) 

283 kev gama (6%) 

80 kev gama (6%) 

Using t he  thyroid as the p r i n c i p a l  organ of 

For the purpose of calculating Q fo r  

decay scheme which w m  suggested by Metzger 

r 13 1 

r e tea t ion  

Iul, I have chosen t h e  

and Deutsch (1) 

Table I 
. _____I_ 

I n t e n s i t y  3 ? d ~ S / l ~ ~  Conversion Coefficient N - Energy i n  kev disintegration %?/IJr/ K/NL 
80 + 1 6 0,8 + 0,5 5.5 2 z e 5  

6 0,05 0,02 > 2  
- 

283 3 
363 2 3 74 0.019-+ C,OUY 5.2 5 1 3  

--I 638 4. 5 15 4 2 S . E  

F. Metzger and M e  Deutsch, TEE PHYsICki UVIW, II, 74, 2nd a e r i e s ,  
NO, 11, 12-1-48, 
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For t h e  *638 Mev non-converting gamma ray 

/djs = 015 x .638(1 - 3 ,  = 8," kev Eeff I 

For t h e  convert ing gamma 

and conserving energy) 

Eeff ( .?63d)/dis 

ORPTL-591 
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rays i (Gd.ammcts competing Rith electrons,  

For t h e  X-rays, we s h a l l  use t h e  K and L energ ies  as approximating t h e  
energies/emis s ion a % p2 

Iodine E: - Caesium 
......- @2 '2= e37466 - 034412 e *0 j~+75 2 difference 

2 2 

between iodine and xenon, 

0 
Xenon Ii = .37466 - .03.475 = .35991 A 

82 

E(Xe K )/emission = - 12407 = 34.5 kv energy 
p2 03 55% 

Therefore, t h e  K emissions f o r  t h e  .363, .283, and t h e  .U80 Mev conversion 
?2 

process will each have energ ies  of .0345 M e V .  

Similarly for t h e  L emissions, we have 
p2 

Iodine L,bc - Caesilm Lp 
L 2 E 2,7461 - 2,506h 

2 2 

0 
= -1199 A d i f f e rence  
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0 

E(Xe $2) /miss ion  - -. = 4.73 kv energy 
2 6262 

Therefore t h e  L etnissions f o r  the .3638 .283, and t h e  .OB0 Mev conversion 
B2 

process  w i l l  each have ene rg ie s  of  0004'73 MeV, 

Calculating t h e  ene rg ie s /d i s in t eg ra t ion  of the X-rays which are associated 

with t h e  various conversion processes, we have: 

gEeff/dis of t h e  conversion process X-rays = *000355 Mev 

The energy of an i n t e r n a l  conversion e l e c t r o n  is t h e  d i f f e r e n c e  between 

t h e  available energy for t he  convert ing precess minus t h e  binding energy 

of t h e  o r b i t  under cons idera t ion ,  The available conversion e n e r g i e s  are 

.080, .2S3, and .363 Mev, 

Mev for  the K and L shells of  Xenon re spec t ive ly ,  

The binding ene rg ie s  a re  about .Q345 and .0047 
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Calculating t h e  energ ies /d is in tegPat ion  of the conversion e l e c t r o n s  which 

are associated oiith the var ious  conversion enepgies, we have: 

( .283e-K)/dis = (.283 - .0345)( .06 x - 05 x 2)  = .000&7 Mev 
Eeff 1-05 3 

2 1  
( .283e-t)/dis = (.283 - .0047)( .06 x x -) = .00026L+ M e V  

Eeff 1,05 3 

Eeff( .080e’K)/dis = (.080 - .0345)( .06 x o 8 x -) 5.5 = .OOlO27 Mew 
l,E3 6.5 

1 x -) = .COO31 MeV 
( .OBGe-L)/dis = (.080 - .004?)( .06 x .8 

E e f f  1,8 6.5 

2Beff /d is  for the conversion e l e c t r o n s  = .0069S M e V  

The e f f e c t i v e  ene rg ie s /d i s in t eg ra t ion  of the  betas are: 

b(.bp-) = .326 

Eeff(.6P-) = .326 x -6 x -85 ,166 Mevt/di, 

b(,315@-) = ,312 

Eeff(”315 p“) = .312 x .314 x *15 = .O15 Mev/dis 



+ Eeff/dis(X-rays) + EBff /d i s (  converting e-s) + Eeff/dis(f3-) 

= .0087 + .02702 + ,00036 + .OC698 + ,181 

= .22406 Z ,224 Bdev 

OWL-591 
page 33 
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Table I1 

Tabulation of Calculations for Xu' Using the  Thyroid as the 
Principal Ofgan of Retent ion 

:73) 

b 

(r 
Energy ab- 

(5)  ( 6 )  - QCL-G) II Number per  l - e  
100 ciisilate- (fraction) sorbed i n  3 
grations cm dia. sphere 

of t i s  sue/dis 

.3 26 

d 43 

1 3-28" 5 

e- I 3 5 8 - 3  L 1 3 58.3 

1 248 d 5 

1 

1 

i 75.3 
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17c1l%-- 
Type 
Radi- 
at ion 

mer= (ma) 
in kev p e p  
emission 

Range 
in 

f a i s  m e  
cm 

P- 600 

3 15 

638 

3 63 

oe2 

B" 
3 os7 I 8.2 t/ 

tf 

e-K 

L e- 

% 

328 ., 5 

3 5 8 3  1 0379 1 0.11 

407 

4 283 
-. 

0*06 K e- 

"--L 

r, e 7  

80 - 
K B 0001 

0,Cl L e- 

XL 
Betas 

Gamma 

e-S 1 3-12 I 
X-ray 
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Range = -407 x E "3' &m/ca? .ZZ cm of tissue, 

t h e  be t a s  and i n t e r n a l  conversion e l e c t r o n s  

Ranges are f o r  

Binding ene rg ie s  for t h e  K and L s h e l l s  of Xenon are es t imated  

as being midway between similar ene rg ie s  of iod ine  and cesium, 
., 

I n  each case, t h e  K and L e n e r g i e s  were used. 
82 p2 

The decay scheme for 113' and Tables I and 13: g ive  a good p i e t m e  

of t h e  con t r ibu t ions  Bade by t h e  v a i o u s  be tas ,  gammas, conuersion e l e c t r o n s  

(e-), and x-rays per d i s in t eg ra t ion .  

ca l cu la t ions  and assumptions, 

The a t t ached  work shee t s  show a l l  

It, w i l l  be noted t b t  t h e  betas and gammas con t r ibu te  about 81 and 

16 per cent  r e spee t fve ly  t o  t h e  t o t a l  e f f e c t i v e  energy which i s  absorbed 

by t h e  thyroid t i s s u e .  

per  cent r e spec t ive ly ,  

could be ignored when c a l c u l a t i n g  Q p  without changing the  va lue  t o o  much, 

The e- 

It appears  that t h e  cont r ibu t ion  by t h e  x-rays 

and t h e  x-rays con t r ibu te  about 3 and O,2 

The s e l e c t i o n  of an equivalent body having a thickness of 3 cm, 

t o  r ep resen t  t h e  equiva len t  t hy ro id  in t h e  de te rmiru t ion  of' t h e  energy 

absorbed by t h e  gammas and x-rays, t~as made a f te r  some discussion,  Nost 

r e f e rences  l i s t  the  thy ro id  weight as about 30 gm* 

t h e  diaeneions of such a t h y r o i d  as about 3 x 2 x 5 cm f o r  each lobe ,  

According t o  flMayoBstp9 thhe weight of a noma1 t h y r o i d  g h n d  is  approxi- 

mately 15 grams, 

should probably be somewhat smaller. 

%ray l s  matomy" l is ts  

It i s  obvious that t h e  above dimensions ( 3  x 2 x 5 cm> 

The f i g u r e  of 3 cm r ep resen t s  t h e  

UNCLASSIFIED 
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th ickness  of one equiva len t  body which i s  s u b s t i t u t e d  f o r  the bi-lobed 

t hy ro id  gland,  ge believe t h a t  t h e  f i gwe  i s  on the  fllarge” s ide ;  how- 

ever, i t  i s  in the safe d i r e c t i o n  s ince  t h e  contribution bg the  gammas t o  

t h e  t o t a l  dose (16%) would be smaller i f  a th i ckness  of smaller value 

were used. mis Mould reduce t h e  x-ray con t r ibu t ion  also. 

Do Details of Calcu la t ion  of Daily Element In t ake  and of Permissible Concentrations 

Calcu la t ion  of Hydrogen Entake per Dad 

3006 Calorie intake/day (Assumption) 

130& gm Pro te in  (7% H) = 9*13 gm H 

130,4 gm Fat (-12,4% H) = 16,2 gm Ff 

H 326 grn Carbohydmte ( - 6,5% H) - 21,2 &m 

Tota l  H from food 

From water, ne have 

2 18 

X 2200 

Total H becomes 

v i a  

via 

I== 

food 46.53 gm 

water 244 gm 

t o t a l  H i n t a k e  

46053 gm N 

UNCLASSIFIED 
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Calculat ion of Carbon Intake par D a y  

3000 Calor ie  i n t ake  per day (assumption) 

130.4 gm Prote in  has 56 

U0,4 gm Fat has 10: 

gm carbon phys io logica l ly  available 

gm carbon physiologically available 

326 gm Carbohydrate has - 12J p carbon physiologically available 
2SC.gm carbon total above 

Calculat ion of f2 f o r  adipose t i s s u e  

Triglycerides 
Frac t ion  

c a  c= 
7% S t e a r i c  Acid C18 H36 O2 f i  za6 *76 

45% Oleic  a c i d  C18 Hj4 O2 

10% Linoleic Acid C18 H32 O2 
25% P a h i t i c  a c i d  c16 H32 02 

4% Myrist ic  Acid Cu HZ8 C2 

6% P a h i t o l e i @  Acid c16 N28 O2 

Trace arachidonic  w i d  G20 HkO O2 

Trace te t radecenoic  acid Cu, W28 O2 

228.37 168 74 

252-39 192 a 76 

35_2,52 240 .77 

9% of the t r i g l y c e r i d e s  of huraan fat t i s s u e  is  -76-1/2% carbon by weight 

75-95% (av 85%) of adipose depot t&~sue ( fa t )  is t r i g l y c e r i d e s  

Therefore .85 x .98 x .765 = ; d 6 4 $  of adipose t i s s u e  i s  carbon, 

*2 carbon i n  body 12.6 Kg carbon i n  body 
= .64 E carbon i n  adipose tissue = 12.6 Kg fat x .6f+ 

UNCUSSIFIED 
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Se lec t ion  of Phosphorus and Calcium Content of Bone 

and Phosphorus In take  per D d  

Inasmuch as elemental  phoqhorus  is requi red  by the body each day 

i n  minimal amounts and that most of the phosphorus is deposited in the 

skeleton, calculations viere based upon the following assumptions: 

1, 

2, 

The average minimum requbement  of phosphorus fo r  normal adult 

pepsons is about 1,2 gm per day, 

average of minimum amounts from six sources, 

from 0,%8 t o  1,82 @/day. A n  a l t e r n a t i v e  would be t o  use 1,58 

@/day which Sherman(2) found t o  be  t h e  average of 150 American 

d i e t a r i e s ,  the phosphorus content of" which varied from o h 0  t o  

This f igure is based upon t h e  

The amounts vary 

2079 @/day* 

On the basis of a 7000 gm skeleton,  excluding bone marrow, 550 

grn f o r  t h e  phosphorus conten t  of bone &as se l ec t ed .  This f i g u r e  

%as ca lcu la t ed  from t h e  averages of 6 re ferences  f o r  phorphorus, 

varying between 490 and 570 gm, ctnd 10 seferences for calcium, 

varying between 1050 and 1626 gm, 

(about 5.5%) were mads in order 

of 2,2, This l a t t e r  ratio appears t o  be t h e  acceptable r a t i o ,  

although 2*15 i s  the  calculated r a t i o  for t he  a p a t i t e  molecule 

xdjustments of bo th  averages 

conform t o  the  Ca/P ra t io  

c;bco3 * 369p04)2" 
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The 2,2 value can be j u s t i f i e d  as fol lows:  

Choosing 3233 gm as ash content  of 

of the a p a t i t e  molecule, we have: 

3233 &m (ash) 8; *8(Ca3POk) 

3233 gm x .8 

For t h e  CaC03 por t ion ,  we have: 

3233 gm (ash) x .13 (CaC03) 

ORNLr591 
page 40 

7000 gm skeleton,  f o r  t h e  C3POh portion 

x .3876 (Ga) 1002 Ca 

3233 gm x .02 x .2357 (Ca) z15.2 gm P 

Our Ca/P r a t i o  becomes 

Note that this e l i l cu la t ion  is  based upon an average of t h r e e  

references f o r  tsasht', and upon one reference  f o r  t h e  o ther  f r a c t i o n s ,  

The calculated r a t i o  w i l l  vary, accasdLrtg.%a k k  p;uet$.Enhr reTerence 

usad i n  t h e  ca"lculations, 

UNCUSIFIED 
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S e l e c t i o n  of Xodine Intake per dag 

Inasmuch as normal p r s o n s  must have a minimum iodine  

maintain a c e r t a i n  bodys and thyroid,  i o d h e  content ,  

t h e  PbD, Qn the  basis of an equi l ibr ium state, 

i n t ake  which w i l l  

we may c a l c u l a t e  

The average of sixteen references shoas t h a t  t h e  min imum i n t a k e  per day 

f o r  normal people is 56 pgm, 

PEP pep dayo 

This f i g u r e  (56 ~ g m )  m y  be checked by considering'2' t h a t  about 300 pgn 

of thyroxine (equiva len t  t o  200 pgm iod ine)  i s  ca tabol ized  each day. 

fou r - f i f th s  of t h e  iodine t h u s  ca tabol ized  is used over again, l e a v i n g  about 

one-fff th  t o  be made up by d a i l y  in t ake ,  

make-up, which i s  i n  close agreement uvith 56 pgrn d a i l y  in t ake ,  

These r e fe rences  vary between 24 and 1.50 

About 

1/5 x 200 pgm I 5 40 pgm I d a i l y  

Se lec t ion  of Iodine  Content of t h e  Thyroid 

For t h e  iod ine  content of t h e  thy-roid gland t h r e e  p a r t i c u l a r  re ferences  

were chosen t o  ob ta in  an average va lue  f u r  t he  P,D. ca lcu la t ion ,  

1, 35 mg per 160 gm t hy ro id  %issue  (35 a&), which g ives  7 mg 

I per 20 gm thyroid,  T h i s  reference does not  state t h e  number 

of thyroids used t o  make t h i s  determination; however, t h e  

s ta tement  i s  clear concerning t h e  r a t i o  of iod ine  t o  grams of 

t i s s u e  0 

EIJtMEUL J&TABOLE@ by Shohl, 1939 e d i t i o n  
MEDICAL B I O C I W S T I I Y  by Everett, 2nd e d i t i o n  
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2, 8.8 mg I per thyro id ,  This is an average of 150 determinations 

3.  

on persons who had l i v e d  i n  Charleston, South Carolina,  

not know t h e  t e rmina l  s t a t e s  of the thyro ids  i n  these cases, 

#e do 

10 mg I per thyroid.  

content  of the t h y r o i d  gland. 

not mentioned, 

This i s  t h e  usual statement of i od ine  

The thy ro id  weight is usual ly  

$%en it  is mentioned, 'values of.abouk 30 gm are given. 
" 

An average of these th ree  values, based upon a 20 gm normal t h y r o i d  i s  

about 8 mg I per 20 gm thyro id ,  

determination. 

Th i s  figure will be used i n  the P,DI 

D a i l y  i n t akes  and organ contents  of t h e  o ther  elements are readily obtain- 

able from t he  l i terature.  

values which were obtained fram several sources ,  

Th v a l u e s  listed i n  t h e  Lables are averaged 

U N C U S  SI F B D  
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Table IIX (Continued) 

Fraction of element which enters blood via Lungs o r  G-I Tract (fl); which 
entsps organ from blood (f2)" 

f, x ??a = fl, or fQ 

v s A V I A  L U N G S  G-I T R A G X  
i 

fl. fl *2 f2 I fG 
A 

1 
( 8 )  

1 .? 5 

2 075 

(10) 
075 

(11) 
1 

(12) (13) 
1 1 

1 
,, 64 1 

1 e 7 5  1 

1 .7s 1 

786 1 e 59 

0 128 1 

0 18 a e 243 

D &6,5 1. 

03 5 1 

0 74 1 
0 99 I 093 0 ?9 

* 9s 

0 99 

*74 

0 74 

.c11 

1 .99 

1 

1 

1 

l7 I .IT 5% 1 

1 

0 153 

* 27 

1 
I 

.75 1 

1 I 
21 $75 
22 ; 075 
23 .75 

+ 20 

a 20 e 27 

.20 1 

1 2 4 1  075 
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Table 

Half-Lives for Element i n  SCO 

1 Biological Radiological Effec t ive  

191 

Decay Constants for Elemeut i n  S O  
B'Lologfcal Radiologicall' Effect ive 

(Continued) 
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The preceding ca l cu la t ions  are taken  from C O H O  Perry's cmmunications t o  t he  

Subcommittee on Permissible In te rna l  Dose of t h e  EJational Committee on Radi- 

ation Protection concerning:: 

Iul, le t te r  dated August 26, 1949 

Elements Common t o  Body Metabolism, October 12, 1949 

Inso luble  U235029 dated November 4, 1949 

Inso lub le  U234029 dated November 7, 1949 

Insoluble  U 2380 28 dated November 8 ,  1949 
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P a r t  II 

Dusts of In so lub le  and Soluble  Compounds o f  Radiouranium 

(U234, U2351 and U 238) 

Dusts of Inso luble  Compounds of Radiouranium 

A -  In t roduc t ion  

The c a l c u l a t i o n s  which follow ape based upon UO dus t  experimental  data. 
2 

It i s  suggested t h a t  t h e s e  ca l cu la t ions  apply t o  a l l  i n so lub le  uranium 

dus t s  where the lung i s  t h e  p r i n c i p a l  organ of r e t e n t i o n ,  

Also, it i s  suggested t h a t  t h e s e  ca l cu la t ions  apply  t o  a11 s i z e s  of d u s t  

p a r t i c l e s ,  The b a s i s  fo r  t h i s  suggest ion i s  t h a t  the fo l lowing  ca l cu la t ions  

are based upon 6@ of t h e  breathed p a r t i c u l a t e s  being retained i n  t h e  a lveol i  

of t h e  lungs ,  

r e t e n t i o n  i n  t h e  a l v e o l i  that  is poss ib le ,  t h a t  tie would b e  safe regardless 

of t h e  p a r t i c u l a t e  s i z e ,  

T h i s  f i g u r e  i s  so  close t o  2/3, which is about  t he  maximum 

A s  the p a r t i c u l a t e s  i nc rease  i n  s i z e  t o  s i z e s  >lp, t h e r e  i s  more and more 

r e t e n t i o n  i n  the  upper r e s p i r a t o r y  t ract .  

t h e i r  way t o  t h e  G-I. tract, t h e  lung ceases  t o  b e  t h e  c r i t i c a l  organ of re- 

t e n t i o n ,  The f r a c t i o n  t h a t  reaches t h e  bone, kidney o r  o ther  c r i t i ca l  organ, 

will depend upon the degree of solubility of t h e  p a r t i c u l a r  molecule, 

Since these larger p a r t i c l e s  f i n d  

The Chalk River Conference (See Part I) s * t  50% t o  lung and 5@ t o  G-I 
t r a c t  f o r  soluble  and  25% i n  lung, 25% exhaled, and 50% t o  G-I  t r ac t  f o r  
i n so lub le  compounds e 

%- 
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It i s  suggested t h a t  i f  t h e  p a r t i c u l a t e s  are known t o  bek.1.5~1,  or i f  t h e r e  

i s  reason t o  b e l i e v e  them t o  be, c a l c u l a t i o n s  be made on the  basis of t h e  

bone or kidneys, etc. ,  being t h e  c r i t i c a l  organ of r e t e n t i o n .  I n  any cam, 

prel iminary cons idera t ion  should be given t o  a number of body organs t o  

determine which is  subjec ted  t o  the g r e a t e s t  hazard from t h e  p a r t i c u l a r  

rad io iso tope  (I Please  refer t o  the s o l u b l e  U235C2 s e c t i o n  f o r  f u r t h e r  details. 

Concerning t h e  degree of non-uniformity of  d i s t r i b u t i o n  of  the d u s t  i n  t he  

a l v e o l i ,  only research  can supply t h e  order of magnitude of t h i s  f a c t o r .  

9Je do know, however, t h a t  f l o c c u l a t i o n  does occur, bu t  w e  do no t  know t o  

what e x t e n t  it occurs, 

fo r  t h i s  type of non-uniformity of d i s t r i b u t i o n ,  

was used i n  t h e  a t t ached  ca l cu la t ions .  

an experimental  value f o r  F, i n  t h e  equat ions  Rhich follow, i f  desired, 

Therefore, we m u s t  select a f a c t o r  (F,) t o  account 

You will note  t h a t  Fc = 3 

It i s  a simple matter t o  s u b s t i t u t e  

Since each of' the above i so topes  are of t h e  same element, t h e i r  metabolism 

should be t h e  sane, 

l e te l s  w i l l  show t h a t  a s ing le  l e v e l  can be chosen t o  r ep resen t  a l l  th ree  

of t h e  radioelements we are consider ing,  provided that t h e  chosen l eve l  is  

i n  terms of microcuries ,  

Comparison of t h e  ca l cu la t ed  atmospheric concent ra t ion  
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c .035 -J 

8 Tlr f o r  IJa5 -- 8-91 x 10 y 
92 

T r €or daughter Th231 = 25065 h 
2 90* 

r, 
T3r f o r  qlPa231 = 3*43 x 10 y (not used in these calculations). 

I n  general ,  a subscr ipt  1 refers t o  the paren t ;  a subscript 2 r e f e r s  t o  the 

daughter 9 0 ~ 2 3 1  e 
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Eefi/dis f o r  the Alphas 

Since the alphas are monoenergetic, we have 

Eeff/dis (a s) = 

/d is  for the gammas Eef f 

We shall assme 12 cm as 

/dis (.16w) = .e x Eeff 

-2 x 4.56 + .% x 4.396 = 4.429 MeV 

t h e  effect ive thickness of the lungs.  

-,lo5 X 12 
Eeff/dis (.03W) = .035 (1 - e 

%fr  ,/dis ( .06.w) = .065 (1 - e 

) = -025 Mev (Daughter) 

12) = ,041 Mdev (Daughter) 

%.ff /dis  €or t h e  beta  

b = ,228, E, = .21 Adev 

Percent contribution /disintegration made by each 

For t h e  parent 

= 99.18% made by the  a lphas  4.k29 x 100 
4 4654 

0364 x 100 = 0.82% made bg t h e  .162 gamma 
404654. 
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For the daughter 

0048 loo = 42,U$ made by t h e  -21 be ta  
114 

For the  sake of  completeness, a l l  of t h e  above con t r ibu t ions  will be  con- 

sidered i n  t h e  follovving, 

Rela t ive  B io lcg ica l  Ef fec t iveness  (RBE) 

D u r i n g  t h e  Chalk R i v e r  Meeting, it was agreed that absorbed energy from 

alpha p a r t i c l e s  con t r ibu te s  twenty times as much damage t o  t i s s u e  as dc 

beta particles and photons (gamma and x-rays). 

manifest i t se l f  i n  t h e  dose-rate equations &ich  follow. 

This f a c t o r  of 20 w i l l  

Total Dose Rate Due t o  Both Parent and Daughter 

Because of t h e  r e l a t ive  biological e f f e c t i v e n e s s  of t h e  a, /3, a n d 4  

rad ia t ion ,  equat ion 1 becomes 



In t e rna l  Dose Determinations 

3*6  x 1 C  4 x El,, x Q, x 10 6 x 4.8 x 10-l' x 86400 = 2,66 E d l  
20 x 32 x €376 

4 3.6 x 10 x EZOd Q2 x lo6 x 4.8 x 1O-l' x 86400 
3 , -  

= 2.66 E@2 
20 x 32 x 876 

where Q, pc of parent/@ organ 

= pc of daughter/gm organ 
Q2 

Development of t he  General Equation f o r  Nc, t h e  To ta l  Number of  Microcuries 
( w )  of Parent  and of Daughter i n  the  Organ a t  Any Time t 

The following symbols >*ill be used: 

N1 = number of parent a t o m  present  i n  organ a t  any t im t 

Rlc = n u b e y  of parent  pc present  i n  organ at any t h e  t 

N2 J number of daughter atoms present  in organ a t  any time t 

Nac = number of daughter pc present  i n  organ a t  any t i n e  t 

lr = r a d i o l o g i c a l  decay constant  f o r  the  parent  

= b i o l o g i c a l  decay constant  f o r  man's lung 
lb 

= effective decay constant  fo r  man's lung x le 
2r = r a d i o l o g i c a l  decay constant  f o r  the daughter 

UHCLA SSIrnD 
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= b i o l o g i c a l  decay constant  f o r  man's lung 

Xze = e f f e c t i v e  decay constant  for  manos lung 

R1 = number of parent  atoms deposited/day i n  man's lung 

Rlc = number of parant  pc deposited/day i n  man's lung 

k = constant  o f  p ropor t iona l i t y  between the number of  atoms and 
t h e  number of pc 

FJC = NLe + MZc t o t a l  pc present in organ a t  any t i m e  t 

Q = Q1 + Q2 t o t a l  pc/@ organ a t  any t b  t 

m = weight of organ i n  as. 

a1 - '1 -)bleMl change i n  number of parent  &toms i n  organ per day 
dt 

-i- m1 
d t  

)ileN1 = R1 t h e  s o l u t i o n  of which is 

Solving f o r  C we have i9 

when t = 0, N1 = 0 

, subs t i t u t ing ,  w e  have R1 

I. h e  
= -  

- -  R1 (1 - e - le t )  
)\le 

Nl - 
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10) dN7 - 
d t  

AlrN1 - hzeN~ change i n  number of daughter atoms i n  organ p r  day 

a2 - + 2eN2 = hlpl the so lu t ion  of which i s  
d t  

t 
(1 - e -'le 1 s u b s t i t u t i n g ,  we have R1 

A l e  
B u t  N1 = - 

I 

Solving for C w e  have z9 

:Then t = 0 t h e n  N2 = 0 

UNCLASSIFIED 
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wle have 

*2 = 

( A  2e (1 - e 

- e  - h 12) - 

t h e  nurnber of daughter atoms present  i n  organ a t  any time t. 

But Rlc = k h r R l ’ t h e  number of  parent pc deposited i n  organ per day 

But k Alrll = NlC, the number of pc of parent present  i n  organ a t  any time t. 

The ref o re 
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But k hlrRl = Rlc0 Therefore, 

OWL-591 
page 58 

- R l c  (1 -’ e - rlet) 
IC =x1, N 

I 

M, = total number of  pc of pa ren t  and daughter i n  t he  organ o t  any t i m e  t ,  

The r e l a t i o n s  betrveen t h e  Nc9s and the Qgs are 

S u b s t i t u t i n g  t h e  va lues  of equat ion 23) i n  equat ion  6) ,  bue have 

L 

UNCLASSIFIED 
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Equation 25) is the  general. equa t ion  ;Yhich de ter rdnes  the  number of parent  

p@ deposited/day uniformly i n  t h e  organ, wihich R i l l  g ive  a permiss ib le  dose 

rate due t o  parent  and daughter after t i m e  t ,  

Frac t ion  (fL) of  UQ2 Breathed dhich Goes t o  Lung 

I f  one p l o t s  t h e  Nlhits" listed i n  Table 6 of Report UR-67, one will note  

t h a t  -hen t h e  a i r  concent ra t ion  of U02 dus t  is about  280 pg U/m 3 of air, 

t h e  lungs and the pulmonary lymph nodes (PLM) have equal  r e t e n t i o n s  per gm 

of f r e s h  lung  t i s s u e ,  %%en t h e  U02 d u s t  concent ra t ion  i n  a i r  is less t han  

280 pg U/a3, the lungs appear t o  have g r e a t e r  and g r e a t e r  r e t e n t i o n s  of U02 

dust/grn l u n e  t i s s u e  as conpctred t o  t h e  P U  re t en t ion .  I n  as much a s  we s h a l l  

be deal ing Nith very much smaller air concentrations than  2E0 pg U/m 3 , t h e  

lune; appears t o  be t h e  proper orgdn of r e t e n t i o n .  

Since our c a l c u l a t i o n s  are based upon t h e  e x p r h e n t d  da t a  and  t h e o r e t i c a l  

t reatment  of  t hese  d a t a  in UR-67 and Hatch and Hemeon's wcrk, 

f o r  P,D./day should be f o r  p a r t i c l e s  having s i z e s  averaging about  1.2 t o  1.4 

microns e 

b le  r e t e n t i o n  (2 /3 ) *  it i s  conceivable t h d t  we could use 6@ f o r  all p a r t i c l e  

s i z e s  %%here t h e  lung i s  considered t o  be the p r i n c i p a l  organ of r e t e n t i o n .  

Therefore,  l e t  fL = .6. 

t h e  c a l c u l a t i o n  

liowever, since 60% r e t e n t i o n  closely approximates t h e  maximum possi-  

7% 

Hatch and Nemeon, i n  t h e i r  pub l i ca t ion  "Inf luence of Particle .dm i n  Dust 
Expcsuref' ( A  paper p e s e n t z d  before  t h e  ;irn- Ind ,  Hygiene ~ssn. at  Buffalo,  
N.Y. meeting on Bay 1, 1947), concluded t h a t  about 60% by weight of the 
p a r t i c l e s  whose sizes range between 102 and 1.4 microns w i l l  b e  re ta ined  by 
t h e  lungs. 
d u s t  breathed w i l l  be rat;kined in t h e  ilk) er resiSratury t,r~ir:t,. 

They estimate f u r t h e r  t h a t  between 6 and 12% by m i g h t  of the 

UPICUSSIFUD 
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Concentrat ion Factor Fc 

OWL591 
page 60 

We can be c e r t a i n  t h a t  t h e  U02 dus t  w i l l  not be d i s t r i b u t e d  uniformly i n  t h e  

lung ,  However, further- research  must be done t o  d e t e r d m  the e x t e n t  of t h e  

non-uniformity, For OUT purpose llve s h a l l  assume t h a t  the concent ra t ion  f ac to r  

= 3 *  Fc 

Permissible Dose/day (PoD./day> 

P,E),/day x fL x F, = Rle 

S u b s t i t u t i n g  t h e  value of  R l c  (equat ion  25) i n  equat ion  27, we have 

-015 m hLe 
1(1- e 

J 

Equation 28) i s  the gene ra l  equat ion  for t h e  Y,D,/day pi.c U23502 d u s t  which 

t&U give  a permissible dose rate to the lung t i s s u e  after any time t, 

s e l e c t i o n  of m, the E f f e c t i v e  .Wight of the  Lun,q 

i t h i n  a close apprsximatian t h e  normal lung conta ins  arA q u a l  weight of 

This blood is in intimate association with t h e  alveolar c u l a t i n g  blood, 

IJHCLASSIFXED 
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and tl.1ert?fol.e, 

i s  c ipcu la t ing  

each minute of 

organ which is 

absorbs abuut one-hdlf c f  t h e  expended energy. 

arid receives the  r a d i a t i o n  only a f r a c t i o n  o f  a second o u t  of 

t i m e ,  we may consider  the lung, minus t h e  blood, as t h e  p r i n c i p a l  

i r r a ~ a t e d ,  HolrZIeuer, s ince  the blood absorbs about one-hdf  of 

Since t h e  blcod 

t h e  total .  absorbed energy, we may inc lude  the  w i g h t  of  t h e  blood, toge ther  

w i t h  t h e  weight of t h e  lung when m a b g  o w  calculat ion,  Qur m then becomes 

m = 2000 gms, ,vhich has t h e  e f f e c t  of increasing the P.D,/dw rate, 

Se ect ion of the Z f f e c t i v e  ~ e e a y  (kmstctlitts for parent ( hi,' bnci for Daughter 
( A,,, in uanp s Lung T i s s u e  

I n  UR-67, the i a i l f - l i f e  of UC2 dust i n  dogss lungs,  bdsed uimn t h e  r e t e n t i o n  

a t  the end of a y e w s  exposure i s  suggested t o  be about 54 d a y s ,  I f  based u ~ o n  

h l g h e s t  srid losest  values of re tent ion,  the h a l f - l i f e  range i s  46-72 days. 

I 

Simi la r ly  %he h a l f - l i f e  f o r  t h e  PZM has a range o f  73-365 days with a suggested 

avsrage of 1t;C days ,  

Because of t h e  Zack of ddta ccmcerriing the basal metabol ic  rate of Lhe dogs 

used i n  t h i s  experimcat, I. have assumed tLat t h e  dog's rate i s  t,~&ce that of  

m n ,  Therefore, t h i s  w i l l  have the e f f e c t  of dcubling the half-life of UU2 

i n  the lungs of mano 

man 

0 

AI, = .Cob4 the  t o t a l  decay conStcLnt f o r  u23502 i n  t h e  lung of  

UNCUaSIFIED 
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Concerning t h e  daughter Th 231Cl 29 it is  assumed t h a t  i t s  b i o l o g i c a l  h a l f - l i f e  

i n  man96 lung is t h e  same as t h a t  of U02 i n  t h e  lung, Therefore, 

= 1Gl3 days f o r  man *2b 

23 1 hz, = .65& t h e  t o t a l  decay constant for Th 0 2 in t h e  lung of man. 

Subs t i t u t ing  Aelected Values de Have I 

For t = 30 days 

/ 

- oo15 2ooo *Oo64 im (52.36 x 4,427 -+ 2,66 x .0364) + 
7 Rlc - 

Rlc = .cI2?Lt - 6,75 x parent pc deposi ted per day i n  organ, 
40 58 

 or t = 90 dags 

= 2,7 0274 

101,72 
Rlc IZi: 

For t f 365 days 

/- 7 -1 

= 1.3 x 
.0?74 

210 

=p I -, 
Rlc los4 parent yc deposited/dsy i n  organ 
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FOP t = 3 years 

Rlc .OW4 {m (232) + .648 1.5432 'm - 1.528 (- L 

6 - -  - 1.2 x lo-' Parent  pc  deposited//day i n  organ 
232*1 

For t = 3 C  y ears 

= 1,2 x lo--' Parent pc doposited/&y i n  organ * 0274 

232.1 
R l c  =. 

~axirnum Permissible Ccricent r d t i o n  i n  Air (MPC) 

For 30 days 

-11 MPC (24 hr exp/day) = 1,88 10 pc U235C2/cc air 

UBCUSSIFBD 
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FOP 90 days 

klf.P,Co (24 h r  exp/day) - 7 * 5  x ye U23502/cc a i r  

For 365 days 

f x F c  .6 x 3 
L 

For 3 years 
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For 30 yews 

M.P,C,  ( 8  hr  exp/day) = lo-’ = 6-7 x pe u ~ ’ ~ o ~ / c c  air 
lo7 

MoP.Co (24 h r  exp/day)=3,3 x pc U23502/cc a i r  

UNCLASSIFIED 
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6. u23400 Dusts 

234. 
,92' 

ORarL-591 
page 67 

&,46 a (gamma present also, but nat 
included here] 

for daughter Th230 = 8 - 0  x I& y; 2r 0 
T2P 90 

In general ,  t he  subscript 1 refers t o  parent ;  subsc r ip t  2 r e f e r s  t o  daughter. 

IY /dis (lJ234) = L0'763 Mev 

(Gamma not included) 

UNCLASSIFXED 
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Tota l  Dose due to Parent and Daughter 
II 

D: 
dr 

d t  

I 

dt 

2cE 

rems/day 

“J 52e36 E Q 
d t  1 1  

la 

D u15 
= 52,36 E Q + 52.36 E Q -?... 

7 1 1  2 2  

Substituting, +de have  

7 m m 

- le X t  
>, (1 - e 

%C 3u$ NIC = - 
le 

/ 
n 

h e  - Ale 

hq, 
and N = 

le 26 h 

ORNL-591 
page 68 
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Substituting, vue have 

Solving for R we have 
lc * 

. 

An inspection of eyudtion 8 show t h a t  t h e  second term in the 

is zeyo because Therefore A,, -0 

= 1.1 x lo--' x 5.724 = 6.3 x lo-' pc/day deposited Ale For L = 30 days  

= 1,l x x 2,284. = 2.5 x 16' pc/d;ty deposited RIC 
t = 90 d3ys 
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t = 365 days RlC = 1.1 x 16"' x 1.107 5 1,2 x pc/day deposited 

t = 3 yea r s  = 1,l x lf4 x loO0O 1.1 x LO-' yc/day depos i ted  

-4 t > 3 years R1@ = 1.1 x LO 

Equation 9 is the  g e n e r d  equat ion &i& determines the  number 

of U234 pc depositedlday uniformly in t h e  organ, which v & l l  give 

a permissible  dose r a t e  d;fter any time t .  

Permissible Dose per dag P,D./dq 

-k 
= 6.67 x lom5 yc .2 x 30 

.6 x 3 
t = 365 days P.I)./day = 

UNCLASSIFIED 
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3 
U e u m  Permissible Concentration (IdPC) in A i r  

8 h r  exposure per day 

t = 90 days, 

t = 365 days, wc = 

L = 3 years ,  IdPC = 

10 ‘ 

10 ‘ 

10 

24 hr  exposure per day 

For ‘t = 36 days, m -  

t = 9C ddys, m =  

t 365 days, M E =  

t = 3 years, W C  = 

t P 3  years, m =  



, . 

Table V 
I n t e r n a l  DOSE? Determinations 

Tabulation of Data on the  Basis of Insoluble  U2340, Dust .in the Uan'fi Lung 

DUBATION OF ExposURE 

30 days 90 days 365 day8 3 years 3 years 

Maximum Permissible Concentration (W) 3.3 x 10-l' 1.4 x 10-11 6,7 x 6,1 x 1WL2 6,1 x 
pc U23h02 dust/cc air (8 hr explday) 

pc ~23402 dust/cc air (24 hr exp/day) 

Permissible Dos e/day f PID e /day ) 3.5  x 10-4 le& x 10-4 6,7 x 10-3 6,l x 10-5 6.1 x 10-5 

Mcurimura Permissible Concentration (WC) l s 8  x 10-11 7 x 10-12 3,3  x 10-12 3 x 10-12 3 x 10-12 

IJ.C U23402 dust = Rlc/fLFc 

= pc deposited uniformly 
per day in lung of man R l c  

€'.De/& 
c@ a h  breathed during w % c i n g  hours/day M b P a C o  

ft .6 Fc = 3 

= 108 days E / d b  = 4.763 MeV 
Tlb ef f 

P.D./day = 
f x F  L c  

Phase  note t h a t  no factor ,of safety has been applied t o  t h e  above f igu res ,  other t h a n  t h e  factor Fc 
J 
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0, u238~, ltusts 23 8 
9 2u 

/ d i s  = 4.18 Mev Eeff 

Total Dose 
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and by subsl i t ,u t ion,  bve have 

ORNL-5gl 

l3quation 4 is t h e  gerierdl e q u d t i m  Ythich deterrnines t h e  numbs 

of  

g ive  3 permissible dose rtite ;ifter .;ny time t, 

pc deposited per ddy uniformly in the  organ,9 d . c h  dl1 

For t 3 C  d2yss, R = 1-25 x 10'' x 5,724 = 7.2 x lo-' pe/ddy 

= 1.25 x lb-' x 2.284 = 2.9 x 1G"' pc/dtly 

I C  

t = 90 d;tys, R 
IC 

= wlc F,D./day x f x F 
L c  
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For t = 30 days, 

t = 90 days, 

t = 36.5 days, 

t = 3 yedrs, 

.t; > 3 years, 

8 hr  exposure/da 

-12 
t 7 3  years, rdp2 = 6.9 x 10 CLC U238/cc air 
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24 hr exposuse/dq 

For t = 30 

t = 90 

ddY s 9 

days, 

t = 365, days, 

t = 3 yedrs ,  

t >  3 years, 

UNCUSSIFIED 
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I n t e r n a l  Wse! Determinations 

Dusts of Soluble  Compounds o f  Izadisuraniwa 

A .  In t roduc t ion  

URPSL-591 
page 7E3 

Although bone i s  t h e  p r i n c i p a l  organ o f  r e t e n t i o n ,  bone i s  not considered 

here  as being t h e  organ which r e c e i v e s  the r ad ia t ion .  Ple,;tse note t h a t  

a c t i v e  bone marrow (1500 gm) plus  300 grms o f  bone t i b s u e  which is  i n  d i r e c t  

eontac t  with t h e  bone m m o N  and upon which i s  deposited the uranium, i s  the 

"organ" s ing led  o u t  t o  receive the  a lpha ,  Seta and gamma Pad ia t ion  &e t o  t h e  

presence of both parent  and daughtel., 

Examination w i l l  show t h a t ,  i f  bone were seleeted i n s t e a d  of t h e  above 

t'organH, an equiva len t  concent ra t ion  f ac to r  (F, / \~390)  would be r equ i r ed  for 

bone, 

of bone and t h e  uranium depos i t i on  i s  on the su r face  o f  a small p o r t i o n  of t h e  

bone a 

This f i g u r e  is reasonable consider ing t h e  f a c t  that t h e r e  are 7000 gas 

It has been our custom t o  c a l c u l a t e  p e r d s s i b l e  doses on t h e  basis of a 

given number of rep,/week, without taking i n t o  account t h e  d i f f e r e n c e  i n  radio- 

s e n s i t i v i t y  of t h e  var ious  t i s s u e s ,  This procedure is  most s a t i s f a c t o r y  f o r  

e x t e r n a l  doses, where any and a l l  t i s s u e s  m a y  be i r r a d i a t e d .  However, i n  t h e  

case of t h e  i n t e r n a l  emi t t e r ,  t h e  r a d i d t i o n  i s  usua l ly  confined t o  a. given 

tissue and t h e  recogni t ion  of t h i s  d i f f e rence  i n  r a a o - s e n s i t i v i t y  can be 

used t o  ob ta in  a more meaningful permissible internal dose l e v e l ,  
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Internal Dose Iketermimtions 

AS an example, 01% vsoiild suppose ai;t ctdipose t i s s u e  could t o l e r d t e  J 

highel. dose ra te  than t hose  tissue cells , ihich are des t ined  t o  becone blood 

ce l l a  and bone c e l l s ,  Roughly speaking if osteogenic  eelis, hemoblasts, 

and adipose t i s s u e  cells had the  sa ie  r ad io - sens i t i v i ty ,  the d e s t r u c t i o n  

of the o s t e o g e d c  ce l l s  bnd hemoblasts would pose q u i t e  a different problera 

than would t h e  d e s t r u c t i o n  of f a t  c e l l s ,  I n  t h e  former case, one vvould 

expect  anemia t o  ensue d t h o u t  the  accompa&nt af ~n increased  r e t i c u l o c y t e  

count, I n  t h e  la t tep case, one uiiould no t  expect such deleterious effects,  

Since one m y  reasonably suppose t h a t  f a t  cells can t o l e r a t e  mope r a d i a t i o n  

than  can hemoblasts o r  osteogenic  ce l l s ,  it follo.tts t h a t  t h e r e  should be  

q u i t e  a d i f f e rence  i n  t h e  r ad io - sens i t i v i ty  of t he  t i s s u e  c e U s  under con- 

sideratAon and t h e  f a t  ce l l s .  

Although we have adhered c lose ly  i n  the  past t o  j. given r a d i a t i o n  rdte f o r  

all t i s s u e s  a l ike,  a v u l n e r a b i l i t y  f a c t o r  t l P  has been used in the  ctttached 

ca l cu la t ions  L) This f ac to r  states t h a t  d par t icu l t t r  t i s s u e  can tc lemte  

only 1 / V  the  amount of radiation t h a t  t h e  dverage t issue (or f a t  t i s s u e )  

cantolerate .  1 have chosen tl = 25 i n  the edse o f  so luble  u r d i u m  compounds. 

It is suggested t h d t  this fac top  be re;)laced by C L T ~  experimental value #hen 

such information i s  available 

A concant ra t ion  f a c t o r  F = 160 hdis been chosen here. 

mooed d l s o  by a td t ip ly i rg .  my levels by 1C0, In this cdse, houwmr, i f  bone 

is considered as being the vulnerable  organ, the  orgdn weight fW must be 

This factor may be re- 

U N G L X S  IFIED 
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I n t e r n a l  Dose Determinations 

changed accordingly,  bo, tt new concent ra t ion  factor  

t o  rep lace  the value of the factor  F which i s  used i n  

cu la t ions  I? 
c 
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must be int roduced 

the attached tal- 

The biological " h a l f - t h n  of uranium i n  bone i s  est imated t o  be ;*bout 15GG 

days, 

81, and UB-82, which i n d i c a t e  that the half-life is about 16 months in bone, 

Assuming tbt t h e  metdbolie rate o f  t h e  rat is five times t h a t  of  man, the  

b io logi@tt l  half-life of uranium in the bone of  m n  is sstimated to be about 

This i s  based upon e x p e r b e n t s  at Rochester with rats, repor ted  in UR- 

1500 days,  

It is suggested that t h e  

eulated 

Tha WC 

f o r  so lub le  U 23 5 

levels, however, 

dusts be used f o r  both UQ3' and 

m u s t  be i n  terms o f  microcuries  

U23* soluble d u s t s .  

and no t  micrograms, 
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235 

231 
9lP” _- 

Tlr for 92 U235 = 8,91 x lo* y 

T2r f o r  daughter Th231 = 25.65 h 90 

4 T3y f o r  Pa231 = 3843 x 10 y (not used i n  these calculdt ions)  
91. 

Ln general, d subsc r ip t  1 r e f e r s  t o  t h e  p r e n t ;  a subscript 2 refers t o  the 

daughter 

UPJCU SSI FIED 
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I n t e r n a l  Dose Determinations 

/ d i s  for  t h e  d p h a s  Eeff 

Since t h e  rilphds are monoenergetic, ige have 

which is  expended i n  osteogenic tissue dihich occurs wi th in  t h e  inner bone 

surface i n  t h e  epipyseal and metdphysical reg ions  of bone, a d  t he  a c t i v e  

(red) bone marrow %hich con tac t s  t he  inner born surfaces i n  these regions,  

Since t h e  range i n  s o f t  tissue (red BA.) of k.5 BBev alpha p a r t i c l e s  i s  

about 40 p and is dbout 20 p in bone, a d  s ince  the p r i n c i p a l  organ of re- 

t en t ion ,  here considered, i s  the  a c t i v e  bone mrroyv plus the  precursors  of 

bone and bone a d r r o ~  t i s s u e s ,  we s h a l l  assme t h a t  the t o t &  a lpha  energy 

is expended with in  these  tissues, 

E e f f / d b  f o r  t h e  gcunmas 

It is e s t i m t e d  t h a t  the  d i s t a c e  which the re lc i t ive lg  s o f t  gamma r a d i a t i o n  

w i l l  traverse i n  a c t i v e  bone a i r r o d  is  abouL 4 em, 

- 

U s l i n g  this th ickness  f o r  

absorp t ion  purposes, toe have: 

/d i s  (Parent  ,162 = .8 x .162 (1 - e -0G275 b, .0135 MeV 
Eeff 

UNCLASSIFIED 
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The b e t a  energy (oOl+79 M e V )  is expended i n  the s u e  t i s s u e  as is t h e  alpha 

energy,, HoViever, in t h e  case of the be ta  partA.@les, the  equat ion  E = si(0'7 

gm/crn2, &ich  exp~esses the  range of" beta p a r t i c l e s  i n  any melclium, 

shows thht t h e  range €or the avemge be ta  ywr t ic le  i n  s o f t  t i s sue  is about 

65 p9  and about 33 p i n  bone" 

and bone raclrrorj dre shark cneugh to dllotv all the beta  scergy to be expended 

&thin our s e k c t e d  critical ti ssue, 

It is assumed here thclt these ranges i n  bone 

A comp~r f son  of t h e  parent effect ive energies per d i s i n t e g r a t i o n  fop d p h a  

and @mfItd radiati ions shouu t h e  fol2oi.aing: 

partfcles should be  considered 5 0  contribute twenty times us much damage t o  

t i s sue  as dbos beta ~ T L ~ G ~ s  and photons (s-rays and gamma pays). 

of 20 v d i l l  be used fn the calculation2 which f o l l o w  

T h i s  factor 
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Be Derivation o f  Equations 

ORPJL-591 
a 

T o t a l  Dose Rate Due t o  Both Parant  and Daughter -. 

Because o f  t h e  RBE of the  dphd ,  be t& a d  gama rdd ia t ion ,  equation 

1 becomes 

Subs t i t u t ing ,  tie have  

where Q = pc o f  psrent/gm of o r g a  a 
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Obtaining equivhlents  f o r  Q 1 dnd Q2 

S u b s t i t u t i n g  these equivalents in equation 5> vve have 

Solving fos Rle9 w e  have 

-1 
(2.66E2 - 

UNCWSSI PIE B 
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Internal Dose 

Equation 10 i5 t h e  gtaneral equation ,&ich detemines the number of parent 

pc deposited/day dforndhy i n  the organ, h i c h  w i U  give a permissible dose 

ratei, due t o  parent and daughter, after tine %, 

C* Details 

Vulnerability Factor (V) 

It is  p~oposed a t  t h i s  t ine  t o  recommend t h e  use of" a v u l n e r a b i l i t y  f a c t o r  

t o  be used i n  those eases where the radioactive deposition is such that 

more damage can be done t o  a s p e c i f i c  tissue, with a given mount  of radi- 

a t i o n  energyy than LO t h e  average body t i s s u e ,  Tkm.~es which conta in  pre- 

cwsors  such as hemoblasts and osteoblasts s h i e h  l a t e r  become blood platelets 

and bone tissue r e spec t ive ly  are e m p b s  of t i s s u e s  which t o  my mind a re  

more vulnerable t han  (say) fat, t issue which represents  about 18% of  the 

total body weight, 

The red born marrow is very actiyely hgaged  i n  supplying a l a rge  part, of 

t h e  blood f o r  t h e  bodyY 

r a a a t i o n  can do P e l a t i v e l y  more damage tS red bone maprom t han  the same 

mount of radiat ion can do to fat %issue, 

It is  reasonable to believe that a given amount of 

The examples are many, however, 

since we a m  deal ing  here with tissues composed of precursors  of blood and 

bone t i s s u e s ,  it i s  s u f f i c i e n t  t o  s i t e  only the above per t inen t  cases, 

Since we do not have data which w i l l  evaluite t h e  factor "VSt for us, we must 

make a good guess and hope 

needed information, For a 

t h a t  f u t u r e  experimnts 

guess, 1 suggest &hat V 

w i l l  supply this mich 

be va lued  at 25* 

UBJCLASSSFE D 



The P,Do,/day calculat%ons vihieh fo3lcaw ail1 have W = 25, 

ahere one mag have evidence to the contrary OF a better guess i n  mind, it is 

mques%ed that he apply tiis value of V to kk“,~ fir& calculiations. 

In those cases 

Fraetion (f 1 of SoLuk2.e Uranium Breathed which goes to Bone L 

The V i s t r i b u t E o n  Scheme“ on page28shows that about 15% of t h e  uranium, f rm 

aoluble uranium compoundsJ goes t o  born t i s s u e  in the  adul t ,  

E = olS f o r  adralhts, For uncontiroll~?d areas where grotrring ch i ld ren  are pre- 

sent, the  factor 6‘ may be several times t h i s  magnitude, 

Therefore, 

E 
[Perhaps fL  L 

CJ~anieam is  depos i ted  i n  bone i n  greatest momt+s where! active 

psogresses, Xra long bone t h e  mast dense deposition OCCUPS in 

calcif icat ion 

the metaphysis 

The seleetS,on of a coneentratfon factos presupposes khat the! weight of the 

t o t a l  organ is known or assumed, Xra this case, we m e  concerned w i t h  that 

f r ac t ion  of t h e  active (red) bone marrow which is l i t e ra l ly  in contact with  

t h e  bone surfaces ,  and a vepy small thickness of born { 20 p) upon which 

is deposited t h e  uranium. 
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For the organ weight m, I h o e  assumed 1500 gms for the red bone marrow 

plus 300 @S for bone, m s  will give m = 1800 gas. 

For the  concentrat ion f ac to r  F 

times as great in a part of the c r i t i c a l  t i s s u e  as i t  is in the "average" 

critical tissue which is comprised of" 1800 gms of bone marrow and bone, 

assme t h a t  %he concent ra t ion  is 100 
c 

men P, 6 100. 

It is suggested t h a t  t h i s  factm (F,) be changed to agree with ercpri- 

mental data when these data become available, 

Substituting the v a l u e  of (equation 10) in equation 12, we have 
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Equation 13 fs the general equat ion  for  t he  P,Bo/day pc v i a  the 

L u g $  of soluble compounds of U235 dust which will give a **'modified@ 

p r m i s s i b k  dose rate t o  %he ac t ive  bone marrow and adjacent bone 

t'ima@9 h e s e h  defined, after any tima t o  (Ik4iaadifled by t he  Tacitor 

Selection of the Effective Beay Constants for  Parent ( b  
and for Daughter (A2@) i n  Bone mssue of Man 

1 le! 

It is assumed t h a t  the parent; U235 and the daughter have the  same 

metabolic properties with  respect, to bone t i s s u e .  Fwthes ,  that t h e  biologi- 

cal half-tines h bone are the  same or are! equivalent insofar as the P,D,/day 

ca lcu la t ions  ase conce~ned,  

Experiments with  rats (UR-81) w i t h  soluble uranium compounds indicate a 

biological Rhalf-lifew i n  bone of about LO months, If the metabolic rats of 

the rat 

l i fe :  in 
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dubs t i tu t ing  Selected Values, He have 

For ‘b = 90 days 

For t = 365 days 

- 1.929 x a 

38.64 
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For t = 30 years 

UNCLASSIFIgD 



For t = 3 years 





Pslr t = ao ycass 
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