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ABSTRACT 

( for  A P S  m e e t i n g s )  

I 

"The Absorp t ion ,  D i s t r i b u t i o n ,  and E x c r e t i o n  of T r i t i u m  in Men and Anirna \s"  

The t r i t i u m  a b s o r b e d  by rats f r o m  i n s p i r e d  air containing HT OY HTO 
i s  p r o p o r t i o n a l  to  the t r i t i u m  act ivi ty  in the i n s p i r e d  air. 

HTO a v e r y  high p e r c e n b g e  of the t r i t i u m  act ivi ty  i n s p i r e d  is taken  into the 

L ~ v  f l u ids  indicat ing rrpid  exkhanpc urd a b s o r p t i o n  of ac t iv i ty  across  r e s -  

p i r a t o r y  m e m b r a n e s .  Lf p r e s e n t  a s  HT in i n s p i r e d  a i r  only about  0, 057. of 

the i n s p i r e d  ac t iv i ty  a p p e a r s  in the body as HTO. 

ca t a lyza t ion  of H T  to HTO t a k e s  place in the body. 

w e r e  not  high enough for the abso rp t ion  of HT p e r  se in body f luids  t o  be d e -  

t ec t ed .  . .  

When p r e s e n t  a s  

Apparen t ly ,  biological 

T h e  a c t i v i t i e s  s tudied 

HTO i nges t ed  b y  m a n  in 200 c c  of w a t e r  Wac comple t e ly  a b s o r b e d  in 

a b o u t . 4 5  m i n u t e s .  Absorp t ion  is linear with t i m e .  Abaorbed t r i t i u m  d i lu t e s  

wi th  57 t o  68 p e r  cen t  of the body weight sugges t ing  that body w a t e r  is p r i -  

m a r i l y  involved.  

T r i t i u m  e l imina t ion  f r o m  the body in both r a t s  and man is a n  ex- 

ponent ia l  functior.  of Kohl w a t e r  t u r n o v e r .  

the r a t e  cons t an t  i s  aga in  57-6876 of the body weight.  

The r e s e r v o i r  ca l cu la t ed  f r o m  

The  biological half-  

l ife of HTO in nrne human  s u b j e c t s  v a r i e d  f r o m  9 to  14 days on a d  l i b i tum 

w a t e r  intake and wan r educed  t o  2-1/2 d a y s  in one  s u b j e c t  on high w a t e r  i n -  

t a k e ,  T h e  biological  h a l f - l i f e  in r.ats r anged  f r o m  4 to  5 d a y s  on a d  l ibi tum 

w a t e r  intake.  The  t r i t i u m  ac t iv i ty  in e x c r e t e d  awea t ,  i n sens ib l e  p e r s p i r a -  

t ion,  e x p i r e d  w a t e r  vapor, ,  s p u t u m ,  and  u r i n e  is e s s e n t i a l l y  the c a m e  as 

that in the blood. 

ma-937 

I Q b l a 1 2 9  

3 

DOEIHQ 



4 AEm-937 
"The  A b s o r p t l o n ,  Distr ibut ion and E x c r e t i o n  Of T r i t i u m  in  Men and  A n i m a l s "  

by E r n e s t  A .  Pinson  and E r n e s t  C .  Anderson  

T r i t i u m  is the r ad ioac t ive  isotope of hydrogen  of mass t h r e e  wi th  a 

ha l f - l i f e  of 10. 7 y e a r s .  

e n e r g y .  

h e r e  p r e s e n t e d  in amoun t s  up t o  3 m i l l i c u r i e s  a s  a hydrogen  tracer. .  

phys io logica l  a s p e c t s  of i t s  abso rp t ion  through the r e s p i r a t o r y  and g a s t r o -  

i n t e s t ina l  s y s t e m s ,  i t s  d i s t r ibu t ion  within the body, and  i t s  e x c r e t i o n  f r o m  the 

I t  o m i t s  soft  beta  p a r t i c l e s  of 18 Kev. m a x i m u m  

N o  g a m m a  radiat ion is e m i t t e d ,  It h a s  been used  in the e x p e r i m e n t s  

Var ious  
. 

body have  been m e a s u r e d .  

The  me thod  u s e d  fo r  t r i t i u m  a s s a y  in body f luids  ir as  follows: 

Wate r  f r o m  the body fluid concern.ed i s  ob ta ined  by comple t e  d i s t i l l a t i on  in a 

vacuum at r o o m  t e m p e r a t u r e .  0 .  1 c c .  of the w a t e r  s a m p l e  thus obta ined  is 

a l lowed t o  e v a p o r a t e  into an evacua ted  s y s t e m .  the vapor pass ing  through a 

f u r n a c e  f i l led with powdered  zinc on g l a s s  wool a t  400-410 d e g r e e  C. 

r e d u c e d  hydrogen  and tr i t ium a r e  pumped into a 250  cc .  

c h a m b e r  by  m e a n s  of a T o e p p l e r  pump,  producing  a p r e s s u r e  of about 380 mm 

The  

Borkowsk i  type ion 

Hg in the c h a m b e r  a t  r o o m  t e m p e r a t u r e .  The  c h a m b e r  is then f i l led to about  
1 

100 c m  Hg p r e s s u r e  with C O  

within the conta ined  g a s .  

a d y n a m i c  c o n d e n s e r  e l e c t r o m e t e r  with a sens i t i v i ty  of 10 
-12 

o b s e r v e d  ionization c u r r e n t  w a s  1. 5 x 10 

background of the ion c h a m b e r  w a s  2. 4 x 10 

m i c r o c u r i e s  (360  d i s .  p e r  m i n u t e )  cf t r i t i u m .  

10 t o  100 t i m e s  background.  

in o r d e r  t o  obtain b e t t e r  ionizat ion eff ic iency 
2 

The s a t u r a t e d  ionizat ion c u r r e n t  i s  m e a s u r e d  with 

a m p e r e s .  T h e  
-17 

a m p e r e s  p e r  m i c r o c u r i e . .  . T h e  
- 16 - 4  

a m p e r e s  equivalent  t o  I. 6 x 10 

The  a c t i v i t i e s  m e a s u r e d  r ange  f r o m  

Dupl ica te  a n a l y s e s  d i f f e red  by l e s s  than 3 % .  

R a t s  have  been  exposed  cont inuous ly  to v a r i o u s  concen t r a t ions  of 

t r i t i u m  i n  i n s p i r e d  a i r  f o r  p e r i o d s  up t o  145 h o u r s .  

tion in the a i r  b rea thed  w a s  v a r i e d  f r o m  10 

e x p e r i m e n t s  but r e m a i n e d  e s s e n t i a l l y  cons t an t  th roughout  the p e r i o d  of ex- 

p o s u r e  in a n y  one e x p e r i m e n t .  

m a j o r  po r t ion  of a l l  the ac t iv i ty  inhaled in t aken  up in the body f luids  indi-  

cating r ap id  exchange  and abso rp t ion  of ac t iv i ty  a c r o s s  r e s p i r a t o r y  m c m -  

The  t r i t i u m  c o n c e n t r a -  

p c / c c  ' d i f f e ren t  -4 - 2  
t o  3 x 10 

When p r e s e n t  as HTO in i n s p i r e d  a i r  a 
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b r a n e s .  

ac t iv i ty  a p p e a r s  in the body fluids a s  HTO. 

za t ion  of H T  t o  H T C  t a k e s  p l ace  in  the  a n i m a l  body. 

t i e s  s tud ied  w a s  not  high enough for a b s o r p t i o n  of HT p e r  se  in body fluids 

to  be de t ec t ed .  

abou t  100 h o u r s  t o  reac l i  a r e l s t i ve ly  s t e a d y  value for H T O  in C.e blocd. 

Beyond th is '  t i m e  E T 0  e x c r e t i o n  through the v a r i o u s  w a t e r  e x c r e t b r y  r o u t e s  

b a l a n c e s  H T C  i n t a k e  in tc  t!ie bcdy.  

l O - l j %  d u r i n e  the d 3 )  duc t a  short 1:me v a r i a t i o n s  i n  thc  w a t e r  t u r n o v e r  

rate.  

the tz'itium ac t iv i ty  in body f lu ids  i s  u sua l ly  l o w e s t  in thc m u r n i n j  and  high-  

e s t  in the even ing .  

I f  p r e s e n t  ;IS XT in i n s p i r e d  a i r  l e s s  thari 0 .  l y e  0 1  the i n s p i r e d  

Apparen t ly  b io logica l  c a t a l y -  

T h e  r a n g e  of a c t i v i -  

On e i t h e r  e x p c s u r e  to  HT o r  HTG in in sp i r ed  a i r  i t  took 

The  e q u i l i b r i u m  va1:ie rc:icherd v a r i e s  

T h e  r a t  f eeds  and drinks m o s t  of i t s  da i ly  t u r n o v e r  at  night so tha t  

One e x p e r i m e n t  has been done on m a n  in  which 3 m i l l i c u r i e s  a s  HTO 

w a s  i n s e s t r d  in 200  c c .  of u a t c r ,  a b s o r p t i o n  in to  the blood s t r e a m  was  l i n e a r  

with  time a n d  w a s  c o n p l c t e  in about 45 m i n u t e s .  

57% of the  body wcight  suggesting that body w a t e r  is p r i m a r i l y  involved. 

T h e  t r i t i u m  w a s  d i lu ted  with 

Body 

w a t e r  t u r n o v e r  w a s  n-.essured o v e r  a p e r i o d  of six dzys by weighing al l  food 

a n d  fluid in take  and  a l l  e x c r e t o r y  output.  For f o u r  days  w a t e r  t u r n o v e r  w a s  

kep t  n e a r  n o r m a l  ( 2 .  7 l i t e r s  p e r  day) .  

w a s  i n c r e a s e d  to  12. 6 l i t e r s  p e r  day .  

was exponent ia l  with w a t e r  t u r n o v e r .  

Dur ing  the  l a s t  2 days w a t e r  t u r n o v e r  

D u r i n g  both periods t r i t i u m  e x c r e t i o n  

The  r e s e r v o i r  ca l cu la t ed  f r o m  the  r a t e  

c o n s t a n t  w a s  5eF0 of the body weight .  

e igh t  o t h e r  human  s u b j e c t s  in which  w a t e r  t u r n o v e r  was m e a s u r e d  less p r c -  

c i s e l y  ind ica t ed  r e s e r v o i r  ranging f r o m  5 7  t o  6870 of body weight.  

e x c r e t i o n  d a t a  on r a t s  give v a l u e s  in  th i s  same r a n g e .  

l i f e  of H T O  in n ine  human  s u b j e c t s  v a r i e d  f r o m  .9 t o  14 d a y s  on ad l i b i tum 

w a t e r , i n t a k e  and w a s  r e d u c e d  to 2-1/2 d a y s  in one s u b j e c t  on h igh  w a t e r  i n -  

t a k e .  T h e  b io logica l  ha l f - l i f e  of HTO in r a t s  r a n g e d  f r o m ' 4  to  5 d a y s  o n - a d  

l i b i t u m  w a t e r  in take .  

T r i t i u m  e x c r e t i o n  r z t e s  d e t e r m i n e d  on 

Similar 

The biological ha l f -  

T h e  t r i t i u m  ac t iv i ty  in  w a t e r  from sweat,  i n sens ib l e  p e r s p i r a t i o n ,  

e x p i r e d  w a t e r  v a p o r ,  s p u t u m ,  and u r i n e  h a v e  been  m e a s u r e d  and found t o  be 

e s s c n t i a l l y  'the s a m e  a s  t h a t  in  w a t e r  f r o m  the  blood. 
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