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c .  

was propo 
ABSTIiACT 

The problan o f  i n  v ivo  de te rmina t ion  o f  t o t a l  body water  i n  
-I_ 

xw. was approached using t h e  r a d i o a c t i v e  i so tope  of hydrogen 
( 5 r i t i u m )  in the form of w a t e r .  The tritium was obtained by 
cyc lo t ron  bonbardment of beryllium and was then converted t o  
water.  A method was developed f o r  t h e  de te rmina t ion  of the 
a c t i v i t y  of this w a t e r .  This involved  mod i f i ca t ion  o f  t h e  Geiger- 
i i u l l e r  counter tube  s o  as t o  permi t  i n t r o d u c t i o n  i n t o  the tube  o f  
measured amounts o f  r a d i o a c t i v e  water vapor,  a lcohol  and argon. 
I t  w a s  poss ib l e  t o  evacuate  and rinse t h e  t u b e  before  each 
i e t enn ina t ion .  Water o f  known ac t iv i ty  w a s  i n j e c t e d  i n t o  two 
r h b b i t s  and one rnan and t h e  p l s s n a  a c t i v i t y  determined a f t e r  a 
pericjd of e q u i l i b r a t i o n  ( c l o s e  t o  one hour i n  t h e  m a n ) .  
water of t h e  hman s u b j e c t  determined i n  t h i s  way agreed t o  
w i t h i n  less  t h a n  1 pe r  c e n t  w i t h  the va lue  c a l c u l a t e d  from 
s -zec i f ic  g r a v i t y  assuming body wa te r  t o  c o n s t i t u t e  73.2 pe r  cent  
o f  the l ean  body mass. 
agreed t o  x i t h i n  less t h a n  5 per  cent w i t h  the water  conten t  
determined by d e s i c c a t i o n  and weighing. 

The body me as UT e ~ t  

The v a l u e s  obta ined  for t h e  two rabbits 



BACK GROUND 

The t o t a l  water  con ten t  of t h e  human has been e s t i m a t e d  
occasional ly  by  t h e  d e s i c c a t i o n  o f  cadavers (1) : however, an i n  v i v o  
,nethod f o r  t h e  de t e rmina t ion  of t o t a l  body water i s  d e s i r e b l e x r  
preferab le  i n  many a p p l i c a t i o n s .  T o t a l  body water has Seen demon- 
s t r a t e d  t o  be a re la t ive ly  c o n s t a n t  f r a c t i o n ,  m e a n  73.2 p e r  cen t ,  
of t h e  f a t - f r e e  body  ass normal a d u l t s  of va r ious  s p e c i e s  of 
mammals, a n d  it has been sugges ted  (2)  t h a t  t o t a l  body w a t e r  of t h e  
rLorxal,  a d u l t  h m a n  may be  es t imated  from measurement i n  v i v o  of 
t o t a l  body f a t  by t h e  s p e c i f i c  g r a v i t y  method and computation o f  t he  
f e t - f r e e  body moss (3,4). This  procedure i s  r a t h e r  l i m i t e d  i n  use- 
fu lness ,  however, as a b e r r a t i o n s  i n  water  balance cannot be de t ec t ed .  
The bulk o f  t h e  r e sea rch  has been d i r e c t e d  toward f i n d i n g  a r e a d i l y  
recognizable chemical e n t i t y  which, when in t roduced  i n t o  the body, 
w i l l  d i s t r i b u t e  i t s e l f '  e q u a l l y  i n  the t o t a l  body water .  S u l f a n i l a m i d e  
was proposed ( 5 , 6 ) ,  but  l a t e r  r e j e c t e d  ( 7 )  beceuse of unequal d i s -  
t r i b u t i o n  i n  body t i s s u e s .  
r e j ec t ed  (310) because o f  t h e  v a r i a b i l i t y  i n  t h e  formation o f  
endogenous urea, as w e l l  as unequal d i s t r i b u t i o n .  Thiourea  has been  
t r i e d  (11,12) ,  but  r e j e c t e d  (13,14) because of  i t s  unequal d i s t r i b u -  
t ion .  Fotassium also w a s  considered (15,16), b u t  l a t e r  was 
demonstrated (17,18) t o  be d i s t r i b u t e d  i n  the body potassium r a t h e r  
than i n  t h e  body water .  Xethods involv ing  t h e  d i f f e r e n t i a l  
s a l u b i l i t y  o f  i n e r t  gases  i n  body f a t  and water  have been cons ide red  
t h e o r e t i c a l l y  (lS), bu t  have no t  b e e r  v e r i f i e d  exper imenta l ly .  

-- 

Urea has been sugges ted  (6,8), but  

I t  i s  of i n t e r e s t  t h a t  t h e  f i r s t  subs t ance  t o  be used f o r  t h e  
measurenent i n  v ivo  of t o t a l  body water should  have been t h e  most 
Successful. 
of  deuterium oxids  f o r  t h i s  measurement i n  man i n  1934. S i n c e  t h a t  
time the  t e c h n i c  has been u t i l i z e d  f o r  measurement of t o t a l  body 
1';ater i n  rets (21), and i n  guinea  p igs  ( 2 2 ) .  Very r e c e n t l y  it has 
been repeated i n  am, ( 2 3 ) .  ' byith the advent o f  r a d i o a c t i v e  hydrogen 
o f  mass 3 ,  i .e. ,  tritium ( 2 4 ) ,  it appeared p r a c t i c a b l e  t o  u t i l i z e  
t r i t i a t e d  water  (IITO) f o r  the meesurement of t o t a l  body water .  

-- 
Eevesy and Hofer (20 ) ,  i n  a s h o r t  no te  d e s c r i b e d  t h e  u s e  

P repa r s t ion  of HT0.- 3eryllium t a r g e t s ,  which had been s u b j e c t e d  
t o  deuteron bombardment i n  the cyc lo t ron  f o r  neut ron  product ion ,  were  
obtained through the  c o u r t e s y  of t h e  Department of T e r r e s t r i a l  
Uagnetism, Carzegie  I n s t i t u t i o n  of Washington. These con ta ined  
t r i t im  formed by t h e  r e a c t i o n ,  Beg + D2* Be8 + H3. ( 2 5 ) .  
The tritium w a s  c o l l e c t e d  in t h e  form of HTO by d i s s o l v i n g  t h e  
beryll ium t e r g e t  in 6 N H C 1  i n  a vacuum system, pas s ing  t h e  evolved  
hydrogen and tritium over copper oxide a t  550' C., and c o l l e c t i n g  
t h e  water i n  a l i q u i d  a i r  t r a p .  The appara tus  i s  shown schematically 
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i n  f i g u r e  1, A m r e  q u a n t i t a t i v e  r e c m e r y  o f  t r i t i m  w a s  a f f e c t e d  
by t h i s  method than  by h e a t i n g  t h e  bery l l ium t a r g e t  t o  r e d  hea t  i n  
a atmosphere o f  hydrogen gas. T i t h  o rd ina ry  p recau t ions ,  t h e  Mater 
c o l l e c t e d  i n  t h e  t r a p  was found t o  be s u f f i c i e n t l y  s t e r i l e  and Pyrogen- 
f r e e  for i n t r a v e m a s  i n j e c t i o n  i n  h m a n  s u b j e c t s ,  
8 y i e l d  of a p p r o x h a t e l y  2 ml, of water was o b t a i z e d  in  t h i s  manner 
from a bery l l ium t a r g e t  1 x 1 x 1/32 inches ,  
r i n s e d  witn s t e r i l e  water i n t o  a vacc ine  b o t t l e  t o  a t o t a l  v o l * m e  of 
a j o a t  6 m l o p  and an a l i q u o t  was removed f o r  a c t i v i t y  measurement of 
t h s  f i n a l  s t o c k  s o l u t i o n o  

In a t y p i c a l  cese, 

Ths t r i t i a t e d  water  was  

M e s u a e n t  o f  HTO a c t i v i t y o -  The maximum energy o f  t h e  tritium 
b e t s  ray has beec repar ted  t o  renge from 0.0095 Uev t o  0,015 Xed (26 ,  
27). 
codnti .?go i'iater vapor at 1 t o  2 ma Yg p r e s s u r e  may be  in t roduced  
i n t o  a Geiger-Yuller counter  t u b e  without  i n t e r f e r e n c e  wi th  i t s  
?erfornance;  consequently,  t h e  a c t i v i t y  of tritium may be measured 
ia t h e  :'om of ET0 vapor (28,23). Figure  2 is  a s c h d a t i c  rep- 
r e s e n t a t i o n  of ~,?,,e vacu-m system used f o r  t h e  measylrement of water  
r a d i o a c t i v i t y  i n  t h e  vapor s t a t e .  
t h a t  einployed by Black and Taylor (30), and the ope ra t ing  procedure 
a l s o  7yas similar i n  sorne r e s p e c t s .  The coun t ing  c i r c u i t  was a h i g h  
speed  c i r c u i t  c o s t r u c t e d  i n  t h i s  I n s t i t u t e ,  and was equi?ped with six 
s c a l i n g  c i r c u i t s  rangillg from 2 t o  64. The counter  tube (B) c o n s i s t e d  
of a copper window-screen cathode 5 a. i n  d i a n a t e r  and 30 m. i n  
l e n g t h  with a 13 m i l  tungs ten  w i r e  anode, all s e a l e d  i n  a g l a s s  
envelope w i t h  a t o t a l  volune of a p p r o x h n t e l y  1 l i t e r .  

This l o w  energy n e c e s s i t a t e s  t h e  employment oi' s p e c i a l  rheans of 

This system w a s  a m o d i f i c a t i o n  of 

A l e a d  s h i e l d  

mm. Hg.. The water vapor p re s su res  o f  0.4 mm. t o  2 . 2  nun. Hg i n t r o -  
duced i n t o  t h e  counter  tube were measured on a high range McLeod 

f 
, 1: c 

1: about  2 inches t h i c k  was placed around the  coun te r  tube,  and se rved  
t a  reduco t h e  background count  t o  approximately one h a l f .  
exchangeable t e s t  tubes (F) ,  (G), and (Ii) con ta ined  i n a c t i v e  water, 
t h e  unknoivn ac t ive .  water smple,  end anhydrous e t h y l  a l c o h o l ,  
r e s p e c t i v e l y .  After a f f i x i n g  t h e  tubes . to  the manifold,  t h e s e  
s o l u t i s n s  viere degassed by twice freezir lg  w i t h  l i q u i d  a i r  and evacuat- 
ing while  f rozen .  

The 

The s t o r a g e  bulb  ( E )  was f i l l e d  w i t h  d ry  argon 
t k o u g h  s topcock 14 t o  s l i g h t l y  less than  atmospheric  p r e s s u r e  as PL 
i nd ica t ed  on t h e  a t tached  open end nanometer A l ow range 

i 

$ 

IvicLeod gage (J) w a s  used t o  measure p r e s s u r e s  z t  0-1 micron  t o  O e l  

gage (L], which operated on a compression f a c t o r  of about 7050 
Closed end marlmeters ( C )  and ( D )  i n d i c a t e d  p r e s s u r e s  i n  t h e  counter  
t u b e  and manifold, r e spec t ive ly .  

- L l  In p r e p a r i r g  f o r  a count;, the manifold and counter  tube  were .> 
evacuated t o  a pressure  l e s s  t h a n  0.3 microns.  
f o r  leaks by c los ing  stopcocks 8 and 10, and measuring t h e  p r e s s u r e  

a c t i v e  smple (pure  water o r  plesna) w a s  then  c a r e f u l l y  in t roduced  
the system through stopcock 6,  talking c a r e  t h a t  t h e  vapor aressute  d i d  - 3 -  y., 

The s y s t e ?  w a s  t e s t e d  - . 
. -  

> p e r i o d i c a l l y  by means o f  McLeod gage (L). Water vapor from t h e  r a d i o - .  
I * .  . 
*,j 
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not g r e a t l y  exceed 2 ma. Hg by observ ing  t h e  mani fo ld  manometer (D). 
After d i f f u s i o n  equ i l ib r ium w a s  reached ,  as i n d i c a t e d  by cons t an t  
readings on McLe6d gage (L), t h e  tempera ture  was recorded,  s topcock 2 

turned  t o  c l o s e  t h e  counter  t u b e ,  and t h e  manifold was evacuated. 
~ l ~ o h 0 1  vapor was introduced by opening wide s topcock  7 snd t h e n  s lowly  

tube ,  as i nd ica t ed  by a t o t a l  p r e s s u r e  of 2.7 cm. Hg on manoseter ( 3 ) .  
Stopcocks 2 end 7 were c losed ,  and t h e  mani fo ld  aga in  evacuatede 
2.0 an. Hg o f  argon were in t roduced  i n t o  t h e  counter  tube  i n  similar 
fsshion, making a t o t a l  p r e s s u r e  of 4.7 an. Hg i n  t h e  counter  tu5e.  

- p*i2albj ,  t h e  tube  w a s  pe rmi t t ed  t o  s t a n d  f o r  t e n  minutes before  cow&- 
ing was begun. 

stopcock 2 t o  admit 2.5 Hg of  a l coho l  vapor i n t o  t h e  counter  

Next, 

The tabe,  f i l l e d  as  desc r ibed  above, had a p l a t e a u  of 300 v o l t s  
and was operated a t  1400 v o l t s  which corres2onded t o  t h e  mid-2oint. 
Three measurements of a t  l e a s t  20,000 counts  each usi la l ly  were made 

. with each f i l l i n g  of t h e  tube.  S ince  it w a s  found t h a t  t he  r a t e  of 
counting increased  sornewhat dur ing  t h e  f i r s t  20,030 couqts and then  
leveled o f f ,  t h e  mean of t h e  second and t h i r d  measureaents was used. 
In  90 p r  cent  o f  t h e  d e t e r n i n a t i o n s ,  t h e s e  two counts were w i t h i n  
1.1 per  cent  of t h e i r  mean. 

Background de termina t ions  were c a r r i e d  out  i n  an i d e n t i c a l  manner 
i t h  ordinary water  s u b s t i t u t e d  f o r  t h e  a c t i v e  water  coinponent. This 

yse thod  r e s u l t e d  i n  a r ep roduc ib le  mean backgroand va lue  of 3,58 counts  
I p e r  second, s t anda rd  e r r o r  of t h e  mean ( C / n  ) 20.03 counts pe r  second. 

Plenty-f ive ind iv idua l  background de termina t ions  w e r e  nade dur ing  t h e  
' course of t h e  exper inents  t o  o b t a i n  t h e  mean value.  

Simple evacuat ion  o f  t h e  counter  t u b e  was i n s u f f i c i e n t  t o  o b t a i n  
I a r e t u r n  t o  no rqa l  background va lues  fo l lowing  t h e  u s e  o f  a c t i v e  water 
' Samples, thus t h e  t u b e  w a s  a l t e r n a t e l y  evacuated and f l u s h e d  e i g h t  

t h e s  with i n a c t i v e  water vapor a t  about  17 m. Hg p res su re ,  fo l lowed  

was employed a f t e r  each a c t i v i t y  measurenent. 
. by a room a i r  r i n s e  and re -evacuat ion  t o  0.3 micron. This procedure 

The ac tua l  a c t i v i t y  o f  a g iven  HTO s o l a t i o n  w e  determined by 
m A h g  d u p l i c a t e  couzzts on a.t l e a s t  f o u r  s e p a r a t e  f i l l i n g s  o f  t h e  
counter tube con ta in ing  d i f f e r e n t  p r e s s u r e s  of water  vapor. The w a t e r  
vapor pressures  were co r rec t ed  t o  0 C-, and a p l o t  was made of t h e  
Observed counts p e r  second a g a i n s t  t h e  co r rec t ed  pressure .  The s l o p e  
of t h e  bes t  l i n e  through t h e s e  d a t a ,  i nc lud ing  t h e  nean background 
Value of 3.6 counts  pe r  second, w a s  determined by t h e  method of l e a s t  

VaPar, : cor rec ted  f o r  background. A sample de te rmina t ion  i s  i l l u s t r a t e d  
by t a b l e  1. The s t anda rd  e r r o r  of  e s t i n a t e  f o r  a l l  a c t i v i t y  va lues  

. Ebtained by t h i s  method i n  t h e  p r e s e n t  expe r inen t s  ranged f r o m  21.1 
Per cent  t o  25.8 p e r  cen t  of t h e  s l o p e  value ,  and t h e  aean s t anda rd  

0 

md r e p r e s e n t  t h e  counts  p e r  second p e r  mm. Eg of water  
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propor t iona l  t o  t h e  concen t r a t ion  o f  HTO i n  t l i e  water s a p l e  being 
measuredD and may be used as such without  f u r t h e r  -conversiono 
ha i f  l i f e  of t r i t im ,  31 y e a r s  (27), e l imina ted  the need f o r  a decay 
c o r r e c t i o n  during t h e  course of  t h e  experiments, 

The Jong 

EXPERIMENT& 

A s t m d a r d  s o l u t i o n  of HTO was prepared w i t h  an  a c t i v i t y  of 
Di lu t ions  of  182 and 1110 o f  t h e  54.2 counts/sec/mm, ( t a b l e  1) i 

s tandard  wi th  i n a c t i v e  water  a l s o  were prepared,  and t h e  a c t i v i t y  of  
each was measured, In f i g u r e  3 t h e  a c t i v i t y  i s  p l o t t e d  a g a i n s t  t h e  
r e l a t i v e  HTO concen t r a t ion  expressed as a f r a c t i o n  of t h e  c o n c e n t r a t i o n  

A s tock  s o l u t i o n  prepared.  f rom -mother  t a r g e t  w a s  found, by - 
a l iquo t  d i l u t i o n ,  t o  c o n t a i n  '2128 counts/sec/mm. Two a d u l t  male ._ 
r a b b i t s  were f a s t e d ,  wi th  d r ink ing  water ad l i b i t m ,  for 24 hours 
preceding th-E e x p e r b e n t .  Rabbit- A rece ived  S009 ml, of  the.  s t o c k  . s to red  f o i  
s o l x t i o n  -from a ' c a l i b r a t e d  s y r h g e  d i r e c t l y  i n t o  the blood stream by 
an ear vein a t  t h e  r a t e  of 1 m l .  p e r  15 secondso Blood samples were 
ivithdrawn by h e a r t  puncture- i n t o  cen t r i fuge  tubes  con ta in ing  h e p a r i n  
a t  i n t e r v a l s  o f  2 1 ,  58 and 132 minutes fo l lowing  t h e  i n j e c t i o n .  The 
p lasna  was  s epa ra t ed  and s t o r e d  in t h e  f r o z e n  s t a t e  f o r  subsequent  
a c t i v i t y  m&&urement. -Rabbi t  B rece ived  1.96 m l o  o f  t h e  s t o c k  

mfiutes in l i k e  m q e r 9  

used f o r  t 

The simple formula,  A1 x V 1  = A2 x V2. was ussd  f o r  t h i s  purpose.  
t h e  a c t i v i t y  o f  tritium, expressed as counts/sec/mm., i n  t h e  s t o c k  
-elution, VI is  t h e  volume i n  ml, of  t h e  s t o c k  s o l u t i o n  i n j e c t e d ,  

A l . 5 8  

c 
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A2 is t h e  a c t i v i t y  of tritium i n  a body f l u i d ,  e. g., plasma o r  u r i n e ,  
after equi l ibr ium has been e s t a b l i s h e d ,  and V2 i s  t h e  v o l m e  i n  ml. of 
body water. V2 may be  converted t o  u n i t s  o f  weight  by mul t ip ly ing  
by the d e n s i t y  of water  a t  38' C-, 0.993, and aay t h e n  be expressed as 
a f r a c t i o n  of t h e  t o t a l  body weight .  T o t a l  body weight of t h e  r a b b i t s  
was t a k e n  as t h e  d e p i l a t e d  weight. 

T o t a l  body water  a l s o  w a s  es t imated  on t h e  b a s i s  of a cons tan t  
f r a c t i o n .  73.2 p e r  cent ,  of t h e  l e a n  body mass, a f t e r  measurement of 
'-,he t o t a l  body f a t  by t h e  body s p o c i f i c  g r a v i t y  ne thod  (2).  
g r a v i t i e s  of  1.040 and 1.047 of t h e  e v i s c e r a t e d  ca rcas ses  were ob ta ined  
f o r  r a b b i t s  A and B,respec t ive ly .  These correspond t o  f a t  coc ten ts  of 
29 .1  and 25.3 Per cent  of t h e  t o t a l  body weight.  The t o t s 1  body water 
es t imates  by t h i s  nethod are shown in t a b l e  3. 

S p e c i f i c  

F i n a l l y ,  t o t a l  body water  of t h e  r a b b i t s  w a s  measured by t h e  we igh t  
change during des icca t ion .  
p i eces ,  care  being taken  t o  avoid t i s s u e  l o s s  i n  t h e  process ,  and p l a c e d  
i n  f l a t  pans. 
13 days,  end weighed a t  i n t e r v a l s  during t h i s  pe r iod .  
weight l o s s  occurred a t  a very s l o w  c o n s t m t  r a t e ,  increas ing  from t h e  
seventh t o  t h e  t h i r t e e n t h  day by l e s s  t han  1 per  oent  of  t h e  t o t a l  
xe igh t  l o s s ;  consequently,  t h e  weight l o s s  d t e r  seven days of d ry ing  
was a r b i t r a r i l y  assumed t o  r ep resen t  t h e  t o t a l  body water.  The weight  
l o s s  d a t a  a r e  g iven  i n  t a b l e  4, and t h e  t o t a l  body water es t imates  by 
t h i s  procedure a r e  included i n  t a b l e  3. 

The two animals were d i s s e c t e d  i n t o  small 

The t i s s u e  was d r i e d  i n  a hot a i r  b l a s t  oven a t  90° c .  f o r  
Af t e r  seven days 

A s tock  s o l u t i o n  o f  HTO of high s p e c i f i c  a c t i v i t y  xas prepared  
f rom a beryl l ium t a r g e t  which had rece ived  more than 100 hours of 
jombardment. After removal of an a l i q u o t  f o r  a c t i v i t y  m e a s u r a e n t ,  
5.09 ml. of t h e  s o l u t i o n  were introduced in t h e  a n t e c u b i t a l  vein of  
a 19 year  o l d  normal mala human s u b j e c t ,  184 cm. t a l l  and weighing 
70.78 kg. A t  i n t e r v a l s  of  30 minutes,  one, two, and t h r e e  hours,  b lood  
samples were withdrawn from t h e  a n t e c u b i t a l  vein, and t h e  plasma w a s  
s t o r e d  f o r  tritium a o t i v i t y  measurement. 
ca l cu la t ed  from t h e s e  measurements and t h e  r e s u l t s  are  g iven  i n  t a b l e  
3.  The body s p e c i f i c  g r a v i t y  of  t h e  s u b j e c t  was fcund t o  be 1.077, 
corresponding t o  11.0 per  cent  t o t a l  body f a t .  Tota l  body water con- 
t e n t  , c a l c u l a t e d  from these  d a t a  is a l so  g iven  i n  t a b l e  3e 

T o t a l  body x a t e r  conten t  w a s  

DISCUSS ION 

Prom t h e  d a t a  i n  t a b l e  3 it appears t h a t  t r i t i a t e d  water  may be 
used f o r  t h e  es t imat ion  of t o t a l  body water  w i t h i n  10 p e r  cent  of t h e  
t r u e  value, an e r r o r  comparable wi th  t h a t  in the deuterium oxide 
method. Zluch of t h e  e r r o r  i s  probably a t t r i b u t a b l e  t o  t h e  u n c e r t a i n t y  
ia t h e  measurement of a c t i v i t i e s  of one half  t o  two t i n e s  background 
va lue ,  which w a s  unavoidable i n  t h e  p r e s e n t  i n s t ance .  The a n t i c i p a t e d  

! 
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a v a i l a b i l i t y  of t r i t i a t e d  w a t e r  of  h ighe r  s p e c i f i c  a c t i v i t y ,  and 
inp rovemat s  in t h e  t e c h n i c -  o f  measurement o f  tritium a c t i v i t y  may be 
expected t o  l e s s e n  t h e  p r e s e n t  e r r o r  cons iderably .  A p o s s i b l e  8ource 
of e r r o r p  which i s  p h y s i o l o g i c a l  i n  n a t u r e  and inhe ren t  i n  i so tope  

d i r e c t l y  i n t o  t h e  blood s t ream,  is the h igh  plasma l e v e l  of t h e  isotope 

i so tope  through t h e  kidney,  and unless t a k e n  i n t o  account, l eads  t o  
high d i l u e n t  volume v a l u e s r  The e r r o r  may be minimized by slow 
i n j e c t i o n  of t h e  i so tope  t o  avoid  v e r y  high' d i f f u s i o n  g rad ien t s ,  e,a 
UE.S done i n  t h e s e  experiments ,  o r  by a d m i n i s t r a t i o n  through t h e  Rastro- 

body water i n  m a n  a f t e r  in t ravenous  i n j e c t i o n  is  apparent ly  c l o s e  t o  
one hour, This agrees w e l l  w i t h  the t i m e  f o r  e q u i l i b r a t i o n  of DsO 

found by Hevesy md  HcFer ( 2 0 )  when D20 was t aken  by mouth. Equi l ibra-  
t i o n  time w a s  apparent ly  s h o r t e r  i n  t h e  case  o f  t h e  r a b b i t s ,  and is . .  
est imated t o  be not  over 30 minutes .  F l exne r ,  e t  al. (22)  found t h a t  8" 

equi l ibr ium i n  t h e  g u i n e a ' p i g ,  fo l lowing  i n j e c t i o n  of DZO, was : 
p r a c t i c a l l y  completely e s t a b l i s h e d  i n  10 t o  12 minutes. It would appear 

-< t o  t h e  ca rd iac  output  p e r  uni t  of  f a t - f r e e  body m a s s .  

d i l u t i o n  and t a k i n g  t h e  mean of  the one, two and t h r e e  hour 'determi-  
c a t i o n s  ( t a b i e  3), was 64.7 p e r  c e n t  of t h e  body weight. 
body water value,  c a l c u l a t e d  as 73.2 p e r  cent  o f  t h e  l e a n  body m a s s  of 
t h i s  sub jec t  was found t o  be 65.2 p e r  c e n t  of t h e  t o t a l  body weight,  
t hus  providing f u r t h e r  s u b s t a n t i a t i o n  f o r  t h e  concept of t h e  r e l a t i v e  
consthncy o f  t h e  water  con ten t  of t h e  l e a n  body mass o f  normal a d u l t  
mamals ( 2 ) .  For  t h e i r  s u b j e c t ,  Hevesy.and Eofer  (20) found a value  
o f  6 3  per  c e n t  for t o t a l  body wa te r ,  which i s  l i kewise  i n  accord w i t h  
genera l ly  accepted values .  On t h e  o t h e r  hand, beoore (23) obta ined  a 
r e l a t i v e l y  h igh  value of 72.5 p e r  c e n t  f o r  t h e  t o t a l  body water o f  h i s  
s u b j e c t  who, a l though appa ren t ly  q u i t e  lean, d i d  not  appear abnormally 
l ean  from t h e  h e i g h t  and weight  d a t a  given. 
t o t a l  body water  of 67.85 p e r  c e n t  was a l s o  r epor t ed  by Id i tche l l ,  
e t  a l .  (1) on a cadaver whose w a t e r  conten t  was measured by des i c -  
ca t ion .  To ta l  f a t  conten t  was found t o  be 12.51 per cent .  and t h e  w a t e  

The t ,otal  

A somewhat h igh  v a l u e  of 

be 77.6 per  cent .  Acute h e a r t  a t t a c k  was g iven  as the  cause  of death,  2 

p and i f  edema occurred owing t o  c a r d i a c  decompensation p r i o r  t o  death,  
j t h a t  might account f o r  t h e  h igh  wa te r  va lue  in t h i s  case. 

- %  The two r a b b i t s  used i n  t h e  present experiment were obese.  con- 
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-2et:lod and t h e  body s p e c i f i c  gravity method for es t imat ion  of the 
tokn.1 3ody water. The aT0 d i l u t i o n  m t h o d  a l s o  gave good agreement 
io *:IC case of r a b b i t  A, whereas i n  t h e  case of r a b b i t  B t he  method 
r.?~cnro:! t o  g i n  a sl ightly h igh  value f o r  mter coa ten t .  
*,n-,-e -;een Gue t o  -the 1v.7 a c t i * t i e s  of plasm tritim neasured in the 
7 - ? ; - x r  cas5. 

This  

In any event the water content ,  expressed as pe r  c e n t  
;:in total 'sody weig'Llt, was dec ided ly  lm f o r  these animals. 

icV -;;ill j e n r  r e i t e r a t i o n  that v a r i a t i o n  in- .body fa t  conten: i s  
r . . L ' ? i ~ i e n t l y  la rge  t o  cause. a p p r e c i a b l e  d i f f e rences  in t h e  v a l u e s  of 
j , : ; , ~ ~  ':02;. so;Lponents d i e n  t h e s e  arc r e f e r r e d  t o  t o t a l  body weight.  
7;:- e s s q l e ,  the body intor c o n t e n t  may Fary rron 50 per  cent  i n  very 
c j e s e  i::dividunls t o  70 per  c e n t  o f  t h e  t o t a l  body weight  in  very 
ic:a individunls ,  m d  y e t  the water content  may 3e a c o n s t a t  frac- 
L.: blJ.l ,-.. of t h e  f a t - f r e e  body mss. For t h i s  reason, measurements of 
.:;o?,.nl body water should be sccompmied by a n  e s t i n n t e  of t o t a l  body 
_?.t *-.%enever the  cony?isoxi  of i n d i v i d u a l  valucs i s  nade. 

1. Xethocis a r e  descr ibed  f o r  the prepara t ion  of  m t e r  c o n t a i n i n g  
X? r d i o a c t i v e  i so tope  of hydrogen, tritium, m d  f o r  t h e  determina-  

cia;: I;-' tritim actiri t . j  i n  t h e  f o m  of m i t e r  vapor fro3 t r i t i a t e d  
-::a.Zer ZZLG 50&j f l u i d s .  

2. Total body m t e r  vas es t ima ted  in two  rabbi'irs and a human 
'q tiis d i l u t i o n  of t r i t i a t e d  mater a d n i n i s t e r e d  in t ravenous ly .  The 
r c c u l t s  agreed yell in t h e  case.'of%he rabb i t s  with t h e  water content 
a4~-zrxined 3y Geoiccatiou of t h e  carcasses ,  nnd wit'n the water con- 
k L x ;  ca lcu la te6  a s  73.2 per  c e n t  of  t h e  lean body a s s  a f t e r  measuro- 
:.lent of t o t a l  body f a t  by t h e  s p e c i f i c  g rav i ty  t e c h n i c .  
35 >!is hm,m, very  good ngroemen% was also o5tained betmeen the 
:'c;s.;?ts Troa t h e  tritium d i l u t i o n  nethod and t h e  body s p e c i f i c  

- .  . , - -  

In t h e  case  

*:;'c-s;_-t;y !E:thOd. 

3 .  h s s  tknn SO Tninutes was r e q u i r e d  f o ~  e s s e n t i a l l y  complete  
:Tstr ibut icn of t h e  t r i t i e t e d  wa te r  i n  t h e  body water 02 the ra3bits, 
=id a?proximately one hour f o r  the  hunan. 
j?ka a d  t:.lose of okSer i n v e s t i g a t o r s  using d e u t e r i u q  oxide i n d i c a t e s  
8 re1ations:hip between bodjj s i ze  and r a t e  of e q u i l i b r a t i o n .  

Considerat ion of these 

4. The tritim method. at  p r e s e n t  appears t o  y i e l d  r e s u l t s  with 
2:: accuracy as good as that o b t a i n i n g  by the use of deuterium, and 
Greater accuracy is expected with i q r o T e n e n t s  i n  t e c h n i c  and the 
fortiicoTniq a n i l a b i l i - t y  of tritium of higher s p e o i f i c  a c t i v i t y .  

- 7 -  
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Table 1,- Samplo method f o r  determinat ion of t h e  a c t i v i t y  
of an HTO s o l u t i o n  measured a t  var ious  water 

vapor pressures  

Vapor p re s su re  

m ~ l o  Hg 
( X I  

0.0 
0.40 
0.55 
0.97 
1.07 

counts  
count s /s ec co mt s /s e c 

- 
25.2 
33.8 

60.9 
56.6 

- 
26.5 
34.1 
57.5 
60.7 

Y = 3.85 + 54,2X(By method of  l e a s t  squares) 

aYa 2 0,59 counts/seo. 

Mean a c t i v i t y  

c o u t  s /s e c . 
Cy) 

3-6 
25.8 
34.0 
57.0 
60.8 

- . *. : 
Table 2.- A c t i v i t y  of s t o c k  so lu t ions  o f  HTO i n j e c t e d  i n t o  r a b b i t s  - - .  

and hman sub jec t s  _. . $g . * -. 
- 1 )  

. ..“J 

I I I I I 

. solution 
employed 

Bs ( r a b b i t  a)l 312.51 6.81 
RS ( r a b b i t  3) 312.5 6.81 

2,128 
2,128 

ES (human) 1 5,000 I 6.08 30,400 I 1 



Table 3.- Es t ima t ion  of t o t a l  body water  by var ious  methods 
in t h e  r a b b i t  and the human 

Time 
a f t e r  HTO 
i n j e c t  ion 
hr. min. 

- - 
0 21 
0 58 
2 12 

- i d a b b i t  B Des i cca t ion  
Sp. g r a v i t y  - 
HTO d i l ' n  1 01 

Sp. g r a v i t y  - 

< I  RTO d i l ' n  0 33 

;. 1 
YTO d i l ' n  
HTO dill3 
HTO d i l f n  
HTO d i l ' n  

0 30 
1 00 
2 00 
3 00 

Plasma T o t a l  Total  T o t a l  
RTO ac- body body 3ody 
t i v i t y  weight  f a t  water 
counts/ kgo Fer cent p e r  cent 
s ec/m. 

- 3.502 - 55' 5 
3.502 29.1 51.9 

5.80 3,502 - 52.9 
5.37 3.502 - 57.2 
5.64 3,502 54.5 

- 2 .mi  - 55.9 - 2.881 2503 54.7 
2042 2.881 - 59.4 
2.51 2.881 - 57.3 

. I  

70.78 11.0 

67.6 
64.3 

Table 4.- Weight l o s s  of two r a b b i t  carcasses during d e s i c c a t i o n  
i n  a ho t  a i r  b las t  oven a t  90' C. 

I 

2aSbit A 
Carosjs  weight  , k i l o s  
:?eight loss ,  kilos 

Rabbit  B 
Carcass weight ,  k i l o s  
Weight l o s s ,  k i l o s  

337 

D a y s  of drying  
0 2 4  5 6 7 

3.502 10705 1.600 1.581 1.565 1.557 
0.0 1.797 1,902 1.921 1.937 1.945 

2.881 1.352 1.288 1.279 1.272 1.270 
0.0 1.529 1.593 1,602 10609  1.611 

1,269 1,266 
1.612 1.615 

I 

1 
! -. 

i '  





- I '  
i 3 33 

Figure 2.-Vacwm system for measuring water radioactivity 

A Calcium chloride tube 
B Geiger-Muller counter tube 
C Manometer 
D Manometer 
E Slorage bulb for argon 
F Test tube for inac!ive water 
G Test tube for radioactive water 
H Test tube for ethyl alcohol 
J LOW range . McLeod gauge 
K Li,quid air trap 
L High range McLeod gouge 
M Manometer for approximate orgon pressure 

i 




