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tions dilute with respect :,? 1I:l 1.ip.e O!JtJlllS deuterium prkcipaily in a rnoleruie rcpre. 
sented by the symbol HI')() j.7. ~ j !  ~ I I  molecular iveiqht IO. Detailed t W n p h ) n j  
of the physical propertis 4 1 J .I 1 i:ic 1.1 I I .:i:li d .i:ist.Jres rhese !'.YO) :vaters .ire 

available (XI, 36, 65). 
BTritium is the mdioacrity isotope of hydroyen I J ~  inass :!tree I t  has 3 ;jnysioi 

half-life of about XI years and decays to helium with emission oi I s i t  beta particle 
of about 18 kev. maximum energy. So gamma radiation is emitted and consequently 
tritium presents no radiological working hazard as long as it is prevented from enter. 
ing the body. The radioactivity oi tritium is its most marked physicai characteristic 
from the standpoint of its toxicity within biological svstems and also from the stand. 
point of its assay in the study of such systems. Calculated on the basis of its physical 
half-life, one tinds that I milliq3m of pure T20, ii availablel would contain about 
3 curies ( I  curie = 3.7 x 10:'~ disintegrations per second). If one assumes for tritium 
an average energy release per disintegration of one-third the m;Liimum energy, which 
hrs been observed to hold true for ocher beta emitters, a radiation dose of about 104 

roentgens equivalent physical (rep) per second would be obtained in pure TJ). Thus 
in body fluids tritium must be extremely dilute or objectionable radiation doses will 
be obtained. A concentration of tritium in body duids equivalent to 0.2 pc. per ml., 
if maintained, will result in a radiation dose to the body of about 0.05 rep per day 
(si, 53). In this situation tritium b pruent in the ratio of about I atom of tritium to 
10- atom of ordinary hydrogen. In the interest of health safety this concentration 
&odd probably not be exceeded in experiments on man. In  animal e.rperimenu 
higher concentrations in body fluids may be employed always keeping in mind that 
e x d v e  radiation doses will produce physiological alterations which may affect 
the result one obtains. 

bfETE0DS 01 &SAY 

'Iba ntio of deuterium to ordinary hydrogen in a mixture of thae two isotopes, 
utilizing the mass diflccence between them, measured on a mass spectrometer pro- 
vides one of the most sensitive means for assay of deuterium content (&, 67). This 
metbod of pssoy involves conversion of t h e  isotopes to the gas. Use is also nude 
of the pbysicol dBerences betwen HDO and Ha for m y  of deuterium content 
The Spcdfic gravity or density ditierence is most widely emplaycd (2% 33, 56,& 
60, 72). The fdhg drop method for denriometric determination rquuca only small 
u~ounta of fluid for analysis (33, j9) and gives adquate  sensitivity for most bb 
1- work. It in cheaper than the mas spectrograph in term, of initial cost of quip 
rnmt and of personnel and time required to obtain analym. In deruiometric measure. 
mots by tht falling drop method water of unusual purity is essential for accurate 
results and is usually obtained by doubk distillation ot the biological fluid. M & 
tilhtions must be carried to completion to avoid errors due to isotopic fractionation. 
With the tedrniqua developed it is pauible to determine the deuterium oxide con. 
tent of a D@:H@ mixture with a sensitivity of about one part in rd (33, j9, Q). 
Since DYO may be used in concentrations up to about I per cent in biological system 
without expectation of toxic effects this gives a working r a n g  of about id between 
usable concentratiom in the body duids and the measuring sensitivity. The dcbL 
of all methods used for deuterium assay have been msxmbled and compared tlsc- 
where (36, 65). 

The most sensitive assay for tritium relates to its radioactivity. Because of the 
low energy of the emitted beta particle tritium must be introduced into a counter 
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\\'.\TER ESC?L.\SCES AS0 U.\RlUERS X2: 

... 11 , haniber '.lr .issay. It has been measured ia Geiger counters. proportional 
:::CIS. x r l  :IIc ..::.imbers i j 7 1  3s HTO vapor fp.. IS citiomethne (j;, :?I. JS 

. 11 r( w p i r  #me is limited to A JOW vapor pressure in counters and niuy i:avr 
' ... -t::y ,::tb .-:~iw~ry efiects' 4,$1. \Vhen incorpor1ter.l in the methane. imtaw. 

: JccLy!cne niui+:i;e memory e h c c s  are reduced a qncr pressures ma)' \JC. ii:Ili,:rni 

, ::le &uuber. i,uc i n  the cou\.ersion process ion t i  :!*e s!wcinc acci-:ity .)r 
tllcenuation oi t!ie tritium results in some loss iii eniitis.ity. 'The gas LiT 15 c u i i y  
..laked by reduction of water over hot zinc or mngnt.sium ::.ithout tiilution of specinc 

.::irity and its ionization may be measured at high prejsures with negligible memory 
: f ~ t s  in an ion chamber. nhcre maxim31 sensitivity is desired i). counter utilizing 

of the gases mentioned above may be expected to produce better results than on 
.gi chamber. The ion chamber employed with a dynamic conienser jvibrar : reed) 
r!ectrometer 1.19) has proven quite satisfactory for tritium assay in the ange of 
.~citic activities necessary for biobgical experimentation and is relativeiy tree of 
x h a n i u l  and electronic cli&culties. It is roughly a factor oi IO less sensitive than 
-:e might expect ot the best counter system. IVith the ion c h i m k r  and tiynrmic 
. . ~ ~ i d e w r  electrometer one can determine the tritium content oi ;tn H:T niisture 
uith 3 sensitivity oi about I part tritium in loi3 parts protium (24, 53). This gives 
mi a working range of about 10) between the usable concentrations in body duids 
.<iich may be employed safely in esperirnents on man and the measuring sensitivity. 
For mimala this working range may be increased (j3) up to the point where the radi- 
xion dose during the time period covered by the e.xpcriment could be safely espected 
not to induence the physiological process being studied. For experiments of briei 
hiration the working range may be increased to loi or more. 

. .  

TuEORY OF U S E  OF bOT0PIC TU.%CERS \S REI..\TED TO DEUTERKT 
.im TRITWM 

htop are u d y  coaridmd to  be ideal tracers. I t  is generally assumed that 
ope isotope of an dement reacts just the same in exchange and chemical reactions 
Y m y  other isotope of that same element. Such a result is expected because of the 
close similarity oi the chemical properties of isotopes. Such assumptions for isotopes 
of hydrogen may to some degrec be false. Considering the large percentage r i m s  
d~crmrrs between ordinary hydrogen and deuterium or tritium, one might well 
~ ~ e p t k a l  of thedegree to which any one of these isotopes exactly parallels another. 
There h m e  evidence to indicate that Ha and D?O or HDO do not diEuse across 
membarres at the same rate (5 ,  25, 31,  41, 50) and do not enter into chemical re- 
~ O I U  h pr&ly the way (1,  3, 16, 22, 39, 41, 52). Pure DO is reported to 
Produce hemolysis in mammalian erythrocytes 44 per cent more slowly than Ha 
!jo) and solutions of D& in Ha (HDO) hemolyze erythrocytes more slowly than 
O ~ Q '  water ( 5 ) .  Since hemolysis h produced by the net transfer of water into the 
Whrocyte as a resuit of the dderential in the rate of ditTusion of water into and out 
oi the cell, the time ditlermtial required for hemolysis is not a memsurc of the diiier- 
entia1 in rate of dillusion of Da versus Ha. The result obtained indicates that DtO 
faurn into the erythrocyte mom slowly than Ha but the magnitude of the ditler- 

k Ualn0u-n. To determine this one would need to know the total amount of 
achangrd across the cellular membrane in relation to the m o u n t  of net trans- 

fer of water into the cell required to produce hemolysis. Considering the dihaioa 
CocfKcient of water in water (45, 46), it sccms likely that the amount of water ex- 
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changed must be very isrge .timp”red to the net mnsier Hence t i t  8 :  ’il-ilmial 
between the diflusion rate oi T ) & j ,  or HDO v e m s  HP across the jourid: ’*. i I!IC 

erythrocyte may be quite mail.  h difference in the prmeabiiity int‘ t x c  +t -I .i the 
irog, in either direction, to D+.j and H a  has also been recorded ‘31: i z  ’ hi+ ;I the 
same considerations advanced above also apply. 

There is evidence that the metabolic p r o c a m  of livinq organisms ~ r c  con. . 
siderably altered by appreciable concentrations of deuterium in H P  (:, , 15. :I, 
39, 60, 72). Concentrations of Da in H a  of I to zs per cent depress metaidism ia 
mice (n), retard growth of lower organisms (3, r6, 1 2 )  and reduce the rate oi prmh. 
tion of tobacco 4 s  (16, 39). Highcr concentrations, if maintained, are <enerally 
lethal to warm-blooded animals (16, 10, 39, 60). The basic explanation for such n. 
sults has not been elucidated but the results per se are ampk indication that protium 
and deuterium do not react exactly the same in animal organisms and appropxjatc 
coosideration of this fact in biological nsavch is necesary. The fact that hiologid 
system do not react the same to HDO as to Ha has been pointed out by s e v d  
workers in this dtld (26,38,61). Some have suggerted that the differences noted were 
due to tbe gnwr phydul  dBerences between HDO and HP, such as viscosity (sj, 
degree of awmciation (s), density, and coefficient of diffusion (45, 46) and have pm. 
posed that in solutiolu where HDO is present with large excess of Ha, and only very 
small groaa physical differences arc measurable, that biological diBemces measurable 

ranted in as much as an HDO molecule may react the same with the organism whetha 
it be in a dilute or concentrated solution. The fact that the difference noted in coo- 
centnted solutions is not measurable in dilute salutions giver no assurance that it 
does not prevail. Others have proposed that the difltrence noted between deuterium 
and protium in biological system can be erploied entirely on the basis of a nte 
Merence, i.e. of diflusion or reaction (26). Deuterium and protium, within the limik 
of masuing storitivity, are preaent in all organic and inorganic biological system 
in the MC ratio as these two isotopes cxiat elsewhere in nature (8, IO, 37). This 
wggeats that if their rates Mer equilibrium of the two is always attained in time in 
biologial a c h u q e s  and reactions. 

Tritium, hving become available to biological investigators only recently, hu 
not yet been used utcmiveJy but it mawnabk to expect diffueaces b e t w  

deuterium. A comparison of the toxic cfiects of tritium w n u s  deuterium at conca. 

the radiation dorc delivered by tritium at such concentrations would probably mad 
any o b  toxic Cflects. With tritium available u an isotopic trom it  nou becowr 
possible to  compare simultaneously the respective r a t a  with which deuterium and 
tritium di5m across buriac, mir with vuiow body fluids, excbange with protium, 
or engage in chemical reactbna. So far such CompULons have not been made but 
when accomplished they may be upccted to clarify to some d e g m  the status of 
deuterium and tritium 01 ideal tracers for protium in various biological pnmsa. 
It bos alrady been shown that datexitun and tritium b m t  distributed in the 
-e di lua t  v0Iume in the body of the dog after quilibrium is attained (57) but 
the relative rate at which equilibrium is attained for t h e  two isotopes hpr not bcea 

In summary it appears, from evidence praently available, that HDO does not 
di5er markedly from KIO as regards the rate with which the two diffw acrau 

I a 
1 

at the higher concentrations may not prevail (32). Such assumptions seem unwar- 

protium 8nd tritium Y lvge M or hfga tb.n tbosc observed between protiummd 

tmtionr appmdmg - thoel? a h  deuterium is toltic m y  never be mule becrur 
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-:Cmbranes in hiological systems. That deuterium and ordinary hydrogen ditfer 
,?p,prcclably in chemical reactions concerned in body metabolic pmceuer is suggested 
,y the toxic effects produced in various organisms when deuterium L substituted in 

:> concentrations for ordinary hydrogen. To what extent HTO may differ from 
5 9  in body metabolic processes has yet to be investigated. 

\V.ima EXC&LYGE BETWEEN TEE BODY .WD EXZEXVU E S V R O ~ E S ~  
In a consideration of water balance and barrim one may, for convdence, 

& i d y  divide the into thor~ a~pccta of uchvrge which &t bttw- 
o& and the uterior environment and thore Y ~ C U  of exchange which 

e&t within the organism iaef. In the 6rst of these two, abrorption and excretion 
of water by the organism .rr involved. In the latter distribution and met.bolirm 
)f water within the o r p n h  are involved. Aninkah eschoage water with the external 
mvimnmcnt through the lunp, skin, gastrointestinal tract and kidneys. 

Water Exch.lyr Tbroagb the Luagr Dry air inhaled into the alvcoli of the .* is found to be saturated with water vapor on expiration, suggesting a rapid 
t d w  of water from body t h d s  across the alveolar membrana and *ion of 
axter Mpor into alveolar air. If the body fluids contain HTO the concentration of 
tritium in expired water vapor ia found to be the same, within the measuring wmi- 
tivity, as the concentration of tritium h the body fluid6 (52, 53). If t h e n  exists 8 
di8ncnri.l in the nte a t  which Hm and H a  trader OUOM alveolar mtmbrurcr 
3d di&w into alveolar air thii di!Texentirl is d compared to the times involved 
in the trader and hence irOtopu equilibrium is attained during the period that 
inspired air ranairs in the alveoli. If one meuum the H M  transfer in the reverne 
direction across the alveolar membrane by having the a n k l  inhale an atmosphere 
contaiuing HTO vapor it is found that the rate of appeprrace of HTO in the body 
ttuidrhdhta an 8bQarptbn of 85 to 100 per cent of the H m  in the totd 8k in- 
sppind (6, 52, 53). Thus a rapid exchange of water vapor between body &lids .nd 
ll& air in either dkctiin suBicient to permit e s t a b l i i t  of a fiiriy complete 
equilibrium for both IlTo and Ha, in the time available during the respintoy 
cyck, h indiated. Iah.ktb of Hm vapor at high speci6c d v i t y  h OW m y  of 
introducing thia isotope into the general circulation very rapidly. 

Watm %ch.ryr Through tha Skin. The puspec of water outward through the 
skin, independent of sweat activity, is called water la by insensible perspira- 
tion. Wota vapor p r d l y  difhu# through the skim buritr and the rate of losr 
inMnh88beea rhorm to be related to the vapor preuurrdifiaentirl between body 
U s r e d  the& arvLonmeDt (si). If a dilhuioo profar Only is invdnd then 
dithsion of water fnnn outside to imide should take pkc resulting in an exchange 
drrtervrpor UIQY the kin buria. Thir phenomubonhr been okemd in mpll 

by arpOring 8 skin area to an outside environment ~ t u n t e d  with dilute EITO npor 
md masuriy the rate and unouat of HTO appearing in the fluib of the body. 
In such expenmentr the .mount of HTO absorbed is proportional to the concentra- 
tion of HTO in the saturated environment, to the length of time of exposure, and 
tothe ucp expacd. "be rate of HTO puuge inward through the a k i n  on expotsure 
of thc skin to an atrnoaphm saturated with HTO vapor at p°C. is found to approxi- 
mate (54) the rate at which Ha paucr out through the skin normally iu insensible 
miration. It maka little, if any, diflcnaa in the nte of HTO transfer inward 
t h g h  the skin whethtr the skin is i m m d  in a solution at a given temperature 
C0n-g or is expoud to an atmaphere saturated, at the lome tempemture, 
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iron1 t::e Lecinning oi the espos\iw I ' .': I I to .:) q x a r  : I ]  [.IC urine. L / W  
:tic *kin esposure is entied The I . I ~ I - ; C  :I' I I  ,I  HTI c\c:eterl in t'lc urine cont:nues 
:o increise Cor .jo minutes to WWJ ' . :!ir t q w s t ' * i  ;kin is ivarmed &iter C?;KJ. 

cure [lie HTO cnncentration in ':i# ;.I : t xitws ruiiirll>, and reackxs .L COn:tJlit 

value in about an hour. li the ~ X W ~ W I :  >;;;:I : j  cooled :liter exposure the HTO mn- 
centration in urine increases S ~ J X  I! ! !r ,; ! ? r i d  Oi more than j hours. This is Ire- 
*\:ma! to represent a retardatioii o! ::!I -I:(: t:li pick up in the general c;rculatiiin n n i  

the HTO which was transierred irr;::! [ ,C e-tvironment to the ertra\axular duids Ln 
rhe skin during the esposurr. 

These results suggest ;I harrier i:i ' :c skin suriace. Lxt\\een itic r i tcr ior  Lnci the 
iluids beneath the skin. acres which :s:ater rltduscs in the vapor state: hence no large 
dYerence in transfer rate is noted -.c+e-kcr the outside environment be liquid 9.Iater 
or svater vapor at  the same temperature utd pressure. These results also suggest 
another barrier, perhaps liquid. between tar skin surface and the general circulation. 
IYater exchange between this second barrier and the peneral circu!ation is consitier- 
ably altered by cooling the skin. A rtvluctinn in blood tlow through the superficial 
skin capillaries caused by cooling the skin is probably primarily responsible for the 
reduction in the rate of transfer of the HTO from the extravascular duids in the 
supcdcial skin area to the general circulatory system and thence t o  other body fluids. 

W8tW Erctungr Through the Gastrointestinal Tract. Ingestion was the mode 
used to introduce HDO into the body in the first reported biological UK of this tracer 
in man (28, 29). Equilibration oi the inqcsted HDO ivith hdv duids war ohscn-ed 
to  take place in 23  hours after ingestion oi 2 liters of rluitl (29) .  \\'hen lesser volumes 
art ingested, equilibrium between the gastrointestinal contents and blood is obtained 
in less than an hour (40. a, jj, 60). The time rquired to traluier the water from 
the gastrointestinal tract to the blood probably increases with the volume of \rater 
ingested. The transfer may be !ine;ir wirh time. esponential with time, or iollow 
some less wellde6ncd function depending on the processes involved. The increase 
in HDO or HTO content of venous blood following ingestion of the heavy isotopes 
in 200 and 450 ml. of water is linear with time and quilibrium is attained in g to 
45 minutes (e, 53). The simplest and most likely deduction is that the net transfer 
of nrtcr from the gastrointestinal tract to the blood is linear with time until the 
tmuftr is compkted. Whether the rate di&m for HA), HDO oc HTO hpa not been 
determined. The diuppenraace of HDO from stomach pouches due to exchange is 
found to be crponcntial with time and to have a half-time of approximately 3 
minutes (7). Using HDO as a tracer, the rate of water movement from gut to blood 
and from blood to gut as well as the net movement has been measured and according 
to the o b m e r  (74) the results support the hypothesis of a forced flow of fluid across 
the intestinal epithelium in both directions simultaneously. This postulates an 
exchbnge of water acros the intestinal epithelium which cannot be explained on 
the basis of a simple M u i o n  or osmotic procas but which is presumably dependent 
on some special characteristic of the intestinal epithelium which forces water acrw 
it in both dtectioos. From data a d a b l e  it appears that the greater amount of 
water absorption takes place through the intestine and that here the net transfer 
to  the blood is linear with time. 

OIba Water Exchanger with tho Emironmeat It has been observed that the 
HTo concentration of water of urine, sputum, swart, feces and insensible penpin- 
tion of man is  the same, within the measuring sensitivity, a5 that existing in the water 
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of the blood at the time of collection ut 1 .:,,! excreta (32, jj). The same iias t e n  
i m d  for HDU in che urine and gastric . il.' : )I nun ( 2 8 .  + z ,  43, 60) and in the milk 
of wws <IO). Ii 3 rate ddennce exists I C  I : 3nsfcr oi HzO. HDO, or HTO across 
membranes involved in the formation :I: d ' a ' :  :reticin oi these fluids the time periods 
hvolved in the net transfer are suiht:.eiir + long to permit isotopic equilibrium 
to be establi3hed. Thus either KDO or I .".'I) at equilibrium in M y  duids serve 
u cxcellcat tracers for Ha in t h e  tr:itirti-s so i3r as can be ascertained from data 
avrihbk. 

Since quiliirium of HDO and HTU with all I d y  ffuids is reached rapidly (37, 
e, ji, j3) and all fluid lost from the body SIIOWS a concentration of HDO 3nd HTO 

m e  as that prevailing in body tiuicis 1 IO, 29, 43, 53, b), these isotopes are 
diminatmi from the body dui& at a rate :r.liich is exponential n-ith water intake or 
water exaction (j3), i.e. if the logarithm of the concentration of KDO or HTO in 
body &lids is plotted ngailut Ha intake one obtains a straight Line. The decrease in 
~ixccntration of HDO or HTO in body tluids is also exponential with time a t  3ny 
wnstant rate of Ha intake (53). The half-time, or time required to reduce the con- 
centration of HDO or HTO in body duids tJy one-half, at normal rates of H20 intake 
h 8 to r q  days for man ( 2 9 ,  53, 60) with an average of about IO days; 3 to 5 days tor 
the rat (4, jj); and I to 2 days for the mouse (53, 71). 

WATEX EXCElLVCES LVITEUN TEE BODY 
When HDO or HTO is introduced into the body by ingestion, injection, inhala- 

tion, ot in any otha  way the deuterium and tritium are diluted by exchange with 
H .bnu in body water and with the exchangeabk H atoms in organic molrmlcs. 
Tbae latter include the hydrogen atom in d o ,  carboxyl, hydroxyl, imino, 
mtfhydryl, aad in other pitions generally w h m  the hydrogen atom ir not directly 
bound to a arbon atom. The rapidly exchangeable hydrogen atom in the organic 
CmrtiftKntr of the body are estimated to correspond to a wata quidea t  of 0.5 
to io  pa ant of the body weight in man (3~~60). This value i s  calculated w i n g  
tht p t h a  comprise 15 pee cent of tbe body weight (611, tbrt 6 per cent of pro- 
tdn ir hydrogen, and that 6 to IS per cent of the H atoms in proteins are readily 
-le (37, 73). This givea roughly 0.1 per cent (15% X 6% X 11%) of the 
body d g h t  as uchqable H atoms in proteins, companding to a water equiva- 
kt of about r pa cent of body weight. For carbohydrates, it i mauned that 350 
m. M pnvnt in the body giving 0.5 per cent of the body might  u orbohydrote, 
thrt 6per mt of thecubohydmte is hvdrogm, and thnt 3 j  per cent d t b  hydrogen 

srchingabk (4). This givu~ h u t  0.01 pcr cent (0.5% X 6% X 35%) of the 
body ncigbt u abngeabk H &toms in carbohydrate, corruponding to a water 
aphkn t  of .bout 0.1 per cent of body weight. Thc rapidly cxchgcable H atoms 
in f.r UT UAUllcd negiigibk in .mount. By adding the above valucr, a 6gurc between 
1 and 2 pa cent of the body weight is obtoiaed ps a water quivalent for the rapidly 
-ble H atoms in the organic mmtituents of the body. In ahmt dl reports 

the peranty of body weight appearing u body water and obtained by dilu- 
of deuterium or tritium as tracaa, the above equivalent has not been subtracted 
hence the valua reportd are hi& to thir extent. 
Whae hydrogen atom am bound to arbon atoms directly, exchange takes * not at  d ot only very s h l y  as mcb atonu become labik during procascs 

~ k ~ p t a n c e i n s t u d y i n g  the i n t e n d i a r y  metabolismof the body (4 21, 6r-54) 
iavdving chemial rrrttbn!I in the body metrboli. Thm acb.nges arc of ut- 
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= I  
I but an too slow to be oi m y  p a t  consequence #n wter baiance experiments of 

short duration and hence can usually be ignore1 in such measurements. 
If water molecules containing deuterium or tritium exchange across body mem- 

branes just as does an HzO molecule these isotopes may be used to measure the rata 
of exchange of water between various water cornpartmenu in the body. The rata 
of exchange thus measured may be iduenctd by many facton such as the rate and 
charwetistic of blood supply to the area concerned, the thickness and area of the 
membranous bpnier involved, the thickness of the h i d  hyer on each side of the  
barrier, the type of barrier, and the ditrusioa coefficient. 

HDO or HTO in the body usually comes into quilibrium in b u t  an hour 
with 111 rapidly exchangeable H a t o m  (00, 53, 60). Since wata  is the principal 
diluent, the amount of water required to give the concentration noted at equilibrium 
is dculated and up& as a percentage of the body weight. Such detenninatioa, 
give body water values ranging from 45 to 60 per cent (average 52%) of body weight 
for women and from 56 to 7 0  per cent (average 610J0) of body weight for men in one 
series of meuurrmentr (60). Othaa haw reported 63 f 4 per cent for man (19); 
s7 per cent for man (53); 72 per cent for man (40); 72.5 per cent for man (43); 65 
per cent for the guha pig (12); and 57 to 71 per cent for rats (53). Tbes results 
indicate considerable variation in the pe~entnge of body weight which t measured 
aa water. Since body fat has a low water content it has been mggesttd that body 
fat is largely mponsible for the wide variations in percentage of body water meas- 
ured. The percartage of body water in the €at fne body or 'lean body m d  of nb- 
bits and 11110 ia found to be 73.1 (48). There is some indication that the lan body 
m.u does not vary widely with regard to its water content (47.48, 55). If correction 
is made for the rapidly exchangeable H atoms in organic constituents of the body 
the d u e s  l i  above for percentage of body weight appearing 1) water would be 
reduced by 0.5 to 0.0 per cent. 

Wator Exchange Batmen hdividad Body Fluidr and Blood The rate of a g  
p r a n c e  or disappearance of HDO or HTO in a given body fluid is used to measure 
the rate of exchange of that fluid with other body fluids. The tracer irotope is either 
injected into the Mood stream and its rate of appearance in the spedfic Buid under 
study noted or injected into the fluid being studied and the decrease in concentxi- 
tion with time noted as water exchanges with the blood stream. If the tracer isotope 
is placed, for upmpk, in the aqueous of the eye and the water exchange between 
the e y e d  the ctcuktiq bkrodproacdtat a corutant rate with 110 large net trans- 
fer of water, one expects an apomtkl dccrruc in concentration of the tracer bo- 
tope in the .queaus of the eye with time. The mte constant for this function will 
depend on the volume of raw in the aqueous of the eye m d  the volume of wata 
uchanged betwen the eye and the blood per unit time. The rate constant hps beeo 
meuund for nata in the eye comp.rtments, in the cerebrospinal fluid, and in am- 
niotic fluid. The lulf-time, or the length of time neccmary for the HDO concentn- 
tion of the w8ter in thac water comportmenu to be reduced by one-half by u c b a n g  
with the dmrlting fluid, is 2.7 minutes for the aqueous of the rabbit eye (351, IO 
to 15 lrriwta for the vitreous of the rabbit eyc (35), less than 7 minutes for the 
aqueous of the monkey eye (35); 1.5 minutm for the cerebrospinal fluid in the region 
of the &tad m a p  in man (68); 8 to X I  minutes for the cerebrospinal fluid in thc 
ventricular won in man (68); and 18 to 16 minutes for the cerebrospinal Buid in 
the lumbar region in man (68). Water atchpnge between the amniotic fluid and the 
matend EkcuLtion indicates a half-time for the amniotic Buid of minute in 
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:ne pines pig (13) and 2 hours in the human I 75). Because thest ue~s nprescnt 
h i d  yolurnes in contact with the circulatlnq blood only on the periphery, these half- 
yse a= probably representative of some oi the longer half-timm existent in the 

The cuter exchanged across the placenta between the human fetus and the 
salemal circulation h found to increase from IOI ml hour 3t a gestation age of r4 

to 2joo in1 hour at J gestation age oi j~ weeks and to decline to 1580 ml'hour 
St  t- (23). . i t  a gcatation age of 3r weeks the fetus q u i r e s  only 0.66 ml. of water 
per hour for the increase in fetal weight noted due to growth. Therefore, the d u m e  
d water achanged across the placenta a t  this time is 3800 t ima the volume of water 
n t r d  by the fetus for growth (23). 

The erythrocyte is obscmd to equilibrate with HDO in the blood in less than 
I minute (18) and, considering its size togtther with the difiusioa d c k t  for €€DO 
in water (45, 46). probably quilihtates in a very few ucoads. The fluids dkussed 
above represent only a s d  fraction of the total fluid in the intracellular and extra- 
&hr space of the body but direct measurement of the rate of equilibration of the 
intracellukr md extrrrcclluke ffuids with b l d  in o t h a  individd o w  of the 
body has not yet been reported. Such measurements can  probably be made with the 
aid of deuterium or tritium as tracers. This npnvnts a held for future work. 

Botmoa Vucrrlu d Estmvaaculu Pluids. The sum total 
of water exchange between the blood and all extmvmcular water h a  been deter- 
mined by isotope dilution of HDO in the blood after intmvmour injection. Two 
o b w m n  report independently that two rates, both exponential with time, are sa- 
cient to daeribe the dilution noted in the blood of man. The data obtained are 
dncribed by the equation 

d y .  

Water 

c, - c, = + iW4" (14 60) 
whae C, t the aacentmtian afdeutaium in YUCULT C i  at time I .her intra- 
veMurinjectio~ c., is the C o w e n t n h  of dcuteriula in dl body IWdI dtcrequi- 
librium UatabW, a rsrd 6 arc constmts, and AI and Xa M tbe ho rate corutrnts 
rhioh deaaibt the spscd with which the yucuI.f Buid b archraqirrl with Mn- 
VLYukl fluii. The hrlf-timt fa diYppcurnoc OfHDofmmthebhdalCuLted 
fram each of these two nte coartrnts is approximately 30 SCaDDdr and 3 & u t a  
Kcording to om obaantioo (x4) .od .ppmlimrtdy 75 YCoDdi ud 9 )  minuta 

rbovrc okantiwr we Qll alctlLte t h t  99 perernt e q u i l i b h  will be CrbtlIiIlhed 
WOW to& o b  ( b ) . T w  the d the tm U - h  in ach dtbc 

hetween the v 8 m k  rod a l m v u c u k  *in rbout ao minutmi0 the &at (am 
md in about 63 minutes in the xamd cue. Thranlucraxnqxnd to the equi- 
~brium tLnt gencnlly obavad for man by othar wing HDO (M) and HlYI(&, 
53). Utilizhg the obremd ne comt.ntr it ia panibk to akuLtc tbat a v o l u ~ ~  of 
wrter krgw tlun the vdumtof ptrmr mta ia exchuqd pa miwtt kr*ren the 
VUolLr and atnvucukr Buidr of man (14). slld Lg afhopr moat likely 
trlrcpkcc by dihion back md forth wrom apilluy &. That only two race 
cwrrtnntl are m5cient to &uribe thewata c r c h r ~ p m c m  bet- nntkr ud 

c x t n v a m l u  fluida is ntbtr nvpririne ~ l d d d n g  tba fluida invoived in the 
~ v m e w u  of the body. Tbe two nta dttumiaed m y  well be only average nlwr - whidl Inter in the divenuar of thhaly tend to Sam. In my wt tbc 
t m  nta f d  suggest ho gmd artrpvucsr &rid areas in the body ach of 
which b a  churctcrirtic ntcof uch.ngc with thtvucukr fluid. ThediEcrcncc in 
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exchange rate noted ma! nwit x r i m  <iin'crences .n amount h l w l  tlow to the cwo 
general areas or irom differelices 111 tne ddusion rate into the two areas due to \*ark. 
tion in bamer permeability 1)r barrier rhickness. Some observers 1-32) have inter- 
preted the two rates to he menstires .ii r. .ni i ip:  of v:tscular h i d  with extwcellulr 
and intracellular h i d .  respectively 

.ktual measurement oi !.he rate oi exchange between the vascular duid ;md fluid 
in various body organs I l f  animals appears ieasible with €ID0 or HTO 3s t a r s  
and would undoubtedly cive some indicition of the relative importance of blood 
dow versus d h s i o n  as D limiting factor in the exchange. \\.hat n-ould be the effm 
on the water exchange rate between vascular and extravascular fluids in the skin 
if the skin is cooled! It was noted above, under water exchange through the skip. 
that cooling of the skin reduced markedly the rate at nhich H M  in the skin appeared 
in other body fluids. It is presumed that HDO or HTO injected into the blood stream 
might come into equilibrium with extravvascular fluids in the skin very much slower 
when the slrin is cooled than when the slrtr is warmed. 

Radioautographs have been used to l d i z c  tritium-iabeled compounds in 
paramecium and yeast cells (9).  It m y  be possible to immobilize HlY) in various 
body orgas during the proceu of establishment of equilibrium by quick freezing 
with carbon dioxide or nitrogen and then make radioautographs of the from SK- 

tions to determine the relative concentration of the tritium in various parts of the 
tirruC. If such a procedure proves feasible it might be useful in further clarifying 
some of the factors relating to water exchange in the body. 

S m O w Y  

The physical properties of deuterium and tritium in relation to concentrations 
of these isotopes which may be toxic to biological organisms and which determine 

The concept of the use of isotopes aa related to the use of deuterium and tritium 
is cr.mtnrd * in the light of biological itudics already made with these heavy iaotapes 
of hydrogen. Where it has becn possible to compare the rates of dihsion of Hw 
or HTO with Ha across various barriers no great diBerence has been found in the 
rates m<th which thew molecules mow across such barriers. 

Studies of water exchange between the animal organism and the external en- 
vironment using HDO and HTO as tracm show that a) the exchange of water be- 
tween the hpkd  a i  and body fluid in the lungs is nearly 100 per cent, b) the amount 
of nata  t x a n s f d  from the gutrointcstianl tract to the blood stream foUowio6 
ingestion is l i e u  with time, c) a permeable barrier exists in the outer skin through 
which water vapor may difFusc in either direction, and d), within the limits of mcasw 
ing d t i v i t y ,  all fluids lost from the body contain the m e  isotopic concentrrtion 
of HDO O? HTO u that prevailing in the water of the blood at the time of loss. 

The a t e  of water exchange betwen the vDLculpT fluid and the water of the ~t 
computmentc, cerebroqiaal fluid, and amniotic fluid is so fast that within a fer 
minutes or at mort a few hours the volume d water exchanged is as great IU the d- 
umc of r a t a  m a i n t a d  in these water compartments. HDO or HTO introduced 
into thc blood stream normally attnins 98 per cent equilibrium with extravuc~lor 
body fluids in about an hour indicating rapid water exchange between vascular lad 
atravmcuhr fluids. The rate of this exchange indicate that the volume of ra ta  
pUring in and ont of the blood stream per minute is larger than the volume of water 
normally maintained in the blood r t r n m  as plasma water. 

' the sensitivity of methods of assay are indicated. 

I p r i l  r9;a 
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