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A study has been made of the body absorption, d i s t r i b a t i a ,  

and excretion of t r i t i u m  in man and l a b o r a t o r y  animals follafing ex- 

posure t o  tritium in the form of HT and HTO, 

o m l  routes ai erpoeure -re studied. 

the major portion of tritium inspired as HTO was absorbed In the body. 

Very l i t t l e  tritium inapired as HT was absorbed, 

oxidized small amounts of HT t o  HTO. 

Both respiratory and 

The r e s u l t s  indicated that 

Both rat arxi m ~ l l  

Fraa the  r e s u l t s  obtained it would appear that fur man the 

mnrllrrnm pezmisaible l eve l  of tritium as HTO in inspirea a i r  should 

be 6 I 10-5pc/cc. based on 0,3 rep,/wk. and a 40 hr./wk. a p o s u r e .  

The maxbmn permissible level of tritium as HT in hsplred air 

s h d d  be 0.6pc/ccD 

i s  the limiting factor.  

as HTO in the body of both mn and mxbnals un a h o r t  erpolsa~e was 

In t h e  M e r  case radiaticrm doees t o  the  1-8 

The principal d i lu t ian  volume of trlti- 

fotmd t o  be the total body water. 

fran the bcdy fluids fol loving acute exposme was in keeping with 

The rate of turnover uf trltim 

the rate of turnover of total body water. Mice excreted tritium 

rats 3 t o  5 dap,  men 9 to U days. 

Chronic exposure of mice t o  HTO aver a period of 5 rantha 

rec3~lted in t r i t i u m  beccming d i s t r i b u t e d  in'the body water and in 

saae determinsd body consti tnsnta other than uater vhlch had a 

biologica l  half-time longer than one mek. The study further showed 
. 



that t r i t i u m  concentration as HTO in all the  body fluids and fluid 

excreta of man was e s sen t i a l ly  the  same. 

The r a t e  of absorption of HTO through the  gastrcz-intestinal 

t rac t  was l inear vlth time when given amounts were ingested. 

excretion as HTO from the  body f l u i d s  of man azxl animals was exponential 

w i t h  water turnover. 

studied by immersion of the  hand and foream i n  water containing HTO. 

Absorption through the  skdn UBS found to be approximately equal t o  

the r a t e  of water l o s s  by insensible  perspiration. 

T r i t i u m  

Absorptian of KTO through the  sldn af man was 
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TIIE BCDY ABSORPTION, DISTRIBUTION, ALND 

MCRETICN aF TRITIUM IN MAN AM) ANIMALS 

htroduct ioq - 
Tritium i s  the radioactive isatope of hydrogen of mass three. 

It has a balf-life of 10.7 pear8 and emits e o f t  beta par t ic les  of 

18 Kev. maximum energy. 

used as e hydrogen t r ace r  In t h e  experbents  here presented in dmopllts 

No gannna radiat ion io emitted. It has been 

up t o  3 millicuries. Varlous Phy~iological aspects of its absorptian 

‘r 

.. 

,- 
I .  

through t h e  81dn, the respiratory and gautrcAntest inal  systems, I t s  

dis t r ibu t ion  w i t h i n  the body, and its exmetian fran the body haps 

been meaBured in man and a ~ l m a l e .  Frm these measurements certain 

conclusions concerning the tolerance dose of t r i t ium far man have 

been drawn. 

. Exmrimental Methods and Resultg 

The method used for t r i t i u m  assay uhm present a8 €?TO in body 

fluids was as f o l l c u s :  

Uater fran the body f l u i d  concerned uas obtained b.r canplets &a- 

t i l l a t i o n  in a wopum a t  roan temperature. 

sample thua obtained vas allowed t o  evaporate In to  an evseuated syrrtem, 

t h e  vapor psshg  through a furnace filled vith powdered rlnc at glass 

w o o l  held a t  4 o O U O % .  The reduced hydrogen and tritium vem -ped 

into a 250 cc. Borkovski-typs I o n  ohamber by mema of a Toeppler 

0.1 ca. of the  wter - *  

roan tempereture. The chamber was then filled to about 100 m. Hg 



pressure w i t h  C02 i n  order t o  obtain be t t e r  ionization eff ic iency ViW 

the contained' gas. The saturated l ap i za t l cm current was meaeured dth 8 

dynamic condenser e lec t rane ter  with a sene i t i v l ty  of 10 4 7  ampere. The 

observed ionizat ion current  vas 1.5 I: ampere per dcr0ctrrie. The 

backgrormd of the Ion chamber vas 2.1; I lo-% ampere eqdv'alent t o  

1.6 x lT4 microcurie (360 disintegrat ione per minats) of tritium. The 

a c t i v i t i e s  measured usually ranged frcm 10 t o  100 t h e e  background. At 

these levela duplicate analyses differed by leas than 5 per cent. 

Rats were exposed contirmouly t o  varlm concentmtlons of t r i t h m  

in Inspired air for periods up to 145 hours. 

system af appraxhately 30 U t e r a  volume. 

Wed I s  shatn In F i g .  1 v i t h  t h e  be l l  jar in place and in Fig. 2 w i t h  the 

bell Jar r e m &  so that the  contained cage MY be men m o r e  clearly. 

T h i s  was done in a closed 

The BT exposare apparatas 

The El' g a s  wa8 arpoaed t o  no metals In this a y s h .  

water, food, t h e  rat, and the chemicals required t o  absorb water and CQ2 

(C~C% and soda lime) were the  materials vith which the gae oamd in con- 

tact when the rat u a s  p e e d  t o  ET. 

from t h e  cuygen supply tank throagh a une-vap valve as the rat uaed 

w e n  from the  bell jar, When e r p o m  to €IT0 vapor was =de the floor 

af the chamber was covered with a 0.5 I &QI s o l a t i a  aontaining ET0 in 

h a s ,  lacite, mbber, 

*en was bled i n t o  the b e l l  Jar 

an amount t o  produce the m- a a t i v l e  in the oatmted atmosphem 

of t h e  bel l  jar. 

c o ~ e o t e d  intermittently frm t i e  botaes benaath the chamber. Gas 

The hOEI acted a i  GO2 sbaorber. Urine and feues M F ~  

samplee were collected f r m  the  chember in LLD. mcuated Ian chamber, 

through t h e  tube a t  the bottan ertendlng up i n t o  the chamber, and 

analyzed t o  date& t r i t ium activity. The animal may be srpoeed 
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continuously f o r  many days i n  this aystem a t  an essent ia l ly  constant 

tritium a c t i d t y .  

The tri t ium concentration t o  which rats were exposed in the  

above described a p p r a t u s  was varied fran 6 x lo4 t o  3 x 1O2pc/cc. 

in dlfferent  sxperiments. The length of exposure ran hvrm 100 t o  345 

hours. 

1.8pc/cc. was made in a e W  but rmvll'ler apparatus. 

One exposure of tuo hours duration to a tritium activity of 

F i g .  3 ahova the b a i l d  up of tritium concentration aa HTO in 

the  body f l u i d 8  in two of these erperiments, m e  in whlch t h e  rat w a  

exposed t o  HT and the other t o  E O .  A ~ummary of a l l  such e x p o ~ ~ ~ = ~ s  

made on rats is glmn In Table 1. 

Z E i U  
-- RATE OP APPEBRB-TE CF ElTO M THE BaDY FLUIDS OF E 
RAT AS A RESULT ClF THE INSPIRATION OF HT AED EiTO. -- --- ---- 

Tritimc 
Form 

HT 

I) 

9 

I 

I 

I 

€50 

U 

InSPFred 
b m t  . pc/cc . 

Rate of A p p e a r a n c e  of 
HTo Body Fluid8 

picJoc./hr. 

5.ox1Od 

3 . cbrlo-5 

Indetectable 

II 
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In these expereents the rat used about 500 cc. of uxygen per 

hour at roan temperature and 59 cm. Hg pressure. 

of & of axygen fran inspired air this gave a volume of lZ.5 l i t e r s  of 

a i r  inspired per hour. 

a s  HTO in inspirea a i r  a maJor portion of all the  activity hbaled 

YBI3 taken up In the body f lu ide ,  indicating ram exchange aad abemption 

of t r i t i m n  water across respiratory membranes, 

was present as  HT in the inspired air, less than 0.1% of the inspired 

a c t i v i t y  appeared in the bcdy f l u i d s  of t h e  rat as HTO. Except in one 

experiment the  range of a c t i v i t i e s  t o  which the r a t  was erposed'via in- 

spired air was not high enough f o r  abaorption of HT pe;r 98 in bodp 

f l tdds  t o  be detected. 

takes  place in the ra t ' s  body. 

of HT u i t h  %O for when HT was placed in a sealed glass bulb dth q g e n  

mer a s m a l l  amount of H20 a d  allowed to stand a t  roQIl temperature far 

two o r  three weeks, no HTO appeared in the %O. Since the same gas waa 

Assuming absorption 

Thus it appears that when t r i t i um waa p e e a t  

I f  the t r i t i um a c t i v i t y  

A p p n t l y  biological  oxidation of HT t o  HTO 

This does not appear t o  be an exchange 

used in t h i s  exposure a s  f o r  the rat exposures it a l s o  mzllifies the 

poss ib i l i ty  that the  RT might have been contaminated w i t h  HTO. 

was paseed through anhydroue magnesium perchlorate and through a l iquid  

nitrogen t r a p  far removal of HTO before use in these erperimexts. 

The EPT 

Respiratoxy exposure of the rat to e i the r  HT OT EITO took about 

100 hums f o r  HTO in the  body fluid t o  reach a re l a t ive ly  steady value 

(Fig. 3) .  Beyond this time HTO excretion through the  various water 

excretory routes balanced HTO uptake by the body through the lunga. 

The equilibrium value reached varied 1045% during the day due t o  short 

-8. 



. .  
I ’  

.. 

period variations in the water turnover r a t e .  The rat e a t s  and dripka 

most of i t s  daily water turnover at night 00 that the tritium activity 

in body f l u i d s ,  on contFnuoue exposure t o  a constant h s p l r e d  activity, 

w s  usually l o w e s t  in the morning and highest in  the evening, 

After exposure of the rats was canpleted, they wem m m d  f m  

the exposure chamber, placed in a metabolism cage and t h e  decline In 

HTO activity in bcdy f lu ids  followed. Meter and focd intake were noted 

and u r i n e  collections were made daily for analysls af tritium act ivi ty .  

The results of one such experiment e m  shown in Figs. 4 and 5. 

apparent €DO e lbdna t ion  fran t h e  body i s  an exponential function of 

water turnover. 

wll  as H20 ingested g r  8 8 .  

l o g i c a l  half-life for HTO ranging fran 3 t o  5 daya depending an the 

rate of %O intake. 

body wight, Since body water const i tutes  abowt 7% of the lean body 

w i g h t ,  t h i s  auggeats that Lady water makes up the kjor portion of the 

It is  

The ueter intake shown included water frau food as 

Other experiments m rats shoved a bio- 

The -tion volume ranged fran !j’?$ to af the 

bcdy volume vith which HTO I s  diluted. 

It seemed important to attempt t o  detexmlne if, drtring chr&’ 

expsure,  tritium did enter i n t o  canbination w i t h  body cmst l tuents  other 

than water d, if so, t o  vhat extent since other body cmst i tuenta  may 

have biological hdf-lives differing from t h a t  ai wter. To do t h i s  

mter contalnhg L.Upc/cc. af t r i t i n m  as HTO wad fed t o  three mice 

for five man- in place of normal 5 0 .  men diluted with water ob- 

tained frun t h e  food t h i s  gave an avgrage HTO ac t iv i ty  in the M y  

f l u i d s  of the m o u s e  of 2 .8pc /cc .  (The beta radht icm frm t h i s  amount 
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of tritium represents a radiation dose of about 6 rep. per veek.1 ?? 

mighhg the HTO and t h e  food Ingested the H20 result- fran the food 
i 

- _  
. .  

uaa determined by tBe degree of dilution noted. 

about 5C?$ of the weight of the food Fngested appeared in the  mouee18 

bcdy to dilute the HTO h i c h  t h e  mouse drank. 

calcnlate total water intake. 

It was fuund that 

This figure wag used t o  

Bfter five months the mice vere taken off HTO water and given 

%O. 

one month. 

t h i a  period. The results a m  shown in P i g s .  6, 7 and 8. 

the decrease in HTO act iv i ty  In t h e  body fluids w8 very rapid, shoving 

a biological W - W e  over the flrat ten days of 1.7, 2.0 and 1.5 daps 

in mice 1, 2, and 3 respectively. 

the  amrage w l u e  for the reservoir calculated fraa t h e  rate oonstant 

during t h i s  first ten day period t l~ is  83% of the body veight of the mice. 

Since t h i e  m h e  v a a  more than the percent body water it auggesta the 

coatrlbution of ~(x i le  tritium fmn acme tissue or tissues w i t h i n  the body 

ba- longer U - l i v e s  than that far body water. This was confirnted 

mbequently in t h e  experiment as t h e  decay ctrrpd becams l ess  and less 

steep. During the laat, 10 day8 of the erperiment the  s p m n t  half-life 

far aB m e a s u r e d  in the u r h  lengthened t o  7-10 dape. A t  tb i8  t h e  

lune body canrrtituents 

of one week vaa undoubtedly contributing considerably t o  the ET0 sctiVit7 

measured In t h e  urine, It should be noted that by t h i e  tbne the act idty  

measured in the ur ine  had decraaaed to leee than 0.5% of the oalne ob- 

8 e m d  at the beginxing of the period of decline and mahtained during 

The decline h HTO act iv i ty  in body fluids uns fo l luwed far about 

Daily water a d  food intake uas  carefully measured during 

Initially 

- 
Considering water turnover in Fig. '7, 

o t b r  than water ha- a hdf-llf'e in excess 

-10- ----- 
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the f iw montns period tne mice were d r i n k k g  HTO. Thus it seems quite 

apprent t h a t  mlce on long exposure t o  HTO integrate same of the tritium 

into baiy conetituents other than water and rrun which constituent8 the 

mica c811 e7lmirvlte the t s i t i m a  uith a halr-life langer than o m  week. 

A t  t h e  end of the period aham in Fig. 6, the mice uere sacrificed, 

d i ~ s e c t e d ,  a23d various component part8 of t h e  body separated ao that 

samples af bone, muscle, fat, liver, etc. were obtained. 

t o  d r y  them t l s m e a ,  bum*the  dried reeidue, co l lec t  water frau the 

cambustion, ard BpBlyze it for tritium in an effort to localfze  the iattrcd 

of the long lived carPpanents indicated above. This prt of the gltperinent 

has not pet been canpleted. 

It i s  planned 

Sane t r i t i an :  absorption and excretion data uere also coUected 

fran man. 

excesa of t h e  

In no c88e in this work was man exposed t o  a radiation dose in 

pedssihle dose of 0,3 rep, per vesk established 

the BEC health s a f e t y  recamnendatlons. 

In a closed rebreathing Byatem containing uater and COz absorbere 

( h C 1 ~  and Eode -> WE8 SrpOSed t o  tritiUlPl 88  b m a a n t e  

fran O,l lpc /cc .  t o  9 pc/cc. af inspired air for periods of tvo.hours, 

The BT was dried before use 'try fi-eezing water out in a dry ice trap. 

dfter the gaa came in contact vith no metals in the mbeathhg 

aystcm. Qlly glass, lacite, and Nbber vere used in enclosing tho spst0ra. 

Under theea conditions man also appeared t o  ccridize HT t o  EFT0 ae did the 

ra t ,  although t h e  ra te  of this uxidatlaa In man t e e  nmch lese per unit 

body weight than in the c a ~ e  of the ra t .  

perlment on man tm e h m  in Fig. 9. In this short period of axpoaurr 

The l ~ d t 8  of one such ex- 

-11- 
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T r i t i u m  Act ivi ty  as H!T 
b l S p b e d  A h  pC/CC.  

Rate of HTOdpparanca in 
Body F l u i d s  pc/cc,/hr. 

1 

0,U 

.- 

Indetectable 

the increase of HTO in body fluids was linear vhen plotted against t h e  

eince the amount excreted during the  experiment m8 negligible canpared 

t o  that produced in t h e  body. The results of three exposures or man t o  

different a c t i v i t i e s  of tritium a8 HT in h e p i r e d  air are given in Table 2. 

TABLE 2 

RATE €EO APPEllRANCE IN BCB>Y FLUIDS - --- --- OF MAN DURING INSPIRATION - OF -. RT 

e .  . 

c 

7,mO-J 

I S.OxlP4 1 0.6 I 

For these l eve ls  of a c t i v i t y  i n  inspired air the HT diseolvsd in 

b q  f lrrids can be detected, Howwr, no procedure me worked out a t  

this time f o r  i t s  accurate quant i ta t ive measurement, Therefom, HT MI 

remop-ed fram the samples t o  be analyzed for m0 by wamnlng t o  roan 

teanperature in a wcuum. A t  sane fu tu re  time the rate and degree of 

HT absorption in t he  body vill be atudied. On the basis of absorption 

of hydrogen in vater  a t  37%. it may be expected t h a t  body flaide w i l l ,  

absorb per a t  volme'about1,6% of the a c t i v i t y  per u n i t  volume of 

h p i r e d  air. 

The canposite r e s u l t s  of the  HT and EPTO inhm'lntian exporimants 

an nmn and rats are ahom in Fig. 10 in r e l a t ion  t o  a ?maxhum plrmissible 

l Q b l 9 1 2  
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dose f o r  man of C.3  rep. per reek. 

by man have yet been done. 

basis of theoretical considerations and t h e  reaul ta  obtained w i t h  the 

No experiments on Inhalation of HTO 

It s e e m  fairly certain, hwmr,  on the 

r a t ,  tbst the curve sham for absorption of HTO by man when lnhdlng 

HTO i s  a r e a l l a t i c  one, or a t  least e canservative one 80 far at3 a d e  

permissible dose is cancerned. The nmdnnnn permissible dose of tritium 

f o r  man based on a 40 hour per week exposure t o  HTO or  HT in inspfred 

air is indicated by the po&t a t  which the vertical line c r o a s e ~  the 

appmpdate  diagonal line on t h e  graph shorn in Fig. 10. The dose is 

dependent t o  a cer tain extent on the  rate of water turn Over Q mu. 

A =tar t u r n  m r  of 20 l i t e r s  per weak for a 70 kg. man was assumed 

in makhg the p a @ .  

m n  inhaling HT may reach a maximum pemissible dose of 0.3 rep. t o  

Th i s  figure a l s o  points t o  the conclusion that a 

t h e  lungs befom a maximrzm permissible dose of OJ rep. t o  the bcdy 

In g e n e d  is reached due to d d a t i o n  of HT to HTO. 

m e  expriment the ann of 8 man was immersed up t o  the elbow 

In water ccmtsining 0.1 mc/cc. of tritium 8 8  HTO. HTO a c t i v i t y  in bcdy 

f lu ids  rose a t  such a rata a8 t o  b d i c a t e  an absorption rate of water 

through the akin of 0.05 mg./cm.2/idnute. This am-tes t h e  rats 

of insensible perspiration or =tar loss aut thraugh the skin due t o  

dlffusicm when sweat glands are inoperative. 

tritium in to  the body of p ~ a p  through the akin I s  too slow t o  pose a 

serioua h a d  80 far as maxlmm permissible doses are conc8med. 

would have to immerse t h e  whale 

The rate of entry of 

One 

i n  water containing 0.1 mc/cc, of 
.I . 
c tritium as HTO for more than an hour in order t o  absorb an amount of 
* .  
- . .  

-13- 
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HTO through the skin which d d  give a radiation 

week. 

dose of 0,3 rep, per 

One experiment vas done on man in which 3 mc. of tritium as HTO 

was ingested in 200 cc. of water. 

l inear  with tibe and was ccmpleb 

tritium was diluted with about 58% of t h e  bdy  weight, suggesting that 

A b s o r p t i o n  into the blood stream me 

ahut  45 minutee (Fig. 11). The 

t o t a l  b d y  water i s  the pr inc ip l  dilaent. Body water turnover ma 

measured over a period of s l x  days snbsequent t o  this ingestion 

weim all food and f l u i d  intake and all emretory output. Uater In- 

t a k e  in food inclnding metabolic water 'LBS d c u h t e d  and incladed, For 

four d a y s  =tar turnover was kept near n o d  (2.7 l i t e r s  per day). 

During the h s t  t w o  days water turn over was inoreased t o  12.8 liters 

per day. Durlng both periods tritium activity aa HTO in the body fluide 

decreased a long a straight line when t he  l og  of the act iv i ty  urs plotted 

againet water turnover (Fig. 12). The reeervoir calculated frcm the 

rate constaat v a s  57.5% of the b e  wight .  Since this i s  e s s e n t i d l y  

the sane a a  the a n e n t  per cent f o l h w h g  lngestian it agah suggeeta 

body w t e r  anly as the principal dlstributim volume for tritlm. 

Tritium excretion rates detemhed an eight other hnrnan mbjecta in 

which uater turnover YBS m e a s u r e d  less precisely irmdicate a wsenoir  

ranging fraa 57 t o  68% af the body wight .  

reparted p v i o r u s l y  in IdMs - 1099. 
Sane of them data were 

In the erperiment descdbed above the  biological half-life for 

tritium during the four day period af normal mter intake #CI about 10 

d a y s .  DurFng t h e  last two days when t h e  water turn mer MI i n e m a d  

I O b 1 9 1 4  
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t o  12.8 l i t e r e  per day the tritiun h a l f - W e  in body fluids was mduced 

, *  

. 

to appraxhmtely 2.4 days (Fig, 1 3 ) .  In the eight other h.mran d j e C t 8  

mentioned above the biological half-We for t r i t i u m  as BTO in bod3. f l a i d s  

In the  c w r m  of these sevsrel experiments an man ths tritium 

the tfltlam activlty was i d  t o  be essentially the m e .  T h i s  laad8 

t o  the generalization that 1 ~ 0 t 0 p i ~  dilutiar ur concentration ai tritium 

does not  occur to 

Uith certain limifiaticma bposed by the elanent ai time any of the above 

mentioned fluids may be used as a meam ai the tritium activity an 

HTO in the body fluids in general, 

marked degree in a q  a u l d  a,uywhere in the body, 

5 .  The principal diluent of tritiarp as ET0 in the ai both mn d 

I O b 1 9  IS DOEIHQ 
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9. 

10. 
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12. 

I O b 1 9 1  b 

Mice excreted tritium fraa body f l u i d e  with a biological  half-the 

of 1.5 - 2.0 days; rats 3 - 5 days; men 9 - 34 d a y s .  

For man, the maxirmZm permissible l eve l  of tritium as IITO 

air (based on 0.3 rep./wk. and a 4.0 hr./wk. exposure) is 6 x 104 ~ C C  

For men, the mxhum pelmiseible l e v e l  of tritium as 

air (bssed otl 0.3 rep./wk. and a N hr./vk expoeure) I s  0.6 UC/CC. 

I n  t h i s  cam the  rad ia t ian  dose t o  the lungs i s  the l imi t ing  fac tor .  

The tritimn concentration a s  €IT0 in all the  body f l u i d e  d f l u i d  

excreta of man was essen t i a l ly  the w e .  Uith c e r t a i n  limitatima 

hposed by the element of time, any of the  body f l u i d 8  may be uaed 

as a measure of t h e  tritium activity as HTO in the body fluid8 in 

general . 
The rate of absorption of HTO through the gastr- intest iaal  t r ac t  

was linear w i t h  time when a given amount was ingested. 

T r i t i u m  excretion as €IT0 from t h e  body f l u i d a  of man aad 

h8pired 

in inspired 

was exponentisl  w i t h  uater  turnover. 
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FIG. I - Apparatus for exposure of animal. +c. L.T 
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FIG. 2 - Apparatus for exposure of  animals to HT [ t L c  jar 
removed to show cage assembly) 
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Hours Continuous Exposure 
FIG. 3 -Tritium Concentration (as HTO) in Urine 

of Rats on continuous Inhalation of. 
Atmosphere Containing Tritium. 
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Days ofter discontinuing exposure 

FIG. 6 - Rote of elimination of Tritium by mice following 
chronic exposure to ingested HTO. 
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H,O Turnover, cc. . 

FIG. 7 - Woter turnover cc. vs. Tritium activity in urine 
following chronic exposure of mice to ingested HTO 
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0 Mouse No. I, Wt. 28.13 g 

A Mouse No.2, Wt. 3128 g 

cc. H,O Turnover per gram of body wt. 

FIG. 8 - cc. Water turnover per g. body wt.  vs. Tritium activity in urine following 
chronic exposure of r ice  to ingested HTO. 
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Exposure time in minutes 

FIG. 9 - Tritium c o w  as HTO in urine of man during inhalation 
of atmosphere containing 9pc/cc of Tritium as HT. 
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t O b 1 9 2 4  

FIG. IO- Maximum perrpissible dose of Tritium for n u n  
based on a 40 hr/wk. Exposure to HT or HTO 
in inspired air. 
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FIG. 12 - Tritium Excretion by Man as a Function of 
Water Turnover 
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