
THE BODY ABSORPTION, DISTRIBUTION, AND 

EXCRETION OF TRITIUM IN MAN AND ANIMALS 



A study hss been made of the M y  abaorptian, distribrrtim, 

and excretion of tritium in man and laboratory animals following ex= 

posam t o  tritium in the form of HT and HTO. Both respiratory and 

oral. routes of exposme were studled, The results indicated that 

the major portion af t r i t i u m  inapirea as HTO wits absorbed in the body, 

Vexy l i t t l e  tritium inspired as ET was absorbed, 

d d i s e d  small. amQopts af HT t o  EITO, 

Both rat d rn 

Frcm the results obtained it would appear that far man the 

m&mm permissible level  of tritium as HTO in Inspirea air should 

be 6 I l0-5p/ca. based on 0.3 rep,/vk. and a 40 hr./vk, srpoaure. 

The mar(mnm permissible level  of tritium as gT in inspired Sir 

s h a d  be 0,6pc/cc. In the Wer case rttdiatian doees t o  the lungs 

is the limiting factor, The principal dilrrtian volume of t r l t l r m !  

as HTO in the body of both man and admala  om short erpoaare was 

found t o  be the total body uater. The rate of tarnover of tritim 

frcm the body fluids following acute exposure was in keeping with 

the rate of turnover of total body water, Mice exoreted t r l t i r n  

frcm body fluids dth a biological half-the of 1.5 to 2.0 da78, 

rats 3 t o  5 daye, men 9 t o  U days, 

Chronic exposare of mioe t o  FiTO Over a period of 5 manthe 

resulted In tritium becoming distributed in the body water and in 

some undetelmined body constituents other than water vhich had a 

bialogical half-tirne longer than one week, The s t d y  further shou8d 
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that tritium concentration as HTO in all the body f lu ids  and f l u i d  

excreta of man was essentially the same. 

The rate of absorption of HTO through the gastrO=latesthd 

tract was linear with time when given amounts were ingested, 

excretion as HTO from the body fluids of m a  aad a n h a l s  was exponential 

w i t h  water turnover. Absorption of HTO through the skin d man was 

studied by innnersicsn of the hand and forearm in water containing HTO. 

Absorption through the sldn a s  found t o  be approximately equal to 

the rate of water loss by insensible perspiration. 

T r i t i u m  
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THE BODY ABSORPTION, DISTRIBOTION, AM> 

EXCRETION OF TRITIUM IN MAN AND AN- 

Ernest A, Pinson 

Introduction 

Tritium is the Fadioactive Isotope of hydrogen of mass three. 

It has a half-life of 10.7 years and emits soft beta particles of 

18 Kev. maXirrmm energy. No gamma radiation is emitted, It has been 

used as a hydrogen tracer in the experiments here presented in amounts 

up to 3 millicuries, 

through the skin, the respiratory and gastro-intestinal systems, its 

distribution w i t h i n  the body, and Its excretion frm the body ham 

been measured in man and anjmals. Frm these measurements certain 

Various physiological aspects of Ita absorption 

conclusions concerning the tolerance dose of tritium for man have 

been drawn. 

Experimental Methods and Reaults 

The method used for tritium assay when present as HTO in body 

fluids was as fol lovs:  

Water fran the body f l u i d  concerned was obtained complete dia- 

tillation in a vacuum at roam temperature. 

sample thus obtained was allowed to evaporate into an evacuated system, 

the vapor pssiag through a furnace filled with powdered zinc on glass 

wool held at @0-4lO0C. 

into a 250 CC. Borkaueki-type Ian chamber by means of a Toeppler 

0.1 CC. of the water 

The reduced hydrogen and tritium were pumped 

rom temperature. The chamber was then f i l l ed  to about 100 cm. Hg 



pressure with C02 in order t o  obtain bet ter  ionization efficiency within 

the contained gas. The saturated ianizatlan current was measured with a 

dynamic condenser electraneter with a sensi t ivi ty  of loo1' ampere. The 

observed ionization cument uas 1.5 x ampere per microcurie. The 

backgrolmd of the ion chamber was 2.4 x loou ampere e q d d e n t  t o  

1.6 x low4 microcurie (360 disintegrations per minute) of tritium. The 

ac t iv i t i e s  measured usually ranged frm 10 t o  100 t h e s  background. A t  

these levels duplicate a n a l y ~ e s  differed by less than 5 per cent. 

Rats were exposed contirmously t o  various concentrations of tr i t ium 

in inspired air for periods up t o  U5 hours. This was dona in a closed 

system of apprroDcimately 30 l i t e r s  volume. 

used is sham in Fig. 1 with the bell jar in phce and in Fig. 2 w i t h  the 

The HT exposure apparatus 

bel l  jar removed so that the contained cage may be seen more clearly. 

The HIT gas waa exposed t o  no metals in t h i s  sys-. 

water, food, the rat, and the chemicals required t o  absorb water and C02 

(CaC% ecd soda lime) vere the materiale with which the gas came fn con- 

t ac t  when the rat vas axposed t o  HT. 

Glaas, luci te ,  rubber, 

Qcygen was bled in to  the be l l  jar 

from the mrjrgen supply tank through a one-wap valve as the rat used 

abpgen fran the bell jar. When mpoaure t o  HTO vapor waa made the floor 

of the chamber was covered w i t h  a 0.5 N rJaaH s o l u t i a  conk- H!l'O in 

an amount t o  produce the required act i r l ty  19 the saturated atmosphere 

Of the b e l l  jm. 

Collected intermittently fraa the bottles beneath the chamber. 

Samples were collected from the chamber in an evacuated ion chamber, 

through the tube a t  the bottun extending up in to  the chamber, and 

m y z e d  t o  determine tritium activity.  

. 

The ElaOH acted as C02 absorber. Urine and feces vere 

Gas 

The a d n d  m y  be exposed 
L d b L  
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cantfnuously f o r  many &ye in t h i s  system a t  an essentially constant 

tritium activity . 
above described apparatus was varied f rm 6 x lo4 t o  3 x 1 0 a p / c c .  

in dffferent experiments. The length of exposm ran from 100 t o  u5 

hours. One exposure of two hours duration t o  a tritium act ivl ty  of 

l.Bpc/cce was made in a sid3ar but amnler apparatus. 

The trltdun concentration t o  which rats wetre exposed in t he  

Fig. 3 shows the build up of t r i t ium concentration as HTO In 

the body f lu ids  in  two of these experiments, one in which the rat  vas 

exposed t o  HT and the other t o  HTO. A summary of all such exposares 

made on rats is  given in Table 1. 

TABLE 1 

,RATE QF APPEARANCE (IIF HTO IN THE BCOY FLUIDS OF !l'HE 

RAT AS A RESULT OF THE INSPIRATION ---- Ol? HT AHD HTO. ----e- 

'ritium 
Form 
7 

HT 
I 

I 

I 

I 

n 

IITO 

n 

Indetectable 

n 

0 0 0 5 5  il; 
y - - -  
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In these experiments the rat used about 500 CC. of oocygen per 

hour a t  roan temperature and 59 cm. Hg Feesure. As- absarptian 

of 4% of oxygen fram inspirea air t h i s  gave a volume of 12.5 l i ters  of 

air inspired per hour. Thua it appears that when tritium was present 

as HTO i n  inaplred air  a major portion of all the activity Inhaled 

YBB taken up in the body f luids ,  fidicating rapid exchange and absorption 

of tritium water across respiratorg membranes. 

was present as HT in the Inspired air, less than 0.15 of the inspired 

activity appeared In the body f lu ids  of the rat as HTO. 

experiment the range of activities t o  which the rat was exposed' v ia in- 

spired air n s  not high enough for absorption of HT = 88 i n  body 

f luids  t o  be detected. Apperently biological d d a t i o n  of HT t o  HTO 

takes place in the rat's body. 

of HT vi th  H20 for when HT was placed i n  a sealed glass bulb d t h  oaygen 

mer a small  amaunt of H20 and aU.aved t o  stand a t  roan temperature far 

two or three weeks, no HTO appeared in the %O. Since the same gas vas 

used in t h i s  exposure as for the rat exposures it also nul l i f ies  the 

possibil i ty t h a t  the  HT might have been contaminsted with HTO. 

vas pssed  through anhydraas magnesium perchlorate and through a l iqu id  

nitrogen t rap  for remmal of HTO before use in these e x p r h e n t s .  

' 

If the tritium activity 

Except in one 

This does not appear t o  be an exchange 

The IiT 

I 

Respiratory exposure of the rat t o  e i ther  HT o r  HTO took about 

100 hours for €IT0 i n  the body fluid t o  reach a re lat ively steady value 

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

excretory routes balanced H!TO uptake by the body through the lungs. 

The equXllbrlum value reached varied 1&15% during the day due t o  short 



period variations i n  the uater turnover rate. The rat eats  and drinka 

most of its daily water turnover at night 80 that the tritim a c t i d t y  

in body fluids, ap1 coatinuow exposure t o  a oonstant inspired ac t iv iw,  

was usually lovest in the morning and highest in the eveaing, 

After exposure of the rats was campleted, they =re removed rzvlm 

the exposure chamber, placed in a metabollm cage ard the decline in 

HTO activltp in body fluids followd, Uater and food intake -re noted 

and urine collections were made daily for analysis of tritium activity,  

The results of one such experiment are ahown i n  Figs. 4 and 5. 

apparent H!lO e lh ina t ion  fran the body i a  an exponential function of 

water t t l l~aver .  The tlater intake shown included water fran food as 

well as H20 *e&& p r  se. 

logical half-life for HTO r a n g b g  fram 3 t o  5 daya depending on the 

ra te  of HzO intake. The dilutian volume ranged from 5'7% t o  72% of the 

body weight, Since body water constitutes about 7% of the lean body 

wight, this suggests t h a t  body water makes up the major portion of the 

body volume with which HTO is diluted. 

It is  

m e r  experiments on rats shoved a bio- 

1% seemed impartant t o  attempt t o  deterrmine if, during chronic 

exposure, tritium 

than water and, if so, t o  ubat extent Since other body constituent8 may 

have biological half-lives differing fran that of uater. To do t h i s  

wter contafning 4.34 pc/cc. af t r i t i u m  as  HTO vas fed t o  three mice 

f o r  f ive m a n t n s  in place of normal %O. When diluted w i t h  water ob- 

tained fran the food this gave an average HTO ac t iv i ty  in the body 

f l u i d s  of' the m o u s e  of 2,8pc/cc .  

enter in to  cambination with body canetituenta other 

(The beta radiation fran this amount 

I 

I 



of tritium mpwsents a radiation dose of about 6 rep. per week.) By 

veighlng the HTO and the food ingested the H20 resulting frcm the food 

was determined by the degree of di la t ion noted. 

about 3od, of the weight of the food ingested appeared In the mouse18 

body t o  dilute the HTO vhich the mouse b i n k .  

It was found that 

This figw0 vas used t o  

calculate t o t a l  water intake. 

After f ive months the mice were taken off m0 water and given 

30. 
one month. Daw water and food intake was carefully meamred durdng 

this period, The resul ts  are a h m  in Figs.  6, 7 and 8. 

the decrease in €IT0 ac t iv i ty  in the body flrzfds w88 very rapid, sh- 

8 biological half-Ufe over the first ten days of 1.7, 2.0 and 1.5 days 

in mice 1, 2, and 3 respectimly. 

the average w l u e  fo r  the reservoir calculated fraa the rate constant 

during this first ten day period uas 83% of the body weight of the mice. 

Since this value was more than the percent body water it suggests the 

The decUne in HTO act ivi ty  in body fluids WAS followed for about 

In i t i a l ly  

Considering water tuxmover in Fig. 7, 

contribution of sane tritium fmm sane tissue or tissues vithin the body 

having longer half-lives than that f o r  body water. This was confirmed 

subsequently in the experiment as the decay carve became less and less 

steep. During the last 10 days of the experiment the apparent half-life 

for HTO as measured in the urine lengthened t o  7-10 days. At t b i a  time 

sune body constituents 

of one week uas undoubtedly contributing considerably t o  the HTO act ivl ty  

other than water ham a half-life in exce8s 

measured in the urine. It should be noted that 

measured in  the ur ine  had decreased t o  less than 0.5% of the valae ob- 

t h i s  time the act ivi ty  

served at the of t h e  period of decline and maintained during 

-10- ..- 
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the f ive  montns period tne mice were dripking HTO. Thus it 8em8 q d b  

apparent t h a t  mice on long exposure t o  ET0 integrate SQPB of the tritim 

i n t o  body constituents other than water and rrCm which constituents the 

inice can eliminate the t r i t ium with a W - l i f e  longer than one week. 

A t  the em3 of the period ahown in Fig .  6,  the mice were eacrfficed, 

dissected, and various copnpcment parts of the body separated SO that 

Samples of bone, muscle, fat, liver, etc, were obtained. 

t o d r y  these tissuea, burn the dried reaidae, collect water frcm the 

combustion, and analyze it for tritium in an effor t  to localize the source 

of the long Uved cnmponents indicated above. This part of the experiment 

haa not yet been canpleted, 

It is m e d  

Sane tritium absorption and excretion data were a l s o  collected 

from man. 

excess of the maximum permiasi.Ue dose of 0.3 rep. per veek established 

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

the AEC health aafety recammendations. 

In a closed rebreathhg system containing vater and COz absorbers 

(CaClz and eoda lime) man vas exposed t o  tritima a s  HT in amounts ranging 

frcm 0,U. pc/cc. t o  9 pc/cc,  of inspired air for periods of two hours. 

The €IT was dried before use by freezing vater out in a dry ice trap. 

After a the gas came i n  contact with no metals i n  the r e b r e a m  

system, 

Under these conditions man also appeared t o  oxidize HT t o  HTO aa did the 

ra t ,  although the rate of this arfdatfon ia man y8a mch l e s s  per anit 

body weight than in the case of the rat. 

Only &ass, lrrcite, and rubber were used in enclosiag the Bystem. 

The results of one such ex- 

periment on  ma^. are shown i n  Fig. 9. In this shor t  perid of exposure 

'1 A 4! B , 
. I . -  

1 

..> . >  i L 9  
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the increase of HTO in body fluids was linear when plotted agalnst time 

since the amount excreted during the experiment uas negligible compared 

t o  that produced in the body. The results of three exposures of man t o  

different activitiee of tritium as HT in hapired air are  given In  Table 2. 

~ 

T r i t i u m  dctivlty as HT 
in hspireci Air )lc/cc. 

TABLE 2 

--- RATE (IF HTO APPEAR42JcE IN B O Y  FLUIDS 

-- OF MAN DURING INSPIRATION a. 

Rate of HTOdppearanCe in 
Body Fluids pc/cc./hr. 

0.6 5.cbclo-4 

0.11 Indetectable 

a 

9 

body f l u i d s  can be detected. 

this time f o r  its accurate quantitative measurement. 

removed frgn the samples t o  be analyzed for HTO by warming t o  roan 

temperature i n  a vacuum. 

HT absorption in the body vill be studied. On the basis of absorption 

of hydrogen in water a t  37%. it may be expected that body fluids will 

absorb per unit volume about 1.6% of the activity per unit volrmre of 

However, no procedure was varked out a t  

Therefore, HT VBB 

A t  sane future time the rate and degree of 

inspired air. 

The canposite results of the HT and HTO inhalation experiments 

On man and rats are Bhoun in Fig. 10 in re lat ion t o  8 plaxinnrm pemhsihle 

0 0 0 5 5 2 3  



dose fo r  l p ~ ~ l  of 0.3 rep. per week. No eJtperiments 

by man have Jret been done. 

basis of theoretical coneideratione and the result8 obtained with the 

rat, that the curve shown for absorption of HTO Q man when h h 8 l h . g  

IITO i a  a realletic one, or at least a coaservative one so far as a safe 

pemissible dose is concerned. The maxitmLm pazmissible dose of t r i t i um 

fo r  man based on a 40 hour per week exposure t o  HTO or HT In i n a p b d  

a i r  i s  Indicated by the point a t  uhich the vertical line crosse8 the 

appropriate a g a n a l  Une on the gra@ shown in Fig. 10. The dose is 

dependent t o  a certain extent on the Fate of water turn mer by ~ B P .  

A water turn Over of 20 l i t e r s  per week for a 70 kg. man was assumed 

i n  mng the graph. 

man inhaling HT may reach a msdmum permissible dose of 0.3 rep. t o  

the lungs befom a maximum pennissible dose of 0.3 rep. to the body 

h general is reached due to axidation of HT t o  HTO. 

inhalation Of ET0 

It seem8 fairly certain, hmmr, on the 

This figure a l s o  points t o  the conclusion tha t  a 

I n  me experiment the a m  of a man was immersed up t o  the elbow 

I n  water cantalrdng 0.1 mc/cc. of tritium as HTO. 

f l u i d s  rose at  such a rate a8 t o  indicate an absorption ra te  of r a t e r  

through the Bkin of 0.05 mg./cm.*/mFnute. This approximates the rate 

of insensible perspiration or water loss out through the skin due to  

diffusion when sweat glands are inoperative. 

tritium i n t o  the body of man through the akin is too alov t o  pose a 

serious hazard so far as maXirmrm permissible doses are concerned. One 

would have t o  immerse the whale body in water ccmtdnlng 0.1 mc/cc. of 

trltimn as EITO f o r  more than an hour in order to absorb an ammt of 

HTO act ivi ty  in body 

The rate of entry of 

LANL 
d 

. - -; -7 . .  
-13- 

I C  . - 



0 0 0 5 5 2 s  

EITO through the ddn which would give a radiation dose of 0.3 rep. per 

week. 

O n e  experhent was done on man in which 3 mc. of t r i t ium as ET0 

was ingested in 200 CC. of water. A b s o r p t i a D l  i n t o  the blood stream w s  

l inear  w i t h  time and MLB cauplete in about 45 minutes (Fig, U), The 

tritium was diluted with about 58% of the  body weight, Buggestiag that 

t o t a l  body water it3 the principal diluent. 

measured mer a pricd af six days snbsequent t o  this ingestion by 

weighing all food and fluid intake and a l l  excretory output. Water in- 

take i n  food including metabolic water w s  calculated and included. For 

four days wter turnover was kept near n o d  (2.7 l i t e r a  per day). 

During the last tu0 days water turn over was increased t o  12.8 l i t e r a  

per day. During both periods tritium act iv i ty  8s HTO In the body f luids  

Body witer turnover vaa 

decreased along a straight line when the log of the act ivi ty  la8 plotted 

against water turnover (Fig. 12). The reservoir calculated fraa the 

rate constant was 5'7.5% of the bcdy weight, Since this is  essentially 

t h e  same as the diluent per cent following i n g e s t i o n  it again suggests 

body water only as the principal distribution volme for tritium. 

Tritium excreticm rates determined m eight other bnmnn subjects in 

which uater turnover URS m e a m r e d  less precisely indicate a resemoir 

ranging fran 57 t o  68% af the body weight, Same of these data were . 

=ported p v i ~ l y  in IBMS - 1099. 
In the expriment descrlbed above the biological haJf-life f o r  

tritium during the four day period af normal w t e r  intake was about10 

days. During the last two days when the water turn over was increased 



t o  12.8 ters per day the tritim half-We i n  body fluids was reduced 

I n  the eight other htnaan subjects t o  appraximately 2.4 days (Fig. 13). 

mentioned above the biological half-life f o r  t r i t i t r r n  as EITO in body f lu ids  

ranged fran 9.3 to I4 daya on pbitwn vater intake. 

In the course of these several experiments onman the trititzm 

wrter act ivi ty  in water *om swat, ineensible perspiration, 

vapor, sputum, urine and Uood were m e a s u r e d  and canpired. In aU fluids 

the tritium act ivi ty  -8 f d  t o  be essentially the same. Thia l e d 8  

t o  the generalization that isotopic dilution or concentration af t r i t ium 

does not occur t o  

With cer ta in  Umitatiana imposed 

mentioned f l u e  may be used as a measure of the tritium ac t iv i ty  BB 

ElTO in the body fluids in general. 

marked degree in a q  f lu id  anywhere in the body. 

the  elanent ai time of the above 

1. 

2. 

3. 

4 .  

5. 

6 .  

S m  

The rat, and probahly man, absorbed into the body the mrrjor poFtlcm 

of tritium h a p i r e d  as HTO. 

Both rat and man axidieed tritium inspired a8 ET to HTO. 

The rat a d d i z e d  about 0.s of HT inspired t o  HTO. 

Han axidirted about 0.004$ of HT inspirea t o  m0. 

The pincipal dFluent of tritium as HTO in the body of both m c ~ p  and 

animals on short exposure is t n e  t o t a l  body vater. 

Mice an long exposure t o  €IT0 showed tritium in body water and in sane 

undetermined body constituents other than water vhich had a hali-ufe 

longer than m e  veek. 

LANL 



7. 

8. 

9. 

10 

11. 

12. 

Mice excreted tritium fran body f l u i d s  with a biological half-time 

of 1.5 - 2.0 -8; rats 3 - 5 days; men 9 14 W S .  

For man, the mexinann p e d s s i b l e  level of tritium as €EO In inspired 

air (based on 0.3 rep./uk, and a 40 hr./wk. exposmce) i a  6 x lr 5 tlc /cc* 

For man, the max&num permissible level of tritium as HT In inspired 

air (baaed on 0.3 rep&. ard a 40 hr./wk exposure) i e  0.6 d c c .  

In this  case the radiation dose t o  the lunge is the limfting factor. 

The tritima concentration as HTO in a l l  the body f lu ids  and fluid 

excreta 04  ma^^ was essentially the same. 

Imposed 

as a measure of the tritium activity a s  HTO in the body f lu ids  In 

general. 

The rate of absorption of HTO through the gastrdntestfnal tract 

uas linear with time when a given mount was ingested. 

Tritium excretion as HTO from the body f luids of man and ardmal8 

was exponential. uith vater turnover. 

With certain urnitations 

the element of time, q of the  body f luids may be wed 
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FIG. I - Apparatus for exposure of animals to HT. 
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FIG. 2 - Apparatus for exposure of animals to HT (the jar : 

removed to show cage assembly.) 
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FIG. 4-Tritium Excretion vs Water Consumption for 
the Rat (including Water in Food) 
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FIG. 5 - Elimination of Tritium by the rat vs. Time after exposure 
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Days of ter discontinuing exposure 

FIG. 6 - Rote of elimination of Tritium by mice following 
chronic exposure to ingested HTO. 
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H20 Turnover, cc. 

FIG. 7 - Water turnover cc. vs. Tritium activity in urine 
following chronic exposure of mice to ingested HTO 
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A Mouse No. 2, Wt. 3128 Q 

0 I 2 3 4 5 6 7 0 9 
cc. H,O Turnover per gram of body wt. 

FIG. 8 - cc. Water turnover per 9. body wt .  vs. Tritium activity in urine fdlowing 
chronic exposure of mice to ingested HTO. 
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