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~ S T R A C T .  Data on urinary excretion of tritium by a 41-year-old male who 
accidentally inhaled (or ingested) tritium, presumed to be in the form of HTO, are 
presented along with an interpretation of these data and an estimate of the radiation 
dose delivered to tissues. Measurements of levels in urine were made as long as 255 
day< after the intake of the tritlum. The data could be represented as a sum of two 
exponential terms, one m t h  a half-life of about 9 days, the other of about 34 days. 
The total dose to body water was estimated to be about 16rem. the long-term 
exponential contributing about 2% of the total. A two-compartment model was 
applied to the dam. Equations were derived for the amounts of tritlum in each 
compartment, and an estimate was obtained for the total dose in any tissue, based 
on a comparison with the content of hydrogen in the tissue. Ths  method of estimating 
the dose may be applicable for other radionuclides and compounds. It assumes the 
stable element and its radioactive isotope behave similarly, or identically, in the 
body, but does not involve assumptions concerning the mathematical form of the 
retention function. 

-- 

1. Introduction 
The metabolic course of HTO in the body may be considered to  be relatively 

well understood. Numerous animal experiments supplemented by experiments 
on humans suggest that HTO introduced into the body becomes a part of the 
general pool of body fluids and is eliminated from the body via the urine, 
perspiration. breath. and other avenues of elimination of water from the body. 
The experimental data prior t o  1957 are summarized in the comprehensive 
review of the problem by Pinson and Langham (1957). I n  addition, there is a 
wealth of experience gained in working with tritium which has revealed other 
factors which influence the metabolism of HTO. in particular. age and seasonal 
variations. 

Nevertheless. there are some data to  suggest that  the metabolic model which 
assumes HTO to enter and be non-preferentially eliminated from the general 
pool of body water is not entirely accurate. Thompson (1953) exposed mice 
and rats to HTO and observed that retention in a variety of tissues could be 

exponential representing the retention in body water. I n  addition t o  experi- 
mental work on mice which gave a multi-exponential retention. Pinson and 

represented by a sum of two exponentials which were distinct from the single - . -  
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Langham report an experiment in which one human subject was exposed to  
tritium over a period of 8 months. and dried biopsy specimens of skin and fat 
taken 51 days after the end of the exposure showed a higher concentration of 
tritium per g of H than did urine a t  the time of the biopsy. Thus. there is the 
implication that in man, as in experimental animals. some fraction of the 
HTO entering the body is not eliminated at  the rate characteristic of the 
elimination of water from the body. and that this fraction may be more closely 
incorporated in certain tissues of the body. Subsequent to the inhalation of 
HTO by a human subject, we have been able to measure the concentration of 
tritium in various body fluids and. in particular. have found that concentration 
in urine does follow a pattern described as a sum of two exponentials during 
2% days following an intake. 

2. 
The exposure occurred in our laboratory (ORNL) when an individual, 

working with a source of HTO in a hood. inhaled some of the material. The- 
subject is a senior scientist, a male of age 41 years. weight 66.5 kg, height 
161 cm. and apparently enjoying good health. He was aware of the general 
nature of the problem posed by HTO in the body, and we are indebted to him 
for his co-operation which made this extended study possible. 

During the first 11 days, samples of urine. blood serum, and sputum were 
obtained and analysed for tritium. No significant difference in the levels 
found in these various body fluids was noted, and this is in line with measure- 
ments reported by Pinson and Langham (1957). Also. the data appeared to 
follow a single exponential as expected. but indicated a half-time for elimination 
of something under 0 days. The data for the first 13 days are shown in fig. 1. 

Human tritium excretion following accidental exposure 

o URINE (a  24 h r  SAMPLES) 
BLOOD 

, - - 1 5 ,  
0 2 4 6 8 40 i2 i4 

TIME SINCE EXPOSURE (days)  

Fig. 1. Tritium concentration in body fluids. 
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Table 1. Concentration of t,ritium in body fluids 

Concentration (dis min-' rnl-l)a 

Urine 

4-9 x 106 f 5.1 x 103 
4.5 x io6 k 5.1 x 103 
4.2 x 106 k 3.5 x 103 
3.7 x 106 f 4.6 x 103 
3.8 x 106 3.4 x 103 
3.6 x io6 f 3.3 x 103 

2.9 x 106 2.9 x 103 

2.4 x 106 k 2.7 x 103 

2-4 x 106 k 3.9 x 103 
2.1 x 106 3.6 x 103 
1.9 x 106 k 3.4 x 103 
1.0 x 106  2.0 x 103 
7.9 x 105 1.8 x 103 
5.4 x 105 1.0 x 103 
3.2 x 105 k 7.8 x i o 2  
1.9 x 105 6.2 x i o 2  
9.4 x 104 f 3.8 x 102 

3.0 x 104 _+ 2.2 x i o 2  
2 3 ~ 1 0 4 + 2 . 0 ~ 1 0 2  

1.5 x 104f 1.7 x io2 
1.1 x 104+ 1.5 x i o 2  

3.1 x lo6 f 3.0 x lo3 

2.6 x IO6 f. 2.8 x lo3 

2.6 x 106 k 2.8 x 103 

4.6 x lo4 f 2-8 x 102 

1-8 x lo* f. 1-8 x 102 

9.2 x lo3 f 1-i  x 102 
6-7 x lo3 k 1.3 x 102 
4-6 x lo3 f 1.3 x 102 
4-2 x 103 f 92 
3.5 x lo3 f 86 
3.0 x lo3 f 82 
2-3 x lo3 f 71 
2.2 x 103 1. 75 
2.1 x 103 f 73 
1.9 x 1031.74 
1-7x1O3f59 
1.7 x lo3 & 58 
1.6 x IO3 & 56 
1.1 x lo3 & 47 
1-0 x lo3 5 46 

9.2 x 102+ 30 
8-3 x 102+ 29 
6.3 x 1 0 2  28 

1.0 x 103 49 

Blood serum 

4.0 x 106 f 3 4  x 103 
3.7 x 106 f 3.3 x 103 

Sputum 

3.3 x 106 c 1.4 x 103 

2.8 x 106+ 2.9 x lo3 
3.0 x lo6 f 3-1 x lo3 
2.6 x lo6 & 8-8 x lo2 

2.3 x 106 3.8 x 103 

2.2 x 106 3.9 x 103 

3.0 x 103 k 47 

Coiitinued 
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Table 1 (continued) 

W. S. Snyder et al. 

Time after 
exposure 

(days) 

172 
189 
200 
203 
206 
210 
213 
217 
220 
224 
226 
231 
235 
240 
245 
248 
252 
255 

Concentration (dis min-l m1-l)~ 

Urine Bloodserum I 
6-9 x lo2 f 28 
4.9 x lo2 24 
4-8 x lo2 f 26 
4.4 x 1 0 2  f 25 
3.8 x lo2 f 24 
3.2 x lo2 & 23 
3.2 x lo2 f 23 
3.2 x lo2 f 24 
3.4 x lo2 f 25 
2-8 x lo2 f 23 
2-9 x lo2 f 25 
2.3 x 102 f 23 
2.7 x lo2 f 22 
2-1 x 102 & 17 
1-7 x lo2 f 17 
1.9 x lo2 f 16 
2.4 x lo2 f 16 
1.9 x lo2 f 17 

a Mean disintegration rate f one standard deviation. 
b 24-hour samples: all others are spot samples. 

sputum 

An early evaluation of the dose to  be expected was made and indicated no 
apparent need for measures to  hasten elimination. After discussion with the 
subject. i t  was agreed that he would not attempt to  alter deliberately his 
normal habits for the purpose of hastening the elimination of the tritium. 

Urine specimens mere collected periodically during 255 days post-exposure 
and analysed by liquid scintillation counting. All counting times mere for 
30 minutes. All the urine data are shown in fig. 2 .  and all the post-exposure 
data are given in table 1. During these 255 days, the subject had not been 
working directly with tritium. However, prior to this incident, he had shown 
urine concentrations in excess of the later values reported here. For example, 
the last sample taken before the incident was on October 25, just 3 days before 
the incident. and a, concentration of 6.1 x lo4 dis min-' ml-1 was measured. 
It is possible that this earlier exposure may have some influence on the data. 

From fig. 2 i t  appears that  a t  least two exponential terms are required to 
fit the urinary concentrations observed in this case. By the courtesy of C. R. 
Richmond of Los Alamos Scientific Laboratory, we have obtained a least- 
squares fit of the data t o  a sum of two exponentials using the LASL code 
(Richmond 1064) which does not require a logarithmic transformation of the 
concentrations. This fitting procedure yielded a formula for concentration in 
urine of 

R(t)  = 5 - 3  x 106 + 2-3 x lo4 e-8t, 

I I 3 3 1 U  
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40’ , 

i 1 3  

Cases of internal exposure a t  O R h Z  which warrant special consideration of 
dose and intake are evaluated by an internal dose evaluation committee. This 
subject’s total body water was estimated by that group on t h e  following bases: 

1. On weight basis: From the regression line relating body water to  body 
weight. there are 0.52 litres of water per kilogramme for a 66.5 kg man 
(Biological Handbook 1961). Thus the body water = O m  x 66-5 = 34.6 
z 35 litres. 

2 .  On age basis: From the regression line relating body water to age, there 
are 0.525 litres of water per kilogramme in a 41-year-old human (Biologi- 
cal Handbook 1961). Thus the body water = 0.525 x 66.5 = 34.9 x 3 5  litres. 

3. On the basis of weight-to-height ratio: Weightlheight =Om41 kglcm, the 
male human body weight is 18 to  37 96 fat (mean 2896). Lean body weight 
(LBW) x( 1 - 0.28) x 66-5 = 47.9 kg (Forbes, Gallup and H u s h  1961). - 

The same reference suggests: total body water = 0.72 LBW = 34.5 x 
35 litres. 

4. On the basis of total potassium content: The subject was counted in the 
ORNL Whole-Body-Counting Facility on November 8. 1963. and 
contained an estimated 121 g of potassium based upon *OK measurement. 

I 
- - 

- 

- 

- 
- . _  

\ -  

TIME SINCE EXPOSURE (60111 

Fig. 2 .  Tritium concentratlon in urine. 

with 
0.693 0-693 

8.7 34 
c y =  - and /3= -. 

3. Estimation of internal exposure 

3198 
- - _  
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Total potassium content=0-28?/, of LBW: LBW= 121 g/0*0028=43*2 kg 
(Anderson 1957). This reference indicates that  7 2 9 ;  of the lean weight 
and 30°b of the fat weight are made up of water; thus. total body 
water = 0.72 x 43-2 + 0.2 x 23.3 = 35.76 ~ 3 6  litres. 

The committee decided to  use 36 litres as the amount of body water. Assuming 
a concentration of 6.3 x 106 dis min-l ml-1 initially. and that all the tritium is 
in the body water a t  early times post-exposure. this yields 5.3 x lo6 x 36 x lo3 
= 1-9 x 10" disimin. or 86 mCi, as the initial intake. The total dose to  body 
water is then 

I 

(2) 

where f2 = 1 ,  m = 3.6 x l O Q  g, E = 0.01 MeV, q(0)  = 86 x lo3 pCi, and 
5.3 x lo6 x 8.7 

0.693 
2.3 x lo4 x 31 

0.693 
+ 

= 6.68 x IO' + 1.13 x IO6 = 6.79 x 10'. 

/, R(t)  dt = 

- 
It is apparent that the second exponential term contributes only about 1-7 o/o 
to the total dose. The dose in various body tissues map be somewhat less, 
since no allowance has been made for the presence of organic material. However, 
there are some tissues in which water constitutes a preponderant part of the 
mass, and so the estimate is substantially, although not precisely, correct for 
such tissues. 
tissue may accumulate a higher concentration than body water, particularly 
a t  times much later than the exposure. I n  an attempt to explore this possibility, 
even partially, a two-compartment model was set up to  see if such a model 
would fit the available data. 

On the other hand, there remains the probability that some i 

4. A two-compartment model for tritium metabolism 
The model is shown schematically in fig. 3. It is assumed that a unit amount 

( 1  pCi) of HTO is taken into the system a t  time t =O. The functions A ( t )  and 
B( t )  represent the amount of activity present in the respective compartments 
(see fig. 3). The exchange rates a, and the excretion rate y represent fractions 
of the compartment contents exchanged or excreted per unit time and, therefore, 
are non-negative constants. 

* 

n M p ; j N T  A ;MPARTMENT e 

-5 
- -  i' E X C R E T I O N  

Fig. 3. Schematic diagram of a two-compartment system. 
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The differential equations governing such a system are the following: 
dA - =/3B-(a+y)A 
dt l Q \  

d B  
dt 
- = d - / 3 B .  

The solution of these equations with A(0)  = 1 and B(0) = 0 as initial conditions 
is given by 

(4) 

( 5 )  

A ( / )  = [ (/3 - h )  e-ht + (k - p )  e-kt]/(k - h)  
B(t)  = a[e-ht -e+]/@ - h) 

where k and h are the two roots of the quadratic equation 

TO fix the notation. we let 
2 2 -  ( a +  6 + 7)" + py = 0. 

IC = [a + p + y + 2/ {( a + /3 + y)2- q ? y } ] / 3  

h = [ a  + /3 + y - .\/((a + p + y)2- - 1 p y ) p  
(6) 

These roots are easily shown to be positive, and k is greater than h. It is also 
easy to show that 

so that A ( t )  is the sum of two exponential terms with positive coefficients and 
B(t)  the difference of two such terms. 

From the least-squares fit of the data. i t  is observed that the coefficients of 
the exponentials fitted to the excretion data are 5.3 x lo6 and 2.3 x lo4 dis min-1 
ml-1. Although fig. 2 represents excretion data. the pool of body water, 
represented by compartment A ,  is a t  the same concentration as urine. and thus 
the function represented in fig. 2 is proportional to  A ( t ) .  When normalized 
for unit intake. the intercepts in fig. 2 are given by 

r = 0.9957 = (k - /3 ) / (k  - h) 
and 

The values of k and h may be determined from the slopes of the lines on fig. 2 
or by the least-squares fit of the data. From eqns. (8) and (6),  one obtains 

r ( 1 - r )  (k -hI2  ~ . .  

p - k < O < p - h  (7) 

1 - r = (/3 - h ) / ( k  - h ) .  ( 8 )  

I .  a =  =7.3 x 10-4 
rh+ (1 - r ) k  

/3= r h + ( l - r ) k = 0 - 0 2 1  
hk 

- "  V . Y .  ' rh+ (1 - r ) k  

(9) 

The numerical evaluations given in eqns. (9) have been obtained by using the 
values 

0.693 5.3 x 106 A=- r =  = 0-9957. 
0.693 k =  - 

8.7 ' 34 ' 2.3 x 1 0 4  + 5-3 x io6 

It appears that it is possible to select parameters in such a way that, the model - . _  
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It is possible to  compare the excretion predicted by the model and the 
excretion of the subject. and thus further test the validity of the model. Ushg 
the estimated 36 litres of total body water and the value of y obtained from the 
model, one would predict a daily excretion of 2-84 litres. ICRP Publication 2 
suggests that  standard man has a total daily excretion of 2.5 litres of which 
1.4 litres is excreted as urme. If the same proportion held for this subject, one 
would expect a daily urinary excretion of 1.6 litres. If one assumes urinary 
excretion is proportional to body weight, then the subject should excrete about 
1.3 litres of urine per day. Only five 24-hour urine samples were collected 
during the study, and these averaged 1.3 litres. While neither extrapolation 
can be considered as highly accurate. it  appears that  the model is in reasonable 
agreement with the volume of urine excreted per day by the subject. as far as 
this can be estimated. 

To estimate a dose to  the tissues representing the two compartments, the 
mass of these tissues is needed. In  the absence of any direct biological evidence 
on the compartment represented by B(t) ,  it  was assumed that the HTO 
metabolized in the same way as H,O. This unsupported assumption can be 
used to  calculate an estimate of the H,O in compartment B ,  and a dose can be 
computed on the basis of this water content. The surprising result was that 
this estimate did not involve the parameters LY, ,8, y of the model. although the 
model was used in making the estimate. It was found then that a quite general 
argument could be used, and this is outlined below. 

5. Estimates of dose to individual compartments 
Assume HTO is taken into the body and metabolized in exactly the same way 

as H,O until the moment when the tritium disintegration takes place. Because 
of the long radioactive half-life of tritium, the decay will be neglected. Let 
Rt(1) pCi be the burden of ingested tritium present in tissue i a t  time t following 
intake of 1 pCi a t  time 0. The dose rate (remIday) to tissue i at time t is then 

~ ~ ( t )  3.2 x 109 
Mt 

where 
Rl(t) =the tissue burden in pCi 

3.2 x IOB= (dis/day)/pCi 
E =effective energy (RIev) x 1.6 x lo-* x QF (g rem) 

iMt = mass of tissue i(g). 
The total dose, D. to  tissue i is then 

Assuming an intake of I g of H,O per day and that tissue i is in equilibrium 
for intake of H from H,O, then tissue i contaihs 
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of hydrogen which was ingested in the form of H,O, I being the daily intake of 
water (g/day). Whether one uses 119 or 1/18 in eqn. (11) depends on whether 
both hydrogen atoms or only one of them in the H,O molecule is retained t o  
the same degree as is tritium from HTO. For example. if the HTO molecule 
transfers intact to the compartment of interest, then the hydrogen transferred 
to the compartment from the daily intake of H,O is 119 of the total water mass; 
but if the HTO molecule dissociates at some stage of the pathway t o  the 
compartment, so that only one of the ions, possibly after combining with some 
other radical. arrives a t  the compartment, and if the other ion does not go t o  
this compartment. then water following similar pathways would contribute 
only 1/18 of its mass to  the companment. The infinite range of integration is 
unrealistic, but it is used only to indicate effective equilibrium. 
hydrogen content, say, hi g, of tissue i must be a t  least the amount indicated 
by eqn. (1 1). In  general, there is not a great range of variation of hydrogen 
content among the soft tissues. 10% being a representative value. Table 2 
presents data from several sources on this point. Thus from eqn. (11) we have - 

The total - 

0.1 M t - h t 2  - Jm Rt(t) dt.  
18 0 

I \ 3 3 8 0 2  
._ . /... 

Combining eqns. (12) and (lo), one obtains - - 

3 . 2 ~  1O8x E X  18 hi 5.8 x l o s  x E 

rem (13) I X - - N  
I Mi 

5 
since 

If the compartment represented by A ( t )  is considered to consist essentially of 
water and if we denote this compartment by taking i = 0, then the amount of 
water in the compartment is a t  least 

I s,o RON dt g. 

This follows from the assumption that HTO and H,O metabolize in the same 
way and because R,(t) being the fraction of intake present a t  time t ,  one atom 
of tritium corresponds to one molecule of HTO. Since 

&lo = I  Irn R,(t)  dt, 
0 

eqn. (10) becomes 
~ 3.2 109 E 

rem. I D =  

It will be noted that the estimated dose to  any tissue i given by eqn. (13) can- 
not exceed the dose to body water as given by eqn. (14) except by the factor 
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- ,- 

where hiliMi is the fraction of the mass d l t  due to  hydrogen. 
hydrogen is all present in the form of water, then the facto] 
by the data of table 2. there is no tissue known to the aui 
hydrogen is much in excess of The data of Forbes 6 

based on a single subject who was 23% underweight, but t 
are not greatly different from those reported by othei 
particular, by Spector (1956). Thus it seems unlikely that i 
dose from ingested HTO that is markedly in excess of do. 
This conclusion. while only suggested by the above indirec 
provide some guidance in attempting to  assess the significa 
physicist of the existence of tissues where the elimination o 
in the case of body water. 

Table 2 .  Hydrogen content of some body tis 

Tissue 

Bone 
Fat 
Skeletal muscle 
Skin 
GI tract 
Liver 
Brain 
Lungs 
Kidneys 
Heart 
Spleen 
Pancreas 
Spinal cord 
Eye. lens 
Blood plasma 

Tissue weight 
(g) 

7,Ooob 
l0,Ooob 
30.OOOb 
2,ooob 
2. OOOb 
1,7006 
1,5006 
1 .Ooo* 

3006 
3006 
150b 
706 
306 

4 4 5 e  
3.200~ 

Per cent water 
by weight 

~ 

@Computed from the  per cent hydrogen for a typical fat. c, 
protein as given in Zoethout and Tuttle (1949), together with (1)  t 
from column 3 and (2) the per cent ash and the fat. carbohydrate an 
of each tissue as taken from the references in this column. 

b Report of Committee I1 on Permissible Dose for Internal Radia 

d Woodard (1962). 
e Spector (1956). 
f Sunderman and Boerner (1950). 
v Houssay (1955). 

Forbes et al. (1953). 

6. Discussion of dose estimates 
It is evident that the assumption that tritium taken in the f o ~  

hydrogen taken in as H,O will metabolize in exactly the same far 
expected to be highly accurate. The ratio of the masses of 3T a 
t,han for any other pair of isotopes, and this may be expected t c  



Urinary Excretion of Tritium in Man 557 

- :_ 

-- 

difference in the distribution of these isotopes. I n  addition to the mass 
difference is the evident fact that  there is only one T atom per molecule of 
HTO, but two hydrogen atoms per molecule of H,O. Certainly one would 
not be surprised if the doses in various tissues differed by a factor of 2 or even 5. 
Whether the isotopic difference may produce a disparity of an order of 
magnitude or more seems doubtful. Thus, the analysis serves only t o  make i t  
somewhat implausible that any tissue receives a dose vastly higher than the 
dose to  body water. 

Brues and Tyler (1959) have discussed the variation of dose and dose rate in a 
multi-compartment system which is in a state of equilibrium. They find that 
‘‘ there is a predictable maximum radiationgben by any compartment of any 
steady-state multi-compartment open system in which the ‘external’ compart- 
ment is specified as to  its specific activity in time ”. Marshall has generalized 
the argument of Brues and Tyler in his discussion of the metabolism of the 
alkaline earths (1964). However, his discussion applies almost without- change 
for other elements. In  the present note a related result is obtained without the 
assumption of a multi-compartment or mammillary system, and the final 
estimate of dose does not directly involve the rate constants of the various 
compartments. Thus, the present result appears t o  be somewhat more general 
than those mentioned above. On the other hand, the argument presented above 
demands a knowledge of the daily intakes and of the mean concentrations in the 
organs involved of a stable isotope of the radionuclide in question. In  this 
sense, the argument may be more special than those of Brues and Tyler or of 
Marshall. Finally, it may be noted that the data on composition are all from 
analysis of gross tissue masses, and thus do not provide information on dose to 
microscopic volumes such as cell nuclei. 

The authors have no direct evidence concerning the tissue which might be 
represented by the second compartment of the model. The argument above 
suggests that  the equilibrium amount of hydrogen in this tissue is a t  least 

where I is the daily intake of H in the form of H20. Taking 

0.693 1 
I = 3 6 , 0 0 0 ~  - x -g=320 g 

8.7 9 

as the daily intake of this person, one obtains an equilibrium amount of 144 g 
of H in this tissue. The total mass of the tissue might then be about 10 times 
this or 1440 g, but there is an uncertainty in this value of a t  least a factor of 2, 
because it does not seem clear whether both hydrogen atoms in H,O or only 
one of them will follow the pathway of the tritium atom in HTO. This estimate 
of mass is, at best, only an indication of the mass of the second compartment 
and. even if accurate, would not suffice to identify the tissue which perhaps 
might be some fraction of the protein, fat, etc.. which is exchanging tritium 
with the body water. The authors are indebted to Dr. A. M. Brues for pointing 
out that  Prentice, Ski, Berlin, Hyde. Parsons. Joiner and Lawrence (1952) 
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found a difference between the HTO and ant.ipyrine volumes in man which 
suggested a non-water compartment of the same order (0.5-20,/, of the total) 
similar to compartment B. 

The authors are indebted to the subject whose co-operation in obtaining the 
data was indispensible. to  L. C. Henley and staff of the Health Physics Division’s 
bioassay laboratory for their analysis of the samples, and to Russell Faulkner 
of Texas Christian University who compiled the data given in table 2. 

This work was sponsored by the U.S. Atomic Energy Commission under 
contract with Union Carbide Corporation. 

RESUME 
Elimination du tritium par voie urinaire quand I’homme etait expod au HTO-Un modhle a deux 

courbes exponentielles 
I’elimination par voie urinaire du tritium par un patient Age 

de 41, qui avait par accident inhale (ou absorbe) du tritium, probablement en forme de HTO, 
ainsi que I’interprhtion de ces d o n n h  et  une evaluation de la dose de radiation, fournie aux 
tissus. Le3 mesures des niveaux en urine etaient conduites meme 255 jours apres I’absorption 
d u  tritium. Les donnees pouvaient &re presentees comme une somme de deux termes exponen- 
tiels. dont un avant une periode de demi-vie de 9 jours environ, et I’autre-de 34 jours environ. 
La dose totale fournie a I’eau du corps etait evalu& comme 16 rem environ, la courbe exponentielle 
au terme plus long contribuant 2% du total environ. Un modele B. deux compartiments etait 
employe pour les donnees. On a deduit des equations pour les quantites de tritium dans chaque 
compartiment, et on a obtenu une evaluation de la dose totale dans n’importe que1 tissu, bas6 sur 
la comparaison avec le contenu d’hydropene dans le tissu. Cette methode d’evaluation de la 
dose peut &re employ& a d’autres radicisotopes et  compods. On presuppose que 1’816ment 
stable et son isotope radioactif se comportent d’une faqon analogue ou identique dans le corps, 
mais 11 n’est pas necessaire de hire  des suppositions relatives a la forme mathematique de la 
fonction de retention. 

On presente les donnees relatives 

ZUSAMMENFASSUNG 
Ausscheidung von Tritium im Harn nachdem ein Mann der Einwirkung von HTO ausgesetzt war- 

ein zweifach-expoiientielles Blodell 
Es werden Angaben dargestellt betr. Ausscheidunp vonTritiumim Harn eines 41-jiihrigenAlannes, 

welcher zufallig Tritium eingeatmet (oder absorbiert) hatte, hochstwahrscheinlich als HTO, sowie 
eine Deutung dieser Angaben und eine Abschatzung der den Geweben zugefuhrten Dosis. Die 
Niveaus im Harn wurden bis 235 Tage nach der Tritiumeinnahme gemessen. Die Angaben 
konnten als Summe von zwei exnonentiellen Gliedern dargestellt werden, und zwar hatte das 
eine eine Halbwertszeit von ungeflihr 9 Tagen, das andere aber von ungefahr 31 Tagen. Die ge- 
samte dem Korperwasser zugefuhrte Dosis war mit unpefiihr 16 rem eingeschatzt, wobei der 
exponentielle Term mit lanperer Halbwertszeit etwa 206 des Gesamtwertes ausmachte. Es 
wurde ein Zweiabteilmodell fur die Angaben verwendet. Es wurden Gleichungen fiir Tritiummegen 
in jedem Abteil abgeleitet, und ein Schatzungswert wurde fiir die Gesamtdosis in einem beliebigen 
Gewebe erhalten, auf F u n d  eines Vergleichs mit dem Wasserstoffgehalt des Gewebes. Dieses 
Verfahren zur Einschatzung der Dosis kann such fur andere Radionuklide und Verbindunpen 
anwendbar sein. Es wird hier vorausgesetzt. dass des stabile Element und win radioaktives 
Isotop sich im Korper in analoger Weise oder identisch benehmen. doch sind keine weiteren 
Annahmen betr. die mathematische Form der Riickstandfunktion erforderlich. 
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