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LONG-TERM RETENTION OF RADIOCESIUM BY MAN* 
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Abstract-Tlic Los .\lamas 477 liquid scintillation counter (Humco 1) was used to measure 
whole-body retention of radiocesium in four adult male subjects. Two subjects were measured 
for about 5 0  days and one for 940 days. The whole-body retention data were reduced into 
two-component exponential cquations by a curve-fitting method programmed for an IBbf 
Xfodel 70.1 computer. T h e  biological halr-time of the important retention component ranged 
from 110 to 147 days, n i t h  a mean value of -135 days. for the four sul>jccts. Standard 
deviations arc given for the retention parameters. Results of other investigators are presented. 

IXTRODUCTION 
BECAUSE Cj*37 is produced in high yield from 
both uranium and plutonium fission, one must 
consider its potential hazard to man as a by- 
product of lai ge-scale poiver production and 
other peaceful uses of nuclear energy. Resump- 
tion of atmospheric testing of nuclear weapons 
has also rehindled interest in W 3 7 .  In view of 
thc i ~ ~ ~ i t ~ ~ A ~ c  o,C rzdic<cjitiiii ;is z contami:ian: 
and the scarcity of data on its metabolism by 
man, computer methods \\.ere employed to 
determine the best values for the parameters 
which describe biological retention by four 
human subjects. iVhole-body retention data 
were obtained for about 550 days i n  two subjects 
and for 950 days in another. 

METHODS AND MATERIALS 
Retention of radiocesium in male adults 

after a single oral administration was studied 
using whole-body counting techniques for both 
Cs13* (subjects HIlCs-lT and HMCs-4) and 
CP3' (subjects HMCs-2 and HMCs-3). The 
4rr liquid scintillation detector (Humco I) 
has been described previously by ANDERSON 
et  al. (l) Since the subjects were all in good 

health and free from illness during the experi- 
mental period,- they were considered normal. 
X o  attempts were made to alter their regular 
feeding habits. An osernight fast was observed 
by all subjects prior to radionuclide admin- 
is tra tion. 

By using appropriate standards, the whole- 
body actisity at any time could be expressed 

a peicciiicrgc ul' the ahiriisiereci aciiviiy, 
corrected for physical decay &e. biological 
retention). Details of these procedures and 
graphic analysis of the incomplete retention 
data were reported previously.(*) 

An iterative least-square curve-fitting pro- 
cedure, programmed for an IBSl Model 704 
computer, was used to fit the retention data as 
a function of time. Details(3) and appli~ation'~) 
of this procedure ha\.e been reported. 

RESULTS 
Table 1 gives age and weight of subjects, 

chemical form and activity of the radionuclide 
administered, duration of experiments, and 
number of measurements. Preliminary graphic 
analysis of the retention data for each subject 
suggested a biological retention function of the 
following form: 

n L 
Work performed under the auspices of the U.S. R ,  = 2 [ U I c - E q  

Atomic Energy Commission. s 
t T h e  code for designating cases indicates species, 

sex, nuclide, and case numbcr (e.g. HMCs-2 indicates where Rt is the percentage retention at any 
that the f i s t  human subject receiving cesium was a day 4 and ai and ki are the intercept wid rate 
male). constants, respectively. No more than two 

1 201 



202 LONG-TERlf RETENTION OF RADIOCESIUM BY kf-kv 

Table 1. Dclails of indicidrml experiments on retention of radiocesium by mlc human subjecb 

-_- 

Subject 

HMCS-I HiMCs-2 HMCS-3 HSfCs-4 

33 35 37 27 Age (yead 81.8 77.3 57.0 68.2 Weight (kg) 
Form administered CS'J'CI Cs"'C1 ~ 3 1 3 7 ~ 1  w*4ci 

Activity administered ( p c )  -1 < 1  t l  1.4 
Duration of experiment (days) 106 543 555 9-40 

25 47 47 94 Number of measurements 

exponentials were required to describe whole- 
body retention of radiocesium, even though 
one subject (HXlCs-4) was measured until 
the lower limit of the detecting system was 
approached. This suggests that no additional 
components are needed to describe the long- 
term retention of cesium by man. 

Table 2 gives the parameters of the "best- 
fit" biological xetention equations for each 
subject and for the pooled data. Esceptionally 
good agreement among the intercept constants 
and reasonably good agreement among the 
rate constants exist for each component. These 
datz show that the second component (i.e. 
sccond term in the retention equation) is the 
more important with regard to radiation dose 
because of the large intercept values and 
relatively long half-time. For example, the 
contribution of the second component to the 

total area (1, to tm)  under the effective retention 
function, 

--(k 1 R, eff = ale I +  )1 + u2e-(ks+1)L 

for the pooled data is more than 99 per cent. 
As this area is proportional to radiation dose, 
it becomes apparent that the first component 
can be ignored when considering radiation 
dose calculations. Table 3 gives the standard 
deviations for the intercept and rate constants 
of the second component of each retention 
equation. The largest standard deviations are 
for subject HMCs-1, who was measured for 
only 106 days. Values for all other cases are 
in good agreement and smaller than those for 

Fig. 1 shows experimental data for subject 
HMCs-2, plotted with a graph of the best-fit 
biological retention equation derived by the 

HMCs-1. 

Table 2. Parameters of biological retention functiom ' f o r  four normal male subjects 
gicciz radiocesium 

Subject 

Pooled 
HLIO-l HMCS-2 H?tfCs-3 HMCs-4 data 

14.35 12.19 12.89 10.62 13.34 

1.39 I .46 1.13 1.00 1.39 
84.58 87.93 86.99 89.59 86.69 

110.16 131.22 115.95 146.79 133.95 

0 1  
(k1 >< 10') -4.9782 -4.7560 -6.1444 -6.9400 -4.9880 
=b 

a2 
(E;, x 103) -6.2920 -5.2023 -5.9778 -4.7222 -5.1749 
T b  

*From R, = ale-kd + a2e-kz[,  svhcre R, is the percentage of administered amount present at any day 1, 
c is the base of natural logarithnls, and a and E; of each tern] are thc intercept and rate constant, respectively. 
Respective units of a ,  k and T, we percentage, days-' and days. 

. 
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Table 3. Standard deviations of inlercept and rate constants for sccond c o m p o m t  of 
biological retention fumtions 

Subject a ,  i 0 k, f a  

HhiCs-1 84.58 & 1.33 -6.29 x 10-3 4.11 x . i o 4  
HhICs-2 87.93 4 0.58 -5.28 x 10-3 *4.35 x 10-5 
HhlCs-3 86.99 e 0.67 -5.98 x 10-3 5.29 x 10-5 
HMCS-4 -4.72 x 10-3 & 3.17 x lov5 
Pooled data 86.69 i 0.83 -5.17 x k 6 . 2 4  x lod5 89.59 2 0.52 
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FIG. 1. Biological retention of Cs"' by a normal adult male subject (HhlCs-2). 

FIQ. 2. Computer-derived biological retention functions for four normal male -. - subjects given radio-cesium. 
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computer. Fig. 2 plots the biological retention 
equations derived by computer analysis for the 
pooled data and for indivitfual subjects. For 
convenience, retention ciirvcs are shown to only 
10 per cent of the original burden. Other 
workers(5) also reported only two components 
in the CsI3’ retention functions for two subjects 
measured for approximately 200 days. 

DISCUSSION 
Biological retention of radiocesium can be 

described more accuratcly by the sum of two 
exponentid components than by a single or 
composite power function. The biological 
half-time of the component of interest (Le. that 
with the smaller rate constant) ranges from 
110 to 147 days, with a mean value of -135 
days, for a group of four normal male subjects. 
Combined use of a whole body counting facility 
and a curve-fitting procedure programmed for 
the 113x1 Model 704 computer provides the 
best objective estimates of both the retention 
functions and the variance of the parameters 
\v hich describe reten tion. 

Several estimates of the biological half-time 
of CsI3’ in man have been calculated from 
excretion data obtained from contaminated 
subjects. ANDERSON c! 0 1 . ‘ ~ ’  estimated a value 
of 145 days based on the Cs13’ content of a 
52-man-day urine sample collected fiom six 
men. These workers assumed a mean body 
burden of 0.005 pc CsI3’ and a urinary-to-fecal 
csI3’ excretion ratio of 4. >frLLER and 
STEISCRABER(~] reported half-times of 92.5 and 
157 days for tivo Marshallese subjects contami- 
nated in 1354. These admittedly crude 
estimates were based on the CsI3’ content per 
gram of potassium in excreta samples. I t  was 
assumed that the subjects excreted 0.5 and 2 g 
of potassium per day in the feces and urine, 
respectively. WOODWARD et d.t8) reported a 
half-time of I10 days for lfarshallcse subjects, 
based on four pooled urine samples collected 
over a 180-day period. 

Other estimates of the biological half-time 
of C S ’ ~ ~  in man have bcen ohtained from whole- 
body counting experiments. Tentative results(*) 
on the four subjects reported here indicated 
a mean half-time of about 143 days for the 
component with thc smaller rate constant. 

STEWART et ul.(O) reported that excretion from 
the C~I~~-contaminated human subject could be 
described by a composite expression of either 
the exponentid or power-function type. I t  was 
the authors’ opinion that the exponential mode1 
had more practical usefulness in describing the 
experimental data, since more than one power 
function would be necessary to describe the 
retention process. Radiocesium retention data 
obtained at  this Laboratory were not describable 
by power functions. 

MCNEIL and GREENC~O) reported effective 
half-times of 110, 115 and 119 days for three 
accidentally contaminated subjects. Measure- 
ments were made with a 5-in. NaI crystal in 
a room shielded with 8-in.-thick steel walls. 
Although the subjects were followed for 140 
days, the actual number of measurements per 
man were 4, 2 and 3, respectively.  MILLER(^) 
estimated a value of about I10 days for two 
subjects accidentally contaminated with (3- 
and measured for 60 days. OBERHAUSEN(~*) 
reported a biological half-time of -144 days 
for one C~’~~-contaminated malc. Several 
measurements were made with the Landstuhl 
27r liquid scintillation detector to obtain this 
resuit. 

Despite the small number of observations and 
the large number of factors, such as age and 
dietary state, which almost certainly contribute 
to variations in Cs13’ turnover among subjects, 
it is encouraging that reported half-times vary 
by less than a factor of 2. 

SUMMARY 
Whole-body retention of radiocesium was 

measured in four normal adult male subjects 
by means of a 4a liquid scintillation counter 
(Humco I). Two subjects were measured for 
550 days and another for 940 days. A computer 
method was used to derive the biological reten- 
tion equations for each subject. Although whole- 
body retention can be described by the sum of 
two exponential components, one component 
can be ignored for most biological considerations 
The  biological half-time of the component of 
interest (i. e. that with the smaller rate constant) 
ranges from 110 to 147 clays, with a mean value 
of -135 d a p ,  for the four subjects. Findings 
of othcr investigators are summarized. 
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ADDENDUM 
Since the prcparalion of this paper, several addi- 

tional mcasurernrnts of the biological half-life of 
radiocesium lia\-c become available. LIDES [Acfa 
Radiol. 56, 237 (19Gl)l refers to a 74 day biolosical 
half-life obtained from one male Scandinavian 
subject follo\ving intravenous administration. This 
subject was s t u d i d  for 7 months at thc University of 
Lund. ROI~I-. and \'AS DLLU (personal communica- 
tion) reccntly obtained a 150 day bioIogical half-life 
for one accidentally contaminated male subject a t  
this Laboratory. 'Twenty measurements were made 
ovrr a 597 day prriod in the )vhole-body counting 
( S a 1  crystal) facility. 
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