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1. Cesium-137 Metabolism in Man' 

BETTY ROSOFF,' STANTOX H. COHN,3 fim HERTA SPEXCER4 
Metabolic Section, Veterans Administration Hospital, Hines, Illinois 

ISTRODUCTION 

The study of the metabolism and distribution of cesium-137 is of particular 
interest at present because it is a biologically important fission product present in 
radioactive fallout. .Animal experiments have shows species differences in the ex- 
cretion patterns of parenterally and orally administered C S ' ~ ~ .  For example, in 
rats and rabbits the primary route of excretion is via the kidney, whereas in cows 
and sheep most of the cesium is excreted in the feces (1-3). In  sheep, 50% to 
80% of orally ingested was found to be absorbed (3). Tissue distribution 
studies in animals have shown that the largest concentration of cesium per gram of 
wet tissue is found in muscle (1-3). 

Pre;-ious investigatima of cesium in man have been primariiy concerned with 
the measurement of the levels of fallout-produced in various population 
groups ( 4 ) .  Recently, with the development of total-body counters, i t  has also 
been possible to measure the biological half-life of Cs13? in man (5, 6). The re- 
sults obtained with these measurements are discussed in Par t  I1 of this presenta- 
tion. This report describes a study of the excretion and distribution of CslS7 
man, after both oral and intravenous administration of tracer doses of this isotope. 
Attempts to increase the excretion rate of Cs13' by various chemical agents are 
also described. 

MATERIALS ASD METHODS 

The urinary and fecal excretion of CS'~' mas determined in nine patients with 
neoplastic disease and in two patients with pulmonary diseases. These patients 
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Diagnosis 

TABLE I 
' 

PATIENTS I S  WHOM CS"' EXCRETION AND E S H I N C E M E N T  S T C D I E S  W E R E  PERFOBlUED 

Roil& of 
administration 

1 
2 
3 
I 

5 

6 

7 

8 
9 
10 

11 

Hodgkin's disease 
Carcinoma of lung 
Carcinoma of colon 
Hodgkin's disease 

Chronic pulmonary dis- 
ease 

Chronic tuberculosis, 
inactive 

Carcinoma of colon 
with metastases to 
spine 

Carcinoma of lung 
Csrcinonia of breast 

Intravenous 
Intravenous 
Intravenous 
Intravenous 

Oral 

Oral 

Oral 

Oral 
Oral 

Carcinoma of breast 

Slultiple myeloma 

Oral 

Oral 

S l d y  

W e  

Excretion 
Excret ion 
Excretion 
Excretion 
Enhancement 
Excretion 

Excretion 

Excretion 

Excretion 
Excretion 
Excretion i 39 
Enhancement I 

Excretion 
Enhancement ! 1 %  

had good nutrition and noma1 kidney function, and their gastrointestinal tract 
n-as not involved in disease (Table 1 ) .  .\ single tracer dose of 10 to 50 pc of 
carrier-free CsI3' as chloride was injected intravenously to four patients and 
administered orally to seven. Blood samples n-ere drawn a t  frequent intervals 
on the day of CsI3? administration, daily for the following 10 days, and periodically 
thereafter during the study. The total 24-hour excretion n-as collected for the 
duration of the excretion studies. n-hich ranged from 9 to 160 days. In four of 
these patients, agents which might increase the escretion of cesium r e r e  ad- 
niinistered a t  time intervals ranging from 10 to 31 days after the intravenous 
or oral administration of Cs137 (Table 11). Sormal saline \\-as infused intrave- 
nously, and hydrodiuril. amnioniuili cliloride, corticosteroids, the resin kayesalate, 
and E-aiiiinocaproic acid mere administered orally. The tissue distribution of Cs"" 
n-as studied in four other patients who had expired a t  various time intervals after 
administration of the tracer (Table I11 1 .  

Dose standards for intravenously administered tracers were prepared by quanti- 
tatively transferring an equivalent dose from the s a ~ e  syringe and needle into a 
volwnetric flask :md diluting with saline to an appropriate volume. Standartls 
for oral doses were prepared by pipetting an equi \dent  dose into a voluiiietric 
flask and diluting in the same nianner as above. Xliquots of the standard, n.1101~ 
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Study 

Days 

Excretion 
Excretion 
Excretion 

I Excretion 
Enhnncemen t 
Excretion 

160 
60 
21 
$2 

9 

. .  1 Excretion 
Excretion 

! Excretion 
Enhancement 
Excretion 
Enhancement 

I 

Excretion 

I Excretion 
I 

19 
27 
39 

35 

27 
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TABLE 11 

2 

3 
5 

4 13 Infusion of physio- 500 ml 

4 24 H ydrodiuril 50 mg 
logic saline 

31 Ammonium chloride 9 gmb 

40 mg 14 10 26 Prednisone 

5 
11 

11 10 Kayexalate 16 gm 
11 c-hniinocaproic acid 24 gm 

* A single tracer dose of CslWI was given orally on the first day of the study. 
bThree grams given three times per day. 

TABLE 111 
CsIs7 TISSUE DISTRIBCTION STUDIES 

Days a/kt intra- 
DMgnosis renoits injecfiun 

- -  _ _  Age - - .- - _ .  _. of CS'" sex Pafient 

M Hodgkin's disease 165 
3 

10 
16 
3 

1 40 
12 55 M Carcinoma of lung 
13 66 M Malignant lymphomn 

Hodgkin's disease 14 66 F 
15 61 F Carcinoma of uterus 

blood, serum, urine, and feces mere pipctted directly into counting tubes. Samples 
of the tissues obtained a t  autopsy w-ere vet-weighed and placed in counting 
tubes. The radioassays were perfolned in a well-type NaI crystal scintillation 
counter. A single-channel pulse-height analyzer permitted counting a t  the cesium 
photopeak. Dose standards mere counted a t  the time the samples mere radio- 
assayed. The data are expressed in per cent of the administered dose. For the 
calculations of the amount of C937 in whole blood and plasina, the volume of whole 
blood mas assumed to be 5 liters, and of plasma 3 liters. 

RESULTS 

Excretion Studies 
- -Intrat~enol~s_Adt!~inistration. _T_he_copnJ?tion of CsX3' in plasma and in whole 
blood in a representative study (patient 3) immediately after intravenous injec- 
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FIG. 1. -4 single tracer dose of Cs’”C1 waa injected intravenously. The concentration of 
C S ’ ~  in whole blood and in plasma was determined on the first day of the study a t  frequent 
time intervals (see insert) and daily thereafter. 

tion is shown in Fig. 1. At 5 minutes after injection of the isotope, the amounts of 
Cs13i in whole blood and in plasma mere about equal, 27% and 2 6 5 .  respectively. 
These levels decreased in a similar manner over the first 2 hours. The amount of 
C S ’ ~ ~  in whole blood a t  2 hours (3.5%) remained the same for sel-era1 days and 
then gradually declined to 2% a t  10 days. I n  contrast, the Cs1zi plasma level 
continued to  decrease from the 2-hour level of 35% to 0.8% at 24 hours and stayed at 
approximately the same range for the next 10 days. 

Most of the intravenously injected cesium was excreted in urine, n-hereas the 
fecal cesium escretion contributed only minimally to the total excretion. Tllc 
excretion curves of patients 1 and 2 who were studied for 160 and GO dayL, c respcc- 
tively, are very similar (Fig. 2 ) .  The urinary cesium excretion of patient 2 W:I* 

slightly lower and the fecal escretion was slightly higher than in patient 1, resulting 
in a similar total excretion for both patients over a 60-day period. The excretion 
patterns of patients 3 and 4 n-ho were studied for 21 and 11 days. respectively. n’rrc’ 
similar. Patient 3 escretecl 1GS of the dose in urine and 4% in stool in the first 11 
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days, and patient 4 escreted 27% in urine and 2% in stool in the same period of 
time. 

Cs137 Body Retention (Intravenous Administration). The amount of cesium 
remaining in the body was calculated from the total excretion data for patients 
1 and 2 (Fig. 3) .  Each point represents the retention a t  consecutive 10-day inter- 
vals after the intravenous injection of Cs137. Approximately 50% of the dose was 
present in the body of patient 1 a t  50 days, and of patient 2 a t  60 days. 

Oral Doses. The amount and distribution of Cs'3' in whole blood and in plasma 
after the oral administration of Cs13' were comparable to those found after the 
intravenous dose (Fig. 4). In  patient 6, the amounts of Cs'3' in whole blood and 
in plasma were equal a t  1 hour, and a t  4 hours there was less in plasma than in 
whole blood. From 4 to 96 hours, the Cs137 level remained relatively constant in 
whole blood but continued to decrease in plasma. A 4:l ratio of blood to plasma 
was reached in 24 hours. In  patient 5, the amount of cesium in plasma was already 
less than in whole blood a t  1 hour;and, although both continued to decrease, the 

DAYS 

FIG. 2. Urinary and fecal c$" excretiom of patients 1 and 2 after a single intravenous in- 
jection of Cs'"C1. Patient 1-160-day study; patient W a y  study. 
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FIG. 3. Cesium-137 whole-body retention of patients 1 and 2. Closed circles, patient 1;  open 
circles, patient 2. -\ single tracer of CsECl was given intravenously on the first day of the 
study. The body retention was determined from the excretion data. 
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TABLE IV 
EXCRETION OF THE TRACER Cs"7 AFTER ORAL ADMISISTRATIOS 

Cumrilatite excretion j o r  7 days 
(70 of -4dtninislered Dose) 

Un'nC Slool Tolnl 
Palien1 

5 7.6 1.8 9.4 
6 5.0 2.0 7.0 
7 15.7 1.6 17.3 
8 12.4 2.1 14.5 
9 11.1 1.5 12.6 

10 14.5 2.0 16.5 
11 7.0 1.8 8.8 

649 

plasma levels decreased a t  n faster rate. At 24 hours the amount of cesium in whole 
blood was 1.7% of the administered dose, and 0.4% in the plasma. 

The 7-day cumulative urinary and fecal Cs137 excretions of seyen patienk 
mho received the tracer orally showed that  the total Cs13' excretions varied from 
patient to patient (Table IT-). The fecal Cs137 excretion was low in all cases and 
ranged from 1.5% to 2.15 o i  the administered dose. In  each of these patients the 
urinary C P  excretion was two and one-half to ten times as high as the fecal 
Cs13? excretion. 

The cumulatiye Cs'37 excretions over different time inten-als after the intrave- 
nous and oral administrations of the tracer are compared in Fig. 5. These data 
show that the urinary and fecal Cs137 excretions after oral administration were 

h. 5. Cumulative excretion of CS'~CI after oral and intravenous administration of a single 
tracer dose given on the first day of the respective studies. 

\ 
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similar to those after intravenous injection. The main pathway of excretion was 
via the kidney subsequent to  the C937 entry into the body by either route. 

Enhancement Studies 
Infusions of 500 ml of physiologic saline given on the thirteenth and fourteenth 

days after the administration of Cs137 were ineffective in increasing the urinary 
or fecal cesium excretion in patient 4 (Table 11). Similarly, the administration 
of 50 mg of hydrochlorothiazide given orally on three consecutive days (days 24 
to 26 of study) and of 9 gm of ammonium chloride given daily for 5 days (days 31 

tion of 40 mg of prednisone per day given for 14 days (days 26 to 39 after injection 
of Cs13?) was also ineffective in raising the urinary CdJ7  excretion. A potassium 
ion-exchange resin, kayexalate, (16 gm/day), given orally from the tenth to the 
fifteenth day and e-aminocaproic acid (24 gm/day) given orally for 11 days 
starting on the twenty-first day after the ingestion of Cs13i were ineffective in 
increasing the urinary or fecal Cs13? excretion in patient 10. 

6 to 35 of study) was of no avail in enhancing the CslS7 excretion. The administra- 

Tissue Distribution Studies 
Cesium-137 tissue distribution studies were performed on five patients de- 

scribed in Table 111. 
The tissue distribution of Cs13' a t  3, 10, 16, and 165 days after the administra- 

tion of the dose is presented in Fig. 6. At 3 days the level of CsI3' in per cent of 
dose per gram of wet tissue was highest in liver (8  x The concentration 
of both spleen and psoas muscle mas slightly lower (7 x lo-"). The concentra- 
tion of Cs137 was still lower in the following organs, in decreasing order: pancreas. 
heart muscle, skeletal muscle, rib, adrenals, and lung. The concentration in lung 
was the lowest of all the tissues analyzed (3 x The tissues of two patients 
obtained 10 and 16 days after Cs13' administration had a concentration about 
one-half those of the %day study. Here again, the concentration in liver and 
skeletal muscle was highest (3 x l O - 3 ) ,  with that  of spleen, heart muscle, kidney, 
and lung being similar and slightly lower than that  of liver and skeletal muscle. 
Pancreas showed a concentration of 2 x and rib and adrenals were 1.5 X 

ndnlinistration all 
tissues shon-ed a much lower concentration of Cs13?. Liyer and kidney contained 
2 x 

one-half that of liver. In  patient 1, 165 days after 

and the other tissues contained about 1 x lo-' of the injected close. 

DISCUSSION 

Cesium, like potassium, disappears rapidly from the blood stream when in- 
jected intravenously. The ratio of n-hole blood to  plasma v a s  4: 1 a t  24 hours, and 
this difference was maintained for several days. Cesium may exchange for potas- 
sium in erythrocytes or may be taken up by a similar mechanism as potassium. 
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hc. 0. A single tracer dose of Cs'"C1 was injected intravenously to five patients. Tissue 
samples were obtained at autopsy in two patients 3 days after the injection of the tracer. In 
one patient each, the samples were obtained at  10, 16, nnd 16.5 days after the injection of the 
tracer. 

Relman (7) has shown that cesium accumulates preferentially to potassium in 
muscle tissue, and the same may be true for red blood cells. The rapid and almost 
complete absorption of orally administered cesium is indicated by the fact that 
2% to  3% of the dose is present within 1 hour in whole blood, and a fairly constant 
level is reached in whole blood in less than 24 hours, similar to the results ob- 
tained after the intravenous injection. The cesium accumulation in red blood cell: 
and in other tissues does not seem to be due to passive diffusion between plasma 
and cells, but the cellular uptake may take place against a concentration gradient. 
For instance, a 20-fold differential exists between tissues and plasma concen- 
tration 3 days after the administration of Cs13'. 

The results of Cs137 excretion studies in man are in good agreement with previ- 
ously reported findings in animals [ 1 4 ,  the main pathway of excretion being 
via the kidney. However, the urinary-fecal Cs13' excretion ratio of 1O:l in man 
is considerably higher than in animals. For instance, this ratio was reported to  be 
3: 1 in mice (8). Since the soft-tissue concentration decreases with time, the low 
but continuous urinary Cs137 excretion in nian is most likely due to a slow release 
of cesium from cells into the extracellular space and excretion via the kidneys. 
Some of the loss of cesium from the tissues might be due to eschange with potassium. 

\ 
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It is also possible that  the excretion of cesium in man represents a release of 
cesium from tissues due to cell catabolism. Mraz et aE. (9) suggest that cesium 
is released from tissues only as a result of catabolism. The fecal excretion might 
in part be due to excretion L-ia the biliary system into the intestine, since the con- 
centration of cesium is very high in the liver. Hood and Comar (1) found that 
the Cs13i level in the liver of rats decreased fairly rapidly with time, and Nelson - 
et al. (10) reported similar results in mice. 

The tissue distribution studies in man reported here reveal that the conccn- 
tration decreased with time and that the distribution of cesium insoft  tissues was 
uniform by 10 days. Selson showed in autoradiographic studies in mice that the 
uptake in liver and spleen was not so high as in muscle and cartilage and that 
the concentration decreased a t  a much faster rate (IO). The tissue ana1yscF.s in 
man, horn-ever, indicate a fairly uniform concentration in soft tissues a t  10 days. 
The relatively high Cs13' concentration in the rib was unexpected in view of t l i i i  
uniform soft-tissue distribution of this isotope. However, no attempt was made 
to remove the bone marrow from the rib samples, and therefore the concentration 
in rib may indicate either bone uptake or uptake of cesium in the blood-forming 
cells of the bone marrow. Further inyestigations are necessary to verify these 
observations. The complete absorption of orally administered in man sug- 
gests that the tissue distribution after this route of administration would be similar 
to that after the intravenous dose. This is also suggested by the work of others 
in animals (3). 

The biological half-life of Cs13? in man assumes importance in view of the 
fact that the tissues are exposed to both y- and p-radiation. Cs13' is a p-emitter, 
but its daughter Balsim decays by -,-emission to stable Ba13i (11). Recent studies 
in dogs exposed to CsI37 have shown that in most cases the contribution of the 
@-radiation to the tjfisue exposure is considerably greater than that of the y-  
radiation ( I d ) .  I n  the patients studied, 50% of the intravenously administered 
Cs13' was excreted in urine and stool in time ranging from 50 to GO days. These 
data are in agreement Tvith the body retention determined by whole-body counting 
of five other patients who received Cs13' intravenously and/or orally. (See Part 
XI of this presentation.) 

Enhancement studied in man reported here and clsewhere and those carried out 
in animals underscore the difficulty in removing from the body once the 
radioisotope is deposited in the tissues. Mraz et al. (9, IS) have shown that an 
increase of potassium in the diet increases the escretion of acutely administered 
Cs134 in rats and sheep. Richmond and Furchner (14) using confirmed these 
results in rats. Wasserman and Coinar ( 1 5 )  found in studies of chronic ingestion of 
Cs137 that the retention of cesium did not appreciably decrease when the dietary 
potassium intake was increased, and that a 9-fold increase in dietary pota,..' < w i n  re- 
sulted in only a 2-fold decrease in cesium concentration in muscle. Similar results 
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were reported for inan (16). Increasing the potassium intake had no significant 
long-term effect on the excretion of clironically ingested G I 3 ' .  It has been suggested 
that stable cesium inight be effective in washing out Cs13' from tissues, but recent 
studies in rats indicate that orally administered cesium chloride does not enhance 

escretion, and the toxic effects. in fact, reduce the normal excretion rate (17). 
Tlicse reports suggest that further studies with potassium in inan under carefully 
controlled conditions seem to be indicated. Different doses of orally administered 
diamos n-ere shown to enhance the eseretion of Cs13' in rats 118). TO date, the 
use of catabolic agents which cause a release of tissue potassiuiii and of ion-es- 
change resins was ineffective in our hands. 

SUM M ART 

1. The main pathway of Cs137 excretion in man after either intravenous or oral 
administration is via the kidney; the ratio of urinary to fecal excretion is ap- 
proximately 10: 1. 

2. Orally administered Cs137 is rapidly and almost completely absorbed. The 
metabolism of the radioisotope was shown to be similar after either intravenous 
or oral administration. 

3. Cs13i disappears very rapidly from plasma and is taken up by red blood cells. 
4. The biological half-life of cesium in man, determined by analyses of excreta 

of 2 patients, was found to be 60 and 60 days, respectively. These values are 
similar to thc biological half-lives obtained by long-term whole-body counting 
studies. 

5. The tissue distribution of Cs13' in man decreases with time, and the concen- 
tration is fairly uniform in the soft tissues by 10 days. 

6. Attempts to enhance the excretion rate of Cs13' with diuretics, corticosteroids, 
and ion-exchange resins were unsuccessful. 
RECEIVED: December 5, 1962 
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