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INTRODUCTION 

LOS7u 

In order to as:;e:;s the radiation hazard of the fission product Cs137 , it is necessary 
to determine its long-term turnover rate in man. Part II of the report describes a 
Jong-term study of C:;13 i made on five patients. Measurements of whole-body reten­
tion were made \'vith the Brookhaven whole-body counter. It has been found that 
the techniriue of radiochemical analysis of excreta is of limited sen:sitivity for de­
termining whole-body retention at very long periods of time after isot-0pe ad­
ministration. 

In order to assay the radiation hazard, it is further necessary to estimate the 
retention over the normal life span of man on the basis of the data obtained. Thus 
a mathematical model must be developed from which long-term extrapolations 
can be made. In this study, data· analysis was carried out with the use of a com­
puter in order to determine the parameters of the mathematical functions that 
best cle:;cribc these data. 

METHODS 

The Brookhaven whole-body counter used in this study has been pre,·iously de­
scribed (1). The counter consists of an 8 X 4-inch NaI (Tl) crystal detector with 
three 3-inch photomultiplier tubes. The detector is suspended 19 inches over the ad­
justable cot holding the patient. A 400-channel transistorized RIDL (Model 34-12) 
pul:se-height analyzer is employed. 

Cs 1:i;·c1 was administered intravenously as a single dose to two patients and 
orally to three patients. The de:;criptions of the patients and details of the isotope 
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Pali en/ 
Dose oi 
Cs'" (i 

(µc) 

50 
:!5 

10 
10 
10 

C0ll).", RO~OFF, GUSMAXO AKD SI'EXCER 

TABLE I 

Dt;SCRll'TION OF PATIENTS 

Roule ,If 
1.1dmin£str~1lion 

Oral 
Oral 

Intrnvenous 
Intra venous 
Oral 

Age 
(years) 

57 
73 

45 
70 
60 

Sex Diagiwsis 

M Pulmonary tuberculosis, innctive 
M Hypopituitarism "econdary to pitui-

tary tumor 
F Carcinoma of colon 
M Malignant lyr:nphoma 
F Malignant lymphoma 

:;; 

admini:;tration arc prc:;entcd in Table I. All subjects were outpatients and were ! 
counted on the tfferagc of three times a month. j 

The \"ariation in the counting rate for the photopcak of a point :;ource of C::;137 

i:; ::!:0.24<;,~. The prcci:;ion of the counter for Cs 137 in man is 0.36 lllf<C. The per cent 
:::tandard cle,·iation of the count rate in a patient for n IO-minute count one year 
after the oral administration of .50 r<C of Cs 137 is ±0.27. The variability of the 10-
minute background o\·er a 30-day period is ±1.10%. The variation in the count rate 
due to reproducing tile patient's position on the cot is less than 2%. The Brook­
han'n-:\lerlin computer wa:; programmed to determine the be:;t least-squares fit 
for the cu1Te:; and the standard errors. 

RESULTS AND DISCUSSIO~ 

The whole-bo'<ly retention data for intravenously-administered Cs137 for a 
representatiw patient l a.re shown in Fig. 1. The biological retention of Cs137 

for all patients can be described by a sum of a number of exponential functions. 
Ho\YeYer, only the final exponential component is considered in this report, as it 
represent:; 85 to 95% of the administered dose and thus accounts for practically all 
the radiation dose in all patients studied. The intercepts I A) and rate con:;tants (A) 
of thi:' major «Xponential component for each patient, along with their standard 
error:>, :ts dl't«rn1inf'd liy computer analysis, are presented in Table II. 

In order to cli111inate the dfct:t on the geometry, and thu:; on the counting, of the 
initi:tl \·ariation" in distribution of the administered isotope, C:; 1=io retention \·alues 
11·1·r1· olitai1l!'d fro111 thl' L'Xert'tion data for the fin;t few weeks of the :;tudy. Thu:;, 
till· L'Ul'\·1·~ 11·1·rL· norn1alizl'd to the retention value:; obtained by analy~is of excre-
tion in patient,;' and over the first 3 week:;. 

ThL· \·alul'.' for t!t1· liiolog;ical hti:lf-lifc reported here range from 54 to 114 days. 
\\'ith a niean of 75 day>'. Thi:; ,·alue is in agreement with that obtained by Liden 
I;:?), \\'ho rl'portcd a liiolog;iral half-life of 74 days in one male injected intra­
\"l'llOU::dy. A .;in1il:tr .;prl'ad in tile Yalues for biological half-life in a situation of 
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FIGURE I 

FH:. I. \\'hole-body retention of Cs"" 

TABLE II 

Lo:-.;c:-TER~t Wuot.E-BcrnY RETENTION OF CESJUM-137 

Per cent retention (R) - Ae-X• 

Period of .V11111ber 
st11dv of 
(da\·;J counts 

:2:2-:l-t:l -II 

:28· 1 SI !() 

!H:2X l·I 

:2:l-:2:l!I 17 

1-1-IOfi 10 

A (intercept) 
(%injected 

dose) 

!H.-17 ± 0.66• 

x:,.!11 ± o.!IO 

.~ti ti7 ± I. 10 

~(slope) (day-•, 
x JO') 

60.72 ± 3.57• 

90.39 ± 1.08 

120.53 ± 1.35 

127.-11 ± 0.90 

96.-19 ± 1.97 

336 

/Jiological lialf-life 
(days) 

113.99 + 0.67 
- 0.66 

76.65 + 0.90 
- 0.84 

57 .. 50 + 0.65 
- 0.6-1 

54.39 + 0.39 
- o.:l8 

71.82 + '.!.-10 
- l.-1-1 

• Standan.l error of the estimate of the coefficients of the line of regression: See Y. Beers, 
'l'h.:ury of Error, Addison-Wesley Publishing Co., 1957. 
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chronic exposure was also noted by Rundo (3), who obtained values from 48 to 
126 days and a mean of 87 days. These values can be compared to the mean valm: 
of 135 days as reported by Richmond et al. (4) and 115 days as reported by McNeil 
and Green (5). The wide variations in biological half-life reported may be due to 
the effects of age, or possibly metabolic variations or differences in diets of tlw 
:;ubjects studied. In the present study the ages of the subjects were from 45 to i3 
years. whereas in the other studies the subjects were generally young males. How­
ever, even in dogs of the same age and nutritional background, widespread differ­
ences in the Cs1:17 turnover rate still occur (6). 

A single exponential term was sufficient to describe the data for the longest 
titudy in the present series, 343 days. Richmond et al. (4) in a study covering a 
1wriod of 940 days also found that a single exponential term satisfactorily de­
:;cri hed the data. On the basis of these findings, it would appear that the datn 
may lll' l'Xtrapolated over considerably longer periods of time. These findings abo 
:;uggest that C:; 1:17 ii; excreted primarily from one large compartment or, alterna­
tinly, i:s quite uniformly distributed throughout the body, as discussed in Part I. 

It will be of interest to investigate, in future studies, the effects of such factor:; 
as age, diet, and metabolic disorders on the turnover rate, ina:smuch as the present 
data suggest possible variations in the turnover on the basis of these factors. 

RECEI\'ED: December 5, 1962 
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