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akt. HALF-TIME OF CESIUM-137 IN MAN?

©. MeCrau*

/

D1) Kaa AL onl,
CONFIRMED TO BE UNCLASSIFI

AUTHORITY: DOE/SA-20
BY HrR;

h.@ Cllsop

*. part of participation in the Federal © Available data

Kaha:..n Council Working Group and Ad Hoe
F.. ©, un Strontium and Cesium Radionuclides
4: -:~-«veloped Report No.7, the available mate-
vial ond dat:. pn the half-time of cesium-137
:. att were reviewed. The purpose of this
.” :zt was to collect data on measured values
©. ve .am~187 half-time that could be employed,
_sfodac. witn other material, to support the
. « of an assumed value of biological half-life
:: whole body and bone marrow dose calcula-

tigas.
This report represents (1) collected data on

aaeasured values of cesium-187 half-time in

man, (2) a suggested model for expressing
ce’ ar -137 half-time as a function of age, and

‘; ust.aates of doses and body burdens for a
. * : salake of cesium-137 and for intake of

437 in milk, using an assumed pattern
-* -}% consumption by various ages..
~"..@  Anportant consideration in determining
11. body and bone marrow radiation dose
w an exposed population from internal cesium-
237 is the effective half-time of this radionu-
clide in man. Should there be a different bio-
logic .«] half-time for cesium—137 in various age
ucoups within a population and an effective
‘half-time* which varies as a function of age, it -
will be necessary to consider this factor in
determining doses to the population and in
,ie:ermining which age group in the population

will receive the highest exposure from a con-
waninating event.

+ AG.upted from HASL-164:281-300, Clearinghouse
for Federal Sciextifie and Technical Information, 5285
Port Royal Rosd, Springfield, Virginia 22151 (Oc-
tober 1, 1965). Price $7.00.
-?Mr, McCraw is a Health Physicist with the Division

of Operational Safety, Atomic Energy Commission,
Germantown, Maryland.

* For cesium. 137 in man, the radiological half-time
is so tong (about-11,000 days) and the biological half-
aime is a0 short ‘of the order of 100 days or less) that
for purposes of this report, the effective half-time ean
be considered equal to the biological half-time.
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Table 1 lists data from the literature. The

symbol T, will be used to represent the

biological half-time of cesium-187 in man.

Where possible, the range of observed values

for each group of individuals studied is

included. -

Discussion of data

' Rather than present individual measure-

ments of T, for each subject, many in-

vestigators have reported an average value

with an indication of the range of observed

“values, Considering the lower limits of the
range of values for “adults” (unweighted for
numberof subjects) for all investigators where

‘ a range was given, the average value for the
-lower limits is about 78 days. The average
value for the upper limits is about 122 days,

and the overall average is about 98 days for

these data.

The unweighted mean of the “Body Radio-
activity Measurements and Excretion or
Dietary Analysis” data from Rundo’s summary
is 110 days. The “Body Radioactivity Measure-
ments” give an unweighted mean of 108 day:.
The “Excretion or Dietary Analysis” data give
an unweighted mean of 114 days. Thus, the two
techniques appear to give results which are in

close agreement.

The data collected on T, for groups of sut-
jects are presented graphically in figure 1. Aix:
plotted are individua] values for 6- and 8-year-.
old girls and for two infants (Rundo), and
values for three young women and twoinfants
(Bengtsson et al.). In order to display the data
for “adults”, it has been assumed that this age

- group consists of those about 20 to 26 years of
‘age and older, and the elderly are assumed to
be over 60 years of age.
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Table 1. Cestum-137 half-time \) trom the Meratare

Group Age (years) Te (days) Range (days)* /Refer-

8 gis! é Fo -
“Asiv. e 39 _- a

+ git.“ a 50 _ )
Sl.ee oiages 105 odteviation ®

2caelke -aeatte 7 _ )
& 782 6 —
Be. 36-75 4 410
anae 7-76 $5.8} 2:10

-) tate 0-14 “ +10 )

$4. -dulta, 100 = .
wt ome )-40 8 {fie guremer § if

. jo winter
4 chicdren ~35 14,the vatoe — |
Marshallese
people 70 _

30 ‘eorma) os 0.8-1,scbjects 8-1.38 8

‘ mes “9 soo-tes }
*@ adult 83 Ga 1959) ;

56 Ge 1961) }
1 adult 04 _ )
i adult 136 -~ ?
average value . : “ No _ ?
average velue 140 -_ )
2 adults 41210 -_ ®)
° adults 4315 310-119 »
1 am of
: 414s ~

400 37. )
‘ 135 310-147 “T @)

4150 = ): 4322 109-148 e)
i‘ @75 54-114 ®
: 4309 0-1 )
be +89 88-120 )
+ - ©145 ~ ¢)x ¥ ©3125 92-187 0)

: 0188 - 0)
&. °110 ~ oy
: . +56 ~80 ° +
: 298 86-312 Oo ,
£ #170 200 e)
3 997 53-140 °)
. . “71 *)
7” °©%6 @)
3 90 76-126 ty
i 81 )
3 95 — ba)

9 oman18 { v2 60 a4 ts)

6 % sto m)3 ween 4 ts
2 «.man-ER 3% 32 #3 ")
iasiant of 18 # days 23 +5 3)
tinantof EB ft days 25 +3 qe
1 infant ? warty infancy 9.6) — 43
i snfant - early infancy 6.6] — $3
12 aduite 91 £18 ae
3 sefont .7 days 13 _ Ad
Lenfant ; “4 days 33 - ts
Tcnfpne 36 days . 2t _ as
2 slant a6 days 18 - (ity
B infant 43 days 42 _ 4s)
* ebad | ” 2 _ Sy
7 hetat fh 43 _ 8

Ls eta, ¥ 40 _ ts
” adult * 108 _ 38
> erult w% 100 _ 18
* eduit as : 7 "
eu ota 16 _- se)

3 aut 1 ot 101 - ae
5 ms cathe , 33 121 - a
badah 1 35 131] — ts
2 eauit : 33 94 - f is
bedult ' 35 108 - ae
t adult 1 #4 a4 _ ts)
- adult : 49 136 _- a8
3 edul: 53 73 _ 6)
 adietr _ 32 . 101 _ (ts)
Z : elderly women #3.3) +2.0 bed

’ : * sr ait 0
z « @iderly men 2.2) +1.4 ti)

seo 216 bad     
vl ae ntertai..ty in the measurement is given, when available, where

dats .-. presentes for one subject.
» Sinall fraction climinated
esh fraction eliminated

iv tadion: tvily measurement
“sotion ot dretary analysia

<% 1 saonths ‘ater
+ 5p! Fomponent
~ Sle: component

F.4m table 1 and from figure 1, it is seen
that much of the data on T, are for “adults”,
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Figure 1. Biological half-time versus age

and that investigators have reported half-

times, for adult groups, of about one day for a

small fraction of the cesium--137 intake (about

10 percent) and values between about 60 ans

180 days for the major portion of the intay

While part of the difference in yalues from

various investigators may lie in the realm of

factors of instrumentation, calibration, labora-

tory technique, etc., the measured values

generally appear to represent real difference:

among individuals. The range of values

obtained by a single investigator for a ero:

of subjects must involve many biological and.

environmental factors for which there is litt

information. No attempt will be made t-

identify these factors except for the possible

influence of age on the biological half-time of _
cesium-187 in man (age may be an indirect

factor).
The data are meager, but figure 1 suggest.

"that the value of T, for those groups und
about 20 to 25 years of age decreases with 1:
_and that T, may be as low as 6 to 7 da:
for infants a few daysold. For the four infan'-
in figure 1, theaverage value is about 15 day:
which agrees with Pendleton’s average of 1°
days for five infants.
One additional feaiure in the data is po.sib) °

significant. For the age groups reported, |
investigator (from the available reports) hv —
reported a value of T, greater than 70 days‘
groups under 25 years of age or a valuc
than about 50 to 60 days for groups aver
years of age.

Radiolog;cal Health
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* Guarded state ne is,by B() investigators
- indicate reservcation: ’ “apecifying trends in the
data, such as -4 Gurhips between T, and age,
ACX, OF Speci -...’ pilahas said, “If there is a
chanze of hal-dife‘with age then it presumably

stamee at bith and imcreases steadily until

 

:- s@utthood is reached” (1). Other investigators
indicate a stranger support for a relationship

between T, and age. Bengtsson et al. state
“Fn: results also confirm that biological half-

. #m.« for cesium increases with age” (12).
‘Onstezd et al. report that in their studies in- (’
voxing more than 6,000 individuals,
our findings suggest that, within a single
spc cies, biological half-life is dependent on
age” (17).

an referencing the use of 100 days for the
‘gkiogical half-life of cesium in man, the
December 1964 report to the Federal Radiation
asuncil by the National Academy of Sciences
Advisory Committee, entitled “Implications to
Maun of Irradiation by Internally Deposited
Strontium-89, Strontium-90, and Cesium-137”
<78) contains the following:

“This value is almost certainly too large

ser children, perhaps by a factor of three
2 five.”

The Federal Radiation Council, in its Report
Wo. 7, <19) stated:

“The data for persons younger than 25
years suggest that the biological] half-life
becore maturity may be a function of age.
Biological half-lives of about 20 days or
tess have been reported for infants. For
this report a value of 30 days is used as
the biological half-life of cesium-187 in
infants.”

A value of 30 days for infants appears to be
a conservative assumr‘ion since the available
data for infants show values close to, but below,
‘thir value. ;

Boni's value of 81 days, which is applicable
ior adults 2% to 40 years of age, is in close
&greement with the average value of the lower
Aimit for adults for all investigators of 78 days.
However, there are little data for ages within
the category specified as “adults” to determine
if there is a trcnd of change in T, as a function
of age above about 25 years. The average value ©
far adalts for all investigators, those that
Specified a range of values and those that did
“ao, is 101 days. The most data for an early

saidy for all ages in a population group are for

@ecember 1965

the Marshallese pec with a value of 70 days
reported (5).

The data of Miettinen suggest an sverage
value of about 70 days for the ages 16 through

75 years. Lists of “age limits” indicate most of
these individuals were Jess than 50 years of
age. Whether the inclusion of individuals of

ages down to 16 years has the effect of Jower-
ing the average value of T, for these groups
compared to data on groups of “adults”

, presented by Rundo and Hansen and others, is
not known. Possibly other biological and
environmental factors are more important.

Model development

Considering the available values of T, for
the entire range of ages in the population, the
trend that is suggested for T, and age may be
presented graphically. The solid line in figure 2
is drawn to account for the apparent rapid
change of T, with age for those less than about
25 years of age, to provide an average value

of about 80 days for younger adults as sug-
gested by Boni’s measurements, and to provide
an average value for adults over 25 years of

cage of about 100 days. Considering all age
‘groups, the solid line in figure 2 develops an
average T, for all ages of about 75 days.
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Figure 2. Biological half-time versus age

The three segments of figure 2 may be
approximated by:

Ty= 12.8 (x!+-e-*) (W)
where:

T=biological half jife (years)
x=age (years)

_ __ 422%
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Pee Jatted curve in figure | sows that the
fit ‘is good for all azes. While this expression
dees eet proviae for estimating effective half-
time. of cesium-137 for individuals, it does
grqviae -« close approximation to averages of

- atai eren values of cesium-187 retention for
»ons Of subjects.

qaweson (1) may be combined with the
&,. xianim FRC Report No. 7 (19) that relates

“» 2.@ix 2@ Winole Dody and bone marrow in rads to
=¢-:ake of cesium-137 to form a generalized
expression that includes the age of various —
groups within an exposed population:

poke
WwW

0.55 1, (x!-+e-%)Je te
I WwW

D= =,X0.08X 1.44 [12.8 (x!+e-%)}

(2) 

J) = total dose (rads)
I, = total intake of '7Cg (microcuries)
Weboly weight (kilograms)
x=age of exposed group (years)

Tn. equation applies where it can be
ts:-zmed that body welght, W, does not change
a.cnificantly 4aring exposure.

if we intake of concern is through the
dietary pathway of pasture-cow-milk-man, the
total intake of cesium-137 for an acute con-

tainating event can be expressed in terms of
th: maximum daily intake. (See “Estimates of
the Concentration of Strontium-89, Strontium—

- 9, and Cesium-137 in Milk as a Function of
Trim”, Report of Special Ad Hoc Committee
of Federal Radiation Council, Radiological
Health Data, July 1965.

where:

I,,= maximum daily intake of "C, °

For the case of a single acute deposition of .
vesium-187 on pasturage, the total dose may be
estimated from:

17.6 In (x!-+e7*)7  @&
For those less than about 10 years of age,

most of this dose will have been received within
eat 1 year.
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Figure 3. Body weight versus age (average fer male

and female)

Model application—dose estimates

Figure 3 gives the average male and femaic
body weights in kilograms from birth to 80
years. The average values of body weight for
various ages are generally not the same for
male and female; however, the differences in

weight are not large. For theae body weight.
and using the generalized expression for dose,
figure 4 presents the total whole body and bon:
marrow dose as a function of age for a total
intake of 1.0 microcurie of cesium-137. Tn
doses in figure 4 would also be obtained using
equation (4) and a maximum daily cesium-137
intake in milk of '/s. microcurie or 31 nano-
curies from an acute deposition of cesium-187.
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Figure 4. Total whole body and bone marrow dose from
internal cesinm-137 versus age (an assumed total

intake of 3 »Ci 327Cs)
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. Figure 4 indicates that v'*h the use of this
qiodel for biological Aalf-ti. , the highest and
“Icwest doses ter all ages from a given intake of
cesium-187 aiffer by a factor of about two.
This occurs exen though body weights vary by a

~€ector.of tut 20, and bioicgical half-times
wary by a fector of about 10. For the younger
ages, those sess than 1 year of age receive the
‘ighest dosz. Those 70 to 80 years of age may
teceive a comparable dose. However, definitive
dita for ages greater than 50 are not available .
and the model suggested may not be really
representative for ages over 50 years.

Again, if one assumes that the dietary item

- wi interest is whole milk, the doses in figure 4
wan be modiiied by a pattern of intake for milk.
“fable 2 presents data on average at-home milk
eensumption as a function of age. Values of

-. verage consumption in table 2 were developed
from a percentage distribution of milk intake
by age (Radiological Health Data, January
31963). This study of at-home milk consumption
v¥'as conducted throughout the United States in

July 1962. Since the study did not include
sonsumption of whole milk outside the home,
consumption may be underestimated for those,
ages consuming whole milk away from home.
Table 2 also presents the average consumption
‘by each age group relative to consumption by

maics less than 1 year of age (the intake

wormalization factor). The average consump-
tion for males less than one year of age is seen

to be 17.8 ounces per day. This is approximately
one-half liter per day (16.9 oz/day).

Table 2. Average daily fresh whole milk
consumption at home in U.S.*
 

  

 

Average consumption : Normalization factor
(Ruid ounces! No con- consumption/ <I

Age sumption fyear male consumption
{yeare) — o (percen

Wale Female Male Female

TA... 17.8 16.3 38.0 1.0 .82
9-4..-2222. 17.8 16.9 15.9 1.0 05
3-8... 16.6 14.5 20.5 08 -8l
20-14. ...-.. 16.9 12.7 25.0 05 72
$5-19_.. 2... 16.3 10.2 28.9 .92 58
20-24... 11.8 7.8 35.1 06 .
25-29_...... 9.8 6.8 39.2 55 .38
90-34_...-. 8.7 8.7 87.5 49 82
85-44. ...... 38.3 8.7 30.1 47 82
45-54... - 7.6 8.4 42.0 43 3
55-64 8. 8.1 5.9 40.9 45 33
>85.. 8.6 6.8 25.4 48 38      
padeet SomeatCaranBatetehaste
Femae Bon te ey FeedCones
The doses in figure 4, averagedfor each age

zroup, have been modified by the normalization
factors in table 2 to illustrate the effects that

December 1965

 

 

consumption may have on
shown in figure 5.

a pattern of m

dose, The result.
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Figure 5. Total whole body and bone marrow dose from

internal cesium-137 versus age (an assumed pattern of

dietary intake of cesium-187 in milk for males less
than 1 year of age consuming 1 »Ci)

The influence of the pattern of milk con-
sumption in table 2 is to reduce the average

doses for most ages relative to the doses in
figure 4.
The sex-related differences in milk consump-

tion cause males to receive higher average
_doses than females for all ages. The difference
fn dose between ages receiving the highest and ;

lowest values is a factor of about four for...
male and about five for female, and males less
than 1 year of age receive the highest dose.

- The yearly dose that would be received by
various age groups from a continuing daily
intake of cesium-—137 may be estimated by
determining the average cesium-137 body
burden during the year and using the follow-
ing: ,

B/W
Dee ‘85.7

(5)

+ where:

D,=dose rate (rads per year)
B=average body burden (nanocuries)

and W=body weight (kilograms)

The determination of average body burden
for a continuing intake of cesium-137 is de-
scribed in the following section (see equation

(9) and figure 7). .
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Model application—body ‘bu yt estimates

’ For acute ingestion of cesium-137 (ingestion
overa period of a few days), estimated average
boty burden: can be determined as a function
o>Gisc<. after ingestion for the exposed popula-
tiox, from:

Be |
Be= s000° 203 t/Tb : (6)

where

8B, = body ourdens (nanocuries)
R.=initiai body burden,

=total mtake in picocuries assuming 100
percent absorption,

t=time after ingestion (days),

T. = iological half-time (days),
=12.8 ‘xite-*)

and age (years).

© nversely for acute ingestion, the total in-
ti .. .m be estimated for various age groups
i ..... average body burdens are known at
&.c« time after ingestion.

rv: ingestion of cesium-137 that decreases
wick time, average body burdens within the

population may be estimated as a function of
time from:

meee Ro —bt dit’

B= 1000 Qi)© @
where

®. =1nitial rate of intake (pigocuries per day),
Av = biological decay constant

= ,693/12.8(x!+e-*),

Ai= Intake decay constant= .693/T,
T, = half-time for intake after maximum concon-

tration (days) -

eri Report No. 7 (19) indicates that for an
acute deposition on pasturage, the total cesium-
137 intake from milk may be 32 times the in-
take on the aay of the maximum concentration

4u milk (assuming the same amount of milk is
<ursumed each day). The portion of the total
intai. vecurring prior to maximum concentra-
tion i: about 16 percent of the total intake. The
intak: occurring after maximum concentration

- # about 27 times the maximum. Therefore, 27
days may be considered the mean time of
cesiun.-187 in milk following maximum concen-
tration. The half-time for intake after maxi-
¥aum concentration is: .

T.=270.693~18 days.

T2€ °

For acute deposi’“an of cesium-137 on pas-
turage utilized by >. cows,it has bu.-. esti-
mated that the maximum concentration (n ‘ilk

will occur about 6 days following depsition.
The average body burden for various ages
resulting from such changing levels in milk

may be approximated by:
1. Assuming total milk intake prior to maxi-

mum concentration is an acute intake u--
ing equation (6).

2. Assuming an additional! intake using the
maximum daily intake as R, in equation
(7).

The estimated body burden from milk con-
sumption will be the burden from equation (6),
plus the burden from equation (7). Contribu-
tions to total body burden from other contami-
nated foods will be additive. Figure 6 presents
_the body burden for males 1 year of age, for an

_ acute deposition on pasturage, where the maxi-
mum concentration of cesium-187 in milk
reached a level of 2,000 pCi/liter. Figure 6
indicates that maximum burden will be reached
in about 25 days for this age group.

rf 
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Figure 6. Cesium-137 body burden for males less than

- 1 year of age versus time after acute deposition

(assuming maximum milk concentration reaches

2,000 pCi/liter)

Other assumptions regarding the pattern of
milk consumption versus age may apply for
various portions of the U.S. population. Body
burdens for the milk consumption pattern in
table 1 may be underestimated for the ages
consuming quantities of milk away from home.
For a continuing intake of cesium-187 (in-

take that occurs over a period of years), esti-
mates of average body burdens within a popu-
lation can be developed from the following:

Radiological Health Data
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B=RT, Adit! (8)

where:

B= body sarden (nanocuries)
B= rate of intake of '%7Cs (picocuries per day)
a«=iological mean time (days),
Ar=absorstion factor, assumed to be 1.0.

With biological mean time expressed as a
function of age, equation (8) becomes: |

B=0.018 R (xi+e-%) (9)

where:

x=age (vears)

Equation (9) may be used, for example, to
estimate the average body burdens of cesium-
437 in the U.S. population from milk consump-
tion. The US. Public Health Service pasteur-
azed milk retwork results for 1963 and 1964
averaged 114 and 109 pCi/liter, respectively
(20, 21).

These data indicate that the average level of

cesiuin-137 in U.S. milk supplies has decreased

slowly over the past 2 years. Considering the
smal! change in these levels, it can be assumed °
that the various age groups in the population
<r in equilibrium with the cesium-137levels in

milk they consume for the portion of their
body burden due to milk intake, and their aver-
age body burdens for 1964 may be determined
from an average value of daily cesium-137

intake.

If it is assumed that milk ingestion for males
less than 1 year of age resulted in an average

intak. of 55 pCi/day during 1964, and using
the s,ormalization factors in table 2 to estimate
milk consumption by other age groups in the
population, estimated body burdens may be
determined from equation (9). The resulting
values are shown in figure 7. r

The dos: to males less than 1 year of age from
at-home milk consumption, using equation (5),
is about 0.002 rad or 2.0 millirads in 1964. The
poini should be stressed that these estimates
apply only to that portion of the cesium-137
body bura-na of the U.S. population due to milk
consumpt.on at home. The contribution to body
burden and whole body dose from milk con-
sumption outside the home and from other
items of the diet arc additive.

December i965
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Figure 7. Estimated cesium-137 body burdens from
milk consumption for U.S. population in 1964

For cesium-137 in U.S. milk supplies, esti-
mates of cesium-137 body burden in figure %
indicate that males 15 to 20 years of age had

the highest Jevels; those less than 1 year of age,
male and female, had the lowest levels; and
females of all ages had a lower average level

than males of the same age.

Sunmary

The observations of biological half-time for
cesium-137 in man indicate that half-time is a
function of age. The average biological half-
times for cesium-187 from birth through adult
life vary by a factor of about 10. A simple
mathematical expression has been presented
which relates half-time of retention of cesium—
137 and age. Though the model]is crude, it has
utility in predictions of doses and body burdens
from cesium-137 for various ages within an ex-
posed population. Additional measurements of
cesium-137 retention are needed, particularly
for younger age groups, to further refine the
model and to improve prediction capability.
More data are also needed for the elderly.
The combination of changes in half-time and

body weight results in a dose variation, for a
given cesium-137 intake, from birth through
adult life, of a factor of about two. The addi-
tion of assumptions regarding patterns of milk
intake as a function of age and resultant ce-
sium-137intake leads to a different distribution

' of dose with age than is foundfora fixed intake
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for all ages. For the assumed p.__ enof intake
of cesium-137 in milk, the dosevaries within

the range of ages from birth through adult life

‘by a factor of four to five, with males less than
Lawe.t ofage receiving the hizhest dose.

7 cicr-ae% socute contaminating event, the time
@+ aatsaum cesium-137 body burden is a func-
a .J.age. Maximum body burdens from milk
“ecrsamption may occur in about 25 days after
z.. acute contaminating event for those ex-

“gected t. receive the highest dose; i.e., those
“ae: onan } year of age.

it : estimated that for a long-term, slowly
cz-ging intake of cesium-137, such as oc-
earred from use of fresh whole milk supplies

, ay the U.S. population in 1964, males 15 to 20
>.*. af age had the highest body burdens;
ane *‘ess than 1 year of age, male and female,
«+ ‘owest body burdens; and females of

nad lower body burdens than males ofalee MR*

"SM 5: 4° age.
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