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+¥%+. MALF-TIME OF CESIUM-137 IN MAN'

7, F. McCrawt

> . part of participation in the Federal
Raha:.~n Council Working Group and Ad Hoce
P -« un Strontium and Cesium Radionuclides
a: _:-¢veloped Report No. 7, the available mate-
s:al ~nd dat.. an the half-time of cesium-137

.. 7+t were reviewed. The purpose of this
« " 7 was to collect data on measured values
am~137 half-time that could be employed,

vredn.ia Witn other material, to support the
..-«. of an assumed value of biological half-life
1+ wkle body and bone marrow dose calcula-
tic.o,

This report represents (1) collected data on
mcasured values of cesium-137 half-time in
man, {2) a auggested model for expressing
¢¢* av -137 half-time as a function of age, and

+; =ie.oaates of doses and body burdens for a
. : saake of cesium-137 and for intake of

237 in milk, using an assumed pattern
-+ 31Xk consumption by various ages. .
T .aportant consideration in determining
11 + body and bone marrow radiation dose
« an exposed population from internal cesium-
137 iz the effective half-time of this radionu-
clide in man. Should there be a different bio-
logic.4] half-time for cesium-137 in various age
<roups within a population and an effective
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" Available data

Table 1 lists data from the literature. The
symbol T, will be used to represent the
biological half-time of cesium-137 in man.
Where possible, the range of observed values
for each group of indivxduals 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
number of subjects) for all investigators where

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

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
Je.crmining which age group in the population
will receive the highest exposure from a con-
~uninating event.

&o‘.pled from HASL-164:281-300, Clearinghouse
for Federal Scwﬂt.ﬁc and Technical lnformatlon, 5285
Port Royal Road, ringfield, Virginia 22151 (Oec-
tober 1, 1965). Pnce :

-2 Mr. McCraw is a Health Physicist with the Division
of Operatlonal Sufety, Atomic Energy Commisaion,
Germmtown, aryl and'

s For cesium--13; in man, the radiological half-time
is sc long (about 11,000 days) and the biol ical half-
1ime is so short {of the order of 100 days or less) that
for purposes of this report, the effective hnlf-tlme ean
oe cons: dnred equsl to the hiclogical half-time
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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 Radlo-
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. Aiss -
plotted are individua] values for 6- and 8-year- .
old girls and for two infants (Rundo), and
values for three young women and two infants
(Bengtsson ef 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. Cesium-137 half-time « < from the Nterature
Growp Age (yearm) Ts (days) | Range {days)* |Refer.
¥ & ] -
Air. ® 3» - 9
o g " 50 - )
STaar . e »it ages 105 d%sdiwnhl Q)
% Lo - Gy -sults 74 —_— )
£ 222 28 -—
oo 36-78 [ o] +10 ;
RS “1-78 5.5 | =10
LY tarw 0-14 44 +10 )
i X -dulte, 100 -— .
- » 40 5 | e | 8 i/
. 1Y
¥ ehiciren ~38 4, the valos | — ©l
Maurshalless
Ppoopie 70 —
10 wormal L1 0.8-1.8
subjects g;
. mon "o )
L 1 adult 83 (a 1959) ;
86 (in 19061) )
1 adult 94 — )
] adult 138 -_— )
sverage valug . 110 -_— )
average velue 140 - )
b sdults 4110 - [\
> adults 4113 110-119 }
) adult 474 —
aduit 4144 - ;
adults 4 60 87 )
adults €135 110-147 1 ®
sdult 4150 - ]
% udults 4122 100-148 [\dd
l adults 475 54-114 (4]
1 aduits 4 309 79-1 )
W ! edults 189 58-120 )
3. oy wdults * 3145 (]
¥ 3 | st «125 02-157 ®
: * aeht 188 -— )
['% § iats * 310 -— [44]
4 o *ialts . * 56 ~00 o) -
s : cduits 08 86-112 [%)
z s <tuks 170 200 ®
3 -saults 97 53-140 ®)
. , cedoit 71 )
» : dum *76 [4a]
2 < altn 20 76-1268 1)
3 1 .unu 81 ’ ()
3 . wduft 95 —_ 1)
1 -.oman-18 {22 &4 1)
: a5 45 1)
3 A Waan % 73 %10 )
2 n.man-EB 32 32 +2 )
d.aviant of I8 a- duys 21 +=8 1)
litantol EB T days 25 %3 [
1 infant i rarty infaney 2.8 | — »
1 infant - early infancy 8.6 — 13
12 «Huite ] %18 1
3 wnfant .7 days 13 -— o
1 anfant . =4 days a3 — (id
1 -nipnt 36 days . 2t - (4
} sufant 26 days 18 -— %)
1 infant 43 days 12 -— )
*etad ] o 20 -— 11)
T chedd 13 43 — "
L. b, v 40 — W
T adoh 4] 108 —_— 33
. sault il 100 -— L
* edult ) : 77 - bod
& u S 76 -_— o]
Y T v 34 101 _ e
i s .33 121 - (o
¥ aduh ias FET I u
1 eanit : 33 o4 ot 4 o
 adult ' a5 108 -— ¥
t adult ; 46 84 — 18
- adult i 49 136 - bid
i edul: 51 73 | — "
. adeit 82 . 101§ — (1
2 1 elderly women 3.3} 420 o’
k ] v s e "
z « elderly men 2.2 ] x1.4 b
. S0 *10 ]

v T «e .mrertaisty in the mensurement i3 given, when available, wheve
derz ... presentes Tor one subjeet,
4 \mn" fraction climinated
3 \:xm fraction eliminated
v radios: vily measurement
-;otion ot Dretary analysis
» .. tagnths ater
*..pt romponent
- ib romponent

F.+m 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 ana
180 days for the major portion of the intar

While part of the difference in values 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 differences
among individuals. The range of values
obtained by a single investigator for a grouj
of subjects must involve many biological and.
environmental factors for which there is litth
information. No attempt will be made t«
identify these factors except for the possible

influence of age on the biological half-time of

cesium-137 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 as

“and that T, may be as low as 6 to 7 dx

for infants a few days old. For the four infant-
in figure 1, the average value is about 15 days
which agrees with Pendleton’s average of "
days for five infants, ,

One additional feaiure in the data is po.sibh
significant. For the age groups reported, v
investigator (from the available reports) b+
reported a value of T, greater than 70 daye i-°
groups under 25 years of age or a value b
than about 50 to 60 days for groups over
years of age.
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* Guarded state _' is be B( ) investigators

* indicate reservation: “apecifying trends in the

data, ecch as atighihips between T, and age,
sex, or specir .. 1t "-Qaa% said, “If there is a
chanye of hal* AQife wlt‘n age then it presumably
stse at biith and increases steadily until

.- adutthood is veached” (7). Other investigators

indicate a stroanger support for a relationship
botween T, and age. Bengtsson et al. state
~“®n: results also confirm that biological half-

. &.e for cesium increases with age” (712).
Onstead et al. report that in their studies in- f

voxing more than 6,000 individuals,
our findings suggest that, within a single
species, biological half-life is dependent on
age” (17).

in referencing the use of 100 days for the
‘si.jogical half-life of cesium in man, the
December 1964 report to the Federal Radiation
twuncil by the National Academy of Sciences
Advisory Committee, entitled “Implications to
N.un of Irradiation by Internally Deposited
Strontium-89, Strontium-90, and Cesium-137"
{7&) contains the following:

*This value is almost certainly too large
=¢r children, perhaps by a factor of three
a5 five,”

The Federal Radiation Council, in its Report
Ne. ¥, 19) stated:

“The data for persons younger than 25
years suggest that the biological half-life
be.lore maturity may be a function of age.
Biological half-lives of about 20 days or
tess have been reported for infants. For
th:s 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
+« conservative assumr*ion since the available
data for infants show values close to, but below,
“this value. ]

Boni's value of 81 days, which is applicable
ior adults 21 to 40 years of age, i8 in close
szreeinent with the average value of the lower
himit for adults for all invegtigators 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 26 years. The average value

far aduilts for all investigators, those that
specified a range of values and those that did
“30t, i8 101 days. The most data for an early
s.wudy for all ages in a population group are for
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the Marshallese pec with a value of 70 days
reported (5).

The data of Miettinen sugprest an sverage
value of about 70 days for the ages 16 through
75 years. Lists of “age limits” indicate most of
these individuals were less than 50 years of
age. Whether the inclusion of individuals of
ages down to 16 years has the effect of lower-
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 valyes of Ty 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
26 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

~age 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.

Dot Appronin! kon smsemesmm—m
1204 - 23612 ¢ hmimimem

1 3

H

HOLOGICAL MALP=TIVE (dops)

——3

et

4
AGE tyvan)
Figure 2, Biological half-time versus age

The three segments of figure 2 may be
approximated by:

Te=12.8 (x}4-¢-X) (n
where:
Tw~= biological half life (years)

x=age (years)

o | Y223 3)0%| PO T
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v istted 2urve in figure L nows that the
fit"s good for all ages. While this expression
does wet proviae for estimating effective half-
time. of cesium-137 for individuals, it does
argvids -« close approximation to averages of

- rai tuves values of cesium-137 retention for
~ uene of subjects.

Zqia.m {1) may be combined with the
% i9n I FRC Report No. 7 (19) that relates
“» £0i< . Wibole dody and bone marrow in rads to
-f ake of cesium-137 to form a generalized

~expression that includes the age of various

Zroups within an exposed population:
p-L
w
p=95 I (d+e7X)

D==Xx0.03X1.44 [12.8 (x!4eX))

2

w

1) =total dose (rads)

I, =total intake of 137Cs (microcuries)
W = hody weight (kilograms)

x=age of exposed group (years)

Tae equadon applies where it can be
ti~zmed that body welght, W, does not change
r.znificantly daring exposure.

#1 wne intske of concern is through the
dietary pathway of pasture-cow-milk-man, the
total intake of cesium-137 for an acute con-
~amnating event can be expressed in terms of
the maximum daily intake. (See “Estimates of
the Concentration of Strontium-89, Strontium-

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

where:

I..=maximum daily intake of 1¥'C, g

For the case of a single acute deposition of E
cesium-137 on pasturage, the total dose may be

estimated from:

176 I (x4eX)
W B
For those less than about 10 years of age,

most of this dose will have been received within
~alxat 1 year.
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Figure 3. Body weight versuc age (average for male
and female)

Model application—dose cstimates

Figure 8 gives the average mule and femaic
body weights in kilograms from birth to &0
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 these body weight

and using the generalized expression for dos.,
figure 4 presents the total whole body and bons:
marrow dose as a function of age for a totul
intake of 1.0 microcurie of cesium-137. Th~
doses in figure 4 would also be obtained using
equation (4) and a maximum daily cesium-137
intake in milk of /g, microcurie or 31 nano-
curies from an acute deposition of cesium-137.

e

-

Lo B aammy S - -d
AGE guen)

Figure 4. Total whole body and bone marrow dose from
internal cesium-137 versus age (an assumed total
intake of 1 £Ci 1*1Cs)
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. Figure 4 indicates that v-**h the use of this
wnodel for biological half-ti. , the highest and
Fcwest doses for all ages from a given intake of
cesium-137 qiffer by a factor of about two.
‘Thie occurs even though body weights vary by a

~fector-of 4t 20, and bioiogical half-times

wary by a fuctor of about 10. For the younger
ages, those 3ess than 1 year of age receive the

- #iighest dosz. Those 70 to 80 years of age may

receive a comparable dose. However, definitive

d:ta for ag:s 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
-of interest is whole milk, the doses in figure 4
xan be modiiied by a pattern of intake for milk.
*Table 2 presents data on average at-home milk
scnsumption as a function of age. Values of
- . varage consumption in table 2 were developed
trom a percentage distribution of milk intake
by age (Radiological Health Data, January
1963). This study of at-home milk consumption

1wwas conducted throughout the United States in l

July 1962. Since the study did not include
consumption of whole milk outside the home,

consumption may be underestimated for those

&zen consuming whole milk away from home.
Taole 2 also presents the average consumption
by exch 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.8s

Average consumption : Normalization factor
(Ruid ounces! No con- consumption/ <1
Age sumption [year msie consumption
{vrars) — - (percen
Male Female Male Female
LS PO 17.8 16.3 38.0 1.0 92
4. 17.8 16.9 15.9 1.0 95
39 . 18.8 14.5 20.5 K. .81
10-34. ..., 16.9 12.7 25.0 05 72
35-19._...... 18.3 10.2 28.9 .92 .58
20-24 . . 11.8 7.5 35.1 .08 .
25-20__..... 9.8 6.8 39.1 .85 .38
0-4._..... 8.7 8.7 87.5 49 82
8544 .. .. 8.3 8.7 30.1 47 .82
45-54. . . 7.6 5.4 42.0 43 .31
B5-64 . _.... 8.1 5.9 40.9 .45 .33
>85.. 8.8 6.8 35.4 48 .38

et somtn, s 428 semalen iy e
m.uﬂm.. Vol iV, No. #, Janusry 1063

The doses in figure 4, p.veraged- for each age

group, have been modified by the normalization

factors in table 2 to illustrate the effects that

December 1965

" dose, The resuig :

consumption may have on
shown in figure 6.
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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-137 in milk for males less
than 1 year of age consuming 1 xCi)

The influence of the pattern of milk con-
sumption in table 2 is to reduce the average
doses for most ages relative to the dosea 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

~ in 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

D,= 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). .

7186
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Model application—body ‘bu » estimates

* For acute ingestion of cesium-137 (ingestion
over a period of a few days), estimated average
bolv burden: can be determined as a function
£ Nwic after ingestion for the exposed popula-
tior. from:

B, _
Bt‘—"elm #93 ¢/Th . (6)
where

B.=body nurdens (nanocuries)

R.= initiai body burden, ¥

=total mtake in picocuries assuming 100
percent absorption,
t=time after ingestion (days),
T+ = biological half-time (days),
=128 'xi4e-X)

W o e (years),

¢ nversely for acute ingestion, the total in-
t. .. - 'n be estimated for various age groups
I . .<.. average body burdens are known at
a.7« time after ingestion.

r; ingestion of cesium-137 that decreases
wiik time, average body burdens within the
population may be estimated as a function of
time from:

[ ___I,{L,_.__ —Abt __ oA}
Bo= 000 g €™M @
where

. =mitial rate of intake (pigocuries per day),
Ay = biological decay constant
=.,693/12.8(xl+e—X),
A;=intake decay constant=.693/T,,
T. = half-time for intake after maximum concon-
trat‘on (days) -

=" Report No. 7 (19) indicates that for an
wcute deposit:on 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
wonsuined each day). The portion of the total
intalr: yecurring prior to maximum concentra-
tion iz about 16 percent of the total intake. The
intakc occurring after maximum concentration

" §8 aboat 27 times the maximum. Therefore, 27

days may be considered the mean time of
cesiun.-137 in milk following maximum concen-
tration. The half-time for intake after maxi-
¥aum concentration is:

Ti=27x0.693~18 days.

ko 1

For acute deposi'an of cesium-137 nn pas-
turage utilized by mJ’y cows, it has bu: . esti-
mated that the maximum concentration ‘n wiilk
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 v--
ing equation (6).
2. Assuming an additional intake using the
maximum daily intake as R, in equation
“AD.

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-137 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.

-4

L
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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=R T, A/1C ' @)
where:

B = body sarden {nanocuries) ‘

B = rate of intake of 3¥7Cs (picocuries per day)
"s » = Ol0logical mean time (days),
As=absoration factor, assumed to bhe 1.0.

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

B=0.018 R (xi4eX) (9)
where:

x=age (vears)

Equation (9) may be used, for example, to
estimate the average body burdens of cesium-
337 in the U.S. population from milk consump-
tion, The US. Public Health Service pasteur-
ized milk retwork results for 1963 and 1964
averaged 1}4 and 109 pCi/liter, respectively
(20, 21).

These data indicate that the average level of
cesiun-137 in U.S. milk supplies has decreased
slowly over the past 2 years. Considering the

small change in these levels, it can be assumed °

that the various age groups in the population
%o in equilibrium with the cesium-137 levels in
milk they consume for the portion of their
body burden due to milk intake, and their aver-
age body burdens for 1964 may bg 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
intui. of 55 pCi/day during 1964, and using
the rormalization 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. -

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:ns of the U.S. population due to milk
eonsumpt.on at home. The contribution to body
burden and whole body dose from milk con-
sumption outside the home and from other
itema of the diet arc additive.

December iv6
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Figure 7. Estimated eesium-137 body burdens from
milk consumption for U.S. populstion in 1964

For cesium-137 in U.S. milk supplies, esti-
mates of cesium-137 body burden in figure 7
indicate that males 15 to 20 years of age had
the highest levels; 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.

Summary

The observations of biological half-time for
cesium~187 in man indicate that half-time is a
function of age. The average biological half-
times for cesium-137 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 cesjum- -

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-
8ium-137 intake leads to a different distribution

- of dose with age than is found for a fixed intake
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for all ages. For the assumed p. rn of intake
of cesium~137 in milk, the dose varies within
the range of ages from birth through adult life
by a factor of fcur to five, with males less than
1.yeT of _age recetving the highest dose.

¢ ~%or-@% acute contaminating event, the time
e ¢ aiaum cesium-137 body burden is a func-

&\-—r <’ age. Maximum body burdens from milk
“ccrsamption may occur in about 25 days after
¢. acute contaminating event for those ex-

4ected v receive the highest dose; i.e., those

“Re: SRan 1 year of age.

1t 1: estimated that for a long-term, slowly
chaging intake of cesium-137, such as oc-
earved from use of fresh whole milk supplies

: &y the U.S. population in 1964, males 15 to 20

;.7» of age had the highest body burdens;
e * ‘258 than 1 year of age, male and female,
a¢ ¢ ‘owest body burdens; and females of
nad lower body burdens than males of

cmld WIS

ST 5 e age.
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