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To calculate guemtities pertaiming to or deriveld from the biological
retention patterms of rediczctive isotopas, it is desiradie to heve
dircei measurements of retention over the eautive period of interest.
However, in the case of radicelements which shov an zifinity for bone,
it is well krown that the pericd during vhich retention is biologically
important is usually very long and may considerably emeeed the lifespan
of man. The consequent paucity of data covering such eutended periods
of time requires that curremt predicticns of retentico aad related
quantities depeﬁd upon extrapolations basad upon date taken over relatively
short imtervals.

Earlier attempts at such extrapclations were baced upon the assumption
that the retentions of bome-seckiung radioelements decreased as first-order
exponeatials. Thus a derived comstant, the "biological hali-life," is
often used as g8 fundamental parsmeter of such reiention phenomena--
especially in calculations of permissible body burderns and permissible
daily intakes of radioactive isotopes (1,2).

Over the past several years evidance has accumulated to show that
the concept of anm exponential ¢ecrease im rTetantion is altogether
untepcble when gpplied to bome-seekers. Move specifically, these data
show that the overall retention prtterns of many bonc-secking elements,
when administered as soluble compounds readlly accessible to circulating
fluids, may be described inm the terms of the power function. This has
been wall documented for the alkalime earths-- calcium (3), strontium
(3,%,5,6,7), radium (3,8,9,10,11), and, by anzlogy, barium-- in laboratory

animeis. Ia addition, Norzis et al. (9 have shown that all the available
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date firom studies of radium wetcabolism in humans over a period of 25 yeers
after administration are amenadle to mathemavcicel treatment by this
method. Stebney znd Lucas {12) used the pover function to describe the
increage in radium burden of human subjeects 2t the patural level of
dietary intake.

Brues and Stroud (13) found in mice that reteption of Clh, given as
Nanclh05, followved & power function over & period of 10 months. liore
recently, Langham has presented date to shouw that the retention znd
excrction of plutonium-232 by men over g period of 5 ysars may also be
described in this manner (14). Similerly, Deroard and Struzmess (15)
have found it applicable to the description of uranium retenties by
humans.

Although it is probable that the rvetention patterns of certain other
bone-seeking elements may be described by the power function, the
available data are somewhat fregmemtary and usually do not entend over
sufficient periods of time to be comclusive.

In this paper (16) it is proposed first, to appraise the value
of the power function as an empirical descéiption of the retention
phenomenon, and second, Lo explore some cf the ceonsequences implied

from its uvse in the mathewatical treatment of retemtion.

Genceral Concept of the Power Function
The membare of the special class of hyperbolic functioms havigg
the matheaitical form

y=x (1)

are generally veferred to es powar fumctions, and plot as straight lines
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on log-log paper. The applicability of this form to the desecription of
the metabolism of bene-seeking elements is entirely empirical znd of
iittle value in the elucidation of the mechanisms involwed. Howevex,

its zbility to dascribe the retention patterns of mzuy slewrents in simple
mathemstical fashion over extended pericds of time outweighs, at least

in part, the disadvantage of its empirical amature.

The mimeral phase of bone undergoes several physico-chemical
reactions {17) inm sddition to those processss attendant upon growth and
msintenance of the skeleton. As a first approach to a coaprehensive
wechanistic analysis zll these reactiens way be considered zs first-order.
Recent sttempts at such mechanistic emalyses, using onalog computer
methods, have utilized the sum of f£ive or more first-order exponential
terms as & model (18,19).

It can be demonstrated, using graphical methods, that 2 sum of
inter-releted first-order cxpomenmtial terms can often be closely
approximated by a power function over a large portica of the interval
of quantitative significance. For ezample, Way and Wiguer {20) described
the radicactive decay of mired fissiom products by this method. The
goodness with which a pover fupction approximaces a sum of cxpomentials
is determined by the number of componect terms and the distribution of
the values of the coefficients and exponents of these terms. #here only
a very few exponmsntial terme exist, the approxzimation of their sum by a
pover function may be fortuitous, siuce restrictions on the distribution

of values of coefficients and exponents bzcome severe.
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in the preferred model, a8 sum of first-order exponentiais, retention

may te formally represented as

n
=S (
R, =>  a e By >0 (2)

vhere Rt is reteation at time t following & single admimistration of the

bone -seeking radicelement, and a, and B, are constants. It &s tentatively

hypothesized that, in normal members of a givem species, the values of

Bi and the mumber of terms, n, are imdependent of age. The age variable

ia retention is then to ke found in the valuas of the cocfficients, G -
Hovever, detailed koowledge of the vetention process is required

before this model can be used satisfactorily as a besis for ccleulation

and description. Therefore, emperimenial obsevvaticms that & power

function will ordinarily describe retention of bone-saeking elements

are taken as the basis for the following gpprozimeste relatiomship batweea

equation 2 and a form of equation 1

n .Bit ~ ., h
Rt=§. @ e = At -1<b<0O (3
i=l
Thic rastriction on b is made simee only over this range of values is

the function of biological interest.

Mathematical Description Following e Single Dose

If q wnits of & soluble, bome-seceking radioactive elecusnt sre
administered imstantamcously, the description of retention efforded by
the power function is

L2 -
Rt = Aqtb At t

v
=

(&)
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vhere Ri js vetention at t units of tiwe (days) cfter sdmimistration,
A is 2 constant equal to the fractiom of q retained vhem ¢ is equal to
1, and b is a constant equal to the slcps of the reteation iime cnd
consequently always of ﬁegative sign. The quantity e At is iancluded
to accoagt for physical decay of the radic-muclide and A is the
appropriate decay constant. It is appavent that the valus of e';\t
will essentially be unity vhen the balf-life of the nuclide is much
larger than the period of observation. BRquation L may be convarted to
describe retemtion in terms of a fraction of the administered dosage
by dividiag by q. Rereafter R (Rt - Rth) vill be expressed in these
terms.

b-At

R, = AC t>1 (5)

From equation 5, the basic ecquation of retention, the concomitant

instentaneous rate of excretion is cbtained by differenciating (21).

b-1 - At
e (

dkc/'dt = At b- At) {(6)

ie instances where radioactive decey is mot significant, Jmay be

assumed to have & value of zerc aad equeation 6 becomes

dr /at = vae?™t (7N

The quotient of equations 5 and 6 gives the cosfficient of
elimination, (CE), which is the fraction of the retaimed burden being
excreted per unit interval of time as 2 function of time; when radiocactive
decay may be meglected, its value vafies’inversely with tima.

dr_/dt
() = —— - B2t (8)
t
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Description of Multiple or Continucus Administration

The description.of retentiorn following a single dosage may be
imrediately extended to describe retentionr resulting from multiple
administrations or continuous exposure over any pa2ricd of time. It
is, of coorse, necessary to assume that the time coursz of retention
resulting from any given dosage is unaffected by previcus dossges.

In the cese of multiple edministrations of dissimilar quantities,
or of similar quantities given at long or dissimilar latervals, estimates
of retained amounts (and related gquentities) must be derived by
summation of iedividual items over the appropriate time intervals.
However, when repeated administrations of similar magnicude are given
at rvessonably short and constant iamtervals, the resulting reteation
picture can be closely approximated by assuming that the total dosage
was givea continuously during the total time of administration (9).

This ceseription of retention, R, following continuocus exposure i8

tl

given by integrating the single dose veteantion function, equation 5.

t
- - At A
R = Aé}: e” Mt % 4t = ngi bae) (b 4+ 1) (9)

When A is very small, equatior 9 is eapproximated by

t“b+1" (10)

Equation 9 has the form of the incomplete gamma function and may be
evaluated directly by refereace to compiled tables (22,23).

Similarly, for instances in which a period of continuocus exposure
to racioactive bone-seekers is termimated, if T is the time during

which exposure persisted, and t is the total time of observatiom, the
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overall retention pattern may be described as fcllows:

T
§t=Af (:-r)be'h(t'ﬂ at €T 711)
(v

t
=;%<'.I I_?A ey (04 "—[;.(t-r)}“’ U e

where 7" is the integration variable.

Wher A is assumed to be zero in aquation 12

{13)

Discussion

Because of the simplicity eof its mathematiccl form and the case
with vhich its cheracterizing constants cam b2 estimated, the power
function offers some rather unique advamtages for calculation of
quantities related co the retentions of bome-seeking radio-clements.
Other, less empirical methods have so far proven to be either so
over-simplified as to be incapable of properly representing the available
data, or too complex mathematically for rzady exploitation. The
question as to whether the constants of the power function, measured
in comparable iadividuals, are expected to vary markedly, has already
been asnswered to some extent. Worris et al. [9), Hursh {10), and
Floyd et 21. (11) independently measured these values for radium injected
into adult dogs and agreed within very narrow limits.

This approach represents a substantial improvezent over presently
employed concepts which somewhat ambigucusly employ the term *fized” to

indicate that rate of excretion has reached a low value. A mors
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quantitative description is supplied by the coeificient of a2limimation,
which is & direct measure of the lability of skeletal deposits., Waen
far removed in time from administratiom its values do mot change rapidly
and hence have been used to calculate quantities, erronsously called
"biological half times." It should be emphasized that the term
"biclogical balf time" is weaningless im the context of the power
function. If some similar quantity is dasirable, the term "apparent

biological half gime" (T1 ) ecould be used with the uvaderstanding

/2 app.

that its value is directly proportional to time after admimistration.

Thus, from equation 8, for A = O,

.- T&app. B dnt/dt

Re

- - 0.6%3 t | (14)

if it is assumed that the actuazl retention function fellows
equation 2, then ultimately the retention data should depart markedly
from the power function descriptioa and tend to follow z¢ pattern
determined by the exponential term of longest half life. However, the
available data in humans appears to show that this point of flerure of
the retention line is not reached within 25 years in the case of redium (9)
nor within 5 yeare in the case of plutonium (i4). This continuing
adherence to the power function lime is indicative of a failuwre of the
bone-seeking element to attair a steady state in bore within the times
mentioned. This may simply reflect biochemical reactions proceeding at

very slow rates-- which approach those commonly essociated with solid
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state diffusion. However, if diffusion itself is the rate-limiting
factor for excretion of the radicelement, the skeletal minersl mey
simultaneously exist in a condition of overall equilibrium. Thic is

an interesting speculation simce the diffusionm model, which can be
thought of as comprised of a large wumber of clesely related ezponential
terms, will inevitably be described by a power function. On the other
hand, there way be progressive changes im the chemical or physiclogical
status of the skelzton with time. In the latter case mo equilibrium
condition would be reachsd.

The above line of reasoning provides a basis for estimntion of the
maximom error involved in extrapolating the power function retention
line baycnd the point where data are aevailable. Retention following =2
single dosage will be considered. The maximu possible rate of decrease
in retention following the last measure of retention, R > is described
by assuming that a steady state has been attained at tx.z Then the
T)ﬁ asp. calculated at t_ wmey be taken as the decay coastent of the nth,

or last, exponential term, and retantion kemceforth will be described

- BB (e -k )

as Rt = Rt e . Por the other extreme case, the
x :

minimum possible change in retention following t_, is represented by the
assuamption that retention i2 comstart, or essentially so, following t -

The waximum error of extrapolation now bzcomes
(- 220 e e
Y t -t
b X n .
Boax., = %¢ " Rp e + ¢ (:5)
x x

where & is the error associated with the individual measurements.
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Most of the vork from whick power function constants have been
derived has been done using adult subjects. 1t should agt be agssumed
that constants measured in the adult anmimal can be applied to the young,
growing individual. The well known fact that retention of bone-seeking
elements is highest in young, growing animsls guarantees some systematic
changes in the power function coustants as a function of rate of
formation of bome.

The value of the constant, A, msst reflect the distribution of the
administered isotope in the various compartments available te it. In
other words, given a fized number of compartments, a larger valua of A
must indicate that ralatively more of the adwinistered element exists
in compartments of longer half-life. Thus zs vakues of A approach
unity the corresponding values of b must zpproach zero. The correlation
between the values of A and b is imposed by the system of biological
machanisme that influence retention. In light of present knowledge it
seems impracticable to examine this point further.

in practice, there has not been reported, in single dose studies,

a single instance in which b has fallen cutside the limits of O to -1.0.
The great majority of the values have beenr betweer O to -0.6. Since rate
of total excretion is described by the derivative of retention, the slope
of excretion curves must always be less than -1.0 and are ordimarily
greater than -1.6. In instances vhere the materials ezcreted in urine
and feces are derived from a common scurce in the body, it follows that
the slopes of the linzs representing their rates will be identical.

Langham (14) has stown, in the case of plutonium in man, that the values
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of b for urivary and fecal elimipation differ. For urinary excretion
the slope is greater-than -1.0 which is interpreted by the present
authors as being due to slow conversion of the chemical form of piutonium
in the body. Lanmgham described this changing ratio between urinzary and
fecal elimination by a power function amd utilized it as eopother msthod
of determining time since exzposure.

The power function for b < 0 imereases vwithout bound as t approaches
zero. Therefore it cammot be used to dsscribe retentiom between the
time of admimistraticm (t = 0) and some mipnimum velue of t-- usucliy taksn
as ome day.

It is apparent that the integrated retention function cmst cuffer
in the same fashion from this inadequate description at the earliest
times. The extent to which equation 10 agrees with & more precise
estimation of the integrated retention pattern is illustrated in
Figure 1, using constante {4 = 0.5%, b = -0.52} vhich have been found
applicable to the metabolism of radium by adult huwans. It is necessary
that the log-log line representing retention following & single dose
depart from its straight line course and become asymptotic to a retemtion
of unity at some small fractiom of a2 day. When such a retention course
is approximated, as in Figure !, an improvad estimaiion of retention
folloving continuous administratiom may be obtained by graphical
integration. One will note that rvetentions following either a single or
continuous administration are now described by curvee which, om log-log
paper, resemble hyperbolas with the asymptotes being the total administered

quantity end the power functiom line. Thus equation 10 will somrvhat
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overestimate retention following countinuous administratioz (although
never by more than the quantity administered during one day) by an
emount which varies with time of observation aud the value of b.

with slight modifications the power function carn be made to conform
to the physical requirement that retentien must be unity when t = C.
The modified form representing retention following = gingle dosz is

(t4bhe-?‘t
R == t>0, -1<b<0,0<y (16)

t ?b
where 7 is a constent. This form approaches equation 5 acymptotically
a3 t increases and satisfies the requirements discussed in the preceding
peragreph. It can readily ba integrated and differentizied and offers
advanteges in description-- especially over time imtervals close to
administracion.

The estimation of y requires data for sufficiently lazge t to
accurately determine b. If recording times of the retention values are
assumzd to be error-free and the pumber of measurements at ecach time
point is equal, the weighted least squares procedure (24) on the log
transforms of the variables will yield ecfficient estimates of both the
constants and their assoclated errors. The appropriate wveighting factor
for each transformed retention value is the retention value itself
corrected for radiocactive decay. Using this method it can be showm that
7y is most readily evaluated from the relatioaship A = llyb, where A is
the one day intercept of the power fupctlor line. When & suitable

portion of the t values are not lerge eunougzh to suitably defime the

pover function asymptote, estimates of the constants may sometimes be
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determined by using equation 16 directly and ecoploying the gemeral method
of fitting non-limear equations (25). The estimation procedure, iun this
case, requires extemsive computation.

All the arguments and the power function constents presented lierein
are derived from studies in whiech the bone-seeking isotopes were
immedfiacely available to the circulating btody fluids-- as by intravenous
injection. When such is not the case, it is necessary to iutroduce
appropriste correcticn factors~- as for exzample, in intestinal absorption
which, as & rule, is not gquantitetive. Marineili et al. (26) bhave
demonstrated that radium sulfate imbeled intc the human lung doms mot
2o readily into solution. This situetion was enalyzed, using the power
functior method, as essentially ap imstance of continuous systemic
administration cdue to the continuing soiubilization of the material.

The power function may also ba applied to the znalysis of the
sitvatica in whick a bone-seceking eclement is formed withim the body as
a vesult of radioactive decay of a parenct elewent. Thus Gustafsen
et al. (27) concluded that the Ra223 arisipg from deposited Thaa? behaved
as if it wvere beinz continucusly administered intravenously-- & £inding

in agreement with data reported by Vam Dilla et al. (28).

Calculation of Permissible Levels

Thece formulatioms permit calculation, with greater accuracy than
is otherwise possible, of the allowable daily ebsorption of radiocactive
bone-seekers into the blood stream (23). Given a value for the permissible
body burden and the period of exposure, zquation 9 can be used te

determine the amount of isotope which, if absorbed daiiy, caan be expected
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to produce this burden by the erd of the exposure pericd. ';hia mathod
has been discussed in detail by Bealy (30).

Values for permissible daily intakes of h226, Sr89-, 8r9°-19°, and

hﬁ have beem calculated using equations 9 and 10 and are presanted in
Table 1. (The final body burden is that proposed in 1955 £or industrially
exposed persons by the International Commission on kadiologi.cal
Proteété; ; The power functioa constants for Sr .and Ca in humans are
besed on resuits of a survey of the literature by Marinelli (32) and
ware obtainaed from studies following i.ntravenou.s nmi;&aqug to
adults. The constants for 33226‘ are takean from ﬁorris et al. (9)..'  fhe
results are presented for two somsvhat arbitrarily selected periods of
intake, 30 years and 70 years vhich may be represeuntative, reapecti.vcly,
of & working lifetize wnder industrisl conditions sud a lifespan mder ~
conditions of universal contsmination. Ro cffort haa beeu mdo to
break the figures down further into concem;nti.ona- :I.n fi.r, water, and
food, since the basic assumption requires only that tlv:é“'eie-;ﬁts be
freely accessible to body fluids, regardleu' of mode of fntake. No
conaideration has been given to the more apcéhuzed situation which
exiata during the period of raptd skaletal growth in chi.ldhood aud
adolescence. Values calculated for the adult ahould be cmincd
critically before they are applied to thts scguent of the populauan.
The 70-year values in Table I, which include the pertod of childhood,
were calculated on the basis of adult vai.uns and are uéo:rect to this.

extent.
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Calculation of Radiation Dosage

The power function may also be used to calculate integrated
radiation dosage from deposits of radiocactive clements in bone. The
mathematical consideraﬁiona are essentially identical to those discussed
vith reference to retention. Since radiation dosage accumulates as the
produce of conceantration of the radioelement and time, the integrated

dosage over t days, D_, is

t’

D, = RE(R) - : (17
vhere k 1e the radiation dosags rate par day par microcurie in the
skeleton (33). The quantity, £(R), in ‘every case is the sppropriate
retention fuact!.on ;.ntegr'at.edr vi_th respect to t over the period in
ques'tion.xl. It acm most fe;wnable to integrate over thes entire period
from zero Ei.m,stuco t:ha inasdequaciecs of the power function during the
first day will not introduce appreciable error unless the total perfod
of observation becomes quite short. 1Im such a case, ome should use
equation _16 or, alternatively, integrate from 1 to t and add the best
graphically determined estimste for the coniribution from zero to 1
day. From equations 5 and 10 the appropriate values for E(R)‘ate.'

for single administration (A > 0):

t : '
£(R) g‘[ u’attbdt = A—;ﬁ (A t) (b + 1) (18)

for a single administration (A = o):

e
b A b+1

£(R) =/ At dt = -———= ¢ 19

, w4 (1)
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for continucus administration (3 = o):

t
£(R) nf A_ PTG - L3 e et 2 {20}
o

b+ 1 b+ 1) iB + 2

The £(R) for comtinuous administratieca with A > o, cquation 9, is not
readily integrated and should be determimed graphically.

Values for integrated radiation dosages from permissibie quantities
of Ra226, Sr89, Srgo-Ygo, aed Cah5 accumulated by continuous exposure
bave bzsn calculatad and included im Table I.

in such calculaticns there is the major complication that bone-seeking
elements, vhem sdministered over short periods of tiwme velative to the
lifespan, are rarely, {f ever, found uniformiy distributad in the skeleton.
At this time there is no accurate basis for estimating the actual
spectrum of concentrations and somevhat srbitrarily selected values must
be incliuded to compensate for this heterogeneity. However, in fnstances
vhere intake of radicactive clememts et & more or less comstaent rete
has pezsisted for long pericds up to the emtire lifetime of the imdividual,
it is apparent that the skeletor will be uniformly vedionctive (3h,35,36,
37), hence uniformly irradiated. Here the method of calculation gives
accurate values.

It has been assumed that the radiations are cemplecely absorbed by
bore tisswe., Since this may not elways bz the case, correction may
sometimes be necessary to compensate for this loss. However, considerations
of this nature are outside the scope of this eiséussion.

Frem the aspect of total radiatiorn dosage, with respect to situations

in vhich the permissible body turden will be found following some period
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of time, t, there may exzist cousiderable diffevences depcending uponr the
mode of sccummlaticn. Tais is best illustrated by comparing the two
eztrems cases: (1) a single adwministration of the bone-secking clemeat
in such quantity that the tolerable body burden will remain after time,
t, end (2) continucus administration at such a2 rate that the same body
burden will occur at the same time, t. Since the finzl burdens exe

to be identical, 2quations & and 10 with ) = o provide the following

relaticnship:
i} CA b+ 1
ght 354_1‘:
g_ .t /
€ b+l (21)

vhere C £3 the daily dosage, between the guantities given siagly and on
a continvous daily basis to brimg about this condition. The rvelationship

between the accumulated rodiation dosages { A= o) becomes:

| Ag_ b+ 1
Dy B2t
B, - AC 5T 2

o= 1) (b+2)

a(b + 2)

ct 122)

or, substituting from equation 21 to impose the conditicn of aquel firai

kurden:

O
"
-2
+
o

b+1 (25)

(~1)
o

Thusg, im the case of radium where b = -0.52, there is a saizty facter

of 3 in total inmtegrated radiation dosage wikem the body burdan is

11bq1 1y
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aciieved by daily ivcremeats. This is a mivimum figure since thiy
mauner of cxposure necessarily result; in a more uniform concentration
(i.e. smaller local comcentraticn factors) than would be found
foilowing a single imjectiom. Since concentration factors of at least
10 have been demoﬁstrated for radium in the bone of humans who have
receivnd radium over short perieds of time, it follows that total
radiation dosage to parts of the skeleton may vary by at least a factor
of 30, depending upon the mode of administration, with the same fipal
body buzden im either case.

Therefore, neither 'permissible body burdens” aor resulting radiation
damage can be considered to be independent of method of exposure. The
large factors in integrated vadiation dosage which appear when single
dose and continmous exposure sre compared, againm point to the insdequacies

of curreat procedures for assessing the hagerds of bone-seeking radio-elements.

Conclusion and Summary

The power fumction has been found to provide a satisfactory empirical
description of the retention of several radiocactive isotopes which are
prefercatially deposited in skeletal tissue. The extent to whick it may
apply :o bone-seekirg eclements in gemeral is not yet knowmn.

The ease of mathematical msnipulation of the powar retention function
allows the derivation of several relationships which ecanm be used to
determine permissible daily intake or integratzd radiation dosage, or to N
evalnace important factors relating to individuvals who have already

accumiated skeletal depesits.
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The power function indicates clearly that, in its area of
application, the covcept of "biological half-times” is completsly
fallaciocus and may result in gress errors both actually aud conceptually.

The method offers oppertunities for wmore accurate and zealistic
approaches to the problems of poisoning by radioelements as well as in
calculations of allowable daily iamtake levels and body councentrations
of.tadicactive tonz-seekers. It iundicstes that major differences inm
integrated radiation dosuge may obtain depending upon the conditions of
exposure aed points cut that "permissible body burdems” shkould be

assessad in view of the manner in vhich tha body burden is obtained.
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Pipure Legends

Tllustration of the degreec of applicability of che pover
functinn at early times after administration. The curved
lices are required by physical considerations for a more
accurate description at early times. Thess may bs obkained
using equation 16. The saw-tcoth curve illustrates tke
similarity of retention betveen repeated dosas of 1 unit per

da i+ = b, aed contipuous admimistration
¥ (Rt = Aigg‘_ﬁ, qi (t'ti) )

of the same smount.



L/ 2—- /“93 2, y ,‘3 o~ W7
Table 1 /0 p 0= =2 ’\/0
2.0 /99

Calculated values of permissible daily intakes and associated skelaetal radiation dosagas

for selecied bone-sseking radicelaments

Strontium-C0-

. Radium-226  Strontium-89 Yttrivm-00 Calcium-45
Mean energy (evldisf 10.8 = loéﬁ 0.511 x 106 0.987 = 106 0.089 x 106
Rads per yc-day 0.079 0.0037h 0.00722 0.00065
presant permissible burdenm, pc? 0.1 2.0 1.0 14.0

| 4 AL 95T F 95FF 1.07F
b 52T | Lo FF -2t T —antT
Qver 70 vears
Daily dosa to reach -h Y
permissible level, ;s/day 5.8 10 0.066 7.53, % 10 0.119
1 Internal dose, psc-days 1723 51,000§ 18,1k0§§ 357,700 §
rads 136 190 131 232
Over 30 vears
Daily dosg to reach -3 ’ -3
permissible level, uc/day 1.02 x 10 0.066 1.02 x 10 0.119
Ianternal dose, pe-days 738 ) 21 ,900§ 6961;,§§ 155,3oo§
rads 58.3 8o 50.3 99.6
Time to equilibrate body burden: »
days to 96% of asymptotic value --- 209 3.9 x 10* 653
(106.8 years)
days to 100% of asymptotric value - 1239 2.318 = 10° 3570
(635 years)

%Valuas for p-emitters are takem as 0.35 Enmx‘

*¥pgsuming uniform distribution in a skeletal msss of 7000 gm. -ee-
Tyalues taken from Recemmendations of International Committse on Radiological Protection (31)
¥Agsuming 30% reteuntion of radon and its daughters.
t*orris 19).
*farineili (32).

8

Q yc-Days £or stromtium-89 and calcium-45 assume a constant burden for the eatire period.
§ §Iategrated rediation dosage determimed graphically.
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