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lo caxculate q m n e i i i e s  pzs tn in ing  CD 0;' d e z i v ~ c  fzm %be i X k l O g i C a 1  

re:eeat.im patterns a.2 radiozctive i s o t c p i s :  Le is dzsirabie to Zime 

dirccr seesuremerits of re tent ion over the entire. period si Zntereet. 

Hotmlor, in the case of radioelemnrs v-hich s h w  an zffj.niSy fo i  b a e ,  

f.t is well known that the. paricd during which rerention is biologically 

isportant is usually very long and may considerably erceed clie Iffespan 

of ram. 

of time requites that current predictdoas of rctenticn and related 

quantities depend cpon extrspslatLons bnsed upon cia- tahn over rehtfvely 

short intervals. 

- -  

The consequent paucity of data covrering suck ezcarzded p@rfOd8 

Earlier attempts at such exteqmPations \=re baEed upon the assu~~ption 

that the retentions of bone-aeakfng ra&ioelemnts decreased as first-order 

exponentiala. Thus a derived constant, ehe "biological haLf-Pife," is 

often used as a fundaroensal paraeter of such rotenlfan phenomena-- 

espec ia l ly  in colculafZons of pemkssitle body kurdens asd pemissible 

dai ly  intakes of radioactive isotopes (1;2). 

Over the pest mveral years evidence has acctrmifated to show that 

the concepe of an nzponeneial decrease in rae*n:iion is altogether 

untenable vben applied to he-scekars.  More specificn%ig, these data 

show that the overall retention patterns of m a y  hone-seekiug elements, 

when administercd os soluble campaunds readily accessible t o  circulating 

f h % d 8 ,  m y  be described ha the terms of the p m r  function. 

been ~ 2 1 1  dacurslented for t b  n l b l i n e  earths-- caicim ( 3 ) ,  strontkum 

(3,&,5,6,71, radium (3,8,9,I0,I~), md, by cmnlagy, barium-- in Inbratory 

m t m 1 s .  In additdan, Norcis -- e t  oE. (9) ha-32 shmm Gat d l  the available 

This has 



d3te  iron studies of radium aeLa-bol.kn in humans over D pzriod 02 23 yeers 

oftes sdmiaistration are amna:>lc to Z ~ X I ~ S E S ~ ; ~ C & C E ~  treatment by th is  

rrrekbbod. 

increase in ~ a d t u x i  burden of k v  subjects 2t the mturnl ‘Level of 

Stehogy ~ n d  WCQS (12) used tbe power function Zo ciescrilx the 

. - 

die ee=y inrake. 

Bmes and Stroud (13) fouad in mice that reteatLon oE Ct$, given as 

E~E% 

recently# Langbm has presornted data t o  show that tho retention and 

excretion of plutoaium-2% by man over 8 petbud of 5 years m y  elso be 

described 2s this mamr (I&). 

have found i t  applicable t o  the cleecr2ptioa 05 urmnilta ratentius by 

htmane. 

f o ~ ~ m c ~  a power function over a period of 10 meths. l-bre 3# 

SbLlat%g, D1p3~rd and S e ~ c r m s s  (15) 

Although it is probable that the reeenebon patterns of csrtoin other 

bone-seeking ePes3nes may be dcscrtbed by the power hnct im,  tbe 

available Baea are somewhat fragmearary and rrsud-ly 60 

sufficient perkwh of time eo &e conclusive. 

extend over 

%I t3fs pager (16) it is proposed Cirst, 20 appraise the value 

of the pawenr h c t i o n  as an empirical descrtptian of the retention 

phenornenoa, and second, to explore s m  cf the cansequences implied 

from its use ia the mstheroatical treatnrent of retention. 



its cbility to deactFBe the retentha patterns of EGKQ~ eleutents in s iqk  

mtbntatkal €ashion mer extended perrods of t h e  outtrafghs, at least 

tn part, Z k  dPmdvantage of its enrpirfcat mture. 

. -  

The misera1 phase of bone undergoes several physico-chemical 

reactitms (17) in addition t o  those proeessas atfendmt upon grsvth and 

raainteaanct of the skeleton. As a Egrso: approach to a co3;Drehensfvo 

atechan&stLc ara;lIysis sll these zeacehsns nay be cansidezed os ffrsr-order. 

Recent a t t e q t s  at such raechnistic analyses, n s b g  naalog computer 

methode, Lave utilized the ~m of Z i w e  or  noze first-order cxponeatbE 

tern as a d e l  ( 1 8 , ~ g ) .  

It can be demoast~ated, using graphical mthods,  that c of 

inter-related fhrst-order expoae@tfsl eems can often tse c1oseLy 

approximated by a p m o  Cuaction over a large portion of the irrtercial 

of quentftative skgniftcmce. 

the radioactive decay of a d d  f iss ion products by this mathod. 

goodness with whieh 8 power fuuc’cioa approxh2tcs a sum of exponentfais 

is determkned by the number of conpolloar term and the dissributkm of 

the values of the coefficients and eqnnents  of these terns. &ere only 

a very Sew expoeentid terns exist, the approxim3tion of their sum by a 

power function may be fortuttous, 65xce restrictions on tho distrfbutfon 

of values of coefficients and exponents bec0;irc 6oiyere. 

For e-22, way and Igigner (20) described 

The 



where itt fs retention at t h  t followin& 8 single a ~ b ~ h h t i r a t f ~ r :  of the 

bone-seekiug redisebement, and a. and are constants. It &s tantatfvely 

hypothesized a t ,  in narml mrabets of a given species, the values of 

p mid the muabet of t e w s ,  a, are Mepeadent of age. The age variable 

i~ retention is then to k f a d  in &E va'mas of the coefficients, ai. 

1 L 

t 

H o w w m t ,  detaPled knowledge of the setention process Fs sequlred 

before this nrdlel CM $e used satisfactorily as a basis 2or cclcdation 

nncf description. Therefore, expcrimn-ial obsriaations that a pmer 

b c t h  d l 1  ordinarily describe retention of We-eaebing elements 

are taken as the basis  €or the follcmiag approsbte relatlmsbip batween 

equation 2 and a form of equation 1 

- h < b < O  

This restriction on b is made since m2y omis this range oE 

the function of biological interest. 

3) 

values is 

M!tbematicol Description Folllcdng E Shgle Dose 

If q -res of et eolubie, boae-seeking. radfoactive eleaterit are 

adminflstered fmstPertatieausly, the description a€ retention cffosded by 

the paver EPacriou i s  

* b - A t  B, = A q t  e 



- 6 -  

b - 4 t  Rt = At e 

dILt/dt = Atb'',' A t(b- a t )  (6) 

IC instances where radioactive deccy is not significant, A m y  -ite 

assraned Eo have a value of zero aizd squctim 6 b.. ~ C O S t e  S 

dRt/dt = Utb-' (7) 

The quoticat of o p t i o n s  5 and 6 gives the CozEficieEt of 

elimlnatiou, (a), which is the fractiou of t& retaiued burden being 

excreted per nait interval of tiore a9 Q CunctFon of ti-; when radioactive 

decoy m y  be neglected, its value varies inversely with the .  



Description of )8tltfple or Continuous k,cidnEsrrstbm 

The description-of retzntim foklowing a single dosage m y  be 

immiiately extended to desctibo teteentkm resuErLng €ma ml.tbpLe 

athinisixatians or continuous elrposnre over any pzriod of time. 

is, of cmrse, necessary to as~c~rm that ehe t 5 m  couz's2 of reeentios 

Ht 

resulting from any given dosage is unaffected by previous dosages. 

Pn the case of m l t i p k  administrations of dissj.mi2ar quaucfties, 

or of sbi lar  q~antitiea given at Bong or dissimilar iatemls, e s t ia tee  

of s e t d a d  m t s  (and related qnantitbas) must be &rived by 

sunmatian of Sedfvidtd item aver the appropriate t 4 a  intervals. 

at -masunably short and constant hfemds, the resulting retention 

pLctute can be closely approximted by assuming that the total dosage 

was givea colatimtausly during the tatel tine of ahtinisitration (9). 

This &scription of retention, R,, follwsing eontiuuous axpsure 5s 

given by intearattag the single: dose reention knction,  equtrtlon 5. 

- 

#en h is very small, equatim 9 is approximated by 

Equation 9 haa tb.e form of the incomplete gemma €unction arid may bp: 

evaluated directly by reference to campllod tables (22,23) 

Similarly, for instances in  which P- period of continuous exposure 

to radioactdve bone-seekers is terminated, 2.f T Fa the t h e  during 

which exposure persisted, and t is the total time of obsewatlon, the 



- 0 -  

otr~raL1 retention pattern may be describe< os fclfogs: 
m 

where T is the integration variable. 

hynen A is ossuraed to zero in equation 1.2 

D iscu 6 8 iua 

Because of the. sinrpliclty of its tmthcaaeiccl farm j n c l  the em2 

with t;hfch Lts characterizing caustants can bs estimated, @he pmer 

hnction offers some rather unique Gdvaatages for cclculntion of 

quantaltie8 related t o  the reteations of bone-seeking rodio-oleucnrs. 

Other, Less empirical methode have so far proven to be eithc, 6 0  

over-simplified CIS t o  be incapable of prcperly representing the available 

data, or too complex mathelnotical~y  OF ready e q l o i t a t i w .  

question as to whether the constants of hbhe p0w-t function, cceasufed 

in cosperable badividuals, are expected to vrrg narlcedly, has already 

bean answered to some extent. 

Floyd et &. (11) independently oleasurad these values for radium 5 ~ j s c t e d  

into adult dags and sgsead within vary narrow I i rL~s .  

%e 

MorrLs g g .  [9), Hursh (IO), and 

This approach represents a substantial improvewnt over presently 

employed concepts which stmewbat ambigmusly employ the term ':fi,:red" to 

indicate that rate of excretion bas reached a low value. A nore 



quantitative description is supphded by the coei f ic ien t  of ~limi~ntion, 

wliich is a direct measure of the Inbiiity of s~keletol dc?posics. 

far eewved Ln ti= from admiaiatrution its value8 do not chaqa rapidly 

and knee have been used to calculate quantfltias, erroneously called 

"bfologfcal half times." 

"biological half time** is mantugless in the context of the p a w e r  

function. If same B i d k i r  quantity ts daairable, the t a m  "apparent 

biologfcel half y;5met' (T, 

that its vaolue is clirecrly proportional to tima after administration. 

%s, from equation 8, for h = 0 ;  

Vhen 

. -  

It skould b? emphasized that the t@nn 

) could be used with the understanding 
a / 2  app. 

If it Is asarmred that the actual retention fuacrfon follows 

eq\;aei.cm 2, then ultfmately tho retention daLa should depart marlredly 

f roa the power function description and tend to Eollow c pattern 

determ%ned by tbrs exponential term of longest half l i fe .  Rovevet, the 

available data in humans appears t o  s h w  that th is  point of Elemre of 

the retentioa line is uot reached within 25 years in the case oE radium ( 9 )  

nor w i t h h  5 peare in the case of plutoaium (15). 

adherence to &he power function line is indicative of o failure of tho 

bone-scekhg element to attain a steady state in bone within tho times 

mentioned. 

very slow rates-- which approach those c o m n l y  associated with s o l i d  

Thts contlauiag 

Thfs may simply reflect biochemical reactions proceedfng at 



6tate diffusion. Iiouevet, LE d t f h s i a n  itself is the rate-Etmitfag 

factor for excretion of the radlooleuient, the skeletal mineral m y  

simultaneously exlst  i n  Q condition of overall equilibrium. 

an intereeting speculattm since the diffusion made9., which cen be 

thought of 88  camprised of a large auder of closely .rm$oted exponential 

terms, will Luevitably be described by a power function. 

hand, there may be progressive changes in the chemical or  pbysio$.ogical 

status of the skeleton tdth t b e .  In the Latter case no equilibrium 

condttim would bt reached. 

This is 

- 

On the other 

Tine above line of reasoning provides a basis for aetismtlsn of the 

maxhrn error imolved i n  extrapolatlng tho p m e r  hnction ratcn’*i L on 

Retention follorring a Line beyond the poiat where data are available. 

sfngle dosage w i l l  be considered. 

in tetentioa following the laet  masure of retention, Rt , is deecribd 

by Z 3 E S m h g  that a steady state has bean attained at ex. 

The marhxm poss ib le  rate of ctecrease 

2 
mea the 

Tlr, spp.  

or lase, 

as R, = 

calculated a t  t 

expoasntial tern, and retention hence forth w%ll be described 

m y  be taken 98 tbe decay coastant of the ath, 
X 

. Pot the othzr ertrem case, the Bt @ 

le 

minZmurn possible change fu retention fo1’io~Png tx8 is tepreaanted by the 

assumptioa that retention is  constant, or essentially so, following tx .  

The tmrinwm error of  extrapolation now kcomea 
A93 tx 

b 1 b - tJ 
5 B  - R, e + e  (45) 

Emax. tlE 2s 

where 2- is the error associated with the individua1 measuremrznts. 



tbst of the work €turn which power function consemts have ‘men 

derived has been done using adult subjects. 

that constants measured in the adult: animal can be applied t o  tkc young, 

growing indiividual. 

@letcents Le highest in y d ~ ~ g ,  growing animals guarantees s m  systematic 

changes in the power function constants as a function of rate of 

forreation of bone. 

IZ should aat be asslnerrd 

- The w e l l  kam Eact that ~etentioa oE bow-seeking 

valtpe oif the constant, Ap must reflect the distrlbutlon of the 

radmhiscered isotope in the vcsrgous cmpartmnts available to it. 

other ‘yords, gfven a fixed number of conrpattxo~nts, B larger value of A 

must ixtdicate that relatlvcly more of the administered elemat oxierts 

in cospartxaeats of longer half-life. 

unity t& corresponding values of b a s t  cpproach zero. 

between the values of A and b is i-ossd by the system of biological 

uschanisnza thst influence retention. 

seam impracticable to examine this point iurtlner. 

In 

%us as vnEuas of A approach 

The correlation 

In light 02 eresect hmledge it 

la practice, there has uot been reported, in single  dase studies, 

a single instance in which b has Eallaa outside che limits of 0 to -1.0. 

The groat utajority of the values have been between 0 to -0.6. Since rate 

of total errcrotion is described by the deri.vative of retention, the sfape 

of excretion curves mui t  always be less than -1.0 and are ordinarily 

greater than -1.6. 

and feces are derived from a comtuom source ia  the body, it follows that 

the slupes of thc liaes repreasating their rates will he identical. 

Laughan (714) has si-.’.own, in the case of plutonium in man, tkat the values 

In Instances where the materials excreted in utfna 



of b foy urhary and fecal eliminatkoa differ.  

the slope is greaterethan -1.0 which is intoqreted by the presaizt 

Pot urhary excretion 

authors a8 k i n g  due t o  sbk? CQlW@rSiQIl Of chaalca'l fCU3ll Of pheQAiWA 

in the &dp. Langham describeti this &angin& ratio bst%?en urincry and 

fecal elistinaeioa by a p w r  fuaction and utilized it a8 aQt3kher mfhad 

~ - -  

of determiabg tin since ego- uure 

The power frurctioa €or b < 0 increases without bound PB e approaches 

ZBYQ. Tlzerefore it c-ot k&! used e0 dsscrite retent+- be~ucecm "&e 

ti= of ednPnistraeim (t = 0 )  and sone minimum vdue oE t-- u s w l l y  tabs 

as one day. 

It Is apparent that the integrated retention function must cuffer 

In the same fashian from th is  inadequate description a t  the entl i .ese 

times. 

estfraatioa of the integrated reteneim pattern is i l lustrated in 

Pfgure 1, uadag constante ( A  = 0.9, b E -0.52) &ich ~ Q V Q  k e n  found 

applicable to the metabolLsm of radium by adult k~mans. 

&hat the Pag-lug line representing retention foIk8wing B sirtgbe dose 

depart Era= its straight line coutfie aud 'bconse aspprotic  co a retention 

of unity at SO= sm~ll frractioa of a day. 

is approximated, as in Figure 1, aa improved estiteotian of retention 

following continuous administratloa may be obtained by GraphLcal 

integrathn. 

continnous a&ilnbsttation are now described by curve8 which, 022 log-log 

paper, reeemble hyperbolas t-titln the asymptotes b e b g  the total ariainistemd 

quantbey and the p-0 hrzction Lim. 

The exteat to which equation 10 agrees with s IEOP~? prec9m 

It is ~~ecoseary 

men GUCB a retention course 

One will note that reteaoZons follcming either a single or 

Thus equatian €0 d l 1  &om?wht 



overesthate reteatian fo l lwfng conrtxluous abit~istrotioz (olthulagh 

never by more ehan the qwantbt7 administered &wing a m  day) by 2x1 

m o u n t  which varies v i t h  time of observation a d  tho vnlue of B .  

E i t h  sttght ~~ur ibf i cne ions  the pmrer function CQD be mde to coryform 

to ehs physical requiremat that reteneim mst be anitg &ea t = 0. 

The modified f o w  representkg retontion follovfng s single dose is 

wkere 7 is  a constant. 

as p: incremes a d  satisf ies  tho requfrearcnts discussed 

paragrqh. 

advantages in description-- especially over time inte;nmIs cloee to  

adminZsttation. 

This form approaches equation 5 asys7ptotLcaily 

the preceding 

It can readily be integrated and diEferentfored and offers 

Tfia estimation of 7 requires dots for sGffbciently large t t o  

If recording r b e s  of the retention values are accurately determine b. 

aesusud to  Be errot-free and ths -bet of zneosuremenrs et each time 

point IS equal, the weighted least squares procedure (2&) on the log 

tranefarms of the variables w i t 1  y i e ld  cfffcient estimates of both the 

constasits and thair associated errors. 

for each transformed retention value Is the retentfon value i t s e l f  

corrected for radioactive decay. 

'g is most readlly evaluated from the re%aeiuzlship A = l/ybb, where A is 

ehe one day intercept of t k  power function Line. 

portioa of the t values are nut large enough t:, suitably defiue the 

power function asymptote, estimates of the constmts m y  sometirms be 

The approgriate i s i g k t h g  factor 

Using this mathod i t  caa be s h m  that 

i&en a suitable 



dczerciiined by using equetion 16 directly and erqloying the general Icettmd 

0% fitting aoa-linetir equations ( 2 5 ) .  me estimation pracedure, in th i s  

case, requires extensive c q u t a t b n .  

AI1 the argareents and tha power S W ~ I C ~ ~ O R  const2nCs presented herein . - -  

are detSved frm studies in which the be-seekfng isotopes were 

Lwnediatelp 8vailabLe to the circulatbg body Elufds- as by intravenous 

iujectLm. 

appropriate correction factors-- as far example, ia intesci.Ela% nb~orptioa 

which, as a rule, is uot qtsantFtatSve. 

demonstrated that zadium sulfate inholed into the humnn lung dms not 

go readily into solution. This situation was enalyzed, using t h e  power 

function ezethod, as essentially am instmce of cantinurns systemic 

administration due to the cuatSnuing sohb2Iieoeion 06 the rnaeeriar. 

When such is not the case, f t  is t~ecassory to introdcce 

blarineili et al. (26) h v e  

The power fuaction mag also be applied to the m l y s i s  of the 

situation in whick a Bone-seekiq olelrrcnt Is fomed within tk body 88 

a result OE radioactive decay of a parent elemnt. 

-- et  al. (27) coilcluded that the Rez3 arising from deposi ted 

as f f  i t  ~ e r e  bein3 cantinuouslg administered inrravenmlsly-- si girtding 

in agreement with &ita reported Ey Van Della et 9. (28). 

Thus Gustafsan 

behaved 

Calculation of Permissible Levels 

These formlati.oas permit calculation, with greater accuracy than 

is otherwise possible, of the allowable daily cbssrptrlon of radioactive 

bone-seekers into the b l o d  stream ( 2 9 ) .  

body burden and the period of exposure, eqwticnr 9 can be used to 

determine the amount of isotope which, i f  absorbed daily, can be expected 

Gtven c vche Par the permissible 



2 c  
~ ._. .. .. . 

->,  H. to produce this burden by tbe eod of tbe expomuu period. This mathod 

has been discussed In detadl by moly (m). 
Values for permissible dai ly  intrbs of Ra-, &., Sr96_r90, .rrd 

% ca45 l~agb 

Table 1. 

exposed perms by the Intarnatiorral Caplmios&on on Radiological 

Protectlozj,.) TIM povPrt fuactian conatarnts for 6r a d  Ca in hupupre are 

based 013 resufta  of a surwey of the ldterature by Mathtell& (32) d 

were o b t a h d  frQp studies fo1lSui.q h t ravenws  administration to 

adults. 

results are presented for two acmewhat a rb i t r a r i l y  aelected perdodr of 

calculated ustng eqttatioas 9 ~ n d  IO rad are prematsb im 

(The final body $urd@a is that propowd in 1955 for imdustrtally 

* (31) 

"he canstants Lor 8c1226 are take= fram mrris et  al. (9 ) :  4ha 

intake, 30 para and 70 years which may k reprea8atat&ve, respectlV81y, 

of a mrkiug libti- under b d w t r i a l  COI3ditioas at& a llfeopan under 

conditiuzm of \miwarsel cantaerirutian. Io0 effort baa been mado to 

break the figume dorsh further into coacentratlonrr in air, water, and 

food, abce the I M S ~ C  aosrtl~ption requites '&1y that the elerats 

* #  

- 1  

freely accesoible to bady fluid8, regardlean of of h t 8 k e .  No 

coneideration h.8 been given to the Bore s p r c h l i d  e h t a t h m  which 

exists during the period of rapid skeletal growth in childhood and 

adoleaceace. Values calculated for  the d u l t  should be d e e d  

crittcallp before they are applied to thia seput o f  +he papulation. 

The p-year  vrlraos ia Table I, which iaclude the period of childhood, 

were calculated OD tbe basis of udult valtrs and are bcorrect to th&8 
-f - -  

exteat. 

I t b q  i "I 1 



Cdculation of Badtation Doma 

%'tie power ibetio9 may a160 be used to  cafcufate integrated 

radiatton Q ~ g e  frena dspoaito of radioactive eleraants i a  bast%. 

owthematical coasideratioas are essent ia l ly  ideatical to those diacu88ed 

The 
-- -- 

With refere- to r e t e n t h .  Sface radiation dosage accumulate6 as the 

produce of -tratioa of tbe radioelement and tirrte, the iategrated 

skeletm (33). 'phs quantity, f(lt), in ewery csae is the appropriate 

reteation fuactioa integrated w f t h  relnpgct to t o v e ~  the perid in 
. . .  ' - ' ,  . 

question. It mou met n8sorrrebh to Lntegrata over tha eatire period 

from c8ro t h ,  stpc. the inadequacies of tha power fmrctdoo duriag tbe 

f i r a t  day w&11 wt Lptrodpce appreclable error unless the t o a t  perid 
- 

of obemrostian became8 quite short. In stxch a case, oee ehodd urn 

equatioa 16 or, rlternatiwely, integrate from 1 to t and add the best 

graphically determimed entimate for tho cozrcrihoticm from zero t o  1 

day. 

' 

Frob eqorrtioas 5 and 10 the approprhte vales for f(R) are: 

for single administratien ( A  > 0 ) :  

f ( R )  =Jt Atbdt = b+l. A t b i - l  

. . . ... 



readily integrated and should ba detennlhned graphically. 

Va1aes for integrated radiation dosages from p?¶missihl% quemtfttes 

of m2'6, sr@, S r W - P ,  a d  a '5  sccursuiated by contiwous ezposute 

At this time there is no accurate basis for estimating t'me actual 

spectrum of concentrations aad aonrs&ar: sirbitrcraly selected values must 

accurate values e 

Lt*has bean aseu~usd that the radiations are corqiecely absorbed by 

bone tisstte. Since t h i s  may not always he e& case, cozrection m y  

saerothes be necessary to coarpeasate €or this S.ass. Bowwet, considerattoms 

of th is  nature are outside the scape o€ this discussion. 

Pmm the aspect of total radiotion dosage, vith sespact to situations 



- I8 - 

Q(b + 2p - - C t  (22) 

Thus, %a the case of radium where b = -0.52, there is a ssl'cty factor 

of 3 fu total integrated rediaeiun dosage tPhen the bndy krrdan I s  



achieved by d d l y  increlmeats. 

maner of e:;Isamte ncccssnrfly results Ln a more uniform concentration 

( f . e .  slnaller l o a f  conrentratbun factors) thaa wmtd be Emad 

foilowing a single injection. 

10 have &eo demonstrated for radium in  the imae of hullMpl8 who kave 

Peceivcd radium over short periods of the, Z t  follows that total 

radiatioa dosage to pawts of tte sbletan may ~ a r p  by a t  leaat a factor 

of 3, &penci&ng qmn tha node of admiaiserotfon, wltth the B~LPB final 

budy ‘burden in e Zt l re r  cam. 

TEaereCute, re i ther  

Shfs is a d n h m  figare e h c e  

Since canceatraticm factors of at least 

“permissible body burdens“ aor resulting tadiatim 

&=gc can he consf-dered to be independent of netbod of exposure. 

large lactors l-n integrated radiatton dosage which appear when single 

dose m d  cantiowus exposure a ~ e  compared, again point to the inadcnquacies 

of current procedu-:e3 for  assessing the hazards oE 'was-seeking radio-elements. 

The 

Conciusion and Summary 

The p m r  function has been fQuQd eo provide a saeislEactory eq ir i ca l  

descrfi4icion of the retentian of several radfoattive isotcpes which are 

prefereaeiolly depositQd in sbletal tissue. 

apply :o h e - s e e k i n g  eiemats in general is not yet known. 

Tha extent to athicb it lapy 

The ease of nxithenxatlcal maaipralatton of the p m r  retention k c t t o n  

allows the derivation of several relationships which can be used to 

determine pennfssibote daily f ~ t ~ i k o  or btegratzd radiation dosage, or Lo 

evaluate bmportane factors Teaatfag to individuals who have already 

_ _  . -  

acc-aated S ~ G ? L ~ L ~ I  aepcsies. 
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- power rmncei.an indicates clearly that, in its area of 

n p p l i c a t h n ,  th ca~cepf: 02 "bia~ogtca~ haB$-timaS" fe coarp1St81y 

fdlacims and mnp P ~ s u I . ~ ;  $,a gmss errors both actually aud caaceptoagly. 

331s meehcci ofr'ets opportunities for =rei accurate and realissic 

approaclres to "338 problems of poisouiag by radioeletaants as -11 as in 

calculations 09 alloxable doily intake Ievele and body concentrations 

of radioactive bans-seskets. It Sndicstes &kat: us jo t  d3.Efereoce.s in 

integrated r & i a t l w  doeage m y  obtafn dopeding upon the candZtfons of 

ezpamre and points out  that "permiosibla body burdens" should be 

assass~d in vfav 0 2  the 189aner in which ths Body burden 2s obealned. 
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Protactiaa is considsring th power €unction as a b a s h  on tihith 

EO revise estimates of p e d s s i b l e  body burdens and prmisaible  

33# ?,a this case t%e most acccptablc unit of dosage is the rad, which 

5a &Zizt=d as the dissipation of 4 0 0  ergs of energy per gram of 

zisaue. 

rete per secoa per sicrccurte, 3.7 x no4, t b  d r  of seconds 

:per day, 8.64 x 10 ; and the number of electron volts pet  erg, 

6.24 x IO''. 

Tima cocastaurs involved in t h i s  cpmttty are tb.e disintegration 

4 

In ehe case of radhnz~226, assuming 30 p o t  cent 

ietention of radon and I t s  daughters in  the skeleton, the total 

energy dissipatad is 10.8 x IO electron volts per disintegration. 

Thus the dose to  the human eksletoa (GIBBS of 7000 grams) from 1 

6 

microcurie of radium bacoaes: 

4 4 6 3.7 r: 10 x 8.64 x 10 x 10.8 It BO = o,07g day 
7 x EO x 6.2b P BO- x 10 

3 71 2 k =  
_ _  .. 
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Figare Legends 

Figure 1. Illustration of tha degree of applicability of the p m e ~  

h z c e i m  a t  early t6rar.s after adminiseratien. 

l i e s  are required by physical considerations far a =re 

accurate description at early e l m s .  

using equnttoa 16. 

similarity of retention betmen repeated doses of 1 unit per 

The curved 

'These ma9 be obRained 

'L"ne saw-tooth cume illustrates the 
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1 Hnecrual dose, ips-days 

rada 

Owat 30 years 

Daily dose t o  reach 
permissible level, p / & y  

rada 

Tiate eo equilibrate body burden: 

day0 t o  965 of asymptotic V Q ~ W ~  

days t o  lw of asymptotic value 

Radium-226 
69 10.8 x 10 

0 -079 

0.1 

58.3 

0.066 

21,900 

80 

8 

209 

0.00722 

9 .O 

7.33, f loo4 

50.3 

4 3.9 x 30 
(306.8 pare) 

2.318 z IO5 
(635 years) 

Calciulll-45 
0.089 x 10 6 

0.00065 

14.0 

1 .O # P  

653 

3570 
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