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2vscrih 'xi  
esponent  in :.,e t i m e  der iva t i \ . e  of the e s n r e s s i o n  for  the retent ion oi t h e s e  
c l emen t  s . 

tl,,. p l a sma  concent ra t ion  i s  \ \-ry n e a r l y  equal  t 3  the  val: of the  
t g  

IV.  The Retent ion and P l a s m a  C l e a r a n c e  of the 
Aikal ine E a r t h s  by Human Beings 

R .  E .  Rowland 

Ha\.ir g noted that  the f i r s t  deri-;atives of the equat ions d e s c r i b i n g  . 
the  te tent ior ,  af a lka l ine  e a r t h s  in dogs  a r e  v e r y  c lose ly  r e l a t ed  to the ' func -  
t ions desc r ib ing  the p l a sma  c l e a r a n c e  of t hese  e l e m e n t s ,  we inqui re  
uehether th i s  re la t ionshlp  m i g h t  a l s o  ho!d fo r  the human being.  
:ure *.vas s e r r c h e d  fo r  da ta  desc r ib ing  the re ten t ion  and p l a s m a  c l e a r a n c e  in  
humar: beir,gs of i n t r a \  enously in jec ted  a lka l ine  e a r t h  i so topes .  
& r e  d i s c u s s e d  below, grouped accord ing  to the e l emen t  s tud ied .  

The i i t e r a -  

T h e s e  d a t a  

Ca lc ium - -I 5 

S e v e r a l  au tho r s  ha-L-e published data  desc r ib ing  the r emova l  of Ca45 
These  da ta  a r e  

plotted in  F i g .  12 e x p r e s s e d  in  
Ioc . - - -- - . . .- -- - - units  of p e r  ce:ht dose  p e t  mg Ca.  

The data  of Bronne r  and H a r r i s ( l  l )  

f r o m  human p l a s m a  fol lowmg intra\ .enous inject ion.(8-1 

- .  c.. 

. . .. . . . . . _. . ,rJ' ' . ._ , . . . . . ,~ . - . . . 
I 

t0 'CC IOCC 
I (HOURS A r T E q  It;JECT.C)YI 

F i g  1-2 A s u m m a r y  oi  the p i a s m a  
c l e a r a n c e  of ~a~~ f o r  fi-,-e 
human c a s e s ,  follo%.ving in-  
t ra \ -enous  inject ion of th i s  
i so tope .  

\vere plotted in the i r  pape r  t r a n s -  
f o r m e d  to a bociy iveight o i 3 5 . b k g .  
These  ha:*e bcen t r a n s f o r m e d  
back to  the or ig ina l  weight of the 
21-year  old m a l e  subjec t ,  5 1 . 4 k g I  
by mult iplying the i r  da t a  by the  
r a t io  of weights ,  35.6/51 .4. Also  
included in F i g .  12 a r e  unpub- 
l i shed  da ta  f r o m  o u r  L a b o r a -  
to ry(13)  d e s c r i b i n g  the c l e a r a n c e  

r ad ium pat ient ,  ( C a s e  Bhl). 
'*of Ca45 from a 51 - y e a r  old m a l e  

It will be  noted f rom th i s  
f igu re  that t hese  p l a s m a  c l e a r -  
ance  c u r \ * e s  do not become defi -  
ni te  s t r a igh t  l i nes ,  indicat ive of 
a power function, dur ing  the t i m e  
o\'e.r which obse rva t ions  have 
been m a d e .  
m a  c l e a r a n c e  would have to be 

It a p p e a r s  as  i f  p l a s -  

t Ob805 I 

n 
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4 1  

n followed o1.it t o  about ?DOC1 hours  ,.C 

behavL-ior d;d 0' '  did not es :s t .  Hot.{ .*:er, i f  one def ines  the be. : s t r a i g h t  l ine 
bet*.vee:i 221) !:oi:rs and 0 7 2  hours  f - r  the conibined data f r o m  re ie renc-es  11 
an t i  1 3 ,  i t  a p p e a r s  to h z - - e  a-slope appros ,mz te ly  e(;:ia! to t - ' " .  

days!  tc pr1.i.. e i!ei:;iitely tha t  s u c h  a 

The bes t  da ta  iociid f o r  the retent ion of Ca4' ii: a human sub jec t  a r e  
those of Bror .ner  - -  e t  ai . ,  ' l ' )  ;c*I;o ca lcu la ted  the re ten t ion  in a 2 I -year  old 
mz!e ( s a m e  c a s e  a s  r e f e r e n c e  above! for  bO days  f r o m  e s c r e t a  s t u d i e s .  
T h e s e  a r e  piotted in  F i g .  13 and n i h y  be d e s c r i b e d  by  a power function 

I 

_ _  _..- . . .._ 
::_c';Y - 4 5  

F i g .  13 . -  
The re ten t ion  of ca l c ium,  s t r o n -  
t i um,  and r ad ium in human 
pa t ien ts .  The ca lc ium da ta  a r e  

- 
G- ' t hese  c a s e s  the r 'etention was  - 
i ca lcu la ted  f r o m  e s c r e t a  meas-  
- u r e m e n t s .  Also plotted is the  - 3:: 

- - -- . .  ~ 

- . I  - -  _ -  =.- -- .'Y - z z e  t. . I ... 
\. : c :cc:; * ' power fcnction fo r  the re ten t ion  -. 

. oi r ad ium f r o m  the obser \ .a t ions  
of the Elgin S ta t e  Hospi ta l  
cases . ! l")  

4 

_-.- \. - 'i. . . <  
l-1. 

.. 
\ 

,< - -- - - - -  - -\ - - - .  
IK IOCK) , - ',C .* cc.5 

F r o m  t!ie der : . :a~:e  of this  e x p r e s s i o n ,  one e s p e c t s  a p l a s m &  c l e a r -  
a n c e  desc:.:bed b;: t - ' * l 2 , ,  a \-alue pe rhaps  not g rea t ly  d i f ie ren t  f r o m  the value 
ment ioned  abo-:e, t - l - ' .  .\i'hile t hese  s e e m  to be  in f a i r  a g r e e m e n t ,  they c e r -  
ta inly canno: be c s e c  to  i l l u s t r a t e  the equality of the f i r s t  der;,.ative of the 
re ten t ion  equation to the s lope  of the p l a s m a  c l e a r a n c e  equation. 

S t r o n t iurn 

The  remo-:al oi s t ron t ium f r o m  the p l a sma  of human pa t ien ts  has  
In F ig .  14 a v e r a g e  t-alues f o r  these'  been  d e s c r i b e d  by se-:eral a u t h o r s .  

d i i f e ren t  groups  given in t ravenous  Sras  a r e  plot ted.  Two of these  s e t s  of da t a  
w e r e  kindly sup  l ied by D r .  H. S p e n c e r ; ( l 4 t l 5 )  the th i rd  is f r o m  the work of 
Van Dil la  e t  a!. f i  6) - 

-. A l s o  piotted in F i g .  14 i s  the d i s a p p e a r a n c e  of s t ab le  s t ron t ium from 
the p1as:r.a oi a 40 -yez r  o ld ,  .85-kg m a l e  subjec t ,  follcwing the inject ion of - 
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100 rng S r  as  S r C i .  
i..eiy that  t h i s  l a r c e r  cuant:ty of s t ab le  s!rontiurn :s c l e a r e d  f r o m  the  p l a s m a  
a t  the s a m e  r a t e  as tiie much  s m a l l e r  iscltopic t r a c e r s .  

This  s tudy by Harr i - .?n e t  - -  a l . ( l i )  ind ica tes  qui te  e f f e c t -  

155 - - The da ta  of Van Dil la  
' ' - e t  &.,(16) which es tend  out  to 

600 h o u r s ,  s e e m  to  be a p p r o a c h -  
ing a s t r a i g h t  l ine of s lope  t-*.', 
but da ta  a r e  needed  f o r  longer  
pe r iods  to ver i fy  th i s .  

: 

The re ten t ion  of Sr85-in 
these  fi\-e c a s e s  was m e a s u r e d  
du r ing  the per iod  from 5 to 

30 days  a f t e r  inject ion by m e a s -  

In F i g .  13 the re ten t ion  for e a c h  
of t hese  c a s e s  is plotted,; each  
c a s e  s e e m s  to be d e s c r i b e d  by a ;  

r r  ,5- s t r a igh t  l ine o v e r  th i s  i n t e rva l ,  
but the s lopes  d i f f e r  f rom.t-oo '6  

- 2-cc-y 5 .  r.: .C VL-L "- 
C 

c 0 -  

15 days ,  and in one  c a s e ,  

u r e m e n t  of total  Sres  e x c r e t e d .  

... 

- - - 5.eL.L..Eetc: y 5 r r ~ : ~  : : e :  

s,':,c..F=;G: 3: 2 :Lli;. E '  

r.e:.c..E4cSE -c  r r r sy !  

;; P -  F '3 - -  - -  0 -  I C  .. 

- 

- 

\ . L  -- 
,c-o - -.-- - - . . . . - . - 

. c p . - m s  r C T E C  t...Ef-at. 

F i g .  14 P l a s m a  concent ra t ions  foilowing to  t-'.&. 
intrai-enous injec:ion of s t r o n -  
t ium in humar: par ien ts .  A study of the t e r m i n a l  

d i i t r i bu t ions  of Ca4' and Sr8', 
in a s e r i e s  of ten t e r m i n a l  pa t ien ts .who as  d e s c r i b e d  by Schuier t  - -  e: 

.survi-:ed Q to 124 days  a f :e r ,adminis t ra t ion  of the t r a c e r s ,  shows that  a con-  
s i d e r a b l e  f r ac t ion  0 1  the  ifijected dose  r e m a i n s  in the soft  t i s s u e s  riiany 
Lveeks a f t e r  inject ion.  
the irac::on of the retaineci d o s e  found in tiie sof t  t i s s u e s  of each pat ient :  

Tzble 1 1 ,  based  on  the i r  published da ta ,  e x p r e s s e s  
' 

'e' Table  11 

P e r c e n t a g e  of reta.inea ca l c ium and s t ron t ium t r a c e r s  in t h e  so i t  
t i s s u e s  of t e r m i n a l  pa t ien ts  a f t e r  in t favenous  admin i s t r a t ion  

This  high t i s s u e  f r ac t ion  of the retLined blurden in m a n  i s  in m a r k e d  
G!ad _e_t - a l . ( l )  d e s c r i b e d  a double t r a c e r  m t r a s t  to the s i tuat ion in  the d o g .  

1 0 b 8 0 5 3  DOEIHGI" 



n exper in ;en t  w i t h  SI-'' and Raz" in  w h - c h  a beagle  was s a c r i f i c e 6  Y days  a f t e r  
a n  injec;:an of t h e  two i s o t o p e s .  At :hat t i m e  only 2. iTQ of the t t - ta ined S res  
a n d  770 c ;  the  r e t a ined  Ra"' was in tlie sof t  t i s s u e s .  This  might  account  f o r  
s o m e  of  the obse rved  d i f f e rences  between the two s p e c i e s .  
should not look for  power- law behai- jor  in  the p l a s m a  c l e a r a n c e  r a t e  unt i l  
a l m o s t  a l l  of the body burden i s , d e p o s i t e d  within the ske le ton .  If t h i s  w e r e  
the c a s e ,  then  the expec ted  r e l a t ionsh ip  between the re ten t ion  and p l a s m a  
c l e a r a n c e  r a t e  would only be val id  fo r  a skeletal ly-bound i so tope .  

P e r h a p s  one  

. 

Tnus it  a p p e a r s  that  the m o s t  i n t e r e s t i n g  da ta  d e s c r i b i n g  the  r e t e n -  
t ion and p l a sma  c l e a r a n c e  of t hese  i so topes  w i l l  be  found a f t e r  the  f i r s t  
100 d a y s .  No such da ta  a r e  a i -a i lab le  for  h u m a n s .  

Rad ium 

Rad ium 1s the i so tope  w i t h  which human beings ha\:e had the m o s t  
e x p e r i e n c e ,  and i t  i s  on th:s e s p e r i e n c e  tha t  we base  a good p a r t  of o u r  
knowledge of the e f fec ts  of  bone - seek ing  r ad io i so topes  on m a n .  
in  the l i t e r a t u r e  a r e  t h e r e  an'< da t a  d e s c r i b i n g  the c l e a r a n c e  of t h i s  e l e m e n t  
f r o m  human  p la sma .*  

Yet, nowhere  

Tk.e re ten t ion  of r ad ium :E human beings h a s  been based on the m e a s -  
u r e m e n t s  of the E!pin S ta t?  Hosplra! pa t ien ts ;  ( I 9 )  frGrn t h e m  has been 
obtLined the wel l -known e s 2 r e s s i o n  f o r  t h e i r  re ten t ion  of r a d i u m ,  

'7? J Recent!?-. Xierineil :  - -  e t  a1.(bk have d e s c r i b e d  the r e t en t ion  and e x c r e -  
t ion of Razz' f r o m  a young adul t  m a l e  who acc ident ly  inhaled RaS04.  
retentior.  da ta ,  a f t e r  the  f ; rs t  100 days, a r e  d e s c r i b e d  by a power function 
with t 'O , while the escr ' e t ion  i s  found to follow a power function with t'1's78, 

T h e s e  dat;. co \ - e r ing  a per iod  of 6 .5  y e a r s ,  show de f in i t e ly  the  r e l a t i o n s h i p  
between the  re ten t ion  funct ion and i t s  d j f f e ren t i a l ,  the  e x c r e t i o n  funct ion,  bu t  
on ly  a f t e r  :he i so tope  had t r a n s f e r r e d  f r o m  the lung to the ske le ton .  

T h e i r  

1 

* Aub g 4. measured the r ad ium in rhe blood of a dcal painter who was rcceiving medication in attempt 
ro relcasc-.radium from the skrlctm 
the timr'of treatment. scvcn ;.cas l a rkr ,  rctained 1 8 p c  of radium 
injcctit!:., t h e  powcr fiinction R : 0 5.1 r - O  s2 woitld prcdlcr a rercntior! of !lirce quarters of one per cent of 
tile irijccted dose tc i l  scars lace: 
injection the injected dose w o u l d  have been 2400 g c .  
similar ro Sr3c': t h e  plasma values wj l l  be descr*.bed by the equation P, : 38 
this function thc plaqnia scrivity ia calculated to be 0. 21 x 
measured values wcre about 1 s 

medication wa: rho*n to incrca:,. the & i I y  climination of radium by factcrs of 3 tn E .  this  measiircd value 
rlin) be interpreted as bcIng rerriarhablv clow io the value predicted by a power-fu?ction behavior of the plasma 
concentraticri. 

The woman had paintc.d warch dials fpr a seven-year period, and a i  
If I I I F  had been d case of ietravenous 

Assuming  rhr mid-point of thc exposve period as rhe equivalent time of 
lf radium is cleared from rhe plasma ir! a manner 

per cent of dose/g Ca. Usir.g 
c/cc of blocd ten year: after injection. The 

c /cc  blood a factor of five grcat::r t h a n  the prt.dicted value. Since the 

I O b 8 0 5 4  



. .  I t  sh0u.c  bc r a t e d  that Xlarjn&1. gr. & . ' , S 3 J  in a des 'cription t.i the  
1 .  d::::x:natio~ -,i r a r - - ' -  :.. ..... i ~ o : z  s e \ - e r a l  pat: .rats iollov:in,g acc identa l  . i ~ r ~ ~ l a t i o r ? ,  

~ ~ < ~ ! i i t e > ( l  out rliat RG: a,. o i  tilei:. n i t . asur+- l  body burdens  coilld be as..;:rried to 
t!:v skc!etQ1? ~r i*-:r.c, S Q  t l i h ;  a 5:r;:iiii:cant frzc:ion of thi. : ~ : ~ . a s i i r e d  :-adii~i-n 
i ~ i g i i t  be in r h e  soit  c i s s ' * ~ e s .  
ske l e t a l  r a d i u m  r e i e a s e d  r adon ,  and  that  this  r e l e a s e  \-.-as 7070 of the to ta l  
foq-ind. L a t e r  *.*:..ark o f  l i a y s ,  -. et -- a l a i z d J  has  shown that sho r t ly  a f t e r  acqu i s i -  
tio!i, about 9 0 ' 5  q f  cai:;ne skeleta!  radon i s  r e l e a s e d .  If th is  i s  a l s o  t r u e  for  
the human bc-in;, the it:c:.ez.-Sed raddn r e l e a s e  :mplies  e$:en m o r e  s c > i t  
t i s s u c  radi l im than lliirine!li had e s t ima ted  and lends cons ide rab le  weight 
to h i s  sLiggestion. 

. .  

'rhis . I . -  \ . a s  based  on the asui;iption tha: on iy  

One s e t  c;i daca 15 a-.-aila'oie in the l i t e r a t u r e  d e s c r i b i n g  the e a r l y  
reter. i ion o i   ah-^ - co!:a-.t.* _ _  - 1 ; ;  ;ntra:'enous inject ion of th i s  e l emen t .  In 1915 
Sei!, l 'io!,'ana Gorcio::' 1 5 '  d e s c r i b e d  the re ten t ion  of r a d i u m  in a 23-year  
o ! c  m a l e ,  follo..\.ing i::tra.:enous adin in iz t ra t ion  of 100 ,pc Razz'. They meas- 
tired the totiii e s r r e t a  ;a:;ci incidental!!- found a fecal  to u r i n a r y  r a t i o  of 
a.bout 1O:l.l arid S a s e c  ::ie:r r e t en t ion  on th i s .  
the s a m e  ilidi-:idca; t*.l:o :xoths  l a t e r .  and t\ro s e t s  of re tent ion da ta  a r e  
plotted in F i g .  13. 

- 7  

. .  

. . .  They r epea ted  this study on  

The cur\-c-c p:at:ed iron: the i r  da ta  can  be s e e n  to be s i m i l a r  in s lope  .- 
I? t!:a: obta:rled f,;:. Cz7'-. , * . -  L..c da ta  o i  Sell  ac tua l ly  f i t  a power function with 
t - 0 . 1 1  in one  c a s e ,  21 :~  * - ' . l c  1:; the o t h e r ,  w h i l e  the Ca4'data a r e  d e s c r i b e d  bv 

. . -  
IC ? f 
I ' * C d 6 5  JFJEfi *.)E:- :e, 

2 1  

Fig .  15 Plasma concent ra t ions  
f o 1 !o\s.i n g int  r a y :  eno u s 
inject ion of BaI4' 111 

tinman patierl ts .  

. .  . 

. These  d a t a  con t r ad ic t  the  
Elgin pa t ien ts '  power function, 
a s  can  be seen  in F i g .  1 3 ,  yet  we 
m u s t  r e c a l l  that  this  power func-  
tion *.vas e s sen t i a i ly  d e t e r m i n e d  
by the re ten t ion  a t  SO y e a r s  and  
the known d o s e ,  but not on the 
b a s i s  of any  da ta  within the f i r s t  
few weeks .  

t -O '12  

BZriuni 

H e r e  the only publ ished 
s tudy d iscovered  is that  of 
B a u e r ,  125)  which d e s c r i b e s  the ' 
p lasma  c l e a r a n c e  of Ba14' follow- 

. ing a n  in t r a renous  inject ion of - 
BaC1, in a 25 -yea r  old woman.  
Bauer  a l s o  kindly suppl ied the 
p l a sma  va lues  for  a n o r m a l  
32-year  old ina le  ( C a s e  18 in  the 

plotted in F i g .  13 .  I t  c an  Le s e e n  . 

tx 

abo*:e r e f e r e n c e ) .  These  a r e  - 
1 O b 8 0 5 5  DOEIHQ 



that  p l a s m a  m e a s u r e m e n t s  would h.i..e to be  taken i o r  a m u c h  ionger  t i m e  in  
o r d e r  to de te r i i i ine  whether  o r  not i.. power law f i t s .  

n 

S u l n m a r y  

F r o m  th i s  re\-;ew of the re ten t ion  and  p l a s m a  c l e a r a n c e  of i n t r a v e -  
nously in j ec t ed  t r a c e r s  o i  t h e  a lka l ine  e a r t h  f ami ly ,  i t  b e c o m e s  a p p a r e n t  tha t  
the power law fo rmula t ion  f o r  the re tpnt ion  of t h e s e  e l e m e n t s  1s va l id  f o r  the 
dog,  and tha t  the d i f fe ren t ia l  of t h i s  e x p r e s s i o n  h a s  the same s lope  as the ' 

power  law d e s c r i b i n g  the p l a s m a  concen t r a t ion  of t he  t r a c e r .  In t h e  human,  
however ,  the da t a  s e e m  to ind ica te  tha t  t h e s e  r e l a t ionsh ips  do not  hold d u r i n g  
the  f i r s t  few weeks  following intra-,-enous a d m i n i s t r a t i o n  of a n  a lka l ine  e a r t h  
t r a c e r .  I t  is sugges ted  that  a f t e r  the f i r s t  t h r e e  o r  fou r  mon ths  a power  law 
probably  will  d e s c r i b e  the r e t en t ion ,  and tha t  its d e r i v a t i v e ,  also a power  
l aw ,  will  d e s c r i b e  the p l a s m a  concen t r a t ion  o r  e x c r e t i o n  funct ion.  

The l ack  of a g r e e m e n t  a t  e a r l y  t i m e s  m a y ,  in  p a r t ,  be  due  to  the  f a c t  
tha t  the body burden  is not e n t i r e l y  a ske le t a l  bu rden .  
probably  be expec ted  to d e s c r i b e  only the loss of ac t iv i ty  f r o m  the  ske le ton .  
Ye t ' t o  be resol-:ed i s  the bas i c  quest ion:  c a n  the r e t en t ion  of a l l  of t h e s e  
a lka l ine  e a r t h  e l e m e n t s  :n the human being be d e s c r i b e d  by pow.er func t ions  
with cons t an t  s lope .  l , i .e . ,  cons tan t  \.slue of the exponent ,  b), s u c h  as is the  
c a s e  f o r  the dog, o r  i s  b 2 funct ion of the  i so tope  employed?  

A power  law should 
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