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real  d ia l  p i n t a  is unlikcly to have bccn U g h  vhca d k l  d t c r s  Up3d 

t h c i r  bruahea in the  1920'8. Th=r(lfore, in m e  dFol pahtcr8 tha aopI 

t r ib=1 t i o  n 
Th228 i r  

to t h e  Fntcgratcd r a 3 i c t i o n  

L S % t h a t  &e to EL. 0 
228 

h i t i d l y  

O n  tha basir  of t h e o e  dbro rp t ion  results, .the use of -' ia 

the c o n c c p t  of pura ~a equivalent  is no loxqcr aaccstaxy an3 ell toxicity 
correlations can be avalpatcd t e u s  of pure Pa cqdoa lcnt  (PyZ). 
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3. t--,L!& t < c t 1  tc;:,?.icx1 Lr..ctcC3 E:2zCccc2t0 c.'1 LIE 52, tL'Cl.Ath, 

urlna, bL3 CC=X m&l;71~3, of CAch czo & : z d ! x %  C A G - ' ~ ~  
Ec:surez:ntc tra r ; c c ~  u c h j  1'1 e m  E:&A f a  I;l;rc4ata uizsxc?zz6a 

the SLUrCz_ld c k i r  c:tk.:3. A nc;r C:u:33 fa d Z Z C Z f i = g $  ~ A J  C J + C l l d  

' c?x l l  w.3 CrQCZLT,?CU. (E) t c ~ l q u c ,  in  W'JfCb tho r y p x  -2oz of th 
' i d y  is w s c 3  t o  tb. .dtcctor uhflo #m te=;Mcr is c?dcl&:J via ob 
to p w i a a  an a t t a w t i o n  o t  -loo3 - lo4 t o r  2.61+::~ g u  r a p  
crfchg fm R Z ? ~ ? I C M  in the h- Q.I. t r t c t  b = l w  ths levcl of tho 
to? of t h o  staaach. 

4. Tho hu=zn rubjc,% for this rtudy Ytra n x r z l  u l c o  a d  fc=ahm 
. I  

w i t h  LO t g e  rango of 63 to 83 p U 8 0  

the b e o h  of a dztci led mcSLca1 bistory 
t ion.  
gastrointssthal, or axeleta1 diaordarrm 

blood t 2  -10'' tha value a t  t - 0 in N S  day.. 
15% a t  20 day.. 
times greater thcn that predicted by the E x r i a ,  et al., povcr Pcth 
but the experimental values appear to  be converging t o  th i s  pw& 
function. 
fecal-to-urine rat io  - - 3 0 .  

duced in the body is found in the breath h c f l a t e l y  after the 

mhirtration and tu# value reducer to 0.3% h k 2 0  day.. 
breath expressed a8 a percent of the retained RaZ2' decreases to ~1.9% 
fn -20 days, a value 10 times greater than the vt lue found l.n subject. 
w i t h  long-term burden8 of R . 2 2 8 m  

the  bloal and whole body o p c i f i c  ac t iv i t i e s  are cqudl) i 8  -75 day. 

(;range 40-150 days). 
method of datemining vhole-body Ra burden 

- 4 s .  The fraction of the  EL^'^' body burden dataminod by the SX8 mea.- 

mcnt i r  -4W of that of long-tom 
i r  exp1clinab10 in t e r n  of the ~a~~~ contcnt of ro i t  t i a suo  ~ n d  of t& 
lover G.1. tract  (rnarktd for excrction) a t  timas rclttivoly loon a f t u  

a&ictrttion. 

Thaca L1Jivid-~clm vcxe sclcctcd 00 

a d.=tancJ. clhiczl emla-  
fa ptrtfcular, thcre warn no ccridcncs of a i 9 i f f c c n t  en3aip., 

S. p011w~ng i s t ravurou  i n j e c t i o n s ,  ~a~~~ &creases rapidly ia 

During th i s  obrcrvttion pcriod Ra rttcation i. -1.5 

m;holc-body retention f. 

Fecal excretion is  tho prinary route of excrction w i t h  tho 
Tcn pcrcent of tho i n i t i a l  t o t a l  Tn pro- 

ad- 
The Tn h t b m  

Tho crossover time (the t h e  Vh.0 

The c a l a r a t b n  sxperimcnts indicate that tho uf 

accurate v i t h h  .bout 

bursa, and tN8 diffcuurn 

U 

\ 
LLJ 
0 
c$ 

1 
The recultr r W c d  no significant dcpondcnn 011 0 8 ~ .  

81-w 6. PolluwFng fntrrvenous i n j c c t b n ,  Th2" dccraaarr 

than ~a in blood, +o 0.3% the value a t  t .I 0 a t  -10 t h p .  Xhole-bobjr 
retention &CrcaIIoI to ~ 9 2 %  

tha -110-dcy obecrvction p o t i d  (rmao o f  bio2o?ical ?m m 1 yearm t o  Qb). 

c ~ 5  dcym and dccraaaco very 8lawly OYIt 



port across the gut wal l  v a a  dzterriacd by a l l  t h o  m c a s w c n t .  bt.0 
cr ibcd  f o r  t h e  hitravenour, s t u d i e s  because of the W c t e d  l w  transport 

of Th23a and of t h e  g r e a t  potatid for conta=inatFon. 
ca lcu la t ed  ftocn the  data cbtaincd long a f t =  the  transient e f f e c t .  of 

Transport b 

the absorption process have hcu=a nc~ligfble. \ 
4 

8 .  The t ranspor t  by h\rrsan beings of RA"' frun such s i c d a t e d  R8 

d i a l  p a i n t  vag found to h - 2 0 %  f o r  both aw.ca (CXCludLng one male 

who ahwed  -1% t r a m p o r t  and who waa la tcr  found t o  have acUorh+ir). 
This value is c a p a r a b l e  with t h a t  for drinkhg vat=. 

estimated t o  have been eaten by dial workers and t h e  reau l thg  body 
burdens observed many years l a t e r  are n o t  inconsis tent  w i t h  t h i n  valum. 

224 

The 

9. The t ranspor t  of Th234 under the 8ama conbitians vi is  found to 
be on t h e  borderl ine of d e t e c t i b i l i t y  and equal t o  -0.W t h a t  of FU 

within a factor of - 2 .  

10. w i t h  thin lcu value of the r e l a t i v e  a b a o r p t h  Of Th t o  -8 

it can be concluded t h a t  the hitemal r a d i a t b n  dose fran b g e a t d  

Th22eD when present  h equilibrium w i t h  its parant 

paint ,  i m  '5% t h a t  of ~a . 
had ingosted both Ra226 and Ra228. 
c a l  findings with t ho  m-bincd c f f o c t  of t h o s e  h.r> nUClido8, a unit of 

minimum pure Ra equivalent ( ! L P ~ ! )  har b o a  uccd by which the' donfcr-tric 
contr lbut ion of Ita2'' i r  convcrtad t o  en cpuivalcnt  V L n t i t y  of R. 
f ie  u i e  of t h e  vord rninimm m i  used to fnd lca t a  t h e  unknckfn, i f  anyI 
c o n t r i b u t i o n  t o  t h e  Ra228 dooo by t h e  original Th2" PrelCnt h tha point. 

RZI d i d  
228 

11. I n  t h e  etudy of Ra t o x i c i t y  canes a t  H . 1 . f .  many a u b j a c U  

For parpose8 of a8EeLaing tho clLaf- 

236 , 
8 

0 OE / HQ 
* 

- .. L - - ) -  - *  & & -  ------& ~ - - * ~ ? t a -  tha  Th22a can b~ nczlactcd ana 
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mu2 - 1.9 F - 1  220 
\arcat RalZB which was or ig ina l ly  dcpoaitcd,Efnce any Th 
(sea Pigs. 7 1  and 72, decay achemee for Fta 

226 , R8228, Th234) o r i g f n a q  . ( 

ingested by d i a l  pa in te rs  vould long s ince have decayed away, 

obvious t h a t  t o  es t ab l i sh  the uptake and retent ion of Th r e l a t i v e  to th8t 

It I8 .... 
' 

of Ra vould require  8 metabolic study car r ied  o u t  under sore-or-lea8 
o r i g i n a l  d i a l  pa in te r  condftionr. 
manre 

Such an experbent was proposed 
9 

and l a t e r  de t a i l ed  more spec i f i ca l ly  by D u d l y  

It ha8 been apparent t h a t  extrapolatLon8 fraa animal data b-uld not LO. be  -1etely satisfactory since e x p e r h n t s  a t  the Vnivcroity of Ut.h . . .  
I 

< 

6. T. Dougherty, 'Incidence of Bone Cancer kr I n t c m a l l y  I r r a d i a t d  - . "  
Dog.', in Some Aspects ot In te rna l  Irradiation, cd. T. Doughcrtp, 

U.P. Pinkel, 'Relative Biological EffeCtfVaIe68 of In t e rna l  i3aittuom,. 

. L . . .  ... 3'. 

.. D . 1  . , :.' . :..!.( : ., .:.: 

. . .  . -:. pp. 47-61, Pergamon Preus ,  1962.. . . . . . .  .. , . :.* .- , . ' 

Radiology 67, 665672 (1956). . . .  
7 .  

. .  - . .  
8 .  

9.  

A 0  . 

. . .  
. .  . . . .  

. .  

. .  
. .  ... . -  
. .  

, , .., . . . . . .  
.. , *'.:: . . . . .  . ,.? , 

:. -y: . ', 

....... . .  
... 
r:, . .  .. - . .. 
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dc-.:-:=trctea t t c t ,  w>,i~o ~3 is dt:zi;d lcr3 ttL3 ~3 r;zt of tka  tty2# 

t 3 Z : q t f O a  of 
fern or ~CLktzl c p ~ t i o ~  b t ~ i d .  

cc;rld ba CSrtcr th:a thtt of R.3 &;&-.c*.2 03 c f J = i i a  

Emtdly c?c;\;ir,g, those sto5ica a? h- s a j c c 2 a  U'XCS L-Va bm8 
rcpartc5 r c f f c c t  t h o  findingr in i n i c ~ a ,  ~ r t i c . ~ I u l y  

b t h  hu=an bcin3s and mfulr,  f o l l w 2 h g  tha Fni tLt l  rapid clwrt?to f- 
t h e  bofiy, injcctc3 ~a ten& to bo ol iPfna tcd  olewly, ths tom body re- 
t i o n  dccrearring t o  -O.l%-W Ln 8 30 t o  (0-ycax ptriod for h a  b c m -  

c a l  h a l f - p e r i ~ d ~ ~ .  Although 8orca i n fomat ion  & u t  the P c t c b o l h  of Tb 

and its daughter product8 f o l l o v h g  krjcctfon of Tbrotrast  i 8  ava i l ab le  
t o  

absorption of Th 8al t8  i n  human bcing8 ha0 been rcportod. 
Ind i r ec t  evidence has indicated t h a t  Th is poorly absorb2d fraa tho 

h u m  G.1. tract". 
Fta228, and Th228 are present  i n  the hucan body, Th232 is not  found or i m  
 lo^^^'^'. 

s t ~ / l t . r  via 
refcnnce to the r~tcbolisa of ca lu3h  & i a l t a  11.12. fn gcnetcl, fw 

% 
f n  t h e  cme of Th the ra ten t ion  i a  high wi th  an apparent lan3 b i o w -  

14 

best bf o w  knowledge no d i r e c t  experimental i n f o r m t i o n  about t)w 

2 26 Brief ly ,  it has been reported that w h d  R. 
' 

This  has given ri8e to the supposit ion t h a t  the ThZ2' o r l g b a t e a  

a 

11- E.A. S e i l ,  C.H. V i o l ,  and M.A. Cordon, 'The E l b h a t i O n  of So1ubh 
Radium Salts Taken Intravenously and E=', B.Y. Med. J. 101. 
8 9 6 8 9 8  (1915) o r  Radium 40-44 (1915)- 

12- W.P. Norris, T.W.  Speckman, and P.?. Gustafaon, 'Studies of t h m  
Metabolism of Radium h Manm, Am. J. Rocntgol. RadiuThcrapy  rtucl. 
Med. a 705-802 (1955). 

13. B.J. Stover,  D.R. Atherton, Ne Keller, and D.S. B u s t e r ,  'Xctdbo1i.r 
Of t h e  Th228 Decay Serica in Adult Beagle - 8 .  
Radiation R e s .  12, 657-671 (1960). 

J . B .  Hursh, L.T. Stcadman, W.B. Looney, and It. Colodtin, 'The Excretioa 
of Thorium and Thorium Daughters a f t e r  Thorotrast  Adninis t ra t ioa to 
Human Subjectsm. Acta Radiol. 47, 481-498 (1957). 
W.V. Hayncord, J.M. Radley, and R.C. Turner, 'The Alpha-ray Act iv i ty  
of Humans and Thei r  Envkonmentm, Proc. Sccond fn tc rna t .  Conf. oa 
Peaceful Use. o f  A t a n i c  Energy, 23. 150-155 (19Se)m 
C.R. H 1 1 1 ,  'Identification of a-t-ittcr8 h I3rmol biological  Katcrfa18., 
Health Phyr. & 17-2s (1962). 

Radioisotopts  fn Un',  RadiOi6OtOps8 
and L.A. Snyder, tdr.  Univcrcity O f  Khnccota  Prerm, pp. 366-381. 1960- 

I. Th228 (Rctrh).', 

14. 

15. 

16. 

17. A.R. Stehncy, 'Radioisotope8 in t h e  Skcletonr Ka tu r t l l y  Occurrhg 
tha Cbephcre, R. 6.  Caldc-tt 
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toper wcro chooen cftar coarid=rl..g b t b  radimttric aa well u b a b c t r i c  

pwblczs which might k encountered 

brction data, the htravanoor Estrboliuxa of these b- i~otope~ -p8 ~ t u m  

and these a d 3 t i o n a l  result0 ~n aloo  includcd k, the  r u m .  

. 

9 In the procaso of obtahlng calh 

4. r'-terinls  p d  W - t h o d . 8  

6cp;uatbn, p u i f i c a t i o n ,  .ad prcpratiorr of Fta224 md ThlU for 

intravenous end oral  rckiaistration. 
a. 

I O b b 2 9 8  
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v i a l  for r tandcrdizatfon p r i o r  t o  ac ldnis t sa t ioa .  
The radioactive y i e l d s  of the rpock p a i n t  are not w l e t e l y  preactrbla. 

The €La2'' y i e l d  averages SO%, range 5-80%, while the ThZM y i e l d  average8 
SOX, range 3940%.  . 

b, Standardhat ion  and physical  c h a r a c t e r i d t i c r  of Ra214 Urd T h  234 

Standardization of Rai2' for purporm of  a r h l n i s t r a t h a  t o  huaa  
8ub)ecta f m  c a r r i e d  out  against'.. ramp10 of Th(bi),*SS;rO of 
gree' and vcight  and contained 5n glarm axzEpule. 

than 40 year8 old 80- t h a t  there i o  rccular  e q u i l i b r i u a  batvccn t h e  Th 
snd i t 8  Qurjhterm. 

pedi- 

2 32 
Tha r tandcrd l a  g r e a t u  

The a c t i v i t y  of t h e  Th232 rturGud i a  barcd on 
half-pcriod, t a k a  t o  be 1.40 x lolo yeore 26,27. 

A r k q l i f i c d  dccay s c h w  of Tb232# inclFding RA'" ana i t 0  drc::htw 

and containing t h e  Lnfora:tion pc r t incn t  t o  thir rtt!c!y, i r  cb..=rb in Pi9.110 

26 

27 

I 

r .ner r .  . _  
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FIG.74. Pb SHIELD -CRYSTAL C0::FIGURATION FOR \ 
S X B k!EASUREh!ENTS 
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Tab le  3s 6- t he  an t ic ipa ted  QICS required f o r  dc tcc t ion  of v a r i a u  
f r a c t i o n a l  uptakcr from t h e  &I. t r a c t .  
r e o u l t r  of Tabla 34 for the conditions whore t h e  8ubjccte8 -1 8c t iv i ty .  

the rubject '8  a&fn l r t e red  a c t i v i t y ,  8nd roam background are counted for 
30 min. each.** 

On ' h a  barla of there phantoa c t l i b r a t i o n  8 t u d i t 8 ,  the sl(B positior 

There a r e  cc l cu la t ed  usiag th. 

vas judged ratiafactory and 8 f i n a l  sh i e ld  vaa conctructcd 8s ahurn ia 
Pig8. 74 8nd 7 5  A steel angle-iron da l ly  Ir cont t ruc tcd  s t u r d i l y  t o  b 1 d  

*During the Th13' phantom mcuturemnto, lt bocsreo appsrcnt t h a t  tho 
r e n o i t i v i t y  could be increaoed by 8 f&ctOt of -10 w i n g  the  60- and 
93-keV 'y ray8 o t  Th2", DCCCUSQ tho phantoa i 8  not too rc~ra3cntrrt ivm 
of tho  haen h d y  a t  those lor y t r y  encrgicr, thcco pkntua E~~SUI+ ,  
lrcnt8 vera mt ccr r iod  out but wcro l c f t  to bo ~ e G o  &Jrlng thO in t ra -  
venour s tudicr  on tho hunan subjectr. I t s t k a t t d  valuos f o r  t h e m  emc- 
, I - -  _-A 4 - - 9 . . ~ - ~  1 -  - - ~ m -  * A  

f 0 b b 3 0'2 DOEIHQ 



l o b 5 3 0 3  DOEIHQ 



240 I 



mro at',: it iva  

. .  

1 0 b b 3 0 5  DOEIHQ 



I 
! 

i 
I 

b 

i 

I 
I 

I 

i 
I 

I 

DOEIHQ 



. .  ' . :_ ' 

. .  . .  . 
f .. . . .  * .  

-. . . - . .  
. . .  . .  

' . . .  
. .  - . *  . .  

: . . % 

.. , - 
. .  . .  .. . . .  

. I  

. .  . .  
.d . . .  24,. .' + . .. ' . .  

;. . d .  . .  . .  
' + .  . .. . 

1 0 b b 3 0 1  
B 0 E 1 W'Q 



i 

1 

! 

. 

T t b h  36. 
cats3 has an orror of -25% F\ tha ab:oluto o t l u s  as 
rtandarCiratio3 mcarur8xntr. 

mcdical hirtory and c l in ica l  rrr-.tnetim ar dczcribcd Ln the tact. 

Oary the pcrthcnt roeul- aro in.3icatcd in tho tcble to e w t h a t  tba 
rubjecto vera norcal for t h c i t  age and that the fcv x-ray finblngs would 
probably not r igni f icrnt ly  af fect  the out-o of tha expcrbznt. 

Tha activity aU=fniotcrd to etch of tb e j c m  a8 idi- 

tach m b j c e t  rU8  tksrou3Uy rcs8-d 

.. . .  
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O r a l  rrslinittrction of the Ra224 snd Thi3' conttfncd La the ccpr?ula ha 
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SXB =asurenents and tbe chair and arc m e a s u r ~ = c - a t n ,  w i t h  tbs ratios 8B to 
chair or to arc being less thaa thore 0ceu.r~- later. TU8 diff- 
i r  explainable on the  bani8 that the T1208,  or tore 1Ucly the PbiU, ot . 
perhaps men the Ra, ~JMI a dic tr ibutba  vaxying With tba. X n d i c c k ~  ' 

that thl8 i r  eo are givcn by t h e  s tudy  of S & d '  ha w h i c h  a 8ubJekt : a  

given an intravenour injection o f  ~ a ' ~ '  (for ~ ) ; y l o a i n g  apoael i t i r )  A '. 
rcanncd w e r  the length of the baby. Imo cunre pe&r a t  ibout t h o  ndb. 

_. - .  

. -  

- .  
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the absorptioa mcasuraaant8. 

The urinary and fecal excretion results are givaa b T & l O  3’7- 
. excretion data prwida tho i n f o c t i o n  necdcd though not 8s rdlL.hl 

night be obtained frocP a longcr okcnrctfon pcriod. The daily o r b  
excrctfon is proportional to tho blood act iv i ty  w i t h i n  the 8- 

r e t .  of data (res rig#. 81a-c). Tho dally fecal W 

a8 i r  usually the care. The pmportion&lity of the fecal act iv iw a 
the blood act iv i ty  cuvlotbs rubatantiated fraa theso Qt., 

I O b b 3 1 4  



I '  
i . 
. .  

. .  

. .  . .  
.. . 

' ? . *  . .'1 . . *  - . )  . 
' - ... 5. 

- .  . . . .. 
* ,  . , '.' 

. .-. . . .,* : . .. 

ratio mtabilizcr in 

* 
-2  

. .. 

I O b b 3 1 5  DOEIHQ 



. . .  

n 

Q 
0 
Y 

? 
! 

! 

\ O e 0 l - ~  
'o ,???? 
o o o o a  

mmmnrbm 
3 ? ? ? ?  
c r o o o o  

1 
. .  

. .  . - .  



I 

. .  . . . . . . . .  - .  . .  t ' . '  , .  . . . . . . .  . . . ' I  . . . . . . . . . . . . . .  . .&;' ' . 
. I .  . \ .  ' 

. . . . . . . . . .  . .  . .  . .  . . ,  . . 
- _  . . I  

' .I ' 

. . . . . . . . . .  . . I' - -  . . . . . . . . . . .  r ;?. 

r .  _ .  .' 
- .  

. . . I .  
. e  .: 

. .  - 
: . - .  :. c , . _; ' 

of the dync~fcr ot Ra mctabollm by eithor the c x p o r a W  ot prer hroc-. - . -  

I O b b 3 1 7  



. .  

I 

I U b b 3  i 8 



. .  . _. 

. I  

I .  

a- 

m 
9 
9 
a 

- 

- 

i 
t 



rea 

! 

\ . . .- . 

?ig. 80 .  

The 
w i t h  the 
functfoa 
rubjccto 

tho f a c t  

. .  

rctcntiaa result. are plcttcd in log log fom for cu=puW 

rrmlta obtained by L a ~ t f .  e t  tl.w3ich are rhcnia as pamr 
N ~ O .  

than the avcrsge value of rarris. a i s  cf fcct  t z y  be &at to 
that there aro =till significmt qPtntitlcs 2f mZ2' in moa- 

The & o w e d  ratatLon up to 20 G3y. FB higher for t b  

b0-v tirrnucs and also bccauas of the ago o f  tbe rubjcctm vith less U 
incorporated ia tlre 8ke la ta l  t iarucs .  The -crape value of thee. 5 

u mubjects a p p a r s  t o  axwetge t o  the cr;;letion of mrrb e t  81. 

. 

. .  I 

* :  
. . .  . 

, .  
! 

. .  

. .  

. .  : 
. .  

. . .  . . .  . .  . .  
i 

. * .  

f O b b 3 2 0  
0 OE /'HQ 



. .  

. . _  . 
. .  i ... I. . .  

I .  . . . . . . . . .  . -  - : : s 2 ,  I , . r . . . .  



2 67 

Tho bc)rt.vior of T n  i n  tho  e;Jitlc3 brc:th f r  FnZfcttc3 Fn Tfg. 8% 

cho::ing t h c t  frc:tion of gll tho Tn productd h tho b33Y W ~ i d  9cto CJt- 

g i c k  ( 1 o s t c ~  into tho 0.1. t rect  and by rvcz t ing  ere ncylis iblc) .  
t h e  t h o r t  hzlf-pzriod of S see., t h e  c o u n t  of Tn Which i S  C r h d C A  f- 

rhe body 5-10 a i n . t f t c r  a c i n i o t r L t i o n  of the Ra224 i r  r G r k i b 1 y  hi* 
a t  10% of t h e  doee. The Tn drop rapidly w i t h  th.3 V ? m = m 9  -0.2% 

dose a t  t .I -20 &y8.  

blood C U N C  sinca Tn i n  tho b l d  i 8  BUpprtCd by R.224 i n  t h e  b 1 4 ,  
i n  s o f t  t i s sue ,  and Fn t h e  skeleton. 
t r a t i o n  l r  - 2  x loo3% dosc/l 8 e m .  

c a l a l a t t d  from the  cxpreraion (p. 308 of Aub ot a10 '7 0 hT,@x]& bLCF/1 

where yTa i r  t h e  dccty constant of Tn, i 8  t he  Tn external t o  t h s  body, 
which contains t h e  quant i ty  x of h2", and 2 i 8  the braat! 19 ra ta  kr 
l/min. The breath Tn conccntration l a  y = -0.06 @X) for  a brccthing 
rate of 12 l /nin. , the average of a l l  rubjecta.  A t  t .I -20 Qym, 

7 = - (0.06/1) ( -0 .2% dose) = -0.01% do8c/l when the 8 e n m  con- 
t r a t i o n  i 8  -0.002% QBe/l. 
and  serum i s  d S .  The la2'' re ten t ion  in the lady a t  t = -20 aaym 
i o ,  however, - 2 0 %  dose and, i f  a l l  t he  Tn could get t o  the blood, 
would lead  t o  a serum Tn concentration o f  20% dore/3 1 8QrWI - -7% 

dosc/l serum. This  value l a  -700 timer the breath c o n c c n t r a t h  rrd 
ind ica tea  tha t  most of t he  r e t a h t d  Tn urd, in tu rn ,  t h e  Ra224 i o  
incorporated f a i r l y  wel l  i n  the  r k c l e t a l  t i a s u e ,  cvcn accountin3 for Ta 

loss during its trcnsit t b  Ln the circulatlng blood. The d&o to 
which t h i 8  ha6 occurred 18 ahavn i n  lis. 83 in vNch the Ta outaid0 tb. 
body f r  r h w n  a8 a f r ac t ion  of the r a t d n e d  Rala4. 
exhaled Tn drop8 t o  -1-SIs o f  tho  retained Ra2" Md r c t h  uoantiafly 
constant mer the r e a h i n g  period. This result load, to the coficl~ioa 
t h a t  t h o  R.22' doe8 not  redirtrlbute 6uch beyond t - -4 day8 and ntp- 

porta confidence in U o  c a l f i r a t l o o  fcctoto for tho &;tir and m m  
po:itioar. 

QY*  
0.1% of t h o  rc ta ined  bote, su=a 30-40 y e a n  Irtcr,  baaed on tho 

Xi tb  

The shape of t h i 8  CuNe i 8  n o t  the ahape ot tb. 

A t  t .I -20  deya the R A ~ ~ ~  COIICCLI- 

The breath Tn w n c c n t r a t i m  c;zp k 
4 

Thur, t h o  concentration ra t io  between h a t b  

In -4 day. tha 

Tho dccrcaeo in t h o  external Tn i 8  vcry slow bcyond tho  4th 
Wcqtu:lly th3 d=crmre extends am 0- of ur;aitrrdo lot-?, to 

lonptcm r c t a t i o a  of m228 in m $0 . 
$0. R.A. Dudley, .CrlLbrction of ?rrctioD of fn EXAclcd h Els-tZTh 

and Fa S m r o t r r c t  Casta., H.1.T. fitGiC*fVfty C c a t C Z ,  P w W @  
m o r t ,  2-5 (&:=y 1m) 
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Z.n t1tcrn:tivo v:y t o  lo& tt tho Tn r c c u l t r  10 to c o a c i 6 C C  t h C t  TlB 

is r c t c incd  i n  b n a ,  bcccucc of ita c b r t  half-period, just t b  ucll 8. I 
i s  at t k c s  long after a k h i c t r c t i o n  Ln Ra t o x i c i t y  care#. 

rc tcrr t ion i o  -1/3, presuczbly depcndcnt o n  t h o  r t t i o  of h c r a f  dcmlty 
t o  t o t a l  d c x i t y  [ E y r  e t  alea] 
oppartunity t o  g e t  h the blood a t r e m  and be -led. 

Tn, -a of the  t o t a l  or -3% of t h i r  exhalable 2/3 gets out, leading to 
an c f f c t t i v e  t r a v e l  time of -4.5 mh. This t r a v e l  t ime eventually h 

creases t o  -8 .4 rrin.many years af ter  vhw the ex te rna l  Tn i8 -0.1% of 
t h e  re ta ined  ~ a ~ ~ ~ .  Since t h i s  t r a v e l  t h e  of  -5 m h i s  long canpared 
with circulation t imer,  the  increaaa t o  -8  min.ovet the years would 
i nd ica t e  p r q r e a r i v e  buryfng of Ra224 I n t o  bone and hence increased 
d i f f i c u l t y  €or t he  d i f f u s i o n  of Tn from bone t o  the blood rtream. 

Thb 

while  t h e  r -hhg  -2/3 ha8 
In the care of 

' 

T h e  r e l a t ionsh ip  of the  whole-body specific a c t i v i t y  t o  that of tlw 
It is admittedly somewhat pgeaatura for thU blood is shwn in Pig. 84. 

type of cor re l a t ion  b u t  it represents  an  attempt t o  s e e  when t h e  cr08m- 
over point occur8 as  an addi t iona l  piece of Fntormation i n  t h e  m e t a b o l l r  
of Ra by man. 

The e x p c r b e n t a l  blood r p c c i f l c  a c t i v i t i e s  from the da ta  o f  #lap 
and frm t h i e  experiment are  not incons is tcn t  with t h e  blood rptclfic 
a c t i v i t y  curve ca lcu la ted  a8 described i n  the  capt ion of Pig. 84. 
blood data fran Lucae 4 4 , S 2 e t a 1 . , ~ t a i n e d  on 4 mubjects at -45 yearr 

a f t e r  a d d n i c t r a t i o n  of  Ra226, are positioned in the graph by their rat'a 
t o  the body spccific a c t i v i t l c r  obtained a t  the iamb tima (8vcr.g. 
r a t l o  .I -loo2), 
b a s i s  m i n c e  tho f r a c t i o n a l  Ra226 r e t en t fon  for these  subject8 i8 unknaro. 
Kcasur=cntr on mil6 exctc t ion  f o r  the 4 eubjectr ,  made by ~ u c a r  a t  .t. 
give an avcrage ucrct ioa c o c f f i c i e n t  ( - 8  x to-' par b y )  which i r  cas- 
8ist-t w i t h  that predicted by K3rrhsll'r tbcory at t 
brc t ion  t k c ) .  

\ 

42 ,I 

Tha 

The88 blood data cannot be posi t ioned on an sbroluto 

2 + (% = cqulll- 
The a a a u q t i o n  that the body rc tcn t lon  of theca 4 r u b j o c t ~  
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This f igure is a cazpori te  of t he  da t a  fron this ucpcriccnt, tb. 
i n f o m z t i o n  frcrn K a r r i r  e t  
and Y.xshallS3. 

malated a6 t o t a l  Ra224 re ten t ion  divided by  ca lcu la ted  t o t a l  Ca, and h 
used a s  a measure of ske le t a l  s p e c i f i c  a c t i v i t y .  The dashed 1- fos 
w h o l e - m y  a p c c i f i c  a c t i v i t y  represent. ~ o r r i s ' m  re t en t ton  function# 

R - 0.54 t 

represents the der iva t ive  of the #orr i s  r e t en t ion  function md ham .' 

my. e t  81. 42845, Lucas e t  81. 

The blood spcc i f f c  a c t i v i t y  i r  calculatod 8. R. 224 

d o s e / d  d i v i d e d  by g Ca/d. WhOle-bQdy 8peCifiC aCtiVfty i 8  
. 

\ 

The dashed l i n e  for the blood etpccific activity cum 

. Its locat ion on t h e  figure i o  d c t e r m h e d b y  it. &ate -1.52 elope of t 

cept a t  t 1 day, calculated using Kzrshall'. expression for p l a N  
s p e c i f i c  a c t i v i t y ,  which involves t h e  h'arrir funct ion dcr lva t iva  ud 
the  Ra 224 m p l a 8 ~ m  (blood) clearance for the 5 subjectr  ( - 7  g Cd&Y). 

The t r a n s i t i o n  from power function t o  exponcntial  function (dot-h 
curves), for  both blood and body s p e c i f i c  a c t i v i t i e r  take. phca at tho 
ccp i l ib ra t ion  timc 5. 
axprcsoions using ths Borrir  function parsce te ta  and the V h U  
plasma c lecr tnce  value of 7 g Ca/bay. 

ThL time i r  ca lcu la ted  8.  6500 day. fm r m  

. .. .  
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him bccn follw.:ing t h o  p?v:r function O f  Tarsi0 e t  E l o  Urd k U ,  tt d3uf ..'* ' ' e ' : '  . .* . 
. .  . . ;:f; 

t - undcrgone a t t c n c i t i o n  to UI eqwwaticl fun&ion, a8 p33?3CcC1 b.r -,.*.-:''.;'+' ., 1) 

.' . . \  
w i t h  the  avcrnge excrct ion c o e f f i c i e n t  d c t c r d n z d  for tho r&jc&l.'.!--::-'= *' . -...Ad.. -- *- 

'' . .  
Maya t t r a d a a  the ;:atria ~ N O :  

yezr-old male, v h i l e  the lower i r  for'a 41-yetr-old mala. 
Hayo' older  scb jec t ,  t h o  r e su l t8  fros this experiment on el&=rZy 6 & j e  

a t e  a l l  above the  K x r i s  curve. 

o lde r  oubjecto could be due both t o  the  ef lectr  of age and to loft t i a m @  

Ra content. On the o ther  hand, none of t he  subjects reportedby E3rrb 
e t  al. were measured a t  euch e a r l y  timer. 
t h a t  t h e  Norri6 equation may be modified a s  a r e8u l t  of 8 c o n t i n u i 4  
evaloatfon and reevaluation by KLllu% ot  the subjects and"of the data 
s t u d i e d  by Norri i  e t  al. 

. .  
5 .  . . . . . . . .  . . . . .  
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6 .  

. .  
. .  I . .  

275 

. . .  

. '  - 4. . .  
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t ho  highcr r c t cn t i aa  i s  tkt of an eO--' 
In CgrCar==?rtt w i t h  ! -1. 
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Thfs deviat ion f r a n  the Earrib cun~e by . 
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The crossover time (t,), at which the  blood and body actlvlt iea 
equal, is  -75 daya, w i t h  a probable range of 40-1SQ day.. An e z r l i u  
attempt t o  determine the  crossover time for Ra in man by Rovlanh' resultd 
Fn a value of -7 runthn. 
the  time and the  r a t i o  of blood 8pscific a c t i v i t y  t o  s k e l e t a l  6 p c U h  
a c t i v i t y  for 30-40 year8 aftu aChin is t ra t ion  a n  ca lcu la ted  by luccrr, vu 
t oo  muall  ( imbver tcn t ly)  by 8 f a c t o r  of  -2. Xhouledge o f  the cfo8oOPII . , " ' 

time im ircportant in t h e  .tu* ot t h o  dynamics of ~a mctaboliaa and ia the 

rad ia t ion  dose distributloslo 86 d i 8 ~ ~ 8 . d  by, PZr6hallS3. ?or 

shorter than  the value of 360-710 day. reported by P s r r h d '  fox S r  4n am. - i '  
The' fntoxmatfon Fn Pig. 04, .then, lm the beot avdlabld,  )rut it U.:! ;': .,?.:!!: 

not ab adcquate as would be de8f.rd. r t  i s  obvious that rach s3ra r-hr . . . .  . : . .  . ...C:' 

t o  be done for a more precise )caowl+dgo of t h o  WCS of,  Ra ,,. , . 3 - , * .  

. , =:**,. 

aoWever, e a r l y  blood da ta  we= no t  a v d l t b l o  8t 

. 
i n t e rp re t a t ion  of bod autoradiographs, mopedal ly  for the rva lua t foo  og 

w i t h  another a lka l ine  earth, the c r o s m m r  time for Ra ia oonciU=rably . ' - . -  

. .  
. .  
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tb? t c c ~ r t : ; : !  C;z:,f;,t!.cn a t  r t f c r , t i ~ a  i o  f i cc : sc t t y  in  cC:r fo 

c i . ~ 2 ~ t t 0  c<L<.?i.tcly tho ir.:czri:1 r cCi t t i on  6 2 ~ 0  rcccivc4 Ly Fr.ZiG*i@.tsla 

hLVirij F;022b c?li r.a2*' b:r&:n: ftr r x y  yczra. 
V i 6 2 0  a C O Z 3 . 7  bt:a for c=rrelctlnp t h 3  b io lo2icc l  cffccta obs~rvcb h 
tuck tt3jc=tsm 

to,  tcY,  v i t h l n  a f c t to r  of -2 with e l l  t h o  i n f o a t t i o n  nsii a t  h d 0  
& u i o u S  CQnZidcrttio.? should bo gfvcn t o  a long-tcrm ctudy of Ra E=t&bafiSO 

h htt-,ur bcings. 1 : i t h  t h e  prcscnt khovlcdgo of ~a mctctmlicm and to%icity, 
it wwld  appcar t h r t  a lor.3-term ctudy can be conductcd w i t h  s a f e t y  to 
tha Fndv idua l  U S h g  -1 p.Ci Ra 226 cnd senc i t i ve  whole-body and sczpla  
counting devices. 

Since Pb212 is a dsughtcr o t  XUZt4 ahd is  present a t  the tine ot  

Tho rcSietl0;l c h 0  pto- 

If it c m  ba c h s n  thct t h c  r t Q i c t b n  Gosc curnot bo knwn 

b 

j e c t i o n  and a t  l a t c t  times, it i o  posaible t o  give suae intomatLon 00 

the ac t tbo l i sm of pb212 by humn beings. 
which dcconctrates  t h e  rclat ionhhips  between blood and b d y  R1'*', blood 

PbalZD and brea th  Tn. 

The r e s u l t s  a r e  a h m  rig. 8 S  

The Pb212 blood a c t i v i t y  values increase a l i g h t l y  in t h e  f k s t  f u  
hours. This increase,  hcwever, cannot be explained as a f u r t h e r  growth 
of Pb212 fraa i t a  p u e n t  Rat2'. The reasons for t h i s  are t h a t  the R A W  

is bcing c leared  rap id ly  f r o m  t h e  blood and t h a t  the considcrationa of 

parent-daughter r e l z t ioneh ip  are such t h a t  t h e  Pb212 cannot increase  ha 
abso lu te  amount when it is i n i t i a l l y  present  a t  109% of  the  a c t i v i t y  of 
i t s  parent  Razz' ( i .e . ,  -95% of i t s  t r a n s i e n t  equilibrium value) . 
increase in t he  Pb212 blood a c t i v i t y  is s imi l a r  t o  t h a t  observed by 
Stovers i n  dogs injected with pur8 Ob 

224 - 
Thi8 

217 . 
The peak value o f  -2/3 of  the aaainlstered doee is cons i s t en t  w i t h  - 

Stover". result., and with the Pb212 blood r e s u l t r  on a dog injected w i t i  

Ra224 and Pb2" in preliminary s tud ie s  for thi8 experiment3*. S t o v u ' a  
explanat ion f o r  thir  h i c r e a m  I. based on t h e  carribined effects of rela- 
t i v e l y  long-tcxm attachment of Pb212 t o  the r e d  blood c e l l a  and tho 

f u r t h e r  attachment of Pb212 returning fraa o t h e r  campartmento t o  which it 
hod c l ea red  from the plarwa. 
of the dag data and would appear to bs appl lcable  to the r e a d t i  on tho 

human being# . 
due t o  phycica l  decay, h d i c a t b g  that Pb212 in the blood i r  bchg 8- 

por tcd  by the &cay of Tn In the body a t  8 rate faatcr thsn the 6h .d  

fila ucplanation 1s 8 rantonebla ' h te rp tc ta tbn  

Tho decrease v i t h  t h o  of the Pb212 blood valuce 18 81ovcr than ttmt 

t U b b 3 2 b  
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c-uch c0 t h i c  rclctionchip woald bo uccful  in t h a  rtu4y o f  ta or ClarcA-t 

t0::icity. . .  

* -  

' -. . . . .  
Tho u r b c  end fccca cxcrction r r z l c a  wcre aut tctrarc3 C ~ = J  C.Z=* 

t o  y i c l d  d t f i n i t i v o  rczults  03 the oxcrction of Pb'". Tho r,.csftm."r ** 

inaicato thc t  the d c i l y  ur- txcrction of Fb2" i r  -1-2 tkc3 th. 
dally m2" urin:ry cxcrctlon lndicctbg that acrc t ian  fEo3 t h o  kiLhw 
can be a s  high a8 -2-4 timcs that of Ra224. f i e  8 C t i V l t j l  th. 
hily fecal  r rc .qJ~cs  ie -1/3-1 tislor tho R.'" acti\*ity tt the -4 of th. 
24-hour col lect ion periods, inciiccting that trutsfcr of fi212 into tb. -. 

C.X. tract  i8 probably Prap a c t s  recult8 ' . 
it is concluded that 

' ' . ' 

1/6-1/2 that of Ra'''. 
. '  2 go", of ths Pb2'2 dccap hl the body. 

F ina l ly ,  the adcquacy of the arc nieasurezcntr for the iDdcpcPdtrrt 

determination ot body burdanr i 8  8srcr8ed by coqar&son w i t h  the & d a w  \ 

retention obtained fro3 the utcretba mcaturuncnta. 
rnents for each subjec t  are cu.qarcd w i t h  the calculated retcntion during 

the first 5 days when excretion oollections vera made. In Tabla 38 
results LnQiCatC no signif icant  difference behreur the mearurcncnta 
each subject from t 

Three arc mock- 

1 to t = 4 days, a t  t h e  when rediotributioa O f  

and/or daughter8 wan tiking place. -ever, in adELitioa to t& 
f a c t  that t h e  accurcuhted error. lncreare up t o  t = 4 days, NbjsCtr 

R A W  and RTVHS have mignificantly lwsr values 8t t = I dayr. 
In the footnote of TEWO 378 

R N M 5  is suspected, but thir  1s not a0  for subject RlVH3. 
tbm V a l U e 8 ,  t h e  conclusion i a  tnat  the u c  method give. oslld b0Wburb.n 
result8 vlthfn - ~ 5 % .  T N a  arc mcthOd waa developed -30 y e a r m  R g o  

Evans3' and the caqarlson jus t  mads ptosridcr tha f i t a t  t e s t  Of b h  

A. .tat& 

ur-$lete fecal coltcction for m u b j . c t '  
PtcludFng th4.0 

' 

. .  . .  CcdurO for maasurhg Ra body burdcar. - . I . : . -  - 
The tdcquacy of the arc wsthoil i8 8ubstxmtlctcd man furthoc by thr 

ch30 a a s c r ~ z n t  of W y  burdcn 8Vca uhcrr the bU.dCn i 8  8 p3bt L O U C .  h 
the U.I .  trcct. fimturc=cata were t s d r r  &uiag the  pilot  ruw i0 s L k 3  t2m 
hZ1' a c t i v i t y  a c i n i s k r c d  o r a y  in p ~ l l  iorn (to rtibjact F-ZZS). . 

The arc meauurc=cnt vaa  ma& h 5 i t t c l y  after ingcstioa m d  at  t 0 1 day. 
Tho calculation of body bardcn yj. rt& 0s- aa nrcrrsa boSy a t t k a t i o a  . 

. .-*---a 
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Kith S 1 S Z  h c r o x o  bAn3 crpcctc3 fraa tha Gfcc~~Llibritn Of tb3 6.7- 
pa'" +ha reacon f o r  t h o  rc:.ining incrc t tc  i a  mt -a%. 
of LaSXEh;3S)z3 haa the LCJ vcluo of 

concludcd t h a t  Th234 and Pa2U nre precc3t h the .&e r a t i o  h t a c t  poi- 
t i o n  o f  the body. 

. *  
cite0 aw. ** :  _.. -. .' . .  

-15 for  both I?= and k-d it CT k 

. .  

The reason fo r  t h o  diffcrenca fn d i e t t i b u t i o n  batUeCa PCII - d e  
Xf t hc re  in SOX =re tCtlvity h or0 UP?- pert O f  -# is not knwn. 

-rising -2096 of t h e  akclcton, then thcre should be 8 d z f f c i t  O f  

-10-15s shown by t h e  chair roaaurmmt .  
meaeuremcnt i r  easy t o  o3tcrvo and i 8  not found (Pig. 87). 

sion i r  furthcr s u b c t a n t i a t t d  by t h o  l ivcr sl'deldhg ecperbc=nt8, d e c a i b d  

l a t e r ,  conducted to r e t  v3cthcr a r i g n i f i c a n t  cxcfuo Of Th23' warn pramat 
i n  the l i v u .  

A 1 0 - 1 s  -30 b th4 c.hAFr 
Tbb ccrrrdm- 

The u r ina ry  and feccl excret ion r e c u l t s  are glvm in TLble 39 8nd 

ahow t h a t  the  t o t a l  excret ion i n  low and predodnan t ly  in the orhe. 
d a i l y  ur inary  e x c r e t i o n  i s  proport ional  to tho blood a c t i v i t y  (rig. e l ) #  

t h e  fecal da ta  a r e  too  vcr icb le  to  a r r i v e  a t  8uch a conclusion -at though 
t h i s  p ropor t iona l i ty  is expected. The mst rcliable urine-to-feces ret- 
are obtained from the  W u l c t i v a  data and the rctultr h a c a t .  8 tJ/k t r t b  
of 10 for malt8 and -20 f o r  f d e 8 .  Tbllr 1s tt.a nccond i n s t r n c a  o f  8 

s e x  d i t t e r e n c e  Fn the  mc tcbo l i sm of Th23'. 
a t  t h i s  time and it is not knom whether ai. ubrcrvatioa L. related to 
the 8cx Uitference found bntwtcn tha SXB and chokr ~0asuresnc.nt0. 

r& 

t3 reallon can bo given for it 

The re ten t ion ,  ca lcu la ted  both frop the excretion r a d  boUy meam- 

m a t s ,  8- b 90. Of ths dcCZ-0 trk.8 R h C O  h the fwt . 
5-10 dayr, a t  which tiu, the rcturtioa i m  -92% cad cbcngcl tuy r l - 1 ~  
up t o  -110 &y.. Thu .ocr t30  biological btli-pcrioil for  rclcr,tfoa rtsgu 
2 years to Q for the  ob:rrattioa period of 0.3  yczrr. For el1 preek8 l  
P U ~ ~ O C C L I ,  the b i o l o ; l i a  h z l f v r i o d  ot Fh i a  10zrq U I O U ~  thct it a k . 

acglectcd in m y  doskztric calculatiorrs tnVo1wi.q Th 

drops re?i&ly, tho r C t 4  of &QUW i. co~sL&rrSly c20:u: tbca t&t 

-. 

a20 . 
Tho r e c u l t 8  for bl- ax. .barn bt rig. 9L m t h x z b  tho  8 c t l V i t ~  

- .  
194 
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be EiccU1tB end W c c u c c i m  on Th234 i n j cc t cd  intr tvcaously.  

Tho r e t u l t a  on tho ~h~~~ i n j cc t cd  in t ravcnmcly  ero preccnted h th. 
naxe f a s f ion  as tho  r c c u l t r  on t h o  Ra224 i n j ec t ed  intravemualy.  Becaura 

the gcneral  forn of the prescn t t t i on  has becn mado, the Th234 re tu l t s  c8n 

bo given core  repibly, focusing a t t c n t i o n  on unusual features .  
Tho p r l x r y  Th234 ba3y 7 mcacureTcntr are sham in Pigs. 86a-a, 

cons i r t i ng  of r e z u l t s  on  the chcir, arc, law-, and high-energy SXB psi-  
t i ons .  
cha i r ,  E8sYg, and a r c 8  t he  a m e  as f o r  Ra2". 
measureacnts is not  a s  qrcat  f o r  Th234 as it is for Ita2", because of tha 

lw abundznco of t h e  0.77- and 1.00-HcV y r a p .  The constancy of  tha ~ . .-'.'---- 

value8 f o r  the 1,8!333 position i s  unusual. 
downward trend8 while t h e  I19S>c~ recul ta  ahcrv sane v a r i a t i o n  vith a tm- 
den- t o  peaking a t  t - -2-3 dap.  The r e n s i t i v i t y  r a t i o r  a r e  as followst 
L8SXB/HsSXB = -151  chair/arc - -10. The observation of an apparent sex 

d i t f e rcnce  h t h e  retio, LBSXB/chair, of -15 f o r  wanen and -10 f o r  m e a  
i r  unexpected. 

The ordcr of decreasing sensitivity f o r  t h e s e  pos i t ions  i o  LSSXB, \ 

The prec is ion  of the arc 

The chair values  a h ~  a small 

\ 

A mrresponding rex di f fe rence  f o r  the r a t i o ,  IIBSXB/chair, 
is a l r o  noted. 
not  r e l a t e d  t o  a disc&librim behrcen 6.7-hour protactinium ana Th2" w h i a  

may cauae a d i f f c r c n c c  of a t  aort -1%. 

USXB are rhovrr FD Piga.  87-89, The microcuries r e t a ined  are calculatod 
fran uccrct lon data. The c h a i r  c i r i b r a t i o n  decrearcs -20% i n  the firrt 
-2  daya and then r a m s  e s s e n t i a l l y  wnstsnt over the observation period 
of ~ 2 4  day.. 
Tho avstago oolue i s  (E3 fi 
and i a  -slatc?t  w i t h  a valw of -209 cp;'@i r e t a ined  from the phantom data 
a c h  .bald k ~2 tirces gratsr boctoca it fncluCt8 both the 0.77- md 

This Emcars  to  be an i n t r i n s i c  s ex  difference f o r  Th and i 8  

The cal ibratFoq f a c t o r r  (not Mi rc taincd)  for the  chair ,  X8, urd 

There is no s i g n i f i c a n t  d i f fe rence  betwoon rPa108 urd fsmala8. 
qq'&i rctabed for tha l.OO-)(oV peak only 

l U b b 3 3 0  
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T a b l e  39. 
vhich show that Th i m  eccretc3 prcbcincntly in the urine. 
l t t i v e  and & f l y  urkre sxcrction i r  about the  rame f o r  males and faa l00 .  

The eale8 cxcrcte =ore Th in t h e  fscer lecding t o  8 urine t o  fecer ratfo 
which i m  - 2  t h e n  Et i l l er  than that of the fuJaler (-10 V8. ~ 2 0 )  for  8 

+&y accuvlction. Ths reason for th lr  rex di f ference (a dfffsrenco 
which i o  further axinifacted by body ooaourt=rcnt# am described Am thm 
tat) i r  not h a m .  

The m p l t t s  excretion recult8 are r-rked h thir tab10 

The curnu- 

Tbe ur inr to - facer  r a t i o  takes r.oe.raf daw to 
C t t b i f h . ,  8 t e k r g  OUt With higbst V.lU8.. 

i O b b 3 3 1  DOEIHQ 
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clcl. 
Total 
2 
3.28 
3.00 
4.34 
5 -03 
5.30 

- 
cu3. 
PCCCS 

0.00 
0.00 
0.00 
0.40 
0.40 

A 

- 
0 0019 
0.24 
0.34 
0.47 
0 e47 

- 
0.00 
0.10 
0.22 
0.32 
0.36 

- 
0 -034 
0.066 
0.11 
0.20 
0.24 

- 
0 0023 
0.10 
0.16 
0.16 
0.24 

- 
cua. 
Prim 
L 

3.28 
3.80 
4.34 
4 063 
4.90 

- 
3.69 
4.55 
5.21 
5.71 
S;96 

- 
2 a74 
3.44 
3 084 
4.20 
4-45 

Dzily 
ur fne 
x 
3-28 
0.52 
0.54 
0.79 
0.27 
0.11 
0.14 
0.13 
0 0083 

r d l  y 

x 
Fecea 

0 .oo 
0.00 

0 e40 
- 
- 

T i t 3  eftcr 
In j cc t ion 

(D:-.ycI 

1 
2 
3 
4 
S 

11 
16 
17 
24 

3 31 
4.79 
5.55 
6.18 
6 043 

191. 
19.0 4 

1Sm3?'* 
1201 ._  

. 12.7 . .. . * . . - . a  

. . .(. . . . .- . . . 

1 
2 
3 
4 
5 

11 

24 
i a  

3069 
0 .86  
0.66 
0.50 
0.25 
0.21 
0.17 
0.13 

0.019 
0.22 
0.10 
0.13 - 

1 
2 
3 
4 
I 
11 
16 
24 

2.74 
0.70 
0 .a 
0.36 
0.25 
0.12 
0 -099 
0.027 

0.00 
0.10 
0 .12 
0.10 
0.043 

2.74 
3.54 
4.06 
4.52 
4.81 

4.14 
4.86 
4.30 
4 e 6 0  
5.89 

)i 
3 
3 
4 
S 
lo 
17 a 

4.11 
0.68 
0.40 
0.21 
0.25 
0.17 
0.10 

0.034 
0.032 
0.044 
0.094 
0.041 

- 
0.020 
O.OE4 
0 0053 

0.osr 
- 

4-11 
4.79 
5.19 
5.40 
5.65 

- 
4.11 

S 0 4 4  
5.c3 
6.14 

4-93 

~ 

106. 
4 9 . i  : 

as.$ 
34.0 
36.4 * 

.. . .  .:.. * 
' . k . .  . . * . .  . -  

1 
2 
3 
I 
I 
lo 
17 

4.11 
0.C3 
0.53 
0.39 
0.31 
0.19 
0.090 

4.13 
5-04 
4.60 
5.99 
6.38 

I O b b 3 3 2  DOEIHQ 



294 

. 

2 34 
P i g .  90. Retention of Intravenously AA-inistcred Th e 

The retention resulta sham are co.=.=iltd fmm several acta of m e w  
8urePeatm. 
axid thc ir  associated error.. 
scala to  ah- d c t c i l  and a8 a cansequcnce tho chair and U S X B  rerulta 
appaar uratic. 
thoir stcndard dcvictlonr. 
a l l  subjects and of a l l  the information available. 
crease8 to -92% in -15  day8 and r u m h a  essential ly  constant over tha rr- 
main- -1lO-dny doervat ioa  period. TIIO retention half-pcriod rangor. . 
f r a a  a mfnklm of -2 ycot. to Q) 0 

f ie  1c3end in t h e  figure fndicatee these different m2asutement. 
The data are presented in an ucpandcd log' 

The variationn i n  there data are not inconairtent with 
The average CUNO shown l a  a corrpoaito for 

The retention 6.- 

I U b b 3 3 3  DOE/WQ 
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I P i g .  91. Th234 Fn Estimated T o t a l  Blood V o l u i e  Follovhg Intravemum 
A&ini s  t ra t  ion. 

The results are given Fn terms of to ta l  blood voluaa S4cs  there &# . 
no convenient way to urprces a thorium specific act iv i ty .  The Th a c t i v i t y  
decreases w e t  2 decades in a period of 10 daye. 

i s  cens ider ibly  slmer than that for Ra. The l a s t  value of TIVltS has mi 
This rats  of deer-8. 

error of -100% and is  plotted for the record. 
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uo ocvcral tbourmd t h o 8  tho80 adalnistered to the h u r z  mubject8 Oi 

reaulta oD rat., r-ito, guinea pig8 of ~l~~~ and ~cott’’ J to ipdi- 

cate ehct zw o k p l e  extrapolation can be made t o  man. 

provide 02 tha f i r s t  ruultr ln h a  bckuj8 vhFch contribute t0 tb 
c c l c u l a t h a  o f  acxkuzn perni6sible l e v d a  of Th nuclide8 in man but it h 
c l e u  that the data are mot extcrrr;fve snough. 
t b  prcueat data that are not eaoily interpreted, but m y  pofnt to rediatri- 
bution w i t h i a  the body. 
(~%ich i 8  never convcaient) or the need for 6c-g (which b d f f f f d t  

k c a w ~ a  of thn lar abundance of the 7 ray.). 
Th2* too ahart-lived, Yet the next longer-lived i 6 o t o p  1. Th 
w h i c h  ia potential ly  toxic, and the measuraacnt of w h i c h  ls caq$icatd 

224 by tho lpstrbolinn of i t r  bcughter, Ra 
An 8t-t to dctcmine tho l o c a l i t n t h  og Th234 in the l iver8 of 

thsoe nubjecta MI aude by mearurcmentm in the arc pocltion uting ua 8 irr. 
thidc 1.cd thiclb A c n d l n p  12 in. frcrn a point halfmy bcbmaa th. 
collar bono and tha stemus towerdo the &Wan. The recult8 kr T t b h  40 

8hGl a t c5At ioa  ta Thz* act iv i ty  to 0.74 irrdiccting no rigaLiicurt d i m -  

prowrtimrta c o a c c n t r r t b r  of  Th234 kr the chicldcd pottion o f  tha bog 

-8 8tUdy. -0 -ugh diffmanS betVeCt3 U p c C i e 8  [ krC&odipg +b 

The prcsentsdatr 
. 

There are MLne aspect8 of 

This resul t  indicater the need for t iarue sa~gliPg 

For mom UrtSnSiVo Qtr, 
22e 

. 

I 

I 
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The adcqucq of t h o  arc o o t t u r ~ z c n t o  i r  r h n  iu T c S h  41. 
t r a s t  t o  t h e  rocul to  on R.~~', thcro appoert t o . b  8 trcag bi th  -8 

whcre t h o  a r c  mcamre=cnt on the 1tt dr.y undcrcstkztcs tho b d Y  

and on the 2nd and 4 t h  days ovsrectina+er it. 
the name type of r ch ic t r ibu t ion  &rem& for the othcr cusnth3 po=itior~, 
b u t  it is d i f f i c u l t  t o  underatand since tbe arc Pcacurc=cnt. on 8 

d i s t o r t e d  d i s t r i b u t i o n  even for Th234 (such a8 8 rwi1llovc6 ccpaUbJ cum- 
t a i n i n g  a c t i v i t y ,  sub jec t  T P C X ~ )  can be clooe t o  tho  c o r r e c t  - y 0 b d e a .  
Nevertheless, t h i r  is the  f a c t  and the conc~uaion  is t h a t  tha  bodybUdt8 

of Th234 obtained by any arc mea8uraPent 16 reliabllb to Only -21% 

X b  CQb 
. .  

Ziir e f f e c t  rzy b3 d;rO t0 

234 
C. Reaultm and d i scuss ion  on the relative absorption of  Ra224 and Tb 

administered ora l ly .  

Having obtained information on the matabolism of lU224 and Th 

on the c a l i b r a t i o n  fac tor8  derived from these r ezu l t s ,  pilot urpcrhent. 
were conducted  to  a s ~ e i r  the problem to be encountered aad to g e t  88 

es t ima te  of the absolu te  absorption by mean8 of the  oral a c k i n l s t r a t h a  of 
R.224 to  one sub jec t  and of  Th234 to  another. 
necemeary to #haw t h a t  the sh ie ld ing  for the SXB pocitlonrr, vhcn l a m  

* 
234 .rd 

f n  pa r t i cu la r ,  i t  vu 

amounts of a c t i v i t y  were i n  the 8taMCh8 of peopla( t3  O p p o 8 c d  t o  phMtaP.), . 

. .  
was adequatej  to ahow t h e  e x t e n t  to vhlch r c a t t e r i n g  o f  7 rays d g h t  . -  

in f luence  the  S)CS pos i t i on r  e s p e c i a l l y  the U positionsa t o  800 hour~& 
t h o  was required t o  e l imina te  the bulk of the a c t i v i t y  irun tha & i o  :'* * 

t r a c t  and vhethcr  a good accounting of  the t o t 8 1  a c t i v i t y  V a l  obtainnb1.j 
to  reo i f  t h e  absorpt ion calculated f r m  the  rOVCral parwoterm gave t h  
8me answcrj and t o  dctermint whether the prcceutions d i d  prdvont iedi?' 

I .  2 . .  . . . .  r a c t l v o  contar, intt ion.  

favorably and t h i r  in fomat ion  i o  lnc ludcd ' la tc r  with tho r o ~ u l t 8  f m  the 
main ctudy. 

.. ' ' . *  

Thc two p i l o t  expcrimcntr demonstratad t h a t  everything w r k d  

The adequacy of the rhielding l o t  fi'" CEn be iholn only. 
whon it 18 adnin i r tc rcd  moparataly. The racu1tr are given in T & b h  42. . .  . .  

e .  I. . 

, 

. .  

3 

I 
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6hc-f t h c t  tha recta tho c t t c a u t t i o n  rcqirczz3tn or ic ;grz l1Y 
c ~ z = i f i c d .  S c t t t c r i n g  irr tb i.OO-~'cv rczioa for ~h~~~ i n  Fret- to bo 

~ r r  the othcz: -0 

tho UsxB reasurucnts ma Fntcrfcrco for the 

. obscmdh tho fcr high= energy 7 r cy r  or tho  Tla234 bzu3htct8 k- 
cauce the co:CJibutian h c r e a a c s  o f t a r  t t m  f-ct  a t ~ .  
Scat torfng i o  n3tlcc&la 
f i rs t  fcr d:yo Ails r i g n i f i c a ~ l t  a c t i v i t y  is o t i l l  preocnt in t h e  G.1- t r a c t .  

The p i l o t  uvirecnt 0 ~ 1  

i 8  -10 t h s  g rec t c r  than tho -1% aesut=d fro3 prcviou8 inforrnt ioh.  

Thh r c t u l t  p i n t c d  to tho ruccdir of the c x p c r i z a t  fn the d c t c m a t f o n  
or the l e u  r e l a t i v e  absorption of Th to Ra, b u t  showed t h a t  no neanirrjfrrl 
~SSXB maasurccnta  could bo ma& for  TI^^^^ w i t h i m  a fcw days a f t e r  ttm 

a d d n i s t r a t i a n .  Thur, whilo much inforanation war developed fn the intra- 
224 vanow par t  of tho experiment, Ra body 7 measurements f o r  t he  oral part 

of the study vera done w i t h  the  mSx8 poci t ion moon after a&ainistration. 
The Th234 body 7 measurucnta were done w i t h  the USXB pos i t i on  long 

224 
i l r o  thmcd that t h e  abcorption of Ra 

% 

after the 

Th234 retention. 
had docnyed, and t n i 8  vas posaible &cause of tho high 

Absorption fron the  gut  (that l a ,  t h e  t r a m p o r t  of material  from the 

gut  t o  the  bid, lr respec t ivo  of w h a t  happan8 t o  t n i r  material a f t o r  it 
g e t r  in the bloodj o thcnr l re  ca l l ed  cuanrlativo absorption) can be measur.6 
in m n y  way8 ruch ara (1) balance techniques w i t h  8 t a b h  mater ia l ,  (2) 

balance technicper wrth radioact ive mater ia l  when endogenour excret ion 

i r  knam, and (3) raaioirotopa mathodl uaing the blood a c t i v i t y  obtainod 
frop bath o r a l  and intravcnour aucdnir t ra t ion.  
[described, for urarrple, by Silvernan and Burgan'' 3 i r  p a r t f c u l a r l y  urc fu l  

The l a t t e r  techniqrro 

for ccrrying out  an ucpcrlment over a r e l a t f v c l y  rhort pcr iod of t h o  

venow and a per or a d d n i r t r a t i o n ,  i a  tho m a m e  .vein though tha  two CUZPOO 

awe different a t  rhort tLacr at tar  th. adAn1r t ra t lon .  

I c t r c t i o n ,  and tor  tlmos whidr aro long oocparcd w i t h  tho  pcriod i n v o l v d  
in  the abcorption proce8@, the tvo CUNCI becuce o a s c n t i t l l y  q u a l  in lug- 

n i tude  and 1d:ntical i n  8hap0, oa 8 par gi retcirrcd basla. ai@ cundl t ioa 

i r  r k i l c r  t o  the s i t u t t ~ o n  rnanrn tcr td  f o r  tho r o l e t i r e  r c t i v i t i a r  behna 

Tho latonxition contained la t b  blood curver, obtained from an i n t r a -  

P o l 1 o v ~  8-r 

ahart-llvcd Utughtcr  irotopa and a lon3-llved pucnt .  A t  any t h o  (day,) 
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-. 
long c f t a r  t h o  rb:orption i r  =:.?lcta (NS-10 Emrc) tho  r G ~ 2 C : ~ ~ ~ ~  . . .  
C c t i v i t y  C U N C S  frcm the t\:o E-,thod~ o f  e a t t r t t i a a  for e11 ~ I X  vase 
p a r a c t e r r  (blmd, urine,  foccs, wholo body, etc.)  w i l l  bo b * * S c * h k  - 
fr- each o thcr .  A t  theam t inco,  t h e  &to o5ttincd frop t h  ictrcv- 
a h h i s t r a t i o n  can tm used as cal ibrat iorr  &ta for dctc-g the a3tlllt 

Of mate r i a l  t h a t  =IS t ransportod across  the gut wzd1 OL: &btxbca 8ftU 

t h e  oral a*-his t re t ion.  AB a fu r thcs  check on t h i s ,  mcvcrcl c o l l S C c u t k 0  

measurmenta of each var iab le ,  af ter  t h e  ap ixopr la te  d=hy, Slm'3.M give 
t he  8ame value of absorption v i thh  the a x p Q r u t d  UIoI:* 

t h e  same absorpt ion value should be obtained from each of the dfffct- 
var i ab le s  measured, again with in  the urpcrimcntal  e s ~ O t 0  

. . .  * 

And f w r 8  

The absorpt ion of Ra214 vat! detemined  by meaaurc=cnte made imp th. 
4 t h  day on u n t i l  rad ioac t ive  decay prevented further r o l l a b l e  rneazuruent8. 
The adequacy f o r  t h i s  procedure i 8  a w n  b Pig.. 92 a n d 8 l b o b t a b c d  a 
a subject adTin is te red  mock RA p a i n t  c o n t a i n h g  only Itazz4. P i g u n  \ 92 

shows that r e l a t i v e  o t ab f l i za t ion  in t h e  body moasure=lentr do- 8et -0 

place  u n t i l  - 4  &ys a r t e r  the Ra224 is a d d n f s t e r t d .  

t r a n s i t o r y  e f f e c t s  of absorption fran t he  G.X. t r a c t  have becune ocgliglblo. 
T h l 8  ia ohawn in Fig. 8 l b  where t h e  f h s t  blood value taken a t  1.12 bo- 
a f t e r  t he  adminiatrat ion has t he  h ighes t  value)  t h a t  i8, t h e  peak lm tb 

By t h l m  time tho 
* 

blood cume O C C U ~ S  a t  t I 1.12 hour.. This blood c w e  has the m a m a  

shape as t h e  blood a w e s  from the experlmenta w i t h  the batravenour in- 
j ec t ionr .  
Ra p a i n t  containing only ~h~~~ w e t o  too low to deduce a rcl labh 0- 

The blood resu l t .  ob ta lnsd  from the 8 u b j c t  act in i r ts red  POCI 

f o r  t h e  curve. 

both Ra22' and Th234 are ahwn in Table8 43-46. 

The result8 from t h m  oral a c t d n i r t r a t i o n  o f  eock Ra psiat ant4-g  
Tab10 43 tb. 

accre t ion  and r e t e n t i o n  result. and arunr COntirm&tAOZI ot tha amount ad- 
ministered and the adequacy of the acnrsa t ing  o f  tho r a d i o a c t h e  bsluncm. 
Thoro i r  an apprcnt  inconaiatcncy for -3 subject. on day. 1 and 28 
attributtbh porcibly to tha dictrUzatiaa of the act iv i ty  in tho bodyr 
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234 T c ~ l c o  44 cr,d 4 s  &::cz thi, rc:ults cc;;cttcly for m224 cz;i a 
rCapCCtiV:ly, &tchc$  fm.3 t h o  8CYCCCf E Z t C k 3 1 f C  p z c % c = e *  03 * 
a v c r a p ,  t n a  r a c u l t r  07 L . ~ U  ~eblcs 44 a b  45  c';rc3 vith cto'r otkr  ~-1tU.a 
a f e c t o r  of -2 .  

t i o n  ca1culctcd ffQ3 t h e  c c v f r t l  p a r a t c r s  &ra conti&tc.?te 

sion c s n  alto be cc& t h c t  no r i g n i f i c u r t  contcslnttioa W tekc;r p1.o 
t o r  any p:rticular occ?le o r  sar3le typo. 

thg EbCorpthSJ Of m2u * 

fi.3 rcsultn a m 4  thtt ths vduca OS f r t c t i o x l  
cOld0- 

On0 C X C C ? t i O a  t h i 8  18 the r C Z U 1 t  

t a i n e d  t r o ~  the  bl-4 valucr.  
(2 and 5 b u r r )  af ter  t h e  a c b i n i c t r t t i o n  in ordcr  to obccne sum 8im- 
t i c a n t  a c t i v i t y  above background before  rcctabolic c c t i v i t y  reduced tbo 
Th234 conccntration bclov the dotect ion 1Wt. The absorption calcula- 

frw blood rarnples taken a t  thF. early tlme (usfng the method of calculatha 
descr ibed  W e )  w i l l  undcrestimate t h e  t r u e  value as the result. In 
T a d 0  45 ind ica ta .  
t h e  b l d  but cannot ba M d  are not  used f o r  c t l c u l a t i o n  of the aver- 

Thc blood r t q l e s  vcra taken 

Theae r e s u l t 8  confirm tha t  Tb234 vas ab80rbcd into 

\ absorption. \ 

Average va luer  of f r ac t iona l  absorption or t rancpor t  have been Cal- 

c u l a t e d  fran T a b l e s  44 and 45 for Itat2' and Th234 for each s u b j e c t  rad 
t h c n e  result8 are nhwn ln Table 46. 

mom. probable va lue  of 2 x lo-'. 
1s not h a k a t t d .  

the absorption of Th 1s equal t o  and aa much as 10 times less than that  

for the )waan rubjecto.  

of 0.2. Again, t h e r e  I8 no 8- di f fe rence  indicated.  

:he f r a c t i o n a l  ~h absorption o r  t r anspor t  averager 13 x lo4 w i t h  a 

A d i t t e r e n c s  ~n absorption h e  to m e x  

The r e s u l t 8  of the Utah animal expcrimcntr i n d i c a t e  th8t 

The f r a c t i o n a l  Ra abcorptlon averages 0.2 wi th  rost probablo viluo 

The f f r r t   le rubjec t ,  TRPON1, has 8 f r a c t i o n a l  R8 ab8orptiorr of 

-0.01, about 26 thtr  le88 t h a t  of the o t h e r  subjec t r .  

i 8  roo1 rincs the vc-lucs of absorpt ion calculated f r a n  t h e  d i r f c r c n t  parr- 
Icrterm are cona f s t cn t  (Table 43).  

This d i f f e m  

Thir  dircrepancy war rosolvtd by 

I 

I 
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a .  . , 
. .  

T a b l e  45 . 
Ptop the result8 for TRPO1I1, it is not )cnoca vhcthcr t h o  tranrprt  o f  

The three nthods of meaauraznt Fnbtcate a d c p t t s  a g t e e n t .  

: , . . , ._ - ... .- .& 

L .. . . - . . . . 
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t'C'3+ h 

0.097 
0.U 
0.U 
0.m 
0.13 

0 . a  

0.21 

Urine 
s 0.0006 

0.0009 

0 0003 
0 00002 

0.0003 
0,0008 

so.ooos 

El& . 
\ 

10.0001 

0.0003 
so.0001 

0.0303 
0.0001 
0 00001 

s0.0002 

Tablo 46. Relative A b t o r p t h  by Rwum BcFbgr of b and 1cL. ' 

ha 6L;;llatad Ra D i a l  P a l a t  

P X & C t f O P J  
Th TrLnqmtt 

5 0.0003 

0.0m 
s Q A O O S  

0 . 0002 
0.0001 

0.0002 

SO.OO03 
o.owt 

- 
rractionrl 

Ita Transpart 

0 001 

0.a 

0 . t  
0 01 

0.2 

0.3 
0.a 
oba 

Rclctivo 
AbcorFtiorr T h h  

5 0.03 
0.003 

SO.003 
0.001 

0.000s 

0.0001 

so.002 
0,001 
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for a d e  subject (age -33 year.) Lngecting a DrucUum solution. 

sumably R ~ c L ~ )  . 
resultr .  

several valuer of absorption c.p be dtained t& 
Bovever, the range is large (10-7Pp3 and it  18 not posciblo to 

pick a reasonable average valua. 
The reoult of greatert interest,  the rolet ive absorption of Th to 

 EL^ is  given in the last coluna of Tabla 46* 

811 the valuem are consistent, yielding a m o t  prObEble value of l x  10 
k c o p t  for tho f i r a t  ypbjwt . -3 
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-14 vhcn ~3c13: Ra dial paint ia aCt;FnLctcreb. 
canmt be uocd to dt3uco or ett iaatr  h w  lergs the abzoz~pSfo3 of uLr3k 
Th d g h t  bo La hu==n bchgr. 

of w a y .  and w i t h  v q i n g  dcgreoa of car.. 

the soluble a c t i v i t i e s  vera not washed of f .  

punas were ueed for the uatrfx to make tbe pabt adhaxa to tb. dffferent 
surfaces on which it waa applied. 

drying, along with vary- ages of the paint, all FntroQce oati .blw 

tor absorption. 
effect on older paint t h a t  freshly -de paint dght not urcoontcu. -,' 

it i n  impossible to duplicate the o r i g h l  

Thcte rczzltfs. thcrcfa?w, 7 

LL ..* 

The Ra dial paints uscd in the e&rly 1920'r W U O  8zd3 in 8 0- * '  

In mnny or even +ast pakrt., 
Varloue rad VW- CQF' ' 

Vary- BCTOM .iter &Id C1-W &U 

The radiation QIa fnrn the a ray. may aloo hap. a8 

in  thch  fbal u0r)Cfng 

-. ... . -  
. .  . .  

. '  . 
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WCT 3 0 4 0  parr  by the i n i t i a l l y  absorbcd Th228 10 55% that bur 

On the bccls of t h i o  conclucion, cacT=ricon betwecn t h o  cffcctr Of R. 
to m228. 

228 

Sad Ra216 

caiccpt os pure radium cquivolcnt (PM). 
concept of -urn pure Ra equivalent ( m ~ t )  can bo discarded w i t h  reanonably 
good contidenee. 

huazn bclnga with these  burdcnr can be continued uofng tho 
Oa the othcr hand, use of tha 

. 
I 
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.. 7. J. P a r  and bl. Ualsh, M.1.T. Eutrition Dcpart~cnt,  f o r  blood 
Ca aeamuramnt~. , .  .. . . . .  

8.  Ysther Superior Innocent., Sis ter  ?t. Leonard, and KfS8 80 hrrar, 
Sancta Marla Rospital, for the care of the mubject8 during tho '.- 

...... . . - - 8 . .  *. - -  I 6 t U d i . O .  

9. E. Cabot, Age Center of lDev England, Inc., for -ration UICl 

And finally ko the subjectr vtro volunteered for tho w C r l C a t a - * :  

Particular thank. are &e then for the eagcrnccs, dcvotlon and enthUSia.i\ 
. .  . . . . .  : .'. .r;:Js2), which they brought to the txperlacnts. 

9 ....... -...-** ar@iStance i n  obtaining rubjects for the expcrirPurta I . ,  --9 

10. 

. . . . .  , -- .. ' ' ; ::+ ,-., . .  . . .  . .  
* .  . . . - .  
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