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A .  Radium and hlerothorlum Toxici ty  i n  Human Beingr  
.. - 

1. Introduction 

At the December 1963 meet ing of the Amer ican  Medical  Arroc la t lon  i n  Port land.  
Oregon,  the M . I . T .  group w a r  a u a r d c d  the Hull gold m e d d  f o r  ita exhibit on "Radium and 
Merothoriurn Polroning in H u m l n  Beingr:  X-ray  Abnormrl i t ie r  i n  237  Carer".  

Studler on 87  radlum and/or merothor ium poironlng c a r e r  a r e  repor ted  th i r  y e a r .  
T h e  following catcgorler  a r e  repreren ted :  complete in-vivo rtudy at M. 1. T., brea th  radon 
#ample r  taken i n  the field,  exhumatlonr ,  ana lyr l r  of ama l l  bone o r  tooth r u n p l o , ,  AutopDiOB, 
and  chromorome r tud ier .  

Detailed quantltatlve r n a l y r l r  of the da ta  on over  300 M. I. T. c a r e r  har  been complotod.  
R e r d t r  on 10 complete  exhumrt lonr  a r o  reportod.  

T h e  r e r u l t r  were preren ted  at the I .  A. E. A. Symporium on the "Ar re r rmcn t  of Radloactlvo 
Body Burdenr  in  Man" at Heidelburg.  Germany,  In May of th l r  yoar .  

T h e  long-term cffectr  of rer ldence by 17 pcr ron r  in  a highly contaminated homo havo 

The rtudy of the rclat lve uptake by the gut of c lcment r  B B  and 90 i r  near lng complotlon. 

Tho new c r y r t r l  rurpenr ion  a n d  tracklnp ryr!em h a r  been inr ta l lcd  and h a r  been  la 

been  inve rt lgatod. 

Detal l r  wlll be found In Section B of thir  r e p o r t .  

operat ion r l n r r  January  1964 ( a c e  S C C .  E). 

2 .  Calibrat lcn Data f o r  StanCard C h r l r  Por i t lon  I n  M. I. T .  C o b d a c  

With the rcquir l t ion of a 400-channel RIDL a n r l y r e r .  the cal ibrat ion data  for tho 
s tandard  chalr posit ion were  reevaluated.  
the  following cal lbrat ion war urod: 

Former ly ,  with the 256-channel RCL ana ly ro t ,  

11.4 kev/ch.nnrll Q :.ov c h u y w l  4.4 

For r tmpl lc f ty  in channef-onergy converr ion the follor-fng cal lbrat ion lr now bein# wod: 
I 

c-1 0 
I 

10.0 k c v / c h a ~ l r  0 k8v - 
a Tablo  1 Ir  compllatlon of tho  old and now cd ib ra t lone ,  .Ion) with o the r  r r forenco  data ,  for 

the radiolrotqMr with whlch thio laboratory ID p t l m a r l l y  concerned. The widthr of tho v.140~ 
C T  ene rgy  h d r  under tho new c d i b r a t i m  do  not conform orcrctly with tho wfdthr of thr C O ~ ~ O B -  
N - pondlng old mer bur tho ormr incur rod  ID ocgllglblo. Thur, a rmwth chrngesvcr hu 
9 beonmade. 

AB an oump!r of Ihr conrcnt loa urod to c d c d a t o  the ene rgy  band l lrnitr ,  C O n B m ?  

tho K'O &t.. Tho c-1 band rummod from ehnnelr 103 to 123 Lnclurlvo. For 8 

c d l b r r t l o n  of 10 kcv/ch,O kev LDChuuKl 0, it lr arrumod that the  mid-poht of c u  

I 

! 
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132 and 159 hnvc cor rcrponding  cncrg ier  of 1320 k e v  and 1590 kev respect ively and that  t)u 
equivalent energy  b u d  ham l imi t r  of 1315 k e v  and 1595 kev. 

l is ted in  column 11, “Net counting r c t e  p e r  unit activity, ” w e r e  determined as follow#: 

!, I.L.: Y,“ q i i - , / g  y\ v d u e  i~ an t r t i m a t e  f r o m  chaalr m e a r u r c m e n t r  on 6 normal  rub jac t r  
(3 male and 3 female)  whore average  weight wnr 68 kp and whore average ape war 38 yrr .  
The quantity of K i n  eeck subject wa8 determined  f r o m  the welght of the rubject and tho 
r e r u l t r  of Dr.  E. C. Anderron of Lor Alamor on the K comporlt lon of humm being8 
function of age and r e x .  

be 118 I.  

2. The Zr9’ cprn/r c value i~ derived f r o m  the CBl3’ cal ibrat ion,  correct ing for  d i l f e rcncor  
In y - ray  abundanco. u ld  dif ferencer  in c r y r t d  officiency and photofraction a# well  h 
rclf-attenuation due to dLIferent y - ray  t n c r g l e r .  It 1s a r r u m e d  that Nb95 lr i n  t r an r ion t  
equi l ibr ium with Zr95 i n  the body, find that both aru dir t r fbuted in the body In mannor 
rlm.rfir t o  Cr . 
3. Thu $’’ cpm/uc v d u r  for the whole body a n d  for the th rold are  b u e d  on m e a m u r e m e n b  

4. Tho Cr13’ cal lbrat ion war obtained from c h i t  m e a r u r e m e n t r  ca r r i ed  out on  5 r u b j ~ c t r  
a f te r  ln t rav tnour  adminiatration of Cr 

5. The TIro8 cpm/rc v d u e  for  Rr-hfrTh d i d  p d n t e r r  and Radlthor c a r e r  har been cdcu- 
la tcd f r o m  the RaC 1.76 - M e V  y cd ib ra t ion .  Tho T1208 cal ibrat ion for Thoro t r a r t  camor 
ham boon determined by c h a i r  m e r r u r c m e n t r  on 2 Thoro t r a r t  carer whoro body burdonr  
wore f lrrt  determined  by t h e  1.25 m e t e r - a r c  tochnlqw.  

6 .  Tho RaB and RaC c d i b r a t i o n r  wero obtalnod f r o m  c h d r  moaruromontr  on rover.1 
prop10 ( d i d  p d n t e r r ,  o t c . )  wborc b d y  bu rd tn r  had been d e t o n n l m d  by the 1.25 metor -&re  
t r chn iqw.  

7. Tho o r t k n r t c d  c d l b r a t l o n  fo r  MsTh  ln T h o r o t r u t  c u o r  i r  barod on m c a r u r o m e a t r  with 
ThB m d  ?h2” rourcor i n  a rugar phantom, and i r  f o r  LarTb,, only. It doer not i a c l u h  
contributloa f r o m  m y  d&ryhtorr. 

For convedcnt  r e fe rence  r e v e r a l  o ther  column8 w e r e  added to  the tablo. Tho vduO@ 

. 

The avcrcgc  quantity of K i n  t he re  control rubJectr  l r  arrumed to 

137 

c a r r i e d  out on 2 rubjectr  d t e r  oral aCmin1rtratlon of 2 3 1  (1 

132 (2)  

Tho cantributlon from K‘’ rrd Ca”’ md th. Cobdac backgrouad vduor woro hcluded 
-.II* 

for cornplotowor.  Tho porcontago contr ibut lonr  from K‘O w e t o  calculated from moaruro- 
mento oa 2 oubJoctr r l t o r  h t r a n n o w  rbn ln lo t r a t ion  of K ” (3). Tho parcentago coatribo- 
t ionr  from Ce‘” w r o  cdculat td  f r o m  the cal lbrat ion orper imont  reforred t o  ki ikm 4 
&on.  

CT 
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B. Dilfcrcnt id  Uptrkc of Element r  8 8  and 90 Followinn 32 ? 51 wL ??, /A 
/ f l  11 Oral  1npcrt lon by Human Being8 

1. Introduction 

I n  the 1963 annual p rogre r r  r c p o n  of the  Radioacttvity Center  I , r e r u l t r  of e x p c r f m e n t 0  

with dog' t o  de te rmine  the relative uptake of T h  and Ra i ro toper  through the  gut war. 

repor ted .  A f i n d  dog experiment  to de te rmine  Ra uptake war  not r eady  for reporting at 
that  t lmc ,  and i r  presented in thlr  rectlon. 

T h e r e  dog r tudier  u e r e  conducted to  tes t  exper lmenta l  technlq*ier to be  used  In abrorp- 
t lon r tud ier  on humans,  uhich a r e  cur ren t ly  under way. Th l r  rect lon d e r c r i b e r  e x p c r l m c n t s  
to de te rmine  the metabol i rm of Razz' and ThZ3' following intravenour  Injection in humans 
of both r exe r .  
were der igned  to ca l ibra te  varioGc rounting technlquer to be  ured i n  the recond p h r r c ,  urd 
have recent ly  been completrd.  The recond and flnal phare,  actual  m e a r u r e m e n t  of the  up- 
take of each  l rotope d i c r  o r a l  admlnir t ra t lon In mock dtal  palnt,  ha; h e n  ln l t l r ted  with 
pilot r tud ier  o n  two m a l c r ,  one receiving Th'" in n o c k  paint, and the  o ther  Razz' i n  1ik0 
form. 

Ther.e exper iment r ,  compr l r tng  the f i r s t  pha re  of t h e  human uptdce rtudy, 

T h l r  report p re ren t r  jn a pre l iminary  farhlon the remultr of thir f i  r r t  phare ,  a0 wel l  a# 

r e r u l t r  obtained f rom the pilot r tudy f o r  the oral e x p e r h e n t r .  
all aspec t r  of both intravenour and oral  r tudler  will appear  in  a future  p r o g r c r r  report .  

A detai led p rc rcn t r t i on  of 

. 
2. Review 

A b r i e f  review of the purpore of the gut uptake rtudy (GUS), and a n  ab r t r ac t cd  dercrip- 

Skeletal  d o r e  t r t i m a i e s  for the Ra-MrTh patient. cur ren t ly  being rtudled aro c o m p l l c a t d  
t ton of what ha r  t e e n  accomplished p r i o r  to t h i r  repor t ,  follow. 

by the  fac t  that  rome  of the  patient. w e r e  exposed t o  mfxturer  of u n k n o m  proport ion8 d 
RaZz6, MrTh (Ra2"),  and RdTh (Th"') . 
d f e c t r  ln  the  body can now be m e a r u r e d  with r d f i c i e n t  accuracy ,  but absorbod RdTb 
(TilL = 1.9 y r . ) ,  in  the intervening 30-40 y r r .  r i n c c  expomure, w i l l  havo undergono con- 
r i  derab lc  decay,  to the c e c n t  that it will be  marked  by  the RdTh grown i n  from the  decay  
of M r T h  i n  t h e  body. 

Any burden  of Ra226 or MrTh Ilkely to produco 

Dog exper lment r  at Utah e r tab l i rhed  that RdTh i o  roughly 10 t l m e r  more toxic than ' l t .  - 
0 

cr 
ty 
R3 

p e r  unlt dore .  
the blood, fcadr  to the conclurlon that the do r lme t ry  on Radithor ca re r  and  on m a n y  d i d  

Thlr  fact ,  coupled with a much higher retcntlon of RdTh o v e r  Ra, Q ~ C O  

- - 
1. C .  J .  Maletrkor  e t  a1.. pp. 5 9 - 7 9 ,  NYO-9505 (1963). 
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pc ln tc r r  will hava uido lirnitr of unccrtolnty urJerr RdTh were  taken up f r o m  the gut a t  le*' 
than, ray,lc+ of R.. 

The prcren t  otudy purport8 t o  dc te rmine  the extent to which hdTh m a y  have contr ibuted 
to r k r l c t d  dorer,  bared  on i t r  uptake f r o m  the human gut rofat ive t o  that  of Ra226 and Ra 

Razz' ( T I / z  = 3.62 d)  u l d  Th234 ( T I / Z  * 24 .1  d)  wore chosen 
l rotoper  of e lementr  8 8  and 90, by v l r tue  of the i r  rhort Iialf-ycrlodr and  t h e i r  o p l i m m  
t - r ay  rpec t ra .  

C a r r i e r - f r e e  ThZ" u a r  repara ted  f r o m  uranium o r e  (u 0 ) and u238 .lag, enr i ched  50- 

100 t imer  in  Th234.  Mock Ra prlnt  f o r  o r a l  adminiatrat ion of the two l ro tope r  war p r e p a r e d ,  
fo l lou lng  the ba r i c  plan dercr ibed  by the Radiobiology Labora tory  a t  tho Univer r i ty  of 

body burden8 of each  nucllde i n  the p re rence  of a rignlficant amount of act ivi ty  in the  lumen 
of the gar t ro ln te r t ina l  t r a c t .  Out of t h e r e  a t u s e r  t u n e  the rkul l  and c r o r r b o n e r  (SXB) 
method,  which rhleldr  the g a r t r o l n t e r t i n d  t r ac t  f r o m  the detector  by m e m r  of r e v e r d  
l a y e r r  of P b  br ick ,  and r l l o w r  the de tec tor  to "ree" only the head, shoulder r ,  and a r m s  of 
t he  rubJoct. 

228 

the m o r t  favotabl. 

C a r r i e r - f r e e  Razz' war r epa ra t ed  f rom ThtZ8 by use of a n  anion exchange CO1umn- 

3 8  

2 

A merle8 of phantom r tudier  w e r e  conducted t o  develop method8 of m c a r e + i n g  "tru." 

The  phantom r tudler  gave an indication of the  re lat ive renri t ivi t ier  f o r  measuring tho 
two nuclider.  and  r e v e r a l  Ra-LfrTh patientr  were  counted in  the SXB porit ion t o  t e s t  ltr 
reproducibi l i ty ,  a6 well a i  the extent of phyr lo logicd  var ia t ions of the pat ientr .  

The SXB technique wai  c d i b r a t e d  f o r  m e a r u r c m e n t  of u p t h e  in dog'. 
admin l r t e red  Thz34 in t rnvt  Tourly, and another  war admini r tc red  Ra2". Subrequcntly, 

mock d i d  paint, incorporat ing Th234 and encared  in a gelatin caprule ,  'war given t o  a d o l ,  
m d  r e r u l t r  indicated thl!  uptrko war 5; ZSof the ingerted dore .  Razz' war l ikewire  ad-  
m i n l r t e r e d  in a r cpa ra t e  e x p e r h e n t ,  which i r  dercr ibed  \elow. 

One dog W.8 

3. Uptake of f r o m  Mock Mal  Palnt  Adminir tcred ------ 
Orally to Dop 

A f e m d e  mongrel  dog (No. 1-GUS-4) war  adminl r te red  a caprule  of dial paint contaln- 
lng 14.8 )re hZ2' With d ~ u g h t r r r  in  t r an r i en t  e q d l i b r l u m  ( - 17. I )rc of 10.6-hr Pb 

G v n m a  countr  on tho dog conr i r t rd  of m e t e r - a r c  m e a r u r e m c n t r  of the dog'. v r n t r d  

a r p e c t  o d y ,  t o  get a m e a r u r r  of re tent ion,  and of SXB m e a r u r e m e n t r  to 'de tennlne  u p t d o .  
I t  would h v r  been m o r e  p r e c l r e  t o  ~ A V O  counted both r r p e c t r  of the dog in  tho m e t e r - a r t  
porl t lon,  r l nce  the  pi l l  war conr t rn t ly  i n  motion through the  G.I. t rac t ,  and therefor. 8.0- 

rne t ry  a d  y 8tteniUtlOn in  the dog would have been expected to  be q d t e  var iable .  Thlm W ~ B  

212, . 
-.- 
h 
CT 
cp 
R) 
Iv 
h3 

2. E. J. Stovor ,  D. R. Athorton, urd hi. A. Van Dillr, AECU-3418, (19S5). ' 
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demonr t ra tcd  uhcn  a m c t e r - a r c  count taken -24 h r r  *Iter ingcstlon rhowed an  i n c r c a r e  Of 

7 T  over the  initis1 m c t c r - a r c  rerxlt rhor t ly  a l te r  inpertion of the "pill", d e r p i t e  3% lo*@ 
of activity through the u r i n e .  

F igu re  37 r h o u r  the counting rate of the dog in  the me te r - a rc  over  the f i r r t  13 

dayr a f t e r  inyei t ion,  ar  well ar  the counting rate in  the SXB porit lon.  
ra te r  w e r e  co r rec t ed  TTr p h y r i c d  decay ar run~fng  a 3.62-day half-period. 

A m e t e r - a r c  m e e r u r c m e n t  at 40 h r r  d t e r  ingertlon rhowed a dec rca re  of ~ 3 0 5  from 
ttte initial  m e t e r - a r c  count, derpl te  a l o r r  of only - 5 r  of the pill actlvity through exc re t fon .  
A r e m c a r u r c m e n t  2 h r r  1e:er gave the mame rerult.  
by hypothesizing a bolur in the rectum of the dog, containing the bulk of the t o t J  ac t iv i ty  in 
the dog. 
dis tance than,  ray ,  the original pill in the rtomach. 

Obrerved  count fn8  

r h i r  counting r a t e  drop  can  be  explained 

Such a bolur would involve g r e a t e r  'y - attenuatlon, and a greater  r o u r c e - t o - c r y r t d  

Indeed, at - 5 1  h r r  a l ter  Ingention, the  dog voided a fccer  rample whlch containod 

- R Z b  of the plll activity,with daughtcrr errent ia l ly  In t ranr len t  equilibrium. The  dog war  

immediately counted agaln in t h e  me te r - a rc  poritlon and the counting r a t e  had dropped to - 16 * of the counting ra te  of the prevlour  hour. 
The SXB porlt lon,  where the dog'r h e a d  and forelegr  only a r e  reen by the c r y r t r l  (tho 

m a j o r  port ion of I t a  body being shielded by layer r  of Pb b r l ck r ) ,  indi ta ted a "true", or 
non-C.I.  body burden of - 91: of the pill actlvity on the 5th day after ingertion, at which 
time the m e t e r - a r c  rnearuremcnt  indicated a uhole-body burden of approximately 105 of 
the plll a c t i d t y .  

o n  the r u n e  dog (No. 1-GUS- 1 )  dirr  tntrrvenour adrninirtratlon of RaLZ4, and it war t h r r o  
ca l ibra t lonr ,  on the 4 t h  day d t c r  injacllon, that w e r e  used to obtain the above r e r u l t r  l o r  

the 5th post- lngert ion dry.  

Both the  SXB and meter - a r c  porit ionr had previourly been cal ibrated by r n e a r u r e m t n t r  

The only SXB m c a r u r e m e n t  done on t h e  "infravenour" dog war that of the 4th por t -  
injection day. 
tha t  the counting ra te  pe r  unlt whole-body activity could vary  rlgnlficantly with t ime d t o r  
injection (or uptake). A8 i t  r tandr ,  the SXB r c ru l t r  are remarkably conrtant from the  Irt 
through tho 13th port- lngert lon da ) ,  and uould tend t o  Imply little or no b!Ologkal depletion 

of the  non-G. I. burden. 

The S X B  r e ru l t r  on the "oral"  dog rnurt  be viewed 4 t h  the c o ~ o l d e r a t i o n  

T h e r e  a rapld 1ni:laJ bulld-up of actlvfty In the SXB porit ion f r o m  7 net cpm -20 

min d t t r  ingert lon,  to  277 net cpm (uncorrected for decay)  S-I/2 h r r  h t t t ,  to 766 net cpm 
(uncorrec ted)  -16 hrr l a te r .  following which the counting rate remalned l a i r ly  conrtant  
after applying t h e  3 . 6 2 d r y  half-period decay correct ion.  

uptake urd  di  r t r ibut ion of P b  2 12 (7  1/2 = 10.6 hr )  and/or Bj 2 14 

the  counting r a t e  war Increar lng  a t  a ra te  m o r e  rapid t h a n  bulld-up of Pb21Z f r o m  the docay 

of Razz' would war ran t ,  one might rpeculate  that up ta l e  of Pb'l' (and/or BIL1') war taklna 
place ove r  an extended perlod of t h e  ( > 3 h r r ) ,  or that  the Biz'' war not taken up d g n l f l -  
cantly re la t ive  to  Pb or Ra and war eubrequently bullding up f r o m  Pb decay in  the blood. 

The SXB mearurernent r  In the f i r s t  few hourr  d t e r  ingertion would la rge ly  ref lect  t b ~  
L 60.5 mln).  Sinco 

t 

. 
I O Q b 2 2 3  



116 

I 
I 

L '  

I 

I 

I 0' 

I 0' 

z u 
k 
W 
z 

I 0' 

"r O 1.0- t.!ETER-ARC POSITION 
0 S X 8  POSITION 

2.51 - 2.73 MeV 



117 

Blood r v n p l c r  t&en at -1  hr ,  - 3  h r r ,  and -4-1/2 hrr paw0 totrf blood UZz4 Valu.# 
'2 12 

0; 3.fZX , -0.4*. and 0.9%. of the ingested activity, rerpcct ively.  ~ o r r c r p o n d i n g  Pb 
v d u e r  were  0.4%. .I 1.4%, and -1.6%. At -18 h r r  d t e r  admini r t ra t fon ,  tho P b Z l z  aCtfra*y 
in  the bl-d war  -7.P. of the lnEertcd done, whlle the Rri+24 activity W ~ I  5 0.5%. The fi  
value of *7** a r rumer  that the  P b  i n  the blood war decayl iq  with tho h d f - p e r i o d  of t he  P a r e n t  

Th l r  I #  thur minimum P b  v d u e ,  and would requlro that e r ren t ia l ly  all the  I n  (except  
the r m d l  f rac t ion  p r t r u m a b l y  e x h d e d )  war decaying In the blood. Since the Razz' I n t r a v e n o u  
Study lndlcated a v e r y  rapid c learance  of Ra f r o m  the blood, the T n  producod In t i r r u e  would 

requlre ready a c c e r r  to the  blood. The likelihood 10 that r o m e  rignificant f rac t ion  of the  Tn 
i r  decaying in the blood. 

212 

The complicating fac tor8  of porr ible  d i f f e ren t id  uptake of P b  and Ra, and lack of p r e -  
tire knowledge of the  t ime  of uptake, m&s interpretat ion of the Pb blood va lue#  am a n  Indica- 
t o r  of Ra uptake romcwhat unbipuour .  

the  P b Z I Z  value war not yet a t  a maximum, indicater that Ra uptake bared rolely on blood 
data  probably g rea t ly  exceeded 1': , when the rapid c learance  of Xa 11 conridered.  

F igu re  38 rhOu.8 cumulative RaZz4 excret ion cu rve r .  The dog war harne r red  and 
ca the te r ized  In the  manner  previourly dercr ibed  and urine and fecer  r u n p l e r  w e r e  col lected 

for  5 dayr  af ter  adminia t ra t ion .  
a total of -227 of the  injected actlvity at 4 dbyr  d t e r  injection. The :otd of 7.67 of in -  

gested dore exc re t ed  via the ur ine in the o ra l  experiment  at - 4  dayr a f te r  adminir t ra t ion 
might,  t he re fo re ,  extrapolate  t o  M uptrko of 35q. (7.6*,/0.22) of ingeated dooo. 

The "true" retent ion of -9r. indicated by the SXB re ru l t  at 5 dry0 af te r  admlnlr t ra t ion,  

pluo t he  7.65 m e a r u r e d  in  the  ur ine,  give a minimum u p t J e  of -17% , without con rider in^ 
the amount  of endogenour R a Z Z 4  In the fecor. Dog No. 1 had oxcretod -37% of tha total 
excre ted  act lvl ty  In the in t r rvenour  atudy vla the fccer by the 4th day af te r  Injoction. f h u r ,  
on. might e r t l m a t e  that the t o t d  activity oxcroted i n  the o r d  experlment  via endogenour 
f o c d  oxcretIon plum u l n a  excre t ion  war 12% (7.6*,/0.63) , 4 doyr a f te r  adminir t ra t ion of tho 

pi l l .  T h e  uptake would then appear  to be  21% ( l z s t  9%).  
In the  lnjection experiment ,  3 5 7  of the injocted activlty war excreted In the f i r r t  4 port-  

injection day#,  w h e r e a r  the  above method of calculating uptaho yicldr a 4 d r y  excre t ion  vduo 
of 5 7 q  (12*,/21*,). The retenrion 12 d.yr  after injection war -4O.C I n  the  intravenour 8tUdy. 

An SXB m e a r u r e m e n t  13 dayr  after ingemtion i n  tho oral rtudy gave a value of 8*- of tho ln-  
ger tod do re ,  which would c d c u l a t o  to  a LO*. (87/0.4) uptako. 

Nna l ly ,  uptake e a t h a t e r  can range f r o m  1 4 s  (9.: by SBX/0.65), ba red  on 4&y 
r r r u m e d  total excra t lon  of 3 5 1 ,  t o  35r.  (7.6*,1n urlne/O.LZ) bared  on a 44.y  ur lne a e t l d t y  

of 22% 

However, the  4-1/2 h r  R a Z Z 4  blood value of -1". of the inser ted doro ,  a t  a time whon 

. 

In the intravenour  rtudy, dog No. 1 excreted in the urino 

A ber t  er t lmate  of -20' rccmr indicbted by t h .  d.U. 

l O b b 2 2 5  



! 

I 

9 . 
I 

! 

' *  
! 

0 
W 
t 

l A  
0 
c- z 
W 
V 

I 

\ 

0.02% - 
I 

/: d 

224 
4 CU:.:UL&TIV€ Ro 1 

I N  FECES - 

F CUId UL AT I V E 
IN LiRlNE 

TlhfE AFTER ADidINISTRATION (DAYS) 

FIG 38. DOG *I -GUS - 4  - 

EXCRETION OF RaZ4 AFTER WAL AD(;'I:t~STRAflCN 
OF K3CK DIAL PAINT CONTAINING 1 4 . 8 ~ ~  Ro 

224 
\ I \ 

f O b b 2 2 b  1 L 

D O E I H  



119 

4 .  A!rtcr i :  I C  r.nd hfctb..cc!r fo r  Humr.n Intrnvenour Studlor --- -- 
a. Source rnd  relect ion of rubJec t r .  

hfoit of the rubjcctr  u rcd  In t h c r r  r tudler  were  obtrtned through Thc  Ago Cento r  Of 

w w  F~~:~zx! ,  Foeton ,  h!rtr., u-ith the  a r r l r t ~ n c e  of the Executive Director, Mr. Hugh Cabot* 
A f e w  u e r e  rc t l red  M . I . T .  employ8er .  

SubJcctr  u e r c  rc lected on the b a r l r  of thc l r  abll l ty t o  meet  the  folloulnp c r l t e r l a :  

1. A:! must  be u n b d a t o r y .  
2. 

3 .  
4. 

NQne n l ir t  b v c  had any operct lon withln the precedlng 6 mor. 
None m u r t  have h;d any bone f r a c t u r e  witNn the preccdlnp Z yra.  
None m u r t  be t h l n g  rr.y androgenlc  o r  c r t rogcnic  r t c r o l d  rubr tanccr  (0.8.. 

for  rymptomr  of nlenopaurc,  or p r o r t a t e  mallgnancy, cancor).  
5 ,  All rhould have n o r m d  va lur r  of 

a .  alkal!nc phorphatar r  d. BUN 
b. r e r u m  ca lc ium a .  urinalyr i r  
c .  r e r u m  phosphate  I. hemogram 

6 ,  

7.  

8 .  

9. None muat  h a v e  kncu-n: 

Konc mur t  be taktng unurual amountr  of vftamfnr,  i n  par t icu lar  Vl tunln  D. 
None mur t  h r v t  ar.y k n o u n  d t r a a r e  of the parathyroid gland#. 

None mur t  h a v e  i c y  knoun r l c k c t r  ( rena l  o r  id8nt110). 

a.  
b. Idlopathlc o r t r o p o r r r l r  
c.  md lgnancy  u l t h  bony metar taror  
d .  r r r c o l d o r l r  
e .  collagen d l r e a r o  
1.  d i r c r r c  cf a c y  a d t s m l n o r l r  
g .  cndocrlnc d t r e a r r  
h. P r g c t ' r  d l r c a r r  
1. gar t ro - in t c r t l nd  d l r e a r e  of abrorpt ion (e.g., r p r u r  o r  celiac dlrearo) 
j .  o r t r o m d r c i r  
h .  a c r o m e g d y  
1. 

chronlc  rer.;l d l r e a r e  (Includlnp renal I l t h l a r l ~ )  

a n h r l t l r  - with or wlthout bony changer.  

10. Accrptablr  bono x- rhyr  u l ih ln  tho  part yoar. 
11. A l l  wluntrrrr r h o d d  havo normal  dlct  ( ¶ , e . ,  have no u n u r u d  food fadr). 
12. All w l u n t r r r r  r h o d d  bo having n o r m d  bow01 movrmcn t r  (1.0.. 1 0 1  2 p a r  day). 
13. Voluntrerr a h o d d  not r o q d r o  tho  conrtant  uro of l u a t i v 8 r  o r  focal  roftonara.  

b. Eramlnat lon  of rubJects.  

t a c h  rubjcct had I complete  phyrlc.1 examination. Cllnlcal l abora tory  r tud ler  Included 

complete  blood count, u r lna lyr l r ,  r e r u m  cdclum, phorphorur ,  d k a l l n c  phorph8 t~a0 ,  
blllrubln, cephrl ln  ~ l o c c u l a t l o ~  r e r u m  r lcc t rophorca l r ,  blood urea  nitrogen, and a fASt lq  

blood ruga?. 
l o r y  boner,  for t h e  purpsr  I of rxcludlng MY rubJect ulth bony abnormat l t lcs .  Unter r  a11 
the  above c r l t c r l a u e r e  v l N n  norma l  Urnits ,  

In addltlon, all  s u b J c c b  had A s e t  of a c r r e d n g  x- rays  whl th  1nclud:d Ch0 

rubjectr  w e r e  not accepted Into the atudy. , 

j 
! %  

i 
I c 

i 
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e. Horp i td i r a t ion  and mcttbo!lc technlquor.  

T h e  rubjec t r  wcrc hcuscd a t  the Sancta  Maria Hoopltd ,  d j a c e n t  to M.Z.T., dur ing  tb. 
metabol ic  phc re  of the  c rpc r imen t r ,  or a t  the  M.X.T. Xnflrmaq. The dlct  conoir ted of th. 
r c g d s r  horpi t r l  or i d i n n a r y  faro. 

w h e r e  they  changed into pajun:r fo r  i d t l d  1 m e s r u r e m e n t r .  
S u t j e c t r  wcro injected et Lhc kt.1.T. lnflrmary,then brought t o  the R.dfotct i4Cy C e n t e r  

T h e  rubjcc t r  were ln r t ruc tcd  in  the technlque of repara t ing  ur ine  an4 fecco during void- 
LdifviduLf f e c e r  r ample r  were col lected fn  a plastic bag which lined the receptac le  of ing. 

a por t ab le  commode kept in  tho W l r m a r y .  The bag war t r a a r f a r r o d  to a 2-liter polycthylenr  

bot t le ,  
volumo. The c c r e w  cap war then affixed and r e d e d  x l th  p l r r t icene  and f r ic t ion tape to avold 

-10 m l  concentrated H s O j  war added, m d  the bottlo filled with water  to a otandard 

1edC.g.. 
Twenty-four-hour  ur:ne col lect lonr  w e r e  made by having the rubjcct void direct ly  into 

a 2-liter polyethylene k 
him when he re turned  to the h o r p i t d .  

volum.. 

.;e which he kept near  hlm while a t  M.I.T. and which he took with 
T h e r e  w e r e  r l r o  filled with water to a r t rnda rd  

S e v o r d  10-ml bloou sample r  u e r e  t rken  f rom each rubJect on the day of injectlon, and 

on. e a c h  day t h e r r d t e r  for reverr] dayr,  urlng p la r t ic  dlrporable  ryr inger .  

- P r e p a r a t l o n  of injection materide.  
R a d i ~ c h o m l r a l  repara t ion  and preparat ion of carrlerJree Th'" f r o m  U238 ala6 

highly onr ichcd  l n  Th'" c a r r i e d  out c r r e n t l d l y  a8 dercr ibed  In the 1963 Proprerr 
Repor t  . A modlflcatlon of  the repara t ion  procedure therein dercr ibed  war n e c e r r a r y  to  
obta ln  the  Mgh a c t i d t i e r  of TbZ3' n e c e r r a r y  for  the o r d  pilot rtudy, and that modlflcatlon 

i r di r c u r r e d  in  S e c .  8 . 8 .  For thr  1 nJect lon m a t e r i d ,  however. Tb234C1, dr rorbod i n  
the f i n d  atop of the  roparatl on p r o c e r r  f r o m  a r m d l  column of Dowex 1 x 8 ,  100-200 meeh, 
a d  on-oxchango re r ln .  war taken to d r y n e r r  in  a toflon b o d e r  and dilutod with a r ror l lo  

1 ro tonlc  c i t r a t e  rolutlon, pH 3. S. 
chockod by o and 
piront UL" ar.d o t h r r  Th or  U i rotopcr  waa conr i rkn t ly  <lo1'. 

Soparation of c4rrlor-frao Ra22' from Th2u war d r o  ca r r i ed  out o r ron t l r l l y  a8 

d e r c d  bed In 1h0 1963 Report. RaLL4 (NO,),, olutod from a column of Dower I x 0, BOO-200 
maah, d o n  e x c h u q e  rorln, a8 a f i n d  atop kr ltr roparat ion procerr, W ~ B  convortod (0 . 
Ra Cla  1 n a t r f l on  baakrr and dlluted wlh r to r l l e  lrotonic r 4 I . i ~ .  Tho r ad loch t rn i cd  puri ty  
of t h o  frij8ctlon ro.:.tlon war d e 0  chckod,  a d  contrmlrrrtlon by paroat  Tb2u var conr l r ten t ly  

Both tho t b  md Ra ro:utl ona -re fl l torod th-b a bf i l l lpre  f i l t e r  to  remove b a c t o r k  

1 

Tho rad lochemicd  puri ty  of th r  injection rolutlon war 

rp*ctmmcopy and by half-period moarurement r ,  and contuninat ion by 

< IO-? . 
0 urd mala p r t t i c f c r ,  a u t o c l r n d  in  a r e m  bottle, aad Iert8d for bac ter ia  md pyrogesr  . 

~ 

T h e r e  o p e r a t l o w  are  carried out by I r o r e m ,  I= . ,  Cambridge. MA##. 
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e. Standardl tz t lon of InJcctIon ryr inger .  

Tor both nuclldcr u 1-ml d t q u o t r  were Injected. 

Th rubJcctr,  rrcc lved 
A pilot rubject,done bcforc the o t h e r  Ra rubJec t r ,  recclvcd - 0 . 2 5  pc‘ RaL24, while  the  

--- - 8 224 

A pilot rubjcct,dcne bcforu the  o t h e r  
214 - 1 pc Th2’4, wNle the o the r  rubject ;  rcce lvrd  -2.5 vc  Th . 

* - . * a - . a d i i  f . r r i v c d  - 1  )rc R. . 
Radltzm ryr ingcr  r e r e  r tandardf red  apalnrt  an aged 7 h (  SO,)4 r t rnda rd  uhl lo  f h  

ryr ingcr  were  r tandard l r rd  ar;:lnrt a known wclght of pure  U 0 

Pa ”lm. 
volume of acid contdnlr.& pure  T b  

diaaolved In ac ld  to mlnl- 3 r  
’ mlxe effectr  on the Th‘” r p e c t w n  at 0.77 and 1.01 Mev from the  -2.5 hfev of 

The otan6ar-d r o  made had c r r c n t l d l y  t h .  r m e  rpcc t ra l  rhape am a r l m l l a r  
234 . 

The r e r l d d  actlvlty i n  each ryr inpe r a m  rnearured roon af te r  Injectlcn. andLuff lc lont ly  
t h c r e d t e r  to i n r u r e  that the cqulllbrium rtatur of the  Injected mate.-Ial w a r  vel1 e r t ab l l rhed .  
I n  the care of R A “ ~ .  though ltr b u g h t r r r  sere 10 t ranr len t  equl l ibr lum 4 t h  i t  In tho 
ryr lnge  before  Injection, a g r e a t e r  than equilibrium m o u n t  of Pb remalncd behlnd t r l a t l v ~  
to the  r r r i d u l  L. T M r  p h n o m r n o n  nrccr r i ta tud  correct ing ea r ly  1 countr on the rubjucto 
fo r  the non-cqdl lbr ium condlt-on of the tnjected material. 

f .  H e a a u r r m c n t  t echdquar .  

( 1 )  blocd Specimcnr.  Four  blood r u n p l e r  r e r e  drawn on the day of  injectlon and on. , - 
ramplc  war I d e n  on each ruccerdlnp day. 
t r a n r f e r r e d  f r o m  thr  ryringo ua a Z-drun rtlp-top polyethylene vial f o r  p’counttng in a 

well-type, th!n planttc rcintfflator.  
214 ar - 7 %  fo r  t h .  2.5-Mcv p -   OW^'''^. T& plar t lc  rc lnt i l la tor  ram u e d  to count Th 

blood r u n p l e r  untll a more re r .~ l t !we  rib-# countor  war located . The =Id. 6 coxnter  
had &n ef f ldency  of -30‘ for  tho PA 
rc lnt l l la tor  ( 2 c p m  v r .  30 cpm) . 

01 e a c h  lO-ml blood r r m p l e  taken, 6 ml war 

The counting efflclency for 6 rnl of blood m a r  e r t l m r t o d  

e 

and had a much 1o;er background than the p h # t k  

T& f l r r t  f e r  Th blood rampler uere  proparod l o t  4 d . O  countlng a8 fol lowr: 
6-1 r rmpfe  m a r  t r a m f a r r e d  f r o m  tho  f l l p - ~ o p  +id *9 a 50-1 r tuc lb lo  a d  heatod In 
vacuum 0y.n at SO C f o r  -16 h r r ,  ai 75’C for - J  day.. and f l d l y  a t  100°c f o r  - b  h w .  
Then tt warn a r h d  In a mdfle  f U r M C 0  overnight 

warhod 1- 1 to 
-4th &n tnfrbnd h a p .  T b  phnchmt war  f a r t o m d  tpco b b u r  !or placement In the  Ui&+ 
Count .? ,  h d leh t o  muel 0vwtPrgLI. 

plate ,  urd h a  f lunod.  a 2At procore  u -rod so rb. longthy wrcu\~lll-uo+.n drytrq. 
O t b e t 4 r e ,  the p z p r r r t i o n  ol t b r o  a.mp!er war u & r c r t t d  &ow. 

k c b  

0 

*e . f k  arbad contonti of the t t u c i b l o  .rere 
dh. a 1/4 La. &ep r r r fdo r rc . too1  p t r a ~ b i  4 t h  0.1s HXO, bhd d r h d  

T& rnajor t ty  d d e  T.’” muaplee w m  dr ied  nrr l  dth an tnfrrted 1-p and h 
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Six-nil  Ra2" blood r a m p l e i  ucrc  f irer  ccunted In the thin p lnr t lc  rc in t l f la tor  to  d e t e r -  

m l n e  P b 2 l 2  activity, then m o r e  rencl t ive T n  d c e m m a t i o n  m e a r u r c m e n t r  for  R a L Z 4  ac t ivf ty  
c 'crt  made.  

For 1's deemanat ton,  the follouinp a m p l e  prepara t ion  War required, Tho 6-ml contcnt r  
of the  polycthylcqe viJ were  placed ir.  a 50-ml c ruc ib le  contalnlng 1.0 ml ( 10 mg) Ba carrier. 
T h e  c ruc ib l e  contentr  w e r e  part ia l ly  dr ied by hot plate  u rd  inf ra red  l u n p ,  flamed, thoa 
muff l ed  o v e r d g h t  ln  a 500°C oven. The r e r ~ d t l n g  ash war d l r ro lved ,  with the  help of am 
i r d r a r e d  luny, Ir; 6N HCl.  TUr solution w a s  poured into a deemanat ion tube u rd  brought 
t o  a 50 m l  volume uIt5 crucible  warh ingi ,  urlnp 6s HC1. The rolution war d e e m m a t e d  by 
bubbllng u r t e r - p u m p e d  N2 through the tube at  a rate of 1 Ilter p e r  mln. Thoron dauphterr  
w e r e  col lected on a copper planchct ( I  in. a b . )  coated with r i lver-act ivated ZnS phosphor, 
with 3000 v appl led.  The planchet wan then counted In an a - r c l n t i h t f o n  countor. 

For the Ra and Th intravenour r tud ier ,  control blood r u n p l e r  were  obtained f r o m  
l abora to ry  per ronnel  urd  prepared  i n  the c a m e  m a n n e r  a i  tho "active" r u n p l e r .  S tandardr  
for e a c h  of the  countlng technlquer were  prepared  by adding a known amount of T b  or R. to 
a normal blood a m p l e ,  a d  then proceedlng with t h e  r u n e  method here tofore  dercrfbod.  

( 2 )  Brea th  Thoron.  Breath rarrrp1lr.p war done o n  the Ra2" rubjectr  by the urud 

'.hod u r e d  i n  thin l rbora tory .  
c d  r l r  prr rcr  through a chamber contalnlny a copper  planchet coated with ZnS phorphot  

The planchat IO 

The rubject brea ther  aged a i r  through a face  mark. Ex- 
. 
( u l t h  a p o t e n t l d  of 6000 v 

t hen  counted in  a n  a-rcint i l la t lon counter .  
appl led)  on uhlch Tn daughtcrr  are  collected.  

Seve ra l  runp l inpo  of each rubJec t ' r  b rea th  w e r e  made  on the d r y  of injection, and one 
on mach rucceeding day on uhlch whole-body y m e a r u r t m t n t r  w e r e  dono. C a r e  war than 
to de tec t  and prevent  lerkage around the face mark. Thlr war accompllrhed by comparing 
the  flow rate from the tank of aped air with the flow r a t e  enter ing the rp i rometer .  

no l eakage  w a r  indicated,  the col lector  voltagr wam then appliod. 

t he  l a t e r  m e a r u r c m e n t r ,  when t h e  Ra224 burden W ~ B  q d t o  low due to  p h y r i c d  and blologlcr l  
decay. 

m e a o u r o m e n t r  where  the collection t h o  war of tho order of 5 or 10 m l n  bav. ~n orror d 
f -.lo*?, e v e n  though counting errorr are  & l % .  Tho longer coUectlon t imer  pe rhapr  tomovm 
tho buU of t h i o  error, but m e a r u r e m e n t r  reqdrinl  longer  collection t h e 8  

errorr of the  o r d e r  of &IO%, mo tha t  an error of *IO% for  a l l  brea th  Tn r e rd t r  i r  1ndic.tod. 

When 

Col lec t ion  per iodr  ranged f r c m  5 mln for the f l r r t d a y  m e a r u r e m e n t r ,  to 60 min foot 

A r e t i e r  of rcpl icat lonr  on two of the  rub)ectr  ovor a rhort t h e  I n t c r v d  indicated t b t  

toundng 

(3) Ur ine  and F e c e r .  Urlne a d  fccor r ample r  i n  th. 2- l i ter  polyethylene b o t t b  W O ~ O  --- 
counted with a 4 in .  x 4 In. NaI(T1) c r y r t J  i n  the "~avo",  a om& encloruro  4 t h  6 In. 
thick r t t e l  w r l l r .  The 63- and 91-L.v y '0 of ThZ3' a0 w e l l  bo the 1.01-Mev y d Pa 234x8 

* r e  ured i n  t be  calculation of Th234 activity, wN1e the 240-kev y of ThB m d  the 2 . 6 2 - M e ~  
of ThC" w e r e  ured  In the Razz' uulyair .  

! 
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Por ldoo  

Sturdard  c u r  
1.29 -tar arc 
H8SXB 
U S X D  
TSXB 

h k n y  of thc r amplc r  u 'crc  found t o  bo lockfng whcn recclvcd f r o m  the h o r p l d ,  Which 

crcz tcd  problcmr  of contlrninction of tho cour.ting appcrctur .  Ln addition, thcro w.8 m 
LTpcrrnt U f c r c n t i t l  "pl t t fns  out" of P b  m d  RA onto tho w a r  of tho polyethylene bot t le r ,  
ar war ind lc t ted  by t t c  i d l u r e  of two Ra224 excrot ion r tandardr  to pivo a conrlotent  a c t i d t l  
ra t io  when m c a r u r e d  r e q u c n t i ~ l l y .  Shrklng of the BtUdardr  r e c m c d  to  affect t h l r  ratio 
mar i ed iy .  Kerultr  on tho Razz' f c c r r  r u n p l c r  indlcatrd thet, bc r lde r  tho pocr lb le  "plrtfng" 
effect, the fecal  m r t c r l d  WOI evidcntly not dictrlbutfng I t a  Ra (end P b )  unlformly throughout 
t h e  colution, to c o n f o r m  to the dlr t r fbut lon In tho r t m d a r d r .  Rtpobt  m e r r u r c m c n t r  o w t  
r eve ra l -day  period gave poor  reproducibll l ty in many c a r o r ,  u rd  ao tho Ur2' valuer of tb 
fecer  n e c c r r a r l l y  have la rge  error. .  

carded  during the cour re  of a vigorous h o u r c c l a d n p .  
wi th  t h o  ThZ3' r u n p l e r .  However, the t o t d  a c t l d t y  excre ted  in  f ece r  wbr - 1% of the io -  

j ec tcd  doro,  and therefore tho Th2'I m e a r u r e m e n t r  do not p ro ren t  a problonr. 
R.cUum urine r u n p l c r  dld not r e c m  to have UI e x t r e m e  probfem of reproducfbllity, but 

t h e y  contrlned only a rmdl  f rac t lon  of tho total  excre ted  a c t i d t y .  

P l r n r  t o  r rcount  thoro hTZ4 f ece r  ramplor  undor  
improvad counting conditionr w e r e  aborted when the f ece r  r u n p l e a  w e r e  Lnadvcrtently dlr- % 

S M a r  U f i c u l t l o r  no doubt o c c u r r o d  

( 4 )  C o b d a c  Counting. 
rubjoctr  rhor t ly  l n s r  injcctlon. 

jection, t he  p- 'mary purpore  being an o v d u t l o n  of the m e t e r - a r c  t e c h d q w  by compariron.  
of m c t e r d r c  re ru l t r  with re tsnt lon a r  determlned  f r o m  a rc re t ion  m c a r u r r m r n t r .  

Four  o ther  y m c a r u r e m c n t  methodr  were  employed t o  follow retention: (a) the r tan&rd 

Sturdard  1.25-meter-arc  y m e a r u r e m c n t r  were dono on all 
Thrre wero  repeated at  - 4 8  h r r  and at -96 h r r  d t o r  in- 

c h d r  porit ion,  (b) tho U S X D  pori t ion (SXB porltfon with 8 lo. x 4 ln. cryr td  m d  4th 
~ d y t . - r  c d i b r a t r d  fo r  - 1 k r v / c h M d ) ,  (c )  the H8SXB porl t lon (SXB porlt lon with 8 in. x 
4 in. c r y r t d  u r d  with u r d y r e r  c d l b r r t c  d f o r  10 ka r/c)unnel) urd, (d) tho TQlji)porltlon 
(SXB porlt lon with 4 in .  x 1/4 in .  c r y r t d  and with urdyror c d i b r a t o d  fo r  -1 k o v / c h o l ) .  

Mcarurcrnent of tho rubjcc t r  d t o r  1. V. lnjoction i n  tho varlour SXB porlt ionr c d l b r a t e d  

thore porl t lonr  fo r  u re  in  the o r d  p h r r  of tho But uptJro rtudy. The r u n d a r d  cbdr poll- 
t ion m d  tho 1.254nrtrr-.rc rnothod aro t o c h n l q w r  f o r  datermining wbolo-body burden, 
whoroar the SXB porf t loa l a  darlgned to  m u r u r o  ra tont ion rher  introductlon d Ra or 3% 
lnto tho blood (e. I., r h o r  uptrlro from tho C.I. tract). 

T d l o  27 indicator t h o  onorgy b u d 8  r N c h  -10 w e d  to dr to rmlno  countin8 rao@. 

4 

* R.224 Th234 
2.515 * 2.725 L1.r 
2,515 - 2.725 UOV 
2. $19 - 2.725 L1.v 
219 - &O bt 
175 - 2 0  k.* 

0.805 - 1.105 Mer 
0.899 - 1.105 &for  
0.895 - 1.105 

SO - 116 k w  
44 - 108 ~ O V  
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Figurer  39 rnd 40 rhou  tho S X D  pocitlon. 7 h r  P b  br lckr  w e r e  covered d t h  8 h Y * *  

of 1/16 in. t in  and IO-mil c o p p e r  to abrorb  Pb x-ray@.  A curved rhleld p1ac.d behind th .  
rubject,  conrlrtlng of a Icyer of  (In and copper, can d r o  be  reen in  the picturor .  ?him Wa. 

derigned to cut doun Pb x - r s y r  produced in  thc P b  llnlng of the wall by l a r g e  amoun t  Of 

activity in the gut e f t c r  o r a l  adrnlnlrtratlon. 

5 .  F.ccidti on R a Z Z 4  Injection Studlei  

Table 28 g i \ c i  rome ch r rac t e r i r t i c r  and the radionuclldc dore rcheduler for rub- 
j ec t r  recelving ei ther  R a z z '  or ?tiz3', a8td the route of admlntrtratlon. The coding u y r t e m  
lor t h e  rubJectr  i r  descr ibed bclou the table. 

The R I V  rubjectr  w e r e  followed by the methodr dercribed. Becaure of the l l m l t a t l o n ~  
of each  of the techniquer employed, a r  ue l l  an the rer t r lc t ionr  rerultlng f rom llmftatlon of 

t ime,  not a11 m e a i u r e m t n t i  could be donr a i  often a r  might be wlrhed. Figr .  4 1  through 45 
give the net counting r a t e r  for each R I V  subject, obtained in the vrr lour  countlng conflgura- 
t loni,  and demonatrate  OAe relative counting rfflclencler for each. 

Becru ie  of the unrclirblc fcccr  mc i ru remcn t r ,  the  fccer  excretlon data have not been 
u r t d  in  t h i r  report. 

fccer/urine activity r r t l o  of Razz'. Thlr  value appearr  to bo > 10. The excret ion data 

are g i v e n  i n  Table  2 9 .  

Houcvcr, t t . c y  a r e  rdf lc lent ly  urcful t o  a l l o w  &n crt lmate  of t h  

224. . Figure 4 6  g i v e r  t h c  net counting ra te  In the chair  c o d l g u r a t l ~ n  p e r  pc of retained Ra 
The  la t ter  10 bared  on meter -a rc  r c i u l t r .  hfeter-arc x. earurementr  done within hour. 
after injecffon of LZz4 g a v e  vr lu r r  which r o d l r m  directly (within a few percent) the &mount# 

of bZz4 actually injected 1r.tc each rubjcct. On the ba r l r  of c a r t a b  of the mearurementa ,  
It u a r  determined that iubrequent meter -a rc  mearurement r  probably reflect the r u n e  atten- 
uation coefflcient, and therefore the t rue body retention, even though the dirtr ibutlon of tho 
radionucllder might be rigr.!flcantly changed f rom the 1at day. For  each  indlvidrul the h o t  
obiervat lon r e r v e r  ar the cd ibra t lon  by whrch radlonuclldr retention lr determinod urlng 
the chair  poritlon. 

The lower  h d f  of F i g .  46  rhowr  the average net counting r a t e r  p e r  vc in  mon and womoa 
for the port-injection day, on whlch meter -a rc  mearursment r  woro dono. 
that, a t  the end of the l l r r t  port-lnjrctlon woek, the chrlr-to-metor-arc counting ? A t 0 0  vat .  

ati l l  c h n g i n g ,  probably reflecting redlrtributlon of th t  radlonucl id~.  HOWOW?, tho cdlbrh- 
tion obtained a t  tMr t lme repreren t r  the boat avaflablr cdibra t lon  factor r inco,dtor  t h  lmt 
week,metor-arc mearurement r  are too inrenrlt ivo t o  bo uroful f o r  determining rotalned 
actlvfty. 

F i c u r e  1 7  ( Iver  the net counting rate for tho HBSZD configuration per )re of r r ta lned Ra 

It l r  rocognirod 

224 

f o r  each  of the 5 rubjectr  for the 3 dayr on  which me te r - r r c r  we?. dono. Averago countin8 

r r t r r  f o r  men and woman ( u d  the i r  averago) a re  ohown in the lowor h d f  of the flguro. 
lng tho l r t  week rrdirtr ibutlon 1r taking place, fitd f r  agJn reflected by the changlns v d u o r  
rhown on the graph. 

R I V  FL. 
the C O U ~ O O  of h e r  mra ru remen t r ,  WM ch ma-, )UVO been I factor. 

Dur- 

It l r  probably worth notinl; tho apparently aberrant rerultr I1ve.n by 
Thlr  p a r t f c d a r  rubject r r e m r d  to ba w b I o  to malntaln a conNtrnt porft lon durlna ' 

t O b b 2 3 2  
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Table  2 8 .  C h a r a c t c r i r t i c r  a n d  D o r e  Schcdulcr f o r  GUS Subjcctr 

i R I V M I  
I P.l YM2 

Rl  v M 3  
RI Y M S  

lU V F l  
RI VF2 

R P O M I  
T I V M I  
TI VMZ 
TI V U 3  
TI \'MS 
TI V F Z  
TI VF3 
TPOM 1 

* 

8 2  

71 
76 
63  
71 
7 5  

72 
79 
72 
70 
81  

79 
72 
77  

-7- 
Weight 
h c )  

5R. 9 
65.8 
67. 2 

72.6 

6 6 . 6  
P O .  4 

8 5 .  6 

63. 3 

93.1 
64 .9  
7 8 .  I 
69. 0 

56. 8 

86. 0 

llcifiht 
(in) 

6 5 . 0  
61. 5 

63 .0  

66 .0  
61. 0 
64 .0  

69 .0  
66. 5 

71. 5 
69 .5  
71.0 
64. 5 

5 8 . 5  

67.0 - 
0 

Key for Coding of Subjects and S a m p l e r .  

Amount of r ~ d l o n u c l l d c  
adminis tered (uc) 

PbZ1' 1 Ra 224 I ThZ3' 

0 . 2 2 3  

1.01 
0 . 9 5 .  

1.03 
1.01 
1.00 
2.82 

0.236 
0.93 
0 . 8 8  

0 . 9 5  
0 . 9 2  

0 . 9 1  

2 . 4 5  

1 . 2  

2 . 5 2  

2 . 5 7  

2 . 8 0  

3 .  10 
3 . 0 1  

120.0 

In o r d e r  to rlmplify the identification 

of r u b j c c t r  and r p e c l m e n i  rtuC:ed in t h e r e  cxperimentr  a coding r y r t c r n  uaa devircd. 

Subjectr participatfng In r a d l m  o r  thorlum r tudler  were ldentlfied ir. Ra o r  Th r u b j r r t r .  
Rou1e of admlnlr t ra t ion of the  nvclide W P B  denoted by I\' o r  PO (namely, tntravcnour or by 
mouth ) .  
de r lgna ted  by U, F or B, folloucd by a digit to indlcate uh lch  of a aerier  of r ample r  each 
r p e c h c n  r cp rc rcn tod .  

Sex w a r  denoted by M o r  F. Type of excret lon sample o r  blood ramplc war  

234 Thur, RIWZ l r  the  code f o r  the r t c o n d  m d r  In the group that received R I  . 
L U o d r o ,  TPOF3 would bo f h c  code for tho t u r d  femde in the #roup lnt ravcnourly.  

receiving am oral dorc of Th234 h c o r p o r a t o d  in  mock d i d  p d n t .  

BOTE: 

routinely c o r r e c t e d  to  t h e  of i n j e c t i o n  for tha 3.62-drr 

hal f -per iod  phgslcul becay of Ra224. 

All observed c o u n t l n g  r a t o r  in the RIV r t u d l o s  wore 

A l l  observed count lng r a t e s  in tbs TIV stud108 voro 

r o u t i n e l y  c o r r e c t e d  t o  t h e  of in jec t ion  for tht 24.l-dar 

half-period of Th234. 

T b  n e t  c o u t i n g  r a t e r  appearing in t h e  f l w e a  on tha 

fol lovlng p 4 s r  &re t h e  net counting r a t e s  a f t e r  the rpptoprirh 

I U b b 2 3 4  
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Table  29. Excret ion of Razz'  Folloulnp Intravcnour Injection 

R I  \'M 2 

RI V M 3  

RI V.MS 

R1 V F  1 

R1 V F Z  

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 I 

1 
2 
3 
4 
5 

_ . _ _ _ - -  ..- 

1 - - --. _ _ -  --. 
Daily urine 
e c  r e  tion 

t vel 
0.010 
0 . 0 0 3  
0 . 0 0 2  
0.001 
0.001 

0 .034 
0.004 
0.002 
0.001 
0 .  OCl 

0.024 
0. 014 
0.001 
0 .001  
0 .001  

0.011 
0.004 
Q. 002 
0 . 0 0 2  
0 . 0 0 1  

0.007 
o . ( r o 2  
0 . 0 0 1  
0 .001 
3 . 0 0  1 I 

_.- - -.- ---- 
Daily fete** 
u r  ret  ion 
( PC) 
0. 13 
0 .12  
0 .29  
0 .05  
0 .12  

0 .03  
0 .33  
0.11 
0.01 
0.01 

0.01 
0 . 0 0  
0 .01  

0.02  
-- 

- -  
0 . 4 3  -- -- 
0. 19 

-- 
0.15 
0 .  1R 
0 .12  
0.05 

. _ _ _ _  _ ._  . .- 1 ._.-.-. --- 

c mrj a tivc 

0 .26  
0 . 5 5  
0 . 6 0  
0 .72  

0.06 I 
0 .  39 1 
0.50 
0 . 5 1  
0 . 5 2  

0 . 0 3  
0.04 
0. of. 
0 . 0 5  
0.07 

0.01 
0.44 
0.44 
0 .44  
0.63 

0.01 

0 .46  

Fccc r  valuer  a r c  unreliable but a r c  preren tcd  he re  tu  g i v e  an  indication of the  re lat lvo 
excre t ion  v i r  feccr  and ur ine .  

Thc pcrccirt rc tcnt iun of R a Z Z 4  l r  ahown in Fig. 48. The f l r r t  t h r e e  retent ton v d u e 8  

a r e  ba red  on mete r -a rc  counts.  Subrcqucnt meamurementr were  made  ur lng the c h a i r  
configuration and applying the cal lbral ion fac tor#  derived from the  l a s t  chalr/meter -ate 
m e a r u r c m c n t r  plven in  F l p .  46. A B  rhoun,  the rubjcctr  were follou.cd fo r  2 1  day8 at 

uh lch  time the  percent  of rc talned R a Z L 4  u'aa - 2 0 7  of the ln j ic ted  dore. 224 
F i g u r e r  49 and 50 rhow the  f r a c t i o d  T n  exhalation bared  on t h e  InJccted R. 

ct lvlty and the  retained RaLZ4 activity.  F igure  49 lr of i n t e r e r t  l n  that  It reflect8 both 
. 

d i r e c t  l o r r  of RaZL4 f r o m  the body rend rcdir t r lbut lon of the I t ta tned RaZz4 i t  m0-I 

I O b b 2 3 5  DOEiHQ 
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d e c p c r  into bone. 

t he  r c t i i ned  Razz' har  become buried In bone, r ince  the f r a c t i o n d  T n  being e x h a l e d  ha@ 
r t z r t e d  t n  ]eve! c!! by the 4th port- inject ion day. 

The percent  of t h e  injected R a Z z 4  remaining in  the total  c i rculat ing blood i o  rhown in 

Fi p. 5 1. The total blood volume of each  subject  war es t imated  by . r o w i n g  tha t  I t  r e p r o -  
rcntr 6 q  of the total bcdy weight. 
remaining c 10% u l t h l n  I h r .  al ter  injection. Analyr i r  f o r  Pb212 war d o 0  done, but com- 
ple te  data a r e  not yet avai lable .  
PbZlZ injected war p re ren t  in the total c i rculat ing blood volume 1/2 h r  r l t e r  inject ion.  
Parenthe t ica l ly ,  i t  i r  of in te rea t  that t h e r e  valuer c lorely para l le l  thore  obtained on a r i m l -  

r l g u r e  SO, on the other h tnd ,  reflect. m o r e  d i rec t ly  the  probabi l i ty  lhat 

. 
Clearance  f r o m  the blood r t r e u n  war  rapid,  t h e m  

P r e l i m i n a r y  calculat ionr  indlcr tc  that  about 7 0 q  of the  

la? experiment  on a dog previourly repor ted  1 . 

Figurer  5 2  through 5 6  give the net counting r a t e r  of  each of 5 rubjectr  f o r  the variour 

Excret ion rerul tr  a r e  given in Table  30. 

Cobafac codigkra t ionr  following in t r rvenour  adminis t ra t ion  o€ Th 234 . 
They indlcate that the predominant  route  of 

excre t ion  i r  via  the ur lnc.  It i r  in te rcr t ing  that the women appear  t o  exc re t e  l e r r  Th 234 
via f ccc r  than do  the men,  with a resultant urine/fecer activity ra t io  approximately twico 

that  of the men.  

The percent  retentlon of the ?hz3' i o  given in  Fig. 57 and i r  bared on excre t ion  data .  
Twenty-four-hour ur ine rampler  w e r e  col lected per iodical ly  throughout the  r tudy period, and 

v ere  used to  interpolate  retention valuer after the  lot work. 

Th234. A fa i r ly  pronounced red i r t r ibu t ion  in  the f i r r t  2 or  3 dayr  10 indicated by the chn8r 

In t h e r e  values ,  wNch then remain e r r e n t t d l y  conr tan t  for the r e r t  of the c x p e r l m o n t ~ l  

Figure 58 rhowr the net counting r a t e r  in  the  chair conl igutat ton p e r  )IC of re tained 

porlod. 

F igure  59 giver the counting ra ter  por (rc of re ta ined  ThZ31 i n  the  H8SX8 counting con- 
figuration. Of ext reme ln t e re r t  I 0  the f a c t  that  the 2 women gave a countlnp ra t0  conr ldor -  
ably higher t h n  that of the men.  T h e  r e a r o n  for t h i o  apparent  r e x  d f f f r r e n c ~  18 not o b d o w  
at t he  moment,  but may be re la ted  to t he  re la t ive  r i s e r  of the  men and woman and perhpr  
to  the relatlve excret ion via the f ace r .  T h e  r u n e  r ta tement  appfler t o  Fig.  60, which g i n .  
the counting r a t e r  p e r  )IC of retained ThZ3' f o r  the  L8SXB porlt ion.  

volume. h l r  apparent  that clearurce of Th2" f r o m  blood i o  not ar rapid 
F igure  61 giver  the percent  of Injected Th234 p r e r e n t  i n  the e r t ima ted  t o t d  blood 

224 t h t  f o r  
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FIG. 51. Ro 224 IN ESTIh'lATED TOTAL BLOOD VOLUME 
F 0 L L 0 V.' I N G I N T R AV E N 0 U S A D 1: I N I STRATI ON 
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7. tP------ 1 tahe of Razz' f r o m  Mock Diel Palnt  Adminlr tcrcd Ora l ly .  

. P r e l i m i n a r y  Reru l t r  

SubjccJ RPOMl war given a caprule  of dial  paint containing ' 2 .4s  pc of Rat'' with 
daughter# in t rans ien t  cqui l lbr ium. 
c r ibed  in the 1963 P r o g r e r r  Report. 

The capru le  of paint war prepa red  ca ren t i a l ly  a o  der-  

Uptake of RaZL4 f r o m  the gamtro-intestinal t r ac t  war tentatively c s t lma ted  at 12'; 
' 

.of the  adminiatered dose ,  baaed on the cal ibrat ion data obtained f r o m  the Razz' Inject ion 
at &die r . 

On the 4 t h  day d t e r  ingert ion both cha i r  and HBSXB .mearurement r  gave valuer  O f  

T o i d  ur ine acti \+ty f o r  the f i r r t  4 day, war 5 0 . 3 e .  0; the admin i r t e red  dore. while  
5? for the retained body burden,  indicating l i t t le ,  i f  any. re r idua l  act ivi ty  remaining in  the 
gut. 
tota' fcca l  excret ion amounted to ' 9 9 s  of the d2.e given. The re fo re ,  re ta ined activity (a. 

n.earured  hy . ; i , i r  and HBSXB) and excre ted  activity gave a rum of 
min i r t e red .  

104.1, of the doae a d -  

F igu re  62 ohowr the net counting r a t e r  in  the var iour  C o b d a c  configurationr for  
RPOMI. 
rhowr the thoron activity external  t o  the body a a  calculated f r o m  brea th  rampling m e a r u r e -  
mcnto .  

T g u r e  63 rhowr the activity in the  e r t ima ted  total blaod volume, and Fig.  64 

F u r t h e r  evaluation o! theme uptake parameter r  i r  in p r o c e r r .  

8 .  Uptakc  of ThZ3' f rom htock D i d  Paint  Adminis tered Orally. 
Pre l imina ry  Reiul tr .  

------ 

Subject TPOM I waa given a capru le  of d i d  paint containing 120 )re of ThZ3'. P r e p a r a -  , 

t ion of the caprule  required a modificatlcn i n  the  repara t ion  of ThZz4 f r o m  Uz3' .lag, bccaur8  

the amount of activity that could be obtained ur ing  the procedure  dc rc r ibed  in  Ihc 1963 Progrer8 
Report  war l imited by the capaci ty  of the anion-exchange r e r l n  column. A rapid and conven- 
ient  oolvent extract ion method war developed for repara t ing  Th'" from large unountr of 
01.0. 
fuged to remove  undiroolvcd m a t e r i d  and ex t r ac t ed  r e v e r d  t lmeo with diethyl e ther .  The 
organic  phase,  containing moat of the UZ3', Ir, back-warhed with 4 M HNO, t o  recover m y  

ThZ3' that extracted.  The Tht3', contalned in  the  aqueocr  pha re  wlth a #mal l  amount of 
Uz3', Lo fu r the r  purif ied uring the anfon-exchange r e r i n  procedure .  

Upt.ke of ThZ3' f r o m  the  ~ a r t r o - i n t c r t i r u l  t r a c t  i o  8 r t h a t e d  a t  5 0.03% of the 
a d m i d o t e r e d  dore ,  baaed on the  c d i b r a t i o n  da ta  obtained from the  Th2" injection r tud ler .  
Init id 'v m e a r u r c m e n t r  i n  the  SXB configurat ion rhowed the expected effect0 of r c a t t c r i n ~  

and abrorp t lon  of y rayr f r o m  the activity in  the ~ a r t r o - i n t e r t i n d  t r ac t .  T h e r e  rnearure-  
menta were  not useful h d l c a t o r r  of uptake wvhlle thoro  remained  r l ~ n l l i c a n t  a c t l d t y  in  the. 
G.1. t r ac t .  At 13 dayr  d t e r  admlnl r t ra t ion ,  however ,  when the  cha l r  m e a r u r a m c n t r  indl-  

cr l td  5 0.2 of tho inper ted  d o r e  war p r r r e n t  in the  ~ h o l .  body, the LBSXB countlng r a t e  

In th io  method, the r k g  io  di r ro lved  in  concent ra ted  HNO,. Thio rolution i o  cen t r i -  

J O b b 2 5 3  
DOEIHQ 



1dh 

1 1 I 1 I I I I I T 
1 

100,000 I '  I I 

I0 ,OOO 

8 

b. 

I s 
Q u 

W z 

t O b b 2 5 4  DOEIHQ 



t 

FIG. 63 R Z 2 '  IN ESTIKATED TOTAL BLOOD VOLUtAE - -  FOLLOWING 

I O b b 2 5 5  
DOE/HQ. 



IO I 1  I I I I I I I I I I I I 1 I I 4 

0 I 2 3 4 5 6 7 8 9 1011 1213  1415 
TltLE A n E R  ADttll:ISTRATlON (DAYS) 

FIG €4. Tn ACTIVITY EXTERNAL TO 63DY AFTER ORAL . '  
ADtltIl!ISTRATIOf.l OF Ro 224 , 
SUBJECT RPOI4I  -- 

I O b b 2 5 b  



149 

of ru t  i e c t  'TPOMl war nct rignificon:ly diflcrcnt from hlr countIng rate p r i o r  to odmlnl: , tra-  
tlon of the dial paint. 

Approximately 9 9 1  of the Ingested a c t l v i t y  w a r  excre ted  in  the feccr by the 6th day 
No ar t i \ l ty  w a n  foiind i n  urlnr o r  blood ramplcr withln the error0 Of after a d m l n i r t r o t t ~ n .  

me ar u re mont . 
-3 The Th/Ra uptakr r z t i o  bared on  the pilot studler Ir l e n t ~ t i v e l y  cc t lmatcd  at 22.. 5 X 10 

P l a n s  to comple te  the rrcond pha8c of the gut uptake rtudy a r t  underway. It l a  intended to 

a d m i n l i t c r  P mock dial palnt c a p i u l e  lncorporatlng both Razz' and ThZ3' to 3 m a l e r  and 3 
f emdcr  , ( C .  J. M a l e t r k o r ,  H .  P .  Anderron, A.  C .  Broun, J. F. Byrum,  

S .  D. Clark,  M. M .  Cortc l lo ,  E. D. Mllon, J .  A .  Folay,  
J .  E .  Gary, A .  T. Kcanc, J .  A. Kcl ley ,  M. Lubln, 

H. F. Oaborn,  M.  M. Sharuhan, N. C. Tcl lcr)  
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