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Data on Individual 'Ex5etbentsi  

-I.!!SZ3T-~.G:>g.~ agziaistratiaa;  Case Ho. 3 . 2 - .  , 
, .  ' . -  . , .  ' 

a 39-yee: o l C  mle' g a t t e n t ;  wi'th'-&onic myeloid 
leukemia, ue%&tg 65e 2 kge., was . i n j ec  ted h travenously Vi th 
10 CC? o f  s t e r i l e  ph;~iiologicr?l saline, p3 7.4, c o n t a i n l a g  
12; 03 zIlC--ocurlcs of poloniun ch lo r ide ,  a t  1 0 : 3 O  A ,  L., 5/22/45. 
Tbcdore *#as e q u i r a l c n t  to 0.182 microcurla per kilo6ram o f  body 
vcight,  
53 mg. 5 p r i o r  to th5 i n j e c t i o n ,  60 a&'$ on'thd 6 t h . b ~ .  in- 
dlcati~g a p s s i b l e  mild d l s  turbancs in':i.eiial . -  function. - .  

%e - x t i e n t  had a m d e r a t e l y  e l eva ted  blood H. P a  N e ,  

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

The excret ion deta from this case are 6bwn in Table la, 

I t  averaged 0.097 
end Figures 1 an6 2, 
cani tan t  f o r  eeveral Cays a f t e r  Injection. 
p c x e n t  o f  thba dose a e r  b y  f o r .  the 'first 18 *dsys, 'and f e l l  t o  
0.0s a t  70 b y %  Thz jmlonlun ap-eared the:.yyine as  eerly 
2 s  one h m r  a f t e r  l a j e c t i m  at a c o n c e n t r a t l o r  a8 high as that 
sten two or thzae b y s  lister, PIVR the epd of t h e . f i r s t  to the 
16th dej. U i I D e  caoc tn t=z t lone  d r i e d  betwda50.04'snd 0.09 
percen t  of t h e  d06t per l i t e r .  
rturLng the f i r s t  1 7  dprs  wa3 0.4 percant of tho, &6e,  n&&rly 
3 a  tisles th5 urine content.  
mT113d f l a c t u z t i o n s ,  t h e  exc re t ion  ret'e in terms o f  petcent 
of the dose ?@i g f a  of fccoe remined,at a f&irJp c o n s t m t  

Lnjsc t ion .  
earl It: valu5s. 

'To01 d.a!Jy Po l a  the u r i n a ' v e s  f e i r l y  

Tbe,&rerage 9.Ily fecal .out?ut 

T h o d ' t h c  24-hour values  ehov 

L C V C l  bctneen 5 826 10 x 1 r 3  f0r'aS lOng'a8 17 day6 p o s h  
By 70 b y e  i t  drocped .'to .abjut .one-third the . . .. . -_ J . '.. _. - , . . . .  .* . . ' :. ,.. .. . A  

. -  . - .. . -. . 4 ' ,.; - .  
B?oad ta~=.plizg f o r  anzlysis irae begun-15 minutes a f t e r  

l n J c c t l o i o  
wcr9 a32e to f o l l o v  the ?ct con tea t  not o n l y ' b  plaeo?a and red  
c e l l a  5u: d s . 3  b the whits blood Cell6 f o r  nore #an two wetka 
a f t e z  bee?m:ng o f  the sx?erfment. Por this se?aratioo, 
t t a  5 c c o  blooC sanple vas p u r e d ' h t o  a 'conical 12 ml. cent- 
rifuge tube a,&d l e t  stand =t i l  the red cells s e t t l e d  to t h s  
tatton, 
f i r t t  few s z q ! l : c ,  but Ititer ones reo-ulred 4 or'5 hours. 
irhltc c e l l a ,  with n o s t  o f  the plarnao were t h e n ' c a r e f u l l y  
;;igeticd h t o  a stcond c e n t r i f u g e  tub8; the two'fractlone c e n t  
rifl-ed f o r  4C siautes; both h e r ! t o c r l t B  -recorded; 'and the 
plan= r e x r a d  fzom bo th  tubes cooblned for-&lysi8. The 
ssa?les taker e t  3 and 5 hours at te?  l n j e c t ? o n ' w e r s  l e f t  stand- 
h g  ovzmight  aafora dr;ving olf the v h i t e  chlls and centr i fuging.  
i t 2  aalyt:c31 rcs;rlta &=e given in  Table lb 'and  Figure 3. 

Secg;;e of this p a t l e n t q s  hlgb vhite h t r a t o c r l t  Y O  

S e i l e u ' . n t h n  w 8 8  cor?-,lete after 23 to 3 hour8 h t h e  
The 

I-. 

- '  . 
?he lq jec ' .ed r a t c r i a l  d i r s p l a a r e d  rapidly f m a  the blood 

otrea€,  
l:ters (75 of th? b o 5  vel+';) and the o b s a n e d  concentrat ions 
i n  blood and plssroa, we find that only 2.3 percen t  o f  the  dose 

On the bas i s  o f  an estimeteh total blood ?olu;lle of  b e g  

' V 2 8  5rzsmt in the  whole c k c u l a t l o n ,  and leJ$ of the dost? 

I 2 2 8 5 b 8  



iil 
blood re.IU ua6 found a t  3 hour3 bslt t h i s  l a  1 U g S l Y  accoMtad f o r  
by t h e  d n 2  in ;laire cont,,znt, to less t k n  0.35 of t h e  dose ln 
tot31 cir,-latiag Oleca, uhila the red ce l l s  s l r e a j s  &wed a 
pa=lr;e3 ustske of 30. A portion of tbc c d 1  ustaka seen in the 
serly %lc&& e q l a s  pm3a51y b o k  ?lace in 71tm while these m p l e s  
s b a d  in  the t e s t  tubas for 3 to 18 b a r e .  
by t h e  fourth &y b about ten t i m e s  the +bur l o r e l ,  and then 
grzdal ly  f e l l  86 tkt by 70 days It uas a&n similar to the 3bour 
value. 
that o f  t h e  ?lama, mntainsd sroaad 2 3 IO-' percent of the do80 

dwreass  ta abut a tenth of t k t  1e7cl at  70 days, Hblte c e l l s  
sbirbd a somewk&t greater u9:akc than rode e?= as  sooa 81 15 m h -  
u t e a  ani 1 hour after  13Jesticn. He b r e  GO daSa on' the b - T i t r 0  
a~+A.c of ?o b? whi te  c o l L ~ ,  but such an q t a L - c  night vel]. a f f e c t  
LC rcsulto in the early v u t b  c e l l  s z q l c s n  After t b  6% day, 
-A.t?2 thz white c e l l  c o n t a t  r=schod 3.6 f l ( r3  percmt of  the dose 
;sr cc., I t  dzcrc.z!oe;l t~ 8 vsiue c lose  t o  U t  o f  ' t o t  cal la  on the 
16th we 

circulating plac;?a, a; the  end of 15 a:auteio The l W d t 9 t  

Tba plasma coateat mse 

Led c d l e ,  with a concmtzation alwa-s two to four tinee 

Fer CCa during the 88CXtd VO& aftor h J E C t I O B ,  m d  then tO 

A a. 
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t h e s e  t k e u  to be  cons1s:mt wl?h t h e  other da*a on t o t a l  ce l l s .  

In anseAw these tuo 1nt:Zvcsous srperlnsntr with the tvo 
' ,  . '. 6 

p z e v i w i l y  recorted ( r q o r t  no. 22l5), we f i n d  erocntLal l7  the same 
r;;.inat;p cxcrotiorr rrstes, I n  terms of t h e  avsrak concantrat ions of  
Po during corree~ondfng exyarlntntal periods,  8 6  tr the R3r8 norpsl 
of  t h o  0 t h ~  sub tez t sa  The total u r i n e  conten t  of who Shoved 
s l i g h t  c1iz;lcnl I n d i c a t i o n s  of renal dysiPactlon, was wmmawhat higher, 
&ugh not as h i& es Fn t n c  morlbund cast !  resorted before. 0 
f e c a l  exc ra t lon  o f  Po was a b o u t  ont ihal f  as faat as 
WACS o f  myeloid l e u k e s k  showsd about a throbfold  lower whole 
blood cctntcnt o f  Po, a t  the tad of 24 hours, tu theother two, 
d h l p g e t d  as lyzphosnrcoca and l,vm$xiitlc leukenfa, fbough their lrter 
blood v d u c o  w?re e s s s n t l d l y  r l n l l a r .  A l s o  the d 3 r r e c a c e o  betblbdz 
c e l l  sad p l a s z a  concv l t r a t i r ; n  Yere no t  quite a e  mrked ar lathe e a r l i e r  
G9sece 

Poth 

0 a 34-7aar o l d  c a l c  -tisat, velghing 96 kgs. , horpitalized 
for : -my t r cz tncs l t  of c h r o r l c  Eyeloid leukernla, vas g f 7 a  1805 
s i c r o c u r i e s  of. pc',oni.a c h l c r i d c  in 2 ce. o f  0.3 E. ac id ,  d i l u t e d  In  
a &iesfld of tw water j u s t  before d r f ~ l n 5 ,  a t  9: 30 8. ). 3/29/45* 
T U 3  O i d  dose vas equ iva len t  to 0.19 microcurie  per ki logrzn o f  body 
ueigh';, 
5 cc. ezch, were drevn a t  tw3-b3~r h t e r v d s  durlag t h e  f i r s t  daya 
'2hz?esfte?, t h e  ~ ~ 7 1 8 s  v e i j  taks at the  a d  :of Mch 24-boU period. 
m.. --e urk2 

m l p s i ? ,  but after t h ~  f i r z t  day were pooled l a  24=hapr co l l ec t ion re  
3-11 e toil a?eclr,zns r q r c s a  t e t  2khour collectlas, except oa two 
0 2 C e a h 2 6  when Q-bur s t o o l s  were passed. After t he  p a t i u t J s  dis -  
c k r g s  f x c  ths h a e r i t z l ,  he ha0 continued to bring 0eEplOE ln when- 
t7cr h3 x r t s  f o r  a c3.cck-u?. 

S:artlad cr.8 b u r  a f t e r  t he  lnges t ioo ,  four blood S.?Eil1e6,, 

uznplsa o f  tha f i i 3 t  few ho-s were a l a  kep t  separete  for 

I c b l l  amact of  t h e  Ingested r n t e r l a l  vas found In the  f i rs t  
w i n e  e s q l ~ ,  co1lsste.l a t  2$ toura, 
t:g';o_ rrrlr--.TT o=ltTrif ~ Z S  c c r s t e d  the f i r s t  7 honrsg i t  i.2 
c l e a r  f m n  the urine c m c e n t r z t i a a  ffguree (Table 3a) that the ex- 
cretion rote legged unti l  a , s c t i 3 s  after '1 how& 
c o n t a t  sko:fed a sur l tca  ten-fold !.ncreese to nea r ly  0.05 percent o f  
t' _. - 

->  L L C U C ,  2.2 2~0).13t cm;.rs%ia t a  tho early e r c r e t l o n r  following in- 
frz;ve&o'ie z ? z ~ i ~ l a t r a : i o n  of e f n l l a r  hoses.  If not slmply due to con- 
t S l = t L o a ,  ",his  alght csncalvnblp 'be r e l a t e d  to the r e t e n t i o n  of f eces  
Curing ths szzc &.=ye possibly causiug a so=euhat higher absorption 
ra te  In t b a t  ger13d. Except f o r  the f o u r t h  day, t he  dally urine 
7:..luss rzzc!.ncxl f i l r l y  c o n s t a n t  for thirty we, f l u c t u a t l n e  between 
i ~ ~ 5  m?. 7*!-! x ? . P J  pcrcent of the  des?,, and theil gradually decl ined 
h 2 x :Gab$ at 227 k y s  a f t e r  the beglnnlng o f  tha experiment, 

A I & O U ~ ~  nea r ly  20$ o f  t h e  f i r s t  

The fou_rtn W ' S  urine 

Tha ic:zl, c l i x b z t t l o n  o f  the ingested palonlum vas neg l lg lb t e  
?.irb,z the f i r s t  24 burs ,  but by t h o  end of t 4  t h i r d  t 4  76.5 per- 
c c r 3  o f  tl\e dDne k d  been e l l m h t e d  by this mute.  m8 e l k l n n t l o n  
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r a t a  *&en i d 1  c t k q l y  to lea8 thsn one psr:ent of the Case gcr &Y 

gradubXy to a a n c e n t r a t i o n  o f  l d ,  o r  about 3 x 10-3 per d ~ ,  
227 me after ingestion, In p l o t t i n g  t he  daily fecal excretion 
data in Figura 6 ,  the averzge of two consecutLvc ba;rn vas ostd vhcra7cr 
poselblc in orde r  to cqua l l ze  the rnlaloadlng frte,3%??ftier fn de- 
fecat ion.  Dally to tal u h a r y  excretioos ar% also show In  FI6;re 
6 ,  ant tho conceatrztfons i n  t a m e  of 2erceat.of .the,,dcss.pePgraE 
o r  pa r  CC. o f  feces and u z h c  are plotted Ln 

A0 &ova la %bla 3bD t h o  Po had alrbedY-a2pcared in tha blood 
s t r w  by the end of oae hour after ingestion. I z ' h e  highest observcd 
blood value vas 5 x l W 4  pgrcmt of t h o  & s o  pa: cco whole blood a t  
48 hours Bo blood ~133~10 was obtainor! O A  t h e  t h i r d  .dss whcn l i ' l s  
quite likely t ha t  the ?e& concea t r a t ion  occurred, 
day, tha  mhole S h o d  c o n t a t  d o c r s e e d  q a t Q  s taa6i ly  to tht Roj@bor- 
hood of 10-5 p e r c a t  o f  tho Bo se per CC. by tho 1 1 6 ~  bjr, 

take La c e l l a  rJaa a$proiinnZoly l/5 of that 
f i r s t : f o u r  d a y s ,  
eseentielly the  sale. 
experlinznnta ln whlc8,at t cn  days, the c e l l  ooncentratlon vas found 
to be in t h e  orde r  of 100 times tbat of the phsm ( r e s o r t  119s. 
1717 & $33). P l a a a  and cell valuoe ars shorn g r a p h i a l p  l a  
Figure 
to Ind lc2 ta  a n  o b v i ~ u o  ques t ion  concerning t he  accurac? of tbzt 
particular detcmlnat lon .  
barely do tec t sb le ,  7 I 10- 6 p e r c a t  b f  t h a  b s e  per CC. 

i n t e s t i n a l  tract, with tho data available in thls'case, l e  largely 
c4xJsctural, 
ten-fold less than #a  correspondhg values found following htn- 
venouo ads l i r i s t r a t lon  0 2  similar & % e a Y  This f a c t  h d k a t 8 9  that 
poeslblr 10 percen t  o f  the Q s e ,  a t  the utnu,It, m y  b v e  bssa a b  
eor%ad, The absorbad mate r i a l  wD howevere ba deposited in such 
organs and in such a chp31ical fora tb-t a l l o r  it ta be aazc rcac?llr 
m b l L i z e d  Lato thb blood n t r w  and excreted thzDugh ths kidnopc 
then h f t a r  i n j ec t ion ,  Sonething like thet s o a s  to h a ~ o  Wsn 
?lace i n  the  rat I n g e s t i o n  exga r inan t s  in uhlch the urLnzr3 ouQ,ut 
&ud the blood mncontl-ztlon, Fa r a l a t i o n  to tho m o u n t  f o u d  in G.\o 
body s f t a r  sacr i f ice ,  vas much higher thta in i n j e c t a d  animals;. Ii 
t a l e  were  the - 8 8  In th19 h w  experfneat, tha data would lnd ica te  
tut considembl7 lass than 10 percent  had been absorbedo 

Betucc:! 11 and 32 days ,  it reairred about  t h e  l o v c l  of 
10- 3 ?orcent  of tht Q e e  per  gram o f  fcce8,'thertgfter decreaabg 

7;4-' -*"  
. -  - .  - .  - - -  _ -  . - : *  

A f t o r  t h e  f o u r t h  

Tho E;- 
the plasna duricg tho 

F n m  thon on ?]-as- and c d l  concantrations r a l n o d  
This i s  in sharp c a n t r s e t - w i t h  rat 1ngssIY:oa 

The brdsan lint30 to and from the S h - d w  c e l l  valuo ar3 used 

3y t h e  228th day tho blood r c t i v l t y  was 

: * . 
Pa? &$tXX?t ta 8Gth?.t3 3bkTtFon Of pOlOniU3 from th3 &Cot=- 

The relues for both blood and urfne are a p p r o x i a a t d y  

,. : . . a . .  _ .  . . -> . . .  - L e t c l  afl1cfct:c;y in y o l o n l u  b i i o w l 8  

h v l n g  8 cons idsrablu  c o l l e c t i o n  o f  data avallaba fmm tkeea 
~ ~ d l e o ,  i t  eaerncd tbit S G C ~  oxpression of t h e  e f f e c t i ~ m e e s  of  
2ha kiCno.ys h raonhg  Po f m n  the blood stroan w u l d  be useful ,  
hzks heit ahot;n, for olle hwzm radium poimning caae, t5at only 
a'mLt on0 p e r c a t  of  the rscilm pzznent Ln tb3 blood s t r w  at erig 
020 ti30 vas c:crefGd par  In the urine; t h a t  is, l e s e  W 
L C L  pe rcen t  of slnet p ~ i a d  tkmugh t!ia k idn37  c i rcu la t ion ,  1 

, -  
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blood content  in o u r  f i v e  
c q e r l n s t s ,  gave about 

Renx,v.al of plaoa m n s t l t u e a t s  1 8 ,  hawever, uauall7 conaidered 
as better e.zpteaetcn of kidney e f f i c l e ~ c ~  s h c e  that fract ion Is 
presussbly mor0 avftllabe for oxcretioa.. 
plaana a t  tha end of each 2khou: p e i l o d  was calculated fron estimated 
h d l v i d u z l  blood voluass, and hmatocrlt  and Po concentmtioa t d u e r  b 

o f  eecb m?lt. 
t e n s  of percent of takl Po in p1am.a at t h e  erd o f  the corros?onding 
perio&, 
throwbut the eriod o f  o3aervotlon0 in s ? l t e  of day to &7 f l u c t  
azi loneo Bo& ( the  lntravencur tab  ect,  reported here, vl th  
$53 2 3 r o  no.zxi1 kiiney furrctlon) exid j ( f i e  oral a b b i a t r a t i o n  
caso) excrofed on th3 average 1-5 percent of t b l r  p l a s m  Po every 
24 howso A S S Q U P ~ &  as Gvsns d id ,  1GO paaaeges of tho blood through 
the kibcps  per day, th i s  s c m r  that lees a n  0.02 parcent y s n  
c o n t l r i u a l y  rao-red. The other lntAavenous case, v i t a  a l ight  renal 
r&functfon# e h o v e ~  a sosewhat hlghsr average rate of 0.05k Eon- 
t inuously rercoved f m a  the  circulating p1am.a. 

C s l C & ’ t h g  stmderd c1mra;lces for Po In thsse e q e r i n s l t s ,  

T o t a l  Po In the C i r C U h t i S &  * 

?he Po in each day's urine was then e q r o s s e d  iii 

T h t a  Talus renalned e s s e n t i a l 1 7  thhs e w e  in each case 

sc! Zrcn e h g l a  s e t 3  of blood ea12 urine bta o s  16 pre9u3ably noma1 
~ d i ~ l ~ . . l . ~ o  ue fFn0 u t r e s e l y  l o w  values rangf froa 0.01 to 0,06 cc. 
o f  w b 1 . 3  blood clesrad ~ 3 r  abateo TLe  aterage Po C, f o r  each of 
&&3 thmb expsricental aubJectc fe l l  c lose  to the overal l  average 
o f  0.04. 
v32c aoimdhat higher t k n  t h e  lrdivi&ual)s arerzge u h l l e  in the 
c z ~ l j r  period ai ter o r a l  acblnlotratian they were l o v e r  than the , 
&rer&g?o Judging by 8 very curwry g l s i ce  at the litorature, t h e m  
raluae f o r  ; ?o lo i lw clearmce 3y t h e  kidneys are considerably lover 
t h a  io? c m a  siRl3.2r cetal:. k s c a 1 ~ , ,  25: ezample, may ’bo cleared 
0 2 0  or tvo h u d r e d  t lnas fas%er, end sc l e i~ lun  zt l a e r t  f i f t y  t i a e s  
f z s t c .  ‘54 Pco Whether this i e  due? tr, ez:ronelp alov g loaeruhr 
Til t a t i o n  or tr, a hieh tezdency fa: reebsoq t lon  o f  the u t e r i s l  
i3 I q o s a i b l e  ta say at  prcsmt. 

C l e a r a c e  7 d G 2 2  d W h g  th? f i r s t  few b u r 8  after i n j e c t i o n  

Co r r ec t ions  f a r  Eadi6ac t i v s  Decs7 

, 

1 2 2 8 5 1 2  
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I. 5 
1.5 

3 73 . 'A 
0 75 
= 51 
a €5 

.25 

.4j 

.6:, . slr 
1.15 
67 
1.50 
1.65 
2 c  12 
1. s3 
2. c6 
2,14 
25 12 
1.93 
2.27 
.' 55 
1.80 
1.77 

1.61; ?? 

0 79 
72 

.63 
1-30 
1.40 

' 1.65 
2.26 
2.06 
30 55 
30 09 
2.17 
2. j0 
2.78 
2-50 
2.10 
l e  37 
2. Lo 
1.85 

raluea lnc luda  
white Call3 
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5 
6 
7 
3 
9 
1: 
12 
13 
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Table  3. 

0 00020 
0 ~ ~ 3 2  
09335 

075 
.20 
.16 

--- 
32.7 
4.7 

1.6 
1.7 

1.5 
1.5 
1.15 
1.41 
1.48 
1.32 
9 33 
1.20 

3 1  
.56 
' 23 

1 7  
.22 
.04 
.01 

:: 6" 
--- 

6.4 
47 

0 4 6  
37 
25 
29 
35 

0 34 
0 28 
.26 
.28 
040 
.26 
.24 
23 
.26 
9 1 7  
26 

0 18 
.11 
03 
.01 . Ul 
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Page 1j 
T.=;ble 3 , contFnueC 

j b. C o x a t r a t i o n  in blooC. 

n Lize a f t z r  oi dose p e r  cc. x 10 i.n 
ingestior. :/hole blood - Plasm - cella 

1 b u r  
3 hour 

7 hour 
26 hour 
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