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PRE PA C6 

This volumr i s  one of a aeries whirh has been preparedas a record 
of Ihr resrJrrl1 work done under the Manhattan Project rndtlre Atomic 
Enerpy Commission. t h e  nanw Manhattan Project was assigned by 
the Corps nf Ei i~ inccrs ,  W a r  Department, lo I h r  far-flung rcientlflc 
rndcnginerrii\~ activities which b d a s  thcir objerlivrlhc utllirrtlonof 
rtumic cnrrry for military purposes. In t h r  rltainmenl of lh i s  objec- 
tive. thrre wcrc many dcvelopnwnts in scientllic niid technical ficlds 
which a re  of qcnrri l  interest. The National Nuclear Energy Series 
IManliatian Projrcl Technical Section) Is a record of these scientific 
and lcrtiniral contributions. as wrll as of the developments i n  these 
fields ,whirh a r e  be in^ sponsored by the Alomic Energy Commisslon. 

The drrlassilird portion of the National Nuclear Energy Series, 
when complctcd, i s  expected to consist of some 60 volumes. These 
w i l l  bc grouped Into eight divisions, as lollows: 

Divlsioii 1 - Elcrtroma~nctic Separation ProJect 
Division I1 - Caseous Diffusion Project 
Division Ill - Special Separations Prolect 
Division I V  - Plutonium Project 
Division V - Los Alamos Projrct 
Division VI  - Universiiy of Rochrstcr Project 
Division VI1 -- Materials Procurement Project 
Dkvision VI11 - Manhattan Project 

' 

Soon aftrr Ihe close of the war ihe Maiihottan Project vas  able to 
pive 81s attention to t h e  preparation of a complele record of the 
res rar th  work accomplished under Project contracts. Writing pro- 
crams were authorizea at all laboratories, wilh the object of oblaining 
complete coverage of Project res.ults. t a c h  major Installation v a s  
rcquwed 10 designate one of more representatives to make up a 
commiltFe, which U3.q l irst called the Manhattan Pro)ect Editorial 
Advbory Board, and Later, after the sponsorship of the Series was 
assumpd by the Atomic Energy Commission, the Propcl  Editorial 
Advrsory Board. T h i ~  group made plans to coordinate the writinC: 
iwocrarns at all the rnstallatrorn. and acted as an advisory group in 
all  matters affrct inc t h e  Project-wide writing program. Its laat 

lor the Series. 

MI 
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'The MaIvullrn P r o p c l  l r rhn i ca l  Lr r l inn of the NaIional Yurlrar 
t n r r cs  S e r i e s  i s  intrndrd IO k a romprrhrnr i r r  account of ihr mi- 
*ni&lw and trchniral r r h i r v r m w r  ol thr l ln i i rd  Stair= p x r a n i  for 
Ihr drv-lopnirnl of r l o m i r  r n r r t s  11 IS ncl Inirndrd lo bc a Wtrllrd 
*runirnlrrv r r r o r d  of thr makin# of mr invcntions lhal U p y n  Io k 
mrnlionrd in II t h r r r l o r r .  Ihr a i r s  urrd In thr S r r l r r  rhnuld ti 
r rgardrd a s  a trnrral l rmpor r l  Iranir of rrfrrrnrr. rathrr than a *  
ertsblirhinc dalrs of ronrrpiinn of h r n t i o n s .  of their nduribon IO 

p ra r i i r r .  or of orcrabom. 01 f i r s t  u@r. U'hilr a rrrronablc rffort has 
b r r n  madr i o  u r i c n  rrrdiI fair ly i n  Ihr ClhLS wolumrr. t h i s  niag. in 
manv r a w s .  br i i w n  l o  a Croup IdrntJlrd by Ihr name d I l r  I radrr  
rrthrr than IO an Indlvldud who m u  M rciual invrnior. 



, . ., UNIVERSITY OF HOCHESTEl7 PROJECT FOREWORD 

‘ h e  University I# Rochester hlaiihattan Project had LIS Lnce]\tion on 
April 5, 1943, with t h r  nppointnirnl of Dr. Stafford L. Warren: Pro- 
lcssor d R~diolcqy and Chairmnn of l h c  Dcpartnrcnl of Radiology at 
!hc Univrrri lyof Rwlwstrr Srliool nl hlrdictne and Dentistry, as Con- 
.ultanl to  Ihe hlatihatl~n Enginerr District ( l i ter  as Chief of the Mcd-  
tril Srrlion). Uiidcr his puidanrr and direction the focal proJect was 
.+tabtished and I ts  operational policies formulated. On November 2, 
1043. Dr U r r r e n  was commissioned colonel in  ltie Army Medical 
“orys, and the subsequent responsibility lor the Project was assumed ’ 
))y thr prvsenl Director on Novembcr 13. 1943. 

In nrmiy tesprrts Ihc atmosphere a1 Ihe work was In marked con- 
‘tist to the a c x k n i i r  Irccrtoni of a university cnvrronment. The re- 
m r r h  w . 4  frequrnily of applied rather t h u  of lundamental nature, 

:IiouFh thr lntlcr U I S  by no mc;ins Iacklng. In addition l o  physical and 
+iritual iwlation Irom w r  accustomed confreres. we Iound ourselves 
wrounded by a multiiudt. of security. Army, governmental. and war - 
.ianpo*.cr r e p ~ h t i o n s .  but the m3)ority af the personnel made the 
bccessary mcntal adjuztrncnts without undue hardshtp and with corn- 
nriidablc reasonal))enrsz :rnd g w d  grace. Kot Infrequently we found 
nese 3i)wreni handic;lps working to nur n~utual advantage. 

The w p ~ n i z ~ l ~ ~ w ~  crf lhc Projerl U a s  Jikrwse unusual and, to a cef-  
;in exlrnl,  cxpcrimenlal. To accomplish the task i n  the specified 
lnir and III ut i l ize  ellerlively experienced personnel made scarce by 
w ’  . demands of thr w3r, ind iv tduAls  were placed 111 positions 
.hC‘ dr capahtlitie= could proclure maximum benefll lothe Project 
. 1 ‘molc. To lhis end. frn autonomous bui mutually interdependent 

i ivisinn3 uere eec~t~l l shed ,  whoce cuordination u a s  cflected through 
‘ c  Director’s OIiice so that priorilwc on material. manpower, and 
mccntralion 01 effort could be chanrielcd in  the proper direction wlth 

‘ I V  whilltng phases of the various problems. Experiments were dis-  
,*sed and orcanired on a cooprrativc basis through il system of 
PlNmink! ~e.ssions” In s u c h  a manner t h a t  the expert opinion of par- 
ipatinp mcnrbers of specialized divrsrons coulb make major conlri- 

*rtrons to lhe rtruclurr O J  many of Lhr experiments. This procedure 
, 
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olsn etiablcd the divi:;lons of Pathology, Hematology, rnd Statistics to 
coordinale thelr al.livities with other dlvisions SO that they could 
analyze properly thr  mass of experimental data which must, of neces- 
s i t y ,  pass through their respectivc laboratories. 

It would &e mislerding to,aver that this system of research proce- 
dure presented here was without lault and not beset by difficulties. It 
I s  not an r a s y  matter for an investigator to reCOnCIle his Ideas 8nd 
personal aml)ilions with those .of a group for 8 common objective, 
especially when frequently his entire training m d  previous progress 
have bern based upon Individual achievement. Particularly Is th i s  
true when he has not had the privileprof participating in the selection 
of h is  associates. Thr system, houwer, worked surprisingly well 
under somewhat unfavorable circumstances and is worthy of further 
exploration unde r pe ac e 1 i me conditions. 

It is impossible to pay proper tribute to the many Individuals- 
sclrnhfir, technical, and nontechnical -who participated in this en- 
deavor. Neither can one, by reading the follorlng paces, appreciate 
f u l l y  the mrnlal and physical labor that went into the enterprise. 
Approximately two million man-hours were required to produce the 
research from which these volumes a r e  derived. 

T h e  Administrative Office wishes to express its appreciation to the 
Project personnel for their conlidence and loyalty; to the University 
a s  a whole lor its support and cooperation; to the many Rochester 
industries and businesses for the materials supplied and the services 
rendered; lo the A r e a  Enpineer's Office for i ts  aid in facilitating the 
conduct of thc procram; to Dr. Ellice MrDonald,Director of The Bio- 
chemical Research FwndJtion of the Franklin Institute, at Newark, 
Del., for h i s  cooperation In  coordinating the research under his con- 
t ract  with that of Rochester. 

Andrew H. Dowdy, M.D. 
Prolrttnr of b d i o l o r y  Bnd Dlrcctor 
d the Unfvrrslly nf Rocnrstrr Project. 
1943-1947: nor Prolessor d Radlo lqy .  
School d Mrdlclnc, Unlvcrrtly ol Call- 
fornm at U s  A q c l e t  
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I Blolopicar Lncrnrsirv srctlon of the Division 01 ftaa~oactlvlty ln the 

Manhattan Department of the University oI Rochester. The excellent 
cooptation of other sections and divisions, IS well a s  that of all  the 
perrronncl of t h i s  section, i n  collecllng the data and preparing the 
report i s  gratefully rcknowledeed. 

The general problem undertaken was a comparison of the blological 
rffects o f  three elemenis, polonium, plutonium, and radium, which 
had the common properly of radioactive decay wlth emission of 8lphP 
panicles. Since the blological distribution rnd excretion of plutonium 
were k i n g  studied exhaustively in other areas,  the report on the 
work carried out here can be divided rather naturally into three main 
parts. Part I deals with the disirlbution and excretion of polonium; 
Part n discusses the distribuiion and excretlon of radium; and Pari 
111 deals with the comparatjve toxicities of polonium, plutonium, and 
tldJUm. The Manhattan Project reports on these subjects have been 
condensed and cotrelared. and. wherever feasible, pertinent data 
obtained subsequent to the wr i t lng  of the original reports have been 
included i n  the body of the volume. In Part 111, howrver, the dKficultp 
of reanalvzlng each &roup of data In lhe light of subsequent flndingt 
vas too great; therefore the toxicity studies are included essentially 
as they appeared In the original Project .reports. Subsrqucnt data 
obtained In the todcity experiments are  recorded and discussed In 
Appendlx 2 to Chap. 8 .  

The material presented In this volume f s  largely based on the 
L following Manhattan P r o ~ c c t  reports: 

i, 

Prt l tmmar,  ntPOrI gn th* Mr1aboiirrn of Polonium. R o k r l  H. fbnk rnd WIllirm f.  

Procrerr Arporl  on the Utiabolrrm of Poionium. R o k n  H. f i n k .  M-1551. Srp. 21. 
t B 4 4  

PIwrrRr Report on the Metrbnlirm 01 Polonium. nl. Tracer  S u d t t r  in -0 Human 
I w b ~ e c ~ S  Wa:lrtt L Hln lo  rnd  Robm M Fink. M-1570. Nov. 11. 1044 

prOtr*B# Report m the Mrlrbol l im oL Polonium n. f u n h e r  InIravenous and Oral 
L r p r l m c n i r  w l l h  Rata YaI Iacc L Hinio.  Robrri H. Fink. EI~zahcth K .  Yitrunr. rnd 
A l i c e  Trv lor  Gorhrm. H-1659. A p r .  16. 1945 

?olonium U l t r r l u r e  Summar) ol S u d r r i  on the P h y a l o l q l c ~ !  Whrvior of Polonturn. 
Y m u h  f LIIL*rrltin. H . 1 5 I D .  J U G  23. I W 4 .  

kblalron d Volrt l l lxrd Polonlum by h i s  C h r l r r  P. KlrnbrII rnd Robtn H. f i n k .  

a r t e .  ~ - 1 5 2 ~ .  A ~ L  2 .  1 9 4 4  

I 

H . l 8 i l .  Dtr.  20, 1015. 



XI v ''OLUME EDITOR'S PREFACI 

The three clements Investlgaled proved to be very lnieresting ones 
for commrlson studies in lhat lhry differ widely In lheir hall-lives, 
distribution in the body, and rate of excretion. 'These differences 
appear lo be rcflccled I n  their rclalive toxicities. 

The problem of Ioi~g-tern~ human tolerance to a variety of radio- 
active malrrials is one lhat Is likelv to become of lncreasinp impor- 
tance. Even the most exhaustive studies of the  tvpe reportrd here 
may be lnsuffrcient to yield a complelely satisfactory answer l o  that 
problem. Such studies a re  basic and necessary, however, and should 
be well worth u*hile even if they assisl only In  clarifying the general 
prcblcm of the toxicity of radioactive substances. 

Robert M. Flnk 

. 
I 
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Chapter 3 

STUDIES OF POLOh’IUM METABOLISM IN HUMAS SUBJECTS 

It seemed dcslrahle to have some d a h  on the human excretion c 
ploiiiunr alter the administration of known doses in order to obtain 
corrrlatioli wlth the niore extensive data on rats. Inasmuch as It wa 
not poscible to determine accurately the amount of polonium rlrcad 
present in laboratory personnel or to rule out the possibility of sub. 
sequent aecidenbl exposure of persons working with polonium, suc! 
personiiel were not auihble subjects for excretion studies of ai: 
type. Accordingly, the eeneral problem was outlined to a numlnr 01 
hospital patients wi th  no previous or probahle future conhct w1Ui po- 
loniuni. Of the Kroup uho volunteered as subjects, four men urd onc 
wonian u e r e  selected for Lhe excretion studies outlined bclow. 

The proup ranged in 3ge fronr the early thirties to the early forties. 
The poloniunr was adminlztercd Intravenuusly to the f i r s t  four sub- 
jects and orally to the fifth. 

1. INTRAVENOUS STUDIES 

By H. E. Sllberstein, U’. h’. Valetriine, W. L. Minto, 
J. S. Lawrence, and R. M. Fink 

Case  I .  A total of 22.6 microcurie* (0.3 niicrocurie per kilograni 
of b d y  weight) of pilonium chloride was administcrcd lntrauenousl., 
to sulijrct I ,  a male patient k i n c  treated lor Eeneralired I:,mp)lo- 
sarcotiia, The polonium u a s  administered in 10 nrl of sterilized Isr, 
tonic srline solutiotl at  pH 7.6. In order lo deternline as rccuratel) 
as possible the anrount actually administered, a seco;rd lO-m! ramp]. 
of the solution was itnnredi;rlcly drawn inlo’thr syrrnce used for thr 
lnjectiotr and was cxpelled into a3 acid solution at  rpproxi~riately thP 
r a t r  used for the actual lnjccliot~. The acid solutinrl Uas set aside lo. 
suhsequenl radioactivity nreasurenrenl. This duniary-lnjcctlon pro- 
cedure has  k e n  followed routitla*ly and 1.4: quite nccessary i n  huma 
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mdles ,  la vhlch the loss of one-fourth to one-half the-polonfum oc- 
curs brlng the ~ t e r l l f u U o n  d the neutral rolutlon In the autoclave. 
h determlnlng Ule m o u n t s  excreted Ln the dally urlne collecUonr 

the tobl dally volume v a s  measured, 8nd a convenient rllquot (tbout 
S per cent d the total) was U e n ,  acldified CO O.5N H+ with concen- 
trrled hydrochloric acld, and plated dlrectly onto a sflver-foll dirk, 
which vas read In UL Ionlration t h m b e r  or 8Ipha counter. The dally 
ur inuy  cxcretlon of polonium by the flrrt rubject and lhe concentra- 
Uon of polonium per mlllllilcr of urine u e  given In Table 3.1 and 

-. 

- 
Urlnr 

0.115 
0.051 
0.031 
0.014 
0.025 
0.01) 
0.010 
0.024 
0.010 

- 

- 

4.1 
16.1 
¶ 4  .O 
10.4 

35.8 
14.4 

a 0 3  

0.0 0.4 0.8 

r h w n  graphically ln Fig. 3.1. O w h g  to an oversight the use d 8 class 
urinal for these collections vas not rpccllled, LO that i t  18 possible 
that this ambulatory patient used a stainless-steel urlnal and that the 
second, kdr ldden ,  patlent used I m e a  versel. A rubrequent check 
hdka ted  thrt use of the m e a  vessel vould result ln ole lorr of lerr 
tJian one-tenth of the polonlum in the rpc lmen.  

Ptcd q p l e s  were obtaineddally from thlr rubject for reven dry8 
dter injcctlon. E8cb u m p l e  w s  relghed, 8 ruftrble known Volume 
d 3N HCI w u  8ddcd, uid the u m p l e  vas homogenized with aa elec- 
Lrlcrlly drlven g l u s  rt lrrer.  Auquotr d each day'r runple were di- 
gested ud U y r c d  aa d e r c r l k d  in Chap. 1. The btrl dally excretion 
through the feces  and the concentrrtlonr of polonlum thereln a re  given 
k, T8bk 8.1 urd &re rhown gtrphlcally in Plg. 3.2. The concentra- 
tion, d poloaluxn h the blood of thlr flrrt rubject ut 8lrO rhorn b 
Table 3.1. 
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Case 2. A total af 113 mlcrocurles (0.17 rnlcrocurle per kllogram 
d body relght) ad polonlum chlorlde was admlnlstered by intravenous 
injection to the second male subject. Thk patlent had acute lymphtic 
leukemk, which v u  the cause d his death slx days after the lnjec- 
Uon of the materlal. As l n  lhe case of tbe flrst subject, the dose ad- 
mlnlstered was dekrmlncd by means of a dummy injectlon through 
the same needle Immediately dter  the actual injection. 

- 

i 
! JC dally excretion and the concentration d polonlum In the urlne 

are rhora In Table 3.2 and Fig. 3.3. On mlcroscoplc enmlnatlon Lbc 
urine r a n p l e r  showed some red blood cells, and the r m p l e  Wren 
d u r a  the f l rs t  day  In p u t l c u l v  was very dark colored. A t  both the 
red cells md the bile contained very much higher concentrallorn d 
polonium than did the urine, the presence d small mounts d elther 
may wel l  have r a k e d  the urlnt concentration beyond the rrnge for 
normal rubjecb. 

Thls patlent passred very r m d l  amounts d feces, but a rlngle ram- 
ple obtained one day d t t r  the lnjectlon conhlned 6 per cent of the 
theorctlcrl dose per kllogrun of fecal matter, 8 value tlmilar b that 
farad for tbe corresponding u m p h  from the first rubject 

The ContentraUon d polonium h the blood of rubjact 2 l# 8I.o 
h a  h Table 3.2. An a u t o p q  was perlormed and tissue runpler  
were "9 about UI hour .Iter the deatb Os thls patient. The tlrruo 
u m p l e s  were dlgcsted md plated out on rllver fofl, urd ulelr -10- 
8CUVlty -8s miemred according tothe methods d e r c r l k d  in Chap, 1. 
The concentratloru af polonlum found in the warlour -Ne#, m- 
prerred a# percentages of t h e  theoretical dore pcr ktilogrua d t i m e ,  
&re tatulrted io Table 3.3. fhe bllc obhlned from the gall bladder 
r h e d  the highent concentration, bebq more tbu, four Umtr u high 

* 

.- 

I 

c 



Case 2. A btrl of 11.9 mktoeur ie r  (0.17 mlcrocurle per kI1ogr.m 
d body welght) d polonlum chloride vas rdmlnlstered by Intravenous 
hjettloa to the second male subject. Thls patient had acute lymphatic 
Ieukemia, r h l c h  was the cause d his death days after the Injec- 
Uon d the materkt As i n  the case d the first rubject, the dose ad- 
minlstcrtd was determined by means of a dummy hJectlon &rough 
the -e needle irnmedlately after the actual lnjectlon. 

i 
che dally cxcrctton m d  the concentration of polonium Ln the urine 

8re shown in Table 3.2 md Flg. 3.3. On mlcroscoplc examination the 
urine r m p l r r  rhowed some red blood cells, rnd  the sunple W e n  
durlng the f i r s t  day in particular v u  very dark colored. As both the 
r e d  cells and the bUe contalned very much hlgher conccntrrtlons af 
polonlurn than dld the urine, the  presence of small moun t s  af either 
may vel l  have t l l s e d  the urlne Concentration beyond the range for 
normal mbJtcL.. 

Thls patlent passed very sma l l  mounts d feces, but a rlngle nun- 
ple o w e d  one day .Iter the injection contained 8 per cent of the 
tbeoretlcal dose per kllogram of fecal matter, a value ~ L n l l a r  to a t  
found for ole correspodlng  r m p l e  from the f l r r t  rubftct. 

The concentrrtlon d polonlurn in the blood of nubJect 2 la dm 
. h o r n  kr Table 3.2. An autopsy v u  performed and tissue nunpler 
were Wten about m hour after the death af thlr patient The Ussue 
nunplcr were dfjested urd plated out on rilver loll, md their rrdlo- 
utlvl ty  mas mc&ured according tothe methods dercrikd in Chp.  1. 
The tonctntrrtlonr of polonlurn found &I the T ~ ~ O U S  U S N C I ,  ex- 
Orerred LI percentage8 d the thoretical dose per kllogrun d t h u e ,  
are tabulated h T ~ b l o  3.3, Thc blle obtrlned from the p l l  bladder 
b e d  tbt hlghrd concentrrtlon, bdrq more than four Umer u hlgh 

I 
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u the concentratloru In the liver, spleen; and kidney, 70 tlmer the 
concenlration in the blood, and 1,500 m e r  the colrcentration k t& 
urine. 

Table S.4 giver the percentage of the theoreUc8I dore found la mr- 
lout whole organs or tissues of the human 8ubjcct slrt days after in- 
JecUon, u compared wlth the correspondhg average +.lues for five 
rats md I rzbblt sacrlflced 10 days after the Lntrrve33ur hjectbn d 

9 polonium. 

The values shown In Table 3.4 indicate a calculated recovery from 
the  human Usruts of 8bout 60 per cent more polonlum than was or&- 
inally administered T' lnconslstency probably u o s e  princlpdly 
from the fact that adequate sunpllng procedures could not be curled 
out, urd 8 slngle small tissue sample had to be taken as repnrentative 
of 8 whole organ or Usrue. Contunination d the U S S W  . rmpler  bur- 
lng their prepa rabn  for measurement Is another possibility, md tbc 
eneptionally high value obtained for the heart muscle may h r e  been 
due to thb factor. In the ra t  the heart muscle ordInarUy had 8 polo- 
dum concentraUon slmllu b that of skeletal mutcle, provided that 
care was taken to remove excess blood from the heart. Accordingly, 
when I high value was obtained from the sample ol human beart, 8 
wcond a 4 u o t  from the heart digest was plated out and found to give 

- 

i 



8 ?riding 30 per cent higher than the first sample. Thls increase d 
activity after rtrndIng lndlcrted that, desplte the cecm'ingly adequate 
measures for the deconlaminatlon and segregation Of glasrware, tbe 
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.. 

beart dlgest had prohably been stored ln I conhmlnated bottle. Mote 
St?lngeat rneuure~ were instlbted thereafter in order to aroid fur- 
ther occurrences d W sort. In m y  event, lt seemed t h t  hthb 
h r n  study, (n contrlst to the rat urd rabblt experiments, the &to- 
retical dore rh d c h r m h d  by the dummy lnjectlon -8s probably 8 
more accurate meuure of b e  polonlum injected than was the mount . . .  

. .  
.. . .  
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recovered, as ertlmated from eacnta and tissue W&r. For thlr 
reason, and prrtlcularly because the inconsistency between the theo- 
reUca1 dose and the estimated recovery may have k t n  due largely to 
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orrora h a v t q  few Ussues,fhe humm data are ltft h terms d per- 
centages d Lheoretlcrl (dummy) dose wlthout rttemptlng to correct 
for rekntlon or recovery. 
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The rclrtlve concentmtbns of polonlum in the tissues d man, rat, 
and rrbblt'rrpressed on UI approximately comparable basis are shown 
ln Table 1.5. The dab on percentage of thcorctlcal dose per gram 
for aubject 2 have been adjusted for the  factor of body weight by mul- 
Uplylng by %eo of the body welght Lp gruns for comparison with the 

na8w h b J . C t 1  k b  
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* C Q Y e n l r U h a  rdjurrrd for body r r l g h l  La rubjrcl 2 (rrLUre ConcmntrlLLoa per- 
Crntyr d LhorrUcr) dorr p t r  g r u n  % otm-hundrtdth d body reuM ln grams) ud lor 
bdf r e b h l  ud rrt.nUon h 1O-day tntravrnour rrperlmcnb +la r ive  tat1 m d  a rrWll 
(rrLUw e o o e n t n u n  p t c r n w r  d bore per grur, I prcrn-r trtJnd d 
wku h @ M a ) .  

f k t  MI. +rlu U r n  from duct l l t t ~ t l u n  r r p r U a l 1 8 .  
t V u n  We11 probablr Conkamhied k Lboracoti. 

(I 
c 

rat md rrbblt data of Table 1.29, hut, ma stated previously, no tor- 
recUoaa hrro been made for the estlmated recovery or retention flg- 
w a .  n o  tckt lve  concentrrUonr ai polonluni h the various Ussuer 
d ubject 2 (Table 3.5) h general rpree frlrly well vlth the compr- 
table valuer for rlther the rat or tht rrbblt, perhaps rgreelng -me- 
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what more frequently wltb the rabbi t  The human bile, Wet, and 
muscle valuer are  bigher, and the bone-marrow, lymph-node, blood- 
cell, m d  thyroid values are lower than those for  either the rat or tbe 
rabbit. Data on the moun t  of polonium in enure organs and Usrues 
(Table 3.4) show more differences bec8urt they involve the added 
varlatlons due to dlfferences ln cnreUon and tht differing rLer d 
the organs in the three species. 

It is obviously h p o t s l b l e  to m u a t e  accurately the effect d the 
pathological state of the human subject upon the distribution d polo- 
nium i n  h b  body, but some points reem worth mentioning. The por- 
rible effect of the kidney dunage on the values of urlury excretion 
has 8lready been dlscussed. The principal 8Ut0pSy findings were 
numerous petechial hemorrhages, cramming of the spleen and bone 
m u m  with round cells, hyperplash of the young lymphocytes in the 
lymph nodes, and confirmation of the jaundice and anernla noted above. 
I! seems possible that the infiltration od round cells might h o e  l a -  
ered the spleen and bone marrow valuesfrom those found in * mmrl 
subject, although cause and effect might be reversed, m with the by- 
perplask in the lymph nodes. Anemia would be expected to reduce 
the polonium concentration in blood because of the relatively blgh 
concentration ordinarily found in red blood cells. The jaundlce, al- 
though not especklly bateresting to the pathologists in this c u e ,  i s  
perhaps of more interest Ln this tracer experiment on account of the 
very high concentration of polonium found in the bile. During jaundice 
Qe concentration of blle Is reported to be puticularlp high in the 
liver, skin, muscle, and p l a s m  Inasmuch BS ln these tissues the 

'human subject had relative polonium concentrations considertbly 
higher than did the rats, It teems possible that the j+ndice contrib- 
uted in come m e a u r e  to the high d u e s .  

Thus u they stand,the Ussue dah indicate 8 fairlyclose simlluity 
behveen the human, Uu rabbit, and the rat with respect to the dis- 
trlbutlon of polonium admlnisttred intravenously, M d  It seems prob- 
able that a man ln Bood general health would show an even closer 

.. rimikrlty. II, however, the data on subject 2 show an estenthl ly  
normal distribution o! polonium in humans, then that distrlbutlon ls 
quite farorable u compared with that La the rat, for  the hum8n put - 
higher concentrrtion of polonium into 8uch relatively lnscnsltivc Us- 
m e 6  a s  liver, rkh, urd muscle m d  a lower concentration into bone 
marrow, lymph nodes, pancreas, thymus, 8nd thyrold. 

Case 3. brrbject 3, a male patient with chronic myeloid lcukcmla, 
was in)ected intravenously vlth 10 ml of rterl le phyriolqical u l h e ,  
pH 7.4, conbinlng 12.0 microcurles of polonlum chlorlde. The dose 
v u  equivalent to 0.18 microcurie per Ulogrun d body weight. The 
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per liter. The average dally fecal output durlng the f h t  17 day8 w u  
0.71 per cent of the thcoretlcal dose, near17 10 tlmes the urine con- 
tcnf Although the 24-Ju fecal excrctlon values 8hm m u k d  fluclu- 
tiom, the toncentrrtlon ad polonlum in the feces remained at a fairly 

A 

rig. 3 . 4 - U r b q  mmtkn  of pobnlum by rubJect 3 (chronlc m~elolb W e m L )  rlbr 
hhvmour dmlnlrlraUon d 0.1) mlcrocurle d polonhm chloride p r  kLlgrrm d 
b d ~  rrlghL (a) LkUy t00L.l whr. Dot, obrermd U-hr nk; ckclr,  84-hr e&- 
rabd from .bod per-. @I CorontraUoo b ubr. 

t 

constant level-between b and 10 per cent of the theoreUcd dose 
per kilogram for as low 8s 17 days 8fter injection. By 70 days lt had 
droppcd to about one-third the earlier +dues. 

Blood sampling for analysis was begun IS mL; .Iter injection. &- 
cauie of thla patlent's hloh whlte count It v u  posslble b follow the i 

i 



polonlum content not only h plasm8 and red cel ls  but 81so inthe vhite 
blood ce l l s  for more than twoweeks d t e r  thc beginning of the experf- 
m e n t  For thl, rcparatlon the 5-ml blood sample vas pourtd hto a 
codcal  12-ml ctntrlfuge tube u l d  allowed to rtmd untll the red cella 
WUtd to the bottom. Sedimtnbtion v a s  complete after 2% to 3 hr la 

I 

p‘ 

- 
the flrtt  few u’mpler,but later samples required 4 to 5 hr. Tht white 
cel ls ,  topether vlul most of the plasma, vere then carelully plpetted 
ht0 8 recond centrifuge tube, 8nd the two fractions ver t  centrifuged 
for 40 min. Both hem8tocritr were then recorded, and the plasm8 
v u  removed from both tubes and combined for analyrls. The Urn- 
pler Wren Bt 2 8n8 5 hr after lnjecllon were left r tmdIng overnlght 
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before the white cel ls  were drawn off for ctnlrlfughg. Tht 8nalytic.l 
results are glven in Table 3.7 and Fig. 3.6. 

The injecttd matertal disappeared rapidly from the blood Ifre8m. 
On the basis of an astimated total blood volumt of 4 3  Uttrr (7 per. 
cent of the body weight) and the obscrvtd conctntmtioru h blood and 

&j.cUoa Whole blood 
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p l u m r ,  it v a t  calculated that only 2.3 per c t n t  of the thtoretlcal 
dose was present in the whole clrculaUon,and 1.3 per cent ln the cir- 
culating plasma, at ule tnd of 15 m h  The lowest blood value was 
found at 3 hr, but thlr condition v1s  largely 8ccounted for by the drop 
ln pkrmr content to less than 0.3 per cent al the theoretical dose in 
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I 
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tow circulrtlng plasma, 8nd ole red cells rlready rhowed 8 marked 
uptake of polonlum. (See the dlscutslon Ln See. S concerning the kr 
vitro'lncrease of the proportlon af the polonlum in the red blood cell 
fraction.) A portion of the cell uptake observed in the early blood 
ampler  probably bok place in vltro w h l k  these r m p l e s  rbod Ln 
the test tubes for  3 to 18 hr. Tbe pl l smr  eonknt rose by the fourth 

.. 

- -  
day to 8bout 10 times the level at 3 h r  and then gradually fell, so that 
by 70 days it v u  again r h h r  to the 3-hr value. Red cells, with I 
concentration generally two to four t imes that'ol the p h m a ,  con- 
tained rbout 2 per cent of the thtaretlcal dose per liter durlng the 
recond r e e k  after injectlon, but the content decreased to about one- 
tenth of that level 8t 70 days. White cells rhowed a somewhat greater 
u p U c  than red cells IS mon 8s 15 min and 1 h r  after injection. No 
b t a  a r e  a v r W l e  concernlng the i n  r i t r o  uptake of polonium by white 
cells, but such an uptake might vel1 affect the results in the e u l y  
whlte cell sunples. N t e r  the rhth day, when the white-cell content 
reached 3.6 per cent d the theoretical dose per l i ter ,  it decreased to 

rrluc c l o s  lo that of the red cells on the 16th day. 
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- C u e  4. fourth subject for intravenous rdmlnjstratbn war 8 
fernrlc paUmt receivlng palliative radiotherapy for thronlc myelold 
leukernla &e vas given an lntravenour injcctlon of 8.6 microcuries 

d polonlum chlorldc (0.18 mlcraeurlt per U l log t~ )  h 10 ml a( rtcr- 
Uc physlologlcal ralhe Rdjustcd to pH 7.0. No fecal collcctloru were 
mrde h thb c u e ,  but the orhe urd blood v e r t  followed for 13 days 
d k r  1n)ecUon. The data are glven in Table 3.11 and FIgs. 3.7 and 3.8. 

The Lnrnedlatc u r h q  output, that la to ray, durlq  the llrrt 100 
m h ,  was rrhUvely hlgh (0.3 per cent ad the theoretied dose per 
Ukr)  h e o m p u h a  vlth subJtct 3, yet the bt.l flrrt 24-hr rsretlon 

. .  
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vas lower thn h the previous cases. The daily excretion rhowed 8 
v e q  gradual decrease durIng the aext 12 days, with an average daily 
value d 0.05 per cent d the theoretlcal dose. Concentrations re- 
mained lalrly constant at a level rbout one-tenth of Uut found h the 
first runplc. 

The lost from the blood stream was not quite M rapid 8s in rub 
ject 3. An estimated 5.2 per cent of the theoretkrl  dose v88 in the 
(oh1 circuLUon 25 mln dter injection. The lowest observed blood 
r r lue  was a t  23 hr, vhen the total blood content was about 3.4 per 

, cent and lhe tobl plasma content vas about 1.8 per cent of the theo- 
reUcaJ dose. The concentration in both cells and plasma rose 8p.h 
(in cells more Lhan in plasma), so that the highest whole-blood value, 
2.3 per cent af the theoretical dose per liter, was seen at four md 
five days. Separate red and white cell analyses, performed on two 
occasions, t h w e d  a hlghcr concentration in whlte cells. A t  23 hr 1.1 
pcr cent of the theorctlcrl dose per Iller was i n  red cells and 1.5 per 
cent in white cells; at four days red cells contained 2.7 per cent, and 
white cells 4.1 pcr cent. The  table and figures show the calculated 
comblned cell values for these periods ln order to bc conslstent with 
other data on tobl cells. 

' 

3. COMPARISON OF lNTRAVfNOUS STLJDIES 

By H. E. Sllberstein, W. N. Valentlnc, W. L. M h b ,  
J. 6. Lwrence ,  urd R. M. FInk 

( 

The comblncd dab on the u r h r y  and fecal excretion of polonlum 
by the four human subjects, as compared w i t h  the average data from 
our intravenous experiments with rats,are glven in Table 3.8. Human 
urinary excreUcm appears very slrnllrr to the rat's m d  much lower 
than t)ut found Ln our single rabbit experiment. The average human 
values shown are somewhat hlghcr t Jm the  rat  values during the f i rs t  
lour d a y s , h t  the duference is contributed by the moribund, jaundlced 
subject 2 and rubject 3, who rhovcd tome clinical evidence d 
r e d  malfunc;?ion. Evidence Is found,rt least in &he case d subject I, 
ad a romcwhat more rapld decrease h the human u r h q  rrcreUon 
n t e  than w u  found for the tats. The rcrnty data 01 human fecal ex- 
cretion fall klor the average mt data for the first week, rhorirq 8 
more prolonged lag In reaching the mudmum daily rate. Yet they 8ro 
generally wiLhin the rmge of remits obtained i n  the Ldivldurl n t  
expcrlmrntr. lo geneml, then, human urd rat..excrctlon dab, U W e l l  

. 
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u humart, rat, and rabbit tlssue data as dlrcursed undrr case 2, ap- 
pear to be qulte rlmllar in most respects when polodum ht been 
.dmhlrtered intravenously. 
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An apparently real dlfference between man and rat with respect to 
polonlum metabolism k reen in the blood dah (see Table 3.10). The 
conctntratlon of polonlum fell more slowly in the human plasma and 
more rapldly in the human cells and whole blood than was the c u e  in 
thc rat experhank. .. 

a. ORAL ADMINISTRATION 

By H. E. Sllkrrteln, W. N. Valentlne, W. L. &to, 
J, S. Lawrence, and R M. FMt 

Cast 5. Bubject 5, a male patlent bospitalired for x-ray treatment 
a! thronlc myelold leukernla, v u  glven 18.5 microcurlet of polonium 
chlorlde In 2 ml of 0.3N ecld, dlluted In a glassful d tap water just 

- 
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W o r e  dtlnklng. Thb oral dose r;rs equivalent to 0.19 mlcrocarlo 
per LIlogtua d body weight. Shrtlng 1 hr  d t e r  the lngettlon, four 
blood umples of 5 ml each were drawn 8t 2-hr intervals during tbe 
first day. Thereafter the ramples w e n  taken 8t the end of each 24-hr . 

. 
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prlod. The u r h e  u m p l e r  of the first f e w  hourr were rlso kept repa- 
rate for 8aalysls, but Iller the f i r s t  day they were pooled h 24-hr 
cohcuonr. All rtool rpecimtnr reprerented 24-hr collecUons, ax- 
C e P t  on *O occasions when 48-hr rtoolr were passed. After thr 
prllent'r d\scbbge from tbe hosplbl, he continued to bring W c i -  
8mm when he C u n a  ln for  checkups. The data ut r h w n  la Tabler 
8.11 . ad  3.12 m d  h Pigs. 3.9 to 9.11. 

Mount  of the ingested m r t e r k l  wm found lnthe f k r t  urlxu 
rmple, collected a t  2% hr. Although abut 20 per cent al the flrst 
hY'r o t h q  Output YU excreted durlng the f l r r t  7 hr, It L c b u  
from tb -he-concentration figurer that the rxc reum rate lagged 
rntll .om@ *e rlkr 7 hr. On the fourth dry  &e u r h e  content showed 
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a iuddcn tenfold Increase to nearly 0.05 per cent of the theoretical 
&be, UI mount comparable to the early excretions followJng the h- 
travenous admlnistrrtion d simllrr doses. rt not due rlmply b ton- 

4 t 1 t b n  

Ir 
1 

I 
'1 

18 

0.P 

4 
6 
8 
t 
8 

11 

a 

a 

i a  
13 
14 

16 
19 
10 
to 
11 

0 

0 
H 
u 

118 
144 
10 
828 

a2 

W&lr bbod 

0.90 
0.05 
0.11 

036 

0.61 
0.42 
0.19 
o.aa 
0.18 

0.10 . 
0.10 
0.12 
0.11 , 

0.13 

0.11 
0.13 
0.11 . 
0.010 
0.014 

0.075 
0.071 
0.083 
0.026 - 
@&I4 
0.009 
0.01 1 
0.007 

P W  

0.072 
0.054 
0.21 
0.24 
0 .0  

0.85 
0.03 
0.2s 

0.188 

0.99 
0.168 
0.134 
0.121 
0.133 

0.105 
0.145 
0.103 
0.07B 
0.084 

0.057 
0.049 
0.040 

o.ao 

0.071 

0.021 

0.008 
O B 9  
0.010 
OBOB 

msd cell8 

0.054 
0.038 
0.034 
0.033 . . 
0.002 

0.184 

0.150 
0.184 

0.168 
0.146 
0.110 ' 

0.100 
0.111 

0.117 
0.102 
0.11s 
0.084 
0.01s 

0.079 * 

0.089 
0.122 
0.010 
o.Da9 . 
@a18 
0.000 
0.012 

. 0 . m  

o m  

awa 

tunlnrtlon, thls phenomenon might conceivably be related b the re- 
tention of feces durlng the ramt day, potslbly caurN a a o m w h t  
hlghcr abrorptlon rate ln that perlod. Except for the fourth day, the 
dally urine valuer remained fdrly corutrnt for 30 days, fluctuating 
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k h e e n  4.5 urd 7.4 x IOo8 per cent of the theoretical dose, and then 
graduallf decllned to 2 x lo-' per cent at 227 days after the kginnlng 
d ole experhen;  

The f e d  ellmlnatlon of the ingested polonlurn was negligible durlng 
the f k r t  94 hr, but by the end of the third day 76.5 per cent d the 

. theoretical dose had been elimhated by this route. 'his ellmhation 

seven days. Between 11 md 32 days it remalned at  about the level of 
1 per cent d the theoretical dose per kilogram d feces, thenafter  
decterslrig grrdually to a concenbatlon of IO-' per cent per kilogram 
o r  &ut 3 X 10" per cent per day, 227 days after ingestion. h plot- - the dally fecal excretion data In Fig. 3.9 the average of hro con- 
secutive days  vas used, wherever possible, i n  order to equalire tk 
misleading kt tgular i t ies  In defecation. Dally total u r h r y  rxsn- 
tlons a r e  dro shown In Flg. 3.9, and the concentratlons in terms of -- 
percenbges d the theoretlcal dose per kilogran of feces or per llter 
d urine Lte  plotted In Fig. 3.10. 

As shorn in Table 3.12, the polonium had already appeared in the 
od strewn within 1 br after ingestion. The highest observed blood 

J u e  was 0.5 per cent of the theoretkal dose per liter of whole blood 
at 48 hr. No blood sample was obhlned on the thlrd day, when the 
peak concentratlon most likely occurred. After the fourth day thc 
whole-blood content decreased steadlly to about 0.01 per cent of the 
thwretlca! dose per Ilter by the 116th day. The uptake In cells 
approximately one-fifth of that ln the plasma during the fLrrt four 
days. Thereafter plasma u l d  cell concentraUons rtmalned tssenttally 
the -e. This sltuatlon Is in sharp contrast with ra t  hge r tbn  ex- 
periments, h vhich,  a t  10 days, the cell concentration was found to 
be a b u t  100 times that of the plasm& Plasma and cell values are 
r h m  graphically in Fig. 3.11. The broken l h e s  to urd from the 
5(-day Cell r8lue u e  used to lndicate UI obvious questlon concern@ 
the accuracy d thrt partlcular delermlnatlon. At 228 days the blood 
rctlvity was barely detectable, rtglrtcrlng only 0.007 per cent d tbe 
theoretical dose per Mer. 

Any attrmp.)to estimate the absorptlon of polonium from the frstro- 
htesthrl t ru t  on the basis of the data rorllable in this case would 
be h e l y  mjecturd. The valuer for both blood md o r b  are ap- 
Proximately one-tenth al ole  correspondhg valuer found following the 
htrrrenour mdmhlstratlon ol rlmllar doses. This fact indlcatcr tht 
OoSrlbly 10 per cent of Dle thcoretlcal dore may bavt k e n  absorbed. 
The absorbed materh l  may, however, be deposited in ruch o w  Or 

w c b  a chemical form u b allow i t  to be more rerdfly moblllzed 
hb tbe blood rtreun urd exrreted through the kidney8 0I.n rlhr h- 
rtba &me ruch procerr wemr b have Wttn place h tbt nt 

rate then feu ~ h a r p l y  to less thzn 1 per cent of the dose per day by .e 

, 
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lngcstion experiments, ln  which the urinary output and the blood con- 
centration, in relation to the amount found In the body after sacrifice, 
was much hlgher thur in Injected animals. If the human shows a skn- 
Uar tendency, the data for subject 5 would Indicate that considerably 
less than 10 per cent of the ingested polonium had been absorbed. 

II. 

4. RENAL EFFICIENCY W P O t o H N h I  REMOVAL I .  
By R. E. Silberstein . ?  

With a considerable collection of data avallable from these studies, 
i t  seemed that some expression of the effectiveness of the kidneys in 
removing polonium lrom the blood stream would be useful. Aub et  al.' 
have shown, for one human radium-poisoning case, that only about 1 
per cent of the radium present in the blood stream at  any one time 
was excreted per day In the urine, that is, less than 0.01 per cent of 
the amount that passed through the kidney circulation. Similar tstb 
mates on the basis of whole-blood content in our five human subjects, 
LS well as in several rat experiments, gave about the s m e  value for 
polonium removal as for radium. 

Removal of plasma constituents is, however, usually considend 
the better expresslon of kidney effrciency inasmuch os that fraction 
is presumably more available for excretion. Total polonium inthe 
clrcuhting plasma at the end of tach 24-hr period was calculated 
from estlmated indlvidual blood volumes and from hematocrit urd 
polonium conccntration values of each sample. The po1onlu.m in each 
day's urlne was then. expressed in terms of percentage of the total 
polonlum in plasma at the end of the corresponding period. This value 
remained essentially the s m e  in each case throughout the period d 
observation in splte of dally fluctuations. Both subject 4, an intra- 
venous subject with apparently normal kidney function, and subject 5, 
the oral-admlnlstration cast,  excreted on the average 1.5 per Cent of 
their plasma polonlum every 24 hr. The assumption, made by Aub 
et  al., of 100 passages of the blood through the kidneys per day would 
indicate that less than 0.02 per cent was continuously removed, Sub- 
ject 3, - intravenous case with slight evidence of r end  malfunction, 
rhowed I romevhat hlgher average rate of 0.05 per cent contlnuously 
removed from the clrculatlng plasma. 

C&lcukUon of standard clearmces for polonium in these rxperi- 
ments, IS well as from single rets  of blood and urine data on 8 few 
laboratory vorkers who had a s sh l l a t ed  detectable mounts  of polo- 
d u m ,  yielded extremely low values nnging from 0.01 to 0.08 ml ol 
whole blood clerred per mlnute. The rverage concentration of polo- 
d u m  for each of the last three cxperknental rubJects fell close to an 

' 
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over-rl) average of 0.04 ml. Clearance values durlng the first fer 
hours after hjecUon were somewhat blgher than the Individual aver- 
age, whereas in the early perlod after oral admlnlstratlon they were 
lover than the average. A w r y  cursory g l u m  at the literature re- 
veals that these values for polonlum clearance by the kidneys are 
canslderably lower than for some rimllar metals. Arsenic, for ex- 
uaple,  may be cleared 100 to 200 t i m e s  faster, urd selenium r t  least 
50 t imes fu t e r , t han  polonlum. Whether thls Is due to extremely slow 
glomerulu filtratlon or to r high tendency for reabsorption of the 
mate rk l  Lr Lmposslble to ray at present. 

S. RID CELL UPTAKE OF POLONIUM IN VITRO 

By A. T. Gorhun 

A short t v r l x n e n t  to determine the In vitro uphke of polonium by 
red cells v a s  undertaken for several reasons: (1) to ascertain wheth- 
er the relative distribution of polonium behveen the cells and plasma 
in the early samples drawn from human subjects was actually the 
r"ctr1butlon obtalned at the h e  the samples were drawn, o r  whether 

dlstrlbutlon could change whfle the blood samples were king . .Jled in the laboratorp, (2) to determine whether any detectable ln 
t l t ro  dUferences eldsted between rat  and human red cells wlth re- 
spect to thelr in vltro uptake of polonlum slmilar to the apparent dlf- 
ferences noted in the in vlvo eqxrlments ,  and (3) to check llterature 
reports of direct hemolytic actlon d alpha particles.' 

Results obblned with  three human and two ra t  blood samples are 
t h w n  ln Fig. 3.12. The human blood vas drawn, heparinlted, and 
kept under s ter i le  condltlons in pardlined tubes .  The rat blood sun- 
ples consisted of pooled collectlons from three rats, from which 
blood from the femoral veln was allowed to drlp into heparin In par- 
dflned tubes under remisterlle condltfons, Le., after treatment of 
the lnstrurnents And lhe sMn around the incislon wlth 70 per Cent 
alcohol. The polonlum was rdded in I very small volume of neutral 
lrotonlc r a l h c .  The data show that as blood containingpolonlum 8bod 
in the bborat fq  at room temperature for increaslng perlods of t h e ,  
progresclvel). hlgher proportions of the polonlum could be centrl- 
fuged Vith the red cell fractlon; the data also lndlcate OIat the pro- 
porllon h the cell fraction 5ncrelsed more rapldly in rat blood than 

( 

* kr b u r n  blood. 
The ratlo d red cell toncentratlon LO plasma concentrrUon 3n the .  

flrst few b u r r  after Lhe intravenous injection of polonlum ln to  human 
rubjects rose much more rrpldly than  Ln the tests In vltro. Accord- 
h o l y ,  P wemr Improbable that an increase ln the cell concentration 
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in vitro durlng the t h e  between the wdng of Dle blood t m p l e  and 
the flnal separatlon of cells and plasma (generally SO b BO min) had 
M important effect on the results obtahed 

c 1 

Human blood to whlch had been added 0.5 microcurle of polonium 
per milllllter rhowed no hemolysis after standing 24 hr and only a 
rllght hemolysis, r h i l a r  to that shown by 8 control slmple, riter 52 
hr. Such 8 concentratlon of polonlum would be expected In the blood 
only .Iter the intravenous rdmhktrrtion of rbout 1,000 microcuries 
per kilogram. Since 200 mlcrocurles per kilognm was fatal to rats 
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within a reek, 11 may be concluded that the possible dlrect destructlon 
OI red cells by alpha particles 1s of no clinlcrl slgnilkancc In polo- 
d u m  polsonlng. The pooled rat blood samples hemolyzed qulc)rly, 
elther wtth or without the rddltlon oi polonlum, and attempts to detect 
cell dunage due b polonturn were unsuccessful. 
No convlnclng evldenct has yet been obtained as to whether the 

polonlum actually becomes attached to the red blood cells or merely 
goes lnto a colloidal form that can be swept down w i t h  the cells dur- 
lng ccntrifugatlon. The polnt might be settled by an auotradlograph 
d a very dilute blood smear, but prrllmlnary attempts along thls line 
have not been successful. - 

6. ABSORPTION OF POLONIUM THROUGH HUMAN SKM 

ByRhLFLzt 

An experiment was carried out to determine the posslbllity al de- 
lectlng absorption through the skin by a direct measurement of the 
amount of 8cUvlCy remalnhg on the  s k h .  A 0.01 -ml drop of an bo- -- - 
tonic saline solutlon of polonlum chlorlde contalnihg 2,000 counts per 
mlnute was placed on a flnger Up and allowed to dry. The acUVlty 
was measured by clamping the finger in u1 accurately reproduclble 

4ty vas checked by means of a slmilar droplet of solution dried 
O n  a metal rod, which could substltute for the finger in  the c lvnphg 
arrangement. A plastic guard kept the finger from contrcUng m y  
objects except durlng actual melsurement bnmedktely dter the 
drop haddried, the r c U v l t y  on the finger measured Oper cent lcsr 
than the rctlvtty on the metal rod, owing probably to the poorer ge- 
ometry in the ease of the finger. A rather b&py curve of loss of ac- 
Uvlty from the  flnger was obtained, t h e  readlng being down to 81 per 
cent of the o r l g l v l  value in 4 tu, 89 per cent a t  10 tu, 85 per cent at 
15 hr,  84 per cent at 24 hr ,  80 per cent at 30 hr, 80 per cent 8t 48 hr, 
and 70 per cent a t  06 hr. UrJortunateIy, from the rnhute the rcntl- 
t t c d  finger guard v a s  put on, the flnger r b r t e d  to collect dust, dirt, 
llnt, and dried persplratlon, most of which refused to blow off in 
gentle rlr ctreun.  Accordingly,-at the end of the 06-hr test period 
a portlon of the f u r  on the flnger vas removed gently a l th  8 cunel’m 
h f r  brush, ‘&hereupon the activity teadlng rose from 70 to 76 per 
cent of the orlglnal actlvlty. Shce the flnger was rtlll qulte arty, It 
V u  then rlnsed Ln dlsUllcd water, and the activlty rose 8 u  higher, 
going hack to 90 per cent of the orlglnal readlng. Measurement d 
U t  rttlvity In the dltUlled-water rlnse rhowed 11 to eontaln 13.5 Per 
cent Of the l t t l v t  miterla1 orlghlly placed on the h g e r ,  or 3.5 per 

Won in front of a portable ionlzatlon chamber, and the meter Len- . .  
! 
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cent more thvl the difference khween ole orlglnd uld'flnal rradlngs 
ai the finger. The finger was then rinsed in Clorox (sodium hypo- 
chlorite), and the activity dropped b less than I00 counts per minute. 
Unfortunately the sodium hypochlorite interfered with the plating wt 
of plonlum on silver, and the moun t  of solids In the ~ l u U o r \  pre- 
vented the accurate reading of an evaporated tunple,  so that rto check 
of the amount of activity in the second rinse rolutlon was obtained 
except for proof that It contained more than 50 per cent of the orig- 
inal rctlvlty. It was not expected that anything less than coppletr  ab- 
sorption of the actlvity would give readable quantities in the urlne 
unless the urlnary excretlon were superefficient, I S  v u  appuently 
the case in the stomach-tube experiments with rats. Urine counts 
that had been running from 1 to 3 counts per mlnute per 24-hr col- 
lection before the experlment started dropped to 0.3 count per minute 
on the f i rs t  day OS the experiment and were therefore disconUnued. 
At one point during the experlment 8 drop of kerosene w= acciden- 
ta l ly  spllled on the test finger, m d  the 8cUvlty .Iter thc kerosene 
dried measured the same as before. As was expected, the principal 
conclusion from the experinlent is that absorptionof po1o~i-x *+--y~ 
the human skin is too slow to be rccurately measurable by methods 
involving the measurement of the amount rernrlnlng on the s k h .  If, . 
~9 seems probable, the method used Is accurate to 2 10 per cent, It 
may be concluded that the polonium chloride present on the hands 
was absorbed at P rate not exceeding 2 per cent per day. 

. 

. 

7. SUMMARY 

The rates of excretion of polonlum by four human subjects, infected 
intravenously with 0.17 to 0.3 mlcrocurle of polonlum per kflogrun of 
body velght, were of the same order d magnitude as those observed 
ln experiments wlth rats. During the f i rs t  week d t e r  injection thelr 
average daily u r h e  content was 0.1 per cent of the theoretical dose. 
In two cases, followed for longer periods, tbls dally average fell b 
a u t  0.06 per cent during the second veek and to 0.03 per cent at 40 
days. On a rlngle obtervaUon the urlne collected on the reventieth 
day after injection contained 0.02 per cent .of the theoretical dose. 
Polonium was h n l n a t e d  in the feces at a level 10 to 20 times u h e r  
than In the urine. Fecal rrulyses on two of the subjects rhoved M 
werage dally output of 1.5 per cent of the theoreUca1 dose during the 
first week. The subject whose early fecal contents had been the low- 
e r  of these two contlnued to excrete amounts fluctuating around 0.8 
per cent of the theoretical dose per day for  mother fro weeks m d  
then dropped to 0.6 per cent a t  40 days m d  0.25 per cent at 70 days. 

.Evidence of the rapld disappearance of injected polonium from the 
blood stream vas found by early mpmplhg in two crses. Wilhln the 

. 
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first hll hour tho avenge  t o k l  clrculatlng polonlum waa tesr thn 
I p r  cent d . t h e  theoretical dose. The whole-blood eoncentrrtloa a ' 
the end ol 24 h r  h the four cases averaged 2 per cent ad the thee- 
n t l c r l  dose per liter. Each case shoved a modcrab rime, mora 
marked h cells tJun h plasma, between'three urd five dayr after ia- 
jcctlon, the average at three days behg 2.7 per cent d the theoretlcrl 
dose per llter d blood The values then fell gradually to h u t  om- . 
hnth d this level a! 70 days. The conccntrallon la cells was generally 
ti0 or three h e r  greater than h plasma, u r d  somewhat greater h 
rMte blood cells thin la red blood cells. The uptako by t e l l r r u  ' 

found to be more rapld in the m a l  body than i n  e x p e r h e a t s  la vitro 'e 

a! mom temperature. 
Following the lngcstlon at polonlum in the one c u e  rbrdlcd, trrcer 

d thc m r t e r k l  appeared rather soon in the blood and urine, but the 
total 8bsorpUon was probably less than  10 per cent of the theoretical 
dose. The flrst blood sample, Wren 1 hr after adrninlstratlon, coo- 
talned 0.06 per cent oi the theoreUcrl dose per Uter. After 48 h r  tb 
vlaole-blood concentration m s  0.5 per cent per llter, urd thlr very 
gradually fell to a barely detecbble mount,  less t h u ~  0.01 per cent 
cd the theoreUcaJ dose per Mer,  225 days later. P h m a  concentra- 
Unn lose more rrpldly h the early perlod, but after the flrst reek 
plasma and cell concentratloni were similar. By the end d the f lrst  
2% hr the urlne coatalned 2 x IO-' per cent of the theoretical dose,. 
but the most raold early excretion rate, 0.006 per cent per Uter, oc- 
curred bur- the latter two-thlrds of the f l rs t  day. Daily u r lnav  
excrctlona were I to 7 x 10" per cent of the theorctlcal dose for SO 
daym after lngestlon and then g r a d d y  fell to 2 X 10-4 per cent a t  230 
days. Fcca! e1lmk;ltion w a s  77 per cent of the theoretlcaldoseby 
the end of three days, averaged 0.26 per cent of the theoretlcll dose 
per day between 10 and 30 days, ud finally fell to 3 x l o J  per cent 
at 230 days. By thls Ume probably lcsr thm 0.6 mlcrocurle remained 
la the M y ,  girlng lo-' microcurie per day in feces and 10'' micro- 
curie per day Lrfurlae. 

A b r l d  experiment to test UW absorptlon ol polonlum through tbo 
hunln skln lndlcahd that i t  w u  absorbed at a rate aot e n e e d h g  
2 per cent od tho bo= per day. 

. 
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