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Since poople were of iiececsity exposed to GOLB degree to plutonhn crnd shoe 
plutonium is known to be very radiotoxic it YAS obviously desirable to have 
oom nethod of deterninfng idlether or tiot Q given person bad any plutonium in 
hin, It vas equally desirable t o  be able to ostinirte as accuratelyaa possible 
how mcli was deposited i n  any person. Aniwl exporimnts were usod t o  procure 
ai3 nu& data as possible. Sons limap1 studies were needed to see how t0 applg 
the miml data to the huum problens. Hence, two people were selected vhoee 
life expectancy was such that thoy cod13 not bo endaqereil by injections of 
plu~odum, 

A siXty-eight year old vhite nsle m s  adnitted t o  the IUl-lings Hospital fn Uch, 
1945 for surgical tmatnent of a recurrent epitheliom of the buccal D O a r  
Upon adniss ionto  the BiUings H o s p i h l  fn Lkrch, 1945 tilio abnorrral findings on 
pmid exzia6nation were United to the findings i n  tho face and ne&, The 
anterior portion of the mandible and contibww mea of ';Tze sub-nentaltri;an6ls 
~ilormd a Urge infected ulcerating area approximtely seven ContiDetOrs in di- 
anetare The anterior portion of u~ mndible m s  erq,osed i~ tfie depths of the 
lesion,, The marzins of both the buccal mubrae m d  the cutansoua portion8 of 
tile lesion wore raised and llsrd, 
buccal and cutaneous surfaceso 

Bone was exposed iu tlm central  portion of the 

X-ray exadination of the chest revealed Q r:etmbtic lesion in the left upper 
lobe, Tlie laboratory exmirat ions were essentially negative except for a Dild 
hyperchronic anemia, The i h s s m m  and lbim neze negative. Sfuliies of histo- 
logic reactions frori the excised tunor v e p ~  d i a p o s c d  as opidernoid capchm. 
Definitive l o c a l  surgery 118s perfozzed on April ll, 1945 and Apcil 28, 1945, On 
April 26, 1945 at 9:17 AfJ the patient rms given an i n b v e n o u s  injection of 6,50 
l ; icropns of 96 plutonim as t i  citrate salt in 0-9 per cent salt  solubion at a 
pH of 7, The Patient remined in fa* 
cclndition mtIP August, 1945 ghen he coaplaincd of i ~ i n  in the chest, 
dence of extension of tile pdnonary m*tases was founcl. He oxpired on October 

"he autopsy fbdings vel% weight, sb8 pounds (76& kge 1 e 
operative recurrence of the epidernoid carc~llona of Uie riouth waS found. 
vas extensive carciaomtous invasion of t he  structures of Use sutrnental and s u b  
mxLUary .triangles, B i l a t e r a l  pulnonary ~0.9;astmes vex% prssent. Associated 
findings of vascular thronboses, cavitation aid abscess fornation -re noted, 
There vas an acute bromi~opmuaonic process in the lmer lobe of the lef't lunge 
HQ abnormlity tvss noted on gross exaninntion of the Is61p1c3ysc Liicroscopfc ex- 
&nation revmled *a ni ld  focal iiitemtitial, n e p h i l i s ,  p r o W ~ l y  a pyelonephritis, 
as "&e arteries are only noderately sclerotic, Pmach,ymaLoua degonemtion of the 
tubules is fairly marked and a fev hyalr"ula and calcif ied casta are seenwo 

The v o l u r i ~  c& the injection -8 8,05 cc, 
%my evi- 

39 1945, 

&X?nSiV8 PO&- 
There 
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A fifty-five year old w h i t e  faurtle was adrsitted to tihe B i l l h g s  Hospital In 
Decenber, 1945 for diasnosis and t r a h e n t .  S i x  n0utb.s prerviouclly (Jun~, 19451, 
she Id noted generalized lyqhadempat4ye Tvo nontb  bter ( A u g g t ,  1945) 
pain, aggravated on motion, developed in the tsunlc. 
%spital  in December, 2945 urn essential physical findings w e m  the presence of 
bilateral non-tender, mderately enlarged l p p h  nodes in tile cervica1, axillary, 
and inEfuinnl regions and generalized tenderness to pmssure over t h  ribs. 
exmination of the chest, pelvis, skull, ad spine revenlod  any smU, rounded 
areas of det~0aSed density scat tereu throughout the borne sxru+:'tned, 
partial mulapso and wedgiw of th.3 last thoracic3 aid  first and second lunbar 
vertebrae with som associated calcification nas noted, 

On rdtiission to the Billinginas 

X-ray 

In addition, 

fiEcboratory exaninations were essenthUy negative except for a nodesate hyper- 
chronic ane- and leukocgtosis, 
scctions of the tunor excised f'ron the slruu and left a d l b  reveiled camboa- 
tous tissue, 

i7a~sen.m anii - uere negatiwe, ~t& of 

It m8s felt t h a t  the carcinom prokbQ or ig imted  in the left breast, 

The patient's general condition was poor at tho Lirie of adnLssion crr?d deteriorated 
steadily LFiroughout the period of hospitalszaeon. 
9&91 nicrogmm of 4 p l u h d n  citrate were injected htmvanously, 
contained in 4 4  cc of an isotonic saline solution 0,Ol IB q3i citrate at pH 6,5* 
The clsnical course was not visibly altered following tlie injsctfon, 
expired on January 13, L34!j0 

On Docowber  27, 1945 a t  9 : a  AGI, 
The 881% wa~ 

"he patient 

Histologically, t he  bone m w  i n  all phces slmaineci was alnoat e n t h l y  replaced 
by turnclr. 
convoluted ttrbulos f i l l e d  with hynune casts, 
den- of degeneration and repair. 
mrtm sectiom shows no emidentdifforenee in the c l~ racb r  of the tmor folbw- 
the injection of plutorztun, 
prosent Tn the biopsy sections, 

!i!he spleen shoved a -ked nyeloid ndxiplash. The kidmy3 showed many 

Conparison of klie biopsy sections rritl.1 t l ~  post 
The tu- epitlielitm shod &- 

"lie ceuS characteristic of lyrrphoblastom are  also 



fn Case I1 because of tho condition of the patient, adequate soparation of the 
wino and fecal specinens was not always POSSiblem As a result adequate f-2 
excretion data could not be obtained. ' 

Herx&ological studies at h q u s n t  intervals in both cases includedt hemo- 
globin in grtns per nl; oryt2wocytes, lf3WzOCyte8, plntelets per c a c  xn; 
reticulocytes in por cent; hucocyte iliff0renti.d.; aedinc3ntation rate c k A % w q y s t  i ;  
a.nd henatocrit reading, 
S&uar%z using the cephalin flocculation and thgDolturbiaty t e s t s  and bilirubin 

Liver function t e s t s  were perfom& in Case II by S. 

detQrnifitItiOmo 

iJ&.wngf 
of the School of LWhine of the University of Chicago, 
placed in 95 per cent alcohol as experience olsedxwe bad shovn that the usual 
ten per cent fornalin pp.eservative tends to loach phtoniun out of the specinen, 
Insofar as possible the specfnem w0re placed in individual containers, 

The autopsies were perforced by noubers of tlia Pathology Depa&mnt 
l!lm qsechem w e r e  

m o t i o n  of Plutoniun i n  tilio Urinqr 
injection of the plutoniun solution, each specincn of mine rm8 collacted and 
anelyzed separately, Tilo first voidhg was approximtely six hours after the 
injection, Em results of  the analyses are given in, Tables I, 11 and 111 and 
Figme I, 
percent of the plutoniu;;, excreted in the t h h - d  t h o u g h  tfio tPaeLfth specimena 
though the unit concentration uf plutoniun ;in tho urine varies videlye After 
forty-eight hours, the specirJBns voided in each 12 horn period wore pooled far 
oix days, followed by pooling of z p e c h u s  for each twenty-four hour p a r i d  for 
tlie d u r a t i m  of the emrirmnt. 
The tuen%y-four urine aolmes rang& fson 1500 Lll to 3600 nl, There F J ~ S  little 
correlation b e t w e e n  urinary volune ad quantity of plutoaitm excreted. 

For f o r t y e i g h t  hours follor(rinl: intremnous 

It is interesting to note t h a t  them is V Q ~ Y  little difference i n  the 

"lie results a m  @veri in Tablea I11 ad N, 

urinary excretion of plut0dt.m in the first 24 hour period is VLX nearly 
50 per cent of the % o h 1  excroLed the wino thro@ou% %he entire peFiOd Of 
observation, and is 36 per cent of the t o t a l  excreted b botil urim and fece& 
The rapidibj with rdilicii the rate of excretion dininislam is m-hblem I ' J i th in  
2P, hours, fib excretim level hail fa l l sn  to nppFoXimh1y on0-hUndredth of that 
noted during tho first six hours e 
had fallen to approxkrately 0,004 tines tlm initial rat>, 

'dn approxina%ely veeks tlm excretian rate 
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DAYS AFTER INJECTION 

Ffgurc a: 
Urinary excretion of plutonium i n  a sixty-eight year old white male following the 
injection of 6.50 micrvgrams of p1utoniw;l citrate. 
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Figure I1 

Excretion of plutonium in the feces of a sixty-eight year old w h i t e  male fell-g 
intravenous injection of 6.50 micrograms of plutonium citrate. 
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Total, e m t i o n  of plutoniun for 138 clays is esthnted as 8,18 parcent o f  the 
b~jected dose, The u r b i r y  excretion is esticlnted 88 5@24 percent of the b- 
jected dose, the fecal e m t i o n  86: 2.90 percent of the injected dome 
average excretion figures m crultiplied by the appropriate factor in arrivfng 
at tihe above estimtea, since avefpaee figures only are given throughout lilllch 
of the period of study, 

The 

C u n i C a  1 Studies of PerluhemL BlopJ. No C ~ I ~ Q S  vme observed in the hens- 
tological constituents of tlu peripheral blood nlaicli could bo attributed to the 
action of the isotope adrLnisterod, k e  data a m  recorded in Bble VI and in 
Figures 111, IY and V. 
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Figure IIX 

Total  white blood cell ,  polymorphonuclear ce l l ,  and lymph c e l l  counts per cubic 
millimeter, i n  Case I. 
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Figure IV 

Hematocrit reading, red blood c e l l  count, hemoglobin determination i n  Case I. 
in j ec t ion  was given on April 26, 1945. 

The 



Figure V 

Platelet and reticulocyte counts i n  Case I. 



P- e The patient died 155 dap attsr the injection of plutonium. 
The analytical d a y i e  recorded iD Table VII, I"ae specfnsn of mzTow and SpicUkM 
showed the greatest activity per gran of tissuec 
of liver was nearly as great, The aotivity of the cortex of the rib was cme-tenth 
that of the bone mrrmc Uo activity could be detected in thc sanple of bile aai- 
lyzed. 
post nor tw  mterial by H. Liscocp He found no changes uh€& he felt could be 
attributed t o  tile action of the plutoniun, 

The plutodm content per 

The effects of plutoniua on n o m 1  and tutlor t i ssue  was looked for in the 

Table V I I ,  

Distribution of plutoniuc: in t issws of &we I, 155 
clam after the injection of 6,5 nfcroq~rsne of p h t o d u n a  

2050 

260 

a950 

340 

3 0 0 3 k 3 3 
c 
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retion St . The urinary excretion dab is listed in Table VI11 and plotted . 

lilade in this case. The collection of separate urine and stool 23a~ples wa6 hpoa- 
sibls, 
be called the p p h  of total prodwt excretioeL, 

In fact the paph of urine excretioa in Figure VI rd@t nith greater truth 

The & hour excretion rate m s  0,152 percent of the mount injected, This wpm- 
ssnts on excretion of O , U 4  nicrograns cf the 94-9 nicrogrms inJected, 
the initSal24 hour period the excretion rat0 was conparable to that in the other 
cases studied, 
or 0,9 nicmpms. 

Folio- 

The total h o r n  excretion vas 0,684 percent of the mount injected, 

Table VIIL 

Daily Plutonium Urina ryhre t ion ,  Case 11, 

%-hour 
V o h  
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&cretion of plutonium in the urine following the injection of 94.9 micrograms of 
plutonium citrate. 
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Figure V I 1  
Hematocrit, hemoglobin, red blood c e l l  and reticulocyte findings i n  Case 11. 



4 
in 

In i 

0- 
cy 0 0  a 

r( a 
5 

b 
ii 
E 

P) c +J 

. * . ... L .  ' ( .  . 

. 



&&&#uti on of Plutoniup in the !he Plutonim content of the tissues 
amlped i a  l isted in Table X, TLie rarrovl and rib specinens show& a8 M@Mt 
specific activity, as would be expected fron tho anir;lR1 nork. 
content per gmm of liver tissue was roughly one-tenth that of the bone 
!be specific activities per grcm of w c l e  and fat w e r e  respectively one-twentieth 
and one-thirty-fifth that of the bone nafiato. II. Us00 reviewed the histological 
raterial f o r  evidence of changes sinilar to that attributed to plutoniuu in the 
experfnenfial anirmls, It should be pointed out 
that tile anounts per g r m  of body might v w e  greater in tlie an imh in w h i c h  
m e s  w e r e  seene 

Tfie plutonium 

No such change vas ubeerved, 

Table X, 

Plutoniun Diatiribution in Tisew 3.6 Days after InjecUm. 

Total Count& 
in sanpls 

Relative 
Affinity 

for , 
Plutonim' 

3 0 0 3 3 8 



It eust be emphasized that the data discussed above, while obtained on humass may 
not be applicable to the popubtion with w h i c h  we are mstly conuerned, The mjor- 
ity of occupationaUy exposed persons are in the 20-40 
good g o m l  health. Ths persons discussed above both had omcIBoI;lB8, one of which 
had videspread metastases, In case #2, the fnjection mi8 nsdo but seventeen day13 
before deatli and the teraiml s b t s  ray have i n i f w e d  ths netabolic behavbr af 
the elenent, 
the mtastasis t o  the lung, wit3 noted at the tine of injection, 
alterations due to aee, the early distribution of the plutoniumaas presumably a 
 physiological^ onee 
on the early distribution pattern of the plutonium 3.n %his case. Tha dab given 
IhbbVII rapresents the distributiom of the inj0etak-1 155 day8 later, after profound 

nhat influence this nay have lzod in alter- the a r l j r  distribution pattern. 

As i s  arebl-known, the biological bdmvior of a given agent varies pxtt ly f r o m  one 
species of nwriml to another, 
was vitel  t o  m y  intFIppreta i n of PJle data obta'norji &OR Q 

body content, and bncs Urtinately of %he ilosimbiU-ty of renoving a given worker 
f"rot3 U s  job, depended upon the excretion rzte of plutoniun in the hzman, 2% bg~ane 
necessary to deternine tfat rate directly in the species concBrnede B n o w l e d g e  of 
the distribution of t h e  ebnent as well a5 its rate nrd route of eUmination fmn 
the hutoan body provided infornation w h i c h  co~ik3. be correlated w i t h  the sore exten- 
sive exprimental investigation Zn  urimls and providc-3. informtion which nade pos- 
sible the estination of the mount of p l u b r d m  al.rcx@ deposited in the workers by 
the detemin&ion af the daiQ p h t o n h a  sxcmtiola rate of the im%vidual concernedb 

ago group and are I n  

In case #l no gross avidence of other than loca l  disease, except far 
Tliw, bafiing 

However, it nust be pokted out  that ~8 have 116 inf0rr;latia 

~ t a b o l i ~  disturbances, ~ a u ~ i n g  MS death, hsd O m W r e d e  It fa hpwaible t o  ~ a y  

Hence, experimce 17i.t;h hunans injected w i t h  phtoniwn 
Is, The rate of 

plutoniun excretion in rntis~23p nice@), rabbits 3 dog6 v 4 varies widely, The 
routs of excretion varies e o n  species to qxciep(;514 t l Y  Since our estinate of the 

That the anouslt of pluConlum injected in theso oubjeets produced no appreciable 
cllniwl effect is  likely in vim of t i io fact that t he  mount  of plutonium nema 
t o  prodm damge is far p-eater. 78 Tabla XI lists sone of tho experimental mluerr 





It is apparent that the total excretion is r o w  equal for sa& of tlie variouQ 
periods, Om ni$t speculate tfst the next order of msgnitude, that is l O l = - ~ O O Q  
days, night also ehm a to*& plutoniun excretion of appximitely 2,5 percent, 
If this parcentage excretion f o r  the 1OI-1OOCW days period is ouboeqwntly borm 
out by elqporinental obsemtlon, it would p a h t  a mther discouX'@Jg picture from 
tho point of vies of the n o m 1  excretion mte for plutozcLtm, 

The fecal excretion pattern is siailar to t h a t  described for  tkm e m o t i o n  in tb 
urine. k sharp e a r l y  peak In tho oxczotiorm rate 1s m t e d  however, On the o t h e r  
hand, the rapidity with which tho rate falls is not so m r M ,  Indeed, the t o k d  
plutonium excreted ikon the second t o  the tenth day is greater in ti10 feces, 
ever, tis pointed out above, tlie fecal excretion af'ter the tnsntieth *y is distfrmc21QT 
less than the urinary excretion, 

It w i l l  be noted that tImughout this paper the excretory m%e is given as "percent 
per day of the injected dosem. 
per day cf the anount in the body, 
the correction factor is smll and it is fdt; that the smll 5naccuxpcy introduced 
by t h i o  practice is Justif iable ,  p~~3icukixly in p~gl.&d23c3y studlss. 

If- 

It ~ o u l d  ba mre accurah t o  speak of the perca t  
B~CSUBQ of the low pate of excretion of plutd2m 

3 0 0 3 4 4  i 
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note in I I O ~ J ~  cases prinary tuaors, tao capcbmk 
did not concentrate plutoniura to a signjficant degree, While 

ihpksible to-generdize fma two &aes, it 888338 rul14lurly that phtonium 
opill be of any value in the t rsatwnt  of cercinmm in huaans'., As Q general p r h -  
ciple any radioactive age& i q j e . - t e d  for therapeutic purposes nust concentrate fa 
a greater degree in the tunor thaa elsewhere, 
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cases reported elsewhere) tlie following tentative conclusions nay be drawn. 
nust be rocogdzed clearly that these are not in the true sense of the word can- 
clusions but are only working -theses that Eurst be confir& and elaborated 
upon by subsequent investigations. 

It 
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