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CL,Ii*!'ICRL i,%DICII;E G5 KEDICLL IiiG,liRCEi - L. 0. Jacobson, Section Chief 

During t h c  p s t  montn, b y  1.5 t o  June 15, 1945, 243 physical ex;imin- 
ations mre done; 62. xere acLden6.c a d  134 non-ccddemic personnel, 
employment physical exminotions x r e  done; 6 ind iv iduj l s  were re jected 
because of findings cn sllnicel or laboratory e>.:..inations. 
ssme period &a35 c l i r i i c d  labcratory s,utir;linations .rere =de. 
laboratory work on 85 n e y i  personnel, I44 controls md 595 in the work 
hazard group. 
count shovfed i nd iv idua l s  u i t h  aknorrxi l i t ies  in this group of 33%, 46% and 
45$ respectively . 

91 pre- 

Durirg t h i s  
This included 

dbno:-?zlities considered on t h e  bes i s  of the nhi te  blood 

A c o n p r x t i ~ ~ e  s tudy  on the  hnalysis of T in tissues by ntcans of 
electrorfietric and f l u o r i m t r i c  methods hr=s shovm t h e  ;:&hods t o  be corn- 
parable in accuracy- 

Docs given t o t a l  body x-ray LS -:$ell as tilose given i n t e rna l  ernitters 
have consis tent ly  shcm 2 dccrrase i n  urinsry cor.ropor;hyrin excretion 
dom t o  as low as 20% of Lhc kvcrsge c o n t r o l  values ,  

A relative increase i n  the : i l t rav io le t  absor; t ion a t  243 mu and a t  
330 nu has been found i n  :kz urine or" i r radiated dogs, 

In dogs t reated idth pltltonium (intravenous or  subcutaneous in jec t ions)  
there acpears a t  t h e  end of 7 t o  13 days a diminution of d lbudn  a d  an in- 
cress8 of thecL 2 ,? globulin cofiponenbs. The same chknges hive been 

observed i n  dogs S e e t e d  Ivdth l e t h a l  doses of X-rLys and of Sr89. 

BIOLOGICAL R E S S R C H  SkXYi"i'0~ - 8. S .  Cole, Sectiw. Chief 

Fkdio-ruthenium administered by t r a c h e a  intubct ion t o  r a t s  is absorbed 
and dis t r ibu ted  nuch as vlhen a d e n i s t e r e d  as an aerosol, 
remained i n  lun,y,  5.6% in skeleton, 2.2% i n  skin ,  1.5% In kidney, loa 
h liver, 4.Sg i n  r tmin inC soft t i s sues ;  over 72 percent had been excreted, 
largely i n  urine,  

Rats ~ h i c h  inhaled a dose of 1 1 8 ~ ~  of radio-yttrium aerosol lost 
weight mpidly m d  15 out of 21 died bet::een t h e  7th md 33rd days. 

A t  1 5  days 4.5% 

I 1 1 9 0 3 1  



The mrta ty  ct L5 dcys  t f t u r  in jec t ion  of SI.89 at  8 p c / p  d b  
inished in s,llall p u p s  of different str~ins of d c e  in the fOI.I.Qidng 
order: black ABC) white A S  7 black AF-1 1 brom AX, The ELD all 
of these strains a t  30 days iTas between 8 and 13,uc/gm and c t  45 day19 
between 6 and 8 yc/gm. 
was the sane .-rheR injected intrr;vencuskj &s ;hen injected intraperitoneally. 

In rats the d i s t r ibu t ion  and excretion of Sr 

S i r .  rats whish htve received !W,UC of radio-3Tttz.Tum by stomach tube 
d a w  for a month shoived no xe3.W l o s s  or other observkble sign of danage. 

cross sections were taken for do3ii;ra;ihs trNch gave doses of vnInJing f r o m  
0.6 to 8.0.r/ hour %o i n t e s t in& tissue, 

One dog died 13 dayi sftsr injection of S i 9  & a retz insd dose Of 
1*67'~ c/g 2nd motkcr died 9 days -fter lnjzct ion a t  a re tained dose of 
2.23 ,u c/g. 
before death. 
in the feces than i n  the  urice. Essentially 3il of the S $9 in blood r.mS 
in plasma; saliva i n s  in eoui l ibr ium with plnsrz,  
tin appreciable conccntrztion of s 4 9  but  %he ~ ~ T J - T C C  2nd tr-chLa :vem nearly 
as high 2s teeth and bone, 
acute l e t h d  doses of x-radiatfor, in 
vJere not as exLensive. 

One ra t  xas given 35,,7,i1c of Y9 ts Q stomicl, tube; four hours k t e r  frozen 

These dogs excreted 46 and 32 pmcent of the injcctcd dose 
Ucretion v a s  1argel;r ccmpletsd by three da s a d  vias greztep 

No soft t issues contained 

Clirdccl ly  both 4ogs resmbled anjmals given 
Fespccts  zxcep2, t h a t  hemorrhages 



c Recovery in testa5 OT F S S S  3 2  d q . 5  z f t e r  6CO .L varied from neglicible 
Lkidence for decrease i n  p r i i m y  ova remained incon- t o  virtually corqlete. 

E clusive at  this intervzl. 

&ice receiving 1C)x showed no chsn&e in lp/lnph nodes or thymus not 

No residuai  damage xas evident fmx h i s t o p t h o l o g i c a l  study of rats 

paralleled in non-irredicted con t ro l  d c z .  

given a second dose of 4 L  P- six vreeks after nn original  dose of 4m A?- 

Pu (+k) nitrzte a d i n i s t e r e d  by t r x h e d .  intubztion k i l l ed  90 percent 
of rats a t  1.0s g/g body weight, 41 percent a t  0,35 p g/g and 5 percent at  
0.12 ,u g/g. 
abscessed. 
of the Pu was kbsorbed frcm t h e  lung, 

Lungs ;lore enlLrged, hemorrhagic, consolidated and so.i&iims 
The white blood cell count -ifks dcpessed. Only a smll amount 

A dose of 6.2 ng (275)~ g per g body r r t . )  of Pu (4) n i t r a t e  was not 
l e t h d  t o  a mouse when given o r d l y .  
eat, and was l e tharg ic  f o r  48 hours 2nd l o s t  25 percent of its body weight 
i d th in  6 days. 
ero;.rth rate VEX resmed. 

"he mouse became dyspnoeic, failed to  

15 dkys wei;;ht loss v m  30 percent but by 2Q d i p  nonnal 
A blood count on the fifth day was nomcil. 

& d i m  decreased t h e  red blood cell count in rsts at doses from T.0 
t o  0.32s c/e. Tho efl'ect a t  9.32 snd 3 .369  C / E  on t h e  red count ;'lt?8 s l igh t ,  
b u t  the dose of 0.32 ,u c/c c;-used a 25 Fercent f a l l  in white c e l l  count. 
Doses of 9.125 ,u c / g  and ribcve had f? maximal eff c c t  upon t h e  white cell count. 

An. extensive analysis of the radioautopkphic distribution of p&utonium 
i n  mice has been ,%de, "he distribution did not follow exactly t he  pattern 
resu l t ing  f rmin t r zvenous  injection of India  ink ,  v i t z l  dye, o r  calcium, but  
exhibited soEe fzstures of ezct:. , 9 t h  t h e  excei,tion of bone zirrobv, danage 
d id  not correlzte  e x x t l j  a i t h  depos i t ion  of plutoniiun but reflected ra ther  
the s e n s i t i v i t y  of  the vLrious tissues, ~ 

tKsto1ogic;i aaxtge from plutonium i n  rkts, iilostly taken iihen mribund 
f r o m  doses cf 2,O to 0.12Zju ~ / g ,  TGS i n  general mre severe than in serially 
sacrificed mice m d  3nvol:reb liver, th;imus, sd rends  and lungs in addi t ion  t o  
the orpns Freviously r epx ted  as dm:ced i n  rdce r-t 1.25,~ e/.&# 
U D I C A L  G j D  I;.DGSTP&.iI, WL'iEiI3S %CTIClI - J, J Nickson, Ssctton Chief 

Routim prs i ;wei  wine aszny for p l u t o n i u  ties continued. Nt X 
specimens with activities i nd - i ch t lq  nore thbn t x o  i i i C r O c I W S  of p l u t o f i m  
stored i n  the body have been noted. 
considerzble discussicn a!,out t h e  limits of sensitivity needed i n  these de- 
terriiinztiona. 
t o  have much greater s e n s i t i v i t y .  
on the  c i t r z t e  c o r p i e s  of $.iltonium indicates  t h a t  no coifplex e.dsts  at a pH 
of one. 

Lhuring t h e  p u t  nonth there  has becn 

It has beco~ze cletir that the present method must be revised 
2ol-k on this point is now in progress, Xork 

On ii7ril 22ad, 6,5 xicrocrwr of piKtoniun wre i n j e c t e d  i n t o  a patient 



with a diagnosfs of incurable cancer a t  the Bil l ings Hospital. 
excretion levels  have been followed for t.L:.ost txo Konths. 
time the  daily r s t e  or' excretion is about 0.31% of the amount injected. 
Total  urincry excretion is approxi ix te lg  3.7$ of t h e  amount i n j ec t ed ,  
plutoniuminjected dog died during the p s t  mnth .  
show t h a t  t he  majority of the  rraterial is i n  the bone, conf i rdng  an earlier 
study, 

212') f i b  from badge neter  personnel monitoring devices were developed and 
read during the  mnth. 
meters idere read durin,  t h e  iuonth. 
i n  t h e  Chemistry Division were exposed to B rzdioaccive isotope from, probably, 
an impusity in alul&mrn. Zleasurerricnts of the  beta  and gamm s c t i v i t y  in sputum 
indi_cated t ha t  t h e  ac t iv i ty  iias probnbly present i n  t h e  lungsi, 
have developed. 

The urinary 
At the  present 

A 
nnalysis of the tissues 

One t o t a l  body aver-expoxre was noted, 4096 pocket 
7 persons 29 over-exilosures uere noted. 

No symptoms 

NATIOEJAL CdNCUi IIJSTITLTTE - Egon Lorenz 

LAF; mice of original experiment. Totiil chronic doses a t  present: 
(4.4 r9 2.2 r, 1.1 r and 9.11 r per 8 hours per  day) 364a r (last animal 
ki l led  6/l.&/l+5) 1820 I-, 910 r and 95 r. 31 about 40$ of the  control  
animals t h e  tllood picture shows a lowered red ccunl ( 5  t o  7.5 nillion), 
with the other counts a3 previousl .~  reyortad, 
mental enimds is  si!nilar, 
hematopoietic system is evident 
especially i n  the  1Oit chronic exposure S r o q x ,  %he a x t e  exposwe &ro?L,,s 
and the controls e 
induced tis they appear a t  a p p r o : b t d y  tlis a w e  sE;e as i n  the I;ontrol groups, 
Ovarim tumors 2re now b e i q  found i n  the  coiltrol group (grossly) the 0.11 r 
group and the  0.11 r group with an a d d i t i o % l  ccutc exposure of 12.5 r. 
are a t  present considered spontmeous, -,vKLe i n  sll other grou?s they have t o  
be considered induced. 

The p i c t u w  of the  experi- 
No clearcut eviGenco of radiation damage t o  the 

Xaligpat lyi :~;>ho~is  are still being found 

Tfnese lyi!iphom;ss are conrld 3red s3ontaneous rather than 

These 



Rabbits of original ewerirnent. Total chronic doses a t  present: (8.8 r, 
4.4 r, 2.2 r, 1.1 r, and 0.11 r) 6100 r, 3050 r, 1520 r, 760 r and 76 r. 
Beside the  previously mentioned reverscl of the d i f fe ren t ia l  count dependent 
upon tots dose there is  a s l i g h t  lowering of the  p l a t e l e t  count in the  ani- 
mals of the 8,8 r 2nd 4.4 r groups. 

A nuantitative !:ior?holoEic analysis of testes of mice exposed daily 
t o  13 r of x-rays Given in approx imte ly  1 1/2 minutes, 5 times per week, 
revealed t h a t  the nmount of i n t e r s t i t i a l  tissue is not increased. 
shows a s l igh t  decrelise. 

It probably 

A. IZTABOLIC STUDI%S OF FISSION I'FLODUCTS 

The s o i l  and plant s tudies  hzve been concluded for the  present and a 

A specizl s e r i e s  of smoke studies  appear in a separate report. 
final report is being prepored. 
continued. 
A lnethod fo r  the isol;?tion of Pa233 free from fission products, uranium, and 
thorium is being developed. 

The long term aerosol studies  &re being 

B. EFJ3OLIC STUDIES OF PRODUCT 

The retention of 2lutonium by the  lungs of rats exposed to the inhalation 
of pu02 smokes was found t o  be approximtely 5% of the originally inhaled 
ac t iv i ty ,  256.dcys a f t e r  exposure. 
activity i n  the lugs at the end of t h e  83 months in t e rva l  was approximately 
0.5% per day, The benavior of both plutonium and f i s s ion  products following 
inhalation of Pu% smke containing f i ss ion product was found t o  be very 
similar 64 d q m  a f t e r  exposure. 

Tfle rate of eiininLtion of the retzined 

A patient suffering from carcinoma of the stomach, received by intra- 
venous in jec t ion  approximtely 5 p gm of p lu tcn ium as P ~ o Z ( N O ~ ~ ~ ,  
enriched rdth P$% so tha t  the  a c t i v i t y  ves equivalent t o  50s gms of ?u23'. 
Four days l a t e r ,  as a result of surgery, specinens of bone, spleen, tumor, 
omentum, md skin i-{ere obtained. 
were very s imi la r  t o  that observed in rats. The hlchest degree-of deposition 
within the  bone was present i n  the  trabcculzr portion of the marro~. 
r a t e  of urine e l i d n a t i o n  VJES l o w  falling below 0.31 Fercent per day a t  the  
end of 16 days. 

The distribution p t t e r n  of these tissues 

The I 

A new nethod f o r  the  relativslg rapid analysis of LTge specimens of 
urine and feces has baen developed, ahereby it :aould be possible to detect 
2 x le6, g m  of plutonium in each days output or" urine or feces. 
tailed descriFticn of Lhis method is being fom:-rded to the appropriate 
parties in all cy:erating are"so 

A de- 

. . . . . - - . . _. . 



Contract # !B 7405-eng-lt& 
BLOOD STUDIES ON ‘LXT;.;L WDY IRRADIxTSD PATX~JTS - B, V, Low-Beer 

Ten of the 25 previously treated pktients were studied snd 2 new 
patients were treated, 
counts and one sternal lnarrovJ study ;xre done. 

One hundred and forty-five complete blood 

Patient No. 26 received a t o t a  of 3130 r at  the rate of 10 r per 
day on the  lo00 kv x-ray machine, finishing June 19th. 
he WGS in good generzl condi t ion  and shoiied only 811 bsignificmt drop 
in t o t a l  :hX. 
receiving 10 r dai ly  and to dhte shows no change. 

At that t h e  

Patient  No. 27 is under treatment on the 1330 kv apparatus, 

..- 
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NATIORAL CANCER INSTITUTE R S O R T  FOR JUNE 1945 . 

97s L3renzr Heston, Eschcnbremer 2nd Derwor 

BIOLCGIC ACTION OF X i f i D  GiZXA Pi!YS 

I. Continuous exposure for 8 hours daily 
11. Breeding experiments (continuous exposure f o r  8 hours and 24 

hours daily) 
III. Hemitology 
I',. , Pa tho loo  

I. 'Continuous exposure for  8 hours dai ly ,  Surviving original 
LAFl mice and guinea pigs (daily doses: 4.4 r, 2.2 r, 1.1 r and 0.11 r). 

(Additional acute eqosures  not added). Rabbits (daily 
Approxircate to ta l  doses: 3640 r (last animal k i l l e d  b/UC)* 1820 rs 

910 r and 95 r. 
doses 8.8 rr 4.4 r, 2.2 r, 1.1 r and 0.11 r). 
6100 r, 3050 r, 1520 r, 76Q r and 76 r (additional acute exposures not 
added) ,, 

Agproximate total doses: 

Yarn W e r b i e n t s  

mice: (dai ly  doses 8-8 r, 4.4 r and 1,1 r) 
16 and 14 months experbent:  
12 and 10 months experirint:* 
8 and 6 months eqeriment:  
4 and 2 months experiment: 

15& r, 790 r and 23'3 r 
U60 r, 589 r and U5 r 

620 r, 210 r tnd 80 r 
300 r, 150 r and 37 r 

Inbred guinea Figs of fmilyZ(dei1 
doses rawing f r o r n  853 r t o  1020 r 3 

During the month 3 of the original LU1 mice died and 10 were ki l led 
and autopsied due to moribund condition or tuwr fornation. 
ivhich d i e d  were dis t r ibu ted  amon& t he  different  groups as folloivs: 
male, 1 rLle exposed t o  1.1 r snd 1 f e m l e  expossd t o  2.2 rv- The came of 
death v ~ s  obscure i n  the mile zmimals, as dl o r g x s  sppeared grossly nor- 
mal. The f a l e  had a sixill ovarian t,UmOr, a l:-rge subcutaneous tunmr and 
nephrit ic kidneys. 
tributed amox. the different  groups as i'oliows: 
malignant lyi:pho,Ta azd an enlzrged ovary (probat fy early ovarian tumor) 
One male, exposed t o  12,5 r a t  t h e  age of appro.simtely 5 months i i i th mlignant 
lymphom. 
(probably early ovarian tumors), 
tional acute exp:su-a of E V 5  r, it Iiab grossly l;,mpat;onaa and a probable 
ovarian twor. 
posure of 50 r, 
One mle, exr?csed t o  2-2  r n i t h  raliym?t ?;j~<hor;a, txo fezdes ,  exposed t o  
2,2 r, one ~ . t h  t:zlii_;.nant 1 p p h o m  2nd .iLh m ,?-;Lrj.cn t-mor, the  other  x i t h  

dose 8.8 r) all removed fron f i e l d  at 

The -1s 
1 control 

The anirrds which rierc k i l l a d  and autoI;sied were dis-  
one control.  femle ai th  

Tg~o fernalss, exposed t o  3,U. r: both showed one ovary enlarged 
One female exposed t o  0.11 r and an addi- 

,'<io fa~zlcs exposed t o  1,1 r end zn additlorial acute ex- 
b t h h d  mlirpsnt lyxpiiam and bilatordf. ovarian tmrs ,  

http://Lrj.cn


an ovarian tumor and 2 subcutaneous turnors. One male exposed t o  1.4 r 
(the las t  miml of th i s  level) i n  moribund condition bl;t d t h o u t  any 
gross lesion$, 

The follvning table gives the d a h  ofi the  surviving anirdls of the 
different  group.' 

Ini t ia l  Animal croup Sex Age (months) numbor Survivors 

30 1/4 
8 4 Control I m 30 1/4 8 2 

f 

Control I1 m 28 1/2 
f 28 1/2 

8 
8 

2 
1 

8 
8 

3 
2 

0 
1 

0.U. r 

rn 30 1/4 
f 39 

8 
8 

k 
Lb 

8 
8 

.1 
1 

1 
0 

1.1 r 

.. ~ 1.1 r 12,5 r(acute) n 26 1/2 ( las t  animzl) 8 8 
29 f 

0 
3 

8 2 
8 1 

2.2 3" 1 
0 

2.2 r 13.5 r(2cute) lil 25 112 ( las t  a n i w l )  8 8 
29 l / k  f 

0 
1 

1 
0 



Initial 
Animal Group Sex Age (months) number Suyivors 

4.4 P (ell groups) m 29 ( l a s t  animal) 24 0 
f ~8 (last ar-) 24 0 

8.8 r (all groups) m 21+ 1/2(last animal) 26 0 
f 24 (last animal) 24 0 

8.8 r (term exposure 
300 r) m 29 1/2 8 2 

f 28 (last a r m )  8 0 

8.4 r (term exposure 
680 r )  m 28 1/2 ( last  animal) 8 0 

f 29 1/2 8 1 

Data of the table are not  clearcut  iss thore ex i s t s  other  factors 

t h e  f a c t  t h z t  there are fevier surviving mice in the second (younger 7 in f luenchc  the l i f e  span besides i rmdia t ion .  

control group. 
The l i f e  s p a  of Lhe I d e s  i3 not affected i n  the acuts exposure groups, 
t he  0.U r ~ X - O U ~ S ,  most l i k e l y  not in the 1,1 r groups md t he  l imited 
exposure group 02 3CXl r on the  8.8 r level. In some of these group in 
which the n W e r  af sumivh& mimls is sazller thzn the  number of t h e  
control group, thore has been evidence of acute lethal infect ions.  The 
l i f e  span of t h e  femles is not a f f ec t ad  o d y  in the 12.5 1. acute ex- 
posure group, the  0.11 r grouy. ana the 0.U r ~ m u p  zhich received in 
addition 12.5 r ecute exposure. 
acute exposure ;roup there i s  a lo;,eriW of l i f e  s p a .  
factors t o  this 1oc:eri.x of t h e  l i f e  sphr. in the  fe;?;sles ~ . y  be the 
higher  incidence of induced ldceriia i n  cc:;prison t o  Lhe wles and per- 
haps, also the Laduction of o v a r i a  tumors. 

group, the  0,li r group exposed in Ldc;it,ion t o  12.5 r (,&cute) and in one 
control (grossl;.), 
occurring kt q;?ro,xi.=tely t'no same age ts in the  controls are considered 
a t  present t o  be spontzneous, 

This is evidenced 

It seems that  the following conclusions can be dram: 

L; all cthsr Croup i n c l u d h g  the 50 r 
Contr ibut ing 

The f i r s t  ovzrizn twmm h a e  been observed in t he  mice of the 3*ll. r 

These tmors in t he  2 ~ m u p s  of i rad i ; t ed  nice, 

One guinea 2i.g of the orizininal series, eq,osed to 2,2 r to a t o t a l  
dose of approxixcelg 1520 F ~ ~ i . s  killed a n i  a t q s i e d  on zczount of 
ap lks t ic  snerriia (terr-dnd. R,d,C, :%N,CW)o It skowed zt autopsy the 
tx- ical  gross picture of patchy m c h y m i ~ e s  of the small. intestine. So 
fa r  3 animals of t h i s  level hive come t:, nutop;:: on eccomt of aplastic 
ansrrria d t e r  ha,vky bten $2, cscd to doscs co,rres_ondiog ~ou2hI.y to the 



lethal doses found for t he  rC.4 r and 8.8 r level:. 
guinea pigs of f d l y  2 (out of 12) are a l ive ,  the  others died. 
All were rcmoved from the f i e l d  a t  doses rsn;<ing from 850 to 1009 r 
(8,8 r level). See hamtology (111). A l l  rzibbits are al ive .  

Only 3 inbred 

11. Breed- experiritents 

N o t k i n g  new to report. 

III, Herriatology 

Changes in the blood counts of t h e  control mice recently observed 
consist mainly in a lotiering of the red count and a r e  perhaps attributable 
t o  old age. 
counts between 5 a d  7.5 millions, i n  t h e  r w i n d e r  t h e  red count lies 
between 8 and 10 millions. 
from that previously reported. 
ing experimental animals a d  t h e r e  i s  no alearcut  evidence of radiation 
d m g e  to t h e  hemtopoetic systen. 

In the  nine surviving control mice of both. sexes, 4 show red 

A similar picture  is found fn a l l  surviv- 
The white count of the controls  is unchjnged 

The blood p i c t u r e  of t he  surviving guinea pigs is as follows: Those 
exposed t o  acute e q o s u r e s  of 12.5 r m d  50 r, those exposed t o  3ch3 r or 
6W r respectively on the 8.8 r level,  m d  those of the 0.11 r lev21 have 
blood pictures coqxrable t o  t h a t  of t h e  lzorkrols. 
posed to 1,l r f o r  8 hours shoz n o r z l  blood counts ivith t h e  exception of 
the  p l a t e l e t  c0wt.s which lie between 2309GW and 250,ijOO (norm1 250JOMl 
t o  3W,CIZJ). 
p la te let  counts ivmred in vcirying desrzes, ,;.5th t h e  w h i t e  count approx- 
i m t e l y  norAml. 
the month had a droF in red count from 1.3 ai1l.ions t,o 803,CGO in 4 neeks 
xhi le  t h e  platelets dropped f,wn 4.4,CXXI i c ~  7,7X. RU. counts are lowered 
considsrsbly i n  t h e  5 sur-iivin, guinea - pi;s 32 t:ie 4.4 r lave1 (total dose 
at present approY5nitely 364C ia). in ti,esc xAL?lr;ls t h e  ?l.ztelet c o * x t  is  
considerably beiox IS0,OOO. 

The guinea pigs ex- 

“lie surv iv ing  guinea pigs o? t h e  2.2 r level show red and 

One guinea 7ig of t h i s  l-.vei .xinlch C ~ A S  to autopsy d u r k g  

Blood counts of the inbred guinea p i p  expsec? t o  8,8 r t o  total doses 
of 850 to 1030 r zre suntimized in the t a b l c ,  
a red count of 
plastic anemia ;rithin 2 1/2 ,:reek;;. 
field with  red counts of 2!,9 and 2.35 :~rc a l i v u  et i resent  
vje&s Lftar t he  .‘,eri;inc..ticn ~f She C X ~ X U ? ~ ;  i.r, 2.11 3f tkam t h e  red c c * a t  
has continued t o  dro.; and ?,he o b k r  counts shorr ei ther little or no recoveryo 
%is appzrent lack of recovery seeins to e:@sin the not very s ignif icant  
diff c.rer,ces in l e t h a l  doses Icr -the h y h r i i  guher ;  &s on -the different  
level, i , e ,  t h e  t o t z l  dose In chronic ex1:3stlr~ is .%pparentbJ- of Cr2ater 
importcnce ihzn Lhc rcte of ~ 3 i r i n i z t r z t i o ~  3: t h e  doseo 

It shorn thLt Lnir*als  x i t h  
2.8 r i i i l l i ~ n s  x;; Lhe zd of the  t:vosure sill die of a- 

3 - .!+ .Anim.Ls, ;:hich were removed from the  
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The blood picture  of the rabbits shows beside the reversal of the 
dif ferent id ,  count dependent upon tot i r l  dose as previously reported, a 
loxering of the platelet  count, in the rabz-its of the 8.8 r level ( t o t a l  
dose a p p r o x h t e l y  6130 r) to 150,930 - 225,900 (normal 250,W t o  
300,3JO) rtnd to 180,33 to 205,CK) in t h e  rabbits of the 4.4 r level  
( t o t L 1  dose approxbztely 3a50 r)o 

IV Pathology 

Uce: 
following mice. 
a p p m a t e l y  3550 r), four on t h e  2.2 r Fer 8 hours per day level  ( t o t a l  
doses from approrimately 1700 to 1740 r), six on the 1.1 r per 8 hours 
per day level ( to ta l  dose from a~proxiiuately 830 to 860, 2nd four on the  
0.U r per 8 hours per  day l eve l  ( to t i i l  dose approximately from 68 t o  70 rh 

Tissues have become available fo r  histologic study on the 
One on t he  4.4 r per  8 hours per dcy level ( t o t a l  dose 

SevePal additioazl ly:.:phocas have appearei and their occurence b 
relation t o  total dose is i n  keepins ;&th the gec2ral remrks regarding 
the  occurrence of these tumors made in recent =.e;,orts. 

All fermles exposed on the  4.4 r, 2,2 r, ~ i i d  1,1 r levels have ovarian 
tumors, 
tumors have been obsemed o n l y  ir, fem33e5, and cnly  in those having ovarian 
tumors, they arise in t h e  rramary glands. 
trol aniraals * 

Subcutaneous s;ircoms uere present in 2 of 10 fenides, These 

Zone has been observed in con- 

Recognizable donage t o  specmtogcnic ele.?;cnts of the  t e s t e s  a re  apparent 
only on the 8.8 5' and t h e  4.4 T lcvels  so 2wO 



. 
the ra t io  of area Gf i n t e r s t i t i d l  c e l l s  to the area of other tissue 
(spermatogenic elements, connective tissue, bkood vessels) . 
ments were made with a 47.5 X objoctive and 15 
made on a series of random.fie1d.s traversing the entire section and a 
total of 1,090 rzndom f i e l d s  bier9 covered on each section, 
were done by two individubls znd repeat runs showed a maXirnum error of a. 
tissue is  certainly not increased and probably is decreased. 

The measure- 
eye-piece. They were 

Ueasurements 

The data ar0 presented in the table ,  and show that interstitid 

a 
1 
tc 

220 
210 
2t.9 
294 
208 
221 
226 
180 
212 

4.38 9.65 
L S 2  9-50 
4,32 3.W. 
4olr6 9.11 
5.19 10.'i? 
5.15 L1,37 

!j092 1.0.65 
4.68 9.91 

5 , , Z l  13013 

7.37 
7.33 
7.26 
6.92 COiJTROLs 8,20 
8.64 
3.99 
7.68 

22 

81 
72 
71 
53 
76 
91 
7') 
73 
7:, 
I- 

75 

29 
27 
27 
28 
28 
251 
27 
27 
70 
- I  

9033 
s,26 
8,38 

3"21 

4.z 
17.73 
1037 
6.85 
6,r1 -- 
5.68 
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c 
W i t h  excessive d m q e  of spermatogenic elements following irradia- 

tion, exanlinc;tion of a section of a testis viithout m k h g  measurements 
gives the impression thnt the i n t e r s t i t i L 1  tissue is increased. 
literature on this subject i s  nuch confused, most observers feeling that 
there is an absolute increase of interstititll tissue, and the more consem- 
nt ive  suggestin.f that t h i s  apprzrent increase may be only relative and not 
absolute, 
t issue. 
mice to a t o t a l  dose of 600 r, the results of h i c h  w i l l  be reported at 
a later date. 

The 

None appears t o  have considered a decrease i n  interstitial 
This experiment is being repecrted but a i t h  an exposure of the 



Addibicnal bone radioatogrctphs, including sampbs fram a 
rib of 3. h w n  subject, are  in vtiricus stLtes of preparation. 
series of specirnms froin miz-als 3 uc j eztad to the dcc~cification-calcifica- 
tfon cyclg of trexLraent , i i U .  soon be available for r;dicautoeraphfc study. 

A large 

2, 

The LXI anh i : l s  eqosec! t o  pu02 swke were sacrificed 256 
days l a t e r  and th? results obtz i ted n i th  these tu0  Z;nimals appear below, 
&ore animals exposed both to Pu!) 

s i d e w d  ?xilitatitre 5s char-: t?rc 

smokes Find PuO2(EO3)2 aerosols are be- 
czrried along. Since 5 t h  on ly  z vi0 a~irals, these results c m  only be con- 

?Am I 6 

The F'ercenh Dis t r iSut ion  or' i?lutonium in P:io Aats 256 my3 
After b h k t i o n  03 Pu02 Smke 

Tissue R 3 t  $1 Rat $2 AverLge 

Lungs 
Xver 
Kidney 
Spleen 
G. I. 
Head 
Skeleton 
Balance 
bine  
Feces 

3038 
042 

., 0005 

. a 3 9  

., 0070 
c A 5  
c 020 

2.42 
93.8 

014 

4.78 
,028 
wool 
a31 

o 015 
c .OS *- 

< 020 
.a23 
2.38 

92.5 

In Table ZI.thsre is presented the rate of excretion per day 
of the ac t iv i ty  r emi r ing  %I the  arLIlials i;t t h e  i n d i c t e d  time intervals, 



139 0 9 
59 .5  
1L9 
10 77 

7.53  
7.20 
2.47 
1,29 

2604 
1896 
1531 
1244 
918 
737 
u6 
362 

5.25% 
3.14% 
.7% 

The Distribatior. cd E'lutoniuz and Lonplived Ffssion Froducts  in 
the Sane Rats uL 2ays a f t e r  Exposure t o  Pu02 Smke Prepared f r o m  
fleutrsn irrcdiatea Plutonium ketal. 



c It is i r , t . ~ ~ : : t , i ; ~ ;  ;;o Cmptrc? these results a i t h  t h e  corres- 
pondint; dbtri fo r  t he  G p  :!,, x i t  16 ciay intarvels  xhich appear i n  the April 
1945 Xontl-;l;r Report I 
skeletcn values at the 6L (;a7 iz::t,,?m~i. for  f i s s ion  product deposition, Other- 
vdse the  p z t t e m  i s  corx ls tmt  ~ct l  t.ke d i s t r ibu t ion  of t he  ~ Y J O  types of act ive 
m t e r i a l  remined ? u i t e  d i i L r ,  
per day ;.;rere .23$ for pl~ltlo.-&~?ill m d  lc90$ for fission products of the corres- 
pondinr m t e r i a l  remining in t21c body ~t, the end of the 64 day interval, The 
plutonium excretion rnte:, ht t h e  ja2-e i n t e r v d ,  vas greriter in the other ex- 
periment~~ noted above, 'Zctse figures i n  Table UI 'indicate the ainilarity be- 
tween t h e  two types of ac t ive  m t a r i h l  but ce r t a in  r.ualitztive differences,  
such 2s the grehter degr:e of absorption through the  lungs, and the mre rapid 
excretion of the f i s s i o n  products are &.dent. 

On3 r';?ccnsL;tency appeLrs in the r e l a t i v e l y  lover  

The rstes of excretion (chiefly lung a c t i v i t y )  

Longer t e m  m i n d s  exposed t o  t h i s  type of P q  smoke are 
on hand and ;.Jill- be sacr-fl"uc;d tt t h e  approprlata in te rva ls .  

I&;- 1k3 1945, a huwc subject ,  suffer ing from a c m c h o m  
02 t h e  storsch, rec?ived aFproximtely 5 + ern of plutonium os PuG2(:IO3)2 by 
intravenous in jec t ion  i n  a solu.tion gf isotonic  NaGl a t  PU. 
of plutonium contzirred srL'ficient Puz?li t o  increase the s ecif ic  activity of 

l a t e r ,  t h e  pa t ien t  
omenturr,, subcutaneous t,jc-sc3, and sk in  .tiere obtained. 
sample of blood ,;J>s d,sc zecure i ,  
a specicizn of liver, 
and is in Eocd general pl:-Jsic2-l condition, s i d e  from t he  tumor, 
h:s been collected r;t d a i . 1 ~  In temals  s ince t h e  t h e  of i n j ec t ion  of the 

This sawle 

the  injected material to t h e  wE.ivsl.ent of 50p gms of Pu 3 39, Four days 
o;er.ifcd upon znd speciruens of r i b ,  spleen, turnor, 

At the same time, a 
Unfortun. ..tely, the surgeon f a i l e d  to secure 

Tile r s t i u n t  i s  L: 50 yetr old *le, weighs 58.1 kilograms, 
All excreta 

p l u t  oni  UX. 

"he cont j r l t  of plut-oniun i n  t h e  d i f f e r e n t  tiscues i n  terms 
of percent of t h e  admini:tcred dose is Given i n  the fo1lo;;ing table together 
with the excretion p r  &yc 
was on a ;*cry res t r ic ted  d i j t  . : i th t h e  r e s u l t  thst fo r  the first two and 
one-hAf tvecits, l i t 5 l e  ftc:.l eliir2-n- Lion took place.  
of skeleton :ad blood $*'ere :&en on t h e  basis of these structdres, rspresent- 
ing 15% aad The s-3mple of rib was 
carefully s l L t  oren, the 2 XQ'Y remcaed by gent le  mshin& wit t i '  normal sa l ine  
and then th3 t rebeculzr  t o ~ a  Grid endosteum *vere scrsped avisy from tho c o r t e x  
The periosteum xis likevd59 rei:.oved f roa  the cor2ical bone and a11 four COW 
coryorepts assqed for t,l- a i r  PiQtOiii'Ui content. 

D w  t o  the surg lca l  procedure, t he  patient 

The per organ content 

respctiT.zfj* of' the ;,atientqs weight, 

The mlativeig i i i G h  content of 9lu tonim in the sepsrated 
trabecu3.z.r x a t e r i a l  from t he  speci;xn of rib, ,:rhsich &EO coiitLined t h e  
enriostecli t i s sue ,  is ztirrelct ed ,.-it11 the redioxtoSr+Alic  s t u d i e s  i n  ani- 
m i s ,  
t h e  plu-lonium t o  be  conccrhrated i n  t k  endosta;l region and about the 
trnbecular bone, 
liltewise follow t h e  n a t t e m  indlczted by the  m k z l  studies. 

1% id.1 be rec .1l i .d  t h a t  bone r id ioa tog raphs  showed t h e  bulk of 

The reL;;ively h ; i  values fo r  c o r t i c d  bone and periosteum 
However, t h e  



high plu$ociwa cor,';cr-i$ 5:: ti-.'3 :XL?TOCT :i? 
t i on  of this f z c t  :ZS evlde~zt  from GUT mi.n.XA s tud ie s .  
entrapment of p1utor::un i n  t h e  col lo ida l  state by the phapcy t i c  cells in 
the  marrow 5s rulsd out  in mr opinion f o r  tViO reasons, 
s tudies  done conc:irrcntly b y  hLravenous i n j  ectiori of a l iquots  from the  
sane solution of plutcniun ~ i ~ m  t c  the patient, showed no excessively high 
concentr:.tion in ci tk :e r  %he l i v ' e ~  or t h e  spleer&, 
colloidal in chzrscter, J ? ~ T  h i ~ h  ilptake vslues f o r  these two organs have 
been consistently obsmvn:.id 
of the patient ~ i a s  -3ai.te im. 
from t'ne endostewn, -ivhen &he I L ~ T X W W  w-s. - x s h s d  out fron the bone, is very 
unlike17 due t o  the fact khhct iu?&r t.he fzr more r igorous conditions surround- 
ing decalcif icat ion of born ,.rith d i l u t e  kc id ,  very l i t t l e  leaching takes place. 
;;e have not received radiosutogrLphs from rats receiving phtonium by in- 
travenous injection and f u r t h e r  more3 a11 bone radioautopaphs mailable 
at  present from Berkeley hare been fron animls that had received the  material  
txo months or longer b e f o x  they .iere sbcriffced. D u r a  this i n t e n d ,  
the plutonium may h ~ v e  iiii;;rated fsoz t he  marroiv t o  t h e  tr2becular bone and 
t he  sndosteum. 
t h a t  under t h e  conditions o,C this humin study, the same type of marrow con- 
centretion does not e x k t  i n  t h e  rat., ?% are nox going t o  secure bone radio- 
autographs from rats uncici- comparable coriditioas i n  an attempt t o  settle t h i s  
point. 

i i Z Y  suri.,ris:ing since 110 indica- 
The possibility of 

F i r s t ,  animal 

,,'hen tho  mterial is 

Second, t h e  plutorluin content of the spleen 
The scssibil . i ty of leaching of the plutonium 

Because 0:' these %;io gaps in t t e  picture,  we cannot stt;te 

The D i s t P i b G t i m  of Apprcxir2ately 5 I: gms of Plutonium i n  a 
H m n  PF-tiont,  .Ic B q q  Folizxing the In t r aenous  Administration 
of t h e  tL.Zterial as P U O ~ ( N O ~ ) ~ ~  T??e Excretion Deta for  the  First 
18 Days ir'd13:iing Administration is Included. 

Cortex i);)72 

SFicules 032 
Liarrovr ,019 

Periost  em a m48 
;.&ole 30ne ,010 

Tumor *mu. 
Ornentum 0 03043 

Subcutaneous Tissue 0 03037 

RE .00028 

Spleen o ml9 

Skin 

Blood 0013 
Flssraa  0023 

87.2 
.22 

7.49 



The h w : i  e:ccreti.cn deta indicates  thit the rate of uriniiry 
e l h i n a t i o n  is &rioat, the S E K ~  f o r  r a t s  given a portion of t h e  sam solut ion 
of plutonim,  see Tabie V. 

TAEU '7 

A Coqarizon cf tile h t g s  of Lxcreticn of Plutonium in the  Rat 
and Xm FoXoidng the Intraveccus Administ-at ion of Pu02(N03)~, 

RAT - % ibse per Cay 

Urine Feces YJrine Feces 

0 - 1  .32% 10 5 3  
0 - 2  0 15s 2 0 8 j &  

aays. 

The fecal excretion in the  pat ient  was far less but perhaps is 
re la ted  t o  his operation a d  subsenuent lack of fecal output. 
mew v ~ i l l  have t o  be accairulr-ted before any conclusive opinion can be reach- 
ed LT regard to t h z  rate cf fecs l  excretion of ,:htonium by t h i s  pat ient .  

feces frot;?,,this pc t iec t  f c r  an i n d e f i n i t e  p e r i o l .  In addition, there is 
enc@'l ?&>'for another h w m  study -;;hen a suitazdq pa t i en t  is ayailable.  

Wre speci- 

It is planiied t c  continue the daily col lect ions of both urine and 

http://e:ccreti.cn


It should be pointed cut t h a t  3 f e e l  the use of Pu238 as a t r ace r  for 
a limited nmber of selected t i e n t s  i s  desirable  s ince it is possible 
t o  use from 1 to 5 u pms ci nlutcniuii, xhich is the rznge of dosage in 
man thht is cf gre3to:t i ; t e res t ,  due t o  the hi;h spec i f ic  a c t i v i t y  of 
t h i s  material. 

Ur, jcott hes recently developed a method for t h e  reasonably 

The c L t e r i 2 l i s  ashed and then the  piutonium 
rapid and ?uu?titat,ive exkrzction of plutonium f r o n  24 hour col lect ions 
of bcth urine and feces, 
extrzcted from t he  ask by nieans of i-iexone. 
been consistantly obtci-ned, 
and counting CJI be d a m  , i i th a n  a-rerage expenditure of 2 hours per sample, 
providing adequnte f ' zz i l i t i es  f o r  ashing are zvailzble. 
readily a d q t e d  t=, harxilkng lip t o  ten days accunulction of urine. 
f inal  prec ip i ta te  is n;oun%ed on platinum dishes 5 centimeters in diameter 
t o  reduce self-absorption but, even under these conditions our bacQround 
of t h e  counter is appo:fiilately one count per minute. 
using 10 day w i n e  saq les ,  it should  be possible  t o  detect a daily ex- 
cret ion of 2 x lG-6,u gns per day, 
f ree  reagents, particularly zirconium and lacthanurn, presents a ser ious 
problem End rzwt be ker,t in mind. hckay'a 9anthanum and zirconium are 
par t icu ler ly  bsd i n  t h i s  respect, The alphn a c t i v i t y  from these reagents 
fol loxs vcr;- clcsely t h e  chexiistry of plutonium i n  t h i s  type of separation, 

From 75% t o  8% recovery has 
entire procedure of bshing, oxtraction, 

This method is 
The 

O n  t he  basis of 

Difficulty of securing alpha F r t i c l e  

Our aork . i t h  F l u t o n i u  11;s been g rez t ly  f a c i l i t s t c d  by the  ex- 
tensive coop.er&tion given to us by different 1:teahers of Doctor Latimer's 
group ind  in pas5m&gr, by N c t o r  Connick who su2ervised t he  prepsration 
of the  sc,-,pln of Pu"~  and ass i s ted  Kr. Scot t  i n  developing h i s  mthod fo r  
assqi-n;s_ h r c s  ,-mFles of urir ie  znd faces ,  

3 .  Decontmiinstim Studies 

Prell-Linciry r a s d t s  indicate tnn t  t h e  teciiniwe of overlayering 
the endcstekl reqion cf t h e  'bone kj the decalcific~tion-calcification cycle, 
descsYoea Sin an e s l i c r  reror t  :;lr=y be successful, Additional a t t a  t o  either 
subst-nt ia te  o r  deny i;iiis n o s t  'nopn2ul procedure n i f l  shortly be available, 

A+ Soil Studies 

j3qcriinents x r e  conducted t o  deterzcne t h e  degree of f ixa t ion  
of prcduct in i ts  three vElance s t c t e s ,  on c1r.y. For pre lLxhsry  experi- 
ments, a hydropn c lcy  (DeaLh Valley Bentonite) was slspended in d i s t i l l e d  
m t e r  s.t ph 4.5. AltIiough product i n  t he  +3 and 4-4 states tends t o  pre- 
c i p i t a t e  o t  the  hydrogm icn concentrztions used, it is believed thrit the 
data nonetheless show ;ronorz.nced aasor?tion of these states on the  clay, 
"he FerceiihEe adsorstion of the three valence stLtes on hydrogen clay 
susFensions o f  various streficths is given in t h e  folloiiing table: 



Addition21 exps&mnts a r e  being carried out to deterziine the 
fi&-:tion of product on clay under conditicns of g r e r t c r  Lcidi ty  m d  electm- 
lyte  concentration. 
in t h e  beh;vior of i-3 ? a d  i-6 plutonium ex is t s  in t he  higher dilutions of 
clay ahich then  v::niShes ~t t he  hizher c l q  concentr:.Lions. 
affinity of clay f o r  +6 plutohium is ;:rob&bly dr;e to the fact t h a t  ~6 pbl- 
tonium exists in.,;olction :is t h e  plutanyl (?u02*) ion i vh i le  in the i 3  stste,  
it exists 2s PaTT" 
number-of posi t ive c k r g e s  czrricd Sy the ions in solution. 

It is of intsrkst t o  note thLt a pronounced difference 

The h a e r  

The z f f in i ty  02 c k y  for cntions is proportional to the 

meriinents ;re In progress to ascertain %ha ava i l ab i l i t y  of the 
three vdence  st;tes of p l a ton iua  t o  plants,  

50 Pro,jccted St;idies 

me t r a c e r , - s o i l ,  plant,  smoke, radioautgGraphic m d  humrJl studies 
are t o  be ccntinued f o r  the next tvro mnths. . 


