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A B S T R A C T S  

The ef fec t  of TO (NO ) on t i s s u e  metabolism has been studied 
by in fec t ing  T i n t o  rgts &% k i l l i n g  them a t  i n t e r v a l s  for study. 
Anaerobic g&ycolysls and t he  r a t e  of oxidat ion of choline by the 
kidney were unaffected in T poisoning. 
were a l s o  unaffected. However, the synthesis  of glycogen, the 
synthesis o f  urea and t h e  oxidation of pyruvate by the l i v e r  were 
inh ib i t ed  t o  some extent  in T poisoned rats. The minimum mount  
of TO ( N 0 3 ) s  necessary t o  procuce a rise i n  t he  blood N.P.N. values 
was dund t o  be 0. 1 mg per  Kg ' i n jec ted  i n  a s i n g l e  dose. Potitto 
phosphorylase a c t i v i t y ,  pyruvate dismutbtion, and gymvt t e  conden- 
sa t ion  ( synthes is  of acetoacet ic  ac id )  were Earkedly inh ib i ted  by T. 
Lact ic  dehyarogenase, polyphenol oxidase, trypsin, ribonuclease were 
not  affected.  
a c t i v i t y  of succinoxidase inh ib i ted  by T 
10 t o  1. 
work on the  combination of T and other  metals a l l i e d  t o  T with 
proteins .  

During the month of' September 15 t o  October 15, 1944, 5,800 
clinical laboratory examinations vrere made; t h i s  included laboratory 
W o r k  on 92 new personnel, 256 controls  and 848 in the v~ork hazard 
group. 
count alone show Individuals with abnormalit ies i n  these groups of 
30$, 2% a d  2% respectively.  

i n  urine catalase.  
found betileen the urine oataluse of  human control  and T exposed 
groups i n  e i t h e r  the Chicago o r  Ames laborator ies .  

Biochemical s tud ie s  o f  a 58 yea r  old female who received, i n  
a period of  18 days, a t o t a l  of 156 r t o t a l  body x-ray thera2y for 
a metastasizing p a r o t i d  tumor shovied t h e  folloviing s ign i f i can t  
changes; a pomLJt sustained rise i n  the adenosine- t r i?osphate  
f r a o t i o n  of the white blood cells i m e d i a t e l y  followinC the i n s t i t u -  
t i o n  of' thera?y and l a s t i n g  beyond i t s  comgletion; a fall. i n  the white  
blood cell oount only after the  e n t i r e  dose had been del ivered.  
Normal subjects  stand t h i s  dose.) 

of T i n  1/10 cc semgles of urine.  
than 0.0001 m i  cmgrrms . 

Copro?or?hyrin isomer s tud ies  i n  groject  ? e m o m e l  coritinue t o  
reveal  rn elevated conoentration of coi3roporlhyri.n I11 in T-exJosed 

The ~ 0 2  values o f  t he  l i v e r  

Alpha hydroxyaspartic acid  react ivated the  enzyme 
vdhen used a t  a r a t i o  of 

A sir;.ple u l t r a f i l t r a t i o n  method has been devised f o r  our  

Abnormalities considered on the  basis of the white blood 

The i n j ec t ion  of T i n t o  r abb i t s  is followed by a prompt increase 
No s ign i f i can t  difference,  however, has been 

(Note: 

A sinple procedu're has been devised for the micro-~.-uantitbtion 
The method i s  sens i t ive  t o  less 

. 



personnel as cornJared t o  control  indivic?uals. 
and o the r  urine pignents show freh.uent elevated values i n  !iroject 
personnel with various ty?es  of expsure .  
f a c t o r s  2roducing th i s  undoubtedly non-specific increase.  

Studies  of urorosein 

L i t t l e  i s  known about t he  

I n  general  beta and gamma surveys in the  New Chemistry building 
i nd ica t e  very l i t t l e  change i n  the  degree o f  contamination. 
hazard present  in D-1OA ( New Chemistry) has jrompted reconslendat on 
f o r  i n s t a l l a t i o n  of ven t i l a t ion  t o  diminish the  hazard. Three rooms 
in the West Stands ( 8 ,  9 ana 217) were returned to  rout ine use a f t e r  
decontamination but widesareaa beta o r  soft gamma contamination a g d n  
ex€ st so 

A Txf 

Approximately f i v e  hundred f i l m  meters a r e  developed each week; 
during the period 8/21 t o  10/8/44, 7 films of pro jec t  personnel had 
readings g rea t e r  than 0.6 r f o r  one week. 
f o r  t h e  p eriod 9/7 t o  10/11/44, 81 meters gave a da i ly  reaaing 
exceeding 0.1 r. 

O f  the  pocket rrieter readings 

Of '  these 35 were f e l t  t o  be va l id  readings. 

BIOLOGICAL REXE&GH SECTION 

Rats exposed t o  I 13' va2or re tained 10 percent of t he  inhaled 
mater ia l .  The absorptfon from t he  lung was 95 Geroent comglete a t  
t he  end of a 30 minute exposure V i i t h  a 10 percent deposit ion i n  the 
thyroid and 90 percent elimination i n  the  u r i m i n  24 hours. 

H a l f '  of  t h e  retained yttrium (57d) ahlor ide aerosol  was eliminated 
f r o m  the lungs of r a t  i n  a day a t  tracer level .  
lung re ten t ion  of  26 C pe r  rat caused no detectable  h is to logica l  

- damage i n  one week f o r  R lung exposure of 1500 r. 

2rg3-Cbg3 in jec ted  i n t o  t h e  hear t  o r  t a i l  vein o f  the  rat  was 

An average i n i t i a l  

deposited in lungs, 10 t o  20 percent,  l i v e r ,  10 t o  20 gercent  and 
ske le ton ,  15 percent With a urine excret ion of  30 pei%ent a t  10 days. 
The 50 percent l e t h a l  dose uas 5 c/gm for 15 day8 survival.  

The d i s t r ibu t ion  of radiation in t ens i ty  in $he femur of a rabbi t  
i n j ec t ed  with S99 has  been determined by 8 ,hotographic f i l m  re- 
produced i n  the  re2ort .  

The technis,ue develo2ed for assaying retained Sr89 i n  chronic 
animals by external counting of l i v e  animals shows tha t  4 t o  5 percent 
of' betas  escaEe through t h e  dorsal  surf,ce of the mouse. 

t h e  recovery f r o m  an i n i t i a l  exgosure of 300 r is ex2onential u p  t o  
t h r e e  weeks w i t h  a half recovery time of one reek. 

The survival  of  rats a f t e r  two exposures t o  x-ray ind ica t e  t h a t  

A more complete experiment does not show the  change f a  the growth 
of r a t s  ai&r a 50r emosure previously re2orted. 

Dogs showed gradual increases  in 21a.ma histtmine a t  a l l  levc-.ls 
of  X-irradiat ion from 50 r UJ. 
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A dose of 57 n f r o m  t h e  cyclotron was l e tha l  to 50 percent of 
CFl female mice in 30 days. 
f r o m  Clinton. 

This is oonsiderably lower than the value  
It gives an X/n ratio of 8.1. 
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I, C l i n i c a l  Rescorch Croup - 6. S. C u m n  Birron 

The laboratory has been engaged during t h i s  month in further s t u d i e s  on the  
mechanisfli of T poisoning, on the  prepkration of hydroylraspartic acid t o  be used 
f o r  t he  treatment of T i.oisoning, iind on the  r:ietobolism of rLbbit's bone m r r w .  
Tissue :.etcbolism on T ;io:soned-Rats,--It has been shown i n  previous re; o r t s  
t h a t  the rnetcbolism of the  Kidney i s  profoundly and progressively inh ib i ted  a f t e r  
t he  in j ec t ion  i n t o  rats of 0.5 mgs TO (N03)2 per %E. 
days showed a contf .uous dii:linution 05 02 uptake i n  t h e  presence of s u c c i n ~ t e ,  
p p v a t e ,  and alanine a3 oxidizable substrates.  
phenomenon for it hrts been found t h n t  t h e  O2 upt&e i n  the ,resenca of choline 
is not inhibi ted a t  a l l .  
Liver IletsSolism.-Shortly a f t e r  'f'02(I'?0 )2  is in jec ted  i n t G  rats most of ths rtietd is 

The metabolism of the  l i v e r  of n o d  rats varics greatly unless tlie anint-ls 3re 
s tarved for at l e a s t  48 hours. In t he  e q i e r b e n t s  re- sr td  i n  Table I both con- 
t r o l  m d  t r ea t ed  ro t : ;  ,{ere kept At1 out food f o r  48 hours, wi th  \ ra ter  nd l i b i t m e  
The z n L i s  w r e  k i l l e d  t w o  md th rec  days after i n J sc t ion  of "02(N03)2 (0.5 r ~ s  
per Kg). The 02 uptzke of t h e  l i v e r  m s  pr :x t ica l ly  the  sa te  as the c,ntrol; in 
tno out of tfiree animals there YJ&S a s l i g h t  inhibi t iot i  of 02 uptake h the  presence 
of pyruvate as t he  oxidizable substr&te,  inh ib i t ion  ivhich vias also i.iinifest when 
the  mount of pyruvote u t i l i z e d  aas measured. 
absence of owgen (in Kinger-bic:rbon&e xith i:2:COz as p i s  >hEse) cws not affccScL 

Liver s l i c e s  readily synthesize .GT: i;hm incubt. t ed i n  Ringer-bicarboncte with 
arginine and loctr?t;e. T h i s  synthesis was inh ib i ted  31 percent in the  liver of 
rats po2soned by To 

Rats k i l l e d  on successive 

This i n h i b i t i o n  is not a genwal  

deposited i n  the  kidneys, but som of i 2 is found i n  the bone arid i n  the liver, 

The utilization of pyruvate in the  

(Tcble 11. ) 

- .hen rats a m  stzrved f o r  48 hours the clycogen of the l i v c r  is corxpletely 
depleted because l i v e r  ylycocen i s  rcpidly used by the sn3nzi.l t o  provide food 
f o r  i t s  enorFj roquirementa. 
by T Ilofsoninl: as can be seen in Table 111, 
s t a n t - t i o n  had l o s t  35.5 ;lorcent of the l i v e ?  glycogen. 
2& h o u , ~  l a t e r  l o s t  99 Zcrcent. 
cent. 
liver glycopm, 
s tarved rat:; Ydth no glycogen in the  l i v c r  can be used f o r  the study of Glycogen 
synthesis in t h e  l i v e r  by foedirq t hen  concentrLtcd solut ions of ,glucoss a d  
k i l l i n ?  t h e  anirmls a t  ap;ay.+riate timst t h e  glycogen found i n  t h e  l iver rh3.l 
be synthesized glycogen. In  these expximents rats t r e s t . d  x i t h  5 q s  T02(H03)2 
were used three  days after the in jec t ion ,  
a f t e r  the  introduct ion of glucose i n t o  the stoidach there vms an inhibition of  
glycogen s p t h e s i s  of I.,!+ percent. 
animals k i l l e d  6 hours after introduction of glucose into the  s tomch (Table N). 
In conclusion T po isonhg produces not  only Mdney dayage but &so l i v e r  dzixrzge 
as shown i n  the  s l i g h t  inh ib i t ion  of pyruvate metabolisaz, a d  urea synthesis, 
and in t h e  inh ib i t ion  of glycogen synthesis.  It aust be reczlled t h a t  Lan (1) 
has found t h a t  ,.,uscle ?hos?horylase, t h e  enz:me YJhich catalyses t h e  revers ib le  
reaction &;rcoCen.u II31:04~glucose 1-phosphate, is inh ib i ted  br T, Our in vivo 
e q e r i : e n t o  confirm kin's i n  v i t r o  findings. 

The rate of Lais de&le t ion  rias s l i g h t l y  nffected 
Control rcts zfter 24 ~ n d  h8 hour 

'The treated rr i ts  I S I e d  
..hen food was not ;rithdrzim, they lost 92 per- 

Trt.atad rats 'killed @ hours afLer T in jcc t ioa  l o s t  95.5 percent of the 
.hen food .tiis not  irithdrcvJn, the  loss a s  88 1;erccnt. These 

..hen the  animals were I u l l o d  4 h o w s  

The inh ib i t ion  1'038 t o  44 p r c e n t  i n  the  



TO,,(f:Oq)< required t o  r a i s e  blood : ., .;;.--;',ken J.5 ags T02(;:G )2 per %i: xas 
in ' iect6d-into rats the  blood K.i;.U. rose stcr-zciily so that at z he 5t  I dry after 

-Y  - ~ 

- 

in jec t ion  it rei ickd 161 m~;s p r c c n t .  
t o  62 mg percsnt a t  t h e  end of the  4 t h  dsg. 
KE i n  cr sini:le dose had no e f f e c t  (Table V), 
Effect of To~( i :O%)p on F.yruvate ;.:et&olisn.-It hes been sho~m i n  previous r epor t s  
t ha t  Ma' inhibits s o x  enzyi;ie react ions irhile i t  has no a r f ec t  i n  others. 
Further proof of t h i s  specificit;.  is given i n  Thble V I  ukere t h e  ei'fect of "02 

on t h e  various z h b o l i c  reections of pyruvate has been tcbulsted.  
pigeon l i v e r  (washed and unmshed) IYLS used ki these eqcerhents .  
piecon l i v e r  suspendud i n  ?hou;.:hi?tc buffer contcining sf~~A.1 mounts of 5 ; ~ + ~ ,  ;.h 
diphos;!hothiamine, and adcnos~etriphosphate oxidizes pyruvate r+ idly.  
Suspension PELS t r e i t c d  ivith the  ay:po::ristc auount of l'o,(i,iCg)s f o r  13 ninLtes; 
e f t e r  this t h e  phosf..hste bultfcr v'mi added and the  ofidation 0 
determi .od b.r i ~ e ~ ~ u r i n ~  the  O2 uptske. 
t i on  (23 percent); 3.WO2 1;- incrmsed  tlie O2 ul:take. ?his i n c x a s e  i n  the 02 
u p t a e  mst bc due t o  a shyft  i n  pyruvate niCtF.bclisiii to.&rds the oididative pz.th- 
xay because i n  ex j )e rbcnts  -;here t h e  mount of ppuva te  utilized . i ~ s  imzsured, 
u t i l i z a t i o n  YI&S not affected (Table VII). 
:vays of p::ruvate u t i l i z a t i o n  a r c  narc corqlex because thcre  i s  not o n l y  oxidiition, 
but  also d i s m t a t i o n  and condensation lezdinl; $o.synthusis of &ceboecctste, 
4 keto g lu ta ra te  and c i t r a t e .  'i'he e f f ec t  of T02(PI0 ) 
on the  synthesis of acetoacet&te ;vzs therefore stud ?ii e in t h i s  system. 
nutat ion of pyruvate, as nsesurod by C02 fora. t i o n  i n  Ringer-bicarbonate i5t i . i  Ti2: 
CO as grjs phase, wis co..;pletely inhibited A t h  0,OCU & TO2(i;03)2, and 75 perccrh 
in *& 0,0032 K. 

3.1 ;:is p& Y,g rc ised the K.i'.i;. vrilue 
3.05 I%, ( i . ce  Ui cLcroi;rzm T) per 

Ground 
.;ashedm groun$,- 

, 
T h i s  

pyru\*aLe GLS 

0,OCl - 1: 312(130 )2  produced i? s::ail inlii'!S.- 

In  un;ihshcd, grcunc! l i v e r ,  the p i t h -  

on j>p iva te  d i snuk t ion ,  r r d  
Tne dis- 

m e  react ion is: 

2CH~COCOOH+H$& H3C HGHC GOII &I I COC;H+ C02 3 
' b en  pyruvate u t i l i z a t i o n  YJW measured, t he  inh ib i t ion  v : a  45 percent, 
synthesis  of acetoacetic acid w a ~  inh ib i ted  54 1;ercent i v i t h  0.001 & TO (PO ) 
while 0,0002 
Lhat i n  Idgeon liver suspensions, the oxidetion of pbnvatc  is o n l y  s l i g h t l y  
inh ib i ted  by T02(1t0 )2 t h e  cFismutction is otrcng1;r inhibitc.3, while the  s p -  
t h e s i s  of acetoacet 4 c acid is half-inhibited; c l e a r  em:iplc Df spec i f ic i ty .  
i'otato i ' h o s . - h o ~ l o s + I t  has been shown by Lan (1) th:-t i ; uc l e  phos:korylas;e is 
inh ib i ted  bj TO +% ?otato phosphorylase catalyzes t h e  r a c k i o n  s ta rch  -c H3i'O3,& 
glucose 1-phosp 2 ate. Uizyrne a c t i v i t y  c m  he i:,eEsured c i ther  by the amount of 
P Libersted from ,-Jucose l-;-:hos;:!i;;te or bc. t h e  f o r m t i o n  3: st:..rch. The ex:.cri- 
ments were performed a t  pi1 6.2 i n  irnleate buffer (added 5 d i i u t e s  s f te r  the t d d i -  
t fon  of Toz(IIO ) z  t o  the  enzyme solution).  
a t  23* a f t e r  i d i ch  C C 1  COO11 m s  added znd the  t' PAS deter:;Lr,3d co lorhe t r icz l ly .  
0.301 & TO (I40 ) produced 32 percont inh ib i t ion  (Table V I I I ) ,  
Tryr!sin.-$iie 2cf iv i ty  of c r p t a l l i n e  t ryps in  iras u d r ' e c t e d  by the a i d i t i o n  Gf 
3.301 
Pol~~llmolSxia;ae.-T02(I;03)2 tit a concentrztion of 0.091 & h x l  no r:ffect on 
the a c t i v i t y  of t h i s  enzyme (prepsred from r;iushrooi;E) as i.:casur3d b: tlr;e o x k k -  
t i o n  of catechol (Table X). 
~bonuclcnse.-XI .nicrocrans of c r y s t d l i r i s  ritbonuciessc :,ere t r ez t ed  :5 th  3.3.L & 

pI1 6 in bicsr50nLte-Cu2 buffer. 
tip;..ed i n t o  tht: solut ion ol" yea.A nucl2ic acid,  The rate 0;' h;rdrolysis cf nucleic 
acid ;;.as f ollowod r:ano;;ietrictlUy. T O Z ( L U ~ ) ~  produced no W. lb i t ion ,  
Lact ic  Dehydrocenase.-This enzpe kctivk es  1,xti.c x i d o  
ac id  is oxidized t o  pyruvnte by ciii.,hosl:ho;,yridine nacleotide (Li'i;) vdrich is reduced 
t o  dihyd:.odi~hosi:hoI..;cridine nucleotide (dl'i;) I i?e  - 

The 

had no effect .  (Table V I ) .  It cLin be seen from these C&je&idntS 

' the t U i . e s  were kept for /+a i d n u h s  
3 

TC (EG )2; on the  contrary thcjrc I ~ S  a s l i z h t  incrcEse i n  a c t i v i t y  (Table  E j <  

X t c r  15 x i n u t s s  the e n z p e  ;rcis 

.fhe Lctivcted lcctic 

. 



Lacttite-I- DPN Pyruvate + (Ol'N)H2 

This reversible reaction, goos t o  t h e  r igh t  i n  the  ?resence of a s u b s t a c e  xhich 
combines with p,vruvate end the rate of tho reaction can be measured spectrophoto- 
metrically a t  3450 8 where the (I)PN)Hz shows an absorption band. This enzyme 
was prac t ica l ly  uninhibited by To (1!")2 0,301 & (Figure 1). Dounce (2) hns rc- 

Dounce is more complicated th;n t h c t  used by US. 
and flavoprotein, 
o r  t he  second protein i n  not known, 

ported sone inhibition. It must 2 e pointed out hoyiever tha t  the system used by 
bounce h?-d l a c t i c  dehydrogenase 

.,hether the reported inh ib i t ion  was due t o  action on t h e  firs's 

The Reactivation of Enzymes InhiLited by TOq(N0 
r w o r t s  thtit t h e  rc tc t ion  beheen  r09" and-em 

.-It has been show i n  previocs 
is, under cer tz in  conditions, 

r&ersible.  
acids  among which c i t r i c  ac id  was found the most pouer fd  agent. 
t h a t  reLctivating cizents vfould be those c b l e  t o  form cycl ic  cor( ounds with T02Ls 
which were not eas i ly  dissociable. 
ports it :.ras predictcd that hydroqynsytartic acid, zn u ~ n o  acid posaisshg the  CCh- 
and OH croups so s i tua ted  as t o  favor the  f o m t i o n  of T32 cycl ic  co;.,-ound, .vould be 
a good react ivat ing agent. 
ic t ions.  Succinoxidise inhibi ted $Kl percent by 1\3 (LO )z  -;as resctivated 61 per- 
cent by c i t r i c  acid mtf 47 percent by hydroxjas:x&.c Zcxd, 
organic acids were added a t  10 ti;.es the  concentr;.tion of T02(N0-j)2. 
aspar t ic  is the only udno acid xhich has been found t o  be a good rcvcrsal  &cent, 

Reactivation of the  enz;ae was obtkined on cddition of cer t . in  orgL5.c 
It was p o s t d o t e d  

In  a list of coqoun~*g1ven i n  one of OUT re- 

Tlie ex:a%nents rej,orted i n  T L b l e  X I  confirm oir prcd- 

In  both c x e s  the 
*hydroxy- 

whydmqmspartic acid W i l l  be used as a therii,,eutic acen'c a&-;einst T Boison- 
and i t s  efficacy *dl1 be co::,pred d t h  that of c i t r a t e  a d  carbonate, 

%ether  the enzymes inh ib i ted  by T i>OSSeSs in t h e i r  molecule a(hydroxy&s;)&rtic 
acid is not known. 
has not y e t  been found i n  proteins. 
The Combination of TO9 
bines with enzy;:res reversibkj, the  next step is t o  estLblioh the ni ture  of t 1 . h  
cornbination and the groups i n  t h e  protein molecule A i c h  bind t o  TO2 . These 
s tudies  a re  going t o  be undertaken w i t h  c rys ta l l ine  proteins 2nd i n  l a q e  scale 
experiments. k'or this pUrI,OS@ the c o l o r h e t r i c  mthod of T detern~nation was 
developed. A rapid metkod for  the u l t r&f i l t ra t ion  of protein solutions h a J  also 
been devised. The solation to  be f i l t e r e d  is put i n t o  a cellophane bag shich is 
suspended, inside a double-layer cheesecloth bag, in a 50 cc centrifuge tube. 
hour c c n t r i f u p t i o n  s t  3333 r 1) II! provides fro:;, 2 t o  3 cc f i l t r a t e  fro!. a 10 cc 
. r o t c i n  aclution. 

.ie a r e  of course ~ v i l l  aware that, up t o  now9 t!iis a&-n acid 

cos- with Yroteins,-After i t  hrrs been shown t h s t  TO2 

On5 

In Table XI1 &re i;iven t h o  results obtained , J l < ~ i  s o l u t i a s  of T02(hUU )2  i n  
d e a t c  but'for a t  sevcral pH vslues uere u l t r a f i l t e r ed  eccording t o  &.c tcchnicjce 
outlined above. A t  pIi 
f i l t r a t e .  
~ m i l . p 8 s  of T .ierc ,.&de i n  0.1 cc by the  colori 'zetric uictiiod. 
ai;[:rcgate fornFtioli  took pl:.ce :;it,,; su,sequent plu&nz of the  I orcs 02 the rnembsmc, 

or below, 83 t o  93 per cent of T np;earcd i n  the ultra- 

Undoubtedly c t  pI1 7 
A t  pH 7 o r  above, from 10 t o  2J percent of T li 'cf~ fixmd 5n the  f i l t r a t e ,  





Table I 

Liver X-etabolism of' Rats trczted i t h  To2(N03)2 (0.5 q s  Per Kg)* 

Kil led  2 days aftcr:  JO -(O uptcke per ne per hr in Rin&el'-l'Ok buffer, 
N2 2 - 2  

C2 as cas phase; lo2 pyr = 0 u?t&e in K a e r  PO4 9 0.0lg pyruvate; 4 

c m  CO2 production in Ringer - SaEC03 . r i th  IJ2:C03 as &as phase, ;Z 

pyruvate utilized in 0, - as zas -t:z.se; 3 

of 0-xypn. ( 1. IC ~yruv ic  ac id  Z 254.5 cm). 

pF'= 
02 co2 2 

= c m  
P V  .< 

*2 
s cmm pyruvate utilized in the  absence 

P;yr 

Y o 0 1  

10.01 

3927 

14 19 

5.66 

Con t r o A  

'202 7.68 . S056 

90 58 

3.24 

12.35 

6.12 I 3.93 
'$ 
pyruvct e 

Treat c d 

7.63 

Y.69 

3.16 

7 e77 

4.8 -- 

;ontrol 

7.95 

loo04 

3.73 

E06 

3.66 - 
Table IX 

I Trebtcd 

BOO1 

8045 

3.43 

809  

3.83 

The synthesis of urea by tho l iver  of rats  ( s l i c e s )  treated with TO2(N09)2 . 

(0.5 rigs per Kg) synthesis In the -nesence of arginine and lactate. 

time time, 1 hr. 

Incuba- 

Figurea @?e cmm urea fomed i n  1 hr per mg drfr . eight. ~ l l  

r, ta  were 3t~lrved 48 hours befclre death. 

Rat 

1: 

I1 

I11 

N 

v 
VI 

C ont r o l  

9 .o 

12.2 

15.3 

17.3 

12,6 

13.3 

Treated 

8.0 

7.8 

8.0 

10.7 

9.6 

12.1 

9 "0 

9a2 

Xnhibi t lm  
per cent 

31 



Cmditims 

Control at  start 3f 

8x7 er inent 

24 hours stflrvatiDn 

Trcatd 5 m& x Kg starved 

Treated fo& not removed 
unt i l  24 h:mrs. 

Treatcd Paod n t removed 
until 24 hmr8 
--- 

Time after 
in jec t im - 

days 

0 

0 

0 

24 

40 

24 

40 
c__ 

27.8 

1.01 

1.39 

. 0.j.L 

1.23 

2.29 

3.25 

-- 



Table IV 

Synthesis of g1.ycogc.n by the l i v e r  2f ra ts  a f t e r  introduction of 8 cc of 

a seturat!.d solution 3f glucose tnto the stomach. 

previ m s l y .  

Rats starved 48 h m r s  

Rats in.)ected vJth 5 m&s T02;NB)2 per Kg 3 days bef'oro qlycoeen 

t st: 

- 
I Clycwen, mg per  g of liver 

Time after 
pJucoce injoct im 

h o w  

2 

4 

6 

Treated 

14.6 

32.5 

25.1 

Sontrol 

16.6 

?7.8 

44.6 

Inhibition 
p c r  cent 

. 14 

44 

E f 1 8 8 5 5  



Table V 

Bload '.;'.>!. i n  r n t s  i n j m t e d  with varying anounts of T32(N%)2. % m a l  values 

ar-)und 40 m ~ s  7er cent . 
3 >od '. ?.F?. 
mgs nercent 'hys a f t e r  In jcction 

0-5 41 2 

3 

5 

2 

R 83 

W 141 

0.1 35 

11 . 45 
c 

1) 60 

0.05 46 

ll 43 

R 44 

4 

2 

3 

4 



rt- 
Table VI 

Effect of T02(NOg)2 on ' m v s t e  ?'.etnb7lim 

'yruvat e React i m 

a) grmnd washed ?igeon l iver  

b) ground unwashed l i ver  

11. 9yruvate Cismutation 
a) os rneasurcd by C02 productioi 

b)  as measured by 3:mmate 
analysis I 

111. iicet oacetate Lynthcsis 

TO ( M r )  ) 
once#tm?iGna 

.* 
r . :  - 

3 .GO1 
0.0002 
0*001 
0.0002 

0.031 
0.0002 

0 0031 
0 m0302 
0 moo1 
0.0002 

3.4 

Inhibit i 3n 

p .-: rc ent 
- 

-23 

-28 

C omplet a 
-75 

-45 
-46 
-@ 

0 
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Table VXI 

zffect of small m m n t s  of TO2(N%l2 on 7pwvate okidatiQn by Digeon washed, 

gr3und l ivcr,  a8 measured by Oz uptake and *,yruvate :malysis . 

.';gstem O2 uptake 
!$lank subtracted 

CDgn 

I -- 

Ins r ea s e -. 
percent 

t.ls 

*19 

+ 7  

L 

Pynrvate 
u t  ill zat ion 
mi cr ~ m l  eB 

25.4 

25.5 

27.1 

75.6 



Table VIII 

EfTect si T O Z ( N $ ) ~  on the ,ctivitg of 'otato ?hosphorylase 

Coat rol 

System J3 Value at  p l iberated 
,730 mu in 40 min. 

micrograms 
0.540 386 

2 63 

. I 

Inhibition 

oercent 

32 

6 Value at 
630 mu ( I -starch 

c 3mpHax 1 

0,492 

. 

E t 1 8 8 5 9  



Table IX 

d'fcct a r  TOZ(N%)% 011 the . ,ct ivits  Jf Zrystalline Trmsin 

1 

2 

3 

4 

5 

6 

E* value is I 

T Concentration 

0.001 

n 

None 

0.005 

W 

E*-Value 

0.477 

0.820 

0.507 

0 . 400 
0.468 

0.481 

Uf cat 
~ 

sl ight  increase 

:;light inc re8 E'e 

n W 

i rect ly  m - 3 )  I r t ional  t o  enzyme activity under the 

c;>nditinns d thc se exoeriacnts. 

Table X 

yotan 

k;ffcct of T02(N03) an the x i t i v i t y  a f  'olyDheno1 oxidase. 

uptake 
12 min. 

22 

0 

97 

75 

7- 

-- 
75 

73 

Inhfbiti 3n 

corn p l e t  8 

None 
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Table -.I 

Acid as heactivating tigents of Lnzyme 'Inhibitims ocHydroxyospmtic dicid find Citric 

Troduced by TO '' 
Succinoxidase prepared from gigom breu.t, dialyzc d free of )hw?hnte. 

2 

TQz 

(N%)2 m a  added t o  the enzyme susmneion t e n  minutes befJre. 

pH 7.2 ;idded afterwurds. Dumtf In 3f e x p  rinents, 40 minutes. ucclniite, 0.01 

Verona1 buffer, 

System 

Control 

T02(N03)2, O.OOQ3 

Control + citrute,  O.O( 5 E 
T%(N03)2 + citrate 

Contra1 t ahydroxyaapartate, 

T%(Y%12 f q4hyclroxyaspartate 

0.005 

0, upt ake 
m 

- 

96.5 

9.8 

99.5 

64.4 

97.5 

50.8 

lnhibiti  3n 
percent 
- .--. 

90 

35 

48 

I 

React iv : i t  i on 
percent 

61 

47 
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xperlnents 

1 

2 

3 

::ample 

control 

Ultrafiltrate 

U l t r a f  iltmt e 

u1 trafiltrat e 

C ont r o l  

Ultraf i l t ra t  e 

Ultmfi ltrnte 

l i l t  rof ilt rs t e 

- I J l t r a f i l t r  t e  

Contro l  

U1 t mf ilt rat e 

1.2 traf i ! trate 

UltMlfiftratc - 

5.1 

561 

3.8 

7.0 

werage of9 
H values 

5.5 

6.0 

6 .5 

7 00 

6.5 

6.6 

6.5 

6.5 

iJ-value 

0 8 214 

0.193 

0.194 

0.032 

0.2?4 

0.178 

0.194 

0.179 

0.338 - -  

0.214 

0.187 

0 .lo3 

0.182 

- 

?er cent 
; ; i l tcred 

89 

90 

15 

80 

81 

80 

17 

87  

84 

e5 



The affect of TO (NO )2 00 the activity of l ac t i c  dehydrogenase 
as measured by d e  &e of redactitxi of diphosphopyridine 
nucleotide. 

control . 

treated with 0,001 TO,(NO3)2 



LL IL m D  loyees Health Service - J.G. Allen 

During the mnth of Septaber 15 to October 13, 1944, 1943 physicd 
examinations :'tern done; 32 of these were on individuals transferring to other 
siLes. Of the .Ut3 physical examinations, W, aere acade.zic and 99 non-~csde;aic. 
Tvro persons uere rejected because of f f n d h p  on clinical or laboratory @d- 
nation, 
because of sickness or  accident during this period, 

Includinc, the pre-employment examinations 463 individuals mere seen 

III. Clinical Laboratory Examinations - L.O. Jacobson and E;. Marks 

A r e s w  of the clinical laboratory examinatLons ccnducted d u r a  the mnth 
( Septernbcr 15 t o  October 15, 1944) follows: 

- No. of Laboratory Procedures 

Hemoglobins 854 
Red counts 527 
;Mte counts I242 

Differentials 1242 
Platelets 192 
Urincs 873 
Retics 50 
;&ss ermans 243 
Misc. 10 
Sed,, Rates zw, 
Hematocrits Ucb 
StiPPUnE: 
Immature cel ls  

No, of individuals examined 
aQm 

* New personnel. 92 
Controls 256 
8ork Hazard group 843 

Abnormolitf es 

149 
101 

belo-;? 50;X, 82 
above loo00 93 

223 
35 (10 below 150,030) 
195 
0 
0 
0 
0 
0 
15 
43 

No. a i t h  Clinical Laboratory 
abnorndities * 28 or 3% * 66 or 26% 

*2ll or 25% 

* Includes on3y abnormaUties of the VJBC ( below 5000) reversal of 
Neotrophile, lymphocyte ratio and immature cell, 



IV. Clinical Research Grow - S. Sch;iart z 

I. Uf c t  of Tub'dloy Lxposure on Urine Catalase h c r e t i o n  
,Yth LolJise C. HolV 

Incrcased urine c a t d a s e  concentration followin2 ex osure of rabbi ts  t o  tuballoy 
~ m s  recent ly  doscribed by a. L.Cc*mce and colleagues of Kochcster, IL:w York. 
s igni f icant  increase in catitlase ac t iv i ty  of urine of h ~ m s  -..ith hcmy T ex, osure 
vms also clai:-:ed . 

A 

During the past  soverzl ;,?onl;hs rre hsve been i n v e s t i p t i n g  u r i n e  catalase i n  both 
e&?eriliental rabbi ts  iuld i n  nroject  menbers exposed t o  v&rious co~.+ounds of tubal- 
loy. The method used here is based on the iodoiLetric t i t r a t i o n  jxocedure of Balls 
and Hale%* rdth a fer? l i l lnor mdif ica t ions  of cur oxn. 
dure instead of a m u e t r i c  mothod, such as i s  used by the Xochester group, be- 
cause it was f e l t  it 'u;';ts more accurate and r;ore sultted t o  routine leboratory work. 
The procedure, in br ie f ,  follows: 

.;e have chosen t h i s  proce- 

1. 

2. 

30 

To 10 CC. of cold phos;-,hato buffer (pI16.8), 3 cc of cold 3-02 normil I!$$ 
solution and 2 cc of urineare sdded. 
bath for  30 minutes. 
F e d d e  solut ion was used i n  nost rabbit s tudies  because of the large 
mount of catalase present , ) 

:.&c gently. Incubate i n  an ice  
(4 cc urine and t h e  equivalent of 2Cl cc o r  ~;iore 

Remove froffiice bath and add 10 c% of 2 normal U2SOCi 10 drops of sa- 
turated molybdic acid solution, cnd 10 cc of l% po assiurti iodide sol- 
ution. 

L e t  f1a::k sit eight  t o  f i f t e e n  minutes a t  room teqjerirture. 
with 0.01 n o m 1  sodium th iosu l fa te  solution, adcling 1 cc of a starCh 
solution as indicator  cfter most of the  i n i t i a l  brown color hn; disap- 
peared. 
the  blue color. 

Titrate 

A shaqj end point is recched x i t h  c o q J e t e  disappearance of 

Because urinary reducing substances o ther  thcn catalase i;Li ght deco:iosa peroxide, 
we have ti:ten;-tod t o  control out s t u d i e s  with various types of blanks. 
coverod in t h i s  r..:%ort v i a s  obtained u s i n g  one or both of the Folloaing u:*ine blanks 
for each sample. 

The data 

1. Urine blcnk ;:ith sulfuric acid added before t h e  ecidition of geroxide 
( t o  inac t iva te  catalase, ) and t i t r d t e d  trithout incubation. 

2. 3- as $2, but incubate blank one half  hour a f te r -addi t ion  of sulphuric 
wid .  

-. 
C ,Ie are indebted t o  3r, 3. S .  G. Parron for his !ddd 4ssistance i n  these 

* Journal of Assoc. of Official i igriculturzl  \6hsi49sts, 1 1 5 ,  G3, 1932. 
\ 

studies, 



3. A water blank ~tas also obtcined i n  most of the studies,  

Catalase is quantitated i n  terms of t he  diffcrence betaeen the thLosulfate 
sary t o  t i t r a t e  the  u n k n m  u d  the  blank. 1/10 cc th iosu l fa te  difference 
valent t o  0,011 cc of oxygen as deterrriined n~no;r,etricaliy,  

A, Rabbit Studies 

23 

neces- 
i s  equi- 

The s a q l e s  stood, as a rule, froz one t o  t,ienty-four hours ;?rFthout preservative be- 
fore being studied. Part of the ca ts lase  a c t i v i t y  utas therefore, due t o  bac ter ia l  
catalase. Determinations done on llfreshll urines o r  on urines collected under to l -  
uene, or i n  a bo t t l e  irmnerocd i n  a dry  ice-acetone mixture, ho,vever, shovded t h e  
s&!c r w e  of ec t iv i ty ,  Urine blank fil was used i n  most of these studies. 

Hemochromogen s tudies  on 3 cc urine s u p l e s  ;;ere, d t h  on1.y a feii exceptions, 21- 
uays negative. gocause of the r o l t t i v c  insensiLivity of tE.is tes t  as co.,.pared t o  
catalase, homver, t h i s  does not cxclude the p ssibilfty t h k t  red cells night be 
the  chief source of tlie urine catalase.  

In  t h o  follovring, all data is  given in terns of th iosu l fa te  difference per cc of 
urine 

1. Control rabbi ts  

64 determinations on 13 control rabbi ts  have been perfomed. 
0 (only once) t o  34.6 cc th iosu l fa te  (0 t o  3.8 cc of oxygen), Average value: 4.94 cc 
th iosu l fa te  (0.552 cc of 02). If we omit seven determinations, which were m c h  
h i @ e r  than others done, an average value of 3.2 cc of thiosulfate is obtained. 
lowest Everage value for any rabbi t  ..as 0.8 cc of thiosulfate ,  (5 de t e rn i a t ions ) ,  

Barge of v&xis: 

The 

2, T injected rabbits 

6 rabbit8 :‘Icrc injected rdth 4 mill&rams per kilo;ran of T;JO3, (eenerally a 
l e t h a l  dose). 
t h i - s u l f a t e  t o  18.4 z i t h i n  24 hours. 
l ues  of about 73 cc th iosu l fa te  were obtained on about the f i f t h  dayo 
two wocks, catalase excretion returned t o  the normal range, 

Urinary catalase excretion rose frorrt an everage value of 1.8 cc 
In those rabbi ts  t hz t  survived, peak va- 

I n  one t o  

It night  be pointed out t ha t  in all these rabbits,  there  m s  mrlccd kidney damage 
as evidenced by the  fall of w i n e  specif ic  grzvity froin control v&lues a v e r @ n g  
1.947 t o  a v o r q y  values of 1.0.U for  the f irst  mek. 
returned t o  ap.-roxinotely norm1 only cf’ter 5 - 6 weeks. Only two of the rzbbi ts  
showed mre than 2 plus albuminuria;  so:ie had elevated ur1l.e ca ts lase  vtilues 
n i t h  no increase fn a15~1inuria .  

These spec i f ic  grav i t ies  

4 1  htd a pronounced di:xhutiori i n  urine v o l w ~ ~  

B, Studies of Project Personnel 

Kagnrdless of the procedure used no s igni f icant  difference has been noted i n  the  
urine catalase of control md T-ex;;*oscd gr0ui.s. 
I1 beloi7. 
duds  and 29 T-oqmsed individuals a t  S i t e  r11311. 
control individuals and 15 T-ew~osed Sersonnel. 

e 
The data is given i n  Tables I iind 

The lmes y-o i~p  consists of 13 
The dsta i n  Tablo I Fro;.. tho Chicqo  group includes 28 control indivi- 
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Table I. Catalme .'.ctivity Studies on 1Iu.:an Urine. 

Controls T-&p osed 

Tests W e  hveram ChicaEo Studies : - Tests Range Average - 
A ririth 1120 blank 19 0.a5-0.25 0.11 24 0.03-0.22 o m 1 1  - 
3 xLth ,:'2 urine 2 O.Ok.-O,u. 0.96 17 O,O+Oe15 3.05 
blank 

h e s  Studies: 

Chiefly ;:l blank 14 0.0 -0012 0.06 62 0.0 a017 oew 
k xmparison of tine titration prodedure used i n  our lcboratory and a manometric 
Cinalys3.s sf:91ar t o  t h a t  used by the Rochester group has been m(b. .The mano- 
metric analyses were kindly  done br &, E;. S. Guum Btwron. It miplht be pointed 
out t h z t  t he  rmofietric studies were done at ~00 l l i  te ,qorzture  instead of ice bath 
teqerature as used i n  our  studies. A KCid t r o a t e d  blank used. The data in 
both instancoo are ;liven i n  terms of cc 02 evolution per cc of urine after 33 mi-  
nutes incubation w i t !  the  peroxide solution, 
rcughly 0.004, 

The accur;cy of the  procdures is 

Table 11, Coqarison of thnonetric end Iodoaetric Ti t ra t ion Procedures 
f o r  Catalase hnalysis, 

I.:anometric Analysis 
T Iwosod 

1. 
2, 

40 
5. 
64 
7. 
8. 
94 
10. 

30 

Controls 
I U e  
ll. 
12. 
13 
U m  
1 5  

Female 
16. 
17 
18. 
13 
23. 

0 , Q l O  
0009 . 310 . O U  
913 . 010 

om3 
.006 . 016 
0010. 
0,310 

0 013 

. 913 
b 912 

0. o u  A 

0.023 
019 
023 

0024 
0x8 

0 . 015 

Iodomet r ic  Titre t i on  
Ha Blznk - //2 Blank 

0.019 
013 

. o s  

. 016 

. 019 
0.015 

0.011 
013 
, 016 
,022 



It Qight 
found i n  
negative 

be ?ofnted out  th&t.thicmalfate difforencos of ..ore than 1 cc have been 
h o s 2 i t 4  ,,ttients or  control  Froject members x i t h  slbuminuria, but a 
hewchromapm t e s t  on 3 cc urine. 

Conclusions : 

1. The in jec t ion  of a kidney-dzagin& dose of TL03 i n t o  rabbi t s  is followed by 
a prompt marked increase i n  urinary ca ta lase  a c t i v i t y  las t ing one t o  two weeks. 
2. A l l  control  r abb i t s  s t u d i e s  have far more ca ta lase  a c t i v i t y  i n  the urine than 
any h u m s  studies.  
3. 140 significclnt difference has been found in the  urine catalase a c t i v i t y  of t h e  
hu  ana . I  i n  our control  and T-eq,osed tmUiJS. 
4. *bough our human ex osed group has 6. considerable a v e r q e  increase ii urine 
copropor;lhyrin excretion none of those s tudies  h - v e  had an acute  overvrhch.b-g dose 
of T which is in any way corn;-,arable t o  t h e  dose administered to thc rhbbits studied, 
Such s tudies  :.:uot be nlcide before t he  value of this t e s t  can bc. f M L y  ascer t r ined,  
The poss ib i l i t y  is su,-'g,ested t h s t  the  elevztod catalnse vzlues found by t h e  Hochcs- 
t o r  pou; ' ,  might be due t o  grea te r  exiosure of t h e i r  sub,jccts. 
5.  Studies of blood yigrnent concentrztion i n  u r i  e based on hemochro,Jogen analysis 
h a COnC8RtrGted s:;ocLnen a r e  planned t o  hclp d e t c r d n e  h e t h e r  t he  ca ta lasc  re- 
presents a leakage of rod cel ls  o r  cc tua l  s l o q h e d  kidney t i s suec  

11. Studies of Itactlation Lffects i n  a Patient  Receiving Total  Uc.y X-Kay 

Studies have recent ly  been corqlcted on various radiat ion e f f ec t s  i n  a 58 year 
old female, ~ l i o  received 156 r t o t a l  body x-ray over a period of 18 days, The 
parot id  tudir, f o r  :.rhich she -;ras t rea ted  ivas first noted i n  1329. 
e: cised i n  1934, a&.n in 1939, 1941, and i n  1944, k d i a t i o r !  tt-:crapy (dose *: ) 
followed the  f i r s t  axcision. 
had reached "volley b U t f  size, 
The patient k:nd suffer d a 4c\ bib ;wight 'loss ri? the pnst 18 :nont!;s. 

Treataent was*dlvided i n t o  a s e r i e s  of a lnost  d;Uy doses, of LO t o  12; r each. 
.itW B coqJox, vitandn C, feosol, barbituatea, morphine end a sp i r in  were 
given before, duri &, and aftor therapy. 

Tra.tmont .1a6 discontinued on the 19th day, f o l i o i ! f ~ ;  the first indicLtion of a 
drop i n  the  t o t a l  Ydhite blood count. 

Urine otudios vere :wde on cotisecutive 24 hour uri e col lcct ions.  
nere %,?.e on oxalated smrkples of blood, usirq e s sen t i a l ly  the technique described 
i n  the  re;:ort of June, 194-4 f o r  the  i so l z t ion  of vrhite blood cells, 

The averg;:e values of various phosphorus f rac t ions  i n  the  ctNte blocd cells during 
tho  control  period, radicition period, and post-riLdietion i'eriod, zre t'iven iz-1 Table 1 
below. 

I It r r ~ ~  f i r s t  

A t  the  time of surpmy i n  A y 5 . 1  l041~, t h e  tu+-.&oor 
i'ulmonary ; ~ ~ t i i s t ~ s e s  ;yere thought t~ be ~ r m C 7 t o  

Blood s tudies  

The r a t ion  of adenosinctriphosPhatc t o  t n t a l  zcid soluble phos;horus, is 
included as a check on the  procedure 
for any l o s s  i n  biite c e l l s  or  error 

&cd, since t h i s  v a u e  ,nuld t e n d - t o  correct  
i n  t h e  Ydhite blood count. 
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Table I, 
X-Ray Almst L)ail:r. 

. b i t e  Cell r’hos2horus Fractions in Patient  Receiving 10-12.5 r Tots1  Do@ 
(Tot<al Sffect ive Dose: 156 r .)  

Control Period Radiation Period Post-Fadiction 

Total phos;:,horus 

Kucloogrotcin plus 
Lipoid P 

2,66 
i eriod 

2.19 

1.46 10‘33 1.53 

Acid soluble 1’ . 76 0 76 444 

Adonosinetriphosphate k) 

Acid soluble P 
JilT - P X 1W 

Ilexosedip hosphat e 
plus phos>hoiqwuvat e 1’ . a8 e 8  . 04 

~*InorE;anictf P 20 17 0.13 

. .Bc E300 ?a4 2.500 

Q Values are give2 i n  terms of phosphorus/dllion ?+hi& blood cells, 
Total phos; horus is not equal to t he  L .in of the  nucleoprotein - l i p o i d  phosphorus 
PlUS acid soluble P i n  these average values since one o r  t h e  other of these deter- 
minations was not done i n  every i n s t a c e ,  

Unfortumitcly no attenpt was made t o  subdivide t h e  nucleoprotein $us l i i o i d  phos- 
Forus f r ac t ion  i n  t h i s  study. 
t he  white blood ce l l s  nucleic acids both chemically and by means of Beckinan absorp- 
t i on  s tudies  t o  determine whether they m ght be the cause of t’ne rise showno 

Procedures are noiv baini: .iorlccd out  t o  iuant i ta te  

As noted i n  these figures, the mst spectecular 1indirig rr3s the  pro:qt, riarked, 2nd 
sustained rise i n  the Gdenosinetriphosrhate coritent of t h e  ahitc blood cells. 
grr& fi-%erwt, alsoi Y&R the  verg marked rise in the excretion of urine coproporphy- 
rin during t he  l as t  week of l i fe ,  msociiited ; d t h  increased values f G r  urobilinogen 
and other urine pigments, 

Of 

Urnrosein determintitions,’ unfortunately, ;;ere not done during the  first t-t~o weeks 
follo;.drq i n s t i t u t i o n  of thcrapyr hence the brcak i n  t h e  curve shown. 

The method used for the  fract ionat ion of t he  ;&ite blood ce l l  const i tutents  vas  
suf,g:ostcd t o  us by U r .  E. S. G. Barron, 
trichloracetic acid, and on frrtctional hydrolysis at severn ninutos and one how 
i n  a one normal HC1 colctfon. 
t h e  difference betweenthe :;even minute hydrolysate and t h e  unhydrolyzed fraction, 
:‘or. specific ident i f ica t ion  of t h i s  frr.ction is, of couruo, needed, 

e 

It is btsed u:;on s c l u b i l i t y  in 1.5$ 

The so called a d ~ o s ~ e - t r i y ~ o s ~ h a t e  fraction is 
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I11 

Studies of urine copr0;:orphyrin fsd ners i n  T-exposcd project  personnel continue t o  
indicate  t h e t  the  incronse found is &e chief ly  t o  t h e  type 111 isomer, H complete 
report of these studios will be prevented noxt month. 

Urine Copro::orFhyrin Isorrlers i r r  H m  Subjects. 

N Studies of U roroseir? and uther Urine iigments, 

Studies of project personnel continue t o  reveal elevated vclues of urine ururosein 
and other pigrxmtc. 
1944. 

The rncthod used has been described i n  t h e  report  of Febrrwry 
Tho pert inent  data i s  sumarized in tables I md 11 b e l w .  

T d e  I Absorption Studios of Urine Umroseir Frtiction 

433 mL1 

Unoxidized Oxidized - a o s u r e  Unoxidized Oxidized 

Controls 33 3 33 6 33 6 33 6 
Sl ight  mixed 

16 5u 28 
50 52 w 

74 a 
exposure 62 9 57 32 
Radiation w, 23 42 38 

lion T4:etal .!& 17 45 40 4 4  16 46 26 

-=-b 140. %2-4+ KO. $ 2-&+ Iio. % 2-4b 

62 20 
- T4:etal 82 17 80 29 83 3-4 

Table 11 Urine Urorsein(hbsorption B n d  543 mu) in Project Personnel. 

$ Unoxidized Oxidized 
JGwosure - NO. posi t ive - NO, posi t ive 

Controls 33 3 33 36 
Slight mixed 
exposure 57 12 52 69 
Radiation 41 24 37 92 
T-Letal 89 9 80 55 
Non T-Ketal. 5 1  4 51 69 

The reasons for the obviously non-apeclfic increases i n  urine pi&r.lerrt are s t i l l  
unknown. 
s tud ies  usir:g the Beck.m s:::ectrophotometcr, 

It is ho;ed thiLt l i g h t  nay be throtvn on this prbblen by absorFtion 

V, Studies of T in Urine 

Studies aiming a t  the  developmnt of ii re1;tively sF.ple, ra;;id, scnsitive tnd 
accurate rncthod for the  micro-quantitation of T in biolo,:ical r i ter ia ls  a re  con- 
tinuiny;. 
C h w o s  both Zn t he  L;p;:aratus and i n  Ibrocedurcs are still continually be& mde. 
;;e have been hadicappod, too, by the  lack of s-ace iihere ade-iuate precautions 
r - h t  ba trjen, 
been achieved usin& a f lL~oro~ho to r : s t r i c  mthor!  of tna lys i s  f o r  T i n  fused GaF. 

, i t h  George R W i c e  and Remto Ferretti. 

Our efforts t o  date heve been ConcentrLted iiL:mt entirely on urine, 

In s p i t e  of this a sens i t i v i ty  of 0,OLIJl n-crogrxi  of T has 

* 
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a. Apparatus 

1:. 

2:. 

3. k spec ia l  lens  systcn. 
4:. 
5:. 

A very s k s i t i v e  931A electron mul t ip l ie r  photocell. 

A galvanometer i&tI? s e n s i t i v i t ~  of 0.0296 Idcro au;I~res 

T h i s  ;:hotocell i S  

s t ab i l i zed  by cool in^ r d t h  d r l  i ce ,  

qu ipped  .:ith a var iab le  shunt. 
mm deflection, 

k hich voltnge source of d i r ec t  current. 
A ld! Genercl Z lec t r i c  JAiercury a rc  lamp. 

b:. h t h o d  

Add about 3.1 colume concentrsted EK03 t o  a small s-le of urine.  
urine t o  dryness i n  a platinum dish on a xarm hot  plate. 
Add .s' out  153 mil l ig ra , s  sL ccialI.7 ;:we ,"I@. 
b co .parison w i t h  one o r  more fluorescent stsndards. 

Different 0.1 cc ea2ples of urine studied t o  date have been found t o  ;produce from 
30 t o  60 percent quenching of T-LaF fluorescence. 
obLairied by adding various a o u n t s  of T t o  portions of a co.,.bined s m p l e  of urine 
f r o  ,L medical student% 

dva,?orste 0.1 CC 
A i  by heating i n  a flame, 

seat q p i n  t o  fuse t h e  LaF, "uant i ta te  

The curve shown in f igu re  I :vas 

One uni t  on t h e  curwe corresIJonds t o  ap;:roxi..dxly 0,031 r:iicro *ores rrhich 1.ci.11 
give a galvonomtcr deflection of 1 2/3 devisions -,hen s e t  f o r  uxi imri csnsit ivfty: .  

c. Urine T Studios i n  I-iusns 

Studies of u r i m  T concentrntio : in r t m e ~  personnel show a reasonable correlht ion x i t h  
T exposure (ch ief ly  TF4) as indicated i n  Tsble 1 below. 
ins t ruc t ions ,  birere passed a t  hom i n t o  a clean b o t t l e  iclnediately a f t e r  bathing:. 
A n i t r i c  acid r in se  of the .bot t le  i n  ,ihich the urine -:as shi,>ped t o  us v2.s Eidded t o  
t he  u r ine  t o  r,ir?%e sure  t h a t  no T was los t  b 

In  this t ab l e  personnel are divided i n t o  three  w i n  Groups accordin& t o  ewosure: 
Gmup I: 
Group 11: 
Group 111: 

,?1l urlnes  ;rere studied at least i n  durl icate .  The c v e r q y  value urns rIlult i i1ied 
by 1.4 t o  zbtLin a pclrticl correctioii f o r  yzmchlnc. 
The .micropmi of T so obtained wrc mul t ip l i ed  by 10,930 to convert from 0.1 cc 
t o  one l i t e r .  

These urine, according t o  

adsorption on t h e  glass, 

Chcr,'sts ex;)oscd to l i t t l e  o r  no T. 
Personnel i n  the  plant  supposedly hrrving only incident& T exp~sure ,  

!.'oderzte t o  heavy T e q o s u r e o  

( ice  tGole 11 Tor details.) 
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T I;xr.:osure 

aroup I 

1, h. V. 
2, ii. E. 
3. H. E. 

6 ,  .i. i * ,  

4- J. P. 
5. R. b. 

7 .  I. c . . .  .. 
2, 0. 2. 
3. c .  K. 
l+o  R e  T* 

less than 3 
7 
less than 3 
less than 3 
10 

;ivcrage-less than 5 

18 
16 

&3 
25 
12 
50 

In  order t o  correct for t h e  var ia t ion i n  thc  quenching produced by di f fe ren t  urines, 
e q e r i n e n t s  ?rere run i n  which urines fro,., :iIiicS pcysonnel hsving d i f f c r m t  arnsmts 
of e p o s u r e  t o  T mere read both LS or ig ina l ly  obtLined and a f t e r  t h e  addition of 
.31 rdcroCrmis of T t o  eoch me-tenth cc sayile. The difference bet.reen the  t.ro 
Grotips of readi  !cs is  due t o  the  c.dded .31 m'crogra ,  2nd b r cor.prison dt. t h e  
r s d i n g s  obtained u i th  t h i s  much T i n  the  F-bsence of ur ine,  o r  i n  the  presence of 
n k e d  tdd ica l  student urine, a r o u - h  ?le% ure of t he  axiount of quenchin6 cLn be o b  
tLined, ,',ssuirLin, t h s t  the  ;; loss through quenching; is  intiependent of t he  amount 
of T present (as indicnted i n  Figure l), *;{e derive a corrcction fk.ctor th&t  v d l l  
correct  t he  ames urine t o  the  cal ibrat ion curve oLtained u i th  a s a p l e  of mixed 
1,edical student urine. 

. 



addition of .31 micropwas: % 7uenching refers LO the percent of 367 t h s t  is 
lost. 
the  mixed medical student urir,e. 
by the  use of the correction fac tor ,  
t i on  curva n i u l t i U e d  b-r 13,W gives the rcsults in l i t e r s  instead of 0.1 cca 

%fie correction fac tor  corrects t o  276, Lile vkluo f o r  .a1 i:3.crogrh.as in 
The next colurmgives the corrected reading cbtaj .  ed 

The a:l,ount 01 T read from the calibra- 

%ble  11: Studies of Fluorescence Quenching Produced by b i n e s  of &es 

T 2k-l .  

A 0  

1. 

3. 

C, 
1. 
2' 
3. 

1. 
2. 
34 
4. 

D. 

Personnel . 

Urine - 

3.2 4 
4.1 
4.0 

22 
80 
58 
93 

N - 

5 
3 
4 

6 

Urine 
S T ....- 

402 229 
2.5 223 
3.4 220 

$9 380 
6 16 236 
5 5  238 
3 18 292 

N - 

4.  
2 
2 

2 
2 
2 
2 

% 
quench- 

s Ll ing 
.3( 

367 

276 

42 258 30 
11 1% 58 

5 180 51 

:,;icro 
corr. g r a m  

tor Read. l i t e r  
fa- corr. rl'/ -- 

102 403. (3 
10 3 543 t3 
1.3 5.2 t3  

Group A: 
Group :-: !:edj,czl Students 
Group C: Negligible Zzposure 
Oroup D: Heavy q > o s u r e  

Pure T (No urine) 

The average correction f ac to r  of 1.4 is used f o r  Eill the urines not included 
in t h i s  tzble ,  
factor ,  would not h a w  caused any change anountfng t o  as much as 30& 

I t s  use  on tho tibovc: urines, instead of the derived correction 

The vezy lcrge deviat2ons among t h e  lowest level dishes can be greatly reduced 
when speciiil precautions are taken, as was done i n  the  case of the cal ibrat ion 
curve. 
adequate laboratory space, sone occasiona.l contamination is almost unavoidablee 

P r e l h i i a r y  s tudies  have been m d u  employing various oripnic solvents t o  
achieve fu r thc r  purif icat ion by extr, c t ion  of T i'ro;; urine. These procedures 
are prol-dsing as regards other biological mterials. 
honever, ,io feel t ha t  t h e  r.ictliod ;.ro;osed i n  t h i s  re ort is a d q u a t c  for roue 
t i n e  urine T s t u d i o s ,  

'1'hese ;:recautions require considerable extra work. In the absence of 

r ; t  the present time, 
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K. . :ole, e c t i m  'hicf 

11. Radioactive "atf.riFils -- - ?'anma18 

A group 3f 21 rats were exwsed t o  air contnining a vcr:r 1m1 cancentra- 

and subsequent d i s t r ibu t ion  of na t e r in l  ad- 
Rlughly 

t i o n  af carr ier-free I 
r a t e  of t ibsor3tim thrqupS1 t h e  lungs 
ministered by t h i s  r .&e. 
10 percent -S t h o  iodine inhaled by a rot ;'as ret,.iined. ( 2 )  Hut@ 7f a b s x n t i o n  
fram the  Lung vias rh$d ( l i k e  iod ide  abs:)rption f7x-i  the  g u t ) ,  w i t h  over 95 Der- 
cent of thr. i>dine ab:iorbcd during thc 30 ninute ex73sure. (3) Fate .3f inh..:led 
i.>dine LWS neni-quantit:itivc.lj' sir51 .r t o  - fed iodide - ni th in  24 h m r s  13 w r c c n t  
w:;s i n  the  thyr.dd and t h c  o thcr  90 x r c e n t  had been excr:ted i n  tht urlne. 
Chaikor'f's f iTures i n  t h e  l i t e r a t u r e  f o r  f sd i Jdidc inSic..:te a :-:uch l a r g c r  t h y r  > i d  

vayor ( 8 x 10-7 c u r i e s / l i t c r )  f o r  30 minutes t o  obtain 

'lhe r . . s u l t s  m y  b e  sumnrized as follovJs: (1) 

d e g o s i t i  :m, 65 '3 T'ccnt,and a carrespmdingly smnlbcr excre t i  n. - 
2. irero,: 01 e) )3surL mt thods 

li good deal of time has been s?ent i n  c n s t r u c t i o n  c)f a s t a t i c  ch:x;$?r 
and methdds of IroducinF; rierosols vjhereby vre c:in increase i n  t h e  efficiency ?f u t i l i za -  
t i o n  02 materisl .  Sne of two rier.1 l i n e s  slone ..hich rue tire wrk ing  i s  spraying >f 
solut ions i n  v a l a t i l e  s3lvcnts with subsequent evc~;) mation if destruction of t h e  
soluvent. In t h i s  connection work has been done on t h o  ?reparation :ad  prC3perties 
of organic c.mplexes (cupferride and oxine, i n  pnrt icular)  of product nnd v n r i : m  
fi sion products. 
nm-toxic substmces such as the freons and a l l w  the sDlution t o  atomize through 

:&IO, we have t r i ed  t ,  atorlize ethyl acetate  s .u t ions  through a Spark 
which cmbusts  the solvent t o  C02. 

, i t tempts  have been made f o  dissolve t h e  materials i n  low b3i l ing 

an :)rffice. 

The second l i n e  along r:hich vde h*we ,;.mked is  the e l e c t r i c  arc as a means 
of mttiw up miter ia l .  n nwnber qf different  t y i e s  of e l e c t r  ides have been t r ied  
i n  atnm,)heres of varying oxygen cmten t s ,  t h e  arc usually being o g e r  t e d  e t  about 
50 v o l t s  CC. It  was r-sund t h s t  all t h e  act ive m-ter ia l  could be burn.d off a car- 
b m  electrode i n  a few necinds but vi:rlent t h  n a l  i-. )ingr% n t  de ) > s i t e d  w t i v i t y  on 
tho cii*lr?ber walls. 

Both the  gcner. 1 m t h o d s  outlived .IboVe h w e  s3 f. r given 15 tr, "0 7ercent 
of t h ~  s t n r t ' n g  -2teriril i n  t h e  fintli aerosol. 
efl ' ici .  ncy. 

.ork is  cmfinuinq t o  s tc?  u? t h i s  

3. Pission mixture (mainly. corium) aer3sd. 

i m i m . . l s  uere exnsed t? dry aerosol If a f i s s i m  mixture ?Fen- rati )n 
which nas mainly lone l ived  Ce. , ;ufficiont r-bsnrbc-r w.:s used i:: cmntilzl: 8 3  t h  t 
our d:%ttA can )rob bl:? b e  interorc ted as Ce duts. Loss f r . 2 3  the lung ;ms slw(:r 
than z i t h  yttrium but faster t h  n zirconium. .,fter 56 days, ''0 Jercent r > Y  t h e  c t i v i t y  
or ig ina l ly  In  t h e  lunn, '..as i n  t hc  ::kelcton, 15 percent s t i l l  i n  th%. lunc, 5 ncrc.r.nt 

i n  t he  l i v  r, :ind the jthcr 6 3  pc rcent vias no !.nngcr i I the  uni.rr.::l. 

4, Y t t r i u m  ( W d )  uerososl. 

ti. Tracer esposure 
A t r a c e r  run x i t h  57 day .yttrium as a dm :.ierosol has bccn cam::.' - -  

out but data  .:r- not yet cmDleto. Half t h c  ac t iv i ty  i n  tha  luni cas gme  in 1~;:s 



than a day md 90 ?ercent v:. ..:. Gone i n  0 days. 

b. iiich lev11 exposure. 
. 'i high Level yttrium run :vas carried Dut which 

---LI 

de3osited an aver- 
age of 26 p c  i n  the  lungs of tach rat. 
n o m 1  lungs after a t , tal  lung d.)oe (Jf 1500 r. 

Hats k i l l e d  a f t e r  one week haid h i s t o l x i c u l l y  

93 
5 .  Lrg3-Cb metabolism and tox ic i ty .  

ti solution of L r  " - Gbg3 was injected i n t o  f i f t e e n  r u t s .  Five af t h e  rats 
received t h e  s o l u t l m  in t r a?e r i tmea l ly ,  five by h c a r t  puncture, and f ivc  by injec- 
t i m  i n t o  a t n i l  vein. 
found nfter t e n  days, i n  animals in jec ted  i.?tr,.vcniusl:r and in t racard ia l ly .  
ani:mls r; t k n t i m  ,>f t h e  r-.:dioactive substances at t h e  s i t e  of i n j c c t i m  was a b m t  1,;. 
In t h  case i)f intr:..?critmealy i n  j e c t i  3ns nb:or?tio.i f ron  t h e  s i t e  
 as -.bsut 75 ?ercc;nt, (-5 percent .,f v;hicb vJa: r tnincd by t h e  l i v c r  m d  :>b )ut 3.5 
percent by t h e  lunz.:, y a l l  rmtes ,  15 ?erc:ent f t h e  sb:::mbed s c t i v i t y  w::s t*?ken 
up by the skeleton, iyld 30 .)ercent :xcrcted i n  t h e  tzrine. 

rats. T h i s  d3se a3moxisntes t h c  mid-lc ha1 w c s  if .-r89 rmd Ea 
unlike t h w e  al%3line enrtl, ,  in jectcd b - : b "  csused extensive dxnaoe tr, s g f t  
t i s sues ,  
t h c  GastrD-int< s t inn1  t r ac t .  The  i.ivers . ere  unusuall:. %le. 

Ten t )  taenty  9ercent re tcnt io?s  i n  lungs and l i v e r  were 
In  there  

of i n j e c t i m  

The 15 d .y mid-lethnl doee ?f ,.,rg3 -Cb9' so lu t imn  is /m  in 

Upon gross exa-:..fnation :iftcr =ut n s j r ,  hcn3rrhages were f x n d  throliqh7ut 

0 ,  Hadi,o:mt ograqhi c dosiaet ry . 
1 1  feciur frm a r abb i t  injected . i t h  ..r8' m s  imb cdded i n  methyl 

nethmcryl:-te, cut i n  half -,nd 2lmed i n  c :ntnct i thph,toZrl?tic filrrl. Yhe ex- 
iosed f i l m  vms devel-, ed under 2t;nnd:ird c ;nd i t i  jns and the  r.!dii.:tim i n t  nEit:j det:.r- 

mined b y  c o - p r i s m  ?sith f i l m  ex7)sed t-, a calibrxted r t  ndard. 
p a > h  - (Plate  I )  represent 
dic.:ted. l'he r e l a t i v e  values are fu i r l : :  accurate. The sbsalute v..'.ui,s arc. sub- 
ject  t o  rcvision. 

The nmibers '>:I the  cplta- 
r / h r  received b y  t h e  t i s s u e s  at  the vnri  )us D )iiits in- 

b. c h r m i c  effects 7f .3rS9. 

J 3 C  and CF mice t h a t  received in jec t ion  of rxdi  c t i v e  ::trwbium 1 i n  ,Lori1 a r e  shxving turn rs i n  both t h e  cmtro1.s and oxperirrentcil animals.- 1,hus 
far 2 bme tumrs, 2 -iediastinnl lywk:- ;as ,  several 1 ~ 9 %  tueiorn md a ".mast tumor 
havc been seen. .ne. 3f thc b me tu..ors w s  i n  R c m t r o l  aninuls. Two tumr mas:es 
rr:m trcatcd uninals nerr tc:.ted f3r r.ids o-activity. :;ne was !I nediastin:.11. lpphma 
which ':as inac t ive  and the  o the r  xns bone tumor which - h  .red c nsidersible ac t i -  i t y .  

t 

c. ilxtcrntil Cnunt of ..ni--r,ls Iontaining Hadi9- trontium. , 

Calibration -,f m ext r n n l  c lunter f' )r micc: has  been made b y  ?m- 
paring e:.ternal c a n t o  v i t h  cisti counts 2n 103 miaals' i-ijccted i t h  'r 89 
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t h a n  B day and 90 ;ercnnt ; I Z S  p r , e  i n  8 days, 

ti,, IIi,c,h l e v e l  e>qosure. 
A :3.giL l e v e l  Sttriu;; run ;‘18s carr ied o u t  xkicl, dcpositcd zn aver- 

age of 26 j f c  i n  t he  1uni;s of each r a t .  
c a l l y  n o r n l  lungs  a f t e r  a totL1 lune riose of 15X) ro 

dats k i l l e d  crfter one Tieel; hcd histologi- 

j Zr93-Cb93 setLbolisrn A d  Loxicity. 

>’: s o l i t i o n  of 2r93-0’~ i;ras ifijected i n t o  fifteen rcts. Five of t he  rats 
heart  ,-unctuPe, a d  f i v e  by injec- received t!ie so1,tion in t rq -e r i lonea l ly ,  f i v e  b 

tion i n t o  a t a i l  vein. 
found a f t e r  ten days, i n  a n i  .als in.;ccted intr tvenously tnd intrscardjal ly ,  In 
these anicE12 retention of t he  rzdiokctiv? substances a t  the s i t e  of i!.,ec+.ion :MS 

about l;ie I n  tb:. C L S ~  of intr;i,eritoneai in jec t ions  absorption fro. tile site 
of in.jection ,vLs about 75 percent, 6 :)erccnt oP .h ick ;‘IEFS reLained 2y ths liver m d  
&out, O,5 percent by the  imgs, 3- a l l  routes, 1j percent of the absorbed ectiVitg 
YE% t eken  u;) by the skeleton, and 30 y ~ c c n t  excreted i i .  t he  u r i n e o  

Ten t o  t,,enty I ercent retentions i n  lungs a i  liver viere 

ii femur fro?, a rabbit  injected x i t h  Sr8’ vias i-lbeddcd in r.;cthyl 
;xthocrylate,  c u t  i n  half and placed i n  contact idith photogre,-siiic film. 
Tosed f i h  vms develo; ed under stontiard conditions and t h e ’  rkdiztion in tens i ty  
dLterriined by co;n:;arison with fiLr, eqosed  t o  a calibrated standard. The nu::- 
bcrs on t h e  autof:raph - (Plate  I) rerresent  r /hr  received DY the t i L s u e s  at tl-le 
vcrious :mints indicated. 
v:.lues 2re subject t o  revision. 

The ex- 

The re lk t ive  vtilues a r e  f a i r l y  accwc‘te. The absolutc 

b, Chronic e f f ec t s  of Sr89* 

.YEC and CF1 ;iCce t h a t  received i n  jcctions of radioact5vc strontiurr, 
i n  AprU. O T ~ ?  shovsin; tuxtors i n  both t h e  controls and experi..sntnl anL.i?lc. 
f a r  2 bone tuisors, 2 mediastinal Icpphcmas, several lung tumors ant a ~r32si, talm 
h?v> been seen.. One of the bone tumors ivas i n  a control minlal. 
fron t r ea t ed  d . , a l s  were t e s t ed  fo r  radio-activity 
om xhic’n ;us inact ive iind t h e  other x i s  bone t u o r  rvhich’shorved considerable ac-- 
t i v i t y  

Thus 

‘-i;SCS ‘JhL Lit-.‘ - . 

One iXiS a rx?di&.c;-tir,li l;r,~iph- 

c External Count of Animals Containing Redio-Strcntium. 

Cal ibra t ion  of en external c o  nter  fo r  mice has been msSB9b;J 

ube and wire 
paring exterm! coucts ~ 4 t h  
an electroseope for t h e  a s h  geamrenent  a:ld i3 ntca oEd-windop.i 

a s h  counts on 100 animal? injected v i t h  Sr 

box fo r  the external counting a conversion factor OP 8.7 x 10” k pe/external 

c W!L-, 
using 
scieeri 
comt/ 
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rnin. was obtained, t ha t  is, a mcuse containirg 1 p c  of Sr89 would give an external  
count of 1150 co~nts/min. Tha external count is 4 percent of t he  ash count on the 
same animal counted on t h e  open counter, A calcritatfon of a f ac to r  which cmbines 
geometry and absorption by mouse, screen etc. givos for t h i s  externd counter a 
f a c t o r  of ,052 percent f o r  t h e  mouse and 13 pereent for a capsule. 
window tube hes recent ly  been replaced by an  elongated t h i n  walled G-XI t ube  and 
the acreen chamber replaced by er ce l lu lose  ace ta te  holder. 
cal ibrated by canparing the  extermil count and ash count on 1 2  mice. 
factor is 6.1, x 10% /Lcc/exterml count/min, 
f ac t a r  of ,067 percent. 
eouivalent t o  5.1 percent of t h e  ash count under the  comparable geometry. 

The mica 

This set-up has been 
The conversion 

which glves a g e m e t q  and absorptior, 
By proportion t h e  present set-up gives an  external caunt 

It was found i n  a la rge  series of mice counted with the  sk in  on and a f t e r  
the  sk in  was removed t h a t  50 t o  40 percent of the  a c t i v i t y  detected by the external  
c o m t e r  was absorbed by the skin, . 

No corre la t 'on  could be found between t e size of mice in jec ted  intra-  
per i toneal ly  with Sr69 and the  percent of the  S r  89 retained, as determined by an 
ash  count, a f t e r  two t o  three weeks. 
for the  larger mice but  with no constant s ize  fac tor ,  

However, t h e  external counts tend t o  be lower 

7. Fiss ion  r e c o i l  p rod~c t s .  

REdioautographs have been prepared and histo-pathology studied on rats 
which were exFnsed t o  f i s s i o n  r e c o i l  products i n  the  Clinton pi le .  
port  will be submitted from t h e  Clinton Laboratory, 

A complete Ye- 

B, External Radiation 

1. Single  doses of X-radiation 

Study of t h e  weight of r a t s  receiving 10 r, 25 r, and 50 rr  shows no 
s igni f icant  e"fect on the* subsequerit, growth. 
previous repor t  bu t  a r e  more re l iab le .  

These results do not agree with a 

be Histopthology 

The gut; of r a t s  expnsed t o  900 r showed changes i n  the surface 
epithelium anti dense connective t i s s u e  i n f i l t r a t i o n  nf the  lamina pro; r ia ,  nei ther  
of which effects were Karkod i n  t h e  previously reported 600 r r a t  series, 

Six rabbi t s  exposed loca l ly  (one leg o r  an ter ior  t h i r d  of body) 
t o  2000 r end 3000 r showed on ly  such s l i g h t  cha-xes i n  shielded organs as might be 
explained on the  basis  of incomplete shielding, 

2, Paired doses of X-radiation - survival. 
Paired dose studies  en r a t s  i n d i c  . t e  t h a t  recovery is exponential 

the first ihree weeks a f t e r  300 r and tha t  one-half recovery i s  accwpliehc? i n  about 
7 days, 
studiad, 

There is no evidence that the  recovery rate changes during t h e  period 



Paired dose s tudies  on r abb i t s  seem t o  indicete  t h a t  there is a res idua l  
e f f e c t  from doses between 500 r and 900 r after 100 days, but we have been unable t o  
ouarrbifg t h e  res idual  damage. 

3. Eai ly  doses of X-radiation - survival. 

Three of t e n  r a t s  exposed t o  12e!5 r per day remain a l ive  after accumula- 
t i n g  3,400 r. 

4. Acute e f fec ts  of i r r a d i a t i o n  on dam. Single Dose1 

Dogs receiving 300 r or higher have shown (1) shock reections (prostra- 
t ion ,  vomitingp diarrhea) during the  first 2 hours a f t e r  i r rad ia t ion ,  (2) a l a t e  
period of depression (rise i n  temperature, rise i n  hear t  r a t e  and f a l l  i n  blood 
pressure) a t  10-l4 days, (3) a gradual fall i n  hematocrit and plasma protein and 
(4) death i n  10-17 days. Those animals which showed l a t e  adema, s a l iva t ion  or 
diarrhea a l s o  showed a l a t e  rise i n  hewSocrit  and plasma proteins. 
received doses between 50 r and 200 r shewed none of t h e  above react ions although 
they d i d  show a leukopenia. Dogs showed gradual increases i n  plasma histamine a t  
a l l  levels of i r r ad ia t ion  from 50 r up. 
crease of about 10 times i n  plasma histamine on the 42nd day, 

Dogs r7hich 

One dog which received 50 r showed an ino 

5. m y a p a u t i c  Effects  of Hinh -!ater OUt~ut,. 

Four normal rabbi t s  with high urine outputs (200 cc/day) have survived 
more than 28 days a f t e r  receiving 800 ro 
cent  NaCl and 1.0 cc/Kg of 10 percent glucose respect ively intravenously daily f o r  
two weeks a f t e r  8cIo r, 
neight recuvery and a re  i n  good condition a t  28 days. 
previous reports on the  therapeutic vzlue of’ agents which tend t o  flush out toxic 

Two r abb i t s  mere given l.O’oc/Kg of 1 5  per- 

The urine output we6 increes d, both r abb i t s  showed good 
These r e s u l t s  e p e e  with 

, materials.  

6, F a s t  neutrons - survival. 

The median l e t h a l  dose a t  30 *ys fo r  cyclotron f a s t  neutrons OR CF1 
female m.ce is  nppraxii ately 57n, 
tained by 2irf;Pe a t  Clinton. 
higher then tkt obtained for rabbi t s  o r  far h’OSOphik.. eggs. 

This is consiaerably lower than t h e  value ob- 
The x/n ratio f o r  these mice is 8,1, a value somewhat 

C . Toxicity of Non-Redioactive Materials. 

1, Slug i npur i t i e s  - h i s t o l o a .  

Cold slug metal i npur i t i e s  were made up i n  solut ion so t h a t  50 cc con- 
ta ined the  equivalent of one slug. 
one female and one male w i t h  the  exception of one group which had only one male: 

There were four groups of rats, each conta infw 

A) 5.0 cc by s t m a c h  tube 1 M 1 F 0.1 d a s lug  

B) 1.0 cc by stomach tube 1 Id 1 F 0.02 of a slug 

c) 1.0 cc I. P. 9, M 0,02 of a slug 

u) 0.2 cc I. P. I M  1 F  0,004 of a slug 
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A t  seven days the kidney was dadaged by all of the above dose levels ,  
Flith t he  exception of f o c a l  necrosis i n  the adrenal of t h e  animal showing the most 
severe kidney damage, nc other organs showed damage. 
Quantitative cmparisons of t h e  extent of damage a t  the variow dose l e v d e ,  

It was not possible to make 

2, Tuballoy nitrate h m .  

Damage t o  the kidney was detected i n  rats  given 0.5 mg of T02(N4)2 by 
subcutaneous injection as early as 24 hcws after injection, 



Plate  I 

Fig 1 Photograph Fig 2 Autuogroph of one half of the fe  UT from a rabbit 
which had been injected with 1 millicurfe/kilogram of Srb and died 3 days 
later. The figures i n  tho autograph represent dosage i n  r/hr i n  t h e  various 
regions of the bone. The bone is imbedded in methyl methacrylate. 205 X 

. 
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New Chemistrg 

Beta and gama contamination i n  this building continue8 a t  much t he  saw level 
as during the previous month. For the most part the contamination is on small articles, 
L i t t l e  gamma radiatior.  has been noted; 

b m r d  b a  b0en dlscwesed frr rucm D-108, Rscoamnendationa for ins t a l l a -  
t i o n  of v e h a t i o n  t o  diminish the h e a r d ,  have been made. mil shipsnts of active 
roa'terial from two outside areas  t o  the labmatory ceased recently.  

A TX 

West Stands 

Rooms 8 and 9 were returned t o  rout ine  use after decontamination, Widespread 

The roam again shows wide 

beta or soft gamma contamination again exists. Few a m a s  09 hard gamma are  fi~tand, 
This is i n  cont ras t  t o  the  conditions observed before the  decontamination. 
t h e  hot  lab, was wed far several runs during the month, 
spread areas of r a d i m c t i v i t y ,  As above, they are far the  most part beta or s o f t  
&ammola 
techniques f o r  handling active mciter3.als. 
ppamptly after work was initiated., 

Hoam 217, 

Both instances illustrate t h e  Pact that we have not developed sa t i s f ac to ry  
The "reactivation" gf these r o w  occurred 

Construction o f  the solvent ext rac t ion  prmess colurmna continues, The possible 
b e  -de ixvolved have been t he  subject of numerous d i s c u s s i o ~ s  with the 'iechnical 
Division, 

gite 9 Amex 

duriw, the  past  month. 
F ias ion  product contamination a€' equipment has been satisfactorily controlled 

Storage has also been sa t i s fac tory ,  
b 

rmol.lv 
Unsuspeetedly high activities i n  special materials occurred only orice. An 

aluminum jacketed specimen wa8 found t o  give approximately 2 r a t  its surface, 
ha6 been planned t o  ship it by courier  t o  Clinton, 
it was sent  with a l ead  shield by truck, 

1% 
After the  a c t i v i t y  was discwered, 

Eckhart-Rvers on 

The x-ray i n s t a l l a t i o n s  i n  
the  discovery .;hat up t o  1300 mr 
ing areaso 

S i t e  B 
I 

Ryeraon 153, have been shielded s a t i s f a c t o r i l y  after 
per hour (so f t  x-rays) was possible i n  ce r t a in  nmk- 

As a resu l t  of' the findings discussed last  month, reccri~lendatkons were made t o  
t h e  Director of the Technical Division for the i n s t a l l a t i o n  of SOEB means of prevehG- 
ing the eaoape of the  TX 
completed i n  the nea1: 

i n t o  the  a b ,  IC is hoped that t h i s  installation vzU1 be 



A recent survey using the  techniques described last month i n a c a t 3 d  that a p p d -  
mately one-third of the rooms st i l l  showed undesirable levels of T ac t iv i ty ,  

Cyclotron 

Operations were suspended in this building during t he  past  month, Ecpipent 
being shipped out i s  being s w a y e d  far ac t iv i ty .  
reveals wideawead low a c t i v i t i e s  throughout. 

A general survey of the a ~ 0 a  

Badge leterar for the period 8/zL - 10/8/4.4. 
Approximately 500 films are developed each week. 7 films of project personnel 

had readings greater than 0,6 r for  one week. 
in Rye~aon 153. 
sible for the  over-exposure have been corrected. 
West Stands. 

4 of them occurred on persons working 

2 w0r-expoeures mcurred a t  the 
This roam is  used for x-ray d i f f r ec t ion  work. The conditione wspon- 

The last aver-exposure was on a member of the  Health Pbgsies group, 

wm readings far the period 917 - 10/11/44. 
81 meters gave a daily reading exceeding 0,1 ro Qf these 35 were felt t o  be 

va l id  readings. 
areat axid 6 from the Cyclotron area. 
person, 
semi-works group, 

18 of these were f rm the West Stands, 11 fran the New Chemistry 
The blood counts were normal i n  all bct o m  

This individual had a 4400 w h i t e  blood cell c o ~ n t ,  He is a member of the 
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R.R. spencer', Chief 

?'ICE: 
600 r (1 r/day) 
1943, 
fusing as far as the c m t r o l  groups, those given an acute exrmsure mly and those 
given 0.1 r par 8 hours  per day are concerned. 
some of t h e  females show hieh white counts betmeen 13,000 and 20,000 (caunts 
between 3,000 and 8,000 are considered oa normal for hWx mice), The retison 
fo r  these high cc-;:ta is obscure. 
.ibsmt in the mice of the higher levels (1 r, 2 r, 4 r, and 8 r p e r  8 hours per 

of some mice of the  4 r per 8 hours l eve l  and al l  mice of t h e  8 r per 8 hours 
level in which it is low. Twelve more -.toe were found with  malignant lymphma 
bringing the  t o t a l  up t o  46 at present, The d i s t r ibu t ion  of the lymphomas a- 
mong controls  and experimental mice is given i n  a table. It f o ~ l o w s  from thi8 
trtble that o n l y  i n  same of the mice of the 2 ro 4 r and 0 r per 

count of inoreu strain x mice ( s t a r t ed  i n  Gay 1944) exposed on t h e  8 r p e r  8 
hour8 level ( t o t a l  dose 1350 r) which a t  the early stages of the experiment 
wa8 cons iderably  lower than t h a t  of the controls  ha8 gradually risen and is 
at present similar to that of the controls,  

Tota l  doses: 4800 r ( 8  r/day>, 2400 r ( 4  r/day)$ 1200 r (2 r/daY), 
Experiments s ta r ted  i n  the first months of 63 r (0.1 r/day). 

The b b o d  picture  of the surviving experimental and control  mice i s  c3n- 

The r n a j x i t y  of %he males and 

These high white counts are almost tot:llly 

day)u Red count and p la t e l e t  count are normal in a l l  nice w i t h  the  exception 

hours l e v e l  
the incidence of lympham -8 enhmeed by t h e  i r rad ia t ion .  T he t o t a l  W h i t e  

Wbrid 6uinea pigs:  T o t a l  dose 2400 r, 1200 r9690 r and 63 r. Ekperiments 
s t a r t e d  i n  the  f i r s t  months of 1943. 
exposed an the 0.1 r and 1 r per 8 hours levels as well as t h a t  of those givon 
acute exposures only or l i x i t e d  exposures is essent ia l ly  the sane as thc t  of 
the  cmtrols. The hybrid guinea pigs on the  2 r p e r  8 hours level,  show all 
counts lowered, especLally the p l a t e l e t  counts. The surviving hybrid guinea 
pigs of the 4 r per 8 h T s  level show a considemble lorjrsring of a l l  counts 
( R . B . C ,  d o n  t o  1.3 x 10 a d  p l a t e l e t s  down t o  50,000). The inbred -uinea 
pigs of family 13 exposed on the  8 r pep 8 hours level since April  19V& \dog6 
1,500) show a lowered t o t a l  white count and p la t e l e t  count. 
mal contrary t o  f indings en hybrid or inbred _guinea pigs of' family 2 which ham 
elthsr died of ap la s t i c  anma before t h i s  dose was reached or hac  l o w  red counts 
for t h i s  ciose. 

The blood picture of the hybrid guinea ?igs, 

The red count 1s nor- 

Flabbits: 
1943). 

t o t a l  doses 3900 2 ,  1950 r, 975 I, 490 r and 48 r (exposed s incs  
There i s  no ch<ange i r i  the blood picture  of the  r abb i t s  from thst  

previouely reported: lymphopenia with fncreasing t o t a l  dose. 

Inbred s t w i n  C3B females and hybrid LIDl females d i f f er  markedly in the 
response of t h e i r  ovaries t o  i r radiat ion.  
a t o f a l  dose of approximately 400 r given at the r a t e  of 4 r p e r  day, some LQY 
females bred (although wlth reduced litters) and Dther were sterile a f t e r  800 r 
at 8 3: per day, and (ill bred with normal sized l i t t e rs  after 700 r et 8 r per day. 
03 the 4 IP bay level LAF mice bred normally seer R total doso of 590 r but showad 
a reduce6 lister size sf * er 700 r. 
d8.y grwp and 73C r at 8 r p e r  dey group may b e  swing t o  the older ~ g e  3f' the '700 r 
a t  4 r per  day group. 

.#hereas C3H females are s t e r i l e  a f t e r  

This difff3I%nC8 be twen the  700 r at  4 r per  



AB yet the breeding t e s t a  ,lave rai led t o  show a marked difference between 
the  e f f ec t s  of %he cmtinuous exposure and the 8 hour/day exposure when the t o t a l  
dose is  the same, 
breed although vvith reduced l i t t e r s  while others are s ter i l e .  This $9 canparable 
t o  t h e  results o r  800 r at 0 r per dag. 

After a dose on 800 r at 8 r p e r  8 hours some L.4F females wiU 

Male mice are more resistant t o  s t e r i l i t y  e f f e c t s  of chronic exposure than 
remnle mice. .,here- famales became s te r i le  x i t h  doses around 800 r at  8 r pcr 
day and 8 s p e r  8 hmrs ,  s t e r i l i t y  appeared in tho males after 1600 r t 8 r per 
8 hours. F’urther more the males rec~vered cvhereas the sterile females hzve not, 

Tests f o r  t rms loca t ions  haivc thus far f 3 i l e d  t o  Cive evidence of chrom- 
s0m:il changes Ln progeny of these chranical ly  irradhted mice. 

Tissues from m e  control 2nd f i f t een  experfmental n i ce  were avldlable f o r  
h i s to logic  examination since the last repor t ,  Gonadal atronhy, ovarian tumor:, 
and lymghcmas were observed. 
gree f o r  lymphomas and also probably ovarian tumors) t o  level and t o t a l  dose of 
2rradi:ition as previously reported on other anixizils. Gther f i t idings,  includi g 
hepatoma, subcutanems hemangioendothelioma, subcutaneous mrcom, aqumous car- 
cinoma 3.f the  vagina, benign uterine polyp, pulmonary adenomss, chronic w p h r i t i s  
with myloid disease of the  liver a d  spleen, were encountered and considumb t o  
he unrelated t o  the i r rad iz t ion ,  

Their occurrence is re1 . ted (only t o  a cerhln de- 



--- 

I Continunus ex3xure  :'or 8 h ~UPS d a i l y  

Dai ly  dose-: 8 r, 4 r, 2 r, 1 r, and 0.1 r. tipproximate t o t s 1  doses up 
t o  date of mice and quinea p i g s  (with the  exception of  t h e  ,guinea *)igs o r  the 
8 r p e r  8 hours l e v e l  which are 211 desd) : 4800 r,  2400 r ,  1200 r,  600 r c?nd 
63 r (acute exposures of 12.5 r znd 50 r not added), 
experimen$s s t a r t e d  between February and h r c h  1943, 

These are the or ig ina l  

Since t h a t  time a number o r  new experbents  were started; some of which 
are finiahed. 

(1) 
t o t a l  dose up t o  date 3900 r, 1950 r, 975 r, 490 r and 48 r (acute ex- 

posures of 12.5 r and 50 r mf added). 
(2) Female LAF mice exposed t o  5 r i n  1 hour d a i l y ,  one group receiviw 
Pn addi t ion 0.1% i n  8 hours d a i l y  since I'ag 1943. This experiments was 
finished i n  February 1944, 
(3) Hybrid ruinea pigs (S3.h an& female) expoeed on the 8 r per 8 hours 
level since December 1943. This experbent  tv3s finished i n  4 g U t 3 , f  1944. 
(4)  Inbred guinea pigs (male and female) of f a m i l y  2, exposed on the 8 r 
per 8 hours level s ince November 1943 (male) and February 1944 [rmale). 
This ezperlment was f i  ished i n  Kay and &gust 1944 respectively. 
(5) Inbred guinea pigs (mile und female) of family 13 exposed on the  8 r 
per  8 hours l eve l  since =Lpril 1944; approximate dose 1500 1. 
( 6 )  Inbred guinea pigs (male a d  female) of family 15 ex7osed on the  8 r 
per 8 hours l e v e l  s ince Yay 1944. 

( 7 )  Hybrid Yulnea pigs ( d e  and female) exposed on the  8 r per 8 ?lows 
l e v e l  s ince .august 1944. Approximate dose u p  t o  tne  ,resent 580r. The 
purpose of these xldi t ional  experiments was outlined i n  wevims reqorts 
(Month of start of the i7idivi,iual experinent ) . 
(8) 
ceived on blood counts, another group 3f s t r a i n  A mice vas s e t  up 3n this 
level. f o r  blood counts i n  May 1944. 

Female rabbit8 exposed on all l eve l s  s ince July 1943 S p p X O X ~ % ~  

Approximnte dose t o  date 1400 r. 

lnbred S t ra in  A mice 8 r p e r  8 hours level.  .is t h e  first mice re- 

Approximate dose up t o  date 1350 re 

Since-the l o s t  r e p m t  26 mice were k i l l e d  and autopsiod, They w e r e  k i l l e d  f o r  
various reasons such as: palpable tumors o r  r a p i d  loss of weight or 3cve~eczema. 
Twelve showed grossly malignant lymgh ;mas. 
tumors, hepatomas, lung tumors etc. 

t o  the irradiijtion. The animztls are 21 t o  23 mmths old at  present. %he in- 
cidence of ovariap tumors has nat  been tabulated as yet. 
the  maliepaant lymphomas amorig t h e  d i f f e ren t  ex2erimentol and cantrol  groups is 
as follows: 2 from the 8 r p e r  8 hours level (4500 m d  4700 P), 1 of 'the s m 8  
level which waa exposed t o  a total. 600 r between the aqe of 3 t o  5 mmths and 
then removed from t he  field, 3 o r  the 4 r per 8 hours level ( dose 2250 t o  2300 
r )  8 one or the 2 r p e r  8 hours level (dose 1200 r), one of the 1 r per 8 hours 
level (awe 600 r) on0 of the 0.1 r per 8 hours l e v e l  (chronic dose 60 r plus 
acute dose of 50 r), one th . l t  kid received an acute exposure of 12.5 r i n  5 

Other les ions found were ov:irian 
These les ions  Were considered not t o  be due 

The d i s t r ibu t ion  of 

hour8 at the age of 4 months,and 2 controls. 

Up t o  the present the t o t a l  number of d o e  with milignant lymphoma is 46. 
The d i s t r ibu t ion  among the  different  lese18 Is given i n  the following table. 
number of these lymphamas have not yet been examined his to logica l ly ,  however, 
only those were included i n  tha t a b l e  I n  which gross exanination ierG no d w b t  

A 



I . - .  



ea t o  the charauter of the lesion. There are 3 mice or the contml groups 
whiuh have develoaed spontaneoua m a l i m t  lymphana. 
probably all lMlllg$ant lymphomas in the experimental graups nrc sp~ntaneous 
lath the eroe?tlon of some of the  2 r, 4 r m d  ox:miol ly  8 r per 8 hours mouas. 

Thls indic:itos tbe t  

Since the la s t  w p w t  1 guinea pig of the 0.1 r per 8 hours level w a s  
k i l l e d  becauee d r . ? l d  ~ 8 i g h t  lose and m e  winia p i g  or f t i m i l ~  13 w a s  k i l l c d  
aac%dent:lfly. One rabblt that b i d  received :n ncute dose of 12.5 r, 1 2  nonths 
previously sled after losing 1200 gm in 3 months. 
these animals showed nothing noteworthy. 

Grossly the autopsies of 

11 Breeding hwri .:entia 

The early experiment, In whioh the t o t a l  dosa nocosmry to groduce steri- 
lity in C3Hmioe was sought, showed $hit  R t o t ? l  Z!ooo of aDproximtitely 430 r 
given at the rate of 4 r/24 hours W B  sufPicient t o  yrodlicc? sterility in fenale 
C3H doe .  Howmer, th i s  dose was nat sufficient to or(13uce s t er i l i ty  in  male 
C8H d c s .  This experinen% has been repoatod and the findingo are i:, accord with 
thotbe or the original experineat. The histologlcal picture of the ovaries of 
these ;teroalee is essentially that found previously. 
developing follicles, there are numerous anovular rings, some af hich have hya- 
line oenters and the organ ia  cmposed a h a s t  entirely o f h t e a l - l i k e  tissue. 
t e a t e ~  ahow normel spermatogenesis and em.within the l i r n i t r :  Gf tire cmtrols .  
There ita perhaps a elight reduction in the number of sperm prewat In  the e p i d i -  
-6. 

The ovaries are devoid of 

The 

The ~ ~ t 6  of the elrgeriments using LrFl mice indicate that B t a t s 1  dosa 
of 400 r given at the rate or 4 r/24 hours i8 ngt sufficient to ;?ror:uce stoitibfty,  
The f i r a t  indication cut any eitect Y J ~ B  seen in the fernnlcss which rccclted e t o t a l  
does a t  800 r at the rate of 8 r/24 hours, 
of this fifteen anlmala foiled t o  proGuco u y  l i t t l e s .  
produedl litters w i t t i  an average l i t ter  
a tota l  dose of 700 r at the rate of 8 r/24 hmm, rmts3. am3 pro  u c d  littrrra 
n i th  an average l i t t er  size of 7.1 which Tells v.ithln the 1 L n i t s  of rue cmt ro l s ,  
b m b 8  
alze. 
definite reduction i n  litter size, the overage In t h i s  case being 2,3. This 
miduotion in litter size I s  prabablg in part an age effect due t o  the f x t  t h t  
they were not mated until they were approxiautely e3ght mmths of =Be. The fOki  
reaul ts  available indicate an e f f e c t  In the case of feanles which received a t o -  
tal dose of 800 r at the rate of 0 r/8 hours. 3reebing results shew sn qverwp 
litter 8 l Z e  of 2.0 for these animals. 
difference if any exists in the results 2btftined for the animala receiving a t3tsl 
doee of 800 r at the rate of 8 r/24 hours and t h x a  receiving 830 r at  the rate 
of 8 r/8 houre. 
first iadicotim of any datnq36 becwse of the meagra results vailob2.e at oresent 
and ala0 because of the faot that no breeding reeulto are evaiI3ble for the group 
r8ceiVing 8 total does of 700 r an the 8 r ser 8 hours lev el. These l a t t e r  animals 
have orslg reoently entared the fie&& 

diated rYrimals, two breeding experiments are being run. 

.hm these mimils xere matsd, five 
Th0 m a i a i n g  tcn a ? i m h  
LOl f e m h 3 ,  vhich receivod 

weaivlng dos%up t o  500 r on the 4 r/24 hours levo1 ahow& n3mal 1itLer 

of 2.6. 

Those receivh& a tata l  dwe of 700 r at the rate of 4 r /  24 hours skew a 

The data s e m  t o  indicate th t very little 

fldmv er I t  is impossible at th i s  time to say thtit ti-is is the 

In order t o  t e s t  fcn: the preasnce af traaslocations i- the jfffsaring of irra- 
The first of these, i n  

whioh th8 LAFg progeny of irradiated LAFA mabe whlch m c e i v d  1000 r tat 8 r/8 hams 



are being tested, has been i n  prograss since June. 
of ehranoeamal ehangea in the offspring. 
FU'Ogeny of irradiated LAF1 termlee which received 700 r at 8 r/day are boing tasta8,  
has been set up recently, 
date. 

To date there  is no evidence 
The second experiment in xhjch the LAP2 

There are no rwults available i n  thio exprimant t o  

J I11 Hsmatology 

?Aios: The blood picture of the control <?ad Gperinenfal mice hsvlng i%oeiTBd 
an aeute exposure or 12.5 r and 50 f respectively or a chrmic exposure a t  the ra te  
Or 0.1 r per 8 hours p e r  day is scanewh-it confusing. 
t o t a l  white count of them animals fluctuated between 3030 tmd 6000, with the fe- 
males tlsually having lomr counta than the malcs. .ls alrcsBy pointed out i n  the 
laat 2 reports but increasine, at present, the majority 7f' t h e  mePc mice m d  smo 
f-196 &of# high total  white counts bettlreen 10, 100 m d  20,000 ;*Jieh diffaFential 
count8 either n:nnal or with high percent neutrophil  counts. 
t o  say whether this 1: due t o  an infectim or whether it is on old &ye effect .  
The animals eat mrmal ly ,  are active und shw fairly c o n s t a t  vJei@ts. 
them may be develo7ing d i g n a n t  lymphoma but, as stated i n  orevious regLIpts, 
the fyplcal blood picture of lymphogenous leukenia is ;Iresent in less than 505 
of the cases with malignant lymphoxa. Pad count and platelet count of these ani- 
mals are within normal l l m i t L .  These high total  white,cmnts are mch loss fre- 
quent or abeent i n  the animals of the higher levels  ( Ir, 2 r and 4 r p e r  8 hours 
pel' day) and the total whfte count is within the above norm& lfmitf3. 
and the platelet count are wfthln normal limits z i th  the excoption of smo animals 
of the 4 r per 8 hours leve l  ( tota l  dose 2430 r) in  which the xed eouat i a  lorvePerP. 
Moat of the remaining mice of the 8 r per 8 hozxrs Level (dose 4500 I) show E nor- 
mrrl white count (5) and the remaining 2 ( ~ L E s ]  count8 betawn 10,093 & 20,003. 
Scmrs -W a high nc :.:Drophi1 count , The red eolrnt end platelet c o x &  9 ~ " 0  fmeral 
i n  all. The mlcs of the 8 r per 8 h o i i s  lsvol vthich were m o v e d  &ter hnvin.. m- 
oeited a dose or SO0 r or 600 1 respectively show apprsrimatoly lzomfi co'm:s. 

Up t o  a few rn9ntha ago tho 

It is n3t mssible 

.Xme of 

'ha red couat, 

The strain ii miae exposed on the 8 c per 8 hours level ( do:;@ 1950 le> thG8 
total white count8 ranging between 8500 and WOO, that of the cmtro3s lies bc- 
tween 4000 cud go00 except r o r  2 having counts above lO, i )30.  If mag be recablod 
t h  t at the beglnnlny of the axperinent the white count of the aq.m5nen%nl mi- 
mal8 shop~sd a rapid drop resulting i n  an avernge count of 50% of that of the  z o n t r d s .  
A t  present aver~%e aounts of experimental -.nd control mfmals ere apprmimt33.y t h e  
ban@. 

The hybrid guinea pig8 exposed since the beginning of lmt  year of the 0.1 r 
and 1 r per 8 houlls level as preU as those given a u t e  exmaurm only,  a h m  OSSCXI- 
t ia l ly  normal oounte 88 ompared to the controls. Sam0 of the animals of the 2 f 
per 8 hours lwel ( t o t a l  dose 1200 r) ahm lowereti total white ccxrnto (  me with 
relatlvs lymphocytoair) end I n  8c~lte considerably lowered rod and platelets comts. 
The mniv ing  animals of the 4 r per 8 hours levo1 ohow 8l.l co-mta iovssred i n  vary- 

50,000, The Inbred guinea pigs of f - m i l y  13 eroassd on the 8 r per 0 heum Lcvel 
( to ta l  doee 1500 r) &ow law total  white counts (avorage 44390) md l o w  plhitelct 
CollLTte between 200,000 and 80,000. The red clsunts are nomal. It is interesting 
t o  note that at th i s  dose on the same level 59s of the hybrid guinea pip,s died o l  
apla8tio anemia, the remaining showiryF; low r e d  counts. 
aeme level the majority of inbred guinea pigc of family 2 had died of  a2lastic we- 
mia 

i n g  degreee, R.B.C. between 4 and 1.4 I IO6 and platehots tietoreon 200,000 s x i  

J.oo at t h i s  dose on the 



The hybrld guinea p i g s  exposed on the 8 r per 8 hours level since h.uP;ust 
1944 (do80 500 r) ahow lowsred white and platelet cmnts with red counts es- 
sentieilly nonnal, 
were killed and autopsied at thb beginning of October by W. H .  Lisco. 
two experimentals have wueived an apnroximate dose of 350 r) . 
that mpmted $‘eViOU8ly (ltrmphcnna with increasing totul  dofie). 

(2  experimental an8 2 control guinaa p i g s  of th is  series 
The 

There is no essential change in the blood ojcture of the rabbits f r o 3  

IV Pathology 

Nliee--Tisauea froan 16 mice were examined histologically since the last re- 

%ea3 of these had been exposed on the 8 r per 8 hours level { t o t a l  doz(3 

port, 

4200 t o  4400 r). 
YCt wlth several maoseg of lmature spenaatogenic elements i n  ttv7 and spemataccsa 
in one, Lymph nodes were small in size but contained gi:tnt f o l l i c l e o .  
W w  no atrophy or fibrosis of the bone mamow. 
malignant lymphmaa an8 maria tumors. 
l i k e  04118 in  solid ~ B B B ~ S  i n  which there ’v’Jere lrivttginate dotmgrosths of the g ~ r -  
anal epithelium. In these seven. alce 
mIm€Wou8 other changes ware observed and cons ider4  t o  bc unrelated t o  the $ma- 
dieti-, thee@ inaluded a hepatam, a h ~ i o e n d ~ t h e l i ~  OP the chest r=l.& 
pyelonephrttis and amyloid disease of l i ver  tmd spleen. 

In three males there was extreme tubular atrophy of the Les+,es 

There 
The four female nice all had 

The la t ter  mare cQmgossd of gru;uloac- 

In a l l  females the uterus Tias atrophied. 

Two female mioe that had been exposed on the 8 r per 8 hours lev91 ( t c . t ~ l  
dose approxb~itelg 300 r )  a$ 
when autopaled at 20 months of ege. There were extensive invaginate downgrm”u:3 
of the geminal epfthelium i n  these ovaries. 

The .other hod a b e n i a  poly2 
of the uterus a d  a suboutaneous earcoma i n  tho suprapubic region, vhich v:@za 
not considere8 t o  be related to the irrsdlatian. 

t o  Si montA8 of’ a g ~  had ovaries devoia of f o f l b c l u s  

One minal. had a radigmnt Lp2,LShax 
apparently arising In the mesenteric lymph ades. 

One male mouse had been exposed on the 4 r per 8 hours level (total ~ O S G  

approximately 2100 r ) .  
fhere was active spennatoe;eneeis i n  a l l  tubules anb mature apematema i n  the 
spididymus. 

Two mnle mice had been expose& on the 2 r per  8 hours level ( % o t a l  dose 
approximately 1080 r). 
lymphamas. Other organs anpoared nmml.  

There WEM wrhaps s l I & t  tubular wtrophy af the tcctes bcti 

The mouse had malignant lymphma arising in the rnsseterfc lymph nodes. 
I 

The t e s t e s  appeared nonaal. Both animale had malignant 

One male end two female mice had been exposed on the 1 r per Li h.)W:i lev61 

the ovaries of the females were deviid of f o l l i c l e s  and there were invaginotivu 
Uowngrorathe of the germinal eplthf3lit.m. 
The bone marrow of the88 animals was not xtrophisd. 

(total dose approximt4iely 640 r). The testes of the m.le allpeared nom21 sh i l e  

One female had a-~ri l ignant 1;mohOiua. 

One control r d e  muse oame t o  :rutopsy ut 19 nonths of age. The ovz r fa  
oontoined nwneroui developirg f o l l i c l e s .  
and a squemo~s ceU carcinoma of the vagina. 

Thie animl  had a malignant 1:mphOmE 


