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Robert S, Stone: XaJ0 
Associate P r o j e c t  Xrec to r  f o r  Zesiltt; 

Personnel St udi 38 

Six apFlicants of C2iicugo aria e l ~ e n  ac Clinton were r o j e c t o d  ra; 
medical gro mds 

I 

The hands of Borne workers. i n  Chdcegc, Clinton, Berkeley rad % - ? i n  LA;:-.- . *  3 .  - 
have been elctunixed and no chmges definitely d w  to raEiatio3s i7.u~: h t ~ ? ~ :  
fourdo 

Blood studies have uncovered two indfvriduals at Chicago wiose c~YT,,-;;?'~: 
mighkbe due t o  over-exyosirs t o  mc?iaSion, 
who have had persistent Paw vhPte blood 1.eveJ.3 have had some sver-sxpw 
atweso 
ovor-exposureo 

Tro i n d i v i d m l s  a t  St- i o t ; ~ a  

Two workers at Clir.to-ri have cno.rvn a lowering of zount w i t h  no 

A Uspensary service f o p  tho Mettallwgical Laboratories? oqjloyecs 

Tae Clintnrz 
hao not yet  been f u l l y  es tab l i shed  because of our  i n a b i l i t y  t o  procure  
a doctor, It is expected that one i.riii arrive duriag March. 
Laboratory dispensary service continusa t o  operate satisfactorily, Four 
sub-major injuries were cared for: 2 13' Surns, 2 finger fractures, 

Radiation kiazards 

Pocket IwSzat ion Climbers continuo t o  y ie ld  va lwble  int'ormiitiorr, 
The chambers In 12% are no-& perfsct  (-&iat i n s t rmen t s  are!) but %ney a m  
suf f ic ien t ly  accura~e ia n ai@ 2ercent of instances, 
ation of a l l  of f ices  in i.:ivest%gating kfgh readings since this is t b e  only 
way of checking them, lhder u s m l  .:maitions low rcndi-gs are sccYxrn+yc, 

Ne ask the  ooopar- 



air, etc, 
places when product is med, 
Instrument Groups both at Cllnton and Chicago are  cooperating in develop- 
ing such instruments, 
t o  protect themselves I;p ::rtreme precautions including masks when work is 
not done vrder 8 mocio 

A rugged type of portable O( -ray detector is needed f e r  a l l  
The Realth Divisiun, Chemical Division and 

The most iE;ortant procedure now is for the personnel 

Winyon" k been f o m d  by the Chicago grow t o  be an acid resis tant  
cloth tha t  ma be decontaminated easily and hence may prove useful f o r  

. coats and towels, 

Clinical Biochemical Studies 

Liver function t e s t s  (col loidal  gold, cephalin-aholesterol, and 
formol-gel) have shown same posi t ive reactions in personnel exposed t o  
radiation and toxicological hazards, but the  tests have not yet been t r ied  
widely enough t o  gauge t h e i r  significance, 

Pigment metabolism studies show tha t  (a) project workers exposed t o  
lead or  radiation tend t o  have def ini te  increase fn red blood 0811 
protoporphyrin, (b) no essent ia l  change i n  urine ooproporphyrln, (c) 17 
out of 4-3 project workers showed posit3ve urine uroroaein tests compared 
t o  1 of 12  controls, 

, 

Kidney function tests  by urine s%lfur exoretian methods have been 
negative 80 f a r  as personnel a re  concerned but posit ive for r a b b i t s  
receiving relat ively large inject ions of tubanyl ni t ra te .  

Initial studies of blood proteins by the  electrophoretfc method 
indicate some changes possibly due t o  radiation& 

- Biolouical Research 

fur ther  t e s t  T(OHJ4 at pf le  operating temperatures. 

/s 
The use of heated T O8 t o  produce Xe 

Inhalation, cxperiwnts are st i l l  i n  the "study of method" stage. 

5 mC (2Z x lO"%c/gm) of mixed f-products by stomach tube killed 

has been set aside to. 

r a t s ;  apparently b y  damage to stomach and intest ines  because very l i t t l e  
was absorbed, u-64 mC d i d  no+, k U l  them, - 

e 3  
-injection l r i l i  the aiimiL6 : v i ? A  amounts of the order of 1 7 f i C / p .  
*;.etaincd ac t iv i ty  is mostly i n  ti;e bones. 
4= 
-wt3 most complete m d  occwred very early, 

wi &io - La14o iz eqmilbrim, given t o  mice by intraperitoneal 

Lymphocytes are affected 
The 

polymorphs l a t e r ,  On the other hand, the bone marrow destruction 

Total body ruCitit*on with ex te rna lHruys  has its ea r l i e s t  e f fec t  on 
ayes uf rabbito,  600 r s e e m  t o  be the minimal effect ive dose, 

Skablu cerium and b a ~ i l m r  are toxic t o  goldfish i n  concentrations of 
?pin (by weightl and non l s t h n l  i n  30 days a t  concentrations of 1 ppm. 

-~ 



Sra9 and Bal@- La1* or!? %tiken u.p TapiK:? 9y goldfish i n i t i a l ly .  
The high po in t  is not  roacaeri, Sccntlrre Psr ~ c , - r . . : l  weeks the  fish continue 
t o  take up more wen thoI@ t h e  vmte r  concentration Is decreasing. The 
skin and scales cont;uli t?? greot"st cancentrations of both (40 - 7%). 
For s t m n t i m  tho s k c l c i ~ ~  contains ?be highest concentration and for 
barivm-lmthmm %e srgana an;? inwclee, 
contaminated * r.-~?rkl.y ty nd:smtian,  reaching 1000 times the water 
concentratib-, 

The feces become highly 

Bar Ifarbor mice have a 50s l c thc l  dose of 117 n of p i l e  (Clinton) 
neutrons and about 000 r of' p i l e  (CLinton)gammu rays. 
&xed neutron and gtmrnu ray radiations in the p i l e  g i V 8  confusing results 
since one exporiaent showed only p n r t i a i  addi t ivi ty  and t h e  other 
showed more than total addlt jvity,  

Exposure t o  

4 

A methoc! of preparing a good fixed source of beta rays for t e s t ing  
external effects of these has been devised. 
mixed with lucite fl00 t o  120) can b made Into oheets tind exposed in 
the pile. A sat isfactory y i e l d  of results. 

Red phoSphorurs powder 

It has been found that the fission recoi l  apparatus delivers not 
only gaseous parents of f i ss ion  products but also normally sol id  flssfon 
products whlch have no gaseous point, such as tellurltae 

"Purew fission products are now being separated at Clinton and 
used there  and in Chicago for  biological studies: 
of Sr plua Ea; considerable *'stlper-juicoW (mixed fiesion produata free 
from tuballoy) 

40 mC of Sr, 18 mD 

The rabbits I n  p i l e  stack gases arc receiving about 0,6 r/day of 
external beta rays pllle an unknown amount of uuknown elements i n t o  the 
bodso 

, 
Dhiversity o f  R>lifarnfn Raciiatlon Laboratory 

Final r c p w t s  oa t h o  metcbolic studies of coluubltmr, cesium, bariun, 
praeseodiaiw ,nd cnnunaticn s?;xiles have been oompleted and will appear 
3s CH report4 iz %he ne* mcfitL0 

Pocks, rreter service 25 1:xpanding both at Clinton and in Chicago. 
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Tbe percrent of off-scale readings for Februery at Clinton was 2,7 for 
04agJ.e meters and Osl for double meters, 
perom$ of Vouble  eventBn is 0.07. 
p~ood aoouraoy is possible. 
Oa the  pert of the group leaders, etc, i n  ohecking man's action 8 fair 

The stat ist ical ly  probable 
Thus d t h  two meters per indiv idual  

By the w e  of ~ i a g l e  meter8 p lus  Gooperation 

mOOrd of Oaah iSdSV1dua;t'S G Q o S U ~ ~  l e  poeelble. 

PlrSEer'r eedtion haa found that at 36$ huaiciity there ir no leakagr 
of pot&& ohmbe~8, with or without desaioator but fha.1; at  78$ hudditg  
fhwe i r  tPouble without deeeiaator. 

Atmapherlo S U ~ V ~ ~ S  at Clinton have shown no appreolable aOtSvlty -* 

t o  d&e, 

Gtxrveys of aativlt les  of a l l  kinds have been routlasly oonduoted 
throughout the Clinton and Metallurgioal laboratories, lnoludixig the 
Argaatle gas, 

At  Olinton it has been found that in tanka af waveraeew chWaal 
10lt&lc1~11.100 curie8 of 2 MEV beta aofivity the gamm radiation by 
E~?enestrelung l a  the same as from 1 curie of 2 USV gampla aotivlty. 
m u s t  be taken i n to  consideration in shipments of large quantities of 
beta emitters, 

!&I6 

Breeding experiments are ohowing possible irradiation effeotk in 
reduced litter sizes. n o  effects are more severe with more iIb3XlBe 
radiation. With 8 r per  8 hours the sane ef'feat l a  found froa3C)O r 
t o t a l ,  as from 800 r when given at t h e  rate of 8 r per 24 hours. Yale 
mios reaeivlng 1600 r at 8 r per 8 hours do not mate for a period of 
appraxlmately two months, but subsequently nwtings result in a normil 
litter size production. 
whole body exposure remain fertile for not more than two months but 

ef 4 ;P and l ees  per 8 hour8 a t i l l  ohow no& blood piaturea while $hoe0 

Female mice recrelvfng 300 r a8 a single aoute 

- then booome sterile with apparently no reoovery. Mlae expooed to doeerr 

1 0 2 4 2 4 3  



get t ing 8 r show defini te  decreasea. 
of each 24 show a normal blood picture, 
aledcepria, 
mately 2000 r s t i l l  have norxnal blood findings. 
of the N , C , I ,  report should be read as it is too aomplicated t o  synopsize. 

Mice get t ing 4 r i n  one how ouf 
One animal in the  p u p  rimeloped 

Rabbits getting 8 r per 8 hours and having received apprexi- 
A t  least the abstract 

M e m o r i a l  Host- '-'-11 Y 

Two patients are under observation, getting 10 r per 24 hours. 

u. of c. Hospital 

In addition t o  the previous pat ients  treated on the 100 and 200 K'V 
machines, some further pat ients  are being given t o t a l  body radiation 
on the 1000 KY apparatus, 

Met eorolow 

The Meteorological work is continuing at Site W. Arrangements are 
being made t o  study dilution fitm the stack by means of So2. 
observation has shown that t h e  mat dangerous time 80 far-as concentra- 
t i on  is concerned is in the early morning, just a8 the cloud inversion 
is breaking up, t h e  ve r t i ca l  circulation starts. 
the up and down draf t s  bring the smoke t o  the surface i n  denee ooltolars 
within the 200 U area i tself ,  

Fzrrther 

It has been found tha t  

Note: 

For Clinton Laboratories Health Repart see a-1470 ( A-2060) o 

-LIo.-Q 
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B, CLINICAL MEDICINE AND MEDICAL RESEARCH 

C, J. Watson, MODO9 Associate Mrector and Section Chief 

L. 0, Jacobson, LD,, Acting Section Chief 

Report for Period Covering January 15 - February 29,  1944 

A, C l i n i c a l  Section - J, J. Nickson, M.Do and Y. Jo ,"Tickson, MOD. 

Pre-&@oyment Examinatiaus 
I" 

D u r h g  the  period Janllery 15 - February 15, 1944, 189 examinations 
were done. 
non-academic personnel, 

Thirty-nine of these were on academic personnel, 130 on 
Six applicants were rejected, 

2, Health Smeys  off the Projeczt 

From February 1 - 2, a radlua d i a l  painting plant was visited. 
The t r i p  was planned t o  obtain background for the planning of New 
Chemfstry alterations.  On February 3, a m e t a l  machining plant was 
iiwpected, 
Section of the Clinton report, 

Details of t h i s  report  w i l l  be fomd i n  the C l i n i c a l  

. 
On February 21, t h e  St, Louis Cyolotron was visited.  The naln 

purpose of t h i s  t r i p  was t o  discuss the possible affects  of radia- 
t ion w i t h  the  cyclotron crew, 
no detectable change. 

Inspection of t h e  men's hands revealed 

3, Liaison Conmittae Meetiwa 

No attempt will be made t o  discuse t he  Committee reports 3n 
d&tnil. Those interested w i l l  f ind the  minutes 011 f i l e  in the 
Library0 

Dr. Pardue made 24 surveys at the request of the Committee. In 
two h s t m c e s ,  the surveyor f e l t  that  over-exposure was probable. 

Dr, Schwartz was asked t o  survey 23 individuals by t h e  Conmiittee, 
Xis findings w i l l  be found i n  his section of t h i s  report. 

Three product accidents were discussed i n  the minutes. D u r i n g  
the month, Mr. Pyls joined t h e  Ca8lepittes. He w i l l  be responsible for 
disposal of waste act ive materials, discussed below. 

Dr. M, Nlokson reported on the l i t e r a t u r e  of the toxicity of 
!ipi.renyl and acenaphthene a t  t h e  request of the Technical group. 

1 0 2 4 2 4 5  



Trichlorethylene Hazard 

S i t e  B, room 135, has a Blakeslee degreaser which operates with 

On February 17,  1944, Mre Coldberg of' the  I l l i n o i s  

The 

triohlorethylene, 
nillion i n  air. 
Department of Public Health determined the  amounts of tr ichlorethylene 
i n  a i r  a t  var iow times d u r i n g  the  operation of the degreaser. 
highest value Q ,ainod was 138 p.?vmo 

The usual tolerance figure given I s  200 parts per 

MUC-HG-392 gives the de t a i l s  of t h i s  survey, 
3 

Radiation Over-Exposub Records 

During-the past month, a new system of checking the  persons having 
chamber readings of greater  than 100 milliroentgens -8 inst i tuted.  
A l e t t e r  is sent t o  the  exposed fndivfdual3'3 group leader requesting 
information oancening: (1) the  person's ao t iv i t f e s  on the day of over- 
exposure, (2) knawledge of accident t o  the chambar, and (3) group 
leader's maltrztfon of the  correctneaa of the  readingo A monthly 
sumnary of t h i s  information W i l l  be presented i n  future reports. 

Anid Resistant Cloth f o r  Protective Clothinq 

During t h e  month, the idea of obtaining an acid resistant cloth 
which could be decontaminated by rlnsing i n  strong acid S O l ~ t i I O n i 3  was 
developed, A search, aided by Ilr. Kinp%on's Office, showed that Vinyon, 
a polymerized vinyl acetate,  wa8 t he  mmt l i ke ly  avallable woven 
material. 
w e r e  carried out by t h i s  group and Dr. Pardue's group. 
t e s t s  a r e  found i n  Dr. Pardue's report. 
t'iat a l l  of the sanples could be decontaminated with ease. 

Decontamination t e s t s  with both product and fission products 
Details of the 

I n  br ie f ,  the tests indicated 

Because of the expense involved ($l6.00 per coat, estimate) and 
Sewiuso of uncertainties as t o  the material 's resistance t o  ordinary 
mar, a flscoutw order of but 100 coets and 50 towels laas placed. 
Vinyon 26 was selected. It would seem that Clinton and Hanford might 
be able to use this o r  a similar material t o  good advantage. 

+ 
If  subsequent experience indicates that  widespread use of swh 

coats would be desirable, a la rger  order can be considered, 

Tuballoy D u s t  Survey 

During the  month, a non-academic employee was added t o  the  
2ersonnel of the Clinical Group., 
tor ing o f  amounts of  Tuballoy i n  air. For the most p a r t ,  t h e  * 

c-rr i tored locations will be i n  S i t e  B. 
ha i f  of his t i m e  on t h i s  work, 

It is planned t o  expand t h e  monl- 

Mr. Tourek wi l l  spend one- 

Finger Pr int  iw Study 

- Mr. 'l'ourek will devote one-half of his time taking Finger Pr ia ts .  
??le imyresuions w i l l  be sent t o  b. Roger A. Harvey for interpretation. 

t 0 2 4 2 4 b  



- 
Projected Work f o r  Month 

1, Continuance of pre-euployment exams. 
2. 
3. 
4. 
5 0  Expansion of Tuballoy dust surveys, 

Continuance of bta l lurgy  Laboratory surreys. 
Continuance of ,Product Xazard surveys. 
Brpansion of Finger Print program, 

Bo Hematology - L. 0, Ja@&n'and E. Marks 

The c l in i ca l  hematology group examined 1107 individual8 during the 
period 1/15/44 t o  2/15/44. 
the  laboratory examinations made: 

The followiag table  givee an analysis Of 

Hgbd RIG WBC Differentials P la te le t s  Urines Retics. Nass. 
No. of 
Exams. 685 600 970 970 135 700 50 200 

Mac. 10 

Two individuals showed blood abnormalities possibly due t o  over-exposure 
t o  radiation. 
source. 
had f a l l en  has r isen i n  the  direction of normaluy. 
was overexposed to a Rn source. 
leupouytes and a marked change in the P A  ratio. 
oorrected itself . 

The f i ra t  occurred i n  a psrson working witi-a;gTar Ra-Be _",  

Since t h i s  work has stopped, his white blood c e l l  oount Which 
The seoond person 

There was a small drop In the t o t a l  
This has slowly 

C, ElectrophoretSc Studies of Proteins - E. S. Guzman Barron and John Mmtz 

There i s  evidence, from the published l i t e r a tu re ,  t ha t  Berm proteins 
change i n  dis t r ibut ion as u consequence of X-ray treatment. 
p-s'pose t o  follow these changes by electrophoretic aIIdy6iS of the 
Droteins both i n  pat ients  receiving X-ray therapy and i n  animals t reated 
k t h  X-rays. 
impossible t o  obtain the control analysis. However, data f o r  electro- 
phoretic dis t r ibut ion af serm proteins obtained by a number of Invest- 
igators  agree so closely that  the normal values of t h i s  laboratory 
c m  be used 3s control values, 

It is our  

We are  w e l l  aware that in piittents it will saaretimes be 

One patient, 2. M., has been studied on different  occasions a f t e r  
he received X-ray therapy, 
electrophoretio pat tern before radiation started. On Nov. 26 and 27 
t he  patient received two X-ray applications of 100 r each; on Dec. 16,  
17, 18 and 20 he received 75 r each day; on t he  25th he received a 
blood transfusion. The swun proteins were determined elec$rophoreti- 
s a l ly  on seven different  occasions from Dec. 15 t o  Dec. 27 (Table I ) .  
On 3ec. 15, 10 days a f t e r  X-ray therapy the dis t r ibut ion of 8 e r m  
protains w a s  about normal. On Dec. 16 ,  t he  day a f t e r  application of 
75 r, there rms a profound modification in the  dis t r ibut ion of serum 
proteins, characterized by a decrease of a3.b-n and an increase of 'II 
globulin, X-rays o r  not cannot 

Unfortmately we do not have the  3erw 

U e t h e r  t h i s  rvas Ci-cre to the action of 

. .  



be decided u n t i l  more observations are made. 
tained with some modifications; t h e  last samplo cf blood, taken 7 days 
a f t e r  radiations stopped there ;vas still some decrease i n  albrrmin and 
increase in& globulin. Two patterns accompany t h i s  report: one, of 
J. Ed, on Dec, 24; t ne  other from a n o m d  serum. The dist r ibut ion of 
serun proteins o? another pasfent (J. G.) is being st-tied. Unfortu- 
nately t h i s  is (1 patient with carcinoma of  the stomach where there is 
ordinarily an 1 .reased globul in .  

211s pattern wa8 main- 

The effect of raaiation on the dis t r ibut ion of serum proteins can- 
not be reasonably determined unlesa we find an animal. haviw a constant 
electrophoretic pattern.  
serum has four to- f ive  globulins which seem t o  change from one t o  t h s  
othero 
patterns of the serum proteins of t he  r a b b i t ,  the  rat, and the goat 
Rabbit sera wasanulyzed at the following ionic strengths: 
0006, 0.075, 0,2 and 0,15, In  general, only t h r x ?  components were 
observed regardless of the  serm concentrstion, Furthermore there 
was no constancy h t h e  mobility of the protei3 components. Goat 
s e r m  was analyzed a t  ionic strength 0,375. Four components were 
observed which separated f x m  each other t o  a l l o w  t h e i r  measuremento 
The mobili t ies of the  prots in  fractions resembled those of human serum. 
Rat serum was analyzed a t  ionic strength 0,075. 
done with t h l s  animal. 
radiation on blood pro te im m u s t  be concentrated t o  studies on the 
goat and the  rat, 

'&e dog had t o  be discarded because the 

We are now studykg f o r  this prl~pose the electrophoretic 

0.05, 

Further work w i l l  be 
It is OUT opinion that  work on the  effect  of 



Table I 

Distribution of serum proteins of J, M. frm electrophoretic analysis. 

Date 

- 
12-25-43 6097 63,O 5.7 11.5 19.9 

Radiation 75 r 
12-16-43 50 74 47.9 5.4 16.4 30.2 

Radiation 75 r 
12-1 7-43 6,85 57.5 1e5 10.7 30.2 

Radiation 75 r 
12-18-4-3 5,46 64,l 207 7.5 25.5 

F. 

Radiation 75 r Dee, 20 
12-22-43 60J2 4804 5.6 14.9 3102 

32-24-45 5055 50.2 5.8 12.3 31.7 

12-27-43 6,63 57-1 7.4 10.7 24.8 

Normal values 7,00-?.. 60 62.5-65.5. 6.2-7c.9 12-6-15.2 13.1-15.7 

1024249 
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Electrophoretic patterns of Blood Serum 

Nolmal s a u m  Normtl saum 

FIG. 1. NORMAL Smwx 

-_-- - - ___-  
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Do ToxicoloaGroq:  Albert Tannenbaum, H. Silverstone 

EO 

The chronic feeding experiments on the tox lc i ty  of varioua T 
compounds are being continued, and are now i n  t h e i r  f i f t h  month. 
The tox ic i ty  of single subcutaneous injections of T comgomds is 
being studied, 5ncluding the effect  of second injections. A pro- 
gram of Inhala$, 7n studies I s  being investigated, 

Repor t  of Biochemical Grow: S, Schwartz 

The study of numerous t e s t s  which aim at the  early detection of 

The resu l t s  of thsse studies 
exposure t o  snd t ox ic i ty  from radiation and metal has continued along 
t h e  general l i n e s  previously outlined. 
t o  dste a re  stxmnarized below, 

In these st-es the control se r ies  conslsta of 14 medical 
students, several non-exposed members of the  pro jee t  staff, and 8 few 
newly employed project members. It is recognized that some of the  
l a t t e r ,  at l e a s t ,  may not have been perfeatly wnorxw.low The exact 
number of controls f o r  each t e s t  a re  shown on the  appropriate figure, 

!he project members investigated have been those believed moat; 
For radiat ion e f f ec t s  t h e  groups likely to y i e l d  posi t ive results, 

of'.-&. Ounnlnghaaa and Sugarman in New Chemistry were studied. The 
group Room 109, S i t e  B, was studied beuause of considerable tuballoy 
dus t  eqposurea In addition, several individuals were investigated 
because of exposure t o  lead or  various chenicals, 

I, Liver fuuctlon studies, 

JL Serwn proteins - (with L, Schneider and J. J, and M. Hickson) 
Three tests have been studied t o  gain insight i n t o  both quall- 
t a t i v e  and quantitative protein changes i n  project personnel, 
namely, col loidal  gold, cephalin-cholesterol, and fonnol gel, 
The first two of these t e s t s ,  a t  l e a s t ,  have been shown t o  be 
comuonly posit ive i n  l i v e r  disease as a consequance, chiefly, 
of  altered serm globulin, 

1, Colloidal gold t e s t ,  
The method used is tha t  described by S, Gray ( t o  whoa we 
are indebted for a i d  In preparing OUT solutlons).  Three 
seraal dilut ions of serm are wed, with results expresaed 
in terms of 0 - 5 depending on the  color change and amount 
of precipi ta t ion present. 
read 2 o r  3, 

liver dyrrfuuction the second and third tubes read 4 and 
5 also, 

Normally all of the tubes will 
A weakly posit ive t e s t  is indicated by a 

-reading of 4 o r  5 i n  the  first tube. With increasing 

In none o f  the control s e r i e s  was a posit ive t e s t  
obtained. On the other hand, 12 of 42 project members - 

1 0 2 4 2 5 1  



s t u d e d  bad a t  least a we&ly pogi-ive t e s t ,  This is i l l u s t r a t ed  
in Fig, 1'b@ere the number i n  eaQh group is plotted against the  s m  
of t h e  3 tubes. With t h i s  scheme only 8 are  seen t o  f a l l  outside 
the  nor@.-range, It m i g h t  b s  palnted out here that only 3 of t h i s  
p u p  had a posit ive cephalin-chqlesterol t e s t ,  (2 p l u s  or more) 

20 Cephalin-cholesterol 

The method of Hanger has been modified t o  include 8 tubes wlth serial 
dilut ions oontaining f m  0.2 tq ,D.OOOl  CC. of serm. 
read in term of 0 - 4 plus depending won the amount o f  flocculation 
and clearing present. 
is bel lewd lndlcative of l iver dysfunction. 

Results a r e  

A 2 plus or greater reading i n  the  first tube 

AIthotqh t o  date the first %%be only appears t o  be significant 
we are f o r  the t ime being p l o t t u g  our data i n  term3 of the  sup of 
t h e  f i r s t ' b  tubes, 

In none of the  normal contmLs sttxiled has a 2 plus o r  more 
t e s t  bea,encourtered. 
l a t ion  haa ocuurred, 
these 8 w3th poal t ive  results ag;lpin. 
only 2 af these 8 had a posit ive 9olloidal gold reaction, Indicating 
aga3n a dff'fcrrent mechanism for-#%e two teste.  

1 S t d y  posit ive tests (3'0'4 plus) were obtained from the sera 
of two indiPfduals exposed t o  considerable tuballoy dus t  in Room 109, 
S i t e  €3, A 4 plus reaction was also obtained on one individual 
exposed t o  lead. The data is i l l u s t r a t ed  in Fig. 2. 

In 8 pm*@ct member6 2 plua t o  4 plus flooclr 
The test @a repeated at a l a t e r  date in 2 of 

It might be pointed out that 

*$- 

3. Form01 gel  

The emptying time of serun from a modified white blood cell pipet te  
is measured before and about 6 hours a f t e r  the addition of a drop 
of formaldehyde. The r a t j o s  of these two times is dependent upon 
t he  globulin content of the 8erm. Aa shown in Fig. 3, t h e  r a t i o  In 
project me6hers has been found t o  vary widely from about 1.0 - 1.7, 
Four have been over 2. O u r  normal uontrol ser iea  I s  still too s m a l l  
t o  permit any conclusions to be &awn. 

Protein studies i n  dugs and r a b b i t s  exposed t o  e i ther  radiat ion 
or metal have yielded nc worthwhile information. 
normally have a 3 - 4 plus cephalin cholesterol tes t .  
experiments In rabbits no change has been noted i n  the oolloidal 
gold t e s t .  
sedimentation rate followfng tuballoy lnjeutlon. This point is being 
studied fur ther  at the  present tlme, 

Both species 
I n  acute 

Isolated obsnrvations indicate a marked increase i n  

11. Piment Metabolism StuUes in3th E. Katz, F. Felter  and M. Mandel) 

A. Red blood c e l l  protoporphyrin 



The most marked increases i n  red cell protc-,rorphyrin have been 
encomtered i n  workers exposed t o  lead. %us 2 a f - 4  workers in the  
foundry Room 42 in Ryerson had levels or above 65 gamma per cent, (nor- 
mal level 15-30 gamma p e r  cent) * Othcr high values have been encountered 
in personnel xce iv i cg  ~ e l a t i v e l g  la,ns,e radiefion exposure.of chronic 
type, 
exposed p ~ o j ~ . '  TBBgibers have relat ively high red c e l l  protoporphyrin 
levels. nis s i l l u s t r a t ed  in Pigo 3o 

I n  gene-r-aL it ( J ~ G  be safci t ha t ,  compared x i t h  medical stulents,  

It xaiCl;ht be noted tha t  only one of the control group had a value 

A repeat determination 4 days later showed a fall t o  
above 33 gamma per cent, and h i s  protoporphyrin level was up to 65 
gama per cent, 
41 gamna per cent, 
it might be noted that he had had an acute bronchitis 4 days e a r l i e r  for  
which he had taken 8 grams sulfathiazole. 
suff ic ient  t o  exclude him a6 a control. 

mile the explanation for  t h i s  increase is uncertain, 

It is believed that  t h i s  is 

Be Urine coproporphyrin 

Projeot members with a few exceptions, appear t o  have a relat ively 
normal urine coproporphyrin excretion, 
quantftatcad from en aliquot of a 3 hour afternoon specimen, 
studies done t o  date are on 24 hour collections. 

At  the present t i m e  t h i s  is being 
~ 

Most of the 

In f igO 5 the data is given i n  terms of coproporphyrin concentra- 

' , found i n  the  urine of Itr, Y,, exposed t o  ctonsiderable triohlorethyfene 
tkoa i n  t he  urine, 

fumes s a t  Site Bo 

The highest concentratson (19,5 gamna per cent) was 

Coproporphyrin Studies on r a b b i t s  receiving subcutaneous injeefions 
of  tuballoy n i t r a t e  are illustrated i n  Fig, 6. 
properly be included i n  the section on kidney function, since the 
5auaged kidney will not excrete coproporphyrin. 
t he  explnnatkcn f o r  the rirked f a l l  observed, despite any tendency 
which might have been present t o  cawe an increased excretion because 
of tuballoy tnxicity,  
whether dose; a? 0,25 o r  less will cawe an increased copropor- 
phyrin excreticn which w i l l  not be inhibited by kidney insufficiency, 

These graphs might more 

This  undoubtedly is 

Experiments are now i n  progress t o  determind 

A *  C, Tkomsefn 

TJroroseio is 8 red  coqound formed i n  strong acid solution from 
oxidized indolticetic aciu, 13s ex3ct c l i r i c a l  significance is mknown 
but it often appears t o  >e :-ssociated with dietary deficiency, 
urorosein test 13 performed Sy extracting a 100 cc aliquot of urine with 
ether "j;5 followizg acidif icat ion v i t h  15  co glacie-l acet ic  acid. 
. t he r  is P i r s t  extracted repevtedl:r :clth 10% €IC1 t o  remove the porphyrin, 
anti then with 25% H C l  t o  remcve t h e  urorosein. 
indicated by 2. Ted color with absorption maximum at 543 m,q 
t h e  E'velyn photoeloctri  c cc?.orimet er maximum absorption is obtained 
using SLe 529 m f l  f i l t e r .  ?ecnwe the 25% HC1 extract contains 
nunerous pigments in additicn to 1 ~ ~ o r o s e i n ,  we have been measuring i t s  
absorption .In the  Ebelyn coiazime-ccr using various f i l ters .  

The 

The 

A posftlve t e s t  is 
Using 



- 
To date there appears t o  be a s t r ik ing  increase i n  the average 

amotmt of pi@nent i n  project personnel a s ~ x t p a r e d  t o  our  control series. 
This is illustrated in tho following table where Evelyn readings of 
60, 60, 75, 75 and 80 are taken a3 the lower l imi t  i n  our normal ser ies  
for the  400, 520, 540, and 565 xa& f i l t e r s  respectively. 
pointed out that  the lower the reading, the greater the amount of pigment 
present; a reading of 100 indicates no pigment) 

(It might be 

Absorption Study of Urine Urorosein Extract 

melyn 400 m p  420 mfi 520 mp 540 m,U 565 mp 
Type of Nunber reading 
Expoeure Studled l e s s  than )so 60 75 75 80 

Controls x3 1 0 0 0 0 

Radiation* 21 11 'I 12 7 6 
(Cunningham 
and sugar- 
meul'8 groups) . 

% 

Metal and 
ChepsliCal 11 7 6 6 6 5 

*Members of these groups, of course, a lso have had varryfng amromts of 
chemical exposure, 

Spectroscopic study of the  25% HC1 extract revealed a posit ive urorosein 
=.saction (543 band) in 17 of the  project personnel. 
$a s e v e r 4  gave consistently posit ive results. One member of the control 
group had a weakly posi t ive reaction. 
several of t he  staff at Site B, especially those with dust  exposure, have 
an absorption band a t  510 m 

same individual w i t h  a posi t ive urorosein reaction) had t h i s  band, which, 
however, developed only after standing 48 hours, 

Repeat determinations 

In add3tlan t o  the uroroseln band 

i n  the  2% HC1 extract e i ther  immediately 
or a f t e r  standing 24 t o  48 I? ours. Only one of the control group (the 

IIIo Kidney fmc t ion  - (with Bd. &one and R. Karpf) 

The danger of tuballoy lies chiefly i n  the  kidney damage which it 
produces. 
we have been studying kidney fuaction a s  reflected by urine sulfur 
excretion following subcutaneous administratlion of t &alloy n i t r a t e  t o  
a group of rabbits,  

Since the  sulfate ion is excreted with  re la t ive  d i f f icu l ty  

Since conjugation of noxious substances with su l fa te  is a common 
detoxification mechanism v;e have been quantitating both inorganic and 
0rgani.c sulfur.. Normally t h e  r a t io  of organic t o  t o t a l  sulfur is reported 
t o  be less than 20$, 



Urine sulfur has been quantitated uslng "Le wphelometric method 
of Freon and Crutchfield, 
modification of tho method of' Denis, u ing  20 - 30 mesh barium chloride 
rather than IO$ barim chlcride to preci7itato the  sulfur, 

Blood sulfur has b9Qa qrnuztitated by a 

a, A study of 3 rabSi ta  who received 4 ng& tl&alloy n i t r a t eo  

All died from 12 - 15 days following oliqwia or anuria of 
The number of sulfur Jetcminatfons done follow- several days L'uration, 

ing t he  injections waa very anrall but indicatad 8 marked drop in sulfur 
excretiono 
to 2 - 35 mg per cent before death, 

This average control leve ls  of 1CO - 150 mg per aent f e l l  

Since t he  blood sulfur method was not available at t he  outset, 
control determinations on the injected animals were not obtained, 
However, postinjection leve ls  on the injected r a b b i t s  and on 3 control 
animals reveal a marked increase i n  blood sulftr as demonstrated In 
Fig0 7, 

bo  A study of 3 r a b b i t s  who received 1,5 mg/kg tuballoy n i t r a t e  by sub- 
outaneous injection, 

As shown in Fig0 8 all 3 rabbits had a marked fall in urine sulfur 
concentration. 
normal and these animals have shown apparent complete recovery. 
excretion of 1-15 remained lowo 

The sulfur l eve l  of 1-14 and 1-16 rose s h o r t l y  t o  
Sulfate 

He d ied  17 days a f t e r  t h e  injection, 

Attention is called again t o  the reduction i n  urine coproporphyrin; 
following tuballoy injection, (See Fig, 6 )  

Is, ?hocphorus studies - (with Lo DeGrazin and A. Edwards) 

Abela  et 8-1. have reported a marked increase An the organia acid 
soluble pfi.ospli<rrus of whits blood c e l l s  f ' o l l o - i g  total body radiation 
o f  as l i t t l a  0.s 3 7 t o  leulremic patients. 
t o  adapt thoP..* method to the mall number of white cells in normal 

They mere, however, unable 

' 2 i O O d n  

A simplo ,crocedur.= has  been worked out for q m t i t a t i n g  several 
phosphorus f zdd1~;3s  i n  the  Tvhite ce l l s  of l e s s  than 1 cc uom.al blood, 
Both human av5 animoi stuli23 are i n  progress and will be reported next 
m02th 

In the %able -hi& foll ixvs,  the  results of our studies of represent- 
ac;re nembers  or 4 groups of . .~puea and  non-eqosea individuals are 
sumn;rrizou i n  toms of 0-4 +reactions, 
may b e  attaohea to each of  : k c m  figures; 

The following significance 

1024255 



0 Definitely normal range 

2+ throw 4 +  2 Increasinglg posit ive reactions 

In order to  arrive at a composite value which will roughly represont 
the individual's reaotions to the various tests .as&, the following 
aethod of 8coring has been devised: 

Cephalin aholesterol I - 4-f- with increasing flocculation as 
described by Hanger. 

Colloidal gold: Sum of 3 tubee, 

I+ = 9 - 10 

RBc protoporphyrin in gamnnar per 100 ceca erythrocytes 

0 z(30 

1 + =  30-40 

2 + =  40-50 

4f  =)70 

3 + =  5 0 - 7 0  

morosein and associated pLgments 

Evelyn reading at 400 mA and 520 mp 

EmL 400 m,u 
0::100-60 0 = 100 = 75 

If= 60 - 50 I f=  75 - 60 

2+= 50 - m 2+= 60 - 40 
3+=30-20 

4+= 20 - 0 
- 

3f= 40 - 25 

4+= 25 - 0 



- 
Urine ooproporphyrin In gamma per 100 C.C. urineo 

0 =<0 

l+ = 8 - 10 
2f = 10 - 13 
3 t  = 13 .. 18 
4+ =)l0 
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G r o t ~  I:, tkutmls. N o m  medical students . I  

Spectroeoopy 
RoBeCo urfn9 uuroro8einu 

Cephalin- Colloidal proto- copro- f ract ion AbS o 

-2.- i e c t  aholesterol* r gola* JpuhYr in pomhyrin" - ..~. 400 mA520 - ma 510 m# Score 
I 

- 0  0 0 1 0 0 0 0 1 

20 - 1  0 0 0 0 0 0 2 

>o 0 

0 .3 - *  0 

I ?So 0 
, 

$ 0  1 

;> 0 i 

0 

0 

1 

0 

0 0 

0 0 

0 0 

1 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

4-M 
' 0  

0 

0 

0 

0 

0 

0 

1 

5 '  

2 

1 

3 

1 

&vug 11. Controlso Projerrt member6 with what is belimed 
t o  be relative by slight exposure, 

." D lf 0 0 0 0 0 0 1 

0 0 1-k 0 0 0 0 1 .> 
c, 0 

'5 d 0 0 0 0 0 0 0 0 

2; 0 0 0 14, 0 0 0 0 1 

- 3  0 0 Q 0 0 0 0 0 

G r o u p  IIIo Predominant exposure: T-dust and chemicals. (Site B) 
Pro j eat members. 

.II. 

0 0 1.e 24- 1 3 -  34- 2.t 23- + 12 

3 ,  ul 1.f 23. 2+ 0 13. 1c 3. 8 
> 03 3 e t r  14- 0 0 0 0 + 5 

0 1-k 0 0 4 4 -  33. 41)' + 13 

h) 

cv 
: o -  - 4 +  33..  14 2 +  2 ' t  33. + 14 



Grow lVo Projecrt members; Predaminant expoaura: 
radiation and oheaaiaals. (New Cheaa,) 

_. 
, urine 

iraatfon Aba, ReBoCe . .  Cephalin Colloidal proto- aopro- 
o.iect oholesterol* gold* prphmio prph-* 400 PD 520 a 510 a Soore 

10 

7 

3+ 24- 23. 13. 1-f 0 

0 1+ 2 +  2 +  0 

10 1t 

20 1 +  1+ 

3. 1+ 0 2 +  * '  1+ 

4. 0 3 +  3+ ' 0 

50  4+ 4+ L 13. 

s +  a +  0 10 

0 0 0 6 

44- 34- 0 16 

I 

* .  

' :  

8 grams sulfathiazol; 4 days ;prevlotls3y 
* weak absorption only after Standing 4B hour8 f3: 

!%!!is2 
A high inoidence of projeot. members exposed t o  relatively large 

amouuts of radiation, tuballoy, or crhepdoals have been famd to have 
_aosltive reaotions to several different teste, These indiaate an 
effect of some kind on the liver, kidney, or hematopoetic systems. 
In general, a npositive reactor" rrill be poeitive for eeveral dit- 
ferent tests ,  
ness of theso 2ositive results, tho- it 
most of the deviations fron normal. are only moderate, 

Data is a8 yet insufr$cient to aeoertain the serious- 
should be emphasized that 
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G o  ~imxrxm MEASUREXENT SECTION , 

L. A. ?iirdue, Acting Section Chief 

E. 0, Wollan, Consulting Section Chief 

Mro C, L, Wesenberg joined the group on February 4, 1944 
as a researr- zssis tant ,  Ee w i l l  help with instrument main- 
tenance and - , l ibrat ion and radiat ion surveys. Mr. J. S. 
B l a i r  came into the group on February 21, 1944 as a research 
assistant, ,  He  w i l l  be half-time i n  the Radiation Measurement 
Group and has been assigned t o  work w i t h  Landsverk on a co- 
operative program on radiat ion measuring instruments of the 
two grougsv 

.--e- Pocket - Meters -- 

our chambers a re  in use, a r e  read dai ly  and a l l  readings 
above 90 m r  per day are reported t o  the Clinical  Section 
each day, 
supply when they a re  obtained. Unfortunately, the acqui- 
s i t i o n  time is very inde f in i t e  because of the slowness of 
del ivery and uncertainty of the percentage (approximately 
60 $)# of  each shipment that  probably w i l l  be acceptable, 
Obviously it will be a great  while before all of these cham- 
bers  w i l l  be available f o r  use if 40 % of each l o t  received 
must he  returnedo 

The pocket chamber service continues t o  expand, 

'The 250 chambers on order should give an adequate 

A l l  of 

Considerable progress was made during the month i n  the 
d i r e c t i o n  of  the new film meter, llhe 400 badges were 
i ' iaal ly  delivered, By expending several man hours they 
have been zssembled and a r e  ready f o r  use as soon as the 
f i l m  can be obtained, Du Pont representatives, recently 
contacted, say our order should be f i l l e d  very soon now. 
A special  rc-?ort  on f i l m  metering i s  i n  the f i n a l  Stages 
of p e p m a t i o n ,  

A tiidrt g l a s s  walled Geiger counter and r a t e  meter is 
being ilrstzllcd a t  the Armory f o r  monitoring a l l  outgoing 
lamidry- suspected of  contamination. Set t ing a good tolerance 
counf; \vi11 be dffficuLt but i t  seems not too d i f f i c u l t  t o  
set  a safe vzliie, 
-~?ntativ~G.7 a 

A count of 1000/mln. has been chosen 

.. 

# * O  2 4 2 b 8  



- Vinvon Cloth 

Tests have been made on decon aminating samgles of Vinyon 
cloth which a re  acid res i s tan t ,  
process could be found which would adequately remove activfb.  
The samples were contaminated by dipping i n  an acid solutfon 
of f i s s i o n  products, then blot ted and allowed to dry par t ia l -  
ly.  Counts were made, They were then scrubbed under warm 
water for one minute, then counted again, Finally they 
were washed i n  aqua regia f o r  f i v e  minutes and scrubbed 
under warm r-,,nning water. 

.* 1 t was hoped a laundering 

The following table summarizes the resul ts :  

23 - 15 - 26 - Vinyon on Sample - I - 6 - 11 

Contamination Count 6000 13000 10600 10200 13400 6600 
After washing i n  water 566 97 1891 4385 365 556 
After washing i n  acid 

and water 228 75 750 254 156 211 

--- Lead-leather Gloveg 
(The samples seemed unaffected by the acids.) 

An experiment was made GO test \;tie inuaxmtive vdue of same lead- 
leather gloves In the handling of x-metal. Out o f  48 pairs, 
12 a i r s  were taken a t  random. The f rac t iona l  transmission 

on each glove, 
of E etas from x-metal was measured, a t  three d i f fe ren t  places 

The following results were obtained: 

e 070 
081 
062 

e 109 
e 062 
06 
056 
114 
.061 
0 072 
0 055 
* 092 

082 
. O S  
e 118 
133 
.086 
, 055 
081 
.166 
0 100 
, 096 
, 093 
. lo4 

,087 e090 
,089 ,133 
0089 a085 
a129 ,092 
,067 ,131 
a131 ,061 
,065 ,096 
,168 ,066 
,090 ,062 
,081 0077 
e 1 4 3  e 0 7 3  
0083 a 1 0 0  

,182 0118 
,126 ,115 
,085 ,059 
,116 .Om 
,140 ,112 
,065 m090 
e082 ,058 
,082 ,083 
,074 ,042 
0089 ,089 
,101 ,040 
,131 e067 

, 275 . 276 
245 

.276 
e 292 
.272 
, 200 
350 
208 
, 200 
210 

e 273 

Two Dershem electrometers have been equipped f a r  ioniza- 
;ion measurements by the  Clinical  section, A c r i t i c a l  
e::anination of the lowest alpha emission r a t e  that can 
be measured is being made and a comparison i s  being made 



.- 
A portable  b a t t e r y  operated countfi;g ?ate  meter has 

been constructed by Lester fallowing Hlncnf s design whicn 
has already ;;eexi gi3ry use fu l  in survey Jvork, 

i? fircigrv 7.f c d i u r n t i n n  of survey instruments was 
Segun d u r i u .  - 3  month, Usually i n  the past Sauri tsen 
electroscoseL L L T ~  been cal ibrated by ey,x\sing them to  
a kno*m dose x $ l  then by %ollo~&ng one oi two equivalent 
procedurcs: 
determined s a i n t  on logarithmic paper; (2) k was de- 
-kemiced f m m  The above da te  i n  D - &. 

( L j  3 45" l i n e  was drawn through the above 

- - 
The ca l iS ra t ion  is considerably i n  e r ror  a t  large 

doses and is reaso-nable over a rather l imited range, 
I n  order t o  be able to use the instruments a t  high rates 
they are  being calibrated over a wide range of i n t e n s i t i e s  
and a curve is supplied with each one, Fig.  1 shows 
the results for one of the electroscopes, 

I n  t h i s  work since we have only one standard source 
we sought the  arrangement ia a laboratory room which 
gives  the longest reading a t  a given distance from the 
source, care being taken t ha t  none of the d i r e c t  beam 
was cut  out.  _ A f t e r  maw t r i a l s  it was found bes t  t o  
suspend the source f p  the ce i l ing  and Lace the meter 
o f  scatter, Xncidentally, readings were taken out of 
doors and there was no observable difference a t  a given 
i-Xstance If the saurce and meter were as much as fou r  
*'eet from the walls  when measurements were taken indoors, 
he  curve shot~s that Lauritsen*s have il ra ther  bad in- 

i;Grlslty dependonce, Incidental ly  the electroscope 
recently b u i l ~  by Landswxic and Wollan has a better charac- 
t e r i s t i c  i~ :his regara as the t ab l e  below shows: 

on a small t r ipod,  bvioysly this gave i he least  amount 

Lauri t sen 

Distance from 53.16 mg - I  i n 

D2/t  
n 

I' iSG3nCQ ;":t.@!n : A * * G  ng 
"y/t Source 

------_.I- 
ur  C 2 ,-_...- __. 

2 m  
i a 5  m 

I m  
.45 m 
.30 m 

,2 m 

32 
30 
20 
23 

18.5 
17 



&!aori2t? " I L C  GCS 

Measurcmects ware aaae on the ac t iv i ty  of the pi1.e 
.- gas a t  the Argonnee Cells appro;cimnt2177 2 13. square 

- and 0,5 in ,  deep, having tops of .I25 in ,  brass perforated 
mrith 0,3,25 in .  holes and covered wlth c!??%n a l u i n m  
(appl'ofi~ately '10 W / ~ ~ 2 > ,  were f i l l e d  with t h e  gas ?f ter  
evacuatior,, These c e l l s  were ?laced under a standard 
t,hin.-mail%i glass counter an& approxhately 0.25 inil ,  from 
itl T-Ms arrtAngement did not give par t i cu la r ly  good 
geometry 317' ?;he thickness of the tops did give some col- 
l imat ion ,  w-s iacay curve was followea for  45 ninutcs 
during -&9.ch time the count f e l l  t o  3.M ai? t h e  or ig ina lo  
This curve could be expressed as the s-m of two exgonen- 
t i a l s  corresponding to half lives of  3,3 min. and 33 mine 
rsspectively, 
times a t  the Argonne but was not repeated in these ex- 
periments since our  main i n t e r e s t  was i n  absorption 
measurements t o  be made during the first 20 mine of 
deca Within the acc ra y of the exgeriments the range 
was found t o  be 104 gm 7 5  Cm and the absorption coeff ic ient  
i n  U ,  10 Cm-lP This corresponds to- a maximum energy 
of about 3 YEV , From this one would in fer  an average 
energy somewhat less than l05 M E V  
calculat ions (CH-1347) which were used i n  se t t ing  the tolerance 
l i m i t  0% 3 X 10-10 - 9  C th is  l i m i t  cb,uld be as much as 25% high. 

However, when one considers the rapidity of  decay a t  
the time the present monitoring measurements a re  made, th is  
excess is more offset, So there is no evidence ia these 
experiments to cause doubt of the va l id i ty  of the g r e s e n t  
tolerance count which i s  15000 counts/min, i n  the counter 
now i n  useo Inciaentally,  Rylander has plot ted counting 
sate vso Lauritsen reauings taken a t  the same t l a e s  and 
places as the gas samples and found surpris ingly that 
the result was a s t ra ight  l i n e .  An even more curious co- 
incidence was the f a c t  that  the same f rac t ion  of  tolerance 
was fsma f o r  breathing and f o r  external radiation, 

The decay has been followed f o r  longer 

On the basis of Failla's 

cc 

fis i s  r l o ~ a f ~ g  t o  be rather generally recognized ane 
o f  the trmaior. hszards i s  from inges t ion  and sinhalat ion of 

:?:-7m!r- ,-,adyo Siiice there i s  no way t o  ;noni tor  the 
amom?; o f  m t a k c ,  t h e  problzm seems t o  be ane o f  prevent- 
i n g  succ  x;r&eW This means good housekeeping t o  prevent 
i c g a c t i a n  ~ m .  i.riii~i.citJ.i.ci-io Bowever, i t  i s  no% -anreason- 
ab le  tc zs t  ;i iicjieraaec concentration i n  the air which 
eoulri be norS-tc-rcG,, J.n ",he absence o f  knowlsug2 of  the 
, i ~ y a i o l . ~  q j  i nvolvea, i -do rma t ion  can be c a x t ~  from experi- 
,ce :YI.?S 3adim ni:d 3man flr l  s e t t i n g  ;he sa22 concentration. 

- 
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As usual considerable time was spent on radiation 
sumey8. 
missed, r o o m  by room surveys were made a t  NewCbis try  
and at a t e  B. 
hands was continued a t  New Chemistry. 
extend U s  service to other areas. 

lshile ry) part of  the laboratory area was 

Also counting of contamination on 
It is hoped to 

Work for coming month: 

Routine measurements 

Extension of hand counting SerVfce. 
Establishment of full-tirne surveying service a t  

New Chemistry, 
Instrument Development. 
Instrument calibration. 

SUrVeyS. 
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BIOLOGICAL RRSEARCii SECTION - Do 
KO S. Cole, Secticmr Chief 

Report for Month &ding February 29, 1944 

d 3 3  production 

A crack w a s  found in the quartz tube leading from the p i l o t  U308 
xeaon gemrator  in the Clinton pile. 
fields ob ta in t -  in the t e s t  runs even at 10500 C, 
rugged apparatus of' t h i s  type i s  being considere>, 

of xenon from U(OH)4 at graphite temperature because of i n s t ab i l i t y  of the 
pure material under operating conditions. 
placed in the Clinton pi le  for test. 

This probably explains the low 
The design of a more 

It has not been possible to maintain more than a 25 per cent yield 

A pi lo t  un i t  of 500 gm. is  being 

' A sa t i s fac tory  process for the productioB of I1a vapor has not bean found 
88 yet. Methods for analysis of the  iodine content of t i s sues  are being 
teeted, No further work has been done on 

-801 plpdd uctioa and B~CDO sure . 

The reciprocating bellow8 dust injector  used for U 08 has been tested 
with SrCO3 dust of i09/ average pa r t i c l e  SiSe. In 3 2 ours, 2,s we of a 
10 @I. oharge was injected at a uuifonn rate, 

. Preliminary tests have been made 01 an i a jec tor  in which air is blom 
through a porous plate below the  dust charge, 
3 mo CaCO3 charge was iajected at a uniform rate, 

A right angle j e t  atomizer d i d  not produce sat isfactory l iqu id  aerosols 
wlth water o r  glycerol, but pmpylene and triethylane glycols were very 
satisfactory.  A SrBg t r ace r  exposure of mice t o  src12 i n  t r ie thylene glycol 
is in progress, 

In  30 minutes 0,5 egn, of' a 

Toxicity of mixed fission products fn rats. 

day, a l l p i m a l s  receiving 25 x lO-: C/gm o r  higher had died. None receiving 
6,4 x 10 
the carcass of a rat  which died i n  four days contained only 
administered activity.  
a major contributor t o  death, 

Mixed fission products were g i  en t o  rats by stomach tube. By the  24th 

C/gm or less had died, Absorption through the gut is very low; 
of the  

Damage t o  the G.I .  t r ac t  was severe and was probably 

Bal@ - La1'+' i n  mice 

(1) Toxicity. 

Barium14* - Lanthanum140 in equilibrium was injected intraperitoneally 
in to  mice at six differetnt concentrations. Over 30$ of the injected dose 
was excreted within the first 24 hours; t he  total. excretion in  25 days is 

.. 
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below 5M. 
content ' a  the  7?soft t i s ~ u e s "  is very Rmdl.l. 
50 x loJ c/gm - lo@, 17 x 

The Sones contain about h d f  of the admiaistered dose, the  
I lbrtalities at 60 dags are: 

- 
c/gm - 865, 5.5 x 10: C/m - 50% 

7 log x C/gm - 006 x 10-6 C/gm = %$, 0.2 X 10' c/@ - ?.I$, 
- control To@.  Init ial  might losses were observed at doses of 5.5 x loa C/@ 

and higher, 

X-ray survival 

f)rslMnary mouse survival curves for single dose6 indlcate o signifi- 
cant difference betxeen the  sens i t i v i t i e s  of male and f d e  Cenrorth mice. 
The median let'- 1. dose for famales is laear 500 r, while the stme point for 
males is 300 xgO Black Bar Harbor females resemble Carworth fapales, with 
a median l e tha l  dose a t  500 ro 

Results of paired doses on rabb i t s  indicate a residual effect after 6 

Preliminary results of paired doses administered t o  rat8 indicate 

mean in te rva l  of 130 days equal t o  10 - 30$ of the in i t i a l  effect. 

f a i r l y  rapid recovery during the first two weeke. 

Rats receiving daily doses of 25 r and 12.5 c have accumulated 
2050 r and 1025 r respectively without mortality, 

Groups of f ru i t  flies which receive in daily do806 a t o t a l  of  
times the midlethal massive doee over a period eqwl t o  the average l ife 
duration of the cormtrol &ups -tire eaOrriq ,a marked prolongation of life. 
Higher daily doses c a s e  a sharp reduction of avem&e life duration. All 
nasaive doses 80 far administered haV8 shortened average durdtlon. 

t o  14 

Fast n Burvival 

a survival curve which lies between 125 n and 180 a, with a midpoint near 
150 n, 

Preliminary r e su l t s  of r a b b i t  exposures t o  fast neutrons hdicate  

External b e t  a radiation 

clouding of the  cornea of dark-eyed r a b b i t s  after 600 r; aa lrflaunuation 
of the lids, n ic t i t a t ing  membrane, and cornea of aa albiao rabbit  after 
800 r; and inhis i t ion of  hair development in 8 yo- rat after 400 t o  
600 ro Ooses are approximate. 

External beta radiat ions t o  eyes at about 200 r/hr have caused Slisht 

Stable iso%o33 toscic 

Cerium is toxic t o  goldfish i n  concentrations .of loos -8 bY weieht 
. a d  hi&or, 

Solution6 were in synthetic pond water. 
Concentrations of loo6 and less are nonlethal irr 30 d t ~ W . ,  

B a r i ~  i a  tor22 t o  goldfish i R  concentrations of loo2 m s  Weight 
Liid higher, 
Solutions were in  d i s t i l l e d  watero 

Concentrations of 10.6 and less are non-leth8l in 9 dagr8. 



(2) Hematology 
- 

- Intraperitoneal inject ion of 17 x loe6 C/gm of Bd40 to mice causes 
a sharp f i l l  i n  lymphoocytes, a less rap d fall i n  granulocytee, both 
continuous u n t i l  death, With log x look C / p  the lymphocgtes fell lees 
rapidly and recover by 25 days t o  normal levels;  the  heterophils fall 
slowly and remain depressed at 25 days, 
rise i n  lgmphoqtes and gradual fall in heterophils with 0.2 x loof; C/@. 

- 
I There is a questionable g d u a l  

(3) Eistopathology 

I n  the mice injected with BaUo - La1@ the spleen and lymph 110 e 
showed no degeneration at 4 duys (first in te rva l )  even with 17 x 10' C/@. 
There was a sligat but de f in i t e  increased lymphopoiesis m t  this and the 
109 X 10-6 C/gm l eve ls  and poasibly even at the 0,2 x loo6 C/gm level4 The 
bone m a r r o w  showed virtually conplete destructfor of hemopoietic elements 
w i t h  17 X 10.6 C/gm at the day interval,  
destruction was much less at 4 dags, and most marked In the  region of bone 
growth ( t  e metaphysis), 
l a 9  x loo8 C/@u at 11 daye was comparable t o  the 17 x 10-6 C/gmo There wa8 
no deteotable -e with 0 ,2  x 10-6 C/gm a t  4 daya (foeo maximal). The 
kidney showed no change, 

dlscrepcuzoy between the spleen and lymph node findings and the def in i te  fall 
in peripheral blood lpphocytes, 

t 

With 1,9 x 10-6 O / e  the 

I n  t h i s  lat ter region destruction of hemopoiesis with 

Earlier stegea at  these leve ls  must be studied t o  explain the apparent 

The bone marrow picture ie quite  consistent 
/ / with the observed fall i n  the blood pelymorph (heterophile) counts, 

Rabbi ts  receiving 100 r X-rpy &ow a depression in lgmphocytee less marked 
than wlth higher doses, but maximal at 3 hours and maintained through 48 hours. 
This depression is not re f lec ted  i n  the t o t a l  leukocyte m e  because of 
slight but significant rises i n  the heterophils at  4 and 12 hourso 

Ziistopatholom - 400 r X-ray 
< 

The 400 I X-ruy r a b b i t s  showed changes qualitatively similar t o  the  
800 r series, The lymph nodes 
in particular,  The bone marrow suffered damage t o  both the  granulocyte and 
erythrocyte series but the lat ter appeared t o  recover more rapidly. 
findings i n  the gut were a r ep i t i t i on  of 800 r changes, In no case wus the 
damage nearly 2s extensive with 400 ro 
800 r but recovery was evident almost immediately md i n  all tissues reached a 
stage by 3 - 5 days comparable to that  shown a t  14 days with 800 ro 
lung, adrenal, kidnay, pancreas and the reproductive organs showed no sigtlificent 
changes, o r  none which should be re l ied on fromthe amall series investigated. 

Again the lymphatic t i s sue  was hardest h i t .  

Epi thel ia l  

Onset of damage was ai8 early as with 

Liver, heart, 

wdio-autographs of lungs of Uranium and Lanthanum dusted mice and of 
bone and soft t i s sues  of strontium injected chickens were obtained, Minube 
spicules of bone show clearly and ac t iv i ty  is marked i n  periosteum and endosteum, 



f l f o r d  Q I11 and Eastman I11 0 utsra-vrolez i a s i t i z a d  plates  are being 
tested a8 a poasible material for radio-autographs of h a s r  resolutiona 

The dist r ibut ion of radiation from deposited active isotopes is being 
studied by meamring the aensity of photograpb:-c films exposed in  contac t ' r i th  
thick sections of imbedded tissues, 

- - 
. 

I 

Protective action of nicotinamide 

Six groups of 10 mice each aere given 100 r da i ly  and the various 
groups injected with .1mg thiamin chloride, ,% mg riboflavin, loo mg, 
nicotinemide, o::5 mg, pyridoxine, ,1 mg diphosphopyridine nucleotide and 
,2 cc Ringer soi&ion. 
thiamine, Ringer and riboflavin are very close tosether, the mid-lethal 
point for the Riager injections b e k g  a t  an accumulated dose of 1140 Po 
The mid-lethal f o r  those receiving nkcotinemide is 1230 r and for those 
receiving diphosphopyridine nucleotide is 1350 ro 
the hypothesirs presented previously that  radiation prevents the synthesis 
of diphosphopyridine nucleot i d e o  

Food intake and weight changes 

Survival curves for m i m l e  receiving pyridoxine, 

These results support 

I Eight  rabbi t s  were given a single dose of X-ray of 800 r, four were 
given 400 r and seven were kept a8 controls, 
followed for several weeks, 
Constant weight with "conetaat food intake, (2) an increasing weight with con- 
8tanf food intake, 
(1) an i n i t i a l  taqxmary fall in food intake, a constant or increasing 
w e i g h t  (2) inmediate cessation of eating, f a l l  i n  weight and early death 
(3)  i n i t i a l  steep fall in food intake, gradual f a l l  in weight, recovery in 
food intake followed after several days by recovery in weight, 14) sharp 
fall in f w d  intake followed by recovery i n  food intake but continued weight 
loss ,  
failure to  eat, or f a i lu re  i n  in t e s t ina l  absorption, hence t issue breakdown 
is O C C l l l T i n g o  

Weights and food intake were 
(1) a re lat ively Controls show two b t t e r n s :  

Irradiated animals fa l l  into four different patterns: 

The might l o s s  is definitely greater than can be accounted for by 

Effects of radiation on circulatory sy stan 

An experbent on the physiological ef fec ts  of i r radiat ion on dogs is 
being planned i n  collaboration with Dr. Sdrwartz. Techniques for measurement 
of acetone bodies, t o t a l  protein i n  blood and measurement of blood volume 
and circulation.t ime have been perfected and are now ready t o  be usedo 

Accumulation and. dis t r ibut ion of: Sr89 and of B f 4 '  - L240 i n  goldfish 

IO24211 

140 Complete curves are now available for uptake of SrG9 and Bet1'' - La 
over a period of more than E month i n  skeleton, skin and scales, g i l l s ,  feces, 
muscles and  other  soft parts, 
uptake of strontium a t  3 - 5 ~ Q Y S ,  Over a period of several weeks the amount 
02' active material slovtly lacreases i n  s p i t e  of decay i n  the external medium, 
Eigh concentrations of c a c i u q  o r  inactive sbrontium riirninxsh the uptake of 
-" cquilibrium the  distribution OS strontium i n  the fi& is: 
Ski3 and scales 50 - 75$* g i l l s  5 - l.5$# organs and muscles 3 - lO%, feces 
5 - 
skin and scales 40 - 7@, gi l l s  10 - 20 $, organs and muscles 10 - 2% 

Uptake of Ba - La reaches a peak at 5 - 10 darys; 

skeleton 10 - MP 
For Ba - La the dist r ibut ion of Seta ac t iv i ty  is: skeleton 5 - 15$D 



feces 40 - ~3:;~ 
t o  adsorption rather than excretion since inactive feces suspended i n  the 
water take up nearly as much as those from the intest ine,  
shows the  stme dist r ibut ion as that taken up k r J m  the water except €'or absence 

the ac t iv i ty  of t h e  feces is l o s t  within a few hours; thereafter ac t iv i ty  is 
l o s t  from the f i s h  very slowly except by decay, Decay curves for f i s h  f 'mn  
Sa - La show -chat the act ivi ty  i n  f e c m  i a  due almost ent i re ly  t o  lanthanum, 
tha t  :.n the skeleton and scales t o  Sarium. Tank water loses ac t iv i ty  i n i t i a l l y  
due t o  cdsarpticz on the glass and due t o  uptake by f i s h  and feces; a f t e r  about 
a week the watr approaches the decay C W 8 0  

Feces are very high (ZOO0 times concentraticn} but t h i s  is due 
* - -  
.- 

Injected strontium 

I of activity i n  the feces. When transferred t o  fresh water lacking active salts, 

Tissue netabof." SI 

Respiration and glycolysis of s t r i p s  taken at six levels of the small 
i n t e s t ine  of rats were measured, 
8 and 9,  Four hours after 900 r of X-irradiation the QO2 dropped t o  5; at 
2l+ and 48 hours it rose t o  the normal level and dropped again a t  75 hourso 
GlycoPysis was unaffected, 
measuring the increase in  organic P after feeding fructose,, 
the Organic P'content of the mucosa increased from 43 t o  83 $ of t he  t o t a l  P 
after ingestion of 4 cc of 2,5$ fructose. 
( 5 0 0  r total body) the  organic P after fructose was 57 and 5976, but a t  72 
hours it was 75% of  the t o t a l  Po 
at I+ and 24 hours after i r radiat ion,  w a ~  normal a t  48 hours, depressed at 72 
and 96 hours and normal at 120 hours, 

The Q02 in normal rat intest ines  is between 

Phoaphorylatin i n  the in tes t ine  was exmined by 
In n o m  rats 

Four and 24 hours after i r radiat ion 

Urea synthesis by l iver  slices was depreesed 

, 



. 
b i d e  from preliminary analysis of lapse rate data and conmltation 

at Site 31 and the i n i t i a l  arrangememts made at the Metallurgic& Laboratory 
f o r  using SO2 at the 200 area at S i t e  W t o  determine di lut ion rates ,  nearly 
all manpower and. work again was concentrated at Site W, 

aoke  runs made up the  a u x i l i m  200 f t ,  stack during the early 
morning hours have shorn quite  conclusively that a8 long as an inversion 
lasts the smoke will stay i n  a th in  layer, which spreads wldely, at the leve l  
where the  smoke reaches the sane density a8 the air. 
slow, 
is a def in i te  topo 

Domowrd dilution IS 
Upward dilution appears t o  be nearly nil in an inversion for there 

When, in the morning, the inversion i s  obli terated up t o  the smoke 
level  then vertical circulation produces excellent miXing from the p m d  
t o  the height tha t  the dry adiabat extends. 
In a l te rna te  up and d m  drafts and brings dense smoke t o  the  glound near 
the  stack, 

Thie vertical mixing occurs 

^L 

? *  * * *  
Site X 

Mro Bentley was t o  be at Si te  X f o r  consultation during the last 
two weeks of February and w i l l  likely ramah there for the first week of 
March, During tha t  t i m e  he will rmok9 a prelimin- analysis o f  the data 
on lapse rates as obtained from the recording thermocouples which are 
placed at 50 foot in te rva ls  up a 200 foot stack, 

Arrangements were completed for the ins ta l la t ion  of unft  t o  vaporize 

The 
l iqu id  2339 so Y i a t  the gas could be introduced at the base o f  the auxiliary 
stack in ;he 200 area at Si te  W, 
SO2 concentratian will be measured downstream in the make trail t o  determine 
$he mount of di lut ion that  13 occurring under different  weather conditions, 

This unit  I s  BOW nearly completed. 

Remodeling of a meteorograph that  was in u8e in the f ie ld  during the 

Anal.ysfs of sone of the data taken during the month of January at Site W 

month of .Tlmuay~ vas completed before my return t o  Site 1 in mid-Februaryo 

was carried on u n t i l  interrupted by the t r i p  t o  S i t e  X by Mro Bentleg and 
lny return t o  Si te  W, 
Dutput from the auxi l iary stack was made for most of the January run8 and 8ome 
-rolumes through which the smoke was dis t r ibu ted  were computed, 

From aimlane observation8 the area covered by the 



- Site P 

Measrs, Newton, Gosline, and O'Connor, the la t te r  being a chsanist frcwa 
Du Pont's Technical Department, All a r r a n g a w t s  for t h i s  t r i p  were made 
from the U, S. EnginGer's Office a t  V, 
of t he  smalter at Trail were gone over quite careftilly w i t h  the men there. 
Their problem was one quite  different from the  one at Si te  W;/olUy i n  a few 
instances did some phawa of both places have cwxmon m u d .  
was obtained oa a loan. fram them, Iylr, O'Connor and Mr* Bruep3ann made a 
t r i 2  to Salt t -2  City t o  borrow more SO2 analysis equipnent, 

the  auxiliary stack were made anci each ruu was sustained with a mep of the 
82.68 covered as viewed from t h e  airplane and each rmn had rurther Information 
of lapse rates at variouo intervals  prior t o  and during the smoke runs, 
wind velocity gradieats (ve r t i ca l )  from p i lo t  balloon observations, d a d  
direction and temperatures. AU. these runs were made i n  the early mornfn& 
a-b a time when the s t a b i l i t y  i n  the inversion was greatesto 

These have 
bet% supported b~ =pa of 12  mans aad photographa for 6 runs. Lapse rates, 
r i d d  velocity gradients, and taperatuxes have also been takeao Again all 
-8 have been made between 0500 o'clock and 0800 t o  lo00 depending upon 

iae that a planl'waa available, 

Rcam the January and February runs certain features stand out qui te  

I On my return t o  Si te  W a t r i p  was made t o  Trail, B.C. accompanied by - 

The p r o b f v  of  smoke dispersion 

Sbme equipment 

* During the mnth of January, between the 17th and the pst, 8 runs from 

I* 

IXrring February, 16 runs have been made pr ior  t o  the 26th. 

clearly: 

(1) There is an iaversion [ground .type) present nearly every nighto 
The only exceptions are the windy nights .of w h i a  .there have been but tn, 
during February. The termperaturo difference between the surface and the 
l i d  of the ground inversion has averaged a l i t t l e  more than 8OF, for the 
February runs, the leaa t  being 2O and the most being: 14°0 
inversion over the 200 $I area is betwean 750 and 1000 feet above the 8ullfaceo 
X ove tha t ,  at the  general crest of the Rattlesnake Abuntains, them l e  
another inversion mast of the  time, but not a l w s y s .  
featare of the  ve r t i ca l  temperature dis t r ibut ion is a night time inver8iono 

The lid of the 

The most persis tent  

(2) Between t h e  hours of 0200 and 0300 the p i lo t  balloon observations 
show an average velocity of 3Q5 :'t/sec. at the surface, 12,5 ft/seo, 400 
feet up, and 1S,2 ft/sec, 1000 f t ,  up. Pilot balloon observations cannot be 
made at t h e  time fhe smoke run is in progress, but there seens t o  be an 
lncrsane 1,; tn3 relocity at t m  200 foot l eve l  shortly after daybreako 

(3 )  Nearly nine-tenths of the smoke runs have shown a wind direction 
between liW? and NNW during t h e  early morning hours, 

\ 4 )  Tho early morning SIUOYO ~ m s :  which invariably have started while 
ground inversion of greater  height than tha t  t o  which our smoke is sat, 

s.-.;-,. tha t  t h e  smoke r i s e s  but little, probably owing t o  the higher temperature 
m d  ;-he stack valocity, r g a c h m p o q  quickly the  sane density as that of the 



- 
air and remains a t  that level,  
50-75 f t ,  i n  the first mile, 8 veri table  th in  ribbon. Beyond tha t  
lateral spreading is quite  considerable, The top remains at a constant 
abti tude above the  ground, some 200 t o  400 ft. up, Under the averege 
inversion, no amoka reaches the m d  less than 2miles A.om the stack 
apd on most of the 2 % ~  the  first tha t  can be visually detected a8 reaching 
the ground is from 5 t o  10 milee froan the source, 

The stream of aproke r idens  t o  about 

- - 

( 5 )  Several runs have contisued until after the time the ground 
inversion has became erased by increase of temperature at the  surface during 
%he morning. L soon as heating stPFte ve r t i ca l  mixing occurs t o  d i s t r ibu te  
the accumulated surface heat, 
an a l t i t ude  t o  which the smoke i s  sent, then the  colunmar st ructure  of 
ver t i ca l  up and do= drafts becaanss appsrent crad &e reaches the &ace 
i n  danse columns within the 200 W arem itself. Most of the co~umne that  
c b  t o  the- surface strike the ground between 1000 and 1500 feet from 
stack, 
up and down columas is rapid, the  character changing *thin 10 t o  1 5  minutee. 
'We thicknee8 through which the mi* occurs is that  layer in whloh the e 
adiabatic lapse rate I s  present. Vertical mixing is excellent under t h i s  
OOnditiOB with a nearly homogeneous thia screen of smoke exis t ing within 
tar0 miles from the stacko Dangerous corcentrations may exist within the first 
mile, however, t o  be s a t  up 
the stack, samples t o  be takeqplld analyzed within the 200 V area t o  determine 
how much di lu t ion  has o8curred by the time the effluent from t he  stack 
reaches the ground, 

When the  ve r t i ca l  circulation has reached 

The change framlevel lamiaar f low within the inversion t o  ver t ica l  

For t h i s  reason maialy, a known amount of SO2 

IO2428 I 



F e  ASSOCIATED PBOJZCTS 

1, California Project - J, Go i i a i l t o a  and Associatee 

Ab B t ract 

Tracer studies with Colunblun ( v i t h  the exception of the 64 aaPr 
lung experiments whi3h must be repeated) hgve be- completed, aad are 
presented i n  a final. report, Tracer studies with Zirconium have been 
completed on A '9 recei7ing this element by Intramuscular and iatra- 
pulmonary admiizstration, and the complete report bas been prepared for 
the emanation studieo, Radio-autographic studies wi th  Y t t r i u m ,  Wrconium, 
Columbium, and Cerium are being continuad, and decontamination studies wlth 
Cerium and Y t t r i u m  are a lso  being continued, 
expe r ina t s  using powdered Uranium m e t a l  contairrine the long-lived f i ss ion  
products together with sppropriate amounts of ammoaium perchlorate, 
aEaaniurn chloride, and hexachlorethane have been ini t ia ted,  It was 
established that almost 100s of the t o t a l  act ivi ty  present i n  the m e t a l  
was distributed i n  the smoke. 
i n i t i a t ed  and will be continued, 

A small se r i e s  of smoke 

'Tracer studies with product have nor been 

* * *  
A, Technical Dromesa report on the metabolic studies of fiesion products 

1, Radio-autographic studioe 
140 Lung radio-autogra*s wi th  y86, Zr93, Cb931 and Ce 85.8 being 

continued,- Bone radio-adtographs for the long l ived fission products 
which show select ive deposition i n  the skeleton are now being madeo 

2, I Colrumbium (Cb93) 

The t r ace r  studies, with the exception of the 64 day lung experimaats 
which must b e  repeated, have been completed and are  presented i n  the final 
1 1  - tport 0 

The assays of the distribution of t h i s  elePlent following iatrmnuscular 
and intrapulmonary administration have been completed, Unfortunately, it 
will be necessary to  repeat the  64 dag 1.1L studies due t o  the accidental 
loss of two of the animals, The outstanding character of carrier-free Z r  
following ZA, administration is tha t  the unabsorbed portion remaining at the 
site of injection ranges from 90% at one day, t o  70$ at 64 days, 
is the  chisf  depot of retent!.on for the absorbed gortion and a lso  has the  
highest ac t iv i ty  per gram of ;.let might, 
kidney, which averages approximately one-third the ac t iv i ty  per grorm of boaeO 
This r a t i o  apparently persists throughout the ent i re  64 days. 
retention of radio-Zr is extrfsnely high, 
first f o u r  r l q s  t o  :IO$% a t  51, days. of the retained ac t iv i ty ,  
per gram values .are 60% i iuriw t n e  first Pour days and 45% at the 64 day 
i n t  ervdL 

The skeleton 

The next most act ive tissue is 

The pulmonary 
It ranges f r o m  75$ t o  90% during the 

The corresponding 
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- 40 Decontamination Studies (Dr. Greenberg and Dr. Cow) 

Decontamination studieo with Ce and Y following intrazrmecular administra- 
t ion  revealed that the  addition of iner t  car r ie r ,  and' the use of various 
agents enployed in the S r  experiments produced no signif icant  evaluation 
i n  the ra tes  of elimination, 

Bnanation Studies 

The conplete report has been prepared f o r  tiLe animal studies, Likewise, 
the  determination of the half-l ives of the noble gaseous aacestors of the long 
l i f e  f i ss ion  products has been re orted, 

E d d ,  9,8 seconds; Cdw, 1,7 seconds; and P&3, less than 0.2 second, 
values are subject t o  some error due to  weak ac t iv i t i e s  available, 
f ract ion apparently d id  not contain Zr93 and possibly the  ac t iv i ty  xnay have 
been due t o  the 20 day Zr, 

The apparent half-lives are as  follows: 
approximately 33 seconds; YJ2, fiO7 seconds* Zr, fraction, 301 seconds; 

These 
The Zr 

6, Radio-active Smokes md dusts 

A Bmall series of smoke experiments using powdered U metal c o n t h b g  
the loag l ived  ffasion products together with appropriate amounts of a?moaium 
perchlorate, mmonium chloride, and hexachlorethane have been initiated, It ' ~ 

was established that almost loo$ of the  t o t a l  ac t iv i ty  present in the meta l  was 
distributed in the  h k e ,  A group of rats were exposed t o  t h i s  material, The 
animpla were sacrificed in three groups, one group Immediately after exposure, 
the second group at  four days and the third m u p  at 16 days. The 8a-a sac- 
r i f i c e d  immediately after were found to  have 86% of the t o t a l  ac t iv i ty  retained 
and.deposited in the lungs, 
sixteen days was found t o  be $$ and 45% respectively, With both these p u p s ,  
mo@t of the  absorbed ac t iv i ty  was depooited in the skeleton, Recently, a 
new and more represantative method for the production of radio-active smoke8 
frum U has been developed, 'Powdered U metal  containing the long lived fiesiom 
products l e  packed within a core of a carboa rod. The carbon rod is then used 
with a second rod t o  produce an e lec t r ic  arco The procedure has been found 
not only t o  procuce a very finely divided U amoke but ale0 approximately 3 s  
of the fission ac t iv i ty  i n  the U can be volati l ized, 
t o  t h i s  smoke and the assays of the dis t r ibut ion of the inhaled ac t iv i tg  are mow 
being made, 

The corresponding lung deposition at fouF and 

Animals have been expossd 

70 Product ~ 

.C 

Eleven mil l igrams of product as the  tetrachloride was received Februarg 8 ,  
19440 
with the a i d  of members of Professor Utimer's group and prelimimprg experinate 
i n i t i a t ed  t o  determine the metabolic behavious of the 3 valence states follorilpg 
IJd0 and oral administration, Each animal received approximately 15 micrograms. 
The animals are t o  be sacrificed at four and sixteen day intervals. Preliminary 
rcmlts reveai the following points: (1) In the plus four s t a t e  it I s  not 
absorbed from the digestive tract i n  rats t o  any signif icant  degree, 
i n i t i a l  experiuent sets an upper leve l  of 0,s f o r  o r a l  absorption for plus 40 
(3)  The i n i t i a l  I*N, studios w i t h  plus I+ indicate that a t  four days, 1088 than >$ 

the skeleton is  the  chief organ of deposition, 
r e s u l t s  sugeest a considerable metabolic resemblance of plus 4 product t o  

A portion of the sample was converted t o  the  plus 3 and plus 6 forpse 

( 2 )  The 

of the injected dose is absorbed i 'rom the s i te  of injection. A P V t l y  
( 5 )  These very preliminarg 

Zirconium, 
t 0 2 4 2 8 3  



8, Projected Studies for t he  Ne%t !Pwo Months - 
Tracer studies are to b e  coatinued with product and Cesium, Tellurium 

studies will b e  lritiated shortly s b c e  we ]POW have available a coarsiderable 
quantity of radio-tellurium. 
program are to  be continued. 

Radioautographic studies and the decontamination 

I 
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BIoIY3IC*& ACl1Ol-i  OF G - U A  AN_D X RADIATION 
, 

E. Lorenz, W. E. Heston, A. B. Eschenbrenner 
and M. K. Deringer 

ABSTRACT 

A. Breediw EXpeLigents 

The data presented i n  t h i s  report  tend t o  s u b s t m t i a t e  the 
following t en ta t ive  conclusions. 

1. 3he f i rs t  indicat ion of  a possible i r r a d i a t i o n  effbct, 
namely, reduced l i t t e r  s ize ,  i s  noted i n  the folloPFing groups 
of females - those receiving 800 r on the &/day l eve l ,  those 
receiving 500 r on the  8r/8 hour leve l ,  and those receiving 
700 r a t  the rate of 5 r / l  hour. 

2. The rate of administrkition appears t o  have an ef fec t  
on the production of reduced l i t t e r  size.  
of reduced l i t t e r  s i z e  i n  the fcmales on the &/day l e v e l  was i n  
those receiving 800 r while on the 8r/8 hour l eve l ,  reduction 
was apparent i n  those receiving 500 r. 

llhe f irs t  ind ica t fon  

25. Results obtained to  date from subs ent matings have 

reduction i n  the period of f e r t i l i t y  i n  animals which produced 
normal-si zed f i r s t  litters . 
I s  su f f i c i en t  t o  prevent mating of male LAFl mice f o r  a period 
o f  spproxbatoly two months following irradiation. 

s i z e  production. 

not  given any Indication that  following irra T i a t i o n  there is 'a 

4. A dose of 1600 r administered a t  the ra te  of 8r/8 hour 

Recovery 
~ follows with subsequent matings which result i n  norm21 l i t t e r  

5. It now appears that  E s ingle  acute whole body exposure 
with a t o t a l  dose of 300 r i s  su f f i c i en t  t o  prevent reproduction 
f n  LAFl  female mice after an i n i t i a l  fert i le period of not more 
than two months. 
e f f e c t  of  i r r a d i a t i o n  on f e r t i l i t y  i n  mice. 

This i s  i n  l i n e  with earlier studies on the 



6. 
changes (mutations) produced by i r rad ia t ion  i n  mice hiis been 
reduced l i t t e r  size. It should be emphasized tha t  i n  these 
experiments i n  a l l  cases when the males mLted normal sized 
l i t t e r s  were groduced, Furthermore, any reduction i n  l i t t e r  
s i ze  from t k i  I r rad ia ted  females was associated w i t h  a reduc- 
t i on  i n  f o l l i @ e  number when the ovaries were sectioned one 
month a f t e r  the b i r t h  of the l i t t e r .  Thus, as et ,  there  is 
no tangible evidence of  chromosomal changes. 
however, t ha t  these t e a t s  could not be expected t o  reveal s l i g h t  
increases - i n  mutation rate .  

B. 

I n  former work the  i n i t i a l  indicat ion of  chromosomal 

I{ i s  recognized, 

Histology of Genital Organs of the Animals 
o f  the- Breeding_ ExDegiment 

The his tologic  f indings of the geni ta l  or ans of the 
animals of the breeding experiments have been P n l i n e  with 
the breeding resul ts .  

The only change noted i n  the males on the 4 r per 8 hours 
per  day l e v e l  was a s l i g h t  decrease i n  the s i ze  of the t e s t e s  
and a s l i g h t  reduction i n  sperm content of the epididymis a l -  
though one group received a t o t a l  dose of as much as 1000 r. 
A t  a t o t a l  dose of 1000 r on the 8 r p e r  8 hours p e r  day l eve l  
the males showed changes i n  spermatogenesis which indicates  an 
influence of  r a t e  of administration of dose when compared to  
the r e s u l t s  of the 4 r leve l ,  the ef fec t  o f  the l a t t e r  bein 
less severe. Spermatogenesis was almost completely absent fn 
males a f t e r  ti t o t a l  dose of 1600 r given a t  8 r p e r  8 hours per 
day, but nearly complete recovery had occurred by 3 l / 2  months 
a f t e r  the animals were removed from the field. 

Males were exposed continuously on the 4 r per  day l eve l  
t o  t o t a l  doses ranging up to  1000 r. The only change noted 
was a s l i g h t  reduction i n  s i ze  of the t e s t e s  of  the animals 
receiving t he  t o t a l  dose of 1000 r. 

Females exposed on the 8 r pe r  8 hour per day l eve l  t o  a 
total dose of 500 r showed his tologic  changes of the ovaries. 
There vias a decrease i n  number of  f o l l i c l e s ,  especially the 
more mature ones, and an increase i n  l u t e a l  and lu tea l - l ike  
t i s sue .  Zhere vias also marked invagination of the germinal 
epithelium. They were s t i l l  having estrous cycles. Females 
exposed on the 4 r per 8 hour p e r  day leve l  received t o t a l  doses 
o f  300 r, 400 r and 500 r. 
;Light  decrease i n  s i ze  o f  the ovaries but aside from that ,  no 
changes were found tha t  could def in i te ly  be a t t r ibu ted  to  the 
i r r a d i a t i o n ,  When compared t o  the r e s u l t s  o f  the 8 r l eve l  
this again emphasizes the importance of  the r a t e  of  administra- 

Those receiving 500 r showed a 

w t i on  of dose, 

f 0 2 4 2 8 b  



-- 

Females were ex osed continuously on the 8 r 
t o  t o t a l  doses of  308 r, 400 r, 500 r, 600 r and 880 r. 
receiving 800 r showed o v a r i m  changes. 
duced i n  size,  being composed, chief ly  of l u t e a l  and luteal-  
l i ke  tissue. There were but few f o l l i c l e s ,  the more mature ones 
being extrem,; y rare. 
invaginations. However, the vaginal epithelium indicated normal 
es t rous cycles, 

Sli'ght change was seen i n  the 600 r group and those re- 
ceiving 500 r and l e s s  showed m change. Those receiving 500 r 
on the  8 r per 8 hour p e r  day level  showed some change indicat-  
ing that the ef fec t  is more severe when the 8 r is given i n  8 
hours each day than when given i n  24 hours. 

Females were exposed on the 4 r p e r  day l eve l  t o  t o t a l  
doses up to  500 r on the 2 r per day l eve l  up to  400 r on the 1 
r per  day l e v e l  up to  300 r and on the 0.5 r leveliup to  100 r. 
The o n l y  changes noted on these leve ls  were probably old age 
effects.  

er day level  
mose 

The ovaries were re- 

The germinal epithelium showed extensive 

c. Hematolo= 

The blood picture  of mice having received approximately 
2800 r up t o  the present a t  the r a t e  of 8 r p e r  8 hours per  day 
is essent ia l ly  unchanged from that given in previous reports  
(decrease of W.B.C., some animals having a W.B.C. o f  800-1000, 
and s l i g h t  decrease i n  R.B.C.  and p l a t e l e t s  i n  some animals). 
1111 other  mice exposed for the same length of time a t  lower rate; 
(4 r, 2 r, 1 r, 0.1 r per 8 hours p e r  day) show a normal blood 
picture  i n  comparison to t ha t  of the controls. All animals re- 
ceiving e i ther  a dai ly  actrte exposure of 5 r given i n  1 hour o r  
?this dai ly  exposure i n  addi t ion t o  a chronic exposure of 0.1 r 
per day ( t o t a l  dose 1350 r) show a normal blood picture  although 
they a l l  have chronic neumonia and the majority died from t h i s  
disease. 
on account of  leukemia (terminal W.B.C. 54000). 
4 animals of th i s  group developed leukemia (3 had lymphosarcoma, 
see previous report)  . 
1941, is as f o l  P ows: 8 r per 8 hour group 
t o t c l  dose approximately 2800 r). 
lowered R.B.C. and p l s t e l e t  count. 4 r per  8 hour group. Low- 
wed W.B.C. and p l a t e l e t  count. R.B.C.  e i the r  normal or only 
s l i g h t l y  lowered. Animals of the 2 r, 1 r and 0.1 r p e r  8 hour 
groups  show a normal blood picture. Inbredguinea pigs (male) 
on 8 r per 8 hour level:  (appox. dose Y(r0 r) Lowered W.B.C. 
and p l a t e l e t  count. R.B.C. normal. Hybrid guinea p i g s  (2nd 
series) 8 r ger 8 hour l e v e l  (api>rox. dose 650 r) lowered W.B.C. 

One animal o F the 8 r per 8 hour group had t o  be k i l l e d  
So far, altogether 

The blood i c t u r e  of the  ufnea pigs e osed since March 
out of 18 al ive,  

S l i g h t l y  lowered W.B.C., 

* RDB.C. and ret iculocyte  count normal. 
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so. 

One animal of the 4 r per 8 hour group was k i l l ed  and 

One animal of the 8 r per 8 hour group (2nd series) 

The blocs; picture  of the rabbi ts  is essent ia l ly  normal. 

autopsied due t o  anemia, (approx. dose 1200 r]* 

died of i n t e rna l  hemorrbge (approx. dose 650 r). 

The 8 r p e r  8 hour group having received so f a r  approximately 
2000 r. 

D. Pathology 

Two male guinea p i  s t at  had received less t o t a l  amount 
of radiat ion (approx, 580 rf on the 8 r p e r  8 hour l e v e l  than 
any previously observed had marked atrophy of spermatogenic 
elements but with a few mature spermatazoa i n  the epididymis. 
I n  one male guinea p i g  that  had received a total o f  approxi- 
mately 32rcmthe 0.1 r per 8 hour l eve l  a l l  t i s sues  appeared 
normal 

TWO male mice t h a t  had received a t o t a l  o f  approximately 
26UO r on the 8 r per  8 hour l eve l  had extreme t e s t i c u l a r  
atrophy ye t  with spermatogenic elements pers is t ing i n  a few 
places. One of these animals had leukemia. 

In one female mouse tha t  received a to ta l .  of approxl- 
mately 1200 r at  the 5 r per 1 hour level no f o l l i c l e s  were 
present i n  the ovaries. 



BIOLOGICAL ACTIOP1 OF GAMMA AND X RILD I m o N  

I. Con- US &D osure for 8 Hours DailZ 

A proximate doses up to  date (mice 2nd guinea pigs 1st 
series 2800 r, 1400 r, 700 r, 350 r and 40 r (acute exposures 
of 12.5 o r  50 r respective1 not added). Approximate doses up 
to  date  ( rabbi ts)  2000 r, 1 00 r, 500 r, 225 r and 23 r (acute 
exposures of 12.5 r o r  50 r resp. not added). Approximate 
doses up t o  da te  of  male inbred guinea p i g s  (family 2) exposed 
on 8 r per  8 nom leve l  900 r. Approximate dose up t o  date  of 
female inbred guinea pigs (family 2) - exposed s ince February 3, 
1944 - 230 r. to  date  of hybrid guinea 
p i g s  (2nd series! exposed on the r p e r  8 hour l eve l  650 r. 

The experiments a re  progressing according t o  schedule. 
Two mice of the 8 r per 8 hour leve l  were k i l l e d  and autopsied 
a f t e r  hauing received approximately 2500 r. 
markedly enlarged lymph nodes. Testes were extremely small i n  
both animals. Another mouse of the same l eve l  died. The 
autopsy showed grossly normal organs with the exception o f  ex- 
tremely s m a l l  tes tes .  
One con%rol female mouse and one female mouse on the 1 r per 8 
hour l eve l  ( t o t a l  dose approx. 230 r) were k i l l ed  and autopsied 
on account of mammary carcinoma. 
organs. 

g 
.p 

B proximate dose u 

One showed grossly 

The cause of death was not apparent. 

They showed grossly normal 

Two male guinea p i g s  (end ser ies)  on the 8 r per 8 hour 
l eve l  were k i l l e d  and autopsied a f t e r  having received approxi- 
mately 500 r t o  obtain information as t o  early damage to  the 
testes. Grossly the t e s t e s  were somewhat small, a l l  other, 
organs appeared normal (see V). I n  the first experiment on 
this l eve l  i t  was found tha t  a to tz l  dose of approximately 
1000 r shoved considerable atrophy of the t e s t e s  with almost 
complete absence of spermatogenesis. Another male guinea p i g  . 
of  t h i s  s e r i e s  died a f t e r  having received an approximate dose 
o f  650 r the cause of death was a massive Intra-abdominal 
hemorrhage. It is Interest ing to  note that  the f i rs t  guinea 
pig of the 1st se r i e s  had to  be k i l l e d  on account of anemia 
af ter  haoing received approximately the same dose. One control 
guinea p i g  and one guinea p i g  of the 0.1 r per 8 hour l eve l  had 
to  be k i l led  on account of intercurrent  disease. 

Three male and three female guinea p i g s  each of the 2 r 
End 1 r per 8 hour l eve l  which had received an additional 
acute exposure of 50 r two months a f t e r  the start of the ex& 
periment, were given another acute exposure of  50 r during the 
month. So far, no change i n  above picture  has been observed. 
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RESULTS OF BREEDING EXPERIMENTS 

This report contains only add i t iona l  resu l t s  since the 
report  of January 1944. 

Males 8 r Level 

F i r s t  l i t t e r  born 2 and l / E  moo 
a f t e r  i r radiated males were mated. 
Average l i t t e r  size 8.3. 4 remated 
one month la te r .  Av. l i t t e r  s ize  
10.2 ( ~ n c . )  

Total dose 1600 r 
Number of males 166- 
8 mated, 8 autopsied 

Total dose 1000 r 
Bumber of males 16 
8 mated, 8 autopsied 

Total dose 800 r 
Number of- males 16  
8 mated, 8 autopsied 

Total dose 600 r 
Number of males 16 
8 mated, 8 autopsied 

Males were mated 2 months a f t e r  re- 
moval from field.  .Average l i t t e r  
s ize  8.2 4 remated 1 112 moo later. 
Average l i t t e r  size 8.1. 4 again 
remated 1 1/2 mo. l a t e r .  Average 
L i t t e r  s ize  9.3 (fnc) 4 remated I 1/2 
mo, l a t e r .  Avo l i t t e r  s ize  8.3 (Inc.) 

Males mated 2 months a f t e r  removal 
from f i e ld .  Average l i t t e r  s ize  8.6 
4 rehated 11/2 mo. la te r .  Average 
l i t t e r  size 10.0. 4 remated again 
1 1/2 mont s la ter .  Average l i t t e r  
s ize  10.0 9 Inc.) 4 remated 1 1/2 mo. 
l a te r .  Avo l i t t e r  s ize  10.0 (Inc.) 
Males mated on removal from field. 
Average l i t t e r  size 7.5. 4 remated 
1 1/2 moo l a t e r .  Average l i t t e r  
s ize  9.1. 4 again remated 1 112 
months la te r .  Average l i t t e r  size 
8.7. Remated fo r  the thlrd time 
1 1/2 moo l a t e r .  Average l i t t e r  
size 9.3. 

Males 4 r Level 

Total dose 1000 r 
Number of males 16  Average l i t t e r  s i z e  7.1. 4 remated 
8 mated 8 autopsied 

Total dose 800 r Males mated on removal from f ie ld .  
Number Of males 16 Average l i t t e r  size 8.3.. 4 remated 
8 mated, 8 autopsied 1 1/2 months l a te r .  Average l i t t e r  

Males mated on removal from field. 

1 1/2 mo. l a t e r ,  
9.6 (Inc.) 

Avo l i t t e r  size 

size  9.4. 4 remated 1 1/2 moo later. 
Avo l i t t e r  size 8.7 (Inc.) 

1024 .290  



Total dose 600 r 
Number of males 16 
8 mated, 8 autopsied 

Males mated on removal from field, 
Average l i t t e r  s ize  7.7. 
mated 1 1/2 months l a t e r ,  Average 
l i t t e r  s ize  9.0. 4 remated 1 112 
mo. la te r .  

4 re- 

Av. l i t t e r  size 8.1 (Inc) 

Females 8 r Level 

Total dose 500 r Average l i t t e r  size 5.8. 8 emated. 
Number of females 16 Average l i t t e r  size 5.5 (Incf. 
Mated 28 days a f t e r  Controls - average l i t t e r  s ize  8.66, 
removal 

Females 4 r Level 
Total. dose 500 r Average l i t t e r  size 5.9. 8 remated. 
Number of females 16 Average l i t t e r  size 5.6, 8 rematel 
Mated 28 days a f te r  again. Average l i t t e r  s ize  5.0 (Inc) 
removal Controls - average l i t t e r  size 8.6 

- 

Total dose 400 r Average litter size 7.6, 8 remated 
Number o f  females 15 Average l i t t e r  s ize  6.8, 8 again 
7 mated 40 days a f t e r  remated. Average l i t t e r  s ize  4.4, 
removal. 8 mated 34 days 8 again remated, Avo l i t t e r  s ize  
after removal 4.6 (Inc) Controls - average l i t t e r  

size 8.60 (ControL f o r  1st mating) 

Total  dose 300 r Average l i t t e r  s ize  9.3, 2 remated 
Number of females 16 Average l i t t e r  s ize  8.0, 2 again 
Mated 28 days a f t e r  re- remated. Average l i t t e r  size 10.0. 
noval 2 again remated. Average l i t t e r  

s ize  9.0. 2 remated f o r  4th tbm. 
Average l i t t e r  s ize  9.0. 
Average l i t t e r  s ize  8.7. 

Controls - 
Histological Findings on Reproductive Orgrns 

Males 8 r Level 

T o t a l  dose 1600 r - 
8 males autopsied a t  time of removal from field. 

The t e s t e s  are great1 decreased i n  size. 

I n  some a ring of S e r t o l i  c e l l s  i s  all that  is present; 

There i s  a de- 
crease i n  tubular area a d  a re la t ive  increase in i n t e r s t i t i a l  
tissue. All tubules show destruction o f  the spermatogenic 
cells. 
i n  others a few spermatogonia and primary spermatocytes also 
are found, but more mature spermatogenic c e l l s  are extremely 
rare,  

2 males autopsied a f t e r  1st mating (Approx, 3 1/2 months 
af ter  time of removal from the f ie ld) ,  

There are  no spermatozoa i n  the epididymis, 
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These animals show almost com l e t e  recovery. Normal spermatogenesis i s  found inmos t  o F the  tubules and the 
sperm content of the epididymis is comparable t o  that of 
the  controls, The i n t e r s t i t i a l  tisl;ue of the t e s t e s  ap- 
pears as that  of the  controls, 
opinion that the increase i n  i n t e r s t i t i a l  t i s sue  of the 
males autopsied a t  the time of removal is a r e l a t i v e  fn- 
crease only, 
t e r s  approximatelf2 1/2 months a f t e r  the males were removed 
%rom the field. 

Tu# supports the previous 

Normal females mated t o  tiiese males had llt- 

Total dose loo0 r - 
f3 males autopsied one month after time of removal from 

fiela.  

The t e s t e s  were decreased i n  size. Some of the 
tubules shorn only ear ly spermatogenic ce l l s ;  others 
show progressively l a t e r  stages with a few showing 
spermatozoa. There a re  but few spermatozoa in the 
epididymis, and immature forms (spermatids and sperma- 
tocytes) a r e  found there. 

' .  4 males autopsied after 1st mating (4 months a f t e r  
removal from field), 

The t e s t e s  and sperm content of the epididymes of 
these males were w i t h i n  the limits of. the controls,  
Normal females mated to  these males 2 months a f t e r  the males 
were removed from tine f i e l d  gave b i r t h  to normal sized 
l i t t e r s  , 

T o t a l  dose 800 r - 
'8 males autopsied 1 1/2 months a f t e r  time of removal from 

f i e ld .  

Histology of t e s t e s  and saermatozoa content of epididymis 
were within the l imits o f  the contrals,  

4 males autopsied 3 1/2 months after t h e  of removal (a f te r  
1st mating). 

Same a s  those autopsied a t  1 1/2 months. Normal fe- 
males mated t o  these males 2 months a f t e r  the males were 
removed from the f i e l d  gave b i r t h  to  normal sized l i t t e r s .  

Total dose 600 r - 
8 males autopsied one month after time of removal from field. 

most of the tubules show approximately normal spermatogenesis 

a 

Zhe t e s t e s  were s l igh t ly  decreased i n  size.  While 
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some have o n l y  ear ly stages and still more have but few 
spermatids and s ermatozoa, 
a re  present. The t e s t e s  of the 800 r group described 
above were i n  be t t e r  condition than the t e s t e s  of th i s  
600 r goup. This is probably because of more recovery 
i n  the 800 r group as  the time was extended 15 days 
f o r  the4300 r group. 

m e  number of SPema- 
tozoa i n  the e p i  !i idymis is reduced and immature forms 

.P 

. .  
3 males autopsied a f t e r  1st mating (1 to 2 mo. after 

removal from the f i e l d )  . 
The t e s t e s  and spermatozoa content of the epididymis 

show more recovery than the above group autopsied one 
month a f t e r  removal, and were within the l i m i t s  of the 
controls except f o r  2ossible decrease i n  size.  
mated t o  these males immediately a f t e r  the males were 
removed from the f i e l d  gave b i r t h  to  normal sized lit- 
te rs ,  Additional groups a re  being exposed on this 
l eve l  to  t o t a l  doses of 1000 r, 800 r, and 600 r to  get 
the his tologic  picture  o f  the t e s t e s  a t  the time of re- 
moval from the field, 

Females 

* .  

Males 4 r Level 

Total dose 1000 r - 
8 males autopsied a t  time of removal from f i e l d ,  

Testes a r e  s l i g h t l y  reduced i n  size. Tubules- show 
nornal spermatogenesis w i t h  a 2ossible reduction i n  
mature sperm number. 
i s  s l i g h t l y  reduced. 

The sperm content of the  epididymis 

Total dose 800 r - 
8 males autopsied a t  time of removal from f ie ld .  

Except f o r  a possible s l i g h t  decrease i n  s ize  of 
the tes tes ,  the picture  for these animals i s  within 
the limits of the  controls. 

4 males autopsied a f t e r  1st mating (1 1/2 months a f t e r  
time of removal). 

Histology of t e s t e s  and sperm content of the epididy- 
ais of these males are within the  limits of the controls, 
Noma1 females mated t o  these males a t  time of removal 
from f i e l d  gave b i r t h  t o  normal sized l i t t e r s .  

m 
Total dose 600 r - 

- 

8 males autopsied a t  time of removal from field.  1 0 2 t r 2 9 3  



Although there was s l i g h t  decrease i n  size of the 
tes tes ,  spermatogenesis and sperm content of the epididy- 
m i s  were w l t N n  the  l i m i t s  of the controls except for 
one male. 
companied by extreme atrophy of the r i g h t  t e s t i s  with 
absence of tubules. 

4 males auto s ied after 1st mating ( 1 1/2 months aft= 
removal from the Field) . 

This male had a right inguinal hernia ac- 

Histolo y of the t e s t e s  and s e m  content of the  

the controls. Females mated t o  these males a t  the 
time the males were removed from the  f i e l d  gave b i r t h  
t o  norma3 sized l i t t e r s .  

epididymis of these males were wit ii n the l i m i t s  of  

Females 8 r Level 
Total  dose 500 r - 
months after removal from f i e l d )  

5 females autopsied a f t e r  weaning 1st l i t t e r  (3 t o  4 

Ovaries are s l igh t ly  decreased i n  s ize ,  There 
appears to  be a reduction i n  the number of  the more 
mature f o l l i c l e s  and an increase i n  l u t e a l  and luteal-  
l i k e  t issue.  This increase may be only re la t ive .  In- 
vaginations of the germinal epithelium appear to be ~ 

more extensive than 2n the control ovaries. 

The vaginal epithelium indicates  normal estrous 
cycles. 

Xhese females showed reduced l i t t e r  size when 
mated 28 days a f t e r  removal from field. 

Females 4 r Level 
Total dose 500 r - 

8 females autopsied a f t e r  weaning 1st l i t t e r .  

an a t t e m p t  t o  resorb a retained foetus. 
s i x  the ovaries were s l i g h t l y  decreased i n  size but 
otherwise they were wi th in  the l i m i t s  o f  the  controls. 

Two of  these females showed an endometritis with 
Of the  other 

Vaginal epithelium indicated normal estrous cycles. 

These six females gave b i r t h  t o  normal sized 
l i t t e r s  

e 
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Total dose 400 r - 
7 females autopsied a f t e r  weaning 1st l i t t e r .  

except f’qr one female whose ovaries were s l ight ly  
decreaee.1 i n  size,  
six st i l lborn.  

normal estrous cycles. 

t o  normal l i t t e r s .  

Ovaries were within the limits of the controls 

This female had had a l i t t e r  of 

Vaginal epithelium of  a l l  these females indicated 

With the one exception these females gave b i r t h  
- 

Total dose 300 r - 
14 females autopsied a f t e r  weaning 1st l i t t e r .  

Appearance of ovaries within l i m i t s  of controls. 
nal epithelium indicates normal es t rus  cycles, 

These females gave b i r t h  t o  normal l i t t e r s ,  

inuous ExDosure f o r  24 Hours Daily 

Results of Breeding Experiments 

Females 8 r Level 
T o t a l  dose 800 r . verage l i t t e r  size 2.6 
Total number females15 
15 mated 28 days a f t e r  remov- 
a1 , 

t&nc,) Eight animals have had 

l i t t e r  s i ze  controls - 8.5 
l i t t e r s  t o  date. Average 

16  LAF, female mice have been exposed on the 8 r 1 day 

4 r Level 

leve l  and w i l l  receive a t o t a l  dose of 700 r. 

16 LAF female mice have been exposed on the 4 r 1 
day level;  & w i l l  receive a t o t a l  dose of 800 r and 8 
w i l l  receive a t o t a l  dose of 700 r. 

Females 2 r Level 

Total dose 500 r 
Total number females 16 
Mated 4 days a f t e r  removal 

Average l i t t e r  s ize  8.7 
(Inc) Ten animals have had 
l i t t e r s  to  date 

. .  . .  

I from f ie ld .  

IO24295 



Females 0.5 r Level 
Total dose 100 r 
Tota l  number females 15 Average l i t t e r  size - 
A l l  mated 88 days a f t e r  
removal 

Average l i t t e r  size 4.2 

Control 6.0 

The test f o r  the influence o f  age gave the following 
results: 

16 females entered 4 r/day f ie ld  a t  3 months of age 
E i g h t  were mated a t  and received a t o t a l  dose of 400 r. 

removal, average l i t t e r  size '7.4, 
days a f t e r  removal. 

age and geceived a t o t a l  dose of 400 r. 
a t  removal. Average l i t t e r  s ize  6.1. 8 were mated 28 
days af ter  removal. 

and received a t o t a l  dose of 4QO r. 
moval. .Average l i t t e r  size ?.'2 (Inc). 
days after removal. 

E i g h t  were mated 28 
Average l i t t e r  s ize  6.4 (Inc.) 

. :,c. 

16 females entered 4 r/dey field a t  4 months of 
8 were mated 

Average U t t e r  s ize  4.1 (Inc). 

16  females entered 4 r/day f i e l d  at  5 months of age 
8 were mated a t  re- 

8 were mated 28 
Average l i t t e r  size 6.0 (Xnc.). 

Histological Findings on Reproductive Organs 

Males 4 r Level 

Total dose 1000 r - 
7 males autopsied a t  time of removal from f i e l d ,  

Except f o r  a possible reduction i n  size the 
t e s t e s  of  these males a re  within the l imits of the 
controls, and the sperm content of the epididymis 
i s  comparable to  t h r i t  o f  the controls. 

3 male autopsied a f t e r  l,st mating (1 mo. post 
irradiationy 

Histology of t e s t e s  ind sperm content of epididy- 
mis within l i m i t s  of  controls. Normal females mated 
t o  these males gave b i r t h  to  normal l i t ters.  

4 males autopsied a f t e r  2nd mating (3 mo. post ir- 
radiation) 

Histology of t e s t e s  ;ind sperm content of epididy- 
mis within l i m i t s  of  controls. Normal females mated 
to  these males gave b i r t h  t o  normal l i t t e r s .  
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Total dose 800 r - 
+ :  8 males autopsied a t  t i n e  of removal from field. 

Histology of tes tes  and sperm content of epididy- 
m i s  witt.3.n limits o f  controls. 

7 males autopsied a f t e r  1st mating (28 days p o s t  ir- 
radiat ion)  . 

Hlstology of  t e s t e s  and sperm content of epididy- 
mis within limits of controls. 
t o  these males had normal litters. 

Normal females mated 

Total dose 600 r- \ 

8 males autopsied a t  time of  removal from field. 

Histology of t e s t e s  and sperm content of epididy- 
m i s  within l i m i t s  of controls,  

ea 7 males autopsied a f t e r  1st mating (28 days post ir- 
r+.tliation) 

' 3 ,  

. ,  

Histology of t e s t e s  and sperm content of epididy- 
m i s  within limits of controls. 
t o  these males had normal l i t t e r s .  

Normal females mated 

Females 8 r Level 

Total dose 800 r - 
2 females autopsied a f t e r  weaning 1st l i t t e r  (2 to  2 112 

months post irradiation) . 
The ovaries  of these females are reduced In size. 

The organ is primarily composed of l u t e a l  and luteal-  
like tissue. 
the more mature ones being extremely rare. There are 
numerous anovular rings some o f  which have hyaline 
centers  - the  remnants of the zona pelucida, The 
germinal epithelium shows extensive invaginations. 

Developing f o l l i c l e s  a re  few i n  number 

The vaginal epithelium of one female was c o r d -  

These females had had l i t t e r s  reduced i n  size. 

fied, the other was c lass i f ied  as  metestrus - 2. 

Total dose 600 r - 
a 

-- the l i m i t s  o f  the  controls, Of 2 females the 

14 females autopsied a f t e r  weaning 1st l i t t e r .  

Zhe ovaries of  1 2  of  these females were within 
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ovaries were rnore l i k e  those 31’ t h e  800 r group d e  
scribed above. 
each while the others had l i t t e r s  of n o r m ~ l  size. 

estrouc c y c l e s ,  

These two females had l i t t e r s  of 3 

The vaginal  epitheli iun of a l l  inaic&,ted zormal 

Total  dose ,03 T - 
15 females autopsied af ter  weaning 1st l i t ter .  

Appearance of ovaries anu vaginal epithelium 
Reared l i t t e r s  of within the limits of controls. 

normal s ize .  

Total  dose 400 r - 
15 females autopsied after weaning 1st l i t t e r .  

Appesrance af ovaries  and vaginal epithelium 
within the l i m i t s  of controls. 
o f  normal sPze, 

Reared l i t ters  

Total dose’300 r - 
15 females autopsied after weaning 1st  l i t t e r .  

Appearance of ovaries and vaginal epithelium 
Reared l i t t e r s  of within the l i m i t s  of controls. 

normal size. 

Females 4 r Level 

Total doses, 100 r, 200 r, 300 r, 400 r and 500 r. 

15 fenales  for egch total dose autossied a f te r  
weanirg 1st l i t t e r ,  

The histology of  the ovaries of a l l  was within 
the 3,irc.fts of the ~ o n t r o l s .  
epithelium indfcz-ced  normal estrous cycles. 
o f  al:L grougs had normal l i t t e r s .  

I n  all the  vaginal 
Females 

Femiiles 2 r Level 

Total doses, 100 r, 20d r, ZOO r and 400 r o  
15 i’emales f o r  G-SCL dose autopsied a f t e r  weaning 1st 

l i t t e r  

The ovaries 31. a l l  Ivere within the limits of  
the c o n t r o l s  ad. I:: a l l  the vaginal epithelium 
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indicated normal estrous cycles. 
normal l i t t e r s ,  

A l l  groups had 

Females 1 r Level 

Total dose 500 r - 11 females. 

10 females autopsied a f t e r  1s t  litters. 

The his tologic  pictures  of the ovaries of these 
females were within the l i m i t s  of the controls. 
three females the vaginal epithelium was not typical  
of a normal es t rous cycle but this was the  follow- 
i n g  abnormal par tur i t ion.  These 10 females had lit- 
t e r s  of reduced s i z e  as did the control females of 
comparable age, 

In 

One fenale of  this group which d id  not have a 
l i t t e r  and was autopsied 6 months post irradiation 
had ovaries  which were reduced I n  size.  There were 
no f o l l i c l e s ,  the organ being composed chief1 of 
lu tea l - l ike  t issue.  
deep clef  ~ - 1 i k e  invaginations. These changes, how- 
ever, may be old age effects  only, a point which will 
be checked further. 

The vaginal epithelium s rl owed 

Total doses 100 r and 200 r. 

15 females each, autopsied a f t e r  1st litters. 

The his tologic  pictures  of the ovaries  of these 
females were within the limits of the controls, and 
the vaginal epithelium i n  each case indlcated 'a  
normal estrous cycle, except f o r  one animal with 
endometritis resul t ing from an attempt to  resorb a 
foetus. The l i t t e r  s i ze  f o r  these groups was comparable 
t o  t ha t  of  the controls. 

Females 0.5 r Level 

Total dose 100 r - 
11 females autopsied a f t e r  1st l i t t e r .  

The h i s t o l o g i c  pictures  of the ovaries of these 
females were within the limits of  the controls. I n  
three females the  vaginal epithelium was not typical  
of any phase of  a normal es t rous  cycle, but t h i s  was 
probably an o l d  age effect .  
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111. Continuous Exposure for 8:Hours Daily Plus 
Daily Acute Exposure o f - 4 . r  Given i n  One HOW 

the control group, receiving the 5 r daily exposure o n l y  
died of pneuncL\nia. 
receiving bes ,  i e  the daily exposure the chronic exposure 
of  0.1 r i n  8 hours d a i l y  are’&ive. 
pneumonia. 
planned to kill them within the next few days, 

autolysis made possible to a s c k t a i n  - gross ly  normal 
organs and small ovaries. 
experiment ell pe made a f t  
a r e  available ror examinatitmi 

Results of breeding experim 

Total dose 300 r ‘ e l i t t e r  s ize  7,6, Re- 
Number of  females 6 
All mated immediately 
a f t e r  receiving . total  dose, 1.3. Remated again. 
of 300 r 3 e l i t t e r  size 8,O (Inc) 

% L  

Approximate dose up t o  datg: 1350 r. All animals of 

Only 3 animals of the experinentali. group 

llhe remainder died of 

All animals 
As these 3 animals a l s o  have pneumonia, i t  i s  

that came to autopsy showed *.-ma for  the more o r  l e s s  sevem , ’  

A complete report of t h i s  
Mstological  sections 

acute d a i l y  exposwe only): 

average l i t t e r  size 9.3. 
d again - average l i t t e r  

. -  
Total dose do0 r A;tr&r&e l i t t e r  size 8,O. Re- 
Number of females 3 
All mated immediately Rema%ed a aln. Average l i t t e r  
a f t e r  receiving total dose size’7.0 f h c )  
3f 400 r. 

m a t 9  - average l i t t e r  size 7.6. 

,Fatal dose 700 r 1 female had a l i t t e r  o f  1 - a 
Pxnber of females 3 St i l l b i r th .  2nd female had a 
All mated immediately l i t t e r  of 2 - both Stillborn. 
a f t e r  receiving t o t a l  dose 
o s  700 r0 

IV, Single Acute Thole Body EXposure - l totbl  Dose 300 r - 
Number o f  females - 7 Average l i t t e r  s ize  6,3, 
A l l  mated immediately A l l  animals remated. After having 
af ter  i r rad ia t ion  been remated from one t o  two 

months, none of these females has 
become pregnant. 

v. Pa tholonv 

Mice 

One nale mouse tha t  was killed due to poor general 
condition a f t e r  receiving a t o t a l  of approximately 700 r 
on the 2 r per  i3 hour l eve l  showed no changes at t r ibutable  
t o  radiation. 

~ urinary obstruction of  non-infectious origin. 

L 

Its poor condition was due to  chronic 
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O f  four female mice receiving approximatel 1300 r 
on the  5 r per 1 hour level  the gross  findings f n three 
a r e  given elsewhere i n  this report ,  t i ssues  being too 
autolyzed fo r  his tologic  examination. One mouse exposed 
on this l eve l  f o r  a t o t a l  of approximately 1200 r was 
examined hietological ly  and the findings were similar  to  
those observed i n  the mice on the 8 r per 8 hour or the 4 r 
per  8 hour l eve l  that  had received a t o t a l  of approximately 
1000 r. The ovaries  were small, devoid of f o l l i c l e s  and 
there  were invaginations of the  germinal epithelium. 
Lymph nodes contained giant  f o l l i c l e s  and there  was no 
bo ne marrow atrophy , 

Two male nice on the 8 r per 8 hour l eve l  that  bad 
received a t o t a l  of approxima.tely 2600 r showed extreme 
atrophy of the tubules of the  t e s t e s  yet w i t h  a small 
amount of spermatogenic elements remaining In places, 
No mature spermatozoa were present. One of these mice 
had lymphatic leukemia with extensive i n f i l t r a t i o n s  of 
almost a l l  organs, 

Guinea P i g s  
* + &  

exposure f o r  two months f o r  a t o t a l  of approklmately 
500 r on the 8 r per 8 hour l eve l  showed marked tubular 
atrophy i n  the t e s t e s  although some mature spermatozoa 
were present i n  the epididymis, 
genic c e l l s  was of about the same order as was noted in 
another animal 
the  same l eve l  I t o t a l  of approximately 750 r), but the 
tubules had not shrunken i n  diameter to as  great a degree. 
I n  the two guinea p l g s  receiving a t o t a l  o f  500 r there  
was no apparent atrophy of the bone marrow i n  contrast  
wi th  the impression of s l i g h t  atrophy exis t ing i n  the 
guinea p i g  that received a t o t a l  of 750 r. 

Two m& guinea p i g s  ( se r ies  2) that were killed a f t e r  

. 
The atrophy o f  spermato- 

ser ies  I) observed a f t e r  three months on 

One male guinea p i g  was examined a f t e r  receiving a 
t o t a l  of approximately 32 r (20 r chronic and 12.5 r acute 
exposure) on the 0.1 r per 8 hour level ,  
appeared normal, 

All t i s sues  

VI. pematoloryt 

There i s  l i t t l e  change i n  the blood pic ture  since 
the l a s t  report. - and 0.1 r p e r  8 hour l eve l  s t i l l  show an eesent ia l ly  
normal blood picture  as compared to  that of the controls. 

hs The t o t a l  white count of the animals on the 8 r per 8 J= hour l eve l  is pers i s ten t ly  considerably lower than that 
of the controls. 
total white counts of  800 t o  1000, 
count is approximately 2500. Some animals (males) show 
s l i g h t  increase i n  the percentage neutrophil count. 

A l l  mice exposed on the 4 r, 2 r, 1 r 

Some of the animals (females) show w 
- a  llhe average total white - 
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few animals show a l s o  a s l i  h t  decrease i n  Red count, 
anlmals showing these counts normal. 
W s  level  developed leukemia a f t e r  an exposure of ap- 
proximately 2500 r. I t s  t o t a l  white count rose from 
3000 t o  54000 i n  4 weeks with 5% polys and 94$ lymphs, 
It  'also shov~~~?  anemia. Xhis is the four th  animal o f  
t h i s  group developing leukemia. 

apd 0,1 r leve l  is normal i n  comparison t o ' t h a t  of the  
ccg$rols. Reticulocyte counts on the normal guinea p i g s  
gape values between 0.3 $ and 1 $, the majority having - 
0.6 $ t o  OC7 8.  The t o t a l  wNte count of the guinea p i g s  

he4rper 8 hour l eve l  is lower than normal, the  plate- 
count is a l s o  lower while only a few animals show a 

decrease i n  red count and hemoglobin. One animal of this 
g q u p  (female) was k i l l e d  and autopsied during the month 
after having received a dose of approximately 1200 r. - 
I.ts red count was 1.6 and p la t e l e t  count 100,OOO. 
B 3 u t  of 18) animals surviving on the 8 r per 8 hour level 
h 

hemoglobin and p l a t e l e t s  w i  $ h the majority of these 
One male mouse of 

' The blood picutre  of the guinea pigs on the 2 I', 1 r 

The 

e received so fa r  approximately 2800 r; this is on an 
dose a t  which the other  16 

h t a l  white count i s  only  
a t  more pronounced lowering 

There has been no change i n  

erage appsoxirnately t w i  
1s had to  XS*e&&lled.* 
t l y  lowered, w i t h  a 

of red count and pla te le t s .  
the  counts dlf ' these animals f o r  the past three months, 
they behave i n  every way l i k e  normal animals. 

The blood picut re  of the male inbred 
the 8 r per 8 hour l eve l  (dose approximate 
2 lowered t o t a l  white count (between 2500 
lowered p l a t e l e t  count (200,000). 
thq female inbred guinea pigs i s  normal (approximate 
230 r). 
guinea pigs on the 8 r yer 8 hour leve l  (approximate dose 
650 r) shows a lowered t o t a l  white count (2000-5000) the 
red count is normal, likewise ret iculocyte  count i s  normal. 
The red count of the guinea pig which died of internal. 
hemorrhage was normal. Pla t e l e t  count was not taken; i t  
i s  assumed that the hemorrhage was due to  a low p l a t e l e t  
contento 

The blood picture of 
dose 

The blood picut re  of the 2nd ser ies  of hybrid 

, The blood 9icture  of the rabbi ts  is normal. rhose 
on the a r per 8 hour level which showed a lowered to ta l  
white count i n  previous months, show now a f luctuat ing 
essent ia l ly  nornal white count. 
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