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air, etc ,  
places when product is used, 
Xnstrment Grouss boti  at Clinton aad Chicago are  cooperating in develop- 
ing such instrunents. The most im;ortorlt orocodure now is for the personnel 
t o  protect themselves by extreme pracuutions Including masks when work is 
not done under E ?moa. 

A rugged tme of portable 4 -ray detector is needed for all 
The Health Mvision, Che3pical Mvision and 

Viziyon" i;. been fomd by the Chlcago soli". t o  be an acid res i s tan t  
cloth that can be decontaminated easily and hence may prove useful for  
coats M d  towels, 

Clinlcul Mochemlcal s_tudies- 

Liver fuuctlon tests (collolrlal  gold, cephalin-cholestero1, and 
foraol-gel) have shown sane positive reactions in personnel exposed to 
radiation end toxicologicul hazards, but the  t e s t s  have not yet been tried 
widely enough t o  gauge their significance, 

Pigmezt metabolism studios show that (a) project uorkers exposed t o  
lead or rudiat lor  tend to have def in i t e  increase 2a red blood cell 

out of 43 piwject wwkers showed posi t ive urine mroaein tests compared 
to 1 of 12 controls ,  

- protoporphyrin, (b)  uo essent ia l  change i n  urine ooproporphyrh, ( c )  17 

Kidney function t e s t s  by urine srilfur excretion methods have been 
negative so far as personnel are concerned but posit ive for rabbi t s  
receiving refhtively large inject ions of tubanyl nitrate. 

Init l a l  stuc?ies of blood proteins by the  electrophoretlc method 
indicate some changes possibly due t o  radiatlone, 

a_ Eioloqical Research .- 

flxct'aer t:-..-;t T[G.I 4. at 

/a 
The use af heated T O8 t o  produce Xe 

Lnhalatio;l experiments are still i n  the "study of method" stage. 

5 mC (25 x 10m6C/gm) of mixed f-products by stomach tube killed 
rats; apparently by damage t o  stomach and in tes t ines  because very l i t t l e  
was absorbed. C.64 mC Cld not k i l l  them, 

has been set aside to,  
operating temperatures. 

- Lala  in equ i l ih f iun ,  glven t o  mice by intraperitoneal 
inject ion kill the  a n i m & s  with amounts of the  order of 1 7 f l C / p .  

early, polymorphs leter, 

The 
c retained act ivi ty  is mostly ia t he  bones. Lymphocytes are a i rec ted  

was most complete a n d  occurred very early, 
0;1 the  o ther  hand, the bone nkwrow. destruction 

* 

Total body radiaticn with e x t e r n a l p  rays has its ea r l i e s t  e f fec t  an 
eyes of rebbits ,  600 r secm t o  be the minimal effect ive dose. 

Stable c e r i m  arid t.s=.ivn are tox ic  t o  goldfish in concentrations of 
10 ppn (by weight! erd con l e t h a l  i n  % days at concentrations of 1 ppm, 
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goldfish in i t ia l ly .  
meks the fish conthue 

t o  take tsp more oven thou@ thy water concentration i a  decreasing, The 
Elkin and scales contain the grecitast concentraticns of both (So - 75$).  
For Strontlwa tho 8kclet.c.n contains tfia highest concentration and for 
bariuw-lenthtuim tfta organs an6 muscles. 
contamir;atcd wraat;l:= by adsorption, rccchlng 1000 times the water 
concentmtic:,, 

. 

The feces become hiE;hl:y 

Bar hrbor  mica have Q 5C$ 1ethri.l dose of 117 n of pi l e  (Clinton) 
neutrons and about 000 r of 3116 (C1lnton)gamw rays. 
dxed neutrot. Hnd gama i‘by ,radl&tfons i11 the p i l e  give confusing results 
since one exporiaent showed only partitii ndCit iv i ty  and the  other 
showed more than t o t a l  a6dit3vlty0 

Ekposure to 

Amethod OF preptiring a good fixed 6ource of beta =ys fo r  testing 
external effects of t h e m  has been devlse2. 
d x e d  w i t h  lucite (1.00 tc. 120) can bfj,muae ic?xJ sheets a d  exposed in 
the pi le .  

Re.’ phosphorus powf!er 

A 6atlsi’actor;y y i e l d  of P“ results, 

It has bccn 1’0und tkal. the fission. recoi l  apparatus delivers not 
only gaseous guxnxr, of fisricn prcaucto but also normally 6 0 U d  flssaon 
products s2ich have 1x1 gaseo\is point, such AS tellurium* 

”pure* fiaolon products are now being Eeprated at Clinton and 
- used there ard i n  Ch5cagc. for biological studies: 40 mC of Sr, 18 mC 

of Sr plus Eu; ccmsldosiiile “super-j~ce” (mixed fission products free - 

from tuballoy) 

The rhbbits  in p i l e  stack gases arc receiving about 0.6 riday Of 
external beta rags plrrs dn mimown amomt of unknown elaments Into the 
body, 

a i v e r s i t y  r?f - .  %lifcgAa Iladiatlcn LuboratrJry 

Fina l  reports 03 the metabolic studies of co1mblm, cesium, bariun, 
praeseoi3n5ms m d  cmunaticn & \ d i e s  have been completed and w l l l  appear 
as QI rq1ort.s IT! the next mcnth., 

A t t m p t a  e :  r e w v i s ~  Y t t r l u s a  and Cerlun f r o m  the body have so far 
been M O U O C O L S i  A.> 

30$ of the f iss ion activity i n  powdered tuballoy vias found t o  be 
volatil ized by using n carSun arco %en this  smoke was inhaled the 
various f iss icn products w e r b  fomd t o  beheve i n  the same manner as 
when In jected soparetoly into t h e  lung:? in solution. 

Pruduct studies: - C!re3. absorption of all valence states is less 
than 0,05$; 1u-q ro tmt fc r !  high; absorbed material predominately ‘In 
skeleton; excrcttion very smil in urine acd feces. 

Health ,?hy :;f -2s mc? 9 i d l  at: i c - e z o  ~j uremnt s .. .-.- 
- T o c k t -  U~EUP servicr-. 3.: crp~r.ding both at Clintun and in Chicago.-- 



1 The psrcent of off-scale readings for Febrmry ut Cfinton #as 2.7 for 
single  msters and OD2. for  double meters. 
perceat of "double events" I s  0.07, 
good accuracy io possible, 
on the  part of fk.e group leaders,  etc. ia checking m n ' s  ection R fair 
record of ea& i d f r l d u a l w s  exposure Is posslt le .  

The s t a t i s t i c a l l y  proSrrble 
Thus with two lreters per i n d i v i d t x 5  

By the  use of single meters plus coopextion +- 

Parker's sect icn has found t ha t  at 35$ h m i . ' t y  there is  no leakage 
of pocket chambers, with o r  without desslcator but tha t  a t  7% h-dity 
them i 6  trouble without deeoicator, 

hojectioxi ninameters have beon fomd to have the following defects: 
( 2 )  cftarglng voltage changes uith t i m e ,  (2) t he  charging b u t t a  s t ick8 
too  freqUF.tl>-; (3) repair and replacements of rectifier c i r c c l t  is 
msatist 'actory 

both ct Cliztnn aid  Chicago it has been f o c i  t h a t  Lauritsen elec- 
trc6copes requi-re 8 coxplcte calibratim chart  for all lntf3nSitje6 i f  
they are ta be Interpreted accurately. Moreover, the  calibration f o r  
'If rays Goes not carrespond with that for beta rays, 

Methoas of ailrrveyin& f o r x  rays are receiving B great deal of 
attenticn. 
811 electroscope (mod3fied Lallrltsen) to test table tops, etc. At  Chicago 
Dershm electrometers acr2 ITollm-Landsverk electroscopes a m  b e i q  
tried out., 

In addition tow ray comte r  t h e  Clinton group have developed 

Atmos:&.orfz s w e y ~  at Clinton have shorn no appreciable ac t iv i ty  
to date. 

Surveys of activities o r  all kinds have been r o u t i n e l y  conducted 
ticcugtiout t h e  Clfnton and Metallurgical laborator les ,  i n c l d i n g  t h e  
fqonne , + a i  

A t  Clinton it has been found t ha t  i n  tanks of "average" chenical 
solutione 10G cu-ies of 2 MW beta a c t l v i t y  t h e  gamma radiat ion by 
BrensstraltnC is the same as from f curie of 2 B6w gamma act ivi ty .  
must be tslc53 inB2 cogsidemtion in shipments of large quant i t ies  of 
betc emitteys. 

This 

lkeedfng experiments are showing possible i m d i a t l o n  e f fec ts  3n 
reduced. l i t t e r  sizes, Tlie e f fec ts  a r e  more 6evere with more intense 
r a d i a t i o n .  K i t h  8 r per 8 hours the  same effect is found from 500 r 
t o t a l  as frcn €400 r wher, given at t h e  r a t e  of 8 r per 24 hours. Male 
mice receiving 1600 r at 8 r per 8 hours do nut mate for E period of 
approximately twu months, but subsequently matings result in a normal 
l i t t e r  size production. Funule mice receiving 300 r as o single acute 
&ole body exp0r;u.e remain fertile for not more than two months but 
then hecon2 stsr1l.e v;ttf: apparently no recovery, 
of 4 r m.J less per 8 Lours Sill show normal blood pictures while those 

Mice exposed t o  doses 
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get t ing 8 r show definite decreases. 
of each 24 show a n o d  blwd picture. 
a letrkemlao 
mntely 2000 r s%iU have normal blood findings.  
of the  N.C.1,  report should be read as it is  too oompllcoted t o  spopsize.  

Mice ge t t ing  4 r i n  one hour out 
One animal in the @up developed 

Rabbits get t ing 8 r per 8 hours and having received approxl- 
A t  least the  abstract 

Memorial Hospttf& 

Two pat ients  are under observation, ge t t ing  10 r per 24 hours. 

U, of C. Hospital 

I n  addition t o  the-previous pat ients  t reated on the  100 and 200 KV 
machines, some further pat ients  are being given total  body radiat ion 
on the 1000 W apparatus. 

The Meteorological work I s  continuing at Site TI. Arrangements are 
being =de t o  study di lut ion frmn the  stack by means of SO2. 
observation has shown that  t h e  r e t  dangerous time 80 far'aa concentra- 
tion Is concerned is i n  the early morning, just as the cloud invorslon 
is breaking up, the ve r t i ca l  c i rculat ion starts. 
the up and down drarte bring t h e  BmOke t o  the surface in dense c o l m a  
rcithin the 200 W area i tsel f .  

Further 

It has been found tha t  

Note: 

For Clinton Laboratories Health Report aee (23-470 (A-2060) ,  

L-u 
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C. J. Watson, YoD,, Associate Mrec tor  and Section Chief 

L, 0, JacoSson, MOD., Acting Section Chief 

Report for Period Covering January 15 - Februmy 29, 194% 

A, Clinical Section - J4- 2. Nickson, M.D. and M. J. Nickson, Y.D. 

lo Pre-Ehployment &amha- 
0 

I b i n 3  the period January 15 - Februnry 15, 1944, 189 exorminations 
were done.. 
non-academic personnel, 

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

2, Xealth Surveys off t h e m j e a t  

From Februnry 1 - 2; e radlu dial painting plant Wa8 vlsltede 
B e  t r i p  was planned to obtaln background for t he  planning of New 
Chemistry alterations.  On February 3, a metal ma4hining plant was 
inspected. 
Section of the Clinton report. 

Details of this report  w i l l  be fomd In t he  C l i n l c a l  

On February 21, the  St. Louis Cyclotron was vistted. The Prain 
purpose of t h i s  t r i p  was t o  discuss t h e  possible er fec ts  of radla- 
t ion with t he  cyclotron crew- 
no detectable change, 

Inspection of t he  men’s hands revealed 

3. Liaison Consnittee Meetiras 

No attempt w l l l  be =de t o  discuss the Committee reports in 
d . A x i l l e  Those interested orill f ind the minutes on f i l e  In t he  
3 breryo 

Dr. Pardw made 24 surveys at the  reqasst of the Conrmittee. In 
two fnstancos, the surveyor f e l t  t h a t  overexposure wa8 probable. 

D r .  Schwzrtz was asked t o  survey 23 individuals by the Codt tee .  
U s  finding6 Will be fomd i n  his sectim of this report. 

Three product accidents were discussed i n  t he  minutes. During 
t he  month, Mr. Pyle joined the Committee. 
disposal of waste act ive rnsterinls, discussed below. 

He wlll be responsible fo r  

Dr. Y,, Hlckson reported on t h e  literature of the t o l d c i t y  of 
JiFhenq-1 and acenaphthene at  the request of the  Technical group. 
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Tridhloret'nylene Hazard 

S i t e  B, roan 155, has a Blrikeslee riegraaser which operates with 

ch ZebmXiry 1 7 ,  1944, htr. Goldberg of the  Il l fzola 

The 

trichlorethylene, 
millioa In air, 
Doptirtoent of Pu5Xic & a l t h  det 
i n  air zt veri(. *-, tinee during tile operation of the dogreuser. 
hig303t ~ a l i ~  ., 

Tho us& tcilcimce f igme given is 200 parts per 

ned t he  sn:omts of tr ichlorethylene > 

;:inail m s  135 p.3-m, 

kq3C~*ua3-292 g f V S S  the  die ta i l s  Of t h i s  Sur~eya 
.a 

Rad!.ii Lioa rh.er-2xpoclll-e - Records 

chrun5ar r e d i n g s  of greater than 100 milliroentgens -8 inst i tuted.  
A l a t t e r  is sent t o  the exposed intiivlduals's g r o q  leader reqwsting 
lnfomafisn concerning: (1) the  person's a c t i v i t i e s  on the  duy of over- 
exposure, f2! knowledgo of' accident t o  the chmter, and (3) grow 
loader's evd-a t io r  of tne corrcctness of the  reading. A monthly 
G m . : i r j  cf thio iuftlmation w i l l  be prosented in future reports. 

% r i n g  the  past month, a new system of checkfng the  persons having 

Acid Resistznt Cloth f o r  Protective Clothinq 

During the month, the  idea of obtaining acid resistant cloth 
wh5ch could be decontaminated by rinsing in.atrmg acid so1utlo1z~ was 
developed, A search, aided by M r a  gtrmpton's Office, showed that Vlnyoa, 
a polymcrfzed vinyl acotate, w83 t h e  mast l i k e l y  available woven 
material. Decontamination t e s t s  with both product and fission products 
were carried out by this group and Dr. Pardue's group. 
tests  are found i n  Dr. Pardue's report ,  
;!>at a l l  cf t 5e  sam2les could be decontaminated with ease. 

Details of the 
ID br ie f ,  the tests indicated 

Because of the expense involved ($l6.00 per  coat, estimate) and 
bt'Boh.;Lw of ;nrcartaixties as to the material 's  resistance t o  o r d h a r y  
ivearP a *SSOL?;" brder of but 100 coets and 50 towels was placed. 
Yinyon 26 w3.s schc%ed. 
be oble to use? tt,f.s o r  o. similar material to good advantage. 

It would seem t h a t  Clinton and Hanford might 

I? L i d S C G W i I t  ezperienco i n d i u s t e s  - tha t  widespread use of SuCh 
met6 wculil bc dznlrablc, a larger order can be considered, 

Durkug t he  mocth, FA mx-wndemic em3loyee was added t o  t h e  
personnel cf t h e  C l i n i c d  Groq), 
toring c l  mxnt-9 of TQtel loy dus t  i n  air. 
i:. .zitcrm loc:ztions will bc i n  S i t e  E. 
hair  of  k 1 - i  CIine OL t h i s  worko 

It is planned t o  expand the moni- 
For the.rnost part,  t h e  

W, Tourek w i l l  spend one- 

Finge-Print i s p ,  Study 

Mr. 'towe2 w i l l  devote one-half of his time taking Ffnger P r h t s .  
The izqressisns w i l l  Ca scnt t o  2 ~ .  Eager A. Harvey for iaterpretation. 
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Projected Work for KoD%h 

1, Continuance of pre-cm2loyment exams. 
2. 
3, 
4, 
5. h - p n s ! - a  of Tuballoy dust surveys. 

Continuance of M b a t r i l l u r @  Laboratory surveys. 
Continuance of Frc,duct Hazard surveys, 
ibpaxision of Finger ? r in t  pro&-mi. 

B, Heunatofoq. - I.. 0. ZaWson and E. Harks 

The cliplcal bermtology group examined 1107 individual8 durlng the  
period 1/15/44 t o  2/1S/44. 
t he  laboratc-ry examinations made: 

'&e fol lowi~lg tab le  gives an analysis of 

Hub. R E  WBC Different ia ls  P la te le t s  Wines Retics, Ifass, 
No, of 
hams. 685 600 970 970 135 700 50 200 

Misc, 10 

Two individuals showed blood abnormalities posslbly due t o  over-exposure 
t o  radlation. ' h e  f'irat occurred i n  a person working w i t & . a . g m m  Ra-Be . . . _  
some. 
had fallen has risen in the ciirection of normalcy. 
was overoxposed to  a Rn gomco. 
lewocytes and a marked c h a n p  In the Pfi ra t io .  
corrected it self .  

Since t h i s  work has stopped, h i s  w h i t e  blood cell m'mt which 
The second person 

There was a solall drop in the t o t a l  
This has slowly 

C, ELec$mphoretlc Studies of Proteins - E. S. G~~.zman Barron and John M t m t i  

There Is evidence, from t he  published literature, tha t  8erm proteins 
zfitmnge in dist r ibut ion OS ci consequence of 
2uryose t o  follow these changes by electrophoretic analysis of the 
proteins both i n  put ients  receivhg X-ray therapy and in animals treated 
with X-rays. 
impossible t o  obtain the control analysis. 
phoretic dis t r i3ut ion of serlpI1. proteins obtained by a number of b v e s t -  
igators  e p e e  so closely that t h e  nonnal values of t h i s  laboratory 
can be mei as cont ro l  valuer;. 

X - z q  treatment. It I s  our 

We w e  wel l .  aware tha t  in pat ien ts  it w i l l  sometimes be 
However, data for electro- 

One j%Lisiit, .!.- M., lias bcen studied on different  occasions a f t e r  
ha received X-my therapy. 'Jnfortmatelg we do not have t h e  serun 
eiectrogimretic pat tern bafore radiat ion started. On Nov. 26 and 27 
t he  p&tient receit-sd two X-ray applications of 100 r each; on D e C .  16, 
17, 18 a d  20 he rece3ved ?5 r each day; on t h e  25th he roceiveC a 
blood trailsf mion. The serw. proteins  were determined electrophoreti- 
. - i l l y  on seven different  occasions f m m  Dec, 15 t o  Dec. 27 (Table I). 
Or; 3ec. 15, 18 auys n f t c r  X-ray therapy the distribubion of serum 
proteins was a b c a  normal. 011 Dec. 16, the day a f t e r  applicstlon of 
75 r, there rds a profound modificstion I n  t he  dis t r ibut ion of serum 
proteins, characterized by a decrease of albun5n and an increase of 
globul i3 ,  '&other t h i s  was due to the action of X-rays or..not Cannot 



9 i c  affect of rcciintiqn on the dis t r ibut ioa  of szrw proteins can- 
not be reusonably determined d e s s  wo find titr ant.lahi havlng a constant 
siectrophoretic p e t t e x ,  'ihe dog had t o  ba discarded becnuse the 
S6rm has four t o  f i v e  globul.ins wiiich scan tt change from one t o  the 
ather-. 
pstr;erns of the serum protoins of the rabbit, the rat, m d  the goat. 
Rabbit sera m8 ~rllulyzed at t h e  following iozic  strengths: 
Oo06, 0.975, 0,1 and 0..15, IC general, only throe components were 
observed regardless of the  scrm concectmtim, Fmthermore there 
was r x  constarxy h the  mobility of  the p r o t e i 3  coxyonents, Go& 
serm m s  m d y z e d  :it ionic strcngt5 0,375. Four components were 
observed which soparated from eech other t o  allow their measurement. 
me nobllitfes o!: tY,e protein frecticns resm3led those of human serm. 
Rat serm wa8 analyzed at  i on ic  strength 0.075. 
done with th i s  animal, 
raZietion on blood proteixs must bc concentrated t o  atudias on the 
goat and the r u t ,  

We sra now studykg for this p r p s e  the  electrophoretic 

0.05, 

- 
Further work a311 be 

It is our opin3on that work 011 the effect of 
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Mstribut; ion 

. 
DSt9 

f serun proteins of 3 .  k from electrophoretic an-lysis. 

Alb c Glob 

-- - 
63.0 5.7 

47.9 5.4 
II- 

57.5 ia5 

c4,1 2.7 

57-1 7,4 

glob. 
Percerrt 
B. glotj. 

11-5 19.9 

16.4 30.2 

10.7 3G.3 

7.5 25.5 

14.9 31.2 

12.3 31.7 
- 

10.7 24.8 

.- 
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Toxicolom Group: Albert Tannenbam, H, Silverstone 

The chronic feeding experiments on the  tox ic i ty  of various T 
compouads are being continued, and are now i n  t h e i r  f i f t h  month. 
The toxlc3ty of slngle subcutaneous in jec t ions  of T cepomds  is 
being s tudled,  including the effect  of second injections. A pm- 
gram of  inhale tn stladies is  being inverrtigated. 

Report of Biochemical Croup: S, Schwartz 

The Study of numerous tes ts  which aim at the  early detection of 

The results of these studies 
exposure t o  snd t o d c l t y  from radiat ion and metal has continued along 
t h e  general l ines previously outlined, 
t o  date are suumarized below, 

In these studies the  control series consis ts  of 14 medical 
students, several non-exposed members of the project staff, and a few 
newly employed project members, It is recognized that  some of the 
latter, at l e a s t ,  may not have been perfect ly  wnomnl.* The exact 
number of controls f o r  each t e s t  are shooon on t he  appropriete ffg~ree 

‘ihe project members investigated have been those believed m o d  
For radiat ion effects the  groups l i k e l y  t o  p i e l d  positive results. 

of Mr. Ctlpzlinghan~ and Sugarman in New Chemistry. were studled. The 
group In Room 109, Site B, was s tudied  because of considerable tuballoy 
d u d  exposure. In addition, several  Individuals sere investigated 
because of exposure t o  l e a d  .or various chemicals. 

I, Liver function studies, 

A, Serm proteins - (with I.. Schneider .and J. J. and Y. Nicksad 
Three t e s t s  have been studied to gain insight  In to  both q-3- 
t a t i v e  and quant i ta t ive protein changes in project personnel, 
namely, col loidal  gold, caphalin-chole8ter1, and form01 gel, 
The first two of these testa,  at l eas t ,  
colllplodLy pooitlve in liver disease 88 a 
of a l te red  serm globulin, 

1, Colloidal gold test. 
The method used is t ha t  described 
are indebted for aid i n  preparing 

--- 00 

have been shown t o  be 
consequance , chi e f lg , 

by S. Gray ( t o  whom we 
o m  solutions). Three 

serlal dllutiozs 02’ serun are wed, d t h  results expressed 
in term of 0 - 5 depending on t h e  color change and amount 
of precipi ta t ion present. 
read 2 or 3. 
reading of 4 or  5 i n  the  first tube. With increasing 
llver dpsfunction the  second and th i rd  tubes read 4 and 

Normally aU of the tubes will 
A weakly positive tes t  is indiaated by a 

5 O l S O o  

Ih none of tne control s e r i e s  was a positive t e s t  
obtained, On t h e  other hand, 12 of 42 project members 

Oil182 
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studied bad at least a weakly poeitive test .  
in Ng. 1’*ere the nunber in  ea-& group is plotted against the sun 
of the 3-tx@es. 

.. the norma& range, lt wight be +lnted out here that only 3 of this  

This 58 i l l u s t r a t e d  

With thls ache+! only 8 are seen to  fall  oUtS5c?o 

had’ a positfve cephalin-chalesterol t e s t ,  (2 plw or more) 

2. Cephalin-cholesterol 

The nethod of Hanger has been m5dlfied to Include 8 tubes wlth serial 
dilutions oonfaining fraa0.2 tq0..0001 BO. of secwn. 
read in temw of 0 - 4 plus dqending upon the amomt of flocculation 
and c1earl;ng present. A 2 plus or greater reading In the first tube  
i s  believed indicative of Uver dysfunction. 

Results are 

A l t h o w  to  date the first tube only appears to be sigu3ficnnt 
ne are for.the time being plottlng our data i n  terms of the sup of 
the first 3 tubes, 

. In none of  the no& controls stu33ed has ti 2 plus  or more 
t e s t  been encountered. 
lation has occurred, 
these 8 with positive resrilta again, 
only 2 of these 8 had a positive.aolloidal gold reaction, Indicating 
agab a different mechanlsm rorithe b o  tests. 

In 8 project members 2 plua to 4 plus floccu- 
The test m a  repeated at a later date In 2 of 

It m l @ t  be pointed out that 

c y -  i 

st- positfve tests (3’- 4 plus) were obtained ?ram the sera 
of two indivfduals exposed tc considerable tuballoy dust i n  Room 109, 
S j t e  B- A 4 plus reaction was also obtained on m e  inavidtlal  
exposed t o  lead. The datn is  m u s t r a t e d  in Fig. 2, 

3, Form01 gel. 

The emrptyine time of serlm fraa a.modified white blood cell pipette 
is measured before and about 6 hours after the adhition of a drop 
of formaldehyde, The rat308 of ‘these two times I s  dependent won 
the globulin content of the 8erm. 
project members has t e e n  found t o  vary widely from about 1.0 - 1.7. 
Four have been over 2. 
t o  permit any conslusions to  be dram. 

A8 Shown i n  Fig. 3, the ratio In 

Our no& control series I s  still $00 mall 

Protein studies in dogs and rabbits exposed t o  either radiation 
or m e t a l  have y ie lded no worthwhile hf’orpat5on. 
normally have a 3 - 4 plus cephalln cholesterol test.  
eIperirments in  rabbits no change has been noted i n  the oolloidal 
gold test.. 
sedimentation rate followiqg tuballoy injeotlon, 
studied rurther at the present t b e .  

Both spec3es 
In acute 

Isolated obsemntions fnd3cate a nuuked increase in 
This point is being 

II. Pi#nemti. Metpbolisrp. Studies (wfth E. Katz, F. Felter and Y, Mandel) 

A. Red blood c e l l  protoporphyrin 
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The most marked increases i n  rod cell p r o t c y q h y r i n  have bees 
emcountered in workers exposed to lead, rlcf,us 1: ;f 4 mrkers in t h e  
tomdry Room 42 in Ryerson had levels cf above 65 gamma per cent, i n k r  
ma$ level 15-XI gamma per cant). Other hi@ values kavc See-?- eiico=%ared 
In per60Anel r6celvi~g ralatively large r:uX&;slon ex?;osure 01' chronic 
type, 
expased proje- 
levels. This .L: I3l:rstratod ir i  Ffg, d5 

I n  @mer-A it c a  bo s a i d  that, coqcred with, medicel st~*oxit;S, 
zenikers have relatively high red c u l l  protc)porphpin 

It might be noted %bat o d y  oae of tile coutml SrOliI,  ha?. a value 

k repeat eetermiriaticn 4 Cays letsr showed '1 3 1 1  to 
above Z3 ganmu per cent, and his pmZqmrphy~iz levci V.ES w to 65 
gamma per cent.  
41 ganrma per cent, 
it might be noted that he  had had an acute bronchitic" 4 d@yr 6 n r l i e  fo r  
which he tad token 8 gmms sulfathiazole. 
sufficient t o  ozcllrle h i m  er; & control, 

While the explmaticn for t h i s  incraasi: it Lp-.:t?l%31;1, 

It is b e l i e v e ?  t.5c-t this is 

B, Urine coproporptyrtn 

Project members x i t h  u few excepticm, appea? to have t i  re le t ive fy  
n o m 1  u r i n e  acprcyorphyr5L excretion. 
quantitsto? from m a l i q u o t  cf a 3 hour arternoon s~)eclaena 
studies done to data  are on 24 hour collectSons. 

At th5 presat t i n e  Lli3.s i~ being 
Most. of the 

. Ia Ff& 5 the 6ata is given in terns of copxporphyrir concentra- 
tion i n  the uzize, 
found i2  t ! !c  urine of W., Y,, exposed to consiCerz5le tr ichlorethyfeue 
fmes 2t Z i t e  5, 

Ttle highest concentrstfcn (19,s gcmria ;$:-* cent) mas 

Coproporphyrin studies on ra5bits rccciving c~cutanoom in! cctions 
of tuballoy n i t r a t e  src i l l ~ t r a t 8 d  in Zlg. 6 ,  
properly Se included in the secticn on k i ~ c y  fmction,  since t h e  
%ni:iGed ki6ncy w i l l  not excrete coproporphyrin. 
t h e  expltii;b%ic- for the sarked full 03SeRed, despite anr tendency 
which migst h w e  been present t o  cam2 an increased excretion SeCaWe 
of tuballoy tcrdcity, 
whether iocc:. r:? 0,25 m&g or less w i l l  cause an increased copropor- 
phyrin excrxtjcn which k i l l  not be inhibited by kidney insufficloccyr 

Tkese graphs r&&t mcre 

This undcubto(?!ly Is 

Experiments ape how in progress t o  detemln6 

C. Qoroeein .. 



Wine sulfur has Ssen qmntftatod using the nepbelometric method 
of Freon and Crutchrield. 
imdification of the leethod 0.t Denis, using 20 - 30 mesh barium c h l o ~ i d o  
rather t3m lC$ k r i m  cliloride tc? pract?i:ate the sulfur, 

i3lood sulfur has b o a  ?um%ltated by a 

A 6tU1Y of 3 m b k i t s  who received 4 lng& tuballoy nitrate.. 

A study ot 3 rabbits  who raceivsd 1,5 m@Jf;g tubellay n i t r h t e  by su5- 
cutaneous in: cctior,.. 

Aa sfrc#r, ii? l ig ,  8 all 3 rabbi% had (i mtrked fall in t r ine sulfur 
concentration, 
normil and these mimals have shorn apparent complete recovery, Sulfate 
excretion of 1-15 remuiaed low, 

The sulfur level  of 1-14 mil 1-16 rose skoztly ta  

lie died 1 7  days after t h , ~  injection.. 

A t t m t i o n  is c d l e d  ugtiin t o  t h e  redustion i n  urioe coprowrpkyrin; 
folloaini; tuba l loy  injection.. (See Fig. 6 )  

Ahela e: hnve reFOrtdd a marked incrsnse in the organia acid 
eolcbie p!?os;kc-r.~: of whits blood c e l l s  folloxixq total body radiatioa 
<if as l i t t l e  n? 3 r to lmkexnic psticnts.  
to adapt the€- laethod t o  t h e  msll number of white cells in normal 
t iood ,  

They were, however, uneble 

A simple J ? x c ? ~ ~ w ~  has been worked out for quantitating oevsrtil 
phosphorus I 'rizsions fil ths white cel ls  of less than 1 CC u0m.a blood, 
Both human :in6 adma1 s t . w l i e s  are i n  progreos and will be reported next 
month 

V. individual  scoring., 

In the t a b l e  &lch follows, the rfsults of our  s t d i e s  of reyresent- 
acl-re mabersr of 4 p o u p s  of exposed and non-eqcscd i n d i v i d u z l s  arc 
s m a r i z e d  in ~;BYTIS of 0-4+react ions0 
ma3- 5c attache6 t o  eech of theso f i su -es ;  

The following signiiicunce 



0 = Defbitely normal range 

1$.= Borderline values 

4 2.)I. through 4 $- = Increasingly posit3ve raacthms 

In order ,o arrive at a composite value which u i l l  rou&y represent 
the individualas reaotions t o  the varlous tests med, the following 
method of scoring has been devieed: 

Cephalin aholesterol 1 - 4+with  increasing flocculation as 
described by Hangero 

Colloidal gold: Sum of 3 tubes, 

0 = 5 - 8  

RBC protoporphyrin in gasma per 100 c.c, erythrocgtes 

0 z(30 

I + =  30-40 

2 + z  40-50 

3 + =  5 0 - 7 0  

4+ = ) 7 0  

h r o a e i n  and assocriated pigments 

Evelyn reading et 400 and 520 m p  

520 mP 400 mp 
0 ~ 1 0 0 - 6 0  0 = loo - 75 

2+= 50 - 30 

a+: 20 - 0 - -  - 

2+= 60 - 40 
3t= 40 - 25 
4+= 25 - 0 

= -- 



coproporphyrin tn gamma per 100 ccc,  u r i ~ a -  . - . 0 = ( 8  

4 1 4  8 - 10 
24- = 10 - 13 
3+ = 13 - 18 
4+ =)le 

. 



G r o u p  I. Controls. N o m  medical students 

0 

I 

0 

0 

0 

0 

1 

0 

1 

1 

1-4- 

0 

0 

0 

0 

spectroscopy 
R,B.C, Urine wuromselnm 

Colloidal proto- copro- fraction A%a e 
. j:old* porphyrin porPh-yrIn* . 400 1upSZ0 m#- s - m #  Score 

0 1 0 0 0 0 -L 

-4 0 0 0 0 0 0 A 

0 0 0 0 0 0 9 

0 f! 0 0 0 C 0 

0 0 0 0 0 +,* 
4, 0 3 1 1 0 ii 

2 0 1 b 0 0 0 c) 

1 0 0 0 0 9 1 

1 1 0 0 0 a 3 

0 0 0 0 0 0 1 

-- 

G r o u p  11, Controls. Project members with what is believed 
to be relative by slight exposure, 

0 0 0 0 0 0 

0 1-F 0 0 0 0 

0 0 0 0 0 0 

0 1+ 0 0 0 0 

0 0 0 0 0 0 

croup I n e  Predominant exposure: T-dust and chemicals. (Site B) 
Pro j ect members 

2-k 13. 34- 2 - b  24- 4- 
13- 14 23.. 2+ 33. 4- 
23. 2 - k  0 14- I C  + 
13- 0 0 0 0 S F -  
G G 4 4 .  33- 4 4 -  + 

1 

1 

0 

1 

0 

12 

14 

a 
5 

13 
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Group Iv, Project nembers. P r e d o m i n z n t  exposure: 
radiation and chemicals. (New Chmo) 

Cephalin COllOZ d a l  
cholesterol* c o l d *  

1 +  r j +  

1 +  I+ 

l+ 0 

0 33- 

4+ 4 t  

R.B.C. 
proto- 

porphyrin 

U 

2-4- 

3+ 

Urine 
copro- 

porphyrin* 

z +  

1 +  

0 

1.t 

@ 8 C t  rOSCOpy 
muroroseinw 
fraction 

mom 52om 

1+ 1-t 

2+ 2 4 -  

34- 34- 

0 0 

4 3  3+ 

Abs, 
510 m 

0 

0 

0 

0 

0 

'6 gram sulfathiazole 4 days previously 
weak absorption only after standing 48 hours 

A high incidence of project members exposedto relatively large 
ymounts of radia+,ion, tuballoy, or chemicals have been fomd to  have 
i-qsftive reactions t o  aoveral different tes ts .  These h d l c n t e  822 
effect of some kind on the l iver ,  kidney, or hematopoetic systems, 
In genenil, 0. "positive reactor" w i l l  be positive for several dif- 
ferent tests, 
ness of these ;iooitive results ,  though It 
most of the deviations from normal are only moderate, 

Data is as yet insufficient to ascortain the serious- 
should be mihasized that 
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11. N.C.I. - E. h. Spencer, Chief 

- ABSTRACT --.- 

A. Breeding F2xperJme:ts 

The drta presented i n  th i s  report tena to s u b s t m t i a t e  the 

1. The first indication of 2 poss ib le  i r r d i z t i o n  e r e c t ,  

following t e n t a t i v e  conclusions. 

namely, reduced l i t t e r  s ize ,  i s  noted. i n  the folloviing groups 
of females - those receiving 800 r on the 8r/day l e v e l ,  those 
receiving 500 r on the Br/8 hour l eve l ,  and those receiving 
700 r zt  the rete of 5 r/l hour, 

2- The rate of ncininistr&tioc appears t o  have an effect  
on the production of reduced l i t t e r  s ize .  rhe first indiccrtfor, 
of reduced l i t t e r  z i ze  in the fcmales  on the 8r/day l e v e l  K ~ S  i n  
those receiving 800 r vhile on t h e  8r/8 hour l eve l ,  reduction 
%tis apperent i n  thoLe receiving 500 r, 

. 

8.  Eesults obtsined t o  date from subseguent matings have 
n o t  given any i nd ica t ion  that following i r r a d i a t i o n  there i s  Q 

reductior, i n  the period of f e r t i l i t y  i n  animals which produced 
normal-sized f i rs t  l i t t e rs .  

4. A Cose of 16W r administered at the rate of 8r/8 hour 
is s u f f i c i e n t  t o  prevent  mating of male LAFl mice f o r  a period 
of zpprcr imate ly  two acnths following irradiLtion. 

. follows ~ i t . 1 1  subseqsent matings which result i n  normzl l i t t e r  
size pracuct.ioIi. 

Recovery 

5. It now ap?ears that E single acute  whole body exposure 
with a t o t n l  dose of 300 r is s u f f i c i e n t  t o  prevent  reproduction 
i n  L U l  female nice sfter an in i t i a l  fe r t i l e  per iod of not  more 

e f f ec t  of  i r r a d i a t i c n  011 f e r t i l i t y  i n  mice. 
c -  than  two months. This i s  i n  l i n e  with earlier studies on the 

-- 
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6. I n  former work the initial i n d i c a t i o n  of chromosomai 
changes (mutations) produced by i r r a d i a t i o n  i n  mice hzs been 
reduced l i t t e r  size.  It should be eaphasized that  i n  these 
experiments in all cases when the  males mhted normzl s ized 
l i t t e r s  were poduced. Furthermore, any reduction i n  l i t t e r  
s ize  from t i l P  i r r a e i z t e d  females vias aSLoCiated with a reduc- 
t i o n  i n  fol i l@e nunber pihen the ovar ies  were s e c t i o n e ~  one 
month a f t e r  the  b i r th  of the l i t ter .  'rhus, as ye t ,  t h e r e  i s  
no tangible  evidence of chromqsomal changes. It i s  recognized, 
however, tha t  these t e s t s  could not be expected t o  reveal  s l i g h t  
increases  i n  mutation r a t e .  

B. Histology of Genital  Organs of the  A n i m a l s  ' 
of the  Breeding E,?q_e_riment ______,--- 

The h is to logic  f ind ings  of the genital  or ans of t h e  
animals of t he  breeding experiments have been B n l i n e  vdtn 
the  breeding r e su l t s .  

The only change noted i n  the males on the  4 r p e r  8 hours 
pe r  day l e v e l  was a s l i g h t  decrezse i n  the s i z e  of the testes 
and a s l i g h t  reduct ion i n  sperm content  of the epididymis al- 
though one group received Q t o t a l  dose of as much t is 1000 r. 
A t  a t o t a l  d o s e  of 1000 r on the 8 r per  8 hours per  day l e v e l  
the males showed changes i n  spermatogenesis which i n d i c a t e s  an 
inf luence of rate of & m i n i s t r a t i o n  of dose when compared to 
the r e s u l t s  of the 4 r l eve l ,  the e f f e c t  of the  l a t t e r  being 
l e s s  severe. Spermatogenesis was almost completely absent i n  
nales  a f t e r  b t o t a l  dose of 1600 r given a t  8 r p e r  8 hours p e r  
d ~ y ,  but  near ly  complete recovery had occurred by 3 1/2 months 
after the  animals were removed from the f ie ld .  

. 

Males Kere exposed continuously on the  4 r per  day l e v e l  
t o  t o t a l  doses ranging up t o  1000 r. The only change noted 
was a s l i g h t  reduct ion i n  size of the testes of the animals 
receiving the  t o t a l  dose of 1000 r. 

Females exposed on the 8 r per 8 hour p e r  day l e v e l  t o  a 
t o t a l  dose of  500 r showed h i s to log ic  changes of the  ovaries. 
There vias a decrease i n  number of f o l l i c l e s ,  espec ia l ly  the 
more mature ones, and an inc rease  i n  l u t e a l  and l u t e a l - l i k e  
t issue.  There was a l s o  marked invaginat ion of the  germinal 
epithelium. They were s t i l l  kaving e s t rous  cycles. Females 
exposed on the 4 r p e r  8 hour per  day l e v e l  received t o t a l  doses 
o f  300 r, 400 r and 500 r. Those receiving 500 r showed a 
s l i g h t  decrease i n  size of the ovaries  bu t  as ide from thzit, no 
changes were found tha t  could d e f i n i t e l y  be a t t r i b u t e d  t o  the 
i r r ad ia t ion .  When compared t o  the  r e s u l t s  o f  the  8 r level 
t h i s  aga in  emphasizes the importmce of the  r a t e  of zdministrz- 
t i o n  of dose. 

- -  OOOC-79b 
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Femzles were ex osed continuously on the  8 r er day l e v e l  

t o  total  doses of 309 r, 400 r, 500 r, 600 r and 8 a 0 r. Those 
recelving 800 r showed ovar ian  changes. 
duced i n  s ize ,  being composed, ch ie f ly  of l u t e a l  and l u t e a l -  
l i k e  t i s sue ,  llhere were bu t  f e w  f o l l i c l e s ,  the more mgture ones 
be ing  extremLl y rare .  The germinal epithelium showed extensive 
invaginations.  However, the vaginal  epithelium indicated normal 
estrous cycles. 

The ovaries  v;ere re- 

S l i g h t  change was seen i n  the  600 r group and those re- 
ceiving 500 r and less showed no change. Those receiving 500 r 
on the  8 r pe r  8 hour p e r  day l e v e l  showed some change ind ica t -  
i n g  that  the  e f f ec t  i s  more severe vken the 8 r i s  given in 8 
hours each day thzn when given i n  24 hours. 

Females were exposed on the  4 r pe r  day l e v e l  t o  t c t a l  
doses u? t o  500 r on the  2 r per  day l e v e l  us t o  400 r on the 1 
r per  day l e v e l  up t o  300 r and on the 0.5 r levelus t o  100 r. 
The only changes noted on these l e v e l s  were probsbly old age 
effects .  

c ,  HematoloEs 

The blood p ic ture  of mice having received approximately 
2800 r up t o  the p resen t  a t  the ra te  of 8 r p e r  8 hours per  day 
is essen t ih l ly  uncharLged from tha t  given i n  previous r e 2 o r t s  
(decrezse of W.E.C., some animals having a W.B.C. of 800-1000, 
2nd s l i g h t  decrease i n  R.B,C. and platelets  i n  some animals). 
iUl other mice exposed for the  same l eng th  of t i m e  a t  lower r a t e  
(4 r, 2 r, 1 r, 0.1 r p e r  8 hours p e r  day) show a normal blood 
p ic ture  i n  comparison t o  t h a t  of the controls .  A l l  animals rc- 
ceiving e i t h e r  a d a i l y  scu te  exposure of 5 r given i n  1 hour o r  
this d a i l y  exposure i n  add i t ion  t o  a chronic exposure of 0.1 r 
per day (total dose 1350 r) show a normal blood p i c tu re  although 
they all have chronic pneumonia and the majori ty  died from this 
disease.  One aninal  of the 8 r per  8 hour group had to  be k i l l e d  
on zccount of leukemiz (terminal W.B.C. 54000). 
4 animals of t h i s  group developed leukemia- (3 had lymphosarcoma, 
see previous report)  

So far,  a l toge ther  

_ -  
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The blood i c t u r e  of the uinea 2igs e osed s ince March 
1941, is as f o l  P ows: 8 r per  8 hour group tg ou t  of 18 a l ive ,  
t o t a l  dose zpproximately E800 r) . 
lowered R.B.C. and p ls te le t  count, 4 r per  8 hour group. Lovi- 
ered R.B.C. and p l a t e l e t  count. R.B.C. e i t h e r  normal o r  only  
s l i g h t l y  lowered. A n i r n s l s  of the  2 r, 1 r and 0.1 r p e r  8 hour 
groups show a nornal blood p ic ture .  Inbredguinea pigs (male) 
on 8 r p e r  8 hour level :  (apgmox. dose 9 ~ 0  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 
se r i e s )  8 r per 8 hour l e v e l  (approx. dose 650 r )  lowered \?.E.C. 
3.Ei.C. and re t icu locyte  count normal. 

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

--- 0 0 0 P19 1 c -  



One animal of the 4 r per  8 hour groGp was k i l l e d  and 

One s n i m a l  of the 8 r per 8 hour group (2nd se r i e s )  

The blc.--  2 i c tu re  of the rabbits i s  essentizlly normal. 

I- autopsied due to anemib. (a9prox. dose 1200 r). 

died  of intel.mil hemorrhage (approx. dose 650 r). 

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

D. Patholopy 

Two male guinea p i  s t a t  had received less tot& amount 
of r a d i a t i o n  (approx, 580 ry on t h e  8 r per 8 hour l e v e l  than 
any previously observed had marked atrophy of spermatogenic 
elements but with a few mature spematazoa i n  the epidiQmis.  
I n  one male guinea p i g  that had received a t o t a l  of approxi- 
mately 3 2 r o n t h e  0.1 r p e r  8 hour l e v e l  a l l  tissues appeared 
norm€il 

Two m z l e  mice t h a t  had received a t o t a l  of approxirnztely 
2600 r on the 8 r per 8 hour l eve l  had extreme testicular 
atrophy yet with spermatogenic elements pe r s i s t i ng  i n  a few 
plzces. One of these  animals had leukemia, 

I n  one f a d e  mouse t h a t  received a total o f  approxt- 
nately 1200 r a t  the 5 r p e r  1 hour l e v e l  no f o l l i c l e s  were 
present  i n  the ovaries ,  

- -- 
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Appoxirnate doses z p  t o  d a t e  (mice and g-dnea pigs 1st 
series) 2300 r, 1m0 r, 709 r, 530 r and 40 r (acute exposures 
of 12.5 o r  50 r r e s p c c t i v e l y  not. added), Approximate doses up 
to date ( rabbi t s )  ;Suo0 r, 1000 r, 500 r, 225 r and 23 r (acute 
exposures of 12.5 r o r  50 r resp,  B o t  added). Approximate 
doses ug t o  “a te  of male inbred guinea pigs (family 2) exposed 
on 8 r ?ex* 3 ::our level 900 ro ApproxiTt?te dose up t o  da t e  of 
female irkred guinez p i g s  (family 2) - e:,posed s ince  February 3, 
1944 - 230 r. Lpproximate dose up to  date of h y 5 r i a  guinea 
Bigs (21d. series) exposed on the 8 r p e r  8 hour i e v e l  650 r. 

The experinents are progressing zccording t o  schedule. 
Two =ice  of the 8 r per 8 h o w  l e v e l  were k i l l e d  ana suto2sied 
after havir,g received a; l ;>roxhately 2500 r. 
markedly enlarged l p p h  nodes, llestes were extrenely smal i n  
both aninials, h o t h e r  mouse of the same l e v e l  died.  The 
autopsy showed grossly normal organs with t h e  exception of ex- 
tremely small t e s t e s ,  The cause of death was not apparent. 
One control female mouse and one femae mouse on the 1 r p e r  8 
hour level ( t o t a l  dose approx. 230 r) were k i l l e d  and autopsied 
on a c c a u t  of mrimmary carcinoma. They showed grossly normal 
organs, 

Txo male guinea ?i&s (2nd series) on the 8 r p e r  8 hour 
l e v e l  were k i l l e d  and autopsied af ter  h a v i n g  received zpsroxi- 
rnately 500 r t o  o b t a i n  iAzformstion as t o  early dancge t o  the  
testes, Grossly the tes tes  ne re  sonewkit small, a l l  o t h e r  
organs appeared normal (see V). I n  t h e  first  experin;ent on 
th i s  l e v e l  i t  was found tha t  a totd dose of a p p o x f z a t e l y  
1000 r shoiied considerable atrophy o f  t h e  testes K i t h  almost 
2omplete cibsence of spermatogenesis. Another male g u i ~ e s  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 
02 650 r the Cause of death was a massive intra-abdominsl 
hemuorrhage, It i s  i n t e r e s t i n g  to  note  that  t he  first guinea 
p i g  of the 1st series had .to be k i l l e d  on account of anemia 
after h2vir-E received approximately the same dose. One cont ro l  
guinea gig and one guinea p i g  of  the 0.1 r per 8 hour l e v e l  had 
t o  be kj.lled on account of i n t e r c u r r e n t  disease.  

One showed grossly 

2hyoe Eale and three female guinea p igs  each of t h e  2 r 
and 1 r per  8 hour lev&. which had received an addi t iona l  
acute exposure of 50 r two months after the stwt of the ex- 
periment, were g i v e n  mothe r  acute exposure of 50 r d u r i n g  the 
month. So fa r ,  no chenge i n  above p i c t u r e  has been observed, 

- -  
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RESULTS OF BREEDING EXE'KMENTS 

c 

L 

This report contains only  additional results since the 
report of January 1944. 

Males 8 r Level 

Total dose 1600 r 
Number of males 164 . 
8 mated, 8 autopsied 

F i r s t  l i t t e r  born 2 and 1/" mo. 
a f t e r  irradiated males were mated, 
Average l i t t e r  size 8.3. 
one month la ter .  Av. l i t t e r  s i ze  
10.2 (Inc.) 

4 remated .. 

'Total dose 1000 r Males mere mated 2 months a f te r  re- 
Number of males 16  moval from field. .Average l i t t e r  
8 mated, 8 autopsied s ize  8.2 4 remated 1 l / Z  no. l a te r .  

Average l i t t e r  s ize  8.1, 4 again 
remated 1 1/2 mo. la te r .  Average 
l i t t e r  s ize  9.3 (Snc) 4 remated 1 1/2 
mo. l s te r .  Av. l i t t e r  size 8.3 (Inc.) 

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

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

T o t a l  dose 1000 r 
Number of males 16  
8 mated 8 autopsied 

To ta l  dose 800 r 
tiumber of males 1 6  
8 mated, 0 autopsied 

Males mated 2 months a f te r  remove1 
from field,  Average l i t t e r  size 806 
4 remated 1 1/2 moo l a te r .  Average 
l i t t e r  size lO,'O, 4 remated again 

s later.  Average litter 
size li2 10.0 man?! Inc,) 4 remated 1 112 mo. 
l a te r .  AV. l i t t e r  size 10.0 (Inc.) 

Males mated on removal from f ie ld ,  
Average l i t t e r  s ize  7.5. 4 remated 
1 1/2 mo. l a te r ,  Averzge l i t t e r  
s ize  9.1. 4 again remated 1 1/2 
months la te r .  Average f i t t e r  s ize  
8.7, Remated f o r  the th i rd  time 
1 1/2 mo. la ter .  Average l i t t e r  
s ize  9,3. 

Males 4 r Level. 

Males mated on removal from field.  
Average l i t t e r  s ize  7.1. 
1 1/2 mo. la ter .  Av. l i t t e r  s ize  
9.6 (Inc,) 

Males mated on removal from field. 
Average l i t t e r  s ize  8.3.. 4 remated 
1 1/2 months la te r ,  Average l i t t e r  
s ize  9.4. 4 remated 1 1/2 mo. la te r .  
Av. l i t t e r  size 8.7 (Inc.) 

4 remated 

iL -- 



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  size 7.7,  4 re- 
mated 1 1/2 months la ter .  Average 
l i t t e r  s i ze  9.0. 4 remated 1 112 
mo. la ter .  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  s ize  5.8. 8 emated, 
Number of females 16  Average l i t t e r  size 5.5 (Incf. 
Mated 28 days a f te r  Controls - average l i t t e r  s i ze  8.66. 
removal 

Females 4 r Level 

Total dose 500 r 
Number of females 16 
Mated 28 days af ter  
removal 

T o t a l  dose 400 r 
- Number of females 15 

7 mated 40 days a f te r  
removal. 8 mated 34 days 

.. af te r  removal 

Total dose 300 1: 
Number of females 16 
:dated 28 days af te r  re- 
E t m a l  

Average l i t t e r  size 5.9. 8 remated. 
Average l i t t e r  s ize  5.6. 8 remattd 
again. 
Controls - average l i t t e r  s ize  8.6 

Average l i t t e r  size 5.0 (InC) 

Average l i t t e r  size 7.6. 8 remated 
Average l i t t e r  size 6.8. 8 again 
rernated. Average litter size  4.4. 
8 again remated. Av. l i t t e r  s ize  
4.6 (Inc) Controls - average litter 
size 8.60 (Control for 1st mating) 

Average l i t t e r  s ize  9.3. 2 remated 
Average l i t t e r  size 8.0, 2 again . 
remated. Average l i t t e r  s ize  10.0. 
2 again remated. Average l i t t e r  
s ize  9.0. 2 remated f o r  4th time. 
Average l i t t e r  s ize  9.0. Controls - 
Average l i t t e r  size 8.7. 

Histological FindinKs on Reproductive Organs 

Males 8 r Level 

Total dose 1600 r - 
8 males autopsied a t  time of removal from field. 

The tes tes  are great1 decreased i n  size. There i s  a de- . crease i n  tubular area an8 a re la t ive increase i n  i n t e r s t i t i a l  
tissue. 

i n  others a few spermatogonia and primary spermatocytes also 
are  found, but more mature spermatogenic c e l l s  are extremely 
rare. There are no spermatozoa i n  the epididymis, 

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

All tubules show destruction of the spermatogenic 
- -  cells. I n  some a ring of Sertoli ce l l s  is all that i s  present; 

- 
-- 
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These animals show almost corn l e t e  recovery. Normal 
spermatogenesis is found i n  most OF the tubules and the 

.sperm content of the epididymis is comparable to  that  of 
the controls, The I n t e r s t i t i a l  tiseue of the t e s t e s  ap- 
pears as t ha t  of the controls, 
opinion thrl5 the increase i n  i n t e r s t i t i a l  t i s sue  of the 
males auto,.ded a t  the time of removal is a r e l a t ive  in- 
crease only. 
t e r s  &>proximstelp 2 1/2 months a f t e r  the maes v;ere removed 
fros the f ie ld .  

3148 supports the previous 

Mom$l females mated t o  these males had lit- 

Total dose 1000 r - 
8 males autopsied one month af ter  time of removal from 

f i e l d .  

The testes were decreased In size. Some of the 
tubules show o n l y  ear ly s2ermatogenic cel ls ;  others 
show pogressively l a t e r  stages with a few showing 
spermatozoa. There are  but few spermatozoa i n  the 
epididymis, and immature forms (spermatids and sperma- 
tocytes) a re  found there, 

4 males autopsied a f t e r  1st  mating (4 months a f t e r  
removal from f i e l d )  

The t e s t e s  and s?em content of the epididymes of 
these rnzles were within the limits of the controls. 
N o r n ~ l  females mated to 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 noma1 sized 
l i t t e r s ,  

Z c j t a l  dose 800 r - 
8 males autopsied 1 1/2 months a f t e r  time of removal from 

f ie ld .  

Histology of t e s t e s .  and s2ematozoa content of epididymis 
were within the l i a i t s  of the contrals. 

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

Same as those autopsied a t  1 1/2 months. Normal fe- 
maLes mated t o  these ns les  2 months a f t e r  the males were 
remmed from the field 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 a f t e r  time o f  rernoval from f i e l d .  

Tine tes tes  were slightly decreased i n  size. While 
m o s 3  of t 8% h*#fj? show approximately normal spernatog?%ex-s 



s o m e  have only early stages and still more have but few 
spermatids and s ematozoa. 
are  $resent. The t e s t e s  of the 800 r group described 
above were i n  better condition than tine t e s t e s  of this 
600 1 ;roup. T h i s  is probably because of more recovery 
i n  the 800 r group as the time WEAL extended 15 days 
for the4300 r group, 

3 males autopsied a f t e r  1st maung (1 t o  2 mo.' a f t e r  

n e  m m b ~  of Wema- 
tozoa in the e p i  !i idymis Is reduced and immature forms 

.. 

rmoval from t i e  f i e ld ) .  

The t e s t e s  and spermatozoa content of the epididymis 
show more recovery than the above group autopsied one 
month after removal, and were within the l i m i t s  of the 
controls except f o r  aossible decrease in size. 
mated to  these mdes  imme&lately a f t e r  the males were 
removed from the field gave b i r t h  to  nornal sized lit- 
ters .  Additional groups are  being exposed on this 
l eve l  to t o t a l  doses of loo0 r, 800 r, and 600 r to  get 
the histologic picture  of  the t e s t e s  a t  the time of re- 
moval from the f ie ld .  

Females 

c 

Males 4 r Level 

Total dose 1000 r - 
8 males autopsied a t  t i m e  of removal from f2eld. 

Testes are s l i g h t l y  reduced i n  size. Tubules show 
nornal spermatogenesis w i t h  a 9ossible reduction i n  
mature sperm number. The sperm content of the  epididymis 
is s l i g h t l y  reduced. 

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

Except for a poss ib l e  s l i g h t  decrease i n  size of 
the testes,  the picture f o r  these animals i s  within 
the l imi t s  of the  controls. 

4 males autopsied a f t e r  1st mating (I 1/2 months after 
t i m e  of removal). 

Histology of t e s t e s  and sperm content of the epididy- 
m i s  of these mkles are within the l imi t s  of the  controls. 
Normal females mated to  these nales a t  t iae of removal 
from field gave b i r t h  t o  normal sized l i t t e r s .  

Total dose 600 r - 
- - - 8  m a l 3  autopsied st time of removal from f i e l d ,  - 



Although there was s l i g h t  decrease i n  size of the 
tes tes ,  spermztogenesis and sperm content of the epiciey- 
mis were w i t N n  the  l i m i t s  of  the  controls except for 
on6 male. This male had a r i g h t  inguinal h e r d &  zc- 
companied by extreme ztrophy of the r i g h t  test is  v d i t h  
absence of tubules, 

4 males auto sied after 1st mating { 1 1/2 months aft= 
removal from- the P i e ld )  , 

His to lo  y of the t e s t e s  and s erm content of the 

the controls. Females mated t o  these males a t  the 
time the males v;ere removed-from the f i e l d  gzve b i r t h  
t o  normal sized litters. 

epididymis of: these males were w i t  %i n the limits of 

Females 8 r Level 

Total dose 500 r - 
. -  5 females autopsied a f t e r  weaning 1st l i t t e r  (3 t o  4 

months after removal from f i e l d )  a 

Ovaries a re  s l i gh t ly  decreased i n  s ize .  There 
apgear:: to be 8 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,  Zhis increase may be only re lat ive.  In- 
vaginations of  the germinal epithelium appear to  be 
more extensive than i n  the control ovaries. 

The vagina l  epithelium indicates  normal estrous 
cycles. 

rhese females showed reduced l i t t e r  s ize  when 
mated 28 days after removal from field,  

Females 4 r Level 

Total dose 500 I: - 
8 females autopsied a f t e r  weaning 1st l i t t e r ,  

Two of these females showed an endometritis w i t h  
an sttempt t o  resorb a re tained foetus. O f  the other 
s i x  the ovaries were sl ight l :y  decreased i n  s ize  but 
otherwise they were within tne  l i m i t s  of the controls. 

Vaginal epithelium indicated normal estrous cycles. 

These s i x  females gave b i r t h  to  normal sized 
l i t t e r s  



Total dose 400 r - 
7 feniales autopsied aftar weaning 1st l i t t e r .  

Ovaries were within the limits of the'controls 
except f o r  one Temrle whose ovaries were sl ightly 
decreaseti i n  size. This female had had a l i t ter  of 
six stillborn. 

normal estrous cycles. 

- 

... 
Vaginal epithelium of a l l  these females indicated 

With the one exception these feaales gave birth 
t o  normal l i t t e r s .  

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

Appeaance of ovaries w i t h i n  limits of controls. 

These fenaes gave birth to normal litters. 
*. ' -. Vaginal epithelium indicates  normal estrus  cycles. 

11. Continuous Exposure for  24-HoUrs D a u  

Resul t s  of Breeding Experiments 

Females 8 r Level 

Total dose 800 r verage l i t t e r  s ize  2.6 
Total number f e m 5 k 1 5  
13 mated 28 days a f t e r  remov- 
a1 . 
l eve l  and v i r 1 1  receive a total dose of 700 r. 

t~nc.) Eight animals have had 

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

16 LAF7 female mice' have been exposed on the 8 r lsday 

4 I: Level 

16 LAF female mice have been exposed on the 4 r 1 
day level; B w i l l  receive a total dose of 800 r and 8 
will receive a total dose of 100 r. 

-- 
Females 2 r Level 

Total  dose 500 r 
Total number females 16 (Inc) Ten animals have had 
Mated 4 days after removal litters t o  date 
from f ie ld .  

Averzge l i t t e r  size 3.7 - 

- -  0 0 $0 8 0 5 



Females 0.5 r Level 

Total dose 100 r Average l i t t e r  s i z e  4.2 
Total number females 15 Average l i t t e r  size - 
A l l  mbted 28 days a f t e r  Control 6.0 
r emovzll 

The t e s t  f o r  the influence of  age gave the  following 
results: 

16 femzles 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  s i ze  7.4. Eight were mated 28 
days a f t e r  removal. 

age and received a t o t a l  dose of 400 r. 
a t  removal. Average l i t t e r  s i z e  6.1. 8 were mated 28 
days a f t e r  removal, Average l i t t e r  size 4.1 (Inc). 

16 femzles entered 4 r/day f i e l d  a t  5 months of age 
and received a to t s1  dose of 400 r. 8 were mated a t  re- 

days after removal. 

Average l i t t e r  size 6.4 (Inc.) 

16 females entered 4 r/day f i e l d  a t  4 months of 
8 viere mated 

* 

i moval. Averzge l i t t e r  s i ze  7.2 (Inc). 8 were mated 28 
Average l i t t e r  s i z e  6.0 (Inc.). 

Histological Findings on Reproductive Organs 

Males 4 r Level 

Tota l  dose 1000 r - 
7 males autopsied a t  time.of 1-emovz1 

Except for a possible reduction 
t e s t e s  of these males are within the 

Prom f ie ld .  

i n  size the 
limits of the 

controls, and the s2ernl content of the  epididymis 
is comparable to  tha t  o f  the controls. 

3 male autopsied a f t e r  1st mating (I mo. post 
i r r a d i a t i o n ?  

. 
--I 

Histology of t e s t e s  and sperm content of epiciidy- 
m i s  within limits of controls. Normal females mated 
t o  these males gave b i r t h  t o  normal l i t t e r s .  

. 4 mles autopsied a f t e r  2nd mating (3 mo. post ir- 
rad ia t ion )  

Histology of t e s t e s  q,nd sperm content of epididy- 
m i s  wi th in  l i m i t s  of controls. Normal females mated 
t o  these males gave birth t o  normal l i t t e r s .  

0 0 0 0 8 0 b  e- 



Total  dose 800 r - 
8 males autopsied a t  tilne of rcmoval from f i e ld .  

HisLology of testes and sperm content  of epididy- 
m i s  wi+-.i.n l i m i t s  of cont ro ls .  

7 males autopsied a f t e r  1st mating !.23 days p o s t  ir- 
r a a i a t i o n )  .) 

Histology of t e s t e s  and sperm content  of epididy- 
m i s  wi thin l i m i t s  of con t ro l s ,  Normal females mated 
to  these  males had normal l i t ters .  

Total  dose 600 r- 

8 males autopsied a t  time o f  removsl from f i e ld .  

Histology of testes ana sperm content  of  epiaidy- 
m i s  v i t h i n  l i m i t s  of con t ro l s ,  

7 males autopsied af ter  1st mating ( 2 8  days p o s t  ir- *.. 
r'adi a ti o n) 

Histology of testes and sperm content  of epididy- 
mis with in  l i m i t s  of cont ro ls .  Normal females mated 
t o  tnece males h a t  normal l i t t e r s ,  

Females 8 r Level 

To ta l  dose 800 r - 
2 fenalcs autopsied af ter  Keaning 1st l i t t e r  (2 t o  2 1/2 

months post irradiation). 

T3e ovsr ies  of these f a d e s  are reduced i n  size. 
The organ is primarily com?osed of l u t e a l  and luteal-  
l i k e  tiszae. Developing f o l l i c l e s  are few i n  number 
the morel miture  ones being extremely rare. There are 
nuxeraus anovulzr r i n g s  some o f  vbhich have hya l ine  
cen te r s  - the rczlnantc of t h e  zona peluclda,  The 
germinal epithelium shows extens ive  invaginat ions.  

The v z g i m l  es i tne l ium of one female was c o r d -  ' 0  
3 0 
0 fied, the  o t h e r  was c k s s i f i e d  as metestrus  - 2.) 
- 0  

00 These fena les  had had l i t t e r s  reduced i n  size. 
0 

fl 

. J Total  Case 600 r - 
14 fez5ies  LutoiJsieci a f t e r  n e a n i n g  1s t  l i t t e r .  

the l i n i t s  o f  t he  c o n t r o l s ,  O f  2 femdes the 
- -_ - 

ovarie:, of 12  of t h e s e  females were within- __ 



Gvzries were i n ~ : . ~  like thQse of the 803 r grot;p de- 
scribed above. I'iiese two S'en&et!s had l i t t e r s  of 3 
each \ihlle t h e  others hac! ?-;t?,ers of n a m t l  size. 

To ta l  dose t.Od r - 
15 females a-ato;>si& after weaning 1st l i t t e r .  

Tot21 dose 400 r - 

Total dose 300 r - 

Females 4 r L e v e l  

-- 0 0 0 6-3 0 8 
t -- 



i nd ica t ed  normal estrozls cycles.  All groups had 
normal litters, 

Femzles 1 r Level 
1 

Tota l  dose . ' ;Kl r - 11 fc:milles. 

10 Lemlcs m t o y s i e d  after 1st litt.;trs, 

The histologic 9 i c t u r e s  of the ovaries of these 
females viere within the l i m i t s  of the controls .  I n  
three females the  vzgina l  epithelium was not t y p i c a l  
of a r,orn~:l estrous cycle  but t h i s  was t h e  follow- 
ing a'rjno-r-mil p z r t u r i t i o n .  These 10 females had lit- 
ters  of reduced s i z e  a s  did t h e  cont ro l  females o f  
comparible age, 

One i'enale of this group which d i d  not have a 
l i t t e r  2nd wks autopsied 6 months pos t  i r r a d i a t i o n  
had ovzries which viere reduced i n  size. There were 
no f o l l i c l e s ,  the organ being composed ch ief ly  of 
l u t e a l - l i k e  t i s s u e .  The vaginal epithelium showed 
deep c l e f t - l i k e  invzginat ions.  These changes, how- 
ever, may be o l d  age e f f e c t s  only, a poin t  which w i l l  
be checked further, 

Totel  doses 100 r and 2oi) r. 

15 fena le s  each, autopsied a f t e r  1st l i t t e rs .  

The h i s t o l o g i c  p i c t u r e s  of the o v a r i e s  of these 
females were n i t h i n  the l i m i t s  of the controls ,  and 
the vaginal epi thel ium i n  each case i nd ica t ed  a 
normal e s t r o u s  cycle, except for one animal w i t h  
endometrit is  r e s u l t i n g  f ron  an attempt to  resorb  a 
foetu5- 
t o  t h a t  of the cont ro ls .  

The l i t t e r  s i z e  f o r  these groups was comparable 

Females 0.5 r Level 

: Total  dose 100 r - 
11 f e m l e s  autopsied af ter  1st l i t t e r ,  

The h i s t o l o g i c  pictures of the ovsries of  these  
females vierc w;.5.thin t h e  l i m i t s  of t h e  coiitrols. I n  
thi-ee f ' m ~ l e s  the v z g i n a l  epithelium was not t y p i c a l  
of  any ,ihase o f  ;i mrrmal estrous cycle ,  but t h i s  was 
pmb::t.ly an 02.c age ef fec t .  

0080804 1 -- 



111, Continuous Exposure f o r  
Daily Acute Exposure of 

B,.Hours Daily P l u s  
5-r Given i n  One Hour 
. .+ 

Approximate dose up t o  date: 1350 r. A l l  animals of 
t h e  cont ro l  group, rece iv ing  the 5 r d a i l y  exposure o n l y  
died of pneurrtonia. Only 3 animals of the experimental group 
receiving bes5.Js t h e  d a i l y  exposure the  chronic exposure 
o f .  0.1 r i n  8 hours da i ly  are alive,  The remainder died of 
p&umonia, A s  these 3 anlrnaa a l s o  have pneumonia, it is 
pl$nned t o  kill them with in  "the' next  few days. All animals 
that  came to..autopsy showed - qs for the more o r  less severe 
autolysis made poss ib le  t o  a s c e r t a i n  - grossly normal 
organs and sraall ovaries. A c-omplete r e p o r t  of t h i s  
eXper,iment w i l l  be mace af ter',,all h i s t o l o g i c a l  s ec t ions  
are avz i l ab le  f o r  examination. 

R6sul-ts of breeding experime.nts (acute  drjily exposure only): 

Total dose 300 r Average l i t t e r  s ize  7.6. Re- 
N-er of fernales 3 mated average l i t t e r  s i z e  9.3. 
Al l  mated immediately Raatred again - average l i t t e r  
after receiving t o t z l  dose si%@? 11.3. 

Ave$!age l i t t e r  s i z e  8.0 (Inc) of 200 r . 

Total  dose 400 r Aversge l i t t e r  s ize  8,.0. Re- 
Number of females 3 mated - average l i t t e r  s i z e  7.6. 
811 mated inmediately Remated a ain.  Average l i t t e r  . 
a f t e r  receiving t o t z l  dose size 7.0 [Inc) 
of 400 r. 

Total  dose 700 r 
!dulber of  females 3 S t k l i b i r t h .  2nd female had a 
A l l  mated immediately litter of 2 - both Sti l lborn.  
after receiving t o t a l  dose 
of 700 r. 

. .'..: .. .- - 

Remated again. 
- .  .. . *. . 

r. . 
1 female had a l i t t e r  of 1 - a 

IV. Single  Acute Whole Body fhmosure - Total Dose 300 r - 
Number of females - 7 Aversge l i t t e r  size 6.3. 
A l l  mated immediately Bll',animals remated. After having 
a f t e r  irrec2iation been remat2.d from one t o  two 

months, none of these females has 
0 become pregnant, 
0 '  - 
O v. 0 Pa tho low 

Mice 
* : * o  One male mouse thet  was k i l l e d  due t o  poor general  

condi t ion a f t e r  receiviiig a t o t a l  of qp rox ima te ly  700 r 
on the 2 r per  8 hour l e v e l  showed no changes a t t r i b u t a b l e  
t o  rza ia t ion .  Its goor conciit$on was due t o  chronic 
urinary oiistr_uction oi' :ion-infectious orig in .  

t -- 
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O f  four female mice rece iv ing  approximately 1300 r an t h e  5 r per 1 hour l e v e l  tbe gross f ind ings  i n  th ree  
a r e  given elsevlhere i n  this =port,  t i s s u e s  being too 
autolyzed f o r  h i s t o l o g i c  examination. One mouse exposed 
on this l e v e l  f o r  a t o t a l  of"approximste1y 1200 r was 
exanined h i s t o l o g i c a l l y  and t h e  findings were similar to  
those  observed i n  the mice on the 8 r pe r  8 hour or the  4 r 
p e r  8 hour l e v e l  t h a t  had received a t o % a l  of approximately 
$000 r. The o v a r i e s  were s m a l l ,  devoid of  f o l l i c l e s  and 
.there sere invagina t ions  of' the germirial epithelium. 
&Lymph nodes contained g i a n t  f o l l i c l e s  and there was no 
bone marrow atrophy, 

Two male mice on the 8 r . p e r  8 hour l e v e l  tha t  had 
-received a total of approximately 2600 r showed extreme 
atrophy of t h e  tubules  of the testes y e t  with a small 
haunt of spermatogenic elements remaixinp; i n  places.  
'bo mature spermatozoa were p.wsent.  One of  these mice 
had lymphatic leukemia with extens ive  i n f i l t r a t i o n s  of 
p lmost  all organs. 4, : 

d'"? 
2 4  Two male guinea p i g s  (series 2) that were k i l l e d  a f t e r  
exposure f o r  two months fo r  a t o t a l  of approximately 
500 r on the 8 r per  8 hour %eve1 showed marked tubular  
atrophy in the t e s t e s  although some mature spermatozoa 
were present  i n  the epididymis. The atrophy of spemato- 
genic cells was of  sbout the  Jane order  as  was noted i n  

the same l e v e l  
'iubules had not  shrunken i n  diameter t o  as g r e a t  a degree. 
Zr, the  two guinea p i g s  receivkng a t o t a l  of 500 r there 
was no apparent atrophy of t ~ e  bone marrow i n  con t r a s t  
w i t h  the impression of s l i g h t  ,atrophy e x i s t i n g  i n  the 
guinea p ig  tha t  received a t o t r l  of 750 r. 

t o t a l  of approximately 32 r (20 r chronic and 12.5 r acu te  
exposure)  on the 0.1 r p e r  8 hour l eve l .  
appeared normal, . .  

VI. Henatolom 

;- . 

/i 
', *' 
/ 

i. Guine& P i g s  
I .  .' < I .  

another animal s e r i e s  1) observed after three months on 
t o t a l  of approxirnztely '750 r), but t he  

One male guinea p ig  was ,examined after rece iv ing  a 

A l l  tissues 

There i s  l i t t l e  change i n  the blood p i c t u r e  s ince  
t h e  l a s t  repor t .  A l l  n i c e  exposed on tbe 4 r, 2 r, 1 r 
slid 0.1 r p e r  8 hour l c v e l  s t i l l  show an  e s s e n t i a l l y  
normal blood p i c t u r e  as cornpired t o  that of  the controls .  
The t o t a l  w h i t e  count o f  t h e  animals on the 8 r p e r  8 
hour l eve l  i s  pe r s i s t en t ly  considerably l o w e r  than that  
c\f ;:-- ._ - .- -*.- S ~ ~ T . - J ? .  , C.--rb ->!.' t h e  anirnzls (feazles) si?ow 

, 4 :  'ye. FA'-* ;-,-<'-,:.?:-< -,,-.te! whj-te 
; t -C 

.. . -  * .  _ .  
, I .  . . . .  - _ _ .  8 
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few animals show a l s o  a sli fit decrease I n  Red count, 

apimals showing t hese  counts normal. One male mouse of 
W s  l e v e l  deviAoped leukemia a f t e r  an exposure of ap- 
proximztely 2500 r. I t s  total  white count rose from 
3000 t o  X O O C  i n  4 weeks with 5% polys and 94% lymphs. 
It a l s o  S ~ O L .  anemia. This i s  the fourth an inz l  o f  
t h i s  group Gkveloping leukemia. 

hemoglobin and p l a t e l e t s  w i  f h the majori ty  of these 

. The blood p i c u t r e  of  the guines  pigs on the 2 r, 1 r 
and 0.1 r l e v e l  i s  normal i n  comparison t o  thiit of the 
controls. Reticulocyte  counts on t h e  normal guinea pies 
gave values between 0.3 $ and 1 $, the major i ty  having ~ 

0.6 $ t o  0.7 $. The t o t a l  white count of the  guinea aigs 
on, the*per  8 hour level is lower than  normal, the p l a t e -  
l e t s  count is a lso  lower while on ly  a few animals show a 
decrease i n  red count and hemoglobin. One anlnzl of this 
group (female) was k i l l e d  and autopsied during the month 
after having received a dose of approximately 1200 r. 
Lts red count wzis 1.6 and p l a t e l e t  count 100,000. 
2 (out of 18) animals survlving on the 8 r per 8 hour l e v e l  
have received so far approximately 2800 r; this i s  on an 
average approximztely twice the dose a t  which the o the r  1 6  
animals had t o  be&l l l ed;*  The t o t a l  w h i t e  count is o n l y  
sll 'ghtly lowered, with a somewhat more pronounced lowering 
of r e d  count and p la te le t s .  There has been no chanze in 
the counts of t hese  animals f o r  the pas t  th ree  months, 
they behave i n  every wzy l i k e  normal animals. 

The 

The blood g i c u t r e  of the male inbred uinea 
the 8 r ?er  €3 hour l e v e l  (dose approximate f y 900 

lowered t o t a l  white count (between 2500 and 
lowered p l a t e l e t  count (200,000). 
th9 femrle inbred guinea pigs is noraz l  (approximate dose 
230 r). The blood p i c u t r e  of the 2nd series of hybrid 
guinea pigs on t h e  8 r p e r  8 hour l e v e l  (approximate dose 
650 r) shows 2 lowered total w h i t e  count (2000-5000) the 
red coufit is mrmtl, l ikewise r e t i c u l o c y t e  count is normal. 
The red count of the guinea 2 i g  which d ied  of i n t e r n a l  
hemorrhxge was normal. P l a t e l e t  count was not taken; i t  
I s  assmeci that  t h e  hemorrhage was due t o  a low p l a t e l e t  
content  

The blood p i c t u r e  of 

The blood 9 i c t u r e  of the r a b b i t s  i s  normiil. Those 
on  the  8 r per 8 hour l e v e l  which showed a lowered t o t a l  
*::bite count i n  previous months, show now a f l u c t u a t i n g  
c s r c n t i o l l y  n o r m 1  whi te  count, 

- - - O O O O - B  1 2  t -- 
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Abstray? 

Tracer studies wi*h Cofun'sium [with the exception of the 64 dey 
lung experiments whle!! must he repeat&) hgve beon completed, and a r e  
presented in e f i n d  report, Traaer studies H i t 5  Zirconium have been 
completed on : 
pulmonary adail fs t ra t ion,  and tke  compiete repox 
t he  emanation studies,  
Columbiuq and Cerium are being continued, and decontenination s tud ie s  w i t h  
Cerium and Y t t r i u m  are also being continued, 
expsriments using pondered Uran ium netal containing the long-lived fission 
prociucts together with agpropriate mounts of ammonium perchlorate, 
amonftnn chloride, and hexac5lqrethane have been ini+,iated, It w a s  
established tha t  almost lO@$ of the t o t a l  ac t iv i ty  present i n  the  m e t a l  
wa8 dist r ibuted In tho smoke, 
i n i t i a t e d  and Kill be continued, 

s resei-ring this element by in+,rarous,mlar and iatra- 
has been prepared for 

Radio-autographic studies r i t h  Y t t r i u m ,  Zirconium, 

A s m a l l  series of smoke 

Tracer s t u d i e s  with product have now been 

* * *  

A, Technical DFOPX(~SS zeY)crt on the metabolic studies of fission products 

1, Radio-autopaphic studios 
U O  Lung radio-autograp5s with la, Zr93, Cb93, and Ce are being 

continued, Bone radio-autographs for the long l ived  fission products 
which ahow selective dewsi t ion  i n  tho skeleton are now being made, 

The t racer  studies, w i t h  the exception 
which must be repeated, have been completed 
report, 

3= Zirconium ( ~ 9 3 )  

Tim a s s w - ~  of the d is t r ibu t ion  of this 
and intrapulmonary adninistration have been 
will be nacsesary to repoat the 61, dey I,M, 

of the 64 dey lung experiments 
and e re  presented in the final 

elanent following intramuscular 
com?leted, Unfortunately, it 
studies due t o  the  accidental 

l o s s  of two of the animals. 
following Y,!& ;bin:stratioc is that the unabsorbed portion r en in ing  at t he  
site of iujection ranges from 9 6  a t  one day,  t o  70'$ at 64 days, 
IS the chief depot of retection for the abeorbed Wrtion and a lso  has the 
bighest ac t iv i ty  per gram of w e t  weighto 
kidney, whioh averages approximately one-third the ac t iv i ty  per gram of bone, 
l?ds ratio apparently persists thmughout the  entire 64 days. 
z ~ t e n t i o n  of radio-* is extremeu hiah, 
first f o u r  days t o  706 at 64 days, of t h e  retained ac t iv i ty ,  
per man values a re  6& aurin& the first four  days and 45% a t  the 64 day 
interval., 

The outstanding character of carrier-free Z r  

The skeleton 

The next most ac t ive  t i s sue  18 

The p-onary 
It ranges from 75s t o  90% durtng the  

The cofiesponding 

s- 
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A0 Decantaminetion StuCiea (Dr, Greenberg and Dr. Copp) 

Decontamination studies with C e  and Y follo\rfag intrcrmuscular adnrinistra- 
tion revealed t h a t  the addition of inert carrier, and the  us8 of various 
agents enployed in the Sr experiments produced no signif icant  evaluation 
i n  the rates of elimination, 

58 m a t i o n  Studies 

The complete reprt has been prepared for tie animal studies. Llkmfse, 
the  deterulnation of the half-l ives of t h s  noble gaseous ancestors of the long 
life f i ss ion  products has been re * approximately 33 seconds; Yg:$ seconds- Zr, fraction, 301 seconds; Baud, 9,8 seconds; &a, 107 seconds; and Pd43, less than 0,2 second, 
values a re  subject t o  some e r ro r  due t o  weak a c t i v i t i e s  available,  
fraction apparantly d i d  not contain Zr93 and possibly the  ac t iv i ty  w have 
bean due t o  the 20 day Zr, 

The apparent half-lives are 88 follows: 

These 
me Zr 

6, Radio-active h o k e s  ead dusts 

.. 

- -  . 
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A small series of smoke experiments using powdered U m e t a l  Containing 
the  long lived f iss ion products together w i t h  appropriate anouts of MlntOniUm 
perchlorate, 8.nmonium chloride, and hexachlorethane have been in i t i a t ed ,  It 
wa8 established tha t  almost 10046 of t h e  t o t a l  ac t iv i ty  present in the  metal 9186 
distributed i n  the  smoke, The 
animals were sacr i f iced i n  three,groups, one group immediately after exposure, 
the  second group at four days and the  t h i r d  group at 16 days, The animals sac- 
r i f i c e d  imnediateu after were found t o  have 86% of the  t o t a l  ac t iv i ty  retained 
and deposited i n  the lungs. 
sixteen days was found to  be 36% ana 45% respectively. With both these groups, 
mos t  of the absorbed ac t iv i ty  w a s  deposited in the  skeleton, Recently, a 
new and more representative method f o r  the production of radio-active 'smokes 
f rom U ha8 been developed. 
products l e  packed w i t h i n  a core of a carbop rod. 
with a second rod to  produce an e l e c t r i c  arc ,  
not only t o  produce a very finely divided U smoke but also approximately 35% 
of the f i ss ion  ac t iv i ty  i n  the D can be volati l ized. 
t o  this snoke and the assays of t h e  dis t r ibut ion of the inhaled ac t iv i ty  are nom 
Seine made. 

A groUp of rats were exposed t o  t h i s  material, 

The corresponding lung deposition at four and 

Powdered U metal containing the  long l ived f i ss ion  
The carbon rod is then used 

The procedure has been found 

Animals have been exposed 

7 0  -duct . i  - 
.I. 

Eleven milligrans of product as the te t rachlor ide w a s  received February 8, 
19u0 
with the  a i d  of members of Profeseor Latimar's group and prelimirary ezperiments 
in i t ia ted  t o  determine t h e  metabolic behavious of t h e  3 valence states following 
foMo and o r a l  administration. Each animal received approximately 15 micrograms. 
The animals are t o  be sacr i f iced at four and sixteen day intervalse Preliminary 
results reveal the  following points: 
absorbed from t h e  digestive t r a c t  i n  rats t o  any signif icant  degree, 
i n i t i a l  experiment sets aa upper l eve l  of 0-s for oral absorption for plus bo 

A portion of the sample w a s  converted t o  the  plus 3 and plus 6 fonns 

(1) In  the plus four s t a t e  i t  is not 
(2) The 

(3)  The i n i t i a l  IOU, studies with plus 4 indicate tha t  at four 
of the  injected dose is absorbed from the  si te of injection. 
the skeleton is the chief organ of deposition, (5 )  These very 
r e su l t s  sugcest a considerable metabolic resemblance of plus 4 
Zirconium, 

3 '0008T5 

d a y s ,  less than 3% 

preliminary 
product to 

Appareatly 

t -  
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8, Projected Studies -for the N e x t  Two Months 

Tracer studies are  to be continued with product and Cesi-m, Tellurlun 
studies w i l l  be initiated shortly &ice we now have available a considerable 
quantity of radio-tellurium. 
program are to be coctinued. 

Ebdioautographic studies end the decmtanhatioa ' C  

_. 
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Z*  0. Woilzn, Corxul t tng Section Chief 

M y o  6, L.- Wesenberg jo ined  the group on February 4, 1944 
as a resear‘-,” s s s i s t a n t .  fie will help vdth instrument  main- 
tenance a x  -1i ibrat ion and r a d i a t i o n  SI’II”;BYS. Mr. J. s. 
Blair e r n e  i n t o  the group o n  February El, 1944 as  a research 
assistarif,, )ie will be half-time i n  t h e  Radia t ion  Mdeasurenent 
Grouij and has been assigned t o  wark irrith Landsverk on a co- 
opera t ive  grng-arn on radiation measuring instruments  of  the 
tY0 gr3’cij)s . 

m rhe  p d c k e t  chaznbcr s e rv i ce  contiI;-:Jf:- t o  expand. fil ai’ 
31.~1- C h i l t n - t j z r S  ZTC in use, are  read dai ly  &ne a l l  readings 
a30-2e 90 my t>er day a re  repor ted  t o  the Clinical Section 
each day .  Thzi; 2.59 ciimuers on order should give an adequhte 
sup:~iy x ~ i w  +!:cy a r e  o b h i n e d .  Unfortanately, the acqui- 
sit,iic;n i ; i m  3 s very i n d e f i r i t e  because of the sloviness of 
de2-ivei.y  AI,^ u:c:zi*tsir:t> af t h e  percentage (approxinately 
6Q $ ) J  of shi>mr?nt t ha t  probably will be acceptable, 
O b 7 i t 1 u s L y  i t  ?: . i l :L  b e  a great while before all of these cham- 
btsrq W i i  he at)nilai.;le for use if 40 $ of each l o t  received 
must be ri:turned,. 

Cowlderactle progress  vias made cur ing  the month i n  the 
: ~ Z Z C L ~ ( ~ Y L  of t h e  nevi fi l lc neter. h e  400 badges were 
- ~ : x l I . y  dclivcTed.  By expending seve ra l  man hours they 
k ~ v e  Leer! -issmbl.ed and a r e  ready for use as saon as the 
f i l m  c m  be .:Lt,3ined, Du Pont r ep resen ta t ives ,  r ecen t ly  
contacted, ssy o u  order should be filled very soon now. 
i? ~ p e c i a l  rc-rort on film metering i s  i n  the final stages 
nf ;Ir.ep;ira?-,~:on, 

X tA.i!i g lass  m l l - e d  Geiger counter and r a t e  meter is 
being fr:st tLl& a t  the Armory for monitoring all outgoing 
Is’cLnd.r:r s:lSi>eCtcil of  c o n t a i n a t i o n .  S e t t i n g  a good to le rance  
c o ~ n t ;  v i i l l  be d i f f i c l i l t  b u t  i t  seems not too d i f f i c u l t  t o  
set .2 sa fe  v:dlif-, 1, count of  lOOO/min .  has been chosen 
,; ? nt i; t f \r el j -  3 

- S O O O 8 - #  4 = = -  



* T  * v I n ~ ?  rl c I . .” ’ -_ -.---. 
-. - - 

‘ rests  have been made on decontaminating sa2les of Vinyon 

process could be found which would adequately remove activfty. 
The sainples were contaninated by di2ping i n  an acid solution 
o f  fissior. products, then blotted and allowed to dry partial- 
ly. C m n t s  were made. They were then scrubbed under warm 

’ - water for one minute, then counted again, Finally they 
were washed i n  aqua regia for f ive  minutes and scrubbed 
under warn r ?;ling water. 

‘c loth  ivhich are acid resistant,  It was hoped 8 laundering 

- 
. a  

- 

C o n t m i n s t i o n  Count 6000 I3000 10600 10200 13400 6600 
97 1891 885 365 556 

75 750 254 156 211 
(The samples seemed unaffected by the acids.) 

.- L e Li!&;e:..t..h, fs-$&o.ce? 

An experiment was made u) tess U A ~ :  wutective .alue of some lead- 
l a t h e r  3lovt.s  In t h e  handllng of x-metal. Out of 48 pairs, 
12  p a i r s  were taken a t  random, The fractional transmission 
o f  oetiss f ~ - o n  x-netal was measured a t  three different  places 
on each glove. The following results were obtained: 

. 

Glove Fractional Transmission Max, 
r7iTHr , fi,2 R3 L1 - L2 L3 - - -  Pr, NO‘ 21 - - -- 

070 
081 

082 
093 

. ‘133 
086 

0 055 
081 

e 166 . la0 ., 396 
0 9% 
.I34 

i i a  
, 087 
.089 . 089 
.129 . 067 . 131 . 065 
.168 . 090 
081 
143 . 083 

090 
133 . 085 
.092 
131 
061 . 096 . 066 . 062 
.07? 
073 . loo 

132 
126 
085 
116 
140 
065 
082 
,082 . 074 . 089 
101 . 131 

,118 
115 
, 059 
06a 
,112 
090 
-058 
,083 
,042 
.089 
,040 
, 067 

, 275 
.276 . 245 . 276 
0 292 
.272 
200 
350 
208 
, 200 
210 
, 273 

T-GQ i;t?i-s,”ler;: eiectrometers have been equipped for ioniza- 
. f.sn ne:is!:r-c.?r.cnts by the Clinical section. A c r i t i c a l  
e;-:.xiii;~t~.c):- u f  the lowest alpha emission rate t h a t  can 

- 3 c  ::ic,?surec! is being made and a comparison I s  being made 

0 0 0 G 8 2 0  
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5 6 2 m  32 
54 1.5 m 30 
53 l m  2.9 
!a 045 m 23 
49 ,250 m 18.5 
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As IF cmS.ng to 'uc rather generally recognized? oile 
c ; f  the m s ; ~  hazards i:; from i n g e s t i o n  and i rha l a t io r ,  of 
:ill ' ' ~ > y . i ~ i . :  body. Sii-icc tberc IS no tsay ts x i sn i to r  the 
~rnst_rlt, of in t ake ,  t r ic  2roblem seems t o  be one of p e v e n t -  
i n g  sach intake. This mans  good housekee2in.g t o  prevent 
inges<icri 2nd inh21aticc. tiowever, it is n o t  unreason- 
a b l e  to s e t  a t o l c r a x e  concentrzt ion in the z i r  which 
could be monitored. I?, ',he absence of knowledge of the 
nhysiolagg involved, ird-ormation c m  Se drawn I'~o;E e q e r i -  
;.rice writ:? Radim and R ~ r l o n  i n  s e t t i n g  the SiLL'e concentration. 

- - 0 0 0 0 8 2 2  



R 8 d i a t i O q  survevs: 

As usual considerable time was spent on rad ia t ion  
surveys, 
missed, r o o m  by room surveys were made at Nev;Cbmistry 
and at S i t e  B. Also counting of contamination on 
hands uas continued at New Chemistry. 
extend t h i s  service to other areas, 

While no part of the laboratDsy area was 

It is hoped to 

Work for coming month: 

Routine measurements. 
Surveys , 
Extension of hand counting service. 
Establishment of full-time surveying service a t  

New Chemistry. 
Instrument Development. 
Instrument calibration, 
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K, S. Cole, Section Chief 
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U l 3 3  production 

A crack was founa in tbe quartz tube leading from the p i l o t  U3O8 
xmon generator in the  Clinton pile, 
pields obta in t '  in the  t e s t  rutis even at 10500 C, 
rugged apparntca of t h i s  type is 5eing conslderc-2, 

This Frobably eq la ins  the  low 
The design 02 o .pore 

It has not been possible t o  maintain mre tnan a Z!j per cent riel< 
of xenon from U(OH)4 at graphite temperature because of i n s t a b i l i t y  of t k c  
pure material under operating condition3, 
placed i n  the Clinton p i l e  for t ea t ,  

A p i lo t  unit  of j00 gn0 is b e i t 5  

L u n ~  absorption of vapors 

A sat isfactory process for the pmduction c,: I1x vapor has go t  beec fount? 
aa get. 
tested. 

Aerosol production and- exposure 

Methods for analysis of the iod ine  cortent of t i s sues  arc 'cane 
No Azrthor work has been done on R U O ~ ~  

The reciprocating bellows dust injector  used fo r  U 08 has been tes ted 
w i t h  SrcO3 dust of l 0 9 P  average pa r t i c l e  sized I n  3 a ours, 2,5 gm. of a 
10 gm. charge was Injected at Q uniform rate, 

Preliminary tests have bean made on an injector  In vrhich air is  blown 
through a porous p la t e  below the  dust chargo. 
3 gm, CaC03 charge w a s  Injected at a uniform rate ,  

with water o r  g l jcero l ,  but propylene and t r ie thylene glycols were very 
satisfactory. 
is i n  progress. 

I n  3 minutes On5 grn, of a 

A r igh t  angle je t  atomizer d i d  not produce sat isfactory l i c p i d  aerosols 

A sr89 t r ace r  exposure of nice t o  S r a 2  i n  triet1iyler:e e l p c c l  

Toxicity of mixed fissior: products i n  rats. 

Mixed r iss ion products were g i  en t o  r a t a  by stomach tube, By the  21th 
day, allpinals receiving 25 x l d  C/gn o r  higher had d i e d .  None receivice 
6.4 x 10 
the carcase of a r a t  which diod i n  four d a y s  contained only 2$ of t h o  
aibulnistered act ivi ty .  
a major contributor t o  desth, 

C / g m  or l e s ~  had died,  Absorption through the gut is very low; 

Dmnge t o  the  C.I. t r a c t  was severe a32 was probabl-j 

Bal@ - La'" in mice 

(1) Toxicity, 

Barium140 - Lanthanum1" i n  equilibrium w a s  injected intraperi toneal ly  
into mice at six different  concentrations. Over wb of t h e  injected dose 
w a s  excreted within the first U, hours; t h e  t o t a l  excretion i n  25 d6ys is 

0 8 0 0 8 2 5  . - .... , - . . _... , .... ._ . -.. 
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X-ray survival 

Preliminary mouse survival curves r o r  s1-e doeee indicate a signifi- 
cant d i f f e r a c e  between t h e  sens i t iv i t ies  of male and f d e  Carworth mice. 
The median lc t ' . ' . I  dose f o r  females i s  aear 500 r, u U e  the same point for  
males is 300 zU 
a median l e t h d  c l ~ e  a t  500 ro 

Black 3ar Harbor females resable Carworth females, with 

Results of paired doses on rabbits  indicate a residual effect after a 
mean Fnterva l  of 130 days equal t o  10 - 30$ of the Initial effect. 

Preliminary resv.lts of paired dose8 athlnietered to rats indicate 
fairly rapid rsccvexy during the first two weeks. 

Rats receiving daily doses of 25 r and 12.5 r have a c d a t e d  

Groupc of fruit flies which receive in dai ly  doses 8 t o t a l  of 4 t o  14 

2050 r m-d 1025 r respectirely without mortality. 

times the n i d l e t h f L  nassive dose over a period e- to the averwe life 
duration of the controi p,roups kre shoroing ,a marked prolongation of l i fe .  
Higher daily doses cusc a 3harp reduction of average life duration. A l l  
nassive doses r.0 P a r  ailministered have shortened aver6ge duration. 

Fast n sruowivl 

P r e 1 l n : i n q  results of  rabbit  exposures to fast neutrons indicate 
a suniual  cume which lies between 125 n and 180 n, with a midpoint near 
l 5 C  n., 

Ex+, ern& b e t  a r acii a t  ion --- 
External- beta  radiations to  q e s  at about 200 r/hr have caused slight 

clouding of th6 cornea of dark-eyed rabbits after 600 r; tu WlPrmiPation 
of the l i d s ,  n ic t i t a t ing  nembrane, and cornea of an albino rabbit  mer 
800 r; -3 inh; a t i o n  of hair d e v e l o p a t  in a young rat after 400 t o  
6 0 ~  to kse3  are approximate. 

' :- 

. .  

Stable isctope t+icity _-- 
Cerium i s  toxic to goldfish in concentration8 o r  loo5 p8Ss by weight 

and highor, Concmtrations of 
cP91utions wore ia synthetic p a d  water. 

and less are nonlethal b 30 degrs. 

~arium in toTi.2 t o  goldfish in concentratione or 10-5 p a r t s  by weieht 
cud higher, 
Solutionc were in d i s t i l l e d  water, 

Concentrations of 10-6 and less are nom-lethal In 30 days. 

. 
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(2) rienar;oiogy 

atrepcrl:oneal injuc:.lori of 17 x io" C/@ of i5a1'0 t o  mice causes 
-- a sharp f a l l  i n  lwphoq-tes, a l e s s  rap- d f a l l  i n  gruulocptes ,  both - 

continuous u n t i l  death, With 1.9 x lo-& C / 5  t ie  ly5Phocytes fal l  less 
rapit3.y and recover by 25 days t o  nonnal levels; the heterophil3 f a i l  
slowly and remain depressed at 25 days, 
rise in lymphocytes and gradual f a l l  in heterophils with 0.2 x lo4 C/gm. 

There is a questionable gradual 

(3) Histopathology 

In the mice injected with BaUo - La140 the spleen and lymph no e 
showed no degenncation at 4 days (first interval.) even with 17 x 10' 
There was a 8 l i g i L t  but def ini te  increased 1pphopDfesis at th i s  and the 
l e 9  X loe6 C/gn levels and possibly even at the  0.2 x loo6 C/gm level ,  
bone m p r r o w  showed virtually complete destruc=tfoa of hemopoietic elements 
with 17 X loo6 C / p  at the 4 dey interval, 
destruction w a s  much less a t  4 days, and most -ked i n  the region of bone 
growth ( t  e metaphysis). 
1.9 x lo-' C / g m  at U. days was comparable t o  the 17 IC 10-6 C / p 0  There was 
no detectable change wlth Oo2 x 10-6 C/gm at 4 degs ( i a e e  m e * i m a l ) a  
kidney showed no change, 

8 
C/ep1. 

The 

With 1.9 x C/@ the 

I n  t h i s  l a t t e r  region destruction of hemopoiesis with 

The 

Earlier stages a t  .these levels must be studied t o  explain the apparent 
discrepancy between the spleen and lymph node findings and the  def ini te  fall 
in peripheral blood lpiphocytes, 
n i ~  the  obaerved fall  In the blood pelymorph (heterophile) counts, 

The bone marrow picture is quite consistent 

EemetOlOW - 100 r x-ruy 

Rabbits receiving 100 r X-ray show a depreealon i n  lymphocytes less marked 
than with hieher doses, but maximal at 3 hours and maintained tbrougb 48 hOuFSo 
This depression is not reflected i n  the t o t a l  leukocyte cum8 because of 
slight but significant rises i n  tile heterophils a t  4 and 1 2  hours, 

Ylstopatholow - 400 r X-ray 

The 400 r X-ray rabbits showed changes qualitatively similar t o  tbe  
8W r G e f i 8 S 0  Again the lymphatic tissue was hardest hit. The lymph nodes 
i n  particular. The bone marrow suffered damage t o  both the granulocyte and 
erythrocyte series but the lat ter appeared to recover m r e  rapidly. 
findings i n  the gut were a r ep i t i t i on  or 300 r changes, I n  no case was t he  
damage nearly e.6 extensive with 400 r. 
800 r but recovery was evident almost immediately and in a l l  tissues reachea a 
s t w e  by 3 - 5 d w s  comparable t o  that  shown ot  14 days with 800 ro 
lung, adrenal, kidney, pancreas and the reproductive organs showed no significant 
changes, o r  none which should be re l ied  on from the small series Investigatea, 

Epithel ia l  

Onset of damage was as early as with 

Liver, he-, 

. Radio-nutoaraphy - - >  

Radio-autographs of lungs of Uranium and Lanthanum dusted mice and of 
bone and soft tislares of strontium injected chickens were obtained, 
sricules of bone show clearly and activity is =ked i n  periosteum and endosteumo 

Minute - .  
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Protgctive action of nicotinamide . .  

Siz groups of 10 mice each were g i v a  100 r d a i l j  snd  t-ire varlouz 
groups injected with ,1 mg thiamin chloride, .2 mg riuoflavic, 1.0 I ? ~ J  

nicotinamide, .05 mgo pyridoxine, .1 mg dipnocphoyyrici?ie nuciectido and 
,2 cc Ringer so3&lon. 
thiamine, Ringer and riboflavin are very c lose  .to , ( 3 f ; i i t x ,  tho xid-le<?.!d 
point for the Ringor injections being at rn k:c.cw%lcted iiow of L + 9  r, 
The mid-lothal for those receiving nicotiumida is r a i d  l o r  timse 
receiving diphosphopyridine nucleotide is  1350 r3 7 ; ~  se rer21;:; suppcrt 
the bjpothesis present& previously that r d i a t i o r ,  p~o-t~s.:~~ t!-te ::;]i %ut-: s 
of diphosphopyridine nucleo t i d e o  

Survival curves for riiimfi: c rt?ccivir?g ?yriiio>-i:?c, 

Food intake and w e i g t  che?p,es 

Eight r a b b i t s  were g ivw a single dose c\f >L-rw: of EOC c, four  X G I ' ~  

given 400 r and se7m were kept as controls, Weights tu;d ram3 i n t a h i :  wrf? 
followed for several weeks, Controls shox t w o  $attsms:. (1) a relc-i,? . - l y  
constant weight with ccnstant food intake, (2) an ircressiug weigh. -.hiLL;i coc- 
atant food intake, Irradiated animals f e l  i n t o  fcur d i f r s r e n t  patterns; 
(1) an initial temporary f a l l  ic food intake, a cocstaur cr iacrcaslng 
weight (2) irnraediate cessation of eating, f a l i  i n  weight a d  t:cirly couth 
( 3 )  in i t ia l  steep f a l l  in  food intake, grhdual ffdl in weight, ~ ~ C O - J O ~ I  ic. 
food intake followed after  several days $y recovery in - . w i p j : T . ,  ( 4 )  s:lw-g, 
fall in f w d  intake foilowed by recovery in  food i n f : : ~ o  :but cerr t ixcr!  w 2 i ~ : h t  
108s. 
failure to eat, or failure in  i z t e s t i n d  absorption, :~euce :isczr h-ea1-r'\w-! 
is occurring, 

The weight 100s i s  definitely greater t h a  c w  be s c c o w t e d  m r  ky 

-- F2i'ects of radiaticn on circulatory system 

An experiment on tho physiological effacts cf i r m d i 6 t i o n  c11 ( b e . . ~  is 
being planned i n  collaboration with Dr. Sckwartz, 
of acetone bodies, t o t a l  pro+,eFn in blood and rneasure~ent GC biood volme 
and circulation time h ~ v e  been perfected and are now ready to be ased, 

'i'cchnicues for measurenent 

140 Accunulation and distribution of SrSs m d  of - La inmizh - -- -- - 
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. Abstract 
-..--I- 

,$side froin preliminary anaiyois of lapse rate data and consul5ation 
at. Si t e  X and the initial wrangwents nsde at the Metallurgical Laboratory 
f o r  usins 2332 ef the 200 area at S i t e  Yi t o  determine di lut ion rates, nearly 
all nmpcmor :-.-' work again was concentrated at Site W, 

_ _ -  -- 
Smoke ~ x i s  made up t h e  auxiliary 200 ft,  stack during t h e  early 

rn@m' i f iG  !IO-J~S have sho:m qzite conclusively that  as long as an inversion 
i n s t s  tm smoke will stay in ti thin layer, which spreads widely, at  the level 
ivheiG kit;: S~LO%B recrches t h e  sane density as  the air, 
s l o w .  
$ 2 :  :: definite top, 

bmmd df lUt io3 . l  I S  

Tj'pwnr6 d i l u t i o n  appears t o  be nearly n i l  i n  an inversion for thero  

When, ir the mming ,  t h e  inversion i a  obliterated up t o  the make 
levei then vertical circclktion produces excellen+ mixing from the ground 
t o  t h e  hsight t h a t  the  dry adiabat extends. 
in alternate up and down drafts and brings dense smoke t o  the ground near 
u::-j s t a c k ,  

This ver t ica l  mixing occurs 

+-. c 

* * *  

Mru Bentley war to be at S i t e  X for consultation during the last 
two weeks cf Febnror- and w i l l  likely rcnain there for the  first xeek of 
March, k r i n g  tha t  time he w i l l  makq a preliminary analysis of t he  data 
on Lapse rates as  obtained from t h e  recording t henkcoup les  which are 
p i x e d  k t  $0 foot in te rva ls  up n 200 fc.3: stack, 

!crmr.anents were compicted for the ins ta l la t ion  of uni t  t o  vaporize 

The 
Liq- : i t c i  3 . s  ,. sa L o t  the  ges could be introduced at the base of the  auxiliary 
i3tac;i: ,in th.? XQ &rea at %te W,'; This unit is now nearly campleted, 
So2 coucnctret , :m w i l l  be meavured downstream in the smoke trail t o  determine 
the arr8ourtt of Eiilutioz t h t  is occurring under d i f fe ren t  weather conditions, 

haly..:; 01' some of  t n c  data taken during the nonth of January a t  S i t e  #I 
W Y  carried on until i n t c n x p t e d  by the t r i p  to S i t e  X by Mr- Bentley and 
2:' re:.ur?l to Site W 
output from ';he auxilierjr sca,:k wa3 made for most of the  January runs and Some 
'.:)limes t r r q h  which the s a c k 8  was distributed were conputed. 

Frx-  &plane observetione the are6 covered by the  

. .. .. , .. , .-, - 
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SI...r: ti - -- - - 
On my raturn t o  Site W R tr ip  was  nade to Trail, 3.C. accompanied by 

All arrang-ts for this trip were made 
Xeesrs. Newton, Coaline, and O*Connor, the lat ter being a chsmist from 
Iu Pont's Technical Departmoat, 
f r o m  the U .  S, Engineer's Office at YI. 
of the smelter at Trail were gooe over quite caref'dly with the lpm there. 
Their prsblan was one quite different fmn the one at Site 1Al;;only in a f e w  
instances did  some pnaeee of both places have common ground, 
was obtaineZ c;. a loan f r o m  them, Mr. O'Connor and Mr, Brugmarrn mad8 a 
tri? to Salt L, Y City to  borrow more SO2 analysis equipment. 

p r o b l .  of smoke dispersioa 

Sane equipment 

h r i a g  t'ne month of January, between the 17th and the g s t ,  8 run8 f r o m  
t h e  aaxillary stack were made and each run was sistained with a map of the 
area covered as viewed from the airplane and each run had further information 
of lapse rates  at various intervals p r i o r  t o  and during the stnoko runs, 
%iRd velocity gradients (vertical)  from pilot balloon observations, wind 
direc$ion t a d  temperatures. A l l  these runs were made in tho early morning 
c i t  a time vtion the  stabi l i ty  in the inversion m e  greatest. 

Uzring February, 16 rum have been made p r i m  .to t h e  26th- These hare 
Lapse rates, 
Again all 

been supported by maps of 12 runs and photographs for 6 runs. 
wind velocity grudients, and tanperatures have also bean taken, 

the time that a plene waa available, 
hoirrz been made betiwen 0500 o'clock a d  0800 to 1000 depending upon 

proal the Jar,uery mi! February runs certain features stand out quite 
clearly: - 

!l! There is  an inversion (ground type) present nearly every nigh?,. 
"be onkj excqtions are the windy nights-of w h i 4  .there have been but tno 
during FeSr.mry. The temperature difference betweea the  surface and the 
114 bf the ground inversion has averegcd a l i t t l e  more than 80F, for the 
.?eSruuy runs, the least being 20 ana t h e  most being lAoO The lid of the 
,:~-;ersion mer  the 200 B meti is betwee3 750 and 1000 feet above the surface. 

C ~ J ~  t ha t ,  at the general crest of the Rattlesnake Mountains, there is 
a-ictker invcrsicn most of the tine, but  not always. 
:oatwe of tiitj -" c t i c a l  tempsrature distribdtion is  a night t i m e  inversion. 

The mst persistent 

(2) Brrtweer the hours of 0200 and 0300 the pi lot  balloon observations 
show an R'Jerags velocity of 3-5 ft/sec.  at the surface, l2,5 ft/sec.  400 
fmt  cp.; ELnd I i > - . 2  i't/aec, 1000 ft. up, Pilot balloon observations cannot be 
made at the' tia6 she smoke ran is i n  progress, but there seems to be an 
incfonsa L. i;i,> vr, locity at ti?o 200 foot leve l  shortly after daybreak, 

( 3 )  Xear;-j nine-tentho of the smoke runs have shown a wind direction 
betwcan Wd uad hrNvI during t h e  early morning hours, 

i 4 )  The early morning smoke runs: which invariably have s tarted while 

' E L : ; *  t h s t  ?.! f: smoke rises bat l i t t l e ,  probably owing t o  the higher ten;>crntUre 
mu ti1-e s t o c k  vo loc i ty ,  reaches vsry quickly the same densi ty  as that of the 

* p o u n d  inversion of greater l i e i b t  ';ha t h a t  t o  which our smoke is Sat, 

- - .  
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- air and remains at that level. 
50-75 it, i n  the first mile, a veritable th in  ribbon, Beyond that 
lateral spreading is qulte considerable, The top remains at a constant 
a t i t u d e  above the ground, some 200 t o  400 ft. up. Wader the  av-e 
inversion, no mmke reaches the ground less than 2 n i l e 8  inVn the stack 
aad on most of the ru~ls the iiret that can be OiauaUy detected as reaching 
the ground is from 5 t o  10 miles iroan the source. 

The stream of_ smoke f i d e m  to about - -  

( 5 )  Several m a  have continued u n t i l  after the t h e  the ground 
inversion has become erased by lacrease of temperature at the surface during 
the morning, Aj soon as heating starts ver t ica l  mixing occur8 t o  dis t r ibute  
the accumulated surface heat. men the ver t ica l  circulation has reached 
an alt i tude t o  which the smoke is sent, then the  columnar st ructure  of 
vertical  up and doun drafts becomes apparent and amoke reachee the Bulpzace 
in dense C O ~ I K I S  within the 200 W area itself. Most of the columns tha t  
cbme to the  surface strike the ground between 1000 and 1500 feet from 
stack, 
up and down colunrns is rapid, the character changing within 10 t o  15 minutes, 
The thickness through which the m . l d n g  occurs is that  layer i n  whloh the dry 
adiabatic lapse rate is present. 
condition witn a nearly homogeneous t h i ~  screen of QplDke existing within 
two miles from the stack, Dangerous concentrations may exist within the f i r e t  
mile, however. E'or t h i s  reason malily, a knom amount of SO2 is to be sent up 
the stack, samples to be t e k a , g n d  analyzed within the 200 W area t o  determine 
how much dilut ion has 'oEcurred by the time the effluent from the stack 
reaches t h e  ground. 

The change from level  lamin& flow wlthin the inversion t o  ver t ical  

Vertical mixing is excellent under this 

- 0 0 6 0 8 3 2  
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