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E. Lo~enz ,  MJ. E. Heston, k ,  B. Eshenbrenner  
:ind M. H. Deringer  

The da ta  presented i n  t h i s  r e p o r t  tend to  s u b s t m t i s t e  the 
following t e n t a t i v e  conclusions.  

1. The first i n d i c a t i o n  of 2 possible i r r a d i z t i o n  eff&ct ,  . .  namely, reduced l i t t e r  s i z e ,  i s  noted i n  the folloviing groups 
of  females - those r ece iv ing  800 r on the 8r/day l e v e l ,  those 
r ece iv ing  500 r on the 8r/8 hour l e v e l ,  and those r ece iv ing  
700 r i?t the  rg t e  o f  5 r/l hour. 

l h e  r a t e  of a d m i n i s t r z t i o c  appears t o  have an  effect 
on the product ion of reduced l i t t e r  s i z e .  
of reduced l i t t e r  s i z e  i n  the  females on  the &/day l e v e l  was i n  
those r e c e i v i n g  800 r v.hile o n  t h e  8r/8 hour  l e v e l ,  r educ t ion  
w8s apperent  i n  tho5-e rece iv ing  500 r. 

2. 
The first i nd iea t fo r ,  

. 

8. Results obtLined t o  d a t e  from subsequent matings have 
n o t  given any i n d i c a t i o n  t h a t  following i r r a d i a t i o n  there i s  ii 
reductior,  i n  the period of f e r t i l i t y  i n  animals which producec! 
normal-si zed first 1 i t t ers  . 

4, A dose of 1609 r administered a t  t h e  r a t e  o f  8r/8 hour  
i s  s u f f i c i e n t  t o  p r w e n t  mating of'male LAFl  mice f o r  a per iod 
o f  cpprcrdrn2toly two cionths f o l l o w i n g  i r r a d i z t i o n .  
follows ~ i t h  subsequent  mat ings which resu l t  i n  normcl l i t t e r  
s i z e  pracuctior,, 

Recovery 

5. I t  now 3.p2ex-s that  E, single acu te  whole body exposure 
with a t o t a l  dose of 300 r is sufficient t o  prevent  reproduct ion 
in L u l  female mice s f t e r  an i n i t i a l  f e r t i l e  per iod  of not  more 
tliart two months. 
d f e c t  o f  i r r & d i a t i c n  ori f e r t i l i t y  i n  mice. 

This is i n  l i n e  with e a r l i e r  s t u d i e s  on  the 



6. I n  former work the i n i t i a l  i n d i c a t i o n  of chromosomal 
changes (mutations) produced by i r r a d i a t i o n  i n  mice hes been 
reduced l i t t e r  s i ze .  It should be emphasized t h a t  i n  these 
experiments i n  all cases  when the males mhted normal s i zed  
l i t t e r s  were groduced. Furthermore, any reduct ion  i n  l i t t e r  
s ize  from t i l@ i r r a d i a t e d  females was assoc ia t ed  w i t h  a reduc- 
t i o n  i n  f o l i i g J e  nunber when the ova r i e s  Mere sect ioned one 
month a f t e r  the b i r t h  of the l i t t e r .  rhus, as ye t ,  t h e r e  i s  
no t a n g i b l e  evidencc o f  chromosomal changes. 
however, t h a t  these  t e s t s  could not be expected t o  reveal  slight 
i nc reases  i n  mutat ion r a t e .  

It  i s  recognized, 
. 

€3. Histology of Geni ta l  Organs of  the Animals ' 

-- of the ------ Breedin8 Expggiment _ _ _ _ _ _  c_____ 
The h i s t o l o g i c  f i n d i n g s  of the g e n i t a l  o r  ans of  the 

animals of t h e  breeding experiments have been f n l i n e  mith 
the breeding results. 

The only change noted i n  the males on the 4 r per 8 hours 
pe r  day l e v e l  was a s l i g h t  decrease i n  t h e  s i z e  of the t e s t e s  
and a s l i g h t  reduct ion  i n  sperm content  o f  t h e  epididymis al-  
though one group received n t o t a l  dose of a s  much zs 1000 r. 
At a t o t a l  dose o f  la00 r on the 8 r per 8 hours per day l e v e l  
the males showed changes i n  spermatogenesis uhich i n d i c a t e s  ar, 
i n f l u e n c e  of  rate of  sdmin i s t r a t ion  o f  dose when compared t o  
t h e  resu l t s  of  the 4 r l e v e l ,  the  e f f e c t  of the l a t t e r  being 
l e s s  severe.  
males a f t e r  & t o t a l  dose of 1600 r given a t  8 r per 8 hours p e r  
day, bu t  nea r ly  complete recovery had occurred  by 3 l / Z  months 
a f te r  t h e  animals were removed from t h e  f i e l d .  

Spermatogenesis was almost completely absent  i n  

Males were 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 o n l y  change noted 
was a s l i g h t  reduct ion  i n  s i z e  o f  t h e  tes tes  of the anirr,als 
rece iv ing  the t o t a l  dose of 1000 r, 

Females exposed on t h e  8 r per  8 haur  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 t o l o g i c  changes of t h e  ova r i e s .  
There was a decrease  i n  number of f o l l i c l e s ,  e s p e c i a l l y  t h e  
more mature ones, and an i n c r e a s e  i n  l u t e a l  and l u t e a l - l i k e  
t i s s u e .  There was also marked invag ina t ion  of the germinal 
epithelium. They were s t i l l  having e s t r o u s  cycles ,  Females 
exposed on t h e  4 r p e r  8 hour per  day l e v e l  received t o t a l  doses 
of 300 r, 400 r and 500 r. 
s l i g h t  decrease i n  s i z e  of the ovaries bu t  a s i d e  from thii t ,  no 
chiinges were found t h a 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 a d i a t i o n .  When compared t o  tke  r e s u l t s  of the 8 r l e v e l  
t h i s  aga in  emphasizes the impor twce  of  the r a t e  of adminis t ra-  
t i o n  of dose, 

, 

Those r ece iv ing  500 r shoved a 



t Femiiles were ex osed continuously on the 8 r 
t o  t o t a l  doses of 30 4, r, 400 r, 500 r, 600 r and 8 8 0 r. 
r ece iv ing  800 r showed ova r i an  changes. 
duced i n  s i z e ,  being composed, c h i e f l y  of l u t e a l  and l u t e a l -  

being e x t r e m ’  y r.are. The germinal epi thel ium showed extensive 
invag ina t ions  However, t h e  vaginal  e p i !  helium ind ica t ed  normal 
e s t r o u s  cycles .  

er  day l e v e l  
Those 

The o v a r i e s  were re- 
F l i k e  t i s s u e .  There were b u t  few f o l l i c l e s ,  the  more m t u r e  ones 

S l i g h t  chsnge was seen  i n  t h e  600 r group and those re- 
ce iv ing  500 r and l e s s  showed no change. Those rece iv ing  500 r 
on the 8 r per  8 hour p e r  day l e v e l  showed some change i n d i c a t -  
i n g  t h a t  the e f f ec t  i s  more severe vhen the 8 r i s  given i n  8 
hours each day than when given i n  24 hours. 

Females were exposed on the 4 r per clay l e v e l  t o  t o t a l  
doses  up t o  500 r on t h e  2 r per  day l e v e l  u2 t o  400 r on  t h e  1 
r per day l e v e l  up to  300 r 2nd on  the 0.5 r levrihua t o  100 r. 
The on ly  changes noted on these l e v e l s  were probcbl i  o l d  age 
ef f ec t s 

C. Hematology 

The blood p i c t u r e  of mice having rece ived  approximately 
2800 r up t o  the p r e s e n t  a t  the ra te  of 8 r p e r  8 hours  p e r  day 
i s  e s c e n t i L l l y  unchanged from t h a t  given i n  previous r e 2 o r t s  
(decrease of W,b.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 p l a t e l e t s  i n  some animals). 
A11 o t h e r  mice exposed f o r  the same l e n g t h  of time a t  lower r a t e  
(4 r, 2 r, 1 r, 0-1  r per  8 hours per  day) show a normal blood 
kJ,cture i n  comparison t o  t h a t  of the con t ro l s .  All animals re- 
i s i v i n g  e i t h e r  a d a i l y  s c u t e  exposure o f  5 r given i n  1 hour o r  
this d a i l y  exposure i n  a d d i t i o n  t o  a chronic  exposure o f  0.1 r 
yer day ( t o t a l  dose  1350 r) show a normal blood p i c t u r e  although 
they a l l  have chronic pneumonia and the m a j o r i t y  died from t h i s  
disease, 
on account of  leukemi; (terminal W,B.C. 54000). 
4 animals o f  t h i s  group developed leukemia’(3 had lymphosarcoma, 
see previous r e p o r t )  . 

One animal o f  the 8 r per,,8 hour group had t o  be k i l l e d  
So f a r ,  a l t o g e t h e r  

The blood i c t u r e  of the uinea pigs e osed s i n c e  March 
1941, i s  as fol B ows: 
t o t 2 1  dose zpproximately E800 r). 

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. 
groups show a normal blood p i c t u r e .  Inbredguinea p i g s  (male) 
on  8 r p e r  8 hour l eve l :  (appox.  dose 3~10 r) Lowered K.B.C. 
and  p l a t e l e t  count. E.B.C. normhl. Hybrid guinea p i g s  (2nd 
series) 8 r p e r  8 hour l e v e l  (zpprox, dose 650 r) lowered I?:.F.C. 
R,B.C, and r e t i c u l o c y t e  count normal. 

8 r p e r  8 hour group 18 out of 18 a l i v e ,  
S l i g h t l y  lowered K.B,C., 

_ -  lowered R.B.C. and p l a t e l e t  count. 4 r p e r  8 hour group. Lou+ 

A n i m a l s  of  the 2 r, 1 r and 0.1 r p e r  8 hour 

8 0 0 8  E O b  



SO,  

t 
One animal of the 4 r p e r  8 hour group was k i l l e d  and 

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

The b l c -  2 i c t u r e  of t h e  r a b b i t s  i s  e s s e n t i a l l y  normal. 

autopsied due t o  anemia. (adprox. dose 1200 r). 

d i e d  of i n t e r n z l  hemorrhage (approx. dose 650 r). 

The 8 r per 8 hour group having received. so f a r  approximately 
2000 r, 

D. P . a t h o i o u  

Two male .guinea p i  s t at had rece ived  less t o t a l  amount 
of  r a d i a t i o n  (approx. 580 r f on the 8 r per 8 hour l e v e l  than  
any previous ly  observed had marked atrophy of  spermatogenic 
elements but with a few mature spermatazoa i n  the epididymis.  
I n  one male g u i n e a  p i g  t ha t  had rece ived  a total. of approxi- 
mately 3 2 r o n t h e  0.1 r p e r  8 hour level a l l  t i s s u e s  appeared 
normal 

Two male mice t h a t  had received a t o t 2 1  of  approximately 
2600 r on the 8 r per 8 hour level. had extreme t e s t i c u l a r  
a t rophy y e t  with spermatogenic elements p e r s i s t i n g  i n  a few 
places. One of  these animals had leukemia. 

I n  one female mouse t h a t  rece ived  a t o t a l  o f  approxi- 
mately 1200 r a t  the 5 r per 1 hour l e v e l  no f o l l i c l e s  were 
p r e s e n t  i n  the ovaries .  
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Apjxoximte doses up t o  date (mice &nu guinea p i g s  1st 
series) 2800 r, 1400 r, 700 r, 550 r and 40 r (acute exposures 
of 12.5 o r  50 1: r e s p c c t i v e 1 7  not added). Approximate doses  up 
t o  d a t c  ( r a b b i t s )  k1)OO r, 1600 r, 500 r, 225 r and 23 r (acute  
exposures of l k e 5  r o r  50 r resp, go t  added). Approximate 
doses up t o  "a te  of nzle inbred guinea p i g s  (family 2) exposed 
on  8 r pel. ci ::QUY l e v c L  900 ro Approxirf*ite dose up t o  da te  of  
female i rk rea  gu inea  pig:, ( fami ly  2) - c q o s e d  s i n c e  February 3, 
1945, - %*50 re 
plops (2rid series) exposed on the 6 r per 8 hour l e v e l  650 r. 

Two n ice  o f  t h e  8 r ;ler €3 h o w  i c v e l  were k i l l e d  and autopsied 
a f t e r  having received apt)roxirnately 2500 r. 
markedly enlzrged lyinph nodes, llestes were ex t rene ly  smnl l  i n  
both animals, Anotner mouse of t h e  same l e v e l  d i ed ,  The 
autopsy showed g r o s s l y  normal organs with the  exception o f  ex- 
tremely small t e s t e s ,  
One con t ro l  female mouse and one female mouse on t h e  1 r p e r  8 
hour leve l  (total dose approx. 230 r) were k i l l e d  and autopsied 
on account  of mr-lmary carcinoma. They showed gross ly  normal 
orgsns  

Tvdo male guinea 2 i g s  (2nd series) on t h e  8 r per  8 hour 
level were killed and au tops ied  a f t e r  having received ap9rox.i- 
mately 500 r t o  o b t a i n  l n f o r m s t i o n  a s  t o  ea r ly  d a x g e  t o  the 
testes, Grossly t h e  t e s t e s  Rere somewhzt small, a l l  o t h e r  
organs appeared nornal  (see V). In the first e x p e r h e n t  on  
t h i s  level  i t  was found t h a t  a tot21 dose of apgroximately 
1000 r siio.l;ed cons iderable  atrophy of t h e  t e s t e s  with a l m o s t  
.:omplef;e absence of sgermatogenesis, Another male guinea p i g  
of' t h i s  se r ies  died  a f t e r  having received an approximate dose 
or' 650 s the  cause of death was a massive intra-abdominal 
hemorrhage, It  i s  i n t e r e s t i n g  t o  note  t h a t  t he  f irst  guinea 
p i g  of t he  l l s t  series had t o  be k i l l e d  on account of  anemia 
a f t e r  hzvirc'l: receivecr approximately the same dose. One con t ro l  
guinea p i g  anc one guiriea p i g  of the 0.1 r p e r  8 h o u r  l e v e l  had 
t o  be kr.Zlleb on becount of i n t e r c u r r e n t  disease.  

Bpproximate dose up t o  da te  of h y b r i d  gu2nea 

T h e  experinent:, are  p rogres s ing  according t o  schedule. 

One showed grossly 

The cause of death was not  apparent.  

Th,aoe md.e a d  three female g u i n e a  p i e s  each of t h e  2 r 
2nd 1 I" per 8 hour l e v r i  which had received an a d d i t i o n a l  
acute  exposure o f  50 r two months a f t e r  the s ta- t  of the ex- 
pe r imen t ,  were g iven  ::nother a c u t e  exposure of 50 r d u r i n g  the 
month. So f a r ,  no c h a g e  i n  above p i c t u r e  has been observed, 



RESULTS OF BREEDING EXPENMMENTS 
- .  

This report  contains on ly  additional r e s u l t s  since the 
report  of January 1944. 

r 
Males 8 r Level  

Total dose 1600 r 
Number of males 164 a f t e r  i r rad ia ted  males were mated. 
8 mated, 8 autopsied * Average l i t t e r  s ize  8.3. 4 remated 

F i r s t  litter born 2 and 1/" ic mo. 

one month l a t e r .  Av. l i t t e r  s i ze  
10.2 (Inc.) 

c 

Total dose 1000 r Males were mated 2 months after re- 
Number of males 16 moval from f ie ld .  .Average l i t t e r  
8 mated, 8 autopsied s i ze  8.2 4 remated 1 1/2 mo. l a t e r .  

Average l i t t e r  size 8.1. 4 again 
remated 1 1/2 mo. l a t e r .  Average 
l i t t e r  s i ze  9.3 (Xnc) 4 remated 1 1/2 
mo. l z t e r .  Av. l i t t e r  s i z e  8.3 (Inc.) 

Total dose 800 r Males mated 2 months a f t e r  removal 
Number of males 16 from f i e l d ,  Average l i t t e r  s i z e  8.6 
8 mated, 8 autopsied 4 remated 1 1/22 mo. la te r .  Average 

l i t t e r  s ize  10,'O. 4 remated again 
11/2 mont s l a t e r .  Average l i t t e r  
s i z e  10.0 't Inc.) 4 remated 1 1 /2  mo. 
l a t e r .  AV, litter s i ze  ~O,O (Inc.) 

Total dose 600 r Males mated on removal from f i e l d ,  
Number of males 16 Average l i t t e r  s i ze  7.5. 4 remated 
8 mated, 8 autopsied 1 1/2 mo. l a t e r .  Average l i t t e r  

size 9.1. 4 again remated 1 1/22 
months l a t e r .  Average l i t t e r  size 
8.7. Remated f o r  the third time 
1 1/2 mo. l a t e r .  Average l i t t e r  
size'9.3. 

Males 4 r Level 

Total dose 1000 r Males mated on removal from f i e ld .  
Number of  males 16 Average litter s i z e  7,l. 4 remated 
8 mated 8 autopsied 1 1/2 mo. l a t e r .  Av. l i t t e r  size 

Total dose 800 r Males mated on removal from f i e l d ,  
tiumber of  males 1 6  Average l i t t e r  size 8.3. 4 remated 
8 mated, 8 autopsied 1 1/2 months later. Average l i t t e r  

9.6 (Inc.) 

s i ze  9.4. 4 remated 1 1/2 mo. l a t e r .  
Av. l i t t e r  s ize  8.7 (Inc.)  



5 3. 

Total dose 600 r 
Number o f  males 16 

- 7  8 mated, 8 autopsied 

C 

Males mated on removal from f i e l d .  
Average l i t t e r  s i ze  7.7. 4 re- 
mated 1 1/2 months l a t e r .  Average 
l i t t e r  s i z e  9.0. 4 remated 1 1/2 
mo. l a t e r .  Av. l i t t e r  s i z e  8.1 (Inc) 

Females 8 r Level 

Total dose ,500 r Average l i t t e r  s i ze  5.8. 8 mated. 
Number of females 16  
Mated 28 days a f t e r  Controls  - average l i t t e r  s i z e  8.66. 
removal 

Females 4 r Level 

Average l i t t e r  s i ze  5.5 (Incf. 

Total dose 500 r Average l i t t e r  s i ze  5.9. 8 remated. 
Number of females 1 6  Average l i t t e r  s i ze  5.6. 8 rematd 
Mated 28 days a f t e r  again. Average l i t t e r  s i ze  5.0 (Inc) 
renoval Controls  - average l i t t e r  s i z e  8.6 

Total dose 400 r Average l i t t e r  s i ze  7.6. 8 remated 
Number o f  females 1 5  Average l i t t e r  s i ze  6.80 8 again 
7 mated 40 days a f t e r  remated. Average l i t t e r  s i z e  4.4. 
removal. 8 mated 34 days 8 again remated. Avo l i t t e r  s i z e  
af ter  removal 4.6 (Inc) Controls - average l i t t e r  

s i ze  8.6. (Control for 1st; mating) 

T o t a l  dose 300 r Average l i t t e r  s i ze  9.3. 2 remated 
Number of females 16  Average l i t t e r  s i z e  8.0. 2 again 
Xated 28 days a f t e r  re- remated. Average l i t t e r  s i z e  10.0. 
rw val 2 again remated. Average l i t t e r  

s ize  9.0. 2 remated for 4th  time. 
Average l i t t e r  s i ze  9.0. Controls - 
Average l i t t e r  s i ze  8.7. 

Histological Findings on Reproductive Organs 

Males 8 r Level 

Total dose 1600 r - 
8 males autopsied a t  time of removal from f ie ld .  

The t e s t e s  are great1 decreased i n  size. There is a de- 
crease i n  tubular area an?; a r e l a t ive  increase i n  i n t e r s t i t i a l  
tissue. 
ce l l s .  I n  some a ring of  S e r t o l i  c e l l s  is a l l  that  is present; 
i n  others a few spermatogonia and primary spermatocytes also 
a re  found, but more mature spermatogenic c e l l s  are  extremely 
rare. There a re  no spermatozoa i n  the epididymis. 

All tubules show destruction o f  the spermatogenic 

2 males autopsied a f t e r  1st  mating (Approx. 3 1/2 months 
a f t e r  time of  removal from the f i e l d ) ,  
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rhese animals show almost corn l e t e  recovery. Normal 
a spermatogenesis i s  found i n  most of the tubules  and the 

.sperm content  of the epididymis i s  comparable to that  of 
the c o n t r o l s o  The i n t e r s t i t i a l  t issue of the t e s t e s  ap- 

opinion thrlt, the i n c r e a s e  i n  i n t e r s t i t i a l  tissue of the 
males autoi Aed at t h e  time of removal i s  a r e l a t i v e  in -  
c r ease  only ,  
t e r s  Z2proximctely 2 1/2 months a f t e r  the males were. removed 
from the f i e l d .  

c pears as  t h a t  of the controls, Th$@ supports  the previous 

Plorm2l females mated t o  tnese males had lit- 

Tota l  dose 1000 r - 
8 males autopsied one month a f t e r  time of  removal from 

f i e l d .  

The testes were decreased i n  s i ze .  Some of the 
tubules show on ly  early spermatogenic cells; o t h e r s  
show p-ogress ive ly  l a t e r  s t a g e s  with a few showing 
spermatozoa. There a r e  but few spermatozoa i n  the 
epididymis,  and immature forms (spermatids and sperma- 
tocytes) a r e  found there.  

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

The testes and sserm content  o f  the epididyaes of 
these males were within the l i m i t s  of the con t ro l s .  
Noms1 females mated t o  these males 2 months a f t e r  the males 
were removed from the f i e l d  gave b i r t h  to  n o r m 1  s i zed  
l i t t e r s  

Total dose 800 r - 
8 males autopsied 1 1/2 months a f t e r  time of rernovLl from 

f i e l d .  
, 

Histology of t e s t e s  and s2ermatozoa content  of epididymis 
were wi th in  t h e  l i z i t s  of the cont ro ls .  

4 males autopsied 3 1/2 months a f t e r  t i n e  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 n a l e s  2 months a f t e r  the males were 
removed from the f i e l d  gave birth t o  normal s ized  l i t t e r s .  

To ta l  dose GOO r - 
8 males autopsied one month  a f t e r  time of renoval from field. 

F i e  t e s t e s  were s l i g h t l y  decreased i n  s ize .  While 
most of the t .ubules show approximately normal spermatogenesis 

0 rl E-? 1 
U d b J Y  I 1  
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some have only early s t a g e s  and s t i l l  more have but few 
spermatids and s ermatozoa. 
a r e  present.  The testes of the 800 r group descr ibed 
above were i n  bet ter  cond i t ion  than  tne t e s t e s  o f  t h i s  
600 1 ;roup. This i s  probably because o f  more recovery 
i n  the 800 r group a s  the time wh; extended 15 days 
f o r  the4300 .(1 r group. 

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

The number of sperm+ 
tozoa In the e p i  3 idymis is reduced and immature forms 

removal from the f i e l d ) .  

To t a l  

To t a l  

The t e s t e s  and spermatozoa content  of t he  epididymis 
show more recovery than  the above group autopsied one 
month af ter  removal, and were wi th in  t h e  l i m i t s  of the 
c o n t r o l s  except f o r  2 o s s i b l e  decrease  i n  s i ze .  Fernales 
mated t o  these  m l e s  immediately a f t e r  the males were 
removed from the f i e ld  gave b i r t h  t o  normal s i z e d  lit- 
t e r s .  Addit ional  groups are being exposed on t h i s  
l e v e l  t o  t o t a l  doses  of 1000 r, 800 r, and 600 r t o  g e t  
the h i s to loe i c  p i c t u r e  of t h e  tes tes  a t  the time of  re- 
moval from the f i e l d ,  

Males 4 r Level 

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

Testes  are s l i g h t l y  reduced i n  s i ze .  Tubules show 
nornnl spermatogenesis w i t h  a 2oss ib l e  r educ t ion  i n  
mature sperm number. The sperm content  of t h e  epididymis 
i s  s l i g h t l y  reduced. 

dose 800 r - 
8 males autops ied  a t  time of removal from f i e l d ,  

, 

Except f o r  a p o s s i b l e  s l i g h t  decrease i n  size of 
t h e  t e s t e s ,  t h e  p i c t u r e  f o r  these animals i s  wi th in  
the  l i m i t s  of the cont ro ls .  

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

Histology of t es tes  and sperm content  of the epididy- 
m i s  of  these mgles a r e  wi th in  t h e  limits of the cont ro ls .  
Noraal f e n a l e s  mated t o  these males a t  t i n e  o f  removal. 
from f i e l d  gave  b i r t h  t o  normal s ized  l i t t e r s .  

‘Total dose GOO r - 
8 males autopsied a t  time of removal from f i e ld .  



Although there was slight decrezse i n  s i z e  of the 
testes, sperrnztogenesis and sperm content  of the epididy- 
m i s  were w i t h i n  the l i m i t s  of the controls except f o r  
one male. 
companied by extreme strophy of the r i g h t  t e s t i s  vdth 
absence of tubules, 

This male had a right I n g u i n a l  hernia ac- 

4 males s i e d  after 1st mating 1 l / 2  months a f t @  
removal from. 

H i s t o l o  y of  the tes tes  and s em content  of t he  

the c o n t r o l s .  Females mated to  these males a t  the 
time the males viere removed,from the f i e l d  gave birth 
t o  normal s i z e d  l i t t e r s .  

epididymis 05 these males were w i t  R i n  the l i m i t s  of  

Females 8 r Level 

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

months a f te r  removal from f i e l d )  

! 

* 

Ovaries are slightly decreased i n  size, There 
appxir: .  t o  be s reduction i n  the number of the  more 
mzture follicles and an I n c r e a s e  i n  l u t e a l  and l u t e a l -  
l i k e  t i s s u e ,  Ihis  i n c r e a s e  may be only r e l a t i v e .  In- 
vaginat ions of the germinal epithelium appear to  be 
more extens ive  than  i n  the con t ro l  ovar ies .  

The vagina l  epithelium i n d i c a t e s  normal e s t rous  
cycles ,  

These females showed reduced litter s i z e  when 
mated 28 d a y s  a f t e r  removal from f ie ld .  

Females 4 ,r--Level 

Total dose 500 r - 
8 females autopsied a f te r  weaning 1st  litter. 

2wQ of these females showed an endometr i t i s  with 
an Ltternpt t o  resorb a r e t a i n e d  foe tus .  O f  the o t h e r  
s i x  the o v a r i e s  were s l ight1;y decreizsed i n  size but 
otherwise they were w i t h i n  t n e  l imi t s  of  the controls. 

Vaginal epithelium indicated normal estrous cycles .  

These six females gave b i r th  t o  normal s i zed  
1 it t E? r 5 v 



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

A 

m Ovaries  were w i t N n  the limits of  the c o n t r o l s  

This female had had a l i t t e r  of 
except f'or one female whose ova r i e s  were slightly 
decreaseri i n  size. 
s i x  s t i l l b o r n .  

Vaginal epi thel ium of a l l  t hese  fernales i n d i c a t e d  
normal e s t r o u s  cycles .  

With the one except ion  these females 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  litter. 

Appesrance of  o v a r i e s  within l i m i t s  of cont ro ls .  
I '  

A. Vaginal epithelium indicates normal e s t r u s  cycles. 

These femsles gave birth t o  normal l i t t e r s .  

11. Continuous ExPosure f o r  24 Hours Daily_ 

R e s u l t s  of Breeding Experiments 

Females 8 r Level 

verage l i t t e r  s i z e  2.6 
nc.) E i g h t  animals have had 

l i t t e r s  t o  date .  Average 
t x  T o t a l  dose 800 r 

'Total number fernales 15 
15 mated 28 days a f t e r  remov- 
a1 . l i t t e r  s i z e  c o n t r o l s  - 8.5 

16  LAF, female mice  have been exposed on the 8 r l'day 
l e v e l  and v S r l l  r e ce ive  a t o t a l  dose-of 700 ro  

4 r Level 

16 LAF female mice have been exposed on the 4 r 1 
day l e v e l ;  B w i l l  r e c e i v e  a t o t a l  dose of  800 r and 8 
w i l l  r ece ive  a total dose of 700 r .  

Females 2 r Level 

Total dose 500 r 
Tota l  number females 16  (Inc) Ten animals have had 
Mated 4 days a f t e r  removal 
from f i e l d .  

Average litter s i z e  3.7 

l i t t e r s  t o  d a t e  



* Females 0.5 r Level 
. L 7  

Total dose 100 r Average l i t t e r  size 4.2 

A l l  mated 28 days a f t e r  Control 6.0 
removal 

.J - Tota l  number females 15 Average l i t t e r  s ize  - 
P 

The t e s t  for t h e  inf luence of age gave the following 

16 females entered 4 r/day f i e l d  a t  3 months of age 
Eight were mated a t  

results: 

and received a t o t a l  dose of  400 r ,  
removal, average l i t t e r  size 7.4. 
days a f t e r  removal. 

age and 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 after removalu 

1 6  females entered 4 r/day field a t  5 months of age 
and received a tot i ; l  dose of 400 r. 8 were mated a t  re- 

days a f t e r  removal, 

E i g h t  were mated 28 
AverLge l i t t e r  s i z e  6.4 (InC.1 

16 females entered 4 r/day f i e l d  at, 4 months of 
8 were mated 

Average U t t e r  s i z e  4.1 (Inc),  
* 

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

His tological  Findings on Reproductive Organs 

Males 4 r Level 

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

Except for a sossible  reduct ion  i n  s i z e  the 
t e s t e s  of  these  males are  within the l i m i t s  of the 
controls ,  and the sgernt content of the epididymis 
i s  comparable t o  t hz t  of  the 3 o n t r o l s .  

3 male autopsied a f t e r  1st mating (I no. post 
i r radia  t ionf  

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

4 males autopsied a f t e r  2nd mating (3 mo, post  ir- 
r adi a% ion) 

Histology of t e s t e s  a.pd sperm content of epidiay- 
mis within limits of con t ro l s ,  Normal females mated 
to  these males gave birth t o  normal l i t t e rs ,  



Total  dose 800 r - . *  
1 .  

c. 
F 

8 males autopsied a t  time of' removal from f i e l d .  

Hi:ct;ology of  testes and s p e r m  content  o f  epididy- 
mis vi+ -i 11 limits of con t ro l s .  

7 male; autopsicir  a f t e r  1s t  m s t i n g  i.23 days pos t  ir- 
r a d i a t i o n )  

Histology of  t e s t e s  and sperm content  o f  epididy- 
m i s  wi th in  l i m i t s  of controls. 
t o  these males had normal l i t t e r s ,  

Normal females mated 

Total dose 600 r- 

8 males autopsied a t  time o f  removzl from f i e l d .  

Histology of tes tes  ana sperm content  of epiaidy- 
mis r(uithin limits of controls ,  

7 males autopsied a f t e r  1st m a t i n g  (28 days pos t  ir- 
r adi a t i o  n) 

Histology of  testes and sperm content  of epididy- 
m i s  within limits of con t ro l s .  
t o  these males hac  normal l i t t e r s .  

Normal females nated 

Females 8 r Level 

Total dose 800 r - 
2 fenales autopsied a f t e r  vreaning 1st litter (2 t o  2 1/2 

months p o s t  i r r a d i a t i o n )  . 
Tke o v z r i e s  of these femsles arc reduced in size. 

The organ  is primarily comsosed of l u t e a l  and lu tea l -  
l i k e  t i s t u e .  
t h c  I ~ ~ O I ' C ~  :nsture oiies being extremely rare. There a r e  
nuficxuuL acovxlsr r 5 n g s  some o f  v,hich have hyaline 
c c n t 2 r s  - t4e  ~ c n n ~ n t r  o f  the zona pelucida.  
germinal  egit,hnl.rlum shows er t e n s i v e  invagina t ions .  

Developing f o l l i c l e s  are  few i n  number 

The 

I 

The vaginL1 e;itnelium o f  one female was corn l -  

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

L Q O  

Q 

fied, t he  o the r  was c l E s s i f i e d  as metestrus - 2. 
cp3 
c 

T o t a l  dose 600 r - 
e 

14 i'e::Lies h o t o , > ~ i e a  a f t e r  vie<lI1ing 1st l i t t e r .  

&,-e o v a r i e -  of 12 of these females were within 
the l i r 3 i t c o  r~i' t h o  c o n t r o l s .  Of 2 ferosles the  



, -  

Fcmales 4 r Level 

Femzles 2 r Level 
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i n d i c a t e d  normal e s t r o u s  cycles.  A l l  g r o u p s  had 
normal litters, 

Femsles 1 r Level  
9 1 Total  do5e ; % J O  r - 11 l'em;rles. 

' .  

10 1'er;dcs av.t;opsicd a f t e r  1st l i t t2rs .  

Thc h i s t o l o e i c  dictures of  t h e  o v a r i e s  of these  
females wen! t t i t h i r i  the  l i m i t s  of  t he  cont ro ls .  I n  
three femrles t h e  vzg ina l  epithelium was no t  t y p i c a l  
of a mrn~ i i l  es t rous  cyc le  but t h i s  has the  follow- 
i n g  abnombl pL;r t u r i  t i o n .  These 10 females had lit- 
t e r s  01 rcauced size as d i d  the  cont ro l  females o f  
comparable age,  

One r'e:nale o f  this group Ehich d i d  not have a 
l i t t e r  &:nu autopsied 6 months p o s t  i r r a d i a t i o n  
had ovtrries v~liich v:ere reduced i n  s i ze .  There were 
no f o l l i c l e s ,  the  organ  being composed chiefly of  
l u t e a l - l i k e  tissue. The vaginal  epithelium showed 
deep c l e f t - l i k e  invagina t ions .  These changes, how- 
ever,  may be o l d  age ef 'fects only, a p o i n t  which w i l l  
b e  checked further, 

Tot21 doses  100 r and 200 r. 

15 females each, au tops i ed  a f t e r  1st litters. 

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 a i t h i n  t h e  limits of  the con t ro l s ,  and 
the v a g i n s l  epi thel ium i n  each case  i n d i c a t e d  a 
normal e s t r o u s  cycle, except f o r  one animal with 
endometr i t i s  r t ; s u i t i n g  f r o a  an attempt t o  resorb  a 
foctu:, 
t o  t ,hat  c;f t he  cor i t ro l s .  

The l i t t e r  size f o r  , these groups was comparable 

Females 0.5 r Level 

Total  iio:ic 100 r - 
11 femnlcs ::utopziec! a f t e r  1st l i t t e r .  



4 h 

L. * 

111. Continuous Exposure for  8,Hours Daily Plus - D a i l y  Acute Exposure of 6-r  Given i n  One Hour 
(r 

Approximate dose up t o  date: 1350 r. All anlmclls of 
JI the  con t ro l  group, r ece iv ing  t h e  5 r d a i l y  exposure only 

d i e d  of pnewonia.  
rece iv ing  besi.Je the  d a i l y  exposure the chronic  exposure 
of 0.1 r i n  0 hours d a l l y  a r e  a l i v e .  The remainder died of 
p&monia, 
planned t o  k i l l  them wi th in  the next few days. A l l  animals 
th+t came t o  autopsy showed - 4s f o r  the more o r  l e s s  sevexe 
autolysis made p o s s i b l e  to asce r t a in  - grossly normal 
organs and s w l l  ova r i e s ,  
experiment w i l l  be mace after '  a31 h i s t o l o g i c a l  s e c t i o n s  
are  a v a i l  a bl e Tor examination. 

Results of breedfng experiments A' " (acute  d s i l y  exposure only)  : 

Only 3 animals of the experimental group 

A s  these 3 animal$ a l s o  have pneumonia, i t  i s  

A cpmplete r e p o r t  o f  t h i s  

Total  dose 300 r 
Nurqfaer of females 3 
All mated immediately 
a f t e r  rece iv ing  t o t a l  dose 
o f  300 r 

Tota l  dose 4'00 r 
Number of females 3 
A l l  mated immediately 
a f t e r  rece iv ing  totzl dose 
of 400 re 

Total  dose 700 r 
Ijmlber of females 3 
~ l l  mated immediately 
a f t e r  r ece iv ing  t o t a l  dose 
of 700 re  

Averhge l i t t e r  s i z e  7,6. Re- 
mated average l i t t e r  s i z e  9.3. 
Rwated again - average litter 
s iz6  11.3. Remated again.  
Aoegage l i t t e r  s i z e  8.0 (Inc) 

Avedge  l i t t e r  s i z e  8.0. Re- 
mated - average l i t t e r  s i z e  7,6. 
Remated a a in .  Average l i t t e r  
s i z e  7.0 f Inc )  

1 female haa a l i t t e r  of 1 - a 
S t k l l b i s t h ,  2nd female had a 
l i t t e r  of 2 - both S t i l l b o r n .  

IV. S i n g l e  Acute W h o l L # o d y p  osu re  - T o t d  Dose 300 r - 
Number of females - 7 Avergge l i t t e r  s i z e  6.3, 
A l l  mated immc-diately A l l  animals remated. Af te r  having 
a f t e r  i r r a i i a t i o n  been remat2d from one t o  two 

months, none of these females has  
become pregnant. 

V. Pa tho lo  gy 
cxt 

Mice 
' c3 - One male mouse t h : L t  ;vas k i l l e d  due t o  poor genera l  - condi t ion  a f t e r  receivil;g ii t o t a l  of zpproximately 700 r 
a on the  2 r p e r  8 hour  l e v e l  showed no changes a t t r i b u t z b l e  

t o  r au ia t ion .  Its ?oar condi t ion  was due t o  chronic  
u r i n a r y  o t L t r u c t i o n  o I' ncin-infectioQs o r i g i n .  
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Of f o u r  female mice rece iv ing  approximately 1300 r 
’gn the 5 r p e r  1 hour l e v e l  the g ross  f ind ings  i n  three 
a r e  given elsevihere i n  this qepor t ,  t i s s u e s  being too 
au to lyzed  for h i s t o l o g i c  examination. One mouse exposed 
on t h i s  l e v e l  f o r  a t o t a l  of ‘Approximately 1200 r vias 
exmined  h l F t o l o g i c a l l y  and t h e  f i n d i n g s  itere s i m i l a r  t o  
those  obserteci i n  t h e  mice on the  8 r p e r  8 hour o r  the 4 r 
‘per 8 hour l e v e l  t h a t  had received a t o t a l  of approximately 
1000 r, The o v a r i e s   ere small, devoid o f  f o l l i c l e s  and 
there were i nvag ina t ions  of the germirial epithelium. 

,,&ymph nodes contained g i a n t  f o l l i c l e s  and t h e r e  was no 
bone marrow atrophy. 

f *  Two male mice on the 8 r p e r  8 hour l e v e l  t ha t  had 
’received a total of approximaeely 2600 r showed extreme 
atrophy of the t u b u l e s  of the t e s t e s  y e t  with a small 
m o u n t  of spermatogenic elements remaining i n  places.  
‘bk, mature spermatozoa were pqlesent. One of t hese  mice 
had lymphatic leukemia wi th  ex tens ive  i n f i l t r a t i o n s  of 
p lmos t  all organs,  4) ‘ 

Y Guinek P i g s  
f” 
3 4  Two male guinea p i g s  (series 2) that were k i l l e d  a f t e r  
exposure for tho months f o r  a t o t a l  of approximately 
500 r on  the 8 r per  8 hour &eve1 showed marked tubular  
atrophy i n  t h e  t e s t e s  a l though some mature spermatozoa 
were p r e s e n t  i n  t h e  epididymis. fhe atrophy of spermato- 
genic  c e l l s  was of about the game o rde r  as was noted i n  

tubu le s  had not  shrunken i n  diameter t o  as g r e a t  a degree. 
In t he  two guinea p i g s  receiv,$ng a t o t a l  of 500 r t h e r e  
was no apparent  atrophy of the bone marrow i n  c o n t r a s t  
w i th  the impression of s l i g h t  +atrophy e x i s t i n g  i n  the 
guinea p i g  tha t  received a t o t d  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 per  8 hour l eve l .  
appeared normal, 

c t  

I Y ‘  

another animal s e r i e s  1) observed a f t e r  t h r e e  months on 
the same l e v e l  t o t a l  of approximately 750 r), but the 

One male guinea pfg; was examined after rece iv ing  a 

A l l  t i s s u e s  

. .- 

VI. H e n a t o l .  

T h e m  is l i t t l e  change i n  t h e  blood p i c t u r e  s i n c e  
the l a s t  r epor t .  A l l  mice exposed on the 4 r, 2 r, 1 r 
and 0.1 r per 8 hour l c v e l  s t i l l  show an essentially 
normal blood p i c t u r e  as compared t o  t h a t  o f  t h e  cont ro ls .  
The t o t a l  white count  o f  t h e  animals on  the 8 r p e r  8 
h o u r  l e v e l  i s  persis+enhLy considerably l o w e r  than tha t  

- . . > , l t ~ > 7  c-  < ,  <. ,. - 1 1 ’  t l ze  anirnsl:; ( f e n t l e s )  s i~ow 
1 . 7 1 . c .  ., < * < - -  t,?!-j ;!!I<- 2 ,> 
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few animals show also a s l i  h t  decrease  i n  Red count, 
hemoglobin and p l a t e l e t s  wifh the major i ty  of t h e s e  
apimals showing these  counts normal. 
t M s  l e v e l  developed leukemia a f t e r  an exposure of ap- 
proximztely 2500 r. I t s  t o t a l  white count r o s e  from 
3000 to 5400i; i n  4 weeks w i t h  5% p o l y s  and 94s lymphs. 
I t  also sho:, ' anemia. This is the f o u r t h  aninal o f  
t h i s  group dL;vtlloiiing leukemia. 

One male mouse o f  

. The blood p i c u t r e  of t h e  guinea i j igs on the  2 r, 1 r 
and 0-1 r l e v e l  i s  normal in corngarison t o  tht;t of the 
controls, 
gave values  betr,een a.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 ? i g s  
on ,the 4r per 8 hour l e v e l  i s  lower t han  normal, t h e  p la te -  
l e t s  count i s  a l s o  lower while on ly  a few animals show a 
decrease  i n  red count and. hemoglobin. One an ins l  of this 
group (female) was k i l l e d  and autopsied during the month 
a f te r  having received a dose of  approximately 1200 r. 
I.ts red count W L S  1.6 and p l a t e l e t  count 100,000. The 
2 (out o f  18) animals surv iv ing  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 t h e r  1 6  
animals had t o  be4silled." The t o t a l  white count i s  on ly  
slcfghtly lowered, w i t h  a somewhat more pronounced lowering 
of red count and p i k t e l e t s .  There has been no chanze i n  
the  counts of t hese  animals f o r  t h e  p a s t  t h r e e  months, 
they behave i n  every way l i k e  normal anirnsls. 

Ret icu locyte  counts on t h e  normal guineii p i g s  

The blood p i c u t r e  o f  t h e  male inbred  uinea 
the 8 r ;3er 8 hour l e v e l  (dose approximate B y 900 
L: lowered t o t a l  white count 
lowcreci g l a t e l e t  count (200,000). The blood p i c t u r e  of 
the, female inbred guinea p i g s  i s  noraa l  (approximate dose 
230 r). 
guinea p i g s  on the  8 r ;3cr 8 hour l e v e l  (approximate dose 
650 r) shows i lowered t o t a l  white count (2000-5000) the 
red courit is mrmal,  l i kewise  r e t i c u l o c y t e  count is normal. 
The rea count  of the guinea dig which d i e d  of i n t e r n a l  
hemorrh:,:e vds iiormal. P l a t e l e t  count was not taken; i t  
is assmcd that t h e  hcnol'rhage was due t o  a low p l a t e l e t  
conten t  E 

(between 2500 and 

The blood p i c u t r e  o f  the 2nd s e r i e s  of hybrid 

The blood 2icl;ur)e ,If the rabbit:; i s  normsl. Those 
o n  the  8 r per  U hour l u v c l  which showed a lowered t o t a l  
*,;hlte count i n  p rev ious  months, show now a f l u c t u a t i n g  
c:,.rcntiul Ijr norn-il v ; h i  t e  count, 
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A5strac.t -- 

lung experiments wt:I$!i must, ha repeat&) h@ve besn completed, and are 
presented ia e f i n a l  report, Traaer s t u d i e s  flit5 Zirconium have been 
completed on I 

puhonary w h i r  :&rationn, and the  c o q l e t e  rupo:. 
the am8natiat s tud ie s ,  Radio-autographic s t u d i e s  w i t h  Y t t r i u m ,  Zirconium, 
Columbim, and Cerium are be ing  continuad, and decontmination s tud ie s  w i t h  
Cerium and Y t t r i u n  are also being c o n t i m o d ,  A mail series of smoke 
expsriments using powdered Urmium netal con ta i z ing  the long-lived f i s s i o n  
pro6ucts toge ther  w i t h  appropr ia te  arclounts of ammonium perchlora te ,  
m o n f m  chloride arid iicxachlgretiione have been i n i t i a t e d ,  It was 
es tab l iched  that ulmost ZOO:$ of  the tota!, activity present in the m e t a l  
was distributes i n  the  smoke. 
i n i t i a t e d  a n d  w i l l  b e  continued, 

Tracer studies with ColunSium ( W t h  the exception of t k e  64 d q  

': reeeivint: t h i s  elwent by infrclmuscular and h t r a -  
has been prepared f o r  

Trticer studies wfth producc have now been 

* * *  
A ,  Tecfinical prop~oss  report on t h e  metabol ic  s tud ie s  of fission products  

1, Radio-autogr 

140 Lung radio-autographs with Yg6, Zr93, Cb93, ami Ce are  being 
continued, 
which show s e l e c t i v e  dews i t ion  in t h o  ske le ton  a m  now being made, 

Eione radio-autographs for the long  l i v e d  fission products 

20 

The t racer  s-tudids, with tho  exception of t h e  64 day lung eqerimants 
which muet be repeated, have teen conpleted tinti ere preseneed i n  t h e  final. 
rdport " 

3d _u-.-- 2irconiwn&3,) 

Tim m s q h  of the d i s t r i b u t i o n  of t h i s  element, following intramuscular 
and intrajulmcnury a&zinistrat,ion have bean com?leted, Unfortunately, it 
w i l l  be  nt?ccj~:i:$y<y r,o repsat tho  61, day I A ,  s t u d i e s  due t o  t h e  acc identa l  
loss of twc, of t b e  animaJ-s., !Dm outstanding cha rac t e r  of ca r r i e r - f r ee  Zr 
following 
B i t e  of i h j c c t i c n  ranges !'rain 
is t h e  chitsf depot  of' r e t m t i o n  for t he  ubeorbed portion and a l so  has the 
highest ac t , i v i ty  per kux?fi of w e t  weight. 
kidney, which averages approximately one-thlrd t h e  a c t i v i t y  per gran of bone, 
This r a t i o  apyareatly pers is ts  throughout the  entire, 64 days. 
t a t e n t i o n  of radio-Zr is  extramely hi&. 
first four Cays $0 '/O$ a t  61, days, of' the re ta ined  activi%yo 
pep p a m  vtilues are 6@ Gl:;.ing t h e  fi-rst four days and 45s a t  t h e  64 day 
i n t e r v a l . ,  

I!& :,tim ni  strstioE is  ';hat t h e  unabsort,ed portion remining  at t h e  
at  one d a y ,  t o  70"s at  64 days,  The skeleton 

The next most a c t i v e  t i s s u e  is 

The pulmonary 
It ranges f r o m  7576 t o  90% during t h e  

The corresponding 



4 ,  Decontamination S tudies  (Dr. Greenberg and Dr, Copp) 

Decontamination s t u d i e s  with Ce and Y following intramuscular adrninistra- 
tion revealed t h a t  the  addi t ion  of i n e r t  c a r r i e r ,  and the use  of various 
agents  enployed i n  the Sr experiments produced no o igni f icant  evaluation 
i n  t h e  r a t e s  of elimination. 

5 Eman-atLon. Studi 8s 

The complete r e p r t  has been prepared f o r  Li.e animal s tudiese  Likewise,  
the  deterraination of the ha l f - l i ves  of t h s  noble gaseous ances tors  of  the long 
l i f e  f i s s i o n  products has beon re 
@9 appMXimately 33 seconds; YGft;d'r seconds' Zr, f r ac t ion ,  3 - 1  seconds; 
EaUbr 9,8 seconds; C e l h l g  1.7 seconds; and F&43, less than 0,2 second, 
values are subjec t  t o  some error due t o  wsalk a c t i v i t i e s  ava i lab le ,  
f r a c t i o n  apparontly d i d  c o t  contain Zr93 anc? possibly t h e  a c t i v i t y  may have 
beon due t o  the  20 d a y  Zr, 

The apparent ha l f - l i ves  are as fo1lo:vs: 

These 
The Z r  

6, Radio-active Smokes and d u s t s  

A small series of smoke experiments using F a d e r e d  U m e t a l  containing 
t h e  long l i v e d  f i s s i o n  products toge ther  with appropriate amounts of enmOUiUm 
perchlora te ,  Einsronium chlor ide ,  and hexachlorethane have been i n i t i a t e d ,  It 
w a 8  es tab l i shed  that almost lo@ of t h e  t o t a l  a c t i v i t y  present i n  the  roetal was 
d i s t r ibu ted  i n  t h e  smoke, The 
animals were s a c r i f i c e d  i n  three,groups,  one group immediately after exposure, 
t h e  second group a t  four  days and t h e  t h i r d  group at  16 days, The animals 8ac- 
r i f i c o d  immediately after were found t o  have 86% of t h e  t o t a l  a c t i v i t y  r e t a ined  
and deposited i n  t he  lungs, 
sixteen days was found t o  b e  36% ana 45% rospoctively,  With both these  groups, 
most of the abborbed a c t i v i t y  was deposited i n  t h e  skeleton. Recently, a 
new and nior8 reprasenta t ivo  method f o r  t he  production of radio-active smokes 
from U has  been developed, Powdered U m e t a l  containing t h e  long l i v e d  f i s s i o n  
products l e  packed within a core of a carbon rod.. The carbon rod i s  then used 
with a second rod t o  produce an e l e c t r i c  a r c ,  
not  only t o  produce a very f i n e l y  divided U smoke but a l e 0  approximately 35% 
of the f i s s i o n  a c t i v i t y  i n  t h e  U can b e  v o l a t i l i z e d ,  
t o  t h i s  smoke and t h e  ascqys of t h e  d i s t r i b u t i o n  of the inhaled a c t i v i t y  are  BOW 
being made, 

.. 
A group of ra ts  were exposed t o  t h i s  material .  

The corresponding lung deposit ion a t  f o u r  and 

The procedure has been found 

Animals have been exposed 

7 0  Pro_duce . 

IEleven m i l l l g r u u t w  of product as the t e t r a c h l o r i d e  was received February 8 ,  
19440 
with  the  a i d  of members of Profeseor Latimer's group and prelimiRary experiments 
i n i t i a t e d  t o  determine t h e  lnctabolic behavious o f  the 3 valence s t a t e s  follorring 
ID& and o r a l  administration, Each animal received approximately 15 microgramso 
The animals are t o  be s a c r i f i c e d  t i t  four and s ix t een  day in t e rva le ,  Preliminary 
results reveal the following points:  (1) In t h e  plus four state  i t  is  not 
absorbed from t h e  d iges t ive  t r a c t  i n  rats t o  any s i g n i f i c a n t  degree, 
i n i t i a l  experiment sets JAH upper l e v e l  of 0,s for o r a l  absorption f o r  p lus  4* 
( 3 )  The i n i t i a l  IAl, s tud ie s  with p l u s  4 i nd ica t e  t h a t  a t  four  days, less than >$ 
of t h e  in j ec t ed  dose i s  aosorbsd from t h e  s i te  of in j ec t ion ,  
t h e  skeleton i s  t h e  chief organ of depos i t io r ,  
r e s u l t s  sugycst, a consideruble metabolic resemblance of' plus 4 product t o  
Zirconium, 

A por t ion  of t h e  semple was converted t o  t h e  plus 3 and plus 6 forms 

(2) The 
i 

Appar m t ly 
( 5 )  These very preliminary 



8, Projected Studies for t h e  N e x t  Two Clontl?~ -..- 

Tracer studies W e  to b 8  COatinU0d w i t h  prodUCt a d  C e S i - E ,  % l l U r t U  
8tudle8 w i l l  be in i t iated  shortly &ace we now have available a considerable 
quantity of radio-tellurium, 
progrm are t o  be continued, 

c 
Rac?ioautogrophic gtudies a d  the  decmtruainatioa 

I- 

C 
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-_ "dinyon -_..-..A C i -  .t& 

T e s t s  have been made on decontaminating sw2les of Vinyon 
cloLh which are ac id  r e s i s t a n t .  It was hoped a laundering 
process could be found which would adequately remove activ3ty. 
The samples were contaminated by di2ping i n  an acid so lu t ion  
of fissisr; products, then b l o t t e d  anO allowed t o  dry pa r t i a l -  
ly- C o m t s  were made. They were then scrubbed under w a r m  

' - water for one minute, then counted again. Finally they 
were washed i n  aqua regia  f o r  five minutes and scrubbed 
under warm 5' i n i ng  water, 

* 
. I  

The fo'i Awing  t a b l e  summarizes the  rpsults: 

An experimenr, wits made GO t e s t  ULG urucectivi; . a lue  of some lead- 
l a t h e r  ,gloves i n  the handling of x-metal. 
12 p a i r s  WCI-C? taken a t  random, 

on each g love ,  The fo l lowing  results were obtained: 

Out of 48 pairs, 

. of Detrts f i w a  x-metal was measured a t  t h r e e  d i f f e r e n t  p l aces  
The f r a c t i o n a l  t ransmission 

Glove c___I -.-_Esac t i o n a l  Transmission Max, 

-- - R3 - - L1 L2 - 7 Pre No, 1:1 R2 L3 r7iTlJr. 
-I- 

-! 
a. 
2 

ci 070 
081 

082 
093 

.I53 
(, (386 
0 055 
.s 081 
166 
.I90 
a, 096 
5 993 
' I34 

i i a  
.087 .090 
.089 .133 
,089 -085 
.129 -092 
,067 .131 
-131 .061 
,065 .096 
.168 .066 
.090 .062 
.081 .077 
.143 .073 
,083 .loo 

132 
126 
,085 

140 
065 
082 
.082 ' 
074 . 089 . 101 
131 

e116 

. 118 

.115 . 059 
om . 112 . 090 
058 . 083 
042 
.Q89 
040 . 067 

. 275 . 276 

.245 

.276 

.292 
L 272 
0 200 . 350 
208 

8 200 
0 210 . 273 

Tvw ! t?.cshm electrometers have been equipped f o r  ion lza-  
ion  ~3e:is:~:: t,-?t?nts by the Clinical sec t ion ,  A c r i t i c a l  

c x * m . l L , b t ~ c ; , :  of  tine lowest alpha emission r a t e  t h a t  can 
bc .:ieiic?ir~Cf 1 s  being maac and a comparison I s  being made 



32 
50 
28 
23 

18" 5 
17 
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Padiation Su rvevs: 

c 

As usual considerable t i m e  was ~ p ~ i t  on r a d i a t i o n  
surveys. W l e  no part of the laboratory area was 
atssed, room by room surveys were made at NewCknistry 
and at S i t e  B. 
hands was continued at New Chemistry. 
extend t h i s  service t o  other  areas, 

Also counting of contamination 011 
It is hoped t o  

Work for coming month: 

Routine measurements , 
Surveys. 
Extension o f  hand counting service,  
Establishment o f  f u l l - t b e  surveying se rv ice  at 

New Cheml stry . 
Instrument Development. 
Instrument cal ibrat ion.  

, 

8 0 0 8  1 3 2  





KO S, Cole, Sectlon Chief 

Report for  Month Ending F'ebwary 29, 1944 

production 
r 

A crack was founa i n  the quartz tube l e a d i n g  from the  p i l o t  u308 
X ~ O R  genera tor  in t he  Clinton p i l e ,  
yields obtain+ 
rugged apparntcu of' t h i s  type i s  being consIder?-l'. 

This probably explains the low 
in the t e s t  runs even at 10500 C ,  The design 02 Q Inore 

It has  not  been possible t o  maintain inore than a 25 per cant y i e l d  
of xenon from U(0H)b at g r a p h i t e  temperature because of i n a t a b i l i t y  of t k c  
pure material under opera t ing  conditionn, 
placed i n  t h e  Clinton p i l e  f o r  test ,  

A y i i o t  unit of 5OQ ~ 2 . .  is bcicg 

Luag absorption of vapora 

A s a t i s f a c t o r y  process f o r  the production c:' X1% vapor l ius  r!ot been f o w 6  
aa yet, 
tested, 

Methoda f o r  analysis of the  i o d i n e  cor ten t  of tissues a r e  being 
No further work has been done on RuO4,. 

Aerosol production end exposure 

The rec iproca t ing  b e l l o w s  dust i n j e c t o r  used fo r  U 08 has been t e s tod  
r 

w i t h  SrC03 dust of lo(?/ a v e r w e  particle size, I n  3 a ours, 2,5 i~n, of a 
10 gm. charge was i n j e c t e d  a t  o, unifonn rate, 

Preliminary tests have been made on an i n j e c t o r  i n  Miich air is ulorm 
through a porous plate  below the  dust chargo. I n  30 minutes 0,5 gn, ot' H 

3 gm, CaC03 charge w a s  injected at a xnifonn rateY 

with water o r  glgcerol,  but  propylene and  t r iu thylene  g lycols  ware very 
sat isfactory,  
is i n  progress. 

A r i g h t  angle j e t  atomizer d i d  not  produce sa t i s f ac to ry  ? i q u i d  aerosols 

A sr89 t racer  exposure of mice t o  3rcl2 ic t r i e t i r i l m e  i ; l y c c ~  

Toxicity of mixed fission products i n  rots. 

U x e d  fission products were gi en to'rats by stomach tube, i3y t s o  2Lth 
de(y, nll ima la  receiving 25 x C/gn ox higher had d i e d .  None rcceivicg 
6,4 x 10-rC/gm or less had diod,  Absorption through t h e  gut i s  v a r y  low; 
the carcasa of a r a t  which d lod  i n  f o u r  days contained only 2$ o f  tho 
administered a c t i v i t y ,  
a major cont r ibu tor  t o  death,  

Dernage t o  t h e  G . I .  t r a c t  was severe ar,2 w a s  probebl.qr 

Ba14' - in mice 

(1) Toxicity, 

- -  - Lanthanm14@ i n  equilibrium was i n j e c t e d  intraperitoneally 
into mice at s ix  d i f f e r e n t  concentrationt3. Over 30% o f  the iajoctcd d o ~  
was excreted within the fir:<: a+ hours; t h e  t o t a l  excretion i n  2'; d q r a  LS 
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below 507L 
con t on t 
50 x 10-t‘’c/~l~ - io&, 17 x 
l o g  x C / g m  - 0 ~ 6  x 10-6 c/gm - 86$, 0.2 x Clgn - 7 4 ,  
control ‘?,,I.$. 
and higher, 

Thc bones contain about half of the administered dose, the 
tni: “sc1.t tissues” is very smal l ,  Mortalities at 60 days are: 

C/gm - a$,, 5.5 x log6 C/@ - SO$, 

lhitial w i g h t  losses  were observed a t  doses of 5.5 x lo4 C / g u  

Preliminary mouse survival curves for single doses indicate a a ignl f l -  
c a t  difference betwean the s e n s i t i v i t i e s  of male and fcnaale Carworth mice. 
The median 113’ *I dose for females is sear 500 r, while the same point for 
males i~ 300 :*%, 

a median Ic.th&l dose ot 500 ro 
Black Ear Harbor females resemble Caraorth females, with 

Results of‘ paired doses on rabbi t s  indicate a residual e f f ec t  after a 
mean interval of 130 d a y s  equal t o  10 - 30$ of the i n i t i a l  effect. 

Prol iminary  results of paired doses administered t o  rats indica te  
fairly rap id  rsccvexy during the first two weeks. 

Rats receiving daily doses of 25 r and 12.5 r have accumulated 

 group^ of fruit flies which receive i n  daily doses e t o t a l  of 4 to 14 
2050 r a ~ d  1025 r respectively without mortality. 

times t h e  m i d l e t h d .  massive dose over a period equal t o  the average life 
duration of the cont ro i  %roup iirs showing ,a marked prolongation of life. 
Higher d a i l y  doses came a sharp reduction of average l i f e  duration. All 
massive doses :;o far sdministered have shortened average duration. 

Pre1fn:i:iary r e s u l t s  of rabbit exposures t o  fast neutrons indicate  
a survival curve which l i e s  between 125 a and 180 n, with a midpoint near 
150 L, 

ExternaZ betto radiat ions t o  eyes at about a0 r/hr have caused slight 
clouding of t h e  cornea of dark-eyed r a b b i t s  after 600 r; an iaflaarmation 
of the l i d s ,  nictitating membrane, and cornea of an albino r a b b i t  after 
800 r; sui: inLi .rit.ion of hair development i n  a young rat after 400 t o  
6CG r, lhse3 :Ire Bpproximate, , 

--.. S t ab 1 e 3 s t . t ~ , & t ~ ~ ~ : c - i .  

Cerium i c  t o x i c  t o  goldfish in  concentrations of  loo5 ptwtls by weight 
and highor, 
Falu t ioas  w r e  1x1 s y n t h e t i c  paad water, 

Concxztrhtions of 10-6 and less are nonlethal i n  30 days. 

‘ ,  - Barium is tor22 t o  goldfish i l p  concentrations of 10.5 parts by w e i g h t  
uud higher, 
SolutionE; vcorc i n  d i s t i l l e d  vrater, 

Concsntrat iocs  of 10-6 and less are non-lethal In  30 days, 
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f 2) Ilernatology 

Intraperi toneal  injection of 17 x io-' C / p  of BaL40 t o  mice causes 
a sharp fall in lyxaphocytes, a less rap'd fall i n  granulocytes, both 
continuous u n t i l  death, With l,9 x loeg C/@l the lympiiocytes f a l l  less 
rapidly and recover by 25 days t o  normi  leveib;  the heterophils fail 
slowly and remain depressed at 25 days, 
rise i n  lymphocytes and gradual fall i n  heterophi ls  w i t h  0,2 x 

(3)  Histopathology 

There is (i questionable gradud. 
C/gm, 

I n  the  mice injected wi th  Ba1h0 - La14* t h e  spleen and lymph no e 
showed no degenmation at 4 days (first in te rva l )  even with 17 x 10' 8 c/gm, 

There was a sligit but d e f i n i t e  increascd 1ymphopDiasis at t h i s  and the 
109 X C/gm levels and posnibly even at the  0,2 x C / g m  level,  The 
bone marrow showed virtually complete destructioa of hemopoietic elements 
with 17 X With l,9 x 10-6 C/@ the 
destruction i v a s  much less a t  4 days, and moat =ked i n  the region of bone 
growth ( t  e metaphysis), 
109 x lo-' C/$m at 11 d s y s  was comparable t o  the 17 x 10-6 C/@L "here was 
no detectable change with 0,2 x 10-6 C/gm at 4 days ( i o e o  maximal). 
kidney showed no change, 

C/gm at the 4 day in te rna l ,  

I n  this l a t te r  region destruction of hemopoiesis wlth 

The 

Ea r l i e r  stages a t . t h e s e  levels nust be studied t o  explain the  apparent 
discrepancy between the spleen and lymph node findings and the def in i te  fall 
i n  peripheral  blood lymphocytes, 
with the observed fall i n  the  blood pelymorph (heterophile) counts, 

Bamslto&y - 100 r X-ray 

R a b b i t s  receiving 100 r X-ray show a depression i n  lymphocytoa less marked 
than with hieher  doses, but maximal at  3 hours and maintained t 'mugh 4.8 hourso 
This depression is not re f lec ted  i n  the t o t a l  leukocyte curve because of 
s l igh t  but signif icant  r i s e s  i n  tile heterophils at 4 and 1 2  hours, 

The bone marrow picture  ie quite  consistent 
,. ,- 

Xistopathology - 400 r X - r q  

The 400 r X-ray r a b b i t s  showed Changes qual i ta t ively sbilar t o  the  
8C(? r series, Again the lymphatic t i s sue  was hardest h i t .  The lymph nodes 
i n  par t icu lar ,  The bone narrow suffered damage t o  both the granulocyte ana 
erythrocyte series but the  lat ter appeared to recover more rapidly, 
findings i n  the  gut were a r e p i t i t i o n  of 300 r changes, I n  no case was the  
damage nearly e.6 extensive w i t h  400 r, 
800 F but recovery was evident almost immediately and i n  a11 t i ssues  reached a 
stage by 3 - 5 days comparable t o  that  shown at I f +  days with 800 ro Liver, heart ,  
l?mg, a d r e n d ,  kidney, pancreas and the reyroductige organs showed no significant 
changes, or none which should be re l ied  on from the small series invcstigatea,  

Epi the l ia l  

Onset of damage was a6 ear ly as w i t h  

I 

Radio-autographs of lungs of Uranium and Lanthanum dusted mice and of 
bone and soft  t i s sues  of strontium injected chickens were obtained, 
spicules of bone show clear ly  and ac t iv i ty  is Blarked i n  periosteum and endosteumo 

Minube 
- .  
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Pro tec t ive  action o f . n i c o t i n m  

groups i n j e c t e d  with .I mg thiamin chloride, .2 u g  riboflavin, l o o  HigG 
nicotinamide, ,05 mg, pyridoxine, .1 rrg diphosphoyjridine uuclcctido and 
.2 cc Ringer sol t i t ion,  Survival cumes for w i r n F 3 7  r recaiving pyridoxine,  
thiamine, Ringer and riboflavin are very cl.ose .to ;t:t'iie-r tho .n id- le 'c .h~i  
po in t  for t h e  Ringor injections being at an ;:ccw.~lcted d 0 . s ; ~  of li40 r., 
The mid-lothal for those receiving n1cot;i~:mids i s  L:?jO r t a d  f o r  tiiose 
receiving diphosphopyridine nucleotide is 1350 r., 
t h e  hypothesis presented previously the:. r i i C i > > I j i [ j i i  ~ > . i ~ < > ~ : : ~ t + , ~ j  the :;i:(i tiit?i-,? :Z 
of diphosphopyridiae nucleotide,  

Six groups of 10 mice each wePe given 100 r d o i l y  mci the V~rl ' out? 

7%; se reszl.: :: support  

Food intake 8 n d m - s  L 

Eight r a b b i t s  were g i v a  a single dote of' X-ray of 8Oi:  re foui. :WI'U 

given 400 r and seven were kept ao controls, Wel.ehtt; ant1 Food i n t a k e  were 
fo1l.owed for severEtl weeks, Controls shox two b2tt.c.m.s: (1) a r e l . . z x h e l y  
constant weight with ccnstant food in take ,  {2/ an increas ing  v l s i&L wi th  COE- 
Stan& food in take ,  Irradiated animals fa l l  intci four  liiffsrent patterns: 
(1) an i n i t i a l  temporary f a l l  in food intake, a cofistani or incrcasing 

( 3 )  i n i t i a l  steep f a l l  i n  food intake,  grtld!rnl frt1.3. in wel.ght;, rscovcry ic 
food intake followed after several days by rccol:t.i-y in : J + : ~ ( , $ : I ,  (1) siici- 
fa l l  in food intake foilovred. by recovery i n  foot! i n t s :ko  :)ax ci;ntiz~.rcc! v;oi&t 
loss. 
failure to eat, o r  failure in i n t e s t i n a !  a b s o r p t i a n ,  :~ence .:iss'~c b ~ e  
is occurring, 

weight (2) immediate cessut.ion of eating, fall i n  wej@~t =,rid tm-lg uoa tn  

The w e i g h t  l o a s  i s  def i r i i to ly  greater than i:m be: ecc!n?mtt?d i'or >y . .  

stem b:.lfects of r a d i a t i o n  on circulatory sy 
-1_- 

---..A- 

An experiment on tho pby6iological e f f e c t s  of i r r a d i t i t i o n  011 d c y p  is  
being planned i n  collaboration with Dr, Schinartz, 
of acetone bodies, t o t a l  pro te iu  i n  blood und measurawnt  sf biood unlme 
and c i r cu la t ion  time h m e  h e m  perfected and a r e  now ready t o  be  ase(i, 

Ti'cchniques f o r  meorureaent  
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Ah6 t re c 1 -- &_.  
- 

k r d e  froin prcliminorj ,na iyo i s  of l q s e  rate data and consultation 
at Si t ?  i: and the iniilai arrqwants made at t h e  Meta l lurg ica l  Laboratory 
f o r  UZ~LI; ;  :*a7 a t  the 200 a m u  at Site I t o  determine d i l u t i o n  r a t e s ,  nearljj 
all ~:ianpo'mr - '  work agoin 'fms concentrated at Site  W, 

0 

_--- 
& o k c  r i m  mada up t h e  atixiliary 200 f t ,  s tack  during t h e  ea r ly  

~ O ~ L ~ I L ~ :  w;rs have rll(;;on qcitt3 conclusively t h a t  as long as en inversion 
ia:;:s t:lc: mokr: w i l l  stay i n  a t h l n  layer, which spreads widely, at the  level 
~ i e ~ c  ;&.$- cmZe retick26 t h e  s m e  dens i ty  as t h e  air. Downward dilution is  
s : m  -;pw~rCI LJllutivn n p p a r s  to be  nearly n i l  i n  an invers ion  f o r  there 
1;: i rit3I'?,?itt3 top, 

'#lieii5 i~ the u'sming, the inversion is o b l i t e r a t e d  up t o  t h e  moke 
 lev^ then v e r t i c a l  cii-cxlstion producus exce l len t  mixing from t h e  ground 
t o  the  h e i g h t  t h a t  tiit: drq adiabat extends, This  v e r t i c a l  mixing occurs 
i n  aLternate up and down draf ts  and br ings  dense smoke t o  the ground near 
t;?9 B t d C K o  

, * * *  
Site  x --.....-.. 

I&,, kknt1e-j- was t o  bo a t  Si te  X for consul ta t ion  during t h e  last 
two weeks c f  February and w i l l  l i k e l y  remain t h e r e  for t h e  first week of 
March, Dming t h a t  t i m e  he will rmake, a preliminary analysis of the  data 
on h p s e  ra tes  as obtained f r o m  the  &cording thexkocouples which are 
p.-cace.l -:! 50 foot  interwils  up a 200 fc.2t stack, 

. 

j i r r ~ ~ i ~ n n r e n t s  wcre compicted f o r  t h e  i n s t a l l a t i o n  of u n i t  t o  vaporize 
_I-lqLiici ::5;, Y:J  at the  ges could b e  in t roduced  at t h e  base of t h e  a u x i l i a r y  
atacj, i;! t r ~ ~ :  -' if tire4 at Yife Vio\  T h i s  uni t  is  now near ly  completed, The 
fC;C,2 ConcLccrrir . X I  will Lr: measured downstream in the  smoke t r a i l  t o  deterniine 
%he tUTrcairtt <,: :6,iut10a that i;: occurr ing  under d i f f e r e n t  weather condi<ions, 

Anal..: i;. 01' some of  ilio ctata taken during the  nonth of January a t  Site W 
X by M r ,  Bentley and 
are& covered by t h e  
t h e  January runs and some 
conpu t ed 



On my return t o  Site W a trip wae made t o  Wail, B,C. accompanied by 
Xessrs, Newton, Gosline, and O*Connor, t h e  latter being a chemist from 
Du Pont's Technical Department, A l l  a r r a n g a e n t s  fo r  t h i s  trip were made 
from the U, So Ehgineer's Off ice  at W, 
of tho smelter at Trai l  were gone over q u i t e  caref i l ly  w i t h  t h e  nen there, 
Their problem was one 2ui:o d i f f e r e n t  frm the one at Si t e  W;ionLy in a few 
ins tances  did some phases of Loth places  have comrnon ground, 
was obta in& CL a loan f r o m  them, Mr, O'Connor and ZBr, Brugmann made a 
tri;? t o  Sa l t  J A  

e The problxqq~ of smoke dispersion 

Lime equipment 

2 City t o  borrow more S2 analysis equipment, 

h r i : i g  the  month of January, between t h e  17th and the %st, 8 runs from 
the auxiliary stack were made and ouch run was silvtained with a map of t h e  
area covered 88 viewed fron the airplane and each mi had f u r t h e r  information 
of lapse  rates at various in t e rva l s  p r i o r  t o  and during the smoko runs, 
viind ve loc i ty  gradients (vertical) fron p i l o t  bal loon observa t ions ,  wind 
d i r c c t i o n  a i d  tmnperntures. 
u t  H time v i h m  %Le s t a b i l i t y  in the  inversion - a a ~  greatestp 

All these runs were made i n  tho ea r ly  morning 

During FebruarJ, 16 runs have been made p r i o r  .to the  26th- These have 
Lapse rates, 
Again all 

beon supported by maps of 12 rzu16 and photographs for 6 runs, 
wind v e l o c i t y  g rzd ien t s ,  and temperatures have a l s o  bean taken, 
m u  have been made betweon 0500 o*clock ami 0800 t o  1000 depending upon . -  the  time t h a t  a plane waa avai lab le ,  

prox! the Jaruary md Febmiary runs certain f e a t u r e s  s tand out  quite 
clearly t 

--. 
! t )  There is an inversion (ground type) present nearly every nighto 

The onljj exceptions are the  windy nights of which .there have been but  two 
during PeSr;lnry, The temperaturo difference betwem the surface and the 
lid of t h e  ground inversion h a s  average\? 8 l i t t l e  mrc than 80F, for the 
.?oSruclnj r w s ,  the  l e a s t  be ing  2O and tne most being l.!+OO The lid of' t h e  
Ame%.iori oye r  the 200 W area is between 750 and 1000 feet above the  surface, 

aw?t;hw invc.rsicn most of t h e  t h e ,  but not always. 
: O Y t \ i r O  o f  the  '? i.:tical temporature d i s t r i h t i o n  is a night t i m e  inversion, 

<).'? t h a t ,  st t h e  general c r e s t  of the  R a t  tleanake Mountains, there is 
The most 2 e r s i s t e n t  

(2) Betweer, the holrra of' 0200 and 0300 the p i l o t  balloon observations 
elocity of  3 - 5  f t / scc .  at, t h e  surface,  lZ,5 f t /sec,  400 
i t j s e c ,  1000 f t ,  up, Pilot balloon observations cannot be 

made at k,rt :; 
l n ? : r P a B B  li, ;~-focity at thi. 200 foo t  levo1 shor t ly  after daybreak, 

o she mmke r~n is i n  progresse but the re  seems t o  be an 

( 3 )  ~ Z B R S ; - ~  niae-tenths of the smoke runs  have shwm a wind d i rec t ion  
botwcan NNi'? x i d  lWtI during t h e  a r l y  morning hours, 

0,) 'lhe e w l y  moraing smoke runs: which inutiriably have started while 
4 ~ r o u n r l  izversion of greater height than t h a t  to which our smoko is sent, 

Zhat  +! t: cmoke rises b ~ t  Li t t le ,  prokubly owing to the hi;Slier terqxrature 
aid :ne st,ocu; ricdocity, reacher wry quicrrly t h e  same dens i ty  as that of t h e  

. .  



air and remains at that level, The stream of mob w i d e m  t o  about 
50-75 f t ,  i n  the first mile, a ver i tab le  th in  ribbon, Beyond that 
lateral spreading i s  qui te  considerable, The top remains at  a constant 
aLtltude above the ground, some 200 t o  400 f t ,  up. 
inversion, no moka reaches the ground less than 2 niles from the stack 
aad on most of tho m s  the  first that can be visual ly  detected as reaching 
the ground l a  from 5 t o  10 milee from the  sourceo 

I '  
Under the average 

I (5) Several runs have coatixued u n t i l  after the time the grouad 
:p inversion has become erased by increase of temperature at the  surface during 

the morning, A, soon a5 heating s t a r t s  v e r t i c a l  mixing occurs t o  d i s t r ibu te  
the accumulated surface heat,  When the ve r t i ca l  circulation has reached 
an a l t i t ude  to which t he  smoke is sent ,  then the  columnar s t ruc ture  of 
vertical up and down drafts becomes apparent and smoke reaches the surface 
in dense COlWUnn6 uithin the 200 W area itself, Most of the columns that 
come t o  the  surface strike the ground between 1000 and 1500 feet  from 
stack, 
up and down columns is rapid,  the character changing within 10 t o  15 minutes, 
Tfie thickness through which the  mixing; occurs is t h a t  layer i n  whioh the dry 
adiabatic lapse rate i s  present, 
Condition w i t h  a nearly homogsneous thin screen of smoke exis t ing within 
two miles from the  stack, Dangernu8 concentrations may exist within the first 
mile, however, For t h i s  reason malaly, a known amount of SO2 is t o  be sent up 
the stack, smples t o  be takea,gnd analyzed within tne 200 W area t o  determine 
how much di lu t ion  has o&urred by the  time the eff luent  from t h e  stack 

rl 

The change from level laminar flow within the inversion to ver t i ca l  

Vertical mixing is excellent under t h i s  

P. 

reaches t h e  ground. _. 

, 


