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I NT 2ODU CT I ON 

The s c i e n t i f i c  work presented he re in  has been coded a t  t h e  program 

and problem l e v e l s  according t o  t he  scheme given on Pages 7 and 8 .  In 

the r epor t  all con t r ibu t ions  t o  a given problem have been assembled to- 

gether  without regard  t o  the adminis t ra t ive  organiza t ion  except  t h a t  the 

number of  the  s e c t i o n  which did t h e  work is pref ixed  in each  c a m .  

using t h i s  number, it can be found on Page 12 what administrative o f f i c e r  

By 

can be approached f o r  information about p a r t i c u l a r  work. 

I t  should be noted t h a t  t he  Quarter ly  Technical Reports o f  The 

Univers i ty  of Rochester Atomic Ehergy P r o j e c t  do not a t tempt  t o  descr ibe  

progress  i n  a l l  of t h e  research  programs but only in those  in which same 

s i g n i f i c a n t  results have been achieved bu t  which are not s u f f i c i e n t l y  

complete t o  be w r i t t e n  up as a f i n a l  r e p o r t o  

UR 01433 



7. 

EXPLANATION OF P R O G M  AXD Pi?OBLEE COD= 

The s c i e n t i f i c  mrk a t  The Univers i ty  of Rochester Atomic a e r g y  

P ro jec t  has been coded a t  t h e  program and problem l eve l s .  The prograns,  in 

general ,  i nd ica t e  broad f i e l d s  of i n v e s t i g a t i v e  or service a c t i v i t i e s  while  

t he  problems i n d i c a t e  d iv i s ions  o f  these  f i e l d s .  

nethod of d i v i s i o n  in problems was possible ,  an a t tempt  was made t o  

achieve a n a t u r a l  d iv i s ion  in t h e  sense t h a t  each problem would encompass 

a subjec t  normally w r i t t e n  up and genera l ly  considered as a unit. 

program o r  chemical t o x i c i t y  of  uranium, for example, has been broken down 

i n t o  problems according t o  t h e  d iv i s ions  commonly employed by tox ico logis t s .  

Although no c o n s i s t e n t  

The 

The problem codes are n o t  r e l a t e d  d i r e c t l y  to t h e  administrative or- 

ganiza t ion  o f  the Project .  

the sec t ion ,  may work 011 more than one of t h e  coded problems. Conversely, 

more than one sec t ion  may work on t he  sane coded problem. The administra- 

t i v e  organiza t ion  w i l l  be ignored i n  making t h i s  q u a r t e r l y  r e p o r t  of our  

research and s e r v i c e  a c t i v i t i e s ,  a l l  material  being assembled according t o  

the  program and problem codes. 

Quar t e r ly  Technical Report w i l l  be  pref ixed by t h e  s e c t i o n  number, however, 

t o  permit re ference  t o  the  adminis t ra t ive  organiza t ion  if  necessary.  

Consequently, t h e  smallest administrative unit, 

The con t r ibu t ion  o f  each sec t ion  t o  a 

I t  has n o t  been poss ib l e  t o  code the problems s u f f i c i e n t l y  broadly 

t o  avoid a l l  overlapping. 

ves t iga t ion  might be coded d i f f e r e n t l y ,  t h e  whole work was coded according 

t o  i t s  p r inc ipa l  s u b j e c t  mat te r  as long as the  minor sub jec t s  were rela- 

t i v e l y  unimportant. Otherwise, the work was divided under appropr ia te  

codes . 

In cases in which va r ious  p a r t s  o f  a given In- 

UR 01434 



80 

P R C G W !  A 2 9  PRCBLE!.: C 3 D . B  

X . & l  Tolerance S tudies  (dose l e v e l s ,  s u r i v i a l  t h e ,  g r o s s  
and h i s  t o  -pathology ) 

X.R,2 Mechanism of Ef fec ts  (phys io logica l  and biochemical) 

X.R.3 

X. R. 4 Hematology 

Therapy (measures aga ins t  r a d i a t i o n  e f f e c t s )  

X.R.5 Genetics (h i s togene t i c s )  

X. 2.6 Embryology 

XoR.7 Bacteriology and Immunology 

11. I.R. BIOLOGICAL EFFECTS O F  MTE~WAI, MIATION ( INFRA-RED & ULTRA- VIOL^) 

I.R.1 Flash Burns 

111. R.M. BIOLOGICAL ZFFECTS OF UDIOACTIVE LIATEXALS ( CORTACT, INGESTION, ETC. ) 

R o M . l  Polonium 

R.ld.2 Radon 

R.M.3 Thoron 

R.M.4 Kiscellaneous ?reject Metals 

N. u. u!mw 
U o l  Physical  and Chemical Proper t ies  

U02 Toxic Zffects (desc r ip t ion  of acu te  and chronic t o x i c i t y )  

U,3 Toxic Limits ( r e sp i r a to ry ;  oral; skin;  eye; paren te ra l )  

'u.4 Fgte ( d i s t r i b u t i o n  and exc re t ion )  

U,5 Mechanism of Toxic Ef fec t s  

. UR 01435 



V. Be, EZ3YLLIiJZ; 

Be. 1 

3e,2 

80.3 Toxic Limits ( r e s p i r a t o r y ;  o r a l ;  skin;  eye; pa ren te ra l )  

3e04  Fhte ( d i s t r i b u t i o n  and excre t ion)  

Thys i c a l  ma Chemical ? roper t ies  

Toxic S f fec t s  (desc r ip t ion  of acute  and chronic t o x i c i t y )  

Be05 Mechanism of Toxic Effects  

Bea6 Methods o f  h t e c t i o n  of  Poisoning, Prophylaxis,  Treatment 
and Pro tec t ion  

V I .  Tho THORIUM 

Th.1 Physical and Chemical Proper t ies  

Th,2 

Tho 3 Toxic L i m i t s  ( r e s p i r a t o r y ;  o r a l ;  skin; eye; pa ren te ra l )  

The 4 

Toxic Ef fec t s  ( d e s c r i p t i o n  of acute  and chronic t o x i c i t y )  

Fate ( d i s t r i b u t i o n  and excre t ion)  

Th.5 Mechanism of Toxic Effec ts  

Th,6 gethods of  Detection of Poisoning, Prophylaxis, Treatment 
and Pro tec t ion  

VII. F. FLUORIDE 

F.l Physical  and Chemical Proper t ies  

F02 

F,3 

F.4 Fate ( d i s t r i b u t i o n  and exc re t ion )  

Toxic Bffec ts  (desc r ip t ion  o f  acute  and chronic t o x i c i t y )  

Toxic L i n i t s  ( r e sp i r a to ry ;  o r a l ;  sk in ;  eye; p a r e n t e r a l )  

F.5 Mechanism of Toxic Ef fec t  

F.6 Methods o f  Detection o f  Poisoning, Prophylaxis,  Treatment 
and Pro tec t ion  
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Zr,2 Toxic 3 l f e c t s  ( d z s c r i g t i m  of  ncute and chronic  t o x i c i t y )  

~ r , 3  Toxic L i n i t s  ( r e sp i r a to ry ;  c r a l ;  skin;  eye; pa ren te ra l )  

Zr04 ?ate  ( a i s t r i b u t i c n  and excre t ion)  

Zr05 Uechanisn or' Toxic S.ff'ect 

Zr,6 Methds  o f  a e t e c t i o n  of Poisonin;, Trophylaxis, T r e a b e n t  
and Pro tec t ion  

IX. S O L  S T Z I A L  LATS3IALS 

Sohio l  Physical  and Chemical Proper t ies  

S,Li,2 Toxic Sf fec ts  (dcsc r ip t ion  o f  acute  and chronic  toxicity) 

soid03 Toxic L i m i t s  ( r e sp i r a to ry ;  o r a l ;  skin; eye; parenteral) 

S o M o 4  Fate ( d i s t r i b u t i o n  and excre t ion)  

S.it,S LIechmisn o f  Toxic Ef fec t  

S o l d 0 6  i;ethods o f  3e t ec t ion  o f  r'oisonixg, Prophylaxis, Treatment 
ond Protect ioD 

2:. I.S. ISOTOPGS 

1,s .1 Tracer  Chemistry 

I.S,2 Radionutograpw 

10S03 Therapy 

XI. O o S o  OUTSIDE SERVICES 

X I I .  P.H. PROJECT HULTII 

X I I I ,  H.P. IiEhLTE PHYSICS 

H . P o l  Research and Development 
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XIV. C.S. S P E C I A L  C L I N I C A L  S S R V I C E  

XV. I.N. I l J S T R U m l T A T I O N  (SPECTROSCOPY,  ELECTRON MICROSCOPY, X-RAY A D  

NUCLEAR RADIATION DETECTORS, X-RAY DIFFRACTION, ELECTRONICS) 

I . N . 1  R e s e a r c h  and Development 

I.N.2 Service  

I.N. 3 Instrumentation f o r  Outside Organizations 
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Io DIVISION OF RADIOLOGY AID BIOPHYSICS (3100): W i l l i a m  F. Bale 

Sect ion Code Sec t ion  dd~ninistratiw Head 

3110 Instrument a t  i on John B, Hursh 

3120 Tracer Chemistry 

3130 Radiation Tolerance 

3136 Radiat ion Physiology 

3140 Radiation Chemistry 

3150 Spectroscopy 

3160 Radiation Mechanics 

3170 Radiat ion Toxicology 

3171 bdioautography 

Leon L o  Y i l l o r  

John E. Hurrh 

John B. Hursh 

Kurt Salomon 

Luvi l l e  To Steadman 

Michael flat8011 

J. Newel1 Stannard 

J, Newell Stannard 

11. D I V I S I O N  OF PHARMACOLOGY AND TOXICOLOGY (3200): Harold C, Hodge 

Sect ion Code Seot ion  Administrative Head --- 
3210 I n d u s t r i  a1 Hygiene Herbert  Eo Stokinger 

3220 Biochemistry W i l l i a m  F. Neumen 

3230 Inges t ion  Toxic iw 
3250 Pa tho logy 

3260 Physiology 

E l l i o t t  Maynatd 

James K. S c o t t  

A s  o r  Ro ths t e  in 

111. DIVISION OF LEDICAL SEARVICES (3300): Joe W. Xowlmd, Y.Do 

Sect ion  Adminis t ra t ive Hoad Sect ion Cod0 

3310 Iso topes  and Service J, Russe l l  hy08 

3320 bbdica l  Physics Herbert Iderrnagen 
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Sect ion Code Sect ion 

3330 P ro jec t  ;.;edical Service 

3 340 Cl in ica l  Chemistry 

3350 Therepy 

3351 Xematolog 

3370 ilouse Cenctics 

3380 X D r p  1 og y 

3390 ?hotographic Service 

3490 S t a t i s t i c s  

Sect ion Code Sec t ion  

2602 Flash Burn 

2604 Z ir  conium 

Administrative He ad 

Marylou Ingram 

77, Euritett 1.Zson 

i.hrylou Ingram 

Eileen Ot i s  

Xarl 2. &son 
James G. X l s o n  

Administrative iiead 

J. Mewell Stannard 

S, Lee Crump 

Adminis t ra t ive Eesd 

Harry 3. Xngs ley  

Herbert  E. Stokinger 
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14, 

f i o b l e i n  Codes X , R o 2  (Elechanim ox Ef'f'ects) 

Section Code: 3140 

Authcrs: B, 77, Gabr io  and K O  Salonon 

The Di s t r ibu t ion  o f  T o t a l  F e r r i t i n  i n  t h e  k t e s t i a e  and Xesenteric Lymph Nodes of 

3orses A f t e r  I ron  Feeahg ,  - 

3 a c k ~ ; r o u n d ~  ? e r r i t i n  i s  m i r o n  p ro te in  complex compound whish i s  used as 

m i ron  storage p ro te in  and which kns been pos tu l a t ed  also to p lay  a role in 

i r o n  absorption, 

occurs a f t e r  i r o n  feeding i n  t h e  i n t e s t i n a l  t r a c t o  

I t  occurs mainly i n  spleen, bone marrow and  l i v e r ,  I t  a l s o  

Because o f  t h e  g r e a t  s e n s i t i v i t y  

of t h e  i n t e s t i n a l  mucosa es w e l l  a s  of t h e  hemopoietic system t o  r ad ia t ion ,  more 

information about t he  r o l e  of f e r r i t i n  i n  i ron  metabolism i s  d e s i r a b l e o  Due to 

recent  xork c a r r i e d  o u t  i n  t h i s  labora tory*  a s  w e l l  as  i n  t h e  labora tory  of 

S h o r r  a d  h z u r ,  a q u m t i t a t i v e  se ro log ica l  method f o r  t h e  determination of 

I ' e r r i t i n  ana a p o f e r r i t i n ,  i t s  p ro t e in  moiety, has been made ava i l ab le ,  Consequently, 

a q u m t i t a t i v e  d i s t r i b u t i o n  study of t h i s  p r o t e i n  has become possible,  A 

thorough knowledge of t h e  d i s t r i b u t i o n  of f e r r i t i n  under normal conditions i s  

e s s e n t i a l  before pathological conditions can be inves t iga t ed ,  

I t  has been pos tu la ted  +&.at a mechanism e x i s t s  i n  t h e  g a s t r o i n t e s t i n a l  

nucosa f o r  t he  r e g u l a t i o n  o f  i r o n  absorption. Hahn e t  a1 (1) suggested t h a t  

f e r r i t i n  in the  g a s t r o i n t e s t i n a l  mucosa w a s  involved i n  such a way t h a t  t he  

p ro te in  moiety, a p o f e r r i t i n ,  could accopt t h e  i r o n  and eventually,  when sa tura ted ,  

prevent f u r t h e r  absorption thus e s t a b l i s h i n g  a "mucosal block" , Granick ( 2 )  

*Bo ,To Gabrio, Thesis f o r  Degree of Doctor of Philosophy in Biochemistry 

UR 0 1 4 4 1  



nodified TFLS pastuiate by contendin,rr t h a t  t h e  mucosal c e l l s  Yvere "physiological ly  

sa tu re t ec"  x i t h  r e spec t  t o  t h e  fe r rous  ions  in s t ead  o f  f e r r i t i n ,  bu t  t h a t  t h e  

fe r rous  i o n s  were i n  equi l ibr ium wi th  f e r r i t i n  i ron ,  

Ir? 1946 Granick ( 3 )  presented evidence which seemed t o  subs t an t i a t e  the 

hypotheses t h a t  f e r r i t i n  exer ted a regula tory  ac t ion  i n  t h e  absorpt ion o f  irone 

UsFng t h e  semi-quant i ta t ive technique of counting f e r r i t i n  c r y s t a l s  formed on a 

s l i d e  a f t e r  t e a s i c g  a piece o f  t i s s u e  i n  t h e  presence of 1% CdS04# he found 

f e r r i t i n  only in t r a c e  amounts i n  normal duodenal mucosa o f  guinea pigs. After 

i r o n  feeding, however, t h e r e  Y I ~ E  a r ap id  and profound increase  i n  t h e  slru>unt of 

f e r r i t i n  in t h e  i n t e s t i n a l  mucosa, and about 3-6 days a f t e r  i r o n  feeding, f e r r i t i n  

content  had dropped t o  the l e v e l  of  t h e  cont ro l  animals. 

decrease o f  f e r r i t i n  conten t  p a r a l l e l e d  t h e  phenomenon o f  t h e  "mucosal block". 

This increase and 

Gillman and Ivy ( 4 )  were unable t o  demonstrate c o n s i s t e n t l y  this increase  

i n  c r y s t a l l i z a b l e  f e r r i t i n  i n  guinea p ig  i n t e s t i c e  a f t e r  i r o n  feeding, b u t  

Granick's r e s u l t s  could be reproduced in our  laborator)lca 

Ivy presented his tochemical  evidence f o r  t h e  demonstration o f  iron which ind ica ted  

t h a t  t h e r e  m s  a progress ive  increase i n  the amount o f  i r o n  i n  the  i n t e s t i n a l  

e p i t h e l i a l  ce l l s ,  t h e  lemina p ropr i a  and tunica p ropr i a  of t h e  v i l l i ,  t h e  

s u h u c o s a l  lymph vesse l s ,  and t h e  mesenter ic  lymph gland a f t e r  i r o n  feeding, 

followed by a gradual  decrease in  t h e  h i s t o l o g i c a l l y  demonstrable boa, 

phenomenon might well be a morphological expression of t h e  "mucosal block". 

However, G i l l m a n  and 

This 

In t h e  experiments t o  be repor ted  here  we were concerned pr imari ly  with 

the  determination of t o t a l  f e r r i t i n** ,  using a q u a n t i t a t i v e  inmunochemical 

G n b r i o ,  B. 'n, (unpublished work) 

**Hereafter, unless spec i f i ed  otherwise,  t h e  tern, f e r r i t i n ,  as appl ied t o  t h e s e  
experiments, w i l l  r e f e r  t o  t o t a l  f e r r i t i n ,  which inc ludes  f e r r i t i n ,  apo fe r r i t i n ,  
and intermediate  f oms 

UNCLASSIFIED 
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technique, in t h e  i n t e s t i n e  and mesenteric lj-mph nodes of t he  horse a f t e r  i r o n  

feeding,  

of i r o n  through t h e  i n t e s t i n e  o f  t h e  horse,, cn animal from which f e r r i t i n  can be 

obtained with ease and i n  quant i ty ,  and a l s o  t o  determine whether the  increase  

in i r o n  noted by Gillman and Ivy (4) i n  t h e  mesenter ic  lymph nodes a f t e r  i r o n  

We were in t e re s t ed  t o  observe i f  f e r r i t i n  was involved i n  the  absorpt ion 

feeding might be a t t r i b u t e d  t o  f e r r i t i n ,  

Methods, Three e i g h t  year  old male horses* were used i n  these experiments. 

They were s a c r i f i c e d  by being shot  through the  head, Horse 1 served as t h e  n o d ,  

unt rea ted  cont ro l  and was f a s t e d  about 18 hours before i t m s  sac r i f i ced .  Horse 

2 and Horse 3, a f t e r  an 18 hour fas t ,  were fed  gelat in-coated capsules o f  f e r rous  

mmoniun s u l f a t e  (conta in ing  a t o t a l  of  30 gm, o f  i r o n )  with t h e  use of a 

capsule gun, 

while Horse 3 was s a c r i f i c e d  48 hours a f t e r  iron feeding,, 

Horse 2 was s a c r i f i c e d  24 hours a f t e r  the adminis t ra t ion  o f  iron 

A very small  amount 

o f  undissolved f e r rous  ammonium s u l f a t e  was found i n  the  stomachs of both horae8 

a f t e r  they were sac r i f i ced ,  

The following t i s s u e  samples were taken from each horse f o r  ana lys i s :  

t h r e e  successive por t ions  of i n t e s t i n e  beginning j u s t  below t h e  pyloric sphincter ,  

2.5 f e e t ,  5 f e e t ,  and 4 f e e t ,  i n  order ;  t h e  l a s t  3 f e e t  o f  i n t e s t i n e ;  and the 

mesenteric lymph nodeso Each sample was washed w i t h  i s o t o n i c  s a l i n e o  

The amount o f  f e r r i t i n  i n  t h e  t i s s u e  e x t r a c t s  was determined q u a n t i t a t i v e l y  

by an h u n o c h e m i c a l  technique worked out  i n  t h i s  l abora to ry  (5 )  and d S 0  described 

by Mazur and Shorr (6,7), 

in the  following way,, 

The an t igen ic  p rope r t i e s  o f  f e r r i t i n  were u t i l i z e d  

Horse spleen f e r r i t i n ,  prepared according t o  the proaedare 

*The authors gratef 'u l ly  aclaiomledge t h e  kind cooperation o f  hlr. L. I?. Bennett, 
Bennett and Sons Fox and 1Jiri.k Ranch, Victor ,  N. Y., i n  t h e s e  inves t iga t ions  
which required t h e  use of  horses ,  
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of Lhzur cnd S h o r r  ( 6 )  w i t h  s l i g h t  modif icat ions+,  was i n j e c t e d  i n t o  r a b b i t s  in 

increasin,  amounts over a four-week period,, 

n i t r o g e n  was thus i n j e c t e d  i n t o  each r a b b i t o  

A t o t a l  o f  405 mg. o f - a n t i g e n  

The r a b b i t s  were  bled f i v e  days 

a f t e r  tne l a s t  i n j e c t l o n  and t h e  a n t i s e r a  were co l lec ted ,  

The tissue e x t r a c t  t o  be assayed for f e r r i t i n  was prepared by gr inding 

the tissue in a Waring blendor w i t h  two t imes i t s  weight o f  watero  

was heated t o  75-800 C a ,  and t h e  coagulum was cent r i fuged  and discarded. 

S u f f i c i e n t  a c e t i c  a c i d  (5% by volume) was then added wi th  s t i r r i n g  t o  ad jus t  tb 

pH t o  4,6 - 4,7, and t h e  so lu t ion  was allowed t o  s t and  f o r  2 hours a t  roam 

temperature ( 6 )  , 

The f e r r i t i n  mas then p r e c i p i t a t e d  by adding 35 gm, (NH4)2SO&OO m l ,  solut ion,  

and a f t e r  approximately 8 hours,  t h e  p r e c i p i t a t e  was cent r i fuged  down and 

dissolved in  a small amount  of water,  

The suspension 

Any p r e c i p i t a t e  which formed was cent r i fuged  and discarded. 

The s o l u t i o n  was dialyzed aga ins t  i so ton ic  

saline, and the  c l e a r  dialyzed so lu t ion ,  c o n t a h i n g  f e r r i t i n ,  was used fo r  the 

quan t i t a t ive  immunochemical t e s t ,  

The antigen-antibody r e a c t i o n  was measured by t h e  p r e c i p i t i n  t e s t  (8). 

The The t i s s u e  e x t r a c t  w a s  reac ted  wi th  t h e  horse sp leen  ferr i t in  antiserum. 

t o t a l  n i t rogen  conten t  of the  s p e c i f i c  p r e c i p i t a t e  formed was determined 

the micro-Kjeldahl method, and the  amount o f  t o t a l  f e r r i t i n  n i t rogen  present  -6 

read from a s tandard curve prepared with known amounts of  f e r r i t i n .  

of t h e  s p e c i f i c  p r e c i p i t a t e s  were noted, s ince  it has been shown ( 7 )  that  the  

!Che colors 

i r o n  i s  p r e c i p i t a t e d  q u a n t i t a t i v e l y  w i t h  t h e  antigen. 

Resul t sb  The d i s t r i b u t i o n  o f  t o t a l  f e r r i t i n  in the  i n t e s t i n e  and mesenter ic  

lymph nodes o f  normal and i r o n  fed  horse8 is presented i n  Table 1 (Page 18). 

In t h e  normal horse,  f e r r i t i n  WRS found t o  occur in t h e  f i r s t  2,5 feet  of 

*Mazur, As, personal  communication 
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i n t e s t i n e  besinning j u s t  Selow' thc pylor ic  sphincter ,  and i n  t h e  following 5 f e e t  

of  

and 4 f e e t  OS i n t e s t b e  t o  a l e s s e r  e x t e n t o  The presence of f e r r i t i n  was a l so  

noted i n  the  normal animal i n  t h e  l a s t  3 f e e t  o f  i n t e s t i n e ,  and a S m a l l  amount 

f e r r i t i n  was found i n  t h e  mesenter ic  lymph nodeso 

p r e c i p i t a t e s  obtained fram t h e  antigen-antibody r eac t ions  involving t h e  normal 

horse t i s s u e  were considerably p a l e r  t han  t h e  deep red-brown p r e c i p i t a t e s  obta 

with the t i s s u e  e x t r a c t s  f rom iron-fed horses,, 

The co lo r s  of t h e  s p e c i f i c  

ne I 

Twenty-four hours a f t e r  t h e  o r a l  adminis t ra t ion  o f  f e r rous  ammonium s u l f a t e ,  

containing 30 gm, o f  i ron ,  a decided increase was noted in t h e  amount of f e r r i t i n  

in the por t ion  of i n t e s t i n e  beginning j u s t  below t h e  p y l o r i c  sphinc ter  and 

extending f o r  2,5 f e e t  (4225 pg. of f e r r i t i n  N/foot of i n t e s t i n e  in  the  i ron  f e d  

horse; 351 pug. of  f e r r i t i n  N/foot o f  i n t e s t i n e  in t h e  con t ro l  horse), 

i n g  5 feet contained perhaps somewhat more f e r r i t i n  than that o f  t he  control.  

The 4 f e e t  of i n t e s t i n e  following t h a t ,  as w e l l  as t h e  l a s t  3 f e e t  of  i n t e s t ine ,  

showed e s s e n t i a l l y  t h e  same amount of f e r r i t i n  as t h e  cont ro l .  

f e r r i t i n  content of t h e  mesenter ic  lymph nodes o f  Horse 2 had increased almost 

fourfold over t h a t  p re sen t  i n  the  unt rea ted  horseo 

The follow- 

EIowever', the 

Forty-eight hours a f t e r  t h e  feeding o f  an equiva len t  amount of  30 gm. 

of  i r cn ,  t h e  amount of f e r r i t i n  i n  the  f i r s t  2,5 f e e t  of intestine had Fncreased 

considerably i n  comparison w i t h  t he  control animal (2592 y.ge of f e r r i t i n  N/foot 

of i n t e s t i n e  i n  t h e  i r o n  f e d  horse;  351 pge of  f e r r i t i n  N/foot of i n t e s t i n e  i n  

t h e  con t ro l ) ,  b u t  t h e  f e r r i t i n  content  was  less  than  t h a t  no ted  in t h e  horse 

24 hours a f t e r  i r o n  feeding,  

in the  animal 24 hours a f t e r  i r o n  feeding, t h e  amount o f  f e r r i t i n  in t h e  succeed- 

ing 5 feet  and 4 f e e t  of i n t e s t i n e  of  the horse 48 hours a f t e r  i r o n  administration 

was found t o  be appreciably increased  over  t h a t  of the un t rea t ed  animal. 

However, un l ike  t h e  va lues  o f  the f e r r i t i n  content  

In 
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addit ion,  783 uge of f e r r i t i n  N/foot were found in the  l a s t  3 f e e t  of i n t e s t i n e  

48 hours  a f t e r  i ron  feeding i n  comparison wi th  the values  of 205 pg.. in t he  control  

horse and 270 pgo i n  Horse 2 ,  

lymph nodes 48 hours a f t e r  t h e  feeding of  i r o n  was determined a s  7 7 ~ g .  of f e r r i t i n  

F’urthermore, t he  f e r r i t i n  content  of t h e  mesenteric 

N/gm. o f  wet t i s s u e ,  while 24 hours a f t e r  i r o n  feeding t h e  value was 57)zg0 ,  and 

the cont ro l  horse contained 1 5  yg. of f e r r i t i n  N / p 0  of wet t i s s u e ,  

Discussion, Since the  ant ibody produced during the  process of immunization 

with f e - r r i t i n  is d i rec t ed  toward the pro te in  moiety of ferritin, and s ince  both 

a p o f e r r i t i n  and f e r r i t i n  r e a c t  i d e n t i c a l l y  with t h e  ant iserun,  t he  r e s u l t s  in 

t h i s  i nves t iga t ion  a r e  designated a s  t o t a l  f e r r i t i n ,  a term which implies var ious 

p o s s i b i l i t i e s  o f  combinations of t he  b o  substances. Since the  colors  of the  

s p e c i f i c  p r e c i p i t a t e s  obtained with the t i s s u e  e x t r a c t s  of the normal horse were 

paler  i n  color  when compared t o  those of t he  i r o n  fed horses,  it i s  l i k e l y  t h a t  

i n  t h e  t i s s u e s  of t he  unt rea ted  horse the  r a t i o  o f  f e r r i t i n  t o  a p o f e r r i t l n  was 

very lowv, o r  e l s e  t h a t  a f e r r i t i n  l o w  in i r o n  was being p rec ip i t a t ed ,  

The procedure f o r  ex t r ac t ing  and p r e c i p i t a t i n g  f e r r i t i n  has not been 

proved quan t i t a t ive  over t he  e n t i r e  rango of f e r r i t i n  concentrat ions studied, but 

it was the  only method recorded in the  l i t e r a t u r e  ( 9 )  a t  the  time t h i e  

ca r r i ed  out. 

work was 

Recently the procedure has been modified by biazur and Shorr (7). 

The increase in the  t o t a l  f e r r i t i n  content  of t he  i n t e s t i n e  of the horse 

a f t e r  i ron  feeding mould ind ica t e  t h a t  f e r r i t i n  i s  involved i n  t h e  phenomenon of 

i r o n  absorption i n  this animal. 

of i ron,  it appeared t h a t  the  iron was absorbed l a r g e l y  through t h e  f i r s t  2,s 

Twenty-four hours following t h e  adminis t ra t ion  

f e e t  of i n t e s t i n e  a s  demonstrated by t he  profound increase  i n  t h e  amount of t o t a l  

f e r r i t i n  in t h i s  por t ion  of t he  i n t e s t i n e .  However, 48 hour8 a f t e r  i ron  feeding, 

t he  i ron  mas absorbed i n t o  the  f i r s t 1 1 . 5  f e e t  of i n t e s t i n e  as w e l l  as the last 

UNCLBSS IFIED 

UR 01447 



2 1  , 
rnCLELSS Ii?ID 

.: _'..et, 

( 2 )  i n  f i c  guir,ea p i < ,  and t h e  process of i r o n  absorption, involving f e r r i t i n ,  

2 s sens i z l ly  then, these  r e s u l t s  a r e  s imi l a r  t o  those obtained by Granick 

appsars  t o  be comparable i n  t h e  two  species.  

Since there  was a notab le  increase i n  the  amount of t o t a l  f e r r i t i n  in the 

mesenteric lymph nodes of  the horse a f t e r  i r o n  feeding, the  increase  i n  h i s t o l o g i c a l l y  

denonstrable i r o n  reported by Gillnan and Ivy (4) ,  fo l lowing  the  adminis t ra t ion  

or' i ron ,  might be a t t r i b u t e d  t o  an increased f e r r i t i n  content  of t h i s  t i s sue .  

nr.. these  r e s u l t s  suggest t h a t  t he  lymphatic sys tem. is  involved Fn i ron  absorpt ion 

and t h a t ,  here again, f e r r i t i n  assumes a role. 

S m r y .  The d i s t r i b u t i o n  of t o t a l  f e r r i t i n  i n  the  i n t e s t i n e  and mesenteric 

l p p h  nsdes of  normal and i r o n  fed  horses was inves t iga ted  using a quan t i t a t ive  

irmunochemical technique f o r  determining the f e r r i t i n  i n  t i s s u e  ex t r ac t s .  

?'erritin was found t o  be present  normally in t h e  f i rs t  11.5 f e e t  of 

i n t e s t i n e  of t he  horse a s  well a s  i n  t h e  l a s t  3 f e e t  of i n t e s t i n e .  Small amounts 

of f e r r i t i n  were de tec ted  in the  mesenter ic  lymph nodes of  t he  noma1 animal, 

?hen*-four hours a f t e r  t he  o r a l  adminis t ra t ion  of f e r r o u s  ammonium 

s u l f a t e  (containing 30 gm. of i r o n ) ,  t he  t o t a l  f e r r i t i n  content  was nppreoiably 

increased i n  the f i r s t  2.5 f e e t  of i n t e s t i n e  o f  the horse,  while 48 hours a&er 

i ron  feeding, there  were notab le  increases  in t h e  amount of  t o t a l  f e r r i t h  in 

the first 11.5 f e e t  and in the  l as t  3 f e e t  of  i n t e s t ine .  

-- 

'henty-four hours a f t e r  i r o n  feeding t h e r e  was approximately a fourfold 

increase  i n  t h e  mount  of total f e r r i t i n  i n  the  mesenteric lymph nodes over the 

control  value, while a f t e r  48 hours owr a f i v e f o l d  inc rease  was noted, 

The q u a n t i t a t i v e  da t a  i n d i c a t e  t h a t  f e r r i t i n  is involved in the  phenomenon 

of iron absorption through t h e  i n t e s t i n e  of t h e  horse. 

tha t  the  lynphat ic  system is concerned with i r o n  absorpt ion and that  f e r r i t i n  i s  

tb the rmore ,  it appears 
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'2:: Zl'fcct or' Aureonycin on t h e  Radiation Syndrome i n  Dogs. 

T 3acl:erouqd. During the p a s t  n ine  months t h e  Therapy Sec t ion  has been 

stud:,linz the  ro l e .  o f  i n f e c t i o n  as it a f f e c t s  t h e  morbidi ty  and m o r t a l i t y  o f  t h e  

x-rndieted minal and va r ious  nethods of  combating these infec t ions .  

? o t c n t i a l  r e s e r v o i r s  o f  b a c t e r i a l  i n fec t ion ,  the f lo ra  o f  t h e  i n t e s t i n a l  t r a c t ,  

!ins been s tudied  in both t h e  normal and r ad ia t ed  animal. 

One o f  the 

Various a n t i b i o t i c s  

liove b x n  t e s t e d  s ing ly  and i n  combination f o r  t h e i r  e f f e c t  on nnimnls rece iv ing  

n large dose of xholc  body x- rad ia t ion ,  Numerous experiments w i t h  rats have 
i 
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been done anci have been p a r t i a l l y  reported elsewhere*. 

observat ions made on a group of  dogs which rece ived  a l a r g e  dose of-whole body 

x-radiat ion cxd were t r e a t e d  wi th  a s i n g l e  a n t i b i o t i c ,  aureomycin. S tudies  of 

the hematology, c l o t t i n g  mechanisms, bac te r io logy  and pathology o f  r ad ia t ed  dogs 

have been c a r r i e d  ou t  concurrent ly ,  

This r e p o r t  concerns 

Methods. The dogs used were adu l t ,  hea l thy  mongrels averaging 11.3 

lcilogrms. 

Chom, Kibbled meal. 

r a d i a t i o n  they  were o f f e red  milk and f r e s h  ground beef. 

They were housed in  separa te  cages and f ed  a s o f t  mash 01. Purina Dog 

A s  t h e  anknals became anorexic  f o r  t he  mash following 

The dogs were divided i n t o  two groups of  f ive dogs each. An a t tempt  was 

made t o  have pairs  of  dogs o f  approximately the same weight and body b u i l d  in 

each group, s o  t h a t  t h e  groups were comparable, 

Radiation was administered wi th  a 250 Kv. Picker  machine a t  15 ma. us ing  

a para3ol ic  a luminm f i l t e r  w i t h  0.5 mm, of copper. 

40 in., acd t h e  t o t a l  t a r g e t  s k i n  dose was 450 r administered a t  t h e  ra te  of 

7.15 r / m i n .  

body x-radiat ion f o r  t h e  dog, 

dog from each group, 

The t a r g e t  skin d i s t ance  was 

In this l abo ra to ry  t h i s  approximates an LD 90, 30 days, of whole 

The dogs were r a d i a t e d  i n  p a i r s  composed of  one 

J i t h i n  2 t o  6 hours following r a d i a t i o n  t h e  5 dogs i n  the t r e a t e d  group 

each received a 250 mgm. capsule of aureomycin o r a l l y ,  and th i s  medication was 

continued every 6 hours, day and n i g h t  f o r  28 days. The capsule  was given i n  a 

sixil l  b a l l  o f  hamburg; t h e  5 con t ro l  dogs rece iv ing  a similar ba l l  of hamburg 

without  aureomycin. 

Bac ter io logica l  s t u d i e s  included blood, autopsy, and q u a n t i t a t i v e  s t o o l  

*IIowland, Joe W., Fbrth, Frank, Bennett, L. R., Coulter,  hlolly, McDomel, G, Me, 
UR-94 Studies  on Factors  Wfec t ing  the  Radiat ion Syndrome. I. The Effect of 
Aureomycin and An t ib io t i c s  on Whole Body I r r a d i a t i o n  October 14, 1949 
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cu l tures .  

2 t o  4 days for aerobic  and anaerobic cu l ture .  

sp l een  and lung for aerobic  and anaerobic c u l t u r e  were obtained a t  autopsy. A l l  

au tops ies  were done wi th in  4 hours a f t e r  death and i n  most cases within 2 hours. 

During t h e  course of t h e  experiment venous blood was obtained every 

Cultures  of h e a r t ' s  blood, l i v e r ,  

Complete taxonomic s tud ie s  were n o t  done on a l l  t h e  b a c t e r i a  s o  t h a t  a pos i t i ve  

i d e n t i f i c a t i o n  i s  a v a i l a b l e  on only some o f  t h e  organisms. 

In order  t o  eva lua te  more fully t h e  e f f e c t s  of the a n t i b i o t i c  therapy, the 

s e n s i t i v i t y  of the var ious  organisms i s o l a t e d  before  and after death t o  aureomycin, 

streptomycin and p e n i c i l l i n  vmre determined, using a tube d i l u t i o n  method. 

Quan t i t a t ive  s tud ie s  o f  t he  b a c t e r i a l  f l o r a  o f  t he  s t o o l  were done before  

and af ter  rad ia t ion .  Three types o f  organisms were  s tud ied ;  t he  coliforms, 

s taphylococci  and s t rep tococc i .  

s a l i n e  suspension of  f r e s h  s too l ,  were made wi th  Mannitol S a l t  media for staphylococci  

Pour p l a t e s ,  us ing  var ious  d i l u t i o n s  of a uniform 

and wi th  E;MB f o r  t h e  coliforms. For s t r ep tococc i  i s o l a t i o n ,  t h e  s a l i n e  suspension 

vms spread on the  sur face  of X i t i s  Sa l iva r ius  media. The colonies  on t he  p l a t e s  

mere counted a f t e r  24 hours incubat ion at 37 C. The s t o o l s  were a l s o  p la ted  on 

SS media f o r  t h e  i s o l a t i o n  o f  pathogens. 

A complete autopsy examination, excluding t h e  cranial cavity, mas done on 

each dog t h a t  died. Tissue for microscopic examination was taken from a l l  major 

organs bu t  t he  desc r ip t ion  o f  t h e  microscopic pathology i s  not complete a t  the 

presen t  time . 
The hematological, bac t e r io log ica l  and c l o t t i n g  mechanism s tud ie s  and 

c l i n i c a l  observat ions were recorded for a 2 week cont ro l  per iod p r i o r  t o  rad ia t ion .  

Results. Hematological s tudies  including counts of the red  blood c e l l s ,  

white blood c e l l s  and p l a t e l e t s  were done by a member o f  t h e  hematology s e c t i o n  

under t h e  d i r e c t i o n  o f  Dr. M. Ingram. The f ind ings  are shown in  graphs I, 11 
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Days Post-Radiation 
Re-Radiat ion 

Value 2 4 8 10 1 4  16 22 24 

Control Averages 5,9 10.8 10.2 13.2 12 10.5 9 9 12 

Treated Averages 603 7,3 12 1 2  13,2 11.4 12 6,8 11 

( T q c  26) , and I11 (Page 27). 

&roup a f t e r  t h e  10 th  doy can be accounted f o r  i n  prrt by t h e  h igher - inc idence  of 

The lower red  biood c e l l  values  in the  cont ro l  

g r o s s  gas t ro - in t e s t ina l  hemorrhage i n  these  dogs. 

d i f fe rence  ic t h e  degree of leucopenia in e i t h e r  group. 

There was no s i g n i f i c a n t  

k cor re l a t ion  between 

tho  v h i t e  blood c e l l  count rrnd t h e  t ime o f  death was noted i n  t h e  dying animals 

i n  both groups. In t h e  24 t o  48 hours preceding dea th  t h e  white  blood ce l l  COUXlt8 

f e l l  t o  300 cells/mm3 o r  less. 

was noted i n  t h e  blood p l a t e l e t  counts,  

No s i g n i f i c a n t  d i f f e rence  between t h e  two groups 

The f i rs t  evidences o f  bleeding tendency 

occurred when t h e  counts dropped below 3% of the pre- rad ia t ion  va lue  on t h e  12 th  

t o  14th days, 

In  order  t o  s tudy  some a spec t s  of t he  de fec t  i n  the  coagulation meohanism, 

r7hole blood coagulat ion times and prothrombin determinat ions were done. 

coagulat ion t imes were done by a modified Lee m i t e  method, 

The 

Following rad ia t ion ,  

t he  coagulat ion tiiies increased i n  each group, b u t t h e r e  was no s i g n i f i c a n t  

d i f fe rence  between t h e  groups, Table 1 (below), The coagulat ion times f o r  the 

nninals vhich  d ied  were n o t  above the average f o r  t h e  group during t h e  24 to 48 

hours precoding death. 

with t h e  drop in  p l a t e l e t  count. 

The degree of c l o t  r e t r a c t i o n  was diminshed concurrent ly  

It has been repor ted  t h a t  aurecmycin decreases 

TABLE 1 

COAGULATION TIXZS IN MINUTES 
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t he  coagulation time i n  normal dogs*. This was n o t  noted i n  the x-radiated dogs. 

The prothrombin s tudies  done i n  the l abora tory  of Dr, James Scot t  of  t h e  

Pharmacology Division included th ree  types of determinations,  t h e  r e c a l c i f i c a t i o n  

time, the one s t age  prothrombin time and t h e  two s t age  prothrombin time (Table 

2, Page 29). 

of t he  death o f  two of the cont ro l  dogs, t h e  values after t h e  14th day fo r  this 

group a r e  t h e  determinations on t h e  s ing le  sumiving dog. 

difference i n  the  values  f o r  t he  tmo groups, the highes t  l e v e l s  being reached on 

t he  14th  t o  1 6 t h  day. 

occurred immediately preceding death in t he  two dogs t h a t  died. 

These s t u d i e s  were ca r r i ed  out  on th ree  dogs i n  each group. Because 

There was no e s s e n t i a l  

As with the  coagulation time, no s i g n i f i c a n t  va r i a t ion  

Four blood cu l tu re s  were obtained from each animal before  rad ia t ion  and 

al l  were negative. 

cu l tu re s  were done on t he  t r e a t e d  group; on t h e  con t ro l s  23 aerobic  and 14 anaerobic 

Following rad ia t ion ,  a t o t a l  o f  35 aerobic  and 24 anaerobio 

Pseudomonas 
Pseudomonas 

A.Aerogenes 
Gm. + coccus 
E, Col i  

E. Coli 
E, Coli 

cu l tu re s  were done (Table 3 below), O f  t h e  59 cu l tu re s  in  the  t r e a t e d  group 8 

Gm. - rod 
Gm. - and + rods 

Gm. + rod 

chn. + rod 

h. + and = rods 
Qn. + rod 

TABLE 3 

I1 I 

1v 
Control Group 

I 

I1 

I I1 
Iv 

EACTERI OLOCY 
~~ ~~ ~ 

Blood Cultures 
Aerobic 

~- 

Diphtheroids 
Pseudomonas 

A,Aerogenes 

Anaerobic 

Gm. + coccus 
Gm, - rod 
Gm. + rod 
Qn. + coccus 
Gm. + coccus 
Gm, + rod 
Gsn. + rod 

Gm. - rad  

&I, - rod 
Gm, + coocus 
t$n. + coccus 
0.n. + COOCUB 

Autopsy Cultures 

Aerobic 1 h e r  ob i  c 

*Macht, D. I., and Fhrkas, R., Science, - 110, 305 (Sept. 23, 1949). A u e q c i n  

UNCLASSI EJIED 
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(14%) were pos i t ive ,  and o f  t h e  37 cu l tu re s  in t h e  con t ro l  group, 6 (165) were 

posi t ive.  

aerobes was i s o l a t e d  from these  cu l tu re s .  

o f  t h e  con t ro l  dogs wi th in  48 hours o f  death and both  were negative.  

. cu l tu re  taken k o m  one of t h e  t r e a t e d  dogs approximately 1 2  hours before  death was 

p o s i t i v e  f o r  the same bac te r i a ,  a Pseudomonas, t ha t  was cu l tu red  from the heart’s 

blood at autopsy. 

shown i n  Table 3 (Page 28). 

group, 

A g r e a t e r  nunber of f a c u l t a t i v e  and o b l i g a t i v e  anaerobes than s t r i c t  

Blood cultures were obtained from two 

A blood 

The types o f  organisms cu l tu red  from autopsy material are 

Most of these organisms mre in  the gram negat ive  

The r e s u l t s  of  t he  s e n s i t i v i t y  t e s t s  of the v a r i o u s  b a a t e r i a  i s o l a t e d  are 

shown i n  Table 4 (below). 

relatively s e n s i t i v e  t o  aureomycin, whereas those  i s o l a t e d  from t h e  treated group 

The organisms i s o l a t e d  from t h e  con t ro l  dogs were 

TABLE 4 

- 
Dog - 
I c* 
I I C  

IIIC 

I V C  

I T  

I1 T 

- 

ANTIBIOTIC SENSITIVITIES - 24 HOUR 

Organism 

A, Aerogenes 

E. Col i  

E. Col i  

E. Coli  

Pseudomonas 

Pseudomonas 

Pseudomonas 

* C - con t ro l  
T = t r e a t e d  

Autopsy Blood 

Autopsy Blood 

Autopsy Blood 

Autopsy Blood 

Autopsy Spleen 

Blood-1 2 hour8 
pre  -mo r tern 

Autopsy Blood 

Aureo cin 
mcg , z a  . 

3,12 

3.12 

1.56 

3,12 

25 

12.5 

25 

S t re p t my c i n  
mcg ,/cc. 

1.2 

2.3 

1.2 

>150 

18.B 

9.35 

18.8 

Penicil l in 
\mits/ca . 

>50 

26 

25 

> 50 

>60 

>60 

>50 
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were more r e s i s t a n t ,  

i n d i c a t e s t h a t  t h i s  a n t i b i o t i c  usea in conjunction wi th  aureomycin nay prove more 

e f f e c t i v e  , 

The r e i a t i v e  s e n s i t i v i t y  o f  the  organisms t o  streptomycin 

auan t i tn t ive  ane lys i s  of  t h e  b a c t e r i a l  f l o r a  of the  s t o o l  showed that t h e  

col i form organisms increased markedly following r ad ia t ion ,  reaching a peak on t h e  

4 t h  day, and re turn ing  t o  pre- rad ia t ion  va lues  by t h e  7 th  t o  10 days, 

forms reached h igher  l e v e l s  i n  t h e  con t ro l  group than  i n  the  t r e a t e d  group, which 

m y  have occurred because of t h e  s e n s i t i v i t y  o f  some o f  t h e  col i form strains t o  

The co l i -  

aureoinycin, 30th the  s t o o l  s taphylococci  and s t r ep tococc i  counts i n  the  t r e a t e d  

group rose  t o  high l e v e l s  fol lowing r ad ia t ion ,  whereas the  counts i n  t h e  cont ro l  

group r e m i n e d  unchanged. Presumably, au remyc in  caused a s h i f t  i n  bowel f l o r a ,  

bu t  s i m i l a r  s tud ie s  on noma1 dogs rece iv ing  aureomycin have n o t  been done t o  

confirm th i s ,  No organisms o r d i n a r i l y  considered pathogenic were i s o l a t e d  on 

SS media, although it ims noted t h a t  t h e  incidence of Proteus in t h e  t r e a t e d  

group increased following r ad ia t ion ,  

Tmed ia t e ly  f o l l o w i n g  r a d i a t i o n  the  dogs began t o  l o s e  weight, and continued 

t o  do s o  u n t i l  t h e  20th day post-radiat ion.  

in weight loss between t h e  two groups except  between t h e  10 th  and 1 5 t h  day. 

During t h i s  per iod t h e  weight loss and incidence of m o r t a l i t y  m a s  h ighes t  i n  the  

con t ro l  group, 

pre-radiat ion weight. 

There was no s i g n i f i c a n t  d i f fe rence  

The rnaxinurn average weight loss  in both  groups was  about 15% of 

Anorexia was f i r s t  noted i n  the cont ro l  dogs on t h e  9 t h  o r  10th day post- 

r a d i a t i o n  and by the 12 th  t o  1 3 t h  day none of t h e s e  dogs was ea t ing  and a l l  

appeared very  l e tha rg ic ,  

cont ro l  dogs. 

outwardly normal; a l l  were ea t ing  w e l l  and were lively. 

began t o  appear i n  t h e  t r e a t e d  group on t h e  17 th  day pos t - rad ia t ion  and continued 

This anorexia  and l e tha rgy  preceded dea th  in 4 of the 

In marked cont ras t ,  t h e  t r e a t e d  group during t h i s  per iod appeared 

Anorexia and l e t h a r g y  
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t o  t h e  30th day ir, t he  4 surv iv ins  dogs ,  

One o f  t h e  m o s t  s t r i k i n g  observat ions was the d i f f e rence  i n  t h e  t ime of 

dea th  and t o t a l  n o r t n l i t y  i n  the  tiro groups (Graph IV, Page 27)0 The f i r s t  

cont ro l  dog died. on t h e  10 th  day post-radiat ion,  and by t h e  15 th  day 4 of the 

cont ro l  dogs were dead. The f i r s t  dea th  i n  t h e  t r e a t e d  group d i d  n o t  occur unti l  

t he  

The 

f o r  

22nd day post-radiat ion,  wi th  one o t h e r  t r e a t e d  dog dying on t h e  24th day. 

t o t a l  mor ta l i ty  4 months pos t - rad ia t ion  i s  0C$ f o r  t h e  cont ro l  group and 40% 

t he  t r e a t e d  grou?o 

The most prominent gross f ind ing  a t  autopsy was evidence of a hemorrhagic 

d i a t h e s i s  w i t h  a r e a s  o f  ex t ravasa t ion  o f  blood occurring i n  the  lungs, spleen, 

kidneys ana mucosa of  t h e  gas t ro - in t e s t ina l  t r a c t  and beneath t h e  p leura  and 

peritoneum. 

more organs than i n  t h e  t r e a t e d  group. Three o f  t h e  4 dogs i n  t h e  cont ro l  group 

had l a rge  anounts of blood i n  the  gas t ro - in t e s t ina l  t r a c t  a t  autopsy, assoc ia ted  

wi th  u l ce ra t ions  o f  the mucosa of the stomach and small i n t e s t i n e .  The two 

t r e a t e d  dogs which died had no u l c e r a t i o n  or' t h e  i n t e s t i n a l  mucosa, and no blood 

wi th in  the  lumen of t he  i n t e s t i n e ,  Both of these  t r e a t e d  dogs had a fevr 

subcutaneous hemorrhages rind hemorhages i n t o  t h e  co r t ex  of t h e  kidney. 

hmorrhage i n t o  t h e  r e t rope r i tonea l  space and t h e  t i s s u e s  o f  t h e  o r a l  cav i ty  

occurred i n  one of the  t r ea t ed  dogs, 

m i n i m u m  of petechiae,  and g ross ly  no obvious cause of death was found. 

d i f f e rence  in degree of the  hemorrhagic tendency between t h e  two groups may be 

explained by t h e  t i m e  a f t e r  r a d i a t i o n  a t  which death occurred, 

animals died a t  a l a t e r  time when t h e  bleeding tendency was  decreasing as i s  

Bleeding i n  the  con t ro l  group was more extensive and occurred in 

Wensive  

The f i rs t  con t ro l  dog which died showed a 

The 

"he t r e a t e d  

ind ica ted  by t h e  c l o t t i n g  and prothrombin t imes 

Gross evidence of  pneumonia was  found i n  

o f  the t r e a t e d  dogs, 

I 1 $ 4  " UNCUS SI FIED E J ,.I v; 11. 

repor ted  above , 

2 o f  the con t ro l  dogs, and i n  1 
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Discussion, 

r apeu t i c  agent  

Since the a n t i b i o t i c ,  aureomycin, was t h e  only s p e c i f i c  

dminis tered i n  t h i s  experiment, presumably t h e  delayed 

morbidity and reduced m o r t a l i t y  o f  t h e  r a d i a t i o n  syndrome in  dogs can be a t t r i b u t e d  

t o  it. 

t h e  t o x i c i t y  a s soc ia t ed  wi th  l a r g e  doses o f  r ad ia t ion ,  s ince  aureomycin i s  a 

potent  a n t i - b a c t e r i a l  and anti-viral agent,  This concept of t h e  r o l e  of i n f e c t i o n  

i n  the  m o r t a l i Q  e s soc ia t ed  w i t h  r a d i a t i o n  i s  supported by the  bac te r io log ica l  

s t u d i e s  a t  autopsy reported above, as only aureomycin-sensitive organisms were 

As a coro l la ry ,  b a c t e r i a l  and poss ib ly  viral  i n f e c t i o n  may p lay  a role in 

recovered from n l l  t h e  con t ro l  dogs, w h i l e  aureomycin-resistant organisms were 

i s o i a t e d  from the  two t r e a t e d  dogs which died,  

Both the  occurrence of u l c e r a t i o n  of  t h e  gas t ro - in t e s t ina l  mucosa a s soc ia t ed  

with mnssive gas t ro - in t e s t ina l  hemorrhage i n  th ree  of  t h e  four  con t ro l  dogs which 

died, and the  absence o f  u l c e r a t i o n  and g a s t r o - i n t e s t i n a l  hemorrhage i n  t h e  2 

t r e a t e d  docs which succumbed, suggest  t h a t  t h e  changes i n  b a c t e r i a l  f l o r a  of the 

bowel, occurring during t h e  adminis t ra t ion  o f  aureomycin, tended t o  decrease the 

derangements i n  t h e  intest inal  mucosa o r d i n a r i l y  found i n  the  r a d i a t i o n  syndrome. 

This may be one o f  t h e  major f a c t o r s  i n  reducing the  m o r t a l i t y  in  t h e  treated 

groupo 

Both groups of  dogs exhib i ted  t h e  s i p s  o f  r a d i a t i o n  s i c h e s s ,  w i th  

anorexia and le thargy,  b u t  t hese  occurred much sooner i n  the  con t ro l  groupo 

Equally severe depressions o f  t h e  blood elements, and a l t e r a t i o n s  i n  the coagulat ion 

mechanisms occurred i n  both  groups, Despite t h e s e  f indings,  t y p i c a l  of  severe 

r a d i a t i o n  s ickness  in both  t r e a t e d  and cont ro ls ,  aureomycin apparent ly  reduced 

t h e  t o t a l  m o r t a l i t y  by 5%. 

lJumerous s t u d i e s  on the e f f e c t  o f  o the r  a n t i b i o t i c s ,  s i n g l y  and in 

combination on the  r a d i a t i o n  syndrome i n  dogs and o the r  spec ies  have been done 

UNCLASSIFIED 
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and w i l l  be reported l a t e r .  

inmmity mechanisms, bac te r io logy  and metabolism of x-radiated anbials treated 

Nith a n t i b i o t i c s ,  

h r t h e r  work involves  more d e t a i l e d  s tud ie s  on t h e  

SUmnary, 

1, f i v e  dogs given an LD 90 (450 r) of  whole body r a d i a t i o n  mre t r e a t e d  

With a n t i b i o t i c ,  aureomycin. Five s i m i l a r l y  x-radiated dogs served as controls.  

2. Iden t i ca l  a l t e r a t i o n s  i n  blood c e l l  counts and coagulat ion mechanisms 

were observed in  both groups f o l l a c h g  r ad ia t ion ,  

3, Bacter iological  s tud ie s ,  including q u a n t i t a t i v e  bac te r io log ica l  

ana lys i s  o f  the  s too l ,  were done. 

4. The t o t a l  m o r t a l i t y  i n  t h e  con t ro l  group was 8% while  the  aureomycin 

t r e a t e d  group had a t o t a l  m o r t a l i t y  of  4%. 

between the  f i r s t  death i n  t h e  cont ro l  group and t h e  f i r s t  death i n  the  t r e a t e d  

group. 

was noted, 

There was a d i f f e rence  01’ 12  days 

A similar delay i n  tho  onse t  o f  t h e  c l i n i c a l  s igns  o f  r a d i a t i o n  s ickness  

5, Gross autopsy f ind ings  revealed no g a s t r o - i n t e s t i n a l  u l ce ra t ion  and 

Marked gas t ro - in t e s t ina l  m i n i m a l  evidence o f  hemorrhage i n  the  t r e a t e d  groupe 

u l c e r a t i o n  and hemorrhage were i’ound in t h e  cont ro l  dogs which died. 

Problem Code: XR.4 (Hematology) 

Sec t ion  Code: 3351 

Author: Maylou h g r a m  

The Incidence of Unusual Lymphocytes i n  the  Blood of  Dogs Exposed t o  Radiation from 

t h e  130 inch Cyclotrono 

Previoua Quar te r ly  Reports have descr ibed the occurrence of‘ lymphocytes 
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w i t h  bi lobed nuc le i  i n  t h e  pe r iphe ra l  blood o f  cyclotron personnel who have had 

no Imown exposure t o  r ad ia t ion  i n  amounts above t h e  to l e rance  leve l .  

check t h e  r e l a t i o n s h i p  between t h e  increased incidence of  t hese  cel ls  and exposure 

t o  r a d i a t i o n  from t h e  cyclotron, d e t a i l e d  s tud ie s  have been made on dogs repea ted ly  

exposed for s h o r t  periods.  

August 22, 1949, October 4, 1949, and December 1 2 ,  1949. 

results i s  c u r r e n t l y  being completed; however, it i s  poss ib le  a t  t h i s  t ime t o  

r e p o r t  d e f i n i t e l y  t h a t  a marked inc rease  i n  t h e  incidence o f  lymphocytes w i t h  

bi lobed nuc le i  occurred a f t e r  each exposure w i t h  a maximum incidence during t h e  

In order  to 

These exposures, t h i r t y  minutes each, were made on 

I n t e r p r e t a t i o n  o f  the 

f i r s t  two post-exposure weeks. 

Because t h e  incidence of  lymphocytes wi th  bi lobed or hourglass n u c l e i  i s  

extremely low,  da t a  now seem b e s t  i n t e r p r e t e d  according t o  whether or n o t  a 

given smear contains  one or more of  t h e  abnormal c e l l s .  

examined during t h e  con t ro l  period, one smear or 0.55% was p o s i t i v e  on this 

bas is .  

each exposure, approximately 2C$ were pos i t ive .  

exposure period a r e  approximate: however, it is unlikely t h a t  any major r e v i s i o n  

m i l l  be ind ica ted ,  

O f  the 180 smears 

By con t r a s t ,  o f  t h e  180-200 smears examined during the  two weeks af ter  

These f i g u r e s  for t h e  post- 

I n t e r p r e t a t i o n  of t he  i n i t i a l  f ind ings  i n  t h e  blood of cyclotron personnel 

on this  same b a s i s  i nd ica t e s  t h a t  during t h e  per iod  before  the cyc lo t ron  was 

operating, 3.75% of  80 smears mre pos i t ive .  

during t h e  f i r s t  t h r e e  months o f  cyc lo t ron  operation, 23% were found t o  be 

pos i t ive .  

la ter  per iods of cyclotron opera t ion  w i l l  be made available i n  subsequent reports. 

O f  100 smears from the same group 

Additional information r e l a t i v e  t o  the incidence of t h e  cells i n  

Studies  of  t h e  r e l a t i o n s h i p  o f  the bilobed lymphocyte response t o  

var ious kinds and i n t e n s i t i e s  of ion iz ing  r a d i a t i o n  are i n  progress,  and it is 
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expected that investigation of factors which might influence the nature and/or 

magnitude of the response w i l l  a l so  be undertaken. 
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Problem Code: U , 3  (Toxic Limi ts )  

Sect ion Code: 3210 

Authors: S, Laskin, L. Leach and R, H, Vilson  

ZxDerjmental Production and Studies  o f  U r a n i u m  Dioxide Azmes. 

U r a n i u m  meta l  i n d u s t r i a l l y  i s  a d i f f i c u l t  material t o  process  and  a l s o  

exh ib i t s  a marked tendency t o  be pyrophoric, 

t he re fo re ,  such processes  as machining and gr inding o f  t h e  metal a r e  known t o  

produce q u a n t i t i e s  of fumes as atmospheric contaminants, 

t h a t  t hese  fumes are i n  t h e  form of one of i t s  oxides (presumed t o  be uranium 

dioxide) ,  

of fumes suggested t h a t  t h i s  i n d u s t r i a l  hazard i f  t y p i c a l  o f  o the r  metals may 

represent  a problem d i f f e r i n g  from that d f  exposure t o  dus ts  o f  t h e  same material .  

The lack  o f  b io log ic  d a t a  and o the r  information p e r t a i n i n g  t o  physical  and chemical 

d i f fe rences  o f  uranium and uranium oxide fumes has prompted s tud ie s  of such 

ma te r i a l s ,  The information was also requi red  t o  extend t h e  spectrum o f  the 

p a r t i c l e  s i z e  t o x i c i t y  s tud ie s  o f  uranium oxides t o  sizes s i g n i f i c a n t l y  below 

t h o s e  obtained from d u s t  atmospheres (He B. Vilson, e t  a l o ) c  

r e p o r t  i s  t o  p re sen t  a method f o r  t h e  production o f  uranium dioxide fumes from 

uranium metal, the  r e s u l t s  of prel iminary s t u d i e s  a t  maintaining continuous 

atmospheres and the  r e s u l t s  of a preliminary,  short-term i n h a l a t i o n  study with 

animals 0 

Under c e r t a i n  p r a c t i c a l  conditions,  

Avai lable  data  ind ica t e  

The n a t u r e  of i t s  production and the small p a r t i c l e  s i z e s  c h a r a c t e r i s t i c  

The purpose o f  this 

Pr io r  t o  t h e  p re sen t  s tud ie s  numerous a t tempts  a t  continuous production 

of fumes fkom uranium metal or i t s  compounds were unsuccessful  because of  complex 
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p r a c t i c a l  or contaninant  d i f f i c u l t i e s ,  

furnaces,  burning o f  s a l t  dissolved i n  organic  solvents ,  conventional a rcs  and 

evaporation from tungsten f i laments ,  

p r a c t i c a l l y  the  e l ec t rodes  were found t o  corrode t o o  r ap id ly  t o  maintain bu rnbge  

Evaporation from tungsten f i laments  under condi t ions o f  h igh  vacuum o r  i n e r t  gas 

enclosure was successf'ul if a l l  t r a c e s  of a i r  mere removed t o  prevent burning of 

t he  f i lament ,  

exposu-e u n i t ,  however, excessive contamination from t h e  f i lament  was obtaineda 

The problem appeared insurmountable u n t i l  it w a s  recognized t h a t  the  major 

d i f f i c u l t y  with previous attempts WBS the  rap id  r e a c t i v i t y  of  uranium metal With 

oxygen and under condi t ions o f  t he  temperatures requi red  with water, vapor, 

ni t rogen,  carbon and o t h e r  ma te r i a l s ,  Introducing t h e  p r i n c i p l e s  of  cont ro l led  

heat ing or a rc ing  of uranium metal wi th in  an i n e r t  gas  chamber and a cont ro l led  

r a t e  o f  oxidat ion r e s u l t e d  i n  t h e  development of a simple fume feed  which could 

be maintained i n d e f i n i t e l y ,  

Among the  methods explored were induct ion 

The a r c  method appeared most f e a s i b l e  but  

Under condi t ions requi red  fo r  continuous feeding o f  811 animal 

The m o s t  successfb lmethod t o  da te  simply c o n s i s t s  of a uranium metal arc  

burning in an air-contaminated argon atmosphere, 

d i ag rana t i ca l ly  i n  Figure 1 (Page 39)  i s  constructed o f  conventional labora tory  

equipment represent ing a t  i t s  present  s tage  only a crude model of t h e  m e  feed 

required f o r  i n h a l a t i o n  s tud ie s ,  

uranium r o d  as a movable e l ec t rode  and a lxlx1/8" uranium p l a t e  he ld  i n  pos i t i on  

by a brass  support ,  

constructed from a 4 - l i t e r  vacuum f i l t e r i n g  f l a s k o  

guided by means o f  a s h o r t  l ength  of 'glass tubing i n s e r t e d  in t h e  f l a s k  s topper  

The apparatus  i l l u s t r a t e d  

The a r c  i s  formed between a 1/8" diameter 

The a r c  is hand fed and inc losed  in an arc lng  chamber 

The movable e l e c t r o d e d e  

and he ld  i n  place 

e lec t rodes  from a 

by means of a t i g h t  rubber s leeveo  Current i s  supplied t o  the 
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q[ b 
is obtcinecl by means o f  a powerstat azld t he  cu r ren t  i s  measured a t  t he  l l O V  s ide ,  

d curren t  of 1 2  amps and an arcln;  l i s t a n c e  of  1/4" r e s u l t e e  i n  a s teady a r c  which 

could. be m,iri tr ined f o r  severa l  hours x t h  r k n i - a l  a d j u s b e n t ,  

The a rc ing  chamber connects t o  a mall exposure u n i t  constructed from a 

1 2  x 1 2 "  c y l i n d r i c a l  b a t t e r y  jar, 

support  and sealed by means o f  a plywood and rubber gasket  covero 

serves  t o  i s o l a t e  t h e  s r c ing  chambsr during gas f i l l i n g  and prel iminary evacuation, 

This j a r  i s  mounted ho r i zon ta l ly  i n  a wooden 

A check valve 

For operat ion t h e  f l a s k  i s  evacuated wi th  a Xelch Duoseal Pump f lushed  With 

argon and re-evacuated, 

t r aces  of  moisture and r e s idua l  a i r ,  The chamber i s  then f i l l e d d t h  argon and a 

continuous flow r a t e  of  4 l i t e r s  per minute e s t ab l i shed ,  

forces  the  check valve open f lush ing  t h e  exposure u n i t a  

t o  t h e  arcing chamber by means of a glass valve and manometer system a t  a metered 

r a t e  of 0 , l  l i t e r s  per  minute, 

sanplad a t  a r a t e  of 14  l i t e r s  per minute from i t s  exhaust por t ,  

negat ive pressure mixes d i l u t i n g  a i r  wi th  the fume-contaminated argon j u s t  before 

enter ing  the  exposure u n i t ,  

This process i s  repeated seve ra l  t h e 6  t o  e l iminate  

Increased gas pressure  

Clean d r y  a i r  is admitted 

The atmosphere of' t h e  exposure uni t  is  continuously 

The r e s u l t i n g  

Several  prel iminary s tud ie s  o f  t he  opera t ing  c h a r a c t e r i s t i c s  of t h i s  system 

were made, 

one-hour run, 

Figure 2 (Page 41) i l l u s t r a t e d  t h e  concentrat ions obtained during a 

Concentrations were deterrmned from f i l t e r  paper samples co l l ec t ed  

a t  5 minute i n t e r v a l s  and analyzed by t h e  ferrocyanide method, 

on the  graph represent  concent ra t icns  f o r  t h e  mean time i n t e r v a l  of sampling, 

ne= concentrat ion o f  14.9 mg UOz/m3 w i th  a s tandard devia t ion  o f  3.0 was obtained. 

S?ectrographic* and chemical ana lys i s  o f  the  samples k o m  t h i s  atmosphere proved 

t h o  fume t o  be o f  high purity, 

Poin ts  p l o t t e d  

A 

Typical samples containing 1-2 mg of uranium 

* Dr, L, T, Steadman 
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sha-;..ed m i y  t r a c e s  o f  cop?er, l t a a  and b e r y l l i m  (1 pg o r  l e s s  of each). 

ciiffraczion+ ana lys i s  0:’ s a i p l e s  co i l ec t ed  i~ -cn an e l e c t r o s t a t i c  p r e c i p i t a t o r  

confir.ned the  f u i e  composition ES uraniw. dioxide,  h l y  neg l ig ib l e  t r a c e s  of 

contsQinants were f o m d  whic:? Eay have been the  cmtaminants  repor ted  i n  t h e  

X-ray 

spectrographic  cna1:rsis o r  o ther  oxides o f  uranium, 

In order t o  cha rac t e r i ze  phys ica l ly  the f m e  produced, e lec t ron  micrographs 

;;-ere saae  02 samples co l l ec t ed  by neans of the  o s c i l l a t i n g  thermal p r e c i p i t a t o r ,  

T!le c a t e r i a l ,  i l l u s t r a t e d  i n  Figure 3 (Page 43), vas photographed a t  an i n i t i a l  

nagni f ica t ion  o f  7,103 t i l e s ,  The fume appears t o  cons i s t  of  ex t rene ly  ma l l  unit 

p a r t l c l z s  approaching the r e so lu t ion  l i m i t  of  t h e  photograph (0,Ol p) , Crystal 

s t r u c t u r e  a n d  p a r t i c l e  shape a r e  the re fo re  d i f f i c u l t  t o  i d e n t i f y ,  The fume 

e r h i b i t s  a narked tecdency t o  form i r r e g u l a r  branched chains o r  agglomerates 

rcnging i n  s ize  from 0 , l  t o  g rea t e r  than  1 micron i n  diametero 

agglomeration and chain s i z e s  a r e  observed i n  o ther  photographs taken from 

Increased 

atnospheres o f  higher  fume concentration. 

These r e s u l t s  were s u f f i c i e n t l y  encouraging t o  a t tempt  a prel iminary p i l o t  

s d a y  of exposure t o  animals, I n  order  t o  provide comparative t o x i c i t y  da t a  wi th  

o the r  r e s u l t s  r epor t ed  f o r  uranium dioxide abnospheres (l), t h e  output of t h e  

a r c  was increased t o  produce an aimosphere o f  approximately 80 mg Uo2/m3, This 

increased output  was achieved s inp ly  by decreasing t h e  arcing d i s t ance  t o  1/8”. 

The r e s u l t a n t  increased  heatin; although product ive of fume was more d i f f i c u l t  

t o  maintain and as la te r  observed r e s u l t e d  i n  t h e  changes o f  p a r t i c l e  c h a r a c t e r i s t i c s .  

A n i m a l  Exposure Study, A mean concentrat ion of 80,7 mg UO;5/m3 was 

maintained f o r  a t o t a l  o f  1 7  hours over a per iod of 4 days, The animal exposure 

schedule cons is ted  o f  5 hours t h e  f i r s t  day followed by 4 hours each successive 
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day. 

wider range of values obtained i n  comparison wi th  those  of the 14.9.q U02 l e w l .  

A standard devia t ion  of  41 mg U 0 2 / m 3  and extreme v a r i a t i o n s  f'rom 5,4 t o  186 mg 

U 0 2 / n i 3  were obtained, 

m e  concentrat ion r e s u l t s  i l l u s t r a t e d  i n  Figure 4 (Page 45)  show a much 

Spectrographic ana lys i s  of  a sample of t h i s  atmosphere showed s l i g h t l y  

higher contamination with 20 micrograms of copper and 100 micrograms of z inc  f o u d  

i n  a sample containing 2,66 m i l l i g r a m s  of uraniUmo 

mas a t t r i b u t e d  t o  the  hea t ing  e f f e c t  o f  t he  a r c  on the  b ra s s  supports,  

d i f fe rences ,  however, were n o t  considered s i g n i f i c a n t  because t h e  p u r i t y  was of 

the same order of magnitude as those  of t h e  14.9 mg/m3 l e v e l  (99,6 t o  99,9% UOz),  

Electron micrographs o f  t h e  m a t e r i a l  i l l u s t r a t e d  i n  Figure 5 (Page 46), showed 

t h a t  t h e  increase  i n  concent ra t ion  r e s u l t e d  i n  increased p a r t i c l e  s izes .  

and agglomerates a r e  less complex, being composed of few l a r g e r  uni ts .  

na jo r  ca tegor ies  o f  unit p a r t i c l e s  w r e  found averaging 0.1 and 0.05 p, r e spec t imly .  

This increased contamination 

The 

Chains 

Two 

In addi t ion ,  nmerous  ind iv idua ls  and s h o r t  chains o f  s i z e s  severa l  t en ths  o f  a 

micron were found. 

S ix  a lb ino  male r a t s  were used f o r  t h i s  study. Rat$ were se l ec t ed  on the 

b a s i s  of s i z e  and a l so  as a m i c a l l y  r e s i s t a n t  spec ies  t o  emphasize any observed 

tox ic i ty .  The animals were divided i n t o  two  age groups, 4 young averaging 184 

grams and 2 mature animals averaging 302 gramso 

weight b a s i s  were provided f o r  each age groupo 

Two c o n t r o l s  s e l ec t ed  on a 

Half of  each age group including 

con t ro l s  w e r e  s a c r i f i c e d  on t h e  8 t h  day a f t e r  t h e  s t a r t  o f  exposure and the 

r e m i n d e r  s a c r i f i c e d  on t h e  22nd day. Terminal blood NPN's were obtained on each 

o f  the  animals and sec t ions  of  lung, l i v e r ,  spleen and kidney taken  for micro- 

pathology, 

weekly. 

Other c r i t e r i a  included body weight on a d a i l y  basis and hematology 

Following gross autopsy, t i s s u e s  (lung, femur and kidney) were a l s o  
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sampled f o r  subsequent uraoium analyses 

During the exposure and pre-sacr i f ice  per iods l i t t l e  o r  no changes of 

s ign i f icance  in t h e  body weights o r  condi t ion o f  t h e  animals were found, 

hematologic r e s u l t s  were inconclusive because of t h e  wide v a r i a t i o n  of suoh dab. 

and l imi ted  number of animals exposed. 

The 

Some changes appeared i n  the  white c e l l  

counts i nd ica t ing  a tendency tcmard increased number in t h e  young exposed rats. 

Two o f  these animals shoaed increases  wel l  above t h e  v a r i a t i o n s  of t h e  o thers  

(above ~ 2000-5000), 

day decreas-hg in the  subsequent period, similar results were a l so  obsemed in 

one of  t he  con t ro l  animals of each group. A decrease o f  s imi la r  magnitude was 

found i n  one of the mature exposed rats and a l s o  in a mature cont ro lo  Di f f e ren t i a l  

counts i nd ica t e  same quest ionable  changes in neu t roph i l  and lymphocyte percentages, 

bu t  not in the eosinophi l  valueso 

C O U I l t O  

Although these  appeared t o  c o r r e l a t e  w i th  t h e  t h i r d  exposure 

. 

No changes were  found i n  t h e  erythrooyte 

The' s i g n i f i c a n t  f ind ings  i n  this  s tudy were made in the blood RPP 

determinations and mic ropa tho logpo  A l l  of t h e  exposed animals sao r i f i ced  on tb 

4th day after exposure showed t h e  renal lesions o b s e m d  in uranium poisoning. 

A small zcme of tubules ly ing  j u s t  a t  t h e  junc t ion  of t h e  cortex and medulla 

exhibi ted n e a r o t i c  c e l l s  and t y p i c a l  regenerat ing epithelium. 

o l a s s i f i e d  as minimal in t h e  mature r a t  and in one of t h e  yomg group, 

the second young animal were o l a s s i f i e d  as a t race ,  

blood W N  value of t h e  mature r a t  (52 4) was confirmed as a s i g n i f i o a n t  

minimal change; t h e  Paluea f o r  t h e  two young animals, however, d i d  not shmr 

s i g n i f i c a n t  inoreases  being 34 mg$ compared w i t h  30 mg% f o r  t he  control. 

The changer were 

Those of 

An increased terminal  

A l l  Qf the exposed animals s a o r i f i c e d  on the 1 9 t h  day following exposure 
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ihd ica ted  minimal kidney damage fram t h e  blood IJPbT results, va lues  of 46, 52 and 

52 mg$ being obtained, Although no changes confirming the-damage was found h 

examination of  the  kidney sect ions,  t h e  post-exposure period was considered of 

s u f f i c i e n t  dura t ion  t o  have allowed complete regeneration, 

damage observed diagnosis  of  complete regenerat ion i s  d i f f i c u l t  t o  make. 

of the m a t u r e  cont ro l  animals showed a r e n a l  l e s i o n  c l a s s i f i e d  as probable 

i n t e r s t i t i a l  n e p h r i t i s ,  

A t  t h e  l e v e l s  of 

One 

No damage was reported f o r  t h e  other  controls. 

Gross autopsy of t h e  exposed animals ind ica ted  only  s l i g h t  damage t o  t h e  

lungs in t h e  f o m  of  small a reas  of hemorrhage and edema, Some consol idat ion 

was observed in  both of t h e  experimental and con t ro l  mature animals. 

pathology, however, d id  n o t  show pulmonary l e s i o n s  s p e c i f i c a l l y  a t t r i b u t a b l e  t o  

the uranium dioxide fune, 

The micro- 

. 
No s i g n i f i c a n t  d i f f e rences  between the  age groups 

were indicated.  

The rena l  damage observed in  t h i s  s tudy suggest a level of  t o x i c i t y  

comparable t o  t h a t  found in t h e  f i n e  pa r t i c l e - s i ze  s t u d i e s  of uraniuh dioxide 

dus t  (0045 p.Mg) (l), 

graphs obtained on the h e  (Figure 5, Page 46)* 

in the same order of magnitude as i n  t h e  0,45 p dus t  s tudy would repreeeqt  t h e  

This agreement might be expected frm the e lec t ron  micro- 

Larger p a r t i c l e  s i zes  present  

bulk of fume mass, 

shor t e r  durat ikn of exposure required t o  produce r e n a l  e f f d o t s  in this study 

Although t h e  concentrat ion l e v e l s  are canparable, t h e  

ind ica t e s  a more rapid absorpt ion of t h e  retained *e. Tissue ana lys i s  f o r  

uranium content  required t o  confirm t h i s  suggestion, homver,  are incomplete 

and w i l l  be reported l a t e r ,  

Fbrther s tud ie s  are in progress on the t o x i c i t y  of t h e  more c h a r a c t e r i s t i c  

fume produced a t  the  1009 rng U O i m 3  leve l ,  

physical  and chemical cha rac t e r i za t ion  of  uranium dioxide fumes and in the 

Studies  are a160 in progress on the 
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The "retention"** 

apparatus  descr ibed  in (1) was used t o  provide f o r  the i n h a l a t i o n  of uranium 

dioxide dus t  averaging 0,s micron i n  diameter over a per iod  which var ied  fran 

* The t e c h n i c a l  a s s i s t ance  o f  Clarence Booth and Gertrude Melv i l le  i s  
ecknowl edg ed . 
m a k e  a d i s t i n c t i o n  between r e t e n t i o n  end deposi t ion,  depos i t ion  being 
reserved t o  i n d i c a t e  t h e  amount o f  a p a r t i c u l a t e  deposi ted i n  the lung (or 
r o s p i r a t o r y  t ract)  in i n h a l a t i o n  over a s h o r t  per iod o f  time (5-30 minutes), 
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oDe t o  foiir hours, durmi;  which time a nunber o f  neasurements o f  g r o s s  "retention" 

r a t e  mere made. 

t c r i r . a t i o n  of  the i n h a l a t i o n  period, o r  a t  s t a t e d  i n t e r v a l s  t h e r e a f t e r ,  and t h e  

uranium ccnten t  of  t h e  va r ious  t i s s u e s  determined, 

The r a b b i t s  s tud led  were s a c r i f i c e d  e i t h e r  inmediately upon 

I t  rms f o m d  t h a t  t h e  uraaiun was confined, a t  l e a s t  during the f i rs t  

twenty hours, tc t h r e e  wel l -def ined physioiogic  regions : (1) the  upper r e s p i r a t o r y  

system, inc ludmg t k e  o r a l  cavi ty ,  t h e  larynx, the external and i n t e r n a l  nares, 

and the  nasa l  s inuses ;  ( 2 )  t h e  g a s t r o i n t e s t i n a l  systen,  inc luding  t h e  bsophagus, 

t h e  stomach, and occas iona i ly  a small pc r t ion  of  the upper i n t e s t i n e ;  and ( 3 )  

t he  losver r e s p i r a t c r y  system inoiuding t he  tracheobronchial  t r e e  and t h e  lungs,  

Check analyses for ur ina ry  uranium indica ted  t h a t  t h e  f r a c t i o n - r e a c h i n g  t h e  

kidney a t  t h i s  s t age  was n e g l i g i b l e ,  being l e s s  than 0,5% of t h e  t o t a l ,  

I t  was found t h a t  t h e  t o t a l  uranium content o f  i nd iv idua l  r a b b i t s  va r i ed  

widely under i d e n t i c a l  condi t ions  of exposure, due c h i e f l y  t o  v a r i a t i o n s  in t h e  

r e s p i r a t o r y  p a t t e q  of d i f f e r e n t  animals, as had been found t o  be t rue  of t h e  

gross  depos i t ion  r a t e s  measured by t h e  r e t e n t i o n  apparatus,  I t  was accordingly 

necessary t o  reduce a l l  t h e  a n a l y t i c  da t a  t o  a percentage b a s i s  by d iv id ing  t h e  

t o t a l  found a t  any s i t e  by the  total found i n  t h e  e c t i r e  animal t o  y i e l d  a fig- 

which i s  the analog of t h e  commonly employed "percentage o f  o r i g i n a l  dose", 

Vhen t h i s  i s  done, it becomes poss ib le  t o  demonstrate c e r t a i n  cons i s t en t  t r ends  

in t h e  data as descr ibed  below, 

Results, 

1, Gross Retention, Although t h e  gross depos i t ion  of  dus t  i n r a b b i t s  has 

boen more cornplctely s tud ied  by t h e  use of  t he  r e t e n t i o n  apparatus, it is poss ib le  

as in t h e  p re sen t  experlment by d i r e c t  t i s s u e  analysis t o  ob ta in  an independent 

assay of t h e  accuracy o f  t h e  da t a  obtained w i t h  the r e t e n t i o n  apparatus,  I t  i s  
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2 
3 

4 
4 

! 4  

poss ib le  t o  ca l cu la t e  the ??parent gross r e t e n t i o n  o f  uranium i n  each r a b b i t  

&Xing the i d l a l a t i o n  Teriod and t:, compare t h i s  f i g u r e  with t h a t  obtained. by 

addint; together  ail t h e  a a a l y t i c  recover ies  of  uranium i n  t h e  same rabb i t  a t  

Upper Lower 
Respi ra tory  Gastro- Respiratory 

Trac t  I n t e s t i n a l  T rac t  

3 6% 38% 2 6% 
60 18 22 
32 33 35 
32 46 22 
41 29 30 

I 40 33 27 
12 10 6 .  

autopsy , 

This was done in e i g h t  r a b b i t s  exposed f o r  f o u r  heurs  t o  a mean concentra- 

t i o n  eaproximating 2 0  micrograms per  l i t e r  as U02 dus t ,  The mean uraniun recovery 

from these  animals was 497 micrograms of uranium per  kilogram of  body weight, w i th  

a s tandard devia t ion  o f  209 micrograms pe r  kilogram, o r  42% of t h e  mean. The 

v a r i e t i o n  between observed and computed re ten t ion ,  on the other  hand, l eads  t o  a 

s tandard e r r o r  o f  only 45 micrograms pe r  kilogram, o r  9$ of t h e  mean, I t  thus  

appears t h a t  t h e  rn the r  l a rge  v a r i n t i o n s  ( o f  t h e  order  of  50-10%) found in the 

gross deposi t ion s tud ie s  a r e  i n  f a c t  r e a l  v a r i a t i o n s  a s soc ia t ed  with ind iv idua l  

animal cha rac t e r i s t i c s ,  and t h a t  t h e  accuracy o f  t h e  r e s u l t s  from t h e  r e t e n t i o n  

apparetus i s  o f  t h e  order  o f  l@,, 

2, I n i t i a l  D i s t r ibu t ion  o f  Uranium during Inha la t ion ,  Nve  o f  t h e  r a b b i t s  

i n  t h e  se r i e s*  were s a c r i f i c e d  immediately upon ces sa t ion  o f  t h e  inha la t ion ,  and 

the  percentage d i s t r i b u t i o n  a t  each of t he  three s i t e s  determined, The r e s u l t s  

are as follows: 
T A B U  1 

DISTRIBUTION OF URANIUZII BETI'EEI? TRREE MAJOR PHYSIOLOGIC 
SITES DURING IFHALATION 

Animal 
JO to 

51 
53 
35 
57 
52 
Xe nn 

Hours 
Expe 

PERCENTAGE OF URANIUAI I N  

* A t o t a l  o f  ten r a b b i t s  were s tudied,  The groups descr ibed overlap so t h a t  one 
animal may be included in seve ra l  p laceso  
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I t  ;Vi11 5e seen t h a t  a f t e r  from 2-4 hozr s  t h e  uraniun i s  r e l a t i v e l y  

f 

1 
2 
4 
8 

16 

evenly divided enong t r i2  t k e e  sites. 

i s  somewhat more constant  *..an t h a t  found. in e i t h e r  o f  t he  o the r  s i t e s  ( s i n c e  

The r e l a t i v e  q u a n t i t y  f o p d  i n  the lung 

54 67 
5 44 

22 4 1  
8 72 

18 67 

i t s  s tandard dev ia t ion  is abcut  h a l f  t h a t  found eisewhere), and amounts t o  about 

one-third or a l i t t l e  less,  o f  t h e  t o t a l  amount o f  uranium deposited,  

3, The Irms?ort o f  U r a n i u m  a f t e r  Deposit ionn 

changes i n  t h e  d i s t r i b u t i o n  or’ the uranium a f t e r  deposi t ion,  a f u r t h e r  trans- 

In order  t o  show t h e  

formation o f  t h e  da ta  i s  usef‘ul, *?on t h e  men values  der ived above, t h e  mean 

uranium content  a t  ezch s i t e  a t  t h e  end of a four-hour exposure was ca lcu la ted ,  

The a n a l y t i c a l  recover ies  were then expressed as a percentage or’ t h i s  f igure ,  s o  

t h a t  t he  f i g u r e s  obtained during t h e  exposure inciicate t h e  r a t e  a t  which t h e  

uranium l e v e l  bu i ld s  up t o  i t s  four-hour value,  and f igu res  obtained a f t e r  t h e  

exposure period r e f l e c t  subsequent changes a t  each s i t e ,  The following resul ts  

a r e  obtained, 
TABLZ 2 

5 1  
53 
35 
57 
52 

4-hoW 
nean 

50 
64 
37 
56 
55 

Iirs. o f  
Ecposure 

0 28% 
0 I 6 0  
0 91 
0 91 
0 118 

0 100 

13% 
66 

118 
79 

103 

100 

Gastro- 
I n t e s t i n a l  

22% 
39 
91 
130 
79 

100 

75 
162 
145 
188 
175 
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these s i t e s  t o  near'ly dcuble i+,s origir ia l  vz lue  a f t e r  in take  has  ceased,, 

D iacuss im -- *zi Conclusionso The data presented here,  -;;hilo l lmi ted  i n  

extent- s re  of' c 2 ~ s i d e r a b l c  -importance I n  that they o f f e r  independent confinna- 

t i o r ,  :r' the  conclss icns  rezcned i n  the  rzo  e a r l i e r  and more complete papers, 

,"irst<, the  a c c u a z y  o f  t h e  r e t e n t i o n  apparatus  has been evaluated and shown t o  

5 e  adequate t o  jL;stify the conciusions der ived f r o n  i t s  useo Seco2d, t h e  move- 

ment oi" appreciable  q u a n t i t i e s  of uranium from t h e  lung t o  t h e  g a s t r o i n t e s t i n a l  

c d-act, s f f e red  as a hypothesis 13 t he  seccnc! paper mentioned above: has been 

given some measure o f  d i r e c t  experimental confirmation, 

The concepr cf the  ,"recess of deFcs l t ion  o f  uranium by inha la t ion  may be 

?rystnl ; ized a E  follows.; 

Inhalation of  uraniun dust,  after which most cf  t h e  uranium i n  t h e  upper 

uranium dioxide bu i lds  up i n  all exposed s i t e s  during 

r e sp i r a to ry  passages, and f rm  c o e - t h r d  t o  one-half t h a t  i n  the  lung, i s  pooled 

i n  t!ie g a s t r o i n t e s t i n a l  t r a z t ,  f i o m  which it is presumably eliminated, It must, 

however, be borne in mind t h a t  thls represents  an exh-me s impl i f i ca t ion  o f  the 

ac tua l  process,, 

demarcstion between exposure and post-exposure per iods is n o t  sharp ly  def ined  

In p a r t i c u l a r  it is necessary t o  po in t  ou t  t h a t  t h e  line of 

i n  all respects, ,  Thus, t he  movement o f  uranium from t h e  upper r e s p i r a t o r y  

passages into the gastrointestinal system does n o t  begin suddenly a t  t h e  end of 

t h e  exposureo bu t  r a t h e r  n going on continuously 

D 
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deposi ted on t h s  r-nsal x ico:~, ,  

Sumr?arV 
-0 

1, Results obtained by the  use  of' t h e  r e t e n t i o n  apparatus have been 

conf imed by d i r e c t  shemica1 analyses  or' anha1 t issues0 

2. The general  pattern of  t he  process o f  r e t e n t i o n  during inhalation of 

f ine h s o l u b l e  p a r t i c u i a t e s  has been es tab l i shed ,  
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Tro2i--:n Code: 5e03  (Toxic Limits) 

Sect ion  Code: 3210 

Authsrs: 2. E. H a l l ,  H, E. Stokinger, Re E. Root, L. T. Steadman, C. Stroud, 
Z, A l l i n g ,  F, A. Sa i th ,  and J. IC. S c o t t  

hi721 L h a l a t i o n  ihposure o f  BeF2 Mist - 2 mg/mSo 

Poss ib le  exposure t o  inha la t ion  o f  beryl l ium f l u o r i d e  m i s t  cons t i t u t e s  a 

hcznrd i n  present  methods of  producing b e r y l l i u n  metalo 

a c c o u t  was given of t he  e f f e c t s  observed i n  l abora to ry  animals exposed t o  

beryli ium f luo r ide  m i s t  a t  a concentrat ion of  approximately 2 mg/m3, This 

In UR-103 a prel iminary 

experinent ,  t h e  second i n  s e r i e s  de l inea t ing  t h e  t o x i c i t y  of inha led  beryll ium 

fluoride, and having as u l t i m a t e  objec t ive  t h e  establ ishment  of' s a f e  l i m i t s  of 

hmaa e q o s u r e  t o  t h i s  compound, has been terminated a f t e r  a t o t a l  of 207 

calendar  days, 

Zxposure of  anhials was c a r r i e d  out in t h e  same chamber (216 cue f t ,  

sapacitj.),  us ing the  same a s p i r a t o r  feed, as i n  previous s tud ie s  of  t h e  t o x i c i t y  

of  b c r y l l i u n  s u l f a t e  m i s t  (l), 

was maintained a t  1,050 throughout t h e  experiment, s ince  this  has been found t o  

The dens i ty  of the beryl l ium f luo r ide  s o l u t i o n  

be a c r i t i c a l  f a c t o r  in maintaining n o t  only t h e  water-content of t h e  m i s t  

d rople t s ,  b u t  also the d r o p l e t  s i ze ,  

scrubber, packed wi th  Raschig r ings ,  in' con junc t ion  wi th  a s t ack  prec ip i t ron ,  

A highly  e f f i c i e n t  counter-current steam 

removed 99,9$ of t he  tox ic  material  from t h e  chamber e f f luen t .  

t i o n  of  m i s t  i n  the chamber atmosphere was con t ro l l ed  with reference t o  samples 

The c o n c e n t r b  

tnlcen hourly by means o f  t h e  f i l t e r  paper dus t  

a t  a r a t e  o f  15.87 l/mino On the  basis of  t h e  

sampler, a s p i r a t i n g  f o r  50 minutes 

increase  i n  weight o f  t h e  f i l t e r  

lR?CLASS I FIm 

* UR 01482 



3 papers, t h e  mean concentrat ion o f  m i s t  was 3.0t 0.35 mg/m . 
spectrographic  ana lys i s  of  spot  f i l t e r  paper samples taken during the course of 

t h e  experiment showed t h a t  t h e  beryl l ium content  was n o t  l e s e  than  14.0L I.% 

(Llano: L. T. Steedman t o  H. E. Stokinger,  10/11/49). 

present  i n  the Ioist d rop le t s  was BeF2, the  a c t u a l  concentrat ion of  t o x i c  agent 

represented n o t  less t h r n  73.0f 5,2$ o f  t he  over -a l l  m i s t  concentration, the 

remainder probably being mainly water.  

f l c o r i d e  m i s t ,  therefore ,  was 2.2 ? 0.25 mg/m3 (0.42 t 0003 q Be+z/m3). 

an add i t iona l  check on the  gravimetr ic  sampling method, 18 blank f i l t e r  paper8 

and 20  beryl l ium f l u o r i d e  m i s t  f i l t e r  paper samples were dr ied  i n  vacuo over 

P2O5 for 18 hours a t  1 0 0 0 C o  

sm?les ,  corrected f o r  the weight loss of f i l t e r  papers a lone  (3$), amounted t o  

20$ o f  t h e i r  i n i t i a l  weights. 

The r e s u l t s  of 

Assuming t h a t  t h e  compomd 

The mean concent ra t ion  of beryl l ium 

As 

-- 
The n e t  l o s s  i n  weight  of berylliirm f luo r ide  m i s t  

Toxic Responses. In t h i s  experiment, a t o t a l  of 1 6 1  animals were used, 

comprising four  species  - 5 ca t s ,  1 6  dogs, 10 r a b b i t s  and 130 ratso In general ,  

t h e  enircals were exposed i n  t h e  chamber 6 hours da i ly ,  5 da/wk:, The dura t ion  

of t h e  exposure period w a s  d i f f e r e n t ,  however, f o r  ind iv idua l  animals as w e l l  

as f o r  d i f f e r e n t  s?ecies ,  As stated in UR-103, beryl l ium f luo r ide  mist at a 

concentrat ion of 2.2 m d m 3  proved l e t h a l  only t o  rats and t o  four  dogs, although 

a concentrat ion of 10 mg/m 3 caused a high incidence of  m o r t a l i t y  in ca ts ,  dogs, 

g u h e a  pigs,  r a b b i t s  and rats i n  a period o f  only 3 weekso As shown in Figure 

1 (Page 57),  i nha la t ion  of  beryl l ium f l u o r i d e  m i s t  i n  a concentrat ion of Ze2 

m d m 3  r e su l t ed  in t he  dea th  of 5% o f  each of  two groups of full grown male 

rats averaging 285 and 300 grams, respec t ive ly ,  a f t e r  9 days (54 hrs.) exposure 

( C t  = 7.13 x l o 3  mg oin/m3),, 

averaging 226 grams i n  weight, howewr, o n l y  8 ,  or 2@, died during a period of 

In a t h i r d  group oi' 40 younger male rats, initially 

UTJCLAS s I FI ED 
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57, 

9. 

Figure 1. Dose-Mortalit Curve: Fully Grown Hale Bats Xxpoaed t o  5 2.2 mg/m of Beryllium Fluoride Mist 
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exposure of 60 hourso 

anong the an ina l s  were discussed i n  U2-103 

The weight changes ana v i s i b l e  s igns  of  h t o x i c a t i o n  

Development of' Anemia, Apart from t h e  l e t h a l  e f f e c t s  discussed above, t h e  

outstanding r e s u l t  of exposure t o  a concentrat ion of 2,2 mg/m3 o f  beryllium 

f luor ide  mist  was the progressive development of a macrocytic anemia in dogs and 

rabbi t s .  The changes in the  per ipheral  blood were more s t r ik ing ,  although no 

more r ea l ,  i n  t h e  fo,mer than i n  the  l a t t e r  spec ie so  

se lec ted  fo r  hematologic studyo the  mean RBC count began t o  decrease a f t e r  

approximately t h e  fou r th  week (18  days) of exposurec 

In t h e  group o f  3 r abb i t s  

As shown i n  Figure 2 (Page 

59), the  mean corpuscular volume increased sharply a t  t he  same time, There was 

a concomitant decrease i n  mean hemoglobin concentrat ion,  bu t  t h i s  was followed 

by a sharp r i s e  a f t e r  about 1 2  weeks of exposure, whereas the  izBC count tended 

to remain l o w  and the  MCV high, The mean corpuscular hemoglobin concentration 

tended t o  f l u c t u a t e  approximately within the  normal range of  values  f o r  r abb i t s  

(33 Z 107 &m$), although a value a s  low a s  26 pg/mp3 was recorded for t he  

r a b b i t  (No, 346) that exhibi ted t h e  most severe anemia, No t rend w a s  observed 

in the  mBC counts of t he  r abb i t s ,  and t h e r e  were no s i g n i f i c a n t  changes i n  t h e i r  

d i f f e r e n t i a l  t7BC countsa 

A prel iminary account of  t h e  hematologic changes i n  6 dogs was given in 

the preceding i ssue  of  this repor t ,  where it was s t a t e d  t h a t  these changes were 

more s t r i k i n g  than i n  previous experiments with hydrated beryll ium sulfate m i s t  

and beryll ium oxide dust,  In c l a r i f i c a t i o n  of t h e  l a t t e r  statement, it should 

be pointed o u t  t h a t  t he  beryll ium concentrat ion inhaled i n  t h e  present  experiment 

was grea te r  than i n  t he  hydrated beryll ium s u l f a t e  exposure a t  1 mg/m3 

(0,04 ng Be+2/m3), ana l e s s  than in any of  the  exposures t o  beryllium oxide' 

dust,  A l l  s i x  of t h e  dogs r e fe r r ed  to .above received a d i e t a r y  supplement of 
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59 

Figure 2. Hematologic Changes in Rabbits During Exposure t o  
2.2 mg/d of Beryllium Fluoride Mist 
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one t e a s p o o d u l  of '  Lextron* daily f o r  one nonth before  exposuree 

discontinued i n  the  . d i e t  of two dogs  (Cos, 1537 & 1538) a t ' t h e  beginning o f  

exposure, while t n e  other four  dogs  continued t o  rece ive  t h e  d i e t a r y  supplement 

Lextron WBB 

t1iroughor;t t h e  e n t i r e  per iod of t h e i r  exposureo 

concentrat ion o f  t h e  blood o f  a l l  of  t he  dogs began t o  decrease a f t e r  about t he  

The i B C  counts and hemoglobin 

4 th  week of exposurea A t  about t h e  same time, t h e  MCV began t o  increase,  

iu'eglecting the  two  dogs t h a t  died,  one a f t e r  4, t h e  o ther  a f t e r  1 0  w e k a  expoaure, 

f o r  which t h e  d a t a  a r e  necessa r i ly  incomplete, t he re  remained two groups of two 

dogs each, Nos, 1437 & 1518 t h a t  received Lextron throughout the  experiment, and 

110s~ 1537 & 1538 t h a t  received no Lextron a f t e r  the beginning of exposureo 

f o w  dogs survived the  e n t i r e  exposure period o f  207 calendar days and were 

A l l  

hmacely  sacr i f iced .  s h o r t l y  t h e r e a f t e r ,  The pre-exposure values of four  important 

hematologic ind ices  in t hese  dogs, together  wi th  the maximal changes in these 

ind ices  a r e  l i s t e d  i n  Table 1 (Page S l ) ,  In Figures 3-5 (Pagea 62-64) the  

average i?3C counts, hemoglobin concentrat ions,  and X C V s  of  each of the  two 

groups o f  dogs a r e  shown in r e l a t i o n  t o  the  number o f  weeks exposuree 

f igu res ,  and f r o a  t h e  da t a  presented i n  Table 1, it can be seen t h a t  the  anemia 

was somewhat nore  severe i n  the  Lextron-fed dogs than in those t h a t  received no 

f u r t h e r  d i e t a r y  supplement a f t e r  t h e  beginning o f  exposureo 

dogs, t he  depression of the RBC count reached a maximum after 1 5  weeks exposure, 

The RBC counts of  the  Lextron-fed dogs remained low between t h e  1 5 t h  and 23rd 

weeks of exposureo a f t e r  which a s l i g h t  increase occurred, The RBC counts of 

From these 

In both groups of 

t h e  cont ro l  dogs (Lextron discontinued a t  the  beginning of exposure) exhib i ted  

a secondary r i s e  and fa l l  between t h e  20th and 29th exposure weeks, The average 

MCV of  the Lextron-fed dogs increased t o  a peak value during the 23rd week of 

* A l i v e r  and stomach concentrate  f o r t i f i e d  wi th  f e r r o u s  iron, 
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+ 31 

29,8 2 2,2 
-4,3 

1538 

15,4f  0.8 
-3 04 

78 05 
+ 3705 
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c.on.crc1. group, t h e  Feak v;._iuc! 31 :he LiC7 ;7as ;?ache% clur;ng the. 22th week of 

exposuret after which t h e r e  Y;BS 2 sinall dezrenxe and a s l i g h t  secondary rise. 

I n  both g ~ o u p s  o f  dogs, t h e  hemoglobin c o x e n t r a t i o n  of t h e  whole Slood tended 

t o  decrease more o r  less s t e a d i l y  u n t i l  a n i n k a l  value WRS reached during t h e  

15th exposure week, a f t e r  which R ser ies  o f  secondary increases  and decreases  

occurredo 

Leukocytic Chmgee, As shovm graphica l ly  i n  Figure 6 (Page 66), a 

pecul ia r  s h i f t  i n  t h s  proportion o f  f i l m e n t e d  (mature) and nonfi lanented 

( r a a t u e  ) polymorphonuclear neut rophi l  grcnulocytes occurred i n  the d i f f e r e n t i a l  

leukocyte counts o f  the Lextron-fed dogs, With continued exposure t o  t h e  bery l l iu r  

f l u o r i d e  m i s t ,  t h e  percentage of mature neut rophi l s  tended t o  decrease, while  the 

percentage o f  immature forms tended t o  increase,, About t h e  8 t h  week of exposure 

t h e  curves cross ,  and t h e r e a f t e r  t h e  proport ion of imnature c e l l s  tended t o  

remain grea te r  than the  correspondrng proport ion of mature c e l l s o  

b u t  l e s s  marked s h i f t  occurred i n  the  d i f f e r e n t i a l  leukocyte counts o f  t h e  

A s imilar ,  

cont ro l  dogs 

Changes i n  i?eie-i;isulocyteso The r e t i cu loqy te  counts o f  t h r e e  o f  t h e  doga 

s t e a d i l y  decreased during t h e  first 12 weeks o f  exposure, and tended t o  remain 

l o w  thereaf ' ter ,  as shoivn in  Figure 60 b e  of  the  Lextron-fed dogs, IJo. 1437, 

exhib i ted  a marked spontaneous increase  of  r e t i cu locy te s  between t h e  loth and 

18 th  weeks of exposurep t h e  percentage o f  r e t i cu locy te s  reaching a maximum 

durlng the  17th week, af ter  which t h e r e  was a sharp dec l ine ,  Concomitantly 

with the ' i nc rease  of r e t i c u l c c y t e s ,  normoblasts appeared in the per iphe ra l  blood 

cf t h i s  dog, increasing t o  a peak of 2'?$ of the  leukocyte  count during t h e  

1 6 t h  week o f  ex?osure, a f te r  whish *hey declined in  frequency and disappeared, 
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A t  the same t i m e ,  e r y t h r o b l a s t s  mere found i n  t h e  c i r c u l a t i n g  blood, increas ing  

from 1 t o  4% of t h e  leukocyte counto 

nonth o f  exposure and p e r s i s t e d  t h e r e a f t e r o  

anemia o f  any of the four,  but  a t  no t i m e  d id  i t s  RBC count f e l l  below 3.3 X 

106/m3, and t h e  lowest hemoglobin concent ra t ion  reached m s  8.9 gramS/lOO CC, 

whole blood, 

These c e l l s  appeared during the f o u r t h  

This dog exhib i ted  the most severe 

Atypical). "foamy" lymphocytes mre seen i n  blood smears from a l l  four of 

these  dogs. 

dogs, Koso 1437, 1537 end 1538, bu t  only a f t e r  s i x  months of exposure of t h e  

fou r th  dog, No. 1518. 

probably be of no s igni f icance ,  b u t  s ince  they  were found in t h e  blood o f  a l l  

four dogs, appearing e t  the  same time i n  three of them, some importance must be 

assigned t o  than. 

These c e l l s  appeared during t h e  second month of exposure o f  three 

Their appearance i n  blood smears of  a s ing le  animal would 

Biopsied speciqemr o f  bone marrow were obtained from t h e  c res t  o f  t h e  ileum 

of t h ree  of t he  dogs a f te r  varying per iod o f  exposure. The appearance of the 

bone marrow of dog #1537 was normal after 19 weeks o f  exposure, a t  which time 

t h e  RBC count  was 4, l  x lO6/mm3, the MC'V was 103 cue 

concentrat ion of the whole blood, 1 3 , O  gm/lOO CC, 

bone marrow of  dogs Nos. 1437 and 1518, after 1 6  and 20weeks exposure, respective3 

the myeloid cells appeared normal, b u t  t h e r e  was a s l i g h t  increase of megaloblasts 

and a d e f i n i t e  increase  of  normoblasts and e ry th rob la s t s .  

i p i i c a t i v e ' o f  increased  e ry thropoies i s ,  which occurs in any anemia, 

prepared from bone marrow obtained from three of the dogs a t  t h e  time of s a c r i f i c e  

( a f t e r  30 weeks exposure), t h e r e  was an i nc rease  of normoblasts and of erythro- 

b l a s t s  exh ib i t i ng  +3 o r  $4 hemoglobin s t a in ing ,  again G d i c a t i v e  o f  increased 

red  blood c e l l  formation such a8 occurs in any anemiaa 

and t h e  hanoglobin 

In smears prepared *om the 

These f ind ings  are 

In smears 

Terminal bone marrow 
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snears  from dog #1530 appeared normal, 

5,O x 106/m3, w i t h  an MCV of :lo, and 15,5 gxn,/'lOO CC. hemog1ob.h concentrat ion 

o f  t he  whole blood, 

The t e r m k a i  ElBC count of t h i s  dog was 

Anelysis of Red Cell  Stroma,, (I&, Go A, Tishkoff)  h a l y s i s  of t h e  strama 

o f  r e d  c e l l s  of 2 dogs, exposed f o r  7 months t o  the beryl l ium m i s t ,  showed 

normal values f o r  a l l  components, stroma con ten t  9,s and 9.1 mg/ml  red c e l l s ,  

t o t a l  mg stroma N/ml 53,5 and 59,2 and stroma l i p i d  mg/ml, 3,8 and 30050 

values f o r  dogs of  these components average r e s p e c t i v e l y  f o r  stroma, stroma 

p r o t e i n  and l i p i d  9, 57, and 309  mg/ml. 

N o d  

Prophylact ic  Zffect of Vitamin B i z 0  During t h e  l a s t  7 weeks of  t h i s  
r 

experiment, 4 dogs were exposed for varying per iods o f  time i n  the  chamber w i t h  

the  ob jec t  o f  eva lua t ing  t h e  prophylact ic  e f f ec t iveness  of Vitamin B-12 a g a h s t  

t h e  anemia t h a t  appears i n  experimental  animals fol lowing inha la t ion  o f  beryl l ium 

compoundso 

muscularly th ree  t ims ,  a t  48-hour intervals, during t h e  f i rs t  week of  exposureb 

twice meekly, wi th  an i n t e r v a l  of  72 hours,  t h e r e a f t e r .  

t h i s  group of  f o u r  served a s  con&ols, r ece iv ing  no Vitamin B-12, 

con t ro l  dogs, No, 1523, was exposed f o r  a t o t a l  o f  132 hours a t  2.2 m g / d  of 

beryll ium f luo r ide  m i s t ,  

hours a t  t h e  same m i s t  concentrat ion,  

With r a t h e r  low RBC counts (averaging 5 0 3  2 003 x 106/m3) b u t  normal hemoglobin 

concmt ra t ions  (14,3 2 1,O 4 1 0 0  cco)  before  exposumo 

during exposure, as d i d  also t h e  hemoglobin concent ra t ions  of the whole bloodo 

Two of  these  dogs received a dose of  3 p g  of Vitamin B-12 intra- 

The other  two dogs i n  

One of the 

The o the r  t h r e e  dogs were exposed f o r  a total  o f  150 

A l l  o f  these dogs exhibi ted 'maorocytosis  

Their RBC counts deorease 

There was l i t t l e  change in t h e  

of t h e  i i B C  counts w a s  s l i g h t l y  

the con t ro l s  (-1,3 x 106/hm3)0 

mean corpuscular  volumes, 

less (-0075 x 106/m3) in  t h e  t r e a t e d  dogs than in 

There was no s i g n i f i c a n t  d i f f e rence  between the 

The average depression 
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t r e a t e d  cmd con t ro l  groups.i .nth r e spec t  t o  the decrease i n  henoglobin concentra- 

t i o n  Oi' t h e  xnolc biood,  

dogs and the d i f f e r e n t i a l  counts revealed 20 abnornal changese 

it appears t h a t  V i t m i n  B-12 alone i s  of' l i t t l e  prophylact ic  value i n  the  

prevention o f  the macrocytic anemia induced by exposure t o  beryll ium compounds 

iio trend vas observed i n  t h e  leukocyt ic  counts o f  t hese  

From these  results 

by inha la t ion ,  

Therapeutic Ef feo t  of V i t a m i n  B-12, h e  o f  t h e  Lertron-fed dogso #1437, 

and one of the con t ro l s  ( n o t  reoeiving Lextron) was given 1 2  )ig each o f  Vitamin 

B-12 ia t ramuscular ly  in f o u r  divided doses a t  72-hour i n t e r v a l s  beginning on 

Llonday o f  the 28th week o f  exposureo Both dogs exhib i ted  a s l i g h t  t o  moderate 

r e t i c u l o c y t o s i s  followed by an increase  i n  the  RBC count o f  one mil l ion  c e l l s /  

m3,, The increased Ri3C count -6 n o t  sustained,  howevero and it was concluded 

t h a t  e i t h e r  t h e  course of  t reatment  wae i n s u f f i c i e n t ,  or Vitamin B-12 alone is 

n o t  ' e f fec t ive  i n  t h e  therapy of Be-induced anemia, A similar response t o  B-12 

had been noted in dogs made anemic t o  beryl l ium s u l f a t e  mist, 

Ef fec t  of Fol ic  Acido All four  dogs were subsequently given 15  mg of 

f o l i c  ac id  per - os i n  divided doses of 5 mg on three successive days a t  the 

conclusion o f  the exposure per iodo  There wa8 a s l i g h t  t o  moderate r e t i c u l o c y t i c  

response between t h e  6th and 1 5 t h  days a f t e r  treatment,  bu t  the dogs were 

s a c r i f i c e d  before  a s i g n i f i c a n t  increase  in t h e i r  RBC counts  had occurred, SO 

t h a t  th is  postiaa of  t h e  experiment was inconclusive,  

Clinical Chemical C r i t e r i a  of Toxicity,  Clinical chemical t e s t s  have 

been performed upon blood samples obtained pe r iod ica l ly  from each of t he  six 

dogs that  were exposed from t h e  beginning of  t he  experiment, 

died on t he  29th calendar  day,, 

t h e r e  ma no s i g n i f i c a n t  a l t e r a t i o n  in the serum pro te in  concentrat ionso 

One of the dogs 

In the b r i e f  per iod t h a t  th i s  animal was exposed, 

Ho'mavep., 
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s. sharp increase i n  p lasm fibr inogen concentration occurred, the  l e v e l  rising 

f r o a  a pre-exposure mean o f  

followed by a prec ip i tous  d rop  t o  0,32 gms$ on the  21st  calendar day, 

dog died on the  71st calendar day of exposure, This animal exhib i ted  a progrese- 

ive  iccrease  o f  plmma. f ibr inogen concentration from en i n i t i a l  0,s g% to 0.73 g$ 

on the  51s t  calendar  day, t he  l e v e l  re turn ing  t o  0,52 & on the  63rd calendar 

day, 

calcium o r  phosphorus concentrat ions i n  the  blood o f  any o f  these  s i x  dogso 

s i g n i f i c a n t  changes occurred in the  serum pro te in  concentrat ions o f  the four 

~ , 3  gms$ t o  0,63 gmsp on the  17 th  calenaar day, 

A second 

There were no s i g n i f i c a n t  changes i n  the  serum a l k a l i n e  phosphatase, 

No 

dogs t h a t  were exposed f o r  a t o t a l  of  207 calendar days, There was a v e r y  

s l i g h t  increase  in serum albunin concentration, and a corresponding s l i g h t  

decrease of serum globul in ,  w i th  t h e  r e s u l t  t h a t  the A/G r a t i o  increaeed some- 

what. In  a l l  four  dogs,, t he  plasma f ibr inogen  concentrat ion increased significant: 

between t h e  9 th  and 17 th  calendar days, 

t o  normal levels, wi th  a second r i s e  end f a l l  between the  117th calendar day 

This m s  followed by a gradual return 

and t h e  terminat ion of t he  experiment, A l l  four  dogs exhib i ted  a progreasive 

increase in serum d i l u t i o n  t u r b i d i t y  during the  f i r s t  135 calendar days. Changes 

in serum d i l u t i o n  t u r b i d i t y  are thought t o  be assoc ia ted  wi th  changes in serum 

globulin; bu t  t he  s ign i f icance  o f  the observed increase  i s  unexplained s ince  

appreciable  a l t e r a t i o n s  were n o t  seen in t h e  6erum globul in  concentrations of 

these dogs, The s e m  pro te in  concentrations i n  t h e  blood o f  t h ree  r a b b i t s  were 

determined pe r iod ica l ly  during exposure f o r  1 2 0  calendar day60 Theae r abb i t s  

were the  same ones upon which hematologic obse rwt ions  were made, A l l  of the 

r a b b i t s  exhibi ted an increase  in  t o t a l  p ro te in  concentrat ion between the  20th 

and 66th calendar days, In two of &e r a b b i t s  the  serum albumin concentration 

increased a f t e r  t he  66th calendar day, while t he  t h i r d  animal exhibi ted a 
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to nea r ly  5 ~ L S $  fa;- t h e  renaiEicr 01 t:?e p a r l o ?  of study, T'he s e r m  globul in  

l e v e l  r e x d n e d  reasonably consmn'; f i ~  2-3 p s $  i n  t h e  blood o f  a l l  t h ree  r a b b i t s  

throughout t h e  exper m e n t o  In t x o  r abb i t s  t h e  A,/G ratio increassd  very  s l i g h t l y ,  

while i n  the  t h i r d  animal t h i s  r s t i c .  was n e a r l y  constent ,  

-l alectro?hor ? t . ic  Studies on S e r m  ? r o t e i c s o  Elec t rophore t ic  ?a t t e rns  of 

m o  dogs, #1518 a d  +1538:. e q o s e d  f o r  6,5 m n t h s  t c  2 mg/m3 Seryll ium f luo r ide  

n i s t  da i iy  showed n o  si2nific.zn-t  v a r i a t i o n  :',"XI normal in any o f  the  ccjmponents 

z c c a r d i q  t3 Dr, All i s g ,  under :.!nose direction t h e  experinents  mre  performed. 

ZlbuTm ?eaks,  licrreverI. -.-Ere sonewkt  l o v e r  than those obtained normally f o r  

602s bus w3re s t i l l  : . r l t hn  t h e  normal renge; t h e  g iobu i in  pa t t e rns  were about 

z o r m l  as were t h e  f ikr lnogens ,  ?he gmna c iobu l in  peaks on dog #1518, however, 

were f a i r l y  low, The A/G r a t i o  o f  both dogs were in t h e  l o w  r m g e 0  being 007 

ma 0,8 respec t ive ly ,  

?athologic  Chaxges in Lungs, f ive  c a t s  and t h r e e  r a t s  were humanely 

s a c r i f i c e d  a f t e r  102 calendar  days exposure t c  2,2 ng/ms beryl l ium f luo r ide  mist .  

Zicroscopic examination o f  t i s s u e  sec t ions  by Dr, J, K O  Scot t  from each of t he  

f ive  c e t s  revealed no l e s i o n s  a t t r i b u t a b l e  t o  beryl l ium i n  any organs other than 

tiie l ungs ,  V i th  r e spec t  %o l u n g  p t h o i o g y ,  m o  of  t h e  c a t s  exhibi ted no l e s i o n s  

(XOS, 2 and 6041, and t w o  showed only rr i lc!  l e s ions  q u i t e  s in i la r  t o  those observed 

i n  ca t s  exposed t o  Seryll!ur;i s u l f a t e  mist a t  a concent ra t ion  of 1 mg/m30 The 

degree o f  damage in  the  1.m;;~ of  the f i f t h  c a t ,  al though more extensive than 

any of the o thers ,  was consldered t o  be only minim1 o r  moderate as compared 

with the  l e s ions  observed foilowing exposure t o  beryl l ium s u l f a t e  mis t  a t  t h e  

higher concentrat ions,  

Beryllium and Fluoride Content o f  Tissueso Tissue samples from each Of 
,. 
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EXLASSIFID 

t h e  f i v e  ca t s  and th ree  ra ts  were analyzed spec t rographica l ly  by Dr. Lo To 

Steaarnan f o r  t h e i r  b e r y l l i u a  content,  

Tables 2 and 3 (Pages 73 and 74) ,  

beryll ium recovered was found i n  the  skeleton,  

t h e  lungs o f  t he  r a t s  w a s  n e a r l y  double  t h a t  found i n  t h e  same organ o f t h e  cat, 

while t h e  percentage recovery f r o m  t h e  l i v e r  of t h e  c a t s  was n e a r l y  double t h a t  

The r e s u l t s  o f  the  analyses  a r e  shorn in 

Ln both species n e a r l y  SO$ o f  t h e  t o t a l  

The percentage recovered from 

found i n  t h e  l i v e r  o f  t h e  r a t s ,  

t h e  two spec ies  i s  noteworthy, 

The agreement in t h e  s k e l e t a l  depos i t ion  i n  

Fluoride analyses  were c a r r i e d  o u t  by Dr, F, A, 

Sncith on t i s s u e  samples from t h e s e  same animals, 

r e l a t i o n  between t h e  f luo r ide  and beryll ium contents  o f  t h e  t i s s u e s  on a molal 

In genera lo  t h e r e  was no 

bas is ,  This i s  d i f f i c u l t  t o  i n t e r p r e t ,  e s p e c i a l l y  i n  t h e  case o f  t h e  l u n g ,  which 

i s  presumab’ly the  source of bo th  the  beryl l ium and the  f l u o r i d e  found i n  the 

other  t i s s u e s  

B i b l  i oqr aphy 

1, Sprague, Go F., P e t t e n g i l l ,  A O q . B r o t r n ,  E, and Stokinger,  He 3 0 ,  Inhalat ion 
Toxici ty  of Beryllium Su l fa t e  l a s t  in Animals a t  10 mg/m3, Rochester 
Rep o r  t jfUR-65 
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DISTRIBUTIOI'I OF Be 13 RAT E D O S D  - FOR 102 DAYS TO 
Cao 2 mg BeFZ/rn' 

B O N E  

LUNG 

LIVER 

K I D N E Y  

~ 

nimal 
le ight 

g 

326 
246 
326 

326 
246 
326 

326 
246 
326 

326 
246 
326 

$ xt, of ~ 

O r g a n  
in  Body . 

1009 
?I 

I1 

0053  
n 
It 

4.17 
W 

It  

0078 
11 

tt 

k g a n  
mt. 

g 

35,6 
26,8 
35,6 

107 
103 
1 0 7  

1306 
1003 
13,6 

2,52 
1092 
2.52 

Be 
:ontent 

)Id& 
0046 
0,56 
0,50 

Average 

309 
2 04 
307 

Average 

00007 
0,006 
0 006 

Average 

0,049 
0,062 
0.050 

Average 

To tal Dis tribut i on 

x Be P 
Skeleton 18 78 
L u g  503 22,s 
Kidney 0,12 005 
Liver 0008 0034 

UNCLASSIFIED 

lotal Be 
in 

Organs 

).Lg 

1909 
17,8 

1800 

606 
4.1 
603 

1 5 0 4  

503 

0.09 
0006 
0008 

0008 

0.12 
0012 
0.13 

0012 
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L.: Cui S S IF I ZD 

TABLE 3 

DIST2IBUTIOM 3F Be IU CAT Z 2 C S ' b  FOB 102 DAYS TO 
Ca 2 mg BeFZ/m3 

hit221 
Reight 

$ wt.  of  
Organ 
in Body 

12,7 
I1 

W 

n 

11 

0,51 

n 

11 

,I 

11 

2,96 
It 

I1 

I1 

n 

0,81 
n 

11 

11 

n 

Organ 
1% i g  h t  

g 
457 
420 
368 
382 
330 

18.3 
l 6 , 8  
1468 
15.5 
13,3 

105'7 
97,s 
86 
89 
77 

29 
27 
24 
24 
2 1  

~ 

Be 
Content 

P d g  
l o 2  
2.64 
2*2 
2.2 
2.2 

Aavera g e 

7.1 
5.1 
5 a 3  

17.6 
6.8 

Average 

0.66 
1.83 
0.45 
0,65 
0.57 

Average 

0005 
0.02 
0.04 
0.04 
0.05 

Am rage 

T o t a l  Be 
i n  

Organs 

w 
550 

1,110 
810 
840 
728 

81 0 

130 
86 
79 

2 70 
91 

131 

70 
178 

39 
58 
44 

78 

1.5 
0.5 
1.0 
1.0 
100 

1 

Total D i s t r ibu t ion  

Pg % 
Ske 1 e t  on 81 0 79 
Lung 130 12,7 
Liver 80 7.8 
Kidney 1 0.1 

Total  1021 
Other t i s sues  such as spleen, heart  blood, pancreas, thyroid,  adrenals, pituitary 
are considered t o  contain n e g l i g i b l e  amounts. 
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Section Code: Z210 

Authors: :  €io 8, Stokinger,  R, E, Root and La T, Steadman 

J e t e x t i o n  of Beryllium in Tissues Following Inha la t ion ,  

Deposit ion and f ie tent ion in Rats. 

11. Effect  of Diet on 

In UB-103 a nuaber of findings on t he  r a t e s  of intake and e l imina t ion  

among vrhich mas t he  prominent f a a t  t h a t  t h e  r a t e  o f  e l imina t ion  of beryl l ium from 

t he  t i s s u e s  o f  d i f f e r e n t  animal spec ies  var ied  widely were summarizedo 

exmqle ,  it m s  found. t h a t  5% of the beryl l ium deposi ted i n  t h e  lungs o f  r a b b i t s  

exposed f o r  40 days t o  3,6 ng/m3 beryll ium s u l f a t e  m i s t  was el iminated within 23 

For 

days, whereas a similar reduct ion in t h e  beryl l ium content  o f  the  lung of  the 

h m t e r  required a ca l cu la t ed  112  days following a 67-day exposure t o  1 mg of 

t h e  same beryll ium ae roso lo  The conclusion t h a t  spec ies  d i f f e rences  were 

respons ib le  f o r  the marked d i f f e rence  i n  e l imina t ion  r a t e  was based on the 

assumption t h a t  beryll ium i s  deposi ted i n  the same fashion i n  d i f f e r e n t  species ,  

i a e o l ,  t h a t  b e r y l l i u m r r i s t  pene t ra ted  i n t o  t h e  same recesses  o f  t h e  a l v e o l i  and 

t!-iat the  d i f fe rence  i n  exposure t imes d id  n o t  m a t e r i a l l y  a f f e c t  t h e  processes  of  

e l i n i n a t  i on, 

In view of  these  d i f f e rences  i n  beryl l ium e l imina t ion  rates apparent ly  

caused by species  differences,  a study was made t o  determine whether the ra te  of 

e l imina t ion  (and/cr depos i t ion)  might be a l t e r e d  by a modification in d i e t o  

This s tudy  was performed i n  ra t so  

S ix ty  male, a lb ino  r a t s  were divided i n t o  3 groups of 20 r a t s  each, 

weighing a t  the start  of t h e  experiment 220-2aO go One group was given a regular 

fDxehovi meal ad libitum; this group consumed on the average 18-20 g of th i s  

d i e t  p e r  day per  ra to  

- 
The second group was r e s t r i c t e d  t o  10 g o f  t h e  same 

UR 01502 



isxcho;:- ~ e c l  ci%li;: ?er rcrt, 

the x e d  Fer day per r 2 t  tju; suppleneated wi th  2;; s u l f a s u x i d b e . ( f o r  a purpose 

T::e t h i r d  ~ ~ o u p  ITQS l ikewise r e s t r i c t e d  t o  1 0  g of 

unrelated t o  the present  e q e r m e n t ) o  

r e g m e n  f o r  7 days p r i o r  t o  ana & r i n g  d a i l y  &hour exposure t o  approximately 

2 '"i;/m3 SeFz f c r  35 day:, 

>&e tmimals were maintained on this  

The r a t s  siu-nving t h i s  exposure* were k i l l e d  i n  

g roups  of  f rm 24 r a t s  f rm each G f t h e d i e t a r y  groups terminal ly ,  and 16 and 35 

days l a t e r ,  

on t h e  d i e t a r y  regmen,  

During t h e  post-exposure period, t he  animals were s i m i l a r l y  maintained 

Froa t h e  dzta obtalned on t h e  t h r e e  d i f f e r e n t  groups shown in Table 1 

(Page ? 7 ) p  t he  f o i l o a n g  conclusions seem warranted *om simple s t a t i s t i c a l  

t e s t s  (Dr ,  S, Lea Crump), 

:-rere sound i n  the l u n g s  of a l l  animals i r r e s p e c t i v e  of t he  d i e t ;  during the post- 

At t h e  terminat ion o f  the exposure, similar amounts 

exposure periods,  however, e l i n i n a t i o n  of  beryl l ium appeared t o  occur a t  a 

f a s t e r  r a t e  i n  the  anlmals on t h e  r e s t r i c t e d  d i e t  than i n  those  ea t ing  the  same 

d i e t  a t  w i l l  (38-56s remaining a t  t h e  end of 5 weeks as  against  e s s e n t i a l l y  no 

change i n  t h e  rats on u n r e s t r i c t e d  in t ake ) ,  

found i n  t h e  fmur cf  rats on a r e s t r i c t e d  d i e tO  more appearing in t h e  kidney 

and l i v e r  than  in animals on an u n r e s t r i c t e d  intake,  i nd ica t ing  an increased 

r a t e  of e l imina t ion  f r o m  t h e  lung, 

of a l l  r a t  groups w a s  approximately one-tenth of t h a t  in tho lung i r r e s p e c t i v e  

o f  d i e t a r y  intake.  

Cons is ten t ly  l ess  (1445%)  s a 8  

The concentrat ion o f  beryl l ium i n  t h e  femur 

It i s  poss ib le  also t o  demonstrate a grea te r  absolu te  l o s s  of Be fram 

t h e  body of t h e  rats on the r e s t r i c t e d  d i e t  than  from those on the u n r e s t r i c t e d  

* This dosage o f  beryll ium f l u o r i d e  w a s  l e t h a l  t o  from 30-355 of the ratso 
There 1785 no s i g n i f i c a n t  d i f f e rence  i n  m o r t a l i t y  of t h e  r a t  groups on t h e  
r e s t r i c t e d  and nonres t r i c t ed  diets,, 
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beryllium* i n  t!ie $,-TO groups  2.t tne 6~;.1rt, ficu conciusion of  the a n a l y t i c  d i e t  

as compared with 5.3 )ig c.11 n restric-czd die,; XI 9. poroentage bas is ,  Be l o s e  

Terminal 

amomted t o  1704 and 37,5$ r e spec t iva ly ,  

cont r ibu ted  c h i e f l y  by the  lungo 

Tnis ui f fe rmce  appesred t o  be 

5 weeks post 
emosure  

TABLE 2 

L u g  

Liver 

Kickcey 

TOTAL a5 IN umx~osm AND EXPOSED RATS 

I I 

0015 5.3 5 0 1  

0,03 0008 0014 

0,024 0012 0,12 

Unexposed 

7 moo of UNRESTRICTED DIn 

exposure 

I I I 

I I I 
TOTAL Be I 008 1 2 3 3  I 1304 

I I I 

5 0 3  

0.14 
Oo2 I 

0012 

I 

Loes on u n r e s t r i c t e d  d i e t  - 401 pg Be in 5 weeks 
Loss on r e s t r i c . t ed  d i e t  - 5,9 pg Be in  5 week 

Lf t h e  p o s s i b i l i t y  is considered that  t h e  differences found among t h e  

groups x i g h t  a r i s e  from t he  d i f f e rences  i n  beryl l ium intake from the  d i e t  

(analyzed beryllium content  of foxchow meal, Ool pug), reference t o  Table 2 

O r r i l l  show that t h i s  cannot be a f a c t o r o  

in t 5 e  body i n  each of 10  ra t s  consuming t h e  regular d i e t  of  foxchow meal but 

O o 8  )\g Be was t h e  average total amount 

* I t  has been determined t h a t  the fcur t i s s u e s  l i s t e d  i n  Table 2 account f o r  
e s s e n t i a l l y  all of  the beryl l ium taken i n t o  t h e  body via  the r e s p i r a t o r y  tract. 

UR 01505 



n o t  e.xposed TO b e r y i l i u x  compoundso 

opposed t o  npproxinately 4 months for  those  i n  the  present  study. 

therefore ,  t h a t  a r e s t r i c t e d  food in take  could n o t  be respons ib le  f o r  t h e  

d i f fe rence  i n  t o t a l  body beryl l ium content,, 

The age o f  these r a t s  was 7 months as 

It is obvious, 

It wsuld appear, accordingly,  from these  r e s u l t s  t h a t  it is possible t o  

modify s u b s t a n t i a l l y  the  r a t e  of e l imina t ion  o f  beryl l ium i n  the lung and it8 

deposi t ion in t h e  femur o f  animals by modif ica t ions  of  d i e t a r y  intake alone. 
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Problem Code: S.&3 (Toxic Limits)  

Sect ion Code: 3210 

Authors: Robert H. R l son  and Sidney Laskin 

Imprcved Design f o r  an Animal Inha la t ion  Exposure Unit. 

Experience (of t h i s  group) wi th  inha la t ion  exposure s tud ie s  has ind ica ted  

t h a t  t he  i n t e r p r e t a t i o n  of' t h e  complex b io log ic  va r i ab le s  i n  such s tud ie s  CBP 

no t  a f fo rd  t o  be handicapped by phys ica l  d i f f i c u l t i e s  assoc ia ted  w i t h  , f au l ty  

chamber design. These d i f f i c u l t i e s  include such i t e m s  a8 equipment, maintenance 

and v a r i a b i l i t g  of concentrat ion and p a r t i c l e  s i z e  of t h e  tox ic  agent 

(contaminant) i n  t h e  atmosphere. Coping wi th  such problems i n  t h e  pas t  w i t h  

poorly constructed units has o f t en  proved c o s t l y  in terms of labor  end time. 

Frequently these d i f f i c u l t i e s  l e d  t o  inadequate foundation f o r  t h e  i n t e r p r e t a t i o n  

of  the b io log ica l  da t a  obtained, Ki th  these  concepts i n  mind, work has been i n  

progress toward the development o f  improved inha la t ion  exposure equipment, aerosol  

feeds and b e t t e r  methods f o r  t h e  cha rac t e r i za t ion  of  atmospheric impuri t ies ,  

The nwmerous phases of t h i s  program have been disoussed in previous q u a ~ e r l y  

reports .  This r e p o r t  i s  concerned with t h e  l a t e s t  developments in inhalation 

equipment represent ing at tempts  t o  approach i d e a l  requirements, 

ments may be summarized as fo l lowsr  

Suoh require- 

(1) adequate volume and air turnover f o r  

t h e  des i red  animal oapacity;  ( 2 )  ease of  loading and  handling animals; ( 3 )  

s impl i f ied  means of decontaminating exposure-unit cages and exhaust air &an 

t h e  exposure u n i t ;  ( 4 )  wide l a t i t u d e  o f  concentrat ion a n d  p a r t i o l e - s i t e  l e v e l s ;  

( 5 )  maintenance of concentrat ion and p a r t i c l e - s i z e  d i s t r i b u t i o n s  wi th in  the  

limits of other experimental e r r o r s ;  ( 6 )  uniform d i s t r i b u t i o n  of conoemtration 
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and p a r t i c l e  s i z e  wi th in  t h e  exposure u n i t ;  ( 7 )  ease o f  opera t ion  and s impl i c i ty  

of mechanical maintenance; ( 8 )  s impl i f ied  methods f o r  t h e  charac te r iza t ion  of 

the  a-tr;lospheric contaminants, 

Although a cubic  un i t  i s  s imples t  from a cons t ruc t ion  s tandpoint  and cap 

be e a s i l y  designed t o  meet t he  animal requirements, it has  been found by this 

labora tory  t h a t  such a u n i t  fa l l s  sho r t  of s eve ra l  o f  t h e  above idea lso  

t i o n  and p a r t i c l e - s i z e  d i s t r i b u t i o n s  within t h e  exposure u n i t  o f t en  showed wide 

w r i a t i o n s  depending upon pos i t i ons  se l ec t ed  f o r  sampling; maintenance of 

concentrat ion a t  any given po in t  f requent ly  proved d i f f i c u l t  and subjec t  to 

l a r g e  va r i a t ion ,  

Concentra- 

With these  shortcomings i n  mind, c o r r e c t i v e  measures consis ted i n  the  

e l i n i n a t i o n  of dead spots  or s tagnant  a reas  wi th in  a cubic u n i t  by blocking 

off the  corners  ( l ) ,  

by impingement a g a i n s t  cages and w a l l s  was e l imina ted  by t h e  removal of  fans 

and the s u b s t i t u t i o n  o f  low-velocity d i r ec t ing  nozz les  f o r  t h e  i n l e t  a i r ,  This 

r e su l t ed  in a more gen t l e  motion of t h e  a i r  stream with the suspended p a r t i c l e s  

m d  vast ly  improved d i s t r i b u t i o n  o f  t h e  d ispers ing  material and s impl i f ied  

concentrat ion maintenance, 

Excessive turbulence tending t o  remove l a r g e r  p a r t i c l e s  

In t h e  course o f  c e r t a i n  inves t iga t ions  performed in  t h i s  laboratory, a 

chamber was designed t h a t  permit ted sampling a t  any p o i n t  with a high degree of 

r e l i a b i l i t y .  

chamber" and i s  descr ibed i n  a previous r e p o r t  (2), 

u n i t  was the study o f  ae roso l s  and the maintenance of reference atmospheres o f  

known composition for t he  comparative t e s t i n g  and c a l i b r a t i o n  of  feed and 

sampling devices,  

departure  in chamber design was made in  o rde r  t o  approach the i d e a l  based on 

This unit has  been designated as "the experimental  s tandard 

The primary purpose of the 

Because no animal requirements were involved, a r a d i c a l  
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a e r o d p a n i c  p r i n c i p l e s  o f  o. wma tunnel  m i  soiifiea b;r t ke  p r a c t i c a l  l i m i t a t i o n s  

o f  space, The cons t ruc t ion  was i n  the  form o f  a v e r t i c a l  cy l inder  wi th  i n l e t  

and o u t l e t  regions modified t o  ob ta in  min im1  turbulence  and maximal uniformity 

of concentrat ion and p a r t i c l e  s i z e  a t  any p o i n t  w i t h i n  t h e  body sect ion,  

design proved h igh ly  s a t i s f a c t o r y  y ie ld ing  r e s u l t s  t h a t  were uniform w i t h i n  the 

limits of experimental  e r r o r s  (3%) 

p a r t i c l e  s i z e  have been repor ted  f o r  several t y p e s  of atmospheres. 

The 

Excel lent  d i s t r i b u t i o n  of  concentrat ion and 

The opportuni ty  t o  apply t h e  experience gained f’rm s t u d i e s  on t h e  experi- 

mental s tandard chamber t o  an anlmal inha la t ion  u n i t  was furn ished  by t h e  needs 

of a course i n  I n d u s t r i a l  Eygiene and T G X ~ C O ~ O ~ ~  ( s e e  page 95 t h i s  repor t ) .  

n a j v  por t ion  o f  t he  l abora to ry  schedule d e a l t  wi th  a n i m a l  i nha la t ion  experiments 

conducted by s tudents ,  U t i l i z a t i o n  of t he  techniques f o r  t h i s  type o f  experiment 

by inexperienced i n v e s t i g a t o r s  emphasized the  need f o r  a un i t  approaching t h e  

i d e a l  descr ibed above, 

A 

A new des ign  o f  an i n h a l a t i o n  exposure ua i twas  developed and constructed 

in t h e  new I n d u s t r i a l  Zygiene and Toxicology teaching labora tory ,  

dupl ica t ion  o f  t h e  experimental s tandard unit  was  n o t  d e s i r a b l e  because of 

animal requirements, As a compromise, a plane-sided approximation of t h e  

s tandard chamber was developed,, 

t i g h t  c losure  more r e a d i l y  than could be obtained m t h  a c y l i n d r i c a l  section. 

The f i n a l  design, i l l u s t r a t e d  i n  Figure 1 (Page 83) ,  i s  i n  the form o f  a 

hexagonal p r i m  4 f ee t  across  the f l a t s  and 3 2/3 f e e t  long, 

a r e  frustums of hexagonal pyramids approximately 2 f e e t  high., 

s ides  would have been preferab le  from an aerodynamic p o i n t  of view, because of 

the r e s u l t a n t  decrease i n  door width and the  requirement o f  small animal cages, 

it was no t  considered p rac t i ca l .  (Space l i m i t a t i o n s  prevented t h e  construct ion 

Exact 

This permitted l a r g e  loading doors and air- 

The end sec t ions  

Although add i t iona l  
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o f  a l a r g e r  nit n i t h  added s ides  ivhich :.rou~d. have more c lose ly  approached thn 

idea l  cy l inder , )  

throughout, 

e f f e c t s  o f  cor ros ive  sa l t s  and repeated washings. 

Construction of the  unit was of  s t a i n l e s s  s t e e l  and p l ex ig l s s s  

These mate r i a l s  were chosen f a r  t h e i r  a b i l i t y  t o  withstand t h e  

As i l l u s t r a t e d  i n  f igure 1 (Page 83), a i r  i s  admittod tangent ly  t o  a short 

cy l ind r i ca l  s e c t i o n  a t  t h e  top,  

o r  other  ae roso l s  a r e  d i s t r i b u t e d  uniformly i n  t h e  i n l e t  a i r  as a r e s u l t  o f  8 

mild cyclonic  motiono 

en ter ing  t angen t ly  90° ahead of t he  suppiied a i r  i n l e t .  

a x i a l l y  from t h e  bottom o f  t h e  exposure un i t .  

t he  exposure u n i t  a r e  2-inch, e l e c t r i c a l ,  thin-walled conduit  chosen for i t s  

s t reamline cons t ruc t ion ,  Conditioning a i r  i s  supplied by an I.L.G. b-12 blower 

and contaminated a i r  from the  u n i t  i s  exhausted through a Elexair vacuum cleaner.  

The l a t t e r  was chosen because o f  i t s  operat ion a s  a high capaci ty  cen t r i fuga l  

wet impinger y i e ld ing  s a t i s f a c t o r y  scrubbing ef f ic iency .  

This serves  as a mixing chamber i n  which dust8 

A contaminant i n l e t  i s  a l s o  loca ted  i n  t h e  mixing chamber 

Exhaust a i r  i s  d r a m  

A i r  supply and exhaust l i n e s  t o  

Control and sampling apparatus  mounted on a panel board, located 3 fee t  

behind the  u n i t  i n  order  t o  permit easy access t o  a l l  sampling por t s ,  provides 

s impl i c i ty  of operat ion,  Conventional a i r ,  r e f r i g e r a t o r  and vacuum equipment 

i s  mountod above and behind t h e  panel board. 

obtained frm a Foxboro, long-distance recording psychrometer, Temperature is 

cont ro l led  by a 1/2 hp Kelvinator un i t .  Provision is a l s o  made for as many as 

3 simultaneous medium-rate (0-30 l i t e r s / & )  samplers from the  uni t .  

Vet and dry bulb temperatures are 

Both t h e  supply and t h e  exhaust l i n e s  are cont ro l led  by ga te  valves t o  

allow adjustment o f  a i r  f l o w  from 0-40 cfm. Chamber s t a t i c  pressures  can be 

maintained from +0.1" of water  t o  -0.5" water wi th  r e spec t  t o  n o m 1  ambient 

pressures ,  These values  a r e  determined from 

which i s  connected t o  a p i t o t  tube  measuring 

B 2-tube d r a f t  gauge one tap  of 

t he  v e l o c i t y  head i n  the  exhaust 
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l ine ,  from which t h e  volune oi' a i r  can be ca lcu la ted ,  

measures t h e  exposure u n i t  s t a t i c  pressure.  

35 c h  wi th  a s t a t i c  pressure  of  -0.02 to -0.04" of water. 

i s  kept  negat ive t o  prevent  ex te rna l  contamination i n  t h e  event o f  leakage. 

The second tube d i r e c t l y  

3 o m l  operat ion i s  maintained a t  

The s t a t i c  pressure 

The u n i t  has a t o t a i  a i r  volume o f  approximately 75 cubic f e e t  w i t h  an 

animal capaci ty  of 20 rabbLt8 and 40 r a t s ,  

as i l l u s t r a t e d  in Figure 1 (Page 83), 

f e e t  along the s ide  and 10 inches deep, divided i n t o  two sec t ions  f o r  r a b b i t s  

and four sec t ions  for rats. 

the  cages. 

o f  5% a re  obtained. 

These animals are exposed in cages 

The cages a r e  e q u i l a t e r a l  t r i a n g l e s  2 

Racks a r e  provided a t t w o  l e v e l s  f o r  placement of 

Assuming a d u l t  animRl s i ze ,  animal volume t o  chamber volume r a t i o s  

Ven t i l a t ion  requirements are met by an a i r  turnover  of  

one change every two minutes. 

The exposure u n i t  i s  adaptable  t o  almost any type o f  contaminant feed. 

The one cu r ren t ly  i n s t a l l e d  i s  a submerged aerosol  u n i t  of  the t y p e  previously 

reported ( 3 ) ,  

expcsure u n i t  i n d i c a t e  v e r y  s a t i s f a c t o r y  maintenance of concentrat ion and p a r t i c l e .  

s i z e  d i s t r i b u t i o n .  

in a 3-week study o f  a uranyl  n i t r a t e  hexahydrate mis t  a.t;mosphere a t  a concentra- 

t i o n  of 15 mg/m3. Typical r e s u l t s  of opera t ion  for a 4 1/2-hour run show a 

mean concentrat ion obtained of 15.8 mg/rn3 w i t h  a standard devia t ion  of 1.0. 

Seventeen concentrat ion determinat ions were made w i t h  t h e  f i l t e r  paper dus t  

sampler ana although seven d i f f e r e n t  sampling s i t e s  were used, t h e  entire r q e  

of concentrat ions obtained w e r e  from 13.5 t o  17.2 mg/m3. 

on t h e  operating c h a r a c t e r i s t i c s  of th is  unit  will be a v a i l a b l e  a t  a l a t e r  date. 

Prel iminary s tud ie s  of the opera t iona l  c h a r a c t e r i s t i c s  of t h i s  

The unit i s  cu r ren t ly  i n  use by a group o f  s tudents  engaged 

More complete da t a  

The unit  was found t o  be e a s i l y  operated and decontamination f o l l o w h g  

exposure was f a c i l i t a t e d  by the  exhaust design and t h e  presence o f  a f l o o r  
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dra in  loca ted  below t h e  o u t l e t .  

‘iJith r e spec t  t o  f i t u r e  design of such u n i t s  f o r  animal inha la t ion  s tud ie s ,  

one ser ious  d i f f i c u l t y  must be notedo 

snall animal exposure u n i t  y e t  i t s  h e i g h t  requirements dre over 9 feet. 

The present  design has a comparatively 
I 

Any 

increase  i n  body dimensions f o r  increased an ima l  c a p a c i t y w i l l  necessitate 

increasing over -a l l  he igh t  beyond t h e  l i m i t a t i o n s  of the average labora tory  room. 

Although no information has  been developed as ye t  on the l i m i t a t i o n s  of the t o p  

and bottom sec t ions  i n  terms o f  decreasing t h e i r  s ize ,  it i s  surmized t h a t  

probably an apex angle  of 90° would be maximum f o r  s a t i s f a c t o r y  results. 
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INSTRUhIENTATION (SPECTROSCOPY, ELECT3OIJ XICROSCOPY, ZMY AND 
I J U C L S R  i W I A T I O N  DETECTORS, X-RAY D I  F F B h C T I O B ,  Z L E C T m I I C S )  

Problem C o d e  : 

Sect ion Code: 3160 

Authors: Y. L, Watson, B. L. Jacobson, D. C, Sco t t  

I .N .1  (Research and Development) 

Preliminary Report on t h e  Preparat ion of Tissue Sections f o r  t h e  Electron 

Micros cope 

The e l ec t ron  microscope i s  able ,  under t h e  b e s t  conditions,  t o  provide 

a r e so lu t ion  o f  about 20 1, 
t h e  order  o f  1000 l. 
d e t a i l  some fifty times smaller than  the  l i g h t  microscopeo 

Good l i g h t  microscopy can provide a r e so lu t ion  of 

It i s  c l e a r  then t h a t  the e l ec t ron  microscope can reso lve  

It  i s  of considerable i n t e r e s t  t o  apply t h e  e l ec t ron  microscope t0 the 

examination of  b io log ica l  ma te r i a l so  

which must n o t  be overlooked i f  good r e so lu t ion  of preparat ions i s  t o  be obtained. 

The mater ia l  through which t h e  be- passes must be extremely th in ,  

There i s ,  however, an important po in t  

Electron 

s c a t t e r i n g  i n  a pa ra f f in  f i l m  of 0.1 p thiclamss w i l l  r e s u l t  in a r e so lu t ion  

of about 120 2 in t h e  standard RCA type ENIT microscope. Tissue cu l tu re  methods, 

smears, macerated preparat ions,  r ep l i cas ,  and other  techniques have been appl ied 

t o  prepare t i s s u e  f o r  the  e l e c t r o n  microscope. 

s ca l e  d e t a i l  has  been re tained,  very o f t en  gross l a rge  sca l e  w a r t i f a c t "  is 

With these  methods, f i l e  fine 

introduced - e.g. t h e : a r t i f a c t  of t i s s u e  cu l tu re  c e l l s  compared t o  t he  samb 
i 
I .  

c e l l s  grown in  the living organism. 

A c e r t a i n  amount o f  work has been done towards the production of t issue 

sec t ions  s u i t a b l e  f o r  the e l ec t ron  microscope. 

rou t ine  method appears t o  have been published, and it is toward t h i s  end t h a t  

Homver, no r e a l l y  s a t i s f a c t o r y  
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ne are  workingo 

The major problems a r e  t h e  cu t t i ng  of t h i n  enough sec t ions  - ca. 0.1 )I .-, 
0 

f i x a t i o n  without  a r t i f a c t  on the  50 A level, and the  removal of t he  embedding 

ma te r i a l  without  the  in t roduct ion  of appreciable  f u r t h e r  a r t i f a c t .  i9b will take 

these  up i n  order ,  i n so fa r  a s  me have solved than, 

Cut t ina  Thin Sections,  Under t h i s  heading we may consider embedding 

mater ia l s  and kni fe  sharpening. 

We have i n  t h i s  labora tory  t r i e d  th ree  embedding mediums, s t r a i g h t  5 5 O  - 
60° paraf f in ,  paraf f in-ce l lo id in ,  and butylmethacrylate,  O f  these  the  butyl-  

methacrylate has proved t o  be t h e  e a s i e s t  to c u t  in a r e l i a b l e  my, s o  n e a r l y  

all our  work has been done with t h i s .  Bather than a mixture of 25% methyl- 

methacrylate and 75% butylmethacrylate wi th  1% c a t a l y s t  suggested by Neman e t  

a1 (1) we f i n d  t h a t  t h e  s o f t e r  preparat ion o f  pure butylmethacrylate Ki th  2-3% 

c a t a l y s t  i s  e a s i e r  to cut. Howemr, Ne- repor ted  on preparat ions o f  r a t h e r  

dense t i s sue ,  l i v e r  and kidney, and we have worked mostly wi th  lung which i s  

8% f r ee  o f  t i s sue .  

t i s s u e  t o  work wi th  s ince i t s  poros i ty  al lows  e a s i e r  and more uniform f i x a t i o n  

and embedding than denser t i s s u e s a  We have also been using the carbon dioxide 

feed Newman suggested x i t h  s a t i s f a c t o r y  though earnewhat unreproducible r e s u l t s .  

I t  might be worth mentioning that  lung i s  a convenient 

A m o s t  c r i t i c a l  s t ep  i n  t h e  cu t t i ng  o f  t h i n  sec t ions  i s  t h e  sharpening 

of t he  knife, We have developed a method which, though it may n o t  produce t h e  

ul t imate  keenneas, does produce a r e l i a b l e  edge, 

The kn i fe  i s  sharpened by hand on a p l a t e  g l a s s  sur faceo  It i s  supported 

in a spec ia l  holder  shown i n  Figure 1 (Page 8 9 ) ,  

one point ,  pressure along t he  blade i s  equalized, 

Since the  back r e s t s  on only 

The tili of  the blade i s  ad jus t ab le  by the pos i t i on  of  t he  wheel in t he  
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Figure 1. Knife sharpening holder shown in opera t ing  
position on a glass plate  
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holder. 

22 degrees in s t ead  o f  t h e  customary 30 degreeso 

Our blades have been ground sa t h a t  the angle between t h e  faces  i s  about 

Presumably t h e  harder  t h e  

t i s s u e  blocks, t h e  grea te r  t h i s  angle should be, 

The sur face  of a piece o f  p l a t e  g l a s s  i s  ground evenly a l l  over with  

#2200 emery so  t h a t  t h e  ground sur face  i s  j u s t  a s  f l a t  as the  o r ig ina l  polished 

sur faceo  The knife  is then mounted f i rmly  i n  the  holder ,  t i l t e d  t o  1-2 degrees 

l e s s  than the  f i n a l  des i red  tilt, I t  is polished by s l i d i n g  n o m 1  t o  t h e  edge 

wi th  the blade i n  contact  with t h e  g l a s s  only when t h e  d i r e c t i o n  of  motion i 8  

such t h a t  t h e  edge  lead^^ In this i n i t i a l  s t age  a mixture of #8 'and #9 Linde 

Powder is used with e thy l  a lcohol  as dispersant .  T h i s  operat ion i s  continued 
1 

until a l l  nicks  a r e  removed and, under t h e  microscope, t h e  pol ished 'bevel  has 

t h e  same appearance across  i t s  width. The bl& holder  i s  then  adjusted t o  

increase t h e  angle o f  t h e  blade w i t h  respec t  t o  t h e  g l a s s  pol ishing sur face  by 

1 o r  2 degreeso The f i n a l  pol ishing is  ca r r i ed  o u t  on a polished p l a t e  glarr8 

surface using alcohol  alone with  no grinding compound. 

s e l e c t  a glass  sur face  which matches the  ground sur face  used f o r  t h e  init ial  

Care must be taken t o  

pol ishing s u f f i c i e n t l y  wel l  so t h a t  t h e  f i n a l  pol ishing takes  place evenly along 

t h e  length  o f  the  blade,  Surfaces may be checked by .ac tua l ly  t r y i n g  them. If 

t he  po l i sh  comes up only a t  the ends o f  t h e  blade, t h e  sur face  i s  unsa t i s fac toryo  

If the po l i sh  comes up i n  t h e  center  f i r s t ,  it may be poss ib l e  t o  u8e t h e  

aurface provided it i s  n o t  t o o  convex with respec t  t o  t h e  blade, 

care  must be used t o  scrub a l l  g l a s s  working sur faces  wi+h alcohol  before 

using them,, 

should be changed every two o r  th ree  hundred s t rokeso  

Ing  spel ls  are tapered o f f  f r o m  f i f t y  s t rokes  on each s i d e  down t o  one s t roke  

Considerable 

The Linde alcohol  mixture and t h e  a lcohol  po l i sh ing  lub r i can t  

Final grinding o r  polish- 

in graded steps.  Rather l i g h t  

pol ishing operations. 

pressure i s  used on t h e  b lade  throughout the 

UNCLASSIFIED 
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Fixation. J e  have worked ociy wi th  t h r e e  f i x a t i v e s  - Bouin's, Formalin, 

and Osmic acid.  

The Bouin's and Formalin have proved v e r y  unea t i s fac tory ,  introducing 

ser ious  a r t i f a c t s ,  

hours during which t h e  butylmethacrylate must be heated t o  5OoC f o r  polymerization, 

Osmic acid,  however, has proved very s a t i s f a c t o r y  indeed, introducing a r t i f a c t  

on l e s s  than a 100 A sca l e  f o r  densely f i x i n g  reg ions  such 8s c e l l  walls. 

Loosely f i x i n g  m a t e r i z l  such as plasma shows more a r t i f a c t  apparent ly  i n  the 

Sone of these a r t i f a c t s  may be due to the  period o f  some 1 2  

0 

form of  s c a t t e r e d  p a r t i c u l a t e  chainso 

a t  present ,  s i n c e  t h e r e  i s  l i t t l e  b a s i s  for comparison, 

However, n o t  much can  be sa id  about th i s  

Some work has been done on the problem of removing the embedding material 

wi th  s u i t a b l e  so lvents  such as acetone or  amyl a c e t a t e  w i th  or without the 

add i t ion  of a l i t t l e  col lodion,  More work w i l l  be done on this and w i l l  be 

reported on l a t e r .  

t i s s u e  mithout in t roducing  t i s s u e  shrinkage on evaporat ion o f  t h e  solvent. 

i s  poss ib le  t h a t  a balance i n  favor of t h e  ex t r ac t ed  preparat ion can be made 

between f i n e  s c a l e  shrinkage a r t i f ac t  and e l e c t r o n  s c a t t e r i n g  "ar t i fact"  due 

to t h e  presence o f  t h e  embedding matrix,  

The problem i s  t o  remove the  embedding ma te r i a l  from t h e  

It 

Following a r e  e l e c t r o n  nicrographs of t i s s u e  sec t ions  prepared as 

described i n  th i s  r e p o r t  ( see  Figures 2 and 3, Pages 92 and 93), 

BibliograFhy 

1, Newman, Sanford Bo, Borysko, &il, and Swerdlow, h x ,  Science, 110, 66-68 - 
(1949) 
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Problem Code : I N, 2 (Service) 

Section Code: 3150 

Author: Lo To Steadman 

1, 

2 ,  

3, 

4. 

5.  

60 

7. 

137 chanber air samples were analyzed for beryllium. 

20 chamber air samples were analyzed for zirconiumo 

15 air dust samples were analyzed for zirconiumo 

256 animal tissues were analyzed for beryllime 

3 samples were analyzed for phosphorus, 

2 samples were analyzed for coppero 

1 standard zirconium sample was analyzed for impurities, 
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h-oblen Code: :lone 

Sect ion Code: 3480 

Authors: J. No Stannard and S, Laskin 

Jndus t r i a l  I-Iygiene and Toxicology (Sidney Laskin),  A course i n  I n d u s t r i a l  

Hygiene and Toxicology, given by the  Divis ion of Pharmacology, has been c u r r e n t  

during t h i s  q u a r t e r  as p a r t  of t he  general  program in  Radiological  Physics 

descr ibed in e a r l i e r  r e p o r t s a  The t o t a l  course o f  10 weeks i s  ou t l ined  in 

t h e  l e c t u r e  and l abora to ry  schedule (Pages 98..;Ol), h p h a s i s  i s  placed on t h e  

b a s i c  p r i n c i p l e s  of toxicology, cha rac t e r i za t ion  o f  t ox ic  atmoppheree and spec i f i c  

t o x i c  agents and t h e  b i o l o g i c a l  app l i ca t ion  of s t a t i s t i c a l  methods, 

of i n d u s t r i a l  hygiene and toxicology i s  considered both from the  p r o t e c t i v e  

The f i e l d  

aspec ts  and t h e  eva lua t ions  o f  hazards in terms o f  animal experimentation and 

i n d u s t r i a l  surveys. Spec ia l  emphasis i s  placed on problems r e l a t i n g  t o  i n h a l a t i o n  

t o x i c i t y ,  d u s t  p a r t i c l e  s i ze  and m a t e r i a l s  of i n t e r e s t  to the  Atomic Energy 

Commissiono 

Laboratory problems a r e  d e s i p e d  t o  give the  s tuden t  experience in the 

use of var ious  devices  and procedures f o r  the  eva lua t ion  of  b x i c  atmospheres 

end in  the  use  of  experimental  animals f o r  the  eva lua t ion  o f  t o x i c  agents. 

Work has  been i n  progress  on t h e  completion o f  a new l abo ra to ry  f o r  this 

course i n  t h e  educa t iona l  vring, I n s t a l l a t i o n  o f  special equipment, including 

seve ra l  p i l o t  i n h a l a t i o n  units, a full-scale i n h a l a t i o n  exposure chamber and 

s p e c i a l  dus t  ana lys i s  apparatus  was completed i n  time t o  permit  i t s  use i n  t h e  

c u r r e n t  courseo Other f a c i l i t i e s  include fume hoods, animal s torage  space and 

a l abora tory  prepara t ion  roomc Laboratory space i s  provided f o r  a group of 20 
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students ,  

Physics and two graduate s tuden t s  en ro l l ed  a t  t he  University.  

The c l a s s  t h i s  semester comprises the  t e n  A,E.C. Fellows i n  Radiologice 

In a d d i t i o n  t o  P r o j e c t  personnel a iding i n  t h e  teaching of this course, 

fu l l  advantage was  taken o f  the generous a i d  o f  D r ,  James Sterner*. 

l ec tu red  on p r a c t i c a l  h e a l t h  problems p a r t i c u l a r l y  those r e l a t i n g  t o  the halo- 

genated hydrocarbons and t h e  r o l e  o f  t h e  i n d u s t r i a l  hyg ien i s t  in p l a n t  health 

programso 

arranging a t o u r  of t he  Eastman Kodak Company a t  Kodak Park t o  demonstrate in  

p r a c t i c e  many of t he  p r i n c i p l e s  discussed in t h e  courseo 

Dr .  S t e rne r  

We a r e  ais0 indebted t o  Dr, Do Fhssett o f  D r ,  S t e rne r ' s  staff f o r  

Civil  Defense Tra in ing  (Jo No Stannard). A course f o r  physicians concernec 

wi th  the problems of c i v i l  defense a g a i n s t  atomic warfare was given during the  

week of March 27th, This course w a s  one of severa l  sponsored by t h e  A t o m i c  

Energy Commission a t  t h e  reques t  of  the National Secur i ty  Resources Boardo 

was intended pr imar i ly  for  physicians who would occupy key pos i t ions  in develop- 

i n g  medical preparedness programs in  t h e i r  own geographical areas and would take 

t h e  lead in similar courses organized by s ta te  o r  c i t y  publ ic  h e a l t h  or similar 

cognizant a u t h o r i t i e s ,  

b o d e  Island, and New York were represented,  w i t h ,  i n  addi t ion,  observers kan 

Great B r i t a i n  and Canadao 

a t  similar courses  a t  o the r  centers ,  

It 

The s t a t e s  of Illaine, New Hampshire, Vermont, h s s a c h u s e t t :  

Other a reas  of t h e  country were or w i l l  be represented 

Only u n c l a s s i f i e d  information was discussed, 

A l l  l e c t u r e s  and d iscuss ions  w i l l  be reproduced f r o m  wire recordings and 

c i r c u l a t e d  as a p r o j e c t  r e p o r t  (UR-112). 

Most o f  t h e  t o p i c s  were discussed by personnel from the  A$omic Ehergy 

Pro jec t  and Medical School except t h a t  t h e  l e c t u r e  on genet ic  e f f e c t s  of r a d i a t i o r  

was presented by D r .  Donald R .  Charles, Professor  o f  Biology, College Of Art s  

* Associate  Medical Director ,  Eas-&nan Kodak Company, Rochester, New York 
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and Sciences, and t he  f i n d  discussions covering psychological f ac to r s  in  major 

d i s a s t e r s  were l ed  by D r ,  Alexander Leighton, New York School o f  Indus t r i a l  and 

Labor Relations,  Cornell University,  I thaca,  Xew York, and Dr .  Ralph Low, 

Tmansburg ,  New York, 

For information t h e  following s p e c i f i c  items a r e  appended: 

1, 

2, Topical Outline (Po 103-106) 

Outline o f  Course f o r  Physicians (Po 102)  
9 

3. Films (Po 107) 

4, 

5, 

L i t e r a t u r e  Dis t r ibu ted  ( suppl ied  by &E,Cer k s h i n g t o n )  (E 107-108) 

L i s t  of  Physicians Attending (Po 108-109) 
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LZCTURE S C H E D U  

Monday and Friday - 10~30 A,M,, Tuesday and Thursday 9 : O O  A,M0 

February 20 t o  A p r i l  29, 1950 

T i t l e  
I 

1, Int roduct ion  - Nature of Problem 

Pr inc ip l e s  of Toxicology 

2, In t roduct ion  t o  Pharmacology 
~ 

Factors ModiQing Acticn of Toxic Agents -A 

Factors ModiQing Action o f  T o d c  Agents -B 

Assaying Damage in Exposure 

Biological  Variat ions 

Conference 

Ekperimental and P r a c t i c a l  Toxicology 

Contact Exposures 

Inges t ion  and In j ec t ion  Studies  

The Respiratory Route - Animal Experimentation f o r  the 
Determination of MAC Values 

Plan t  Conditions and Health Program Organization 

Conference 

Charac te r iza t ion  of t h e  Atmosphere 

Sampling and Analytical Methods f o r  Gases 

Aerosof; - Physical  and Chemical Proper t ies  

The P a r t i c l e  S ize  Problem I 

The P a r t i c l e  S ize  Problem I1 

Conference 

I n s t r u c t o r  

Hodge 

S tok inger  

Stoking e r  

Stokinger  

Spieg l  

Rothstein 

S t a f f  

Maynard 

Maynard 

St oking e r 

S t e r n e r  

S ta f f  

Laskin 

LaSkin 

Laskin 

Laskin 

S t a f f  
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T i t l e  - 
150 Ind i r ec t  Aerosol Methods 

16. Sampling f o r  Concentration and P a r t i c l e  Size 

17, Themal and E l e c t r i c a l  P rec ip i t a to r s  

Conference 

18, The Cascade Impactor I 

19, The Cascade Impactor I1 

20, Surface Area and Other Physical Measurements 

Conference 

Mater ia l  Const i tut ing Hazards 

21, Lead, Mercury 

22, Uranium, Brsenic 

23, Beryllium, S i l i c a  and Pneumoconiosis Producing Agents 

24, RlIIles, Mists and Smogs 

28, Noxious Gases and Vapors I 

26, Noxious Gases and Vapors ' I I  

27, War Gases and Supertoxics 

Ins t ruc tor  

Laskin 

Laskin 

Laskin 

Sta f f  

Laskin 

Laskin 

Lauterbach 

Staff 

The Indus t r i a l  Problem 

28. Medico-Legal Aspects of Toxicology 

29, Protect ive lhgineer ing 

30, The Field Survey 

Round Table on Field Problems 

Conference 

Final hamina t ion  

Salmon 

Neuman 

Sco t t  

LaBelle 

Smith 

Smith 

Hodge 

Miller 

Wilson 

Laskin 

Spiegl,  m i l a  
Laskin 

L UNCLASSIFIED 
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INDUSTRIAL HYGISNE AND TOXICOLOGY 

LABORATORY SCHEDULE 

EBbruary 21 to April 27, 1950 

Title 

1. Acute Toxicity I 
A, Comparative study of route of admbistration 

1, Demonstrdtions 
2, Arsenic in rats 

Bo Experimental measurement of LD50 . 
1, I .P.  toxicity of soluble uranium in mice 

2, Acute Toxicity I1 
BAJ.J - mercury poisoning in rats 
I ,P ,  toxicity of NaF in go pigs 

Bo 3 , Acute oral toxicity of soluble uranium in rats 
4, 

3. Acute Toxicity I11 
Bo 5, Vapor exposure with carbon tetrachloride 

4, Biological Effects of Aerosols 
Hi s t amine- ant i hi s t amin e demons tr a t i on 

5, Biochemist= 
A, 
Bo 
C, Nonprotein nitrogen 
Do Protein 

Analysis of hair and tissues for arsenic 
Determination of sugar in urine 

60 @nhalation Toxicity 
A, Physical operation of chamber 

Demonstration of dust feeds 

Bo Uranium analysis (ferrocyanide) 

C, Chamber operation 
Sampling for concentration 

7, Inhalation Toxicity 
Do 

E, Report writing 
F. Special problem 
0, 

Planning session for inhalation experiment 

Preparation and oare of animals 
UNCLBSSIFIED 

i 1 2  

Instructor 

LaBelle 

Berke 

Maynard 
LaBelle 

Berke 

Spiegl ,  Ehnk 
Tfilson 

Laskin 

Smith 
Spiegl 
Be rke 

Wilson 

S m i t h  

Frank 
Laskin 

Staff 
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T i t l e  

8. Inha la t ion  Eqosure  
A, R e p a r a t i o n  of animals 
B, Collect ion o f  samples 

9, Operation o f  Chamber 

A. Concentration isampling 
B, Analysis of samples 

10. F a r t i c l e  S ize  LIeasurement 

11. Sampling f o r  Concentration 

A. Concentration ana lys i s  
5. Biochemistry 
C. Dust ana lys i s  
D e  P a r t i c l e  size 

12. The Cascade Impactor 

A. Sampling and analys is  o f  r e s u l t s  

13. The Thermal P r e c i p i t a t o r  

14. Electronmicroscow 

Ins t ruc to r  

Laskin 
Wilson 
Smith 

Rank 
Smith 

Laskin, 
Lauterbaah 

Smith 

Rank 
Berke 
Lauterbaoh 
Laskin 

Laskin 

Laskin, 
Laute rbao h 

Watson 

15. Gross A u t o t x w  S c o t t  

16. Analysis of Acute Toxici ty  Results 

17. Pathology 

Library Research 

Student Seminars 

FSeld Survey - Round Table 

UNCLASSIFIED 

Maynard 
LaBelle 

S c o t t  

S t a f f  

Laskin 
Spiegl  
m i l  son 
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OUTLIIE FOR A COURSE OF ONE WEEK'S DURATION FOR PRYSICLB1\TS CONCERNED 
XTH CNIL DEFEXSE AGAINST ATOMIC WARFARE 

March 27 - March 31, 1950 
Monday Reg i s t ra t ion 

Statement of Problem 
Radiation Syndrome in Man 
Discussion 

Blair 
Howland 

Elementary RadiatianPhysics, Ropertiee of 

Discussion and Film 
Operating Plan for Atomic Disasters 

Radiation and Dosage Units Steadman 

Dahl 

Tuesday Handling of Food and Wter Suppliee 
Discussion and Film 
Elementary Nuclear Physic8 

Bale 

S t eadman 

Atomic explosions and fission reactions 
Radiation Detection and Measurement - Lecture 
Radiation Detection and Measurement - Demonstration Mermagm, Dahl 

Hur s h 
Mermagen 

Wednesday Biological effects of radiation 
Fi Im 
Genetic effects of radiation 

Human radiation pathology 
Bema to 1 ogy 
General radi at i on pa tho logy 

Stannard 

Charlee 

Scott 

Casarett 

Thursday Internal radiation hazards, general problems Hush 1 

Detection and handling of radioactive materials - 
Internal radiation hazards, specific substances Stannard 
Demonstration 

Mechanical and thermal in jury 
Film, demonstration of burns 
Mechanical and thermal injury 

Friday Medical aspects of Atomic Disaster Control - 
Medical aspects of Atcanic Disaster Control - 
Medical aspects of Atomic Disaster Control - 
Psychological factors in major disaaters 
Experiences with organization of local study 

Hmrland General 

Therapy Howl and 

Organizational Problems Pape 

Leighton 

Low groups in t h e  atcunic emergy f i e l d  
Review and Recapitulation Staff 
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CIVIL  DEFEXSE COURSE - Topical Outline 

The Radiation Syndrome i n  M a n  - Cl in ica l  

General comment 
Nature of t he  physical  agents  
Types of i n j u r y  produced 

Lbcal exposure 
Whole body exposure 

Cl in ica l  mani fes ta t ions  following ionizing r ad ia t ions  

Elementary A t o m i c  and Nuclear Physics 

Elementary p a r t i c l e s  and t h e i r  p roper t ies  
F iss ion  
Chain r eac t ion  
F iss ion  products 
P i l e  and bomb f i s s i o n  r eac t ions  

Atomic Explosions and Fiss ion  Reactions 

Physical aspec ts  of  t he  explosion 
Tho des t ruc t ive  e f f e c t s  of the a i r  explosion 
Capa r i son  of underwater and air explosions 
Evaluation o f  t h e  importance of the  d i f f e r e n t  des t ruc t ive  agents 
Physical means o f  p ro t ec t ion  
Time warning f a c t o r  i n  e f fec t iveness  of precaut ionary measures 

Radiation Detecting Devices 

Ioniza t ion  monitoring devices 

GM 

Theory of opera t ion  of i on iza t ion  chambers 
E l e c t r o s t a t i c  type  of e lectrometers  
Vacuum tube electrometers  
Cal ibra t ion  of i on iza t ion  chamber type por tab le  FnstrumentS 

counter monitoring devices 
Theory of GM counters 
Basic c i r c u i t s  f o r  GIJ counters 
Rate meters versus s c a l e r s  
Cal ibrat ions of por tab le  monitoring GM counters  

Photographic monitoring devices 

Demonstration of Use of Instruments 

Laboratory e x p e r b e n t s  
Use and operat ion o f  i on iza t ion  type survey meters 
Use and operat ion of &I counter survey meters 

* UR 01530 
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Biological Effects of Radiation 

Effects on cells 
Specific ionization, biological effectiveness ratios 
Types of effect - structural, biochemical, functional 
Possible mechanisms 

Concept of tissue sensitivitg 
Types of changes (killing, growth inhibition, abnormal grOWkh, carcinogenesis) 

Summation of tissue changes 
Species and age effects 
Influanoe of dosage rate 
Direct vs. indirect effects 

Zffects on tissues 

Effects on intact organism 

Genetic Effects of Radiation 

Introduction8 human chromosomesg the internal architecture of chramoscxnesj genes, 
their nature and role in development 

Types of mutation and their consequences in individuals 
Chromosome mutations, fragmentation and translocation 
Sene mutationsg dominant, reoessive, sex-linked 

Effects of mutation on the genetic structure of a population 
Spontaneous mutation rates in man 
Persistence of mutant genes from generation to generation 
Number of individuals affected by each single mutation, and total barm done 

implications for human populations and individuals at various expasuro level8 
ihdiation-induced mutation rates in mice and other experimental organisms; 

Human Sadiation Patholoa 

Anatomical lesion resulting from radiation of normal organs and tissue8 
Variations in sensitivity of tissues to ionizing radiation 
Brief statement on radiation therapy for malignant tumors 
Tumors induced by ionizing radiation 
Pathological anatamy of Hiroshima cases 

General discussion o f  findings 
Case reports 

Pathology and Laboratory Demonstration 

Autopsy of irradiated animals 
Study of gross specimens 
Study o f  microscopic changes (projections) 

Internal Radiation Hazards, General Problems 

Radioactive decay series, types of disintegration, tgpes of radiation, specific 

Factors modirying biological effect 

Effects produced 
Dosage problems, estimation of body content 

activity vso half-life 

Absorption, distribution, excretion, effective half-life 
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I n t e r n a l  -3adiation Hazards', Spec i f i c  Substances 

Fiss ion products 
Radioactive elements produced by neutron bumbardment of  common substancer 
d- emi t te rs  
Special  problems i n  dea l ing  w i t h  mixtures of rad ioac t ive  mater ia le  

Mechanical and Thermal Injury 

Components of explosion 
Range of e f f e c t s  based on Japanese experience 
Importance o f  trauma and burns a s  compared w i t h  ion iz ing  r a d i a t i o n  
Uechanical trauma - f r ac tu res ,  penetrat ing wounds 
Thermal trauma - primary, secondary burns, l a t e  e f f e c t s  
Therapy 

Can burns be prevented? 
Personnel and mate r i a l  requirements f o r  t reatment  of large number8 of 

c a s u a l t i e s  
Importance and course of thermal research  
Demonstration of research equipment and present  r e s u l t s  

Medical ASDeCtS o f  Atomic E x ~ l o s i o n s  

Nature and ex ten t  of t he  r a d i a t i o n  emit ted in an atomic banb explosion 
Po ten t i a l  type of injury from bomb explosions - general  

Di rec t  - gamma rays, neutrons 
Induced - neutrons 
Absorption of deposited f i s s i o n  products 

Type of c a s u a l t i e s  from a i r  b u r s t  
Type of  c a s u a l t i e s  from land b u r s t  
Type o f  c a s u a l t i e s  from underwater b u r s t  
Review of t he  medical f indings in severe, moderate and mild cane8 w i t h  

Fhctors complicating the  p i c tu re  of r a d i a t i o n  s ickness  
demonstrations ( s l i d e s )  of general  na ture  of each type 

Mechanical trauma 
Burns 
In fec t ion  and general aspec ts  
Nu t r i t i on  
Age, sex 

General comment on medical planning and care  of c a s u a l t i e s  

Preliminary Preparat ion 

Disposal preparat ion - map of c i t y  and s a t e l i t e a  

Warning 

Hospital  s 
Physicians 
Civ i l ian  groups 
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Definition of damaged and involved areas 

Fire and blast 
Radioactivity 
Extent of damage and/or contamination 
mater system 
Pmer 
Communications - Telephone and radio 
Transportation - Rail - Road 

Rescue attempts 

Aid station concept 

Evacuation 
Team of physicians, aid men, surveyors 

Treatment centers 

Shelter and triage 
%of minor casualties with return to duty 
Fhrther evacuation 
Ho spit a l s  
Existing facilities - 10 miles -'away 
Evacuation of existing patients 

Community dangers 

Prevention of and/or warning of attack 
Definition and isolation o f  field 
Rescue measures 
Mechanisms available 
"Safety" f acilitie s 
Planning of shelters 
Planning of food and water 
Medical planning 

Mrst Aid 
Definition 

Salvaee and rehabilitation 
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CTv.IL DEFENSE COURSE = Films 

Monday Add, Operation Crossroads 
Po M a  PElF 5148 Atomic Medical Cases, P a r t  I1 (Radiation Syndrame) 

Tuesday A,& 
P,M, 

Atomic Physics, P a r t  I V  ( B r i t i s h )  
F'MF 5058 Atomic Medical Cases, P a r t  I (Nudea r  F'ission) 

Wbdnesday A,M, 

Thur sd~y  P,M, 

Friday A,M, 

A t m i c  Physics, P a r t  V ( B r i t i s h )  

Atomic Medical Cases, Hiroshima and HagaaaM, abridged 6306 

P W  5149 Atamic Medical Cases, P a r t  I11 (Organization and Planning 

CIVIL DEFEXSE COURSE - L i t e r a t u r e  Di s t r ibu ted  

%at you should know about the  Atomic Bomb". A meseage from the  Surgeon General ' 
U, S o  Army Medical Department 

"The Acute Radiation Syndrome i n  Man", by Shields  Warren, M.D., and John 2, . 
Bowers, MODo,  Washington, Do Co 
February, 1950 
College o f  Physicians,  New York, NOYO, Apr i l  1, 1949) 

Annals of I n t e r n a l  Medicine, 32rH0, 2, 
(Presented a t  t h e  T h i r t i e t h  Annual Session of  t h e  American 

"The Metabolism of t h e  Radioactive Elements c rea t ed  by Nuclear Fission", by Jo6gph 
Go Hamilton po 863, The New England Journal  of Medicine, - 240rNo. 22, June 194! 

New Ehgland Journal o f  Medicine, - ,240:ho 22, June 2, 1949 

Science Abs tmcts ,  - 3:No, 4, Atomic Ehergy Biophysics, Biology, and Medicine 
e d i t i o n  

"The Radiation Syndromeno by El izabeth E, P a i n t e r  and Austin M. Brue8 p. 871, The 

"The Acute Radiation Syndrome", by L o  Bo Hempelman, AECU-379, Supplement #2, NUOlrr 

"Report on t h e  Medical Studies  of the Ef fec t s  of the Atomic Bomb", ky Dr.  k r a o  
Tsuzuki, Profo o f  t he  Tokyo Imperial Univers i tyo  
o r i g i n a l l y  a8 Appendix No, 9 o f  t h e  General Report, Atomic Bomb C a 6 U l ~  
Commission, January, 19470 National Research Council, 2101 Constitution 
Avwnue, llkuhington 25, Do C, 

This r e p o r t  appeared 

. I, 

"The Medical Sequelae of t he  Atomio Bomb Explosion", by George V. LeRoy, M.D,, 
J, h e r .  Medical Assoc.,, Bug. 1947, - 34rNo0 14, p, 1143-1148 

"Mbdical Aspects o f  Atomic lfeaponsn0 Prepared f o r  the National SeouriQ Resources 
Board by t h e  Department of  Defense and t h e  U, S, AtGahic aergy Commission 

"Pathology of Atomic Bomb Casualties",  by Aver i l l  A. Liebow, M.D., Shields  W-ren, 
M,D,, and E l b e r t  decoursey, Cola M o C o s  U.S,A. (from the Army h E t i t n f 8  of 
Pathology, AoEoCo, e t c , )  Reprinted from' h e r ,  J, Path,, 1949, - 25tN00 6, 
P O  853-1027 v 

-3 t ; q I \ ; ;  
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"Gross Autopsy Observations in the Animals Exposed a t  Bikini", A Preliminary 
Report, by John Lo T u l l i s  and Shields  Warren, J, h e r ,  Medical A~eoo,, 
August 2, 1947, 7 134: ppo 1155-1158 

"Medical Progress: Mechanical and Thermal Injury from the A t a m i c  Bomb", by 
Herman E, Pearse  end J, Thomas Payne. - 241: No, 17, p,, 647, October 27, 1949 

The New England J, of Medicine, 

"Atomic Bomb Explosions - E f f e c t s  on an American C i t y " ,  by Ro E, Lapp ( rev ised)  
B u l l e t i n  of t h e  Atomic S c i e n t i s t s ,  4s No, 1, January 1948 (AEC Oak Ridge) - 

"Atomic S c i e n t i s t s  News" ( B r i t i s h )  - 111: NO,, 1, Ju ly  21, 1949 

CIVIL DEFENSE COURSE - Physicians Attending 

Dr ,  Wendell R, Ames 
Erie County  (NOYO) Health Dept, 
Deputy Commissioner 
City H a l l ,  Buffalo, New York 

Dr. Ranklyn Bo Amos 
I, Yo S t a t e  Heal th  Dept, 
Direc tor  - Profess iona l  Training 
1 Center Lane, Delmar, New York 

D r .  Harold E Baker 
New York Central  Rai l road 
New York Central  Surgeon 
429 Granite Building, Rochester, N.Y, 

Dr. John KO Benny 
University of  Buffalo 
last, D i r ,  o f  Clinicsr 
Ed, J, Meyer Memorial Xospi ta l  
Univers i ty  of Buffalo 
Buffalo, New York 

I 

Dr,  Joaeph J, Esposi to  
Fa i r f  i e l d  County (Bridgeport, Conno) 
A~isoc,, Radiologist ,  Bridgeport Hospi ta l  
144 Golden H i l l  St., Bridgeport, Conno 

DF, W i l l i a m  We Faloon 
Syracuee College of Medicine 
I n s t r u c t o r  in Medicine 
University Hospi ta l ,  Syracuse, New York 

Dr.  I i c h o l a s  J. Plumara 
Mass, Dept, of  Publ ic  Health 
D i r .  D i p ,  Venereal Diseasesc 
Mass. Dept. of  Publ ic  Health 
6 Gale Road 
Belmont, Massachusetts 

D r ,  John H. Fleming 
Dept. Nat ional  Defense - Canada 
Surgeon Lt,  Ccuumdr., Royal Canadian Nav 
56 Queen S t r e e t ,  Halifx, No S o  

Dr, Edward U, Colby 
New Hampshire S t a t e  Dept, o f  Health 
D i r e  D i p ,  Communicable Diseases Control Acting Head, Dept ,  of Legal Medicine 

D r ,  Riohard Ford 
Harvard Medical School 

17 School St,, Concordo New Hampshire 25 Shettuck St,, BO8tOn0 M B S S ~  

Dr, James Po Deery 
Rhode Island Dept, of  Health 
Deputy Direc tor  o f  Heal th  
331 S t a t e  Off ice  Building 
Providence, Rhode Island 

Dr ,  Vlado A, Gett ing 
Mass. Dept, Publ ic  Health 
Cammissioner . 

Harvard School of  Publ ic  Health 
C l in i ca l  Prof Pub, Health P rac t i ce  

7 Glenn &ad, Belmont 78, Mass, 

UNCLllSSIFIED 
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D r ,  J. Gcssel in  
Dept, o f  Veterans A f f a i r s  (Canada) 
Advisor i n  Radiology 
Hospital  St.  Sacrement 
Quebec City, Canada 

D r .  James Ii, Jackson 
Zdassachusetts Medical Soc ie ty  
1101 Beacon St , ,  Brookline, Masso 

D r ,  i fa l ter  'iV, J e t t c r  
Boston Universi tv  School of Medicine 
Professor of  Legal Kedicine 
1 0  Bar V i e w  Ave,, Bingham, I k s s .  

D r ,  P h i l i p  A ,  Klieger  
No Ye S t a t e  Education Dept, 
Senior  Superviscr,  School Xedical Servo 
407 S t a t e  S t r e e t ,  Albany, New York 

D r ,  Ernest  K. Landsteiner 
Rhode Is land  Uedical Society 
93 Governor Eradford Drive 
Barrington, **ode I s l a n d  

D r ,  Alec Zdmund l i a r t i n  
Idinistry o f  Health 
London, England, M O O o  
Ministry o f  Health 
m i t e h a l l ,  London s e w 0 1 ,  &gland 

D r .  J, Wster Meigs 
Conn. S t a t e  Medical Soc ie ty  and Yale Univ, 
A s s t ,  Prof, Occupational Medicine 
575 Ridge Road, Hamden 14, Corn, 

Dr, Clark F, Ni l ler  
S t a t e  of  Llaine 
Radiologist ,  Cent ra l  Maine General 

778 Minot Ave., Auburn, k i n e  
Hospital  Lewiston 

D r .  F. Corbin Lioister 
New Hampshire 
I n s t r u c t o r  i n  Medicine 
Dartmouth Kedical School 
Physician - Hitchcock Clinic 
Elm St ree t ,  Norwich, Vennont 

D r ,  Ward D e  O'Sullivan 
Cornell  Univers i ty  Medical School 
I n s t r u c t o r  in S u r g e r y  
525 Eas t  68th St., N e w  York 21, N. Y. 

Dr. 0. S. Peterson, Jr. 
Radiologist ,  University of Vermont 
Consultant, S t a t e  Board of Health 
c/o Mary Fle tcher  Hospi ta l  
Burlington, Vermont 

D r .  Robert Lo W m b y  
Connecticut Dept, of  Health 
Chief (Di rec tor )  Health Services  t o  

96 No, Quaker Lane, W, Hartford, Conn. 
S t a t e  h p l o y e e s  

D r .  LeC. Reid 
No Y. University Post-Grad. Medical 

Prof, of Experimental Surgery 
Bo Yo Univers i ty  Medical School 
New York, New York 

School 

D r ,  Brooks Ryder 
Tufts College Medical School 
I k t r u c t o r ,  Publ ic  Health 
Pos t - G r  ad ,, Division 
Boston, Massachusetts 

Dr, Bruno Go Schutkeker 
New York Nat ional  Guard 
Surgeon General 
288 Linwood Avenue, Buffalo, New York 

Dr, Leon Stamatis  
Long I s l and  College o f  Medicine 
I n s t r u c t o r  i n  Surgery 
142 Joralemon St, ,  Brooklyn, B. Y. 

D r a  Ray E, Trussell 
Albany Medical College 
Profb  o f  Prevent ive Medicine 
Albany Medica1 College, Albany, Ne Y. 

Dr, Charles E. Wiles 
Univers i ty  of Buffalo 
A s s t ,  Surg ica l  Resident 
Ed, J. Ideyer Memorial Hospi ta l  
240 ldorris Ave,, Buffalo, N. Yo 
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Uil-92 

UR-9 9 

~ 

m-loo 

ua-101 

UR-105 

UR-106 

T2CZXICAL REPORTS ISSLTID FOR DISTRISUTIOU 

January 1, 1950 thru Ihrch 31, 1950 

Title - Authors 

"Clinical, Pathological and Hematological ElyB Ross 
st a1 Effects of Chronic Neutron Radiation" 

Issued: January 25, 1950 

( U T J U ~ I ~ ~  j Davis - Issued: January 12, 1950 Dole,# Izzo 

(RESTRICTED) 

"Herncjiy-tic Effect of Radiation" young, 

"Experiments with Paper Chromatography 
of the Animal Phospholipids" 

Issued? January 12, 1950 
( UIJCLAS SIFIED > 

"Metabolic and Cardio-Respiratory 
Studies on Patients with Beryllium 
Granul omatos is I' 

Issued: January 12,  1950 
( UNCLASSIFTED) 

" Phy s i cos -Chemi cal S tudi e s of Be ry 1 lium 
Complexes, 111, A Quantitative 
Investigation of the Ber!jllium Citrate 
Complex in Basic Media" 

Issued: March 7, 1950 
(UNCLASSIFIED) 

"Potentiometric Titrations of Beryllium" 
( UNWSIFIED) 
Issued: February 24, 1950 

0 Leery 
Neuman 

iva terhous e 
Keutmann 
Howland 
et a1 

Danley 
Feldman 
Ne uman 

Kosel 
Neuman 

Subject 
Category 

He a1 th 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

Heal th 
and 

Biology 

Chemistry 
Gene r a1 

He al th 
and 

Biology 
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