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I IsIT XIDUCT1 @I? 

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

and problem l e v e l s  according t o  the  scheme given on Pages 7 and 8, 

Lie report  all contr ibut ions t o  a, given problem have been assembled to- 

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

In 

n m b e r  o f  t h e  s e c t i o n  which did t h e  vrork i s  pref ixed in each case. By 

using t h i s  number, it can be found on Page 1 2  what adminis t ra t ive o f f i c e r  

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  Quarterly Technical Reports o f  The 

University o f  Rochester Atomic Ehergy P r o j e c t  do not attempt t o  describe 

progress i n  all of  the research programs b u t  only in those in which 8-  

s i g n i f i c a n t  r e s u l t s  have been achieved but  which are n o t  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  

rWR OFFICIAL USE OILY 
UR 01329 
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The s c i e n t i f i c  work at The University o f  Rochester A t o m i c  Ehergy 

? r o j e c t  has been coded a t  t h e  program and problem levels. The progrms,  h 

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  s e r v i c e  a c t i v i t i e s  while 

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

nethod o f  d iv i s ion  i n  problems m s  possible,  an at tempt  was made t o  

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

c. subject  normally w r i t t e n  up and general ly  considered as a un i t .  

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 he  d iv i s ions  commonly employed by toXiCOlOgiSt8. 

Although no cons i s t en t  

The 

The problem codes a r e  n o t  r e l a t e d  d i r e c t l y  to  t h e  adminis t ra t ive or- 

ganizat ion o f  t he  Project.  Consequently, t h e  s m a l l e s t  administrative unit, 

the  section, may work on more than one o f  t he  coded problems. 

more than one sect ion may work on t he  same coded problem. The adminiatrs= 

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

research and se rv ice  a c t i v i t i e s ,  a l l  ma te r i a l  being asaembled according t o  

Conversely, ‘ 

. the  program and problem codes. The con t r ibu t ion  o f  each sea t ion  t o  ti 

quar t e r ly  Technical Report w i l l  be prefixed by t h e  seotion number, however, 

t o  permit reference t o  the adminis t ra t ive organiza t ion  i f  neoeasary. 

I t  has n o t  been possible  t o  c d e  the  problema 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 acoording 

t o  i t s  p r inc ipa l  sub jec t  mat ter  as long as t h e  minor subjects were reln- 

t i v e l y  unimportant. Otherwise, the  work was divided under appropriate  

codes. 

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

FOR OFFICIAL USE ONLY 
01330 
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I. X.3, EIOLOGICAL EFECTS OF XXT33TIA !V.DII.TIOi3 (X-UYS --- AI=XvE) - 
X.Rl Tolerance Studies (dose l e v e l s ,  s u r i v i a l  time, gross 

and h i s  to-pathology) 

X.R.2 Uechanisn of Effects (physiological and biochemical) 

X.R. 3 Therapy (measures aga ins t  r a d i a t i o n  e f f e c t s )  

X.R.4 H e m t o l o g y  

X.2. 5 Genetics (h i s togene t i c s )  

X. L 6 h b r y o l o g y  

X, R. 7 Bacteriology and Imunol  ogy 

11. I.R. BIOLOGICAL ZFFECTS OF EXTERNAL RADIATION (INFRA-RED & VLTRA-VIOLm) 

I.R.1 Flash Burns 

111. R.C. 3IOL3GICAL ZFr'2CTS OF &IDIOACTI'E LiiTERIALS ( CONTACT, INGESTION, ETC. ) 

3 , M . l  Polonium 

R.M02 Radon 

R.M.3 Thoron 

R.M.4 1.Xscellaneous P ro jec t  Uetals  

N. u. U&YANIULl 

U.1 Physical  and Chemical Propert ies  

U,2 Toxic J f f e c t s  (desc r ip t ion  o f  acute and chronic t o x i c i t y )  ' 

U.3 Toxic Limits ( r e sp i r a to ry ;  o r a l ;  skin; eye; parenteral) 

U . 4  Fgte ( d i s t r i b u t i o n  and excret ion)  

U.5 Mechanism of  Toxic Effects  

U.6 Methods o f  Detection o f  Poisoning, Prophylaxis, Treatment 
and Protect ion 

P 1 3 1 S l b  
FOR OFFICIAL USE ONLY 

UR 01331 



v o  3 e ,  i33~YIULIij7.l 

Be.1 Physical and Chemical Propert ies  

Be,2 

Be03 

Beo4 Fate ( d i s t r i b u t i o n  and excret ion)  

Toxic S f fec t s  (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 s p i r a t o r y ;  o r a l ;  sk in ;  eye; paren te ra l )  

Bees Kechanism o f  Toxic Effects  

Be06 Eethoas of Detection of Poisoning, Prophylaxis, Treatment 
and Protect ion 

l:I, Tho THORIULl 

Th.1 Physical ana Chemical Propert ies  

Th02 

Th03 

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

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

Th04 Fate ( d i s t r i b u t i o n  and excret ion)  

Th.5 Mechanism of Toxic Effects  

Th.6 Nethods o f  Detection o f  Poisoning, Prophylaxis, Treatment 
and Protect ion 

V I I .  3. FLUORIDE 

F.l Physical and Chemical Propert ies  

F02 

F03 

F04 Fate ( d i s t r i b u t i o n  and excret ion)  

Toxic S f f e c t s  (desc r ip t ion  of 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 ;  skin; eye; p a r e n t e r a l )  

F.5 Mechanism of Toxic E f f e c t  

F06 Methods of Detection o f  Poisoning, Prophylaxis, Treatment 
and Protect ion 
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YIII, ;r, Z I 3C 3; T I'Ji; 

Z r , l  Yhysicnl and Chemical Troperties 

Z r o 2  

Zr03 

Zr04 Fate ( d i s t r i b u t i o n  and excret ion)  

Toxic Zi'fects ( d e s c r i p t i o n  o f  ncute 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 ;  skin; eye; pa ren te ra l )  

2 . 5  AIechanisn of  Toxic S f e c t  

Zr,6 Lethods of Detection of Poisoning, Prophylaxis, Treatment 
and Protect ion 

PkIysical and Chemical ?ropert ies  

Toxic Effects (desc r ip t ion  of acute  and chronic toxicity) 

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

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

Nechanisn of Toxic Zffect  

Llethods o f  Detection o f  Poisoning, Prophylaxis, Treatment 
and Pro tec t ion  

:Lo 1,s. ISOTOPSS 

1.S .1 Tracer Chemistry 

IoS,2 Radioautography 

I ,S03 Therapy 

XI ,  O,S, OUTSIDE SEXVICZS 

X I I I ,  HOPo HEALTH PAYSICS 

H,P,1 Research and Development 

H., P02 Service 
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C ,  S SPECIAL CLINICAL S 3 V I C E  

Ie9 .  IiJSTRU:.Z?JTBTIO:i (SPECTROSCOPY, 5LECTZON IJICROSCOPY, X-RAY AND 

NOCLZAR M D I A T I O Y  DETECTORS, X-IIAY DIFFRACTION, ZLZCTRONICS ) 

I.N.l Research and Development 

I.N. 2 Serv ice  

I . N . 3  Ins t rumenta t ion  f o r  Outside 
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UNCLASSIFIED 

P R O G W  X.B. 

3IOLOGICAL EFFECTS OF EXTERNAL RADIATION (X-RAYS AM> RAYS) 

Problem Code: 

Section Code: 3140 

Authors: K, Salomon, K. I, Altman,  R. Della Rosa, S o  J. Sanfilippo 

X,R.2 (Mechanism of Effects) 

Studies on the Biosynthesis of Chlorophyll. 

Background, Since it has been shown in this laboratory that the alpha- 

carbon atom of glycine is incorporated in hemin (l), it seemed of interest to 

investigate the mechanism of the biosynthesis of the tetra-pyrrol structVs 

characteristic of both hemin and chlorophyll, Granick has s h m  (2,3) that 

exposure of chlorella vulgaris to x-radiation can result in the formation of 

mutants which are unable to carry to completion the synthesis of chlorophyll. 

For this reason chlorella vulgaris was considered a suitable tool for the 

elucidation of t h e  chain of biosynthetic events leading to the tetra-pyrrol 

structure, 

var ious  precursors of lower ordero 

between the porphyrin skeletons of hemin and chlorophyll, it might be expected 

that chemically very similar or even identical precursors would be encountered 

in the biosynthesis of these t w o  tetra-pyrrol structures. 

alternative to an investigation of the in vivo utilization of hypothetical 

precursors which could be synthesized by organic chemical means. 

establish the sequence of events with respect to the biosynthesis of t h e  tetra- 

p y r r o l  structure seem essential in view of the importance of an understanding 

Thus, it might be possible to produce mutants which would synthesize 

Since there is great chemical similarify 

This approach is the  

-- 
Efforts to 

of the biochemical mechanisn of the effect of ionizing radiation on hematopoiesis. 

In the experiments to be described, glycine and acetate labeled in their 

UR 01337 
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respect ive alpha-carbon atoms lriith C14 mere used, since both of them had been 

s h m n  t o  function a s  precursors i n  the biosynthesis  o f  t h e  te t ra -pyr ro l  s t ruc tu re  

of hemin (1,4) 

Uethods. A, Culturing o f  c h l o r e l l a  vulgaris. 

Chlorella vulgar is  was grown under s t e r i l e  conditions i n  a medium of the  

following composition8 

K N O ~  (molar) 

Ca(N03)~ . 4H20 (9 
~ 2 ~ 0 4  ( ~ d )  

Fe C i t r a t e  (005%)  

Trace Mixture 

t o  make HZo 
Glucose a t  

Agar a t  

3 m l e  

2 d o  

1 m l .  

8 m l e  

4 ml. 

1 d o  

1 m l .  

1 1. 

1 0  4 1 .  

2% 

Trace Uixture One l i t e r  o f  t r a c e  mixture contains: 

H3BO3 2.86 g m o  

h h C l 2  4H20 1,81 gm. 

z&o4 7H20 0022 gm. 

CuS04 5%0 0008 gmo 

Ammonium Molybdate 0005 e* 

The organisms were grown under s t a t i o n a r y  conditions in 125 de 

Erlenmeyer f lasks ,  each containing 30 do o f  l i q u i d  medium t o  which either 

labeled glycine or labeled a c e t a t e  had been addede The glycine had a CI4 

+Ze wish t o  acknowledge the advice given us by D r ,  S o  Caplin o f  the Department 
of Botany, University of Rochester, in t h e  s e l e c t i o n  of t h i s  medium. 

UR 01338 
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a c t i v i t y  of  2,55 x lo3  d i s in t eg ra t ions  per minute per micromole of carbon and 

the  acetate had a CI4-activity of 2,57 x lo3 d i s in t eg ra t ions  per-minute per  

micromole o f  carbon. The total amount o f  glycine o r  a c e t a t e  i n  each f l a s k r a s  

22 ana 24 milligrams respect ively,  providing equimolar concentrations and equiva- 

lent a c t i v i t i e s ,  The c e l l s  were grown under dayl ight  lamps a t  pH 5.8 f o r  one 

week and then harvested by centr i fugat ion,  

Be Preparat ion and ana lys i s  of methylpheophorbide, 

-From approximately 40 f l a sks  about 10  grams wet weight o f  dark green 

cells were obtained, The centr i fuged c e l l s  mre washed repeatedly wi th  d i s t i l l e d  

water and f i n a l l y  with a d i l u t e  so lu t ion  o f  inert glycine o r  acetate. The cel ls  

were then suspended i n  dioxane and ground in a g l a s s  homogenizer using 100 mesh 

Pyrex glass powder, This procedure was  repeated until t h e  dioxane so lu t ion  

remained co lo r l e s so  The chlorophyll  thus ex t rac ted  a s  prec ip i t a t ed  several 

times wi th  an aqueous s a l t  solut ion,  dissolved in  acetone, and hydrolyzed in 

an hydrochloric ac id  so lu t ion  o f  a f i n a l  concentration of  34%, 

formed was ext rac ted  with e the r  and e s t e r i f i e d  wi th  methyl alcohol. 

Pheophorbide thus 

Methyl- 

pheophorbide was c r y s t a l l i z e d  severa l  times from chloroform-ligroin boi l ing  a t  

60-9OOC0 

were campared wi th  t h a t  o f  methylpheophorbide prepared from c h l o r e l l a  vu lga r i s  

cu l tu re s  g r m  in a medium containing i n e r t  glycine, 

Absorption spec t ra  of the two labeled methylpheophorbide preparat ions 

A l l  three preparat ions 

showed the  same absorpt ion curve wi th  a peak a t  approximately 665 m)twhich is 

c h a r a c t e r i s t i c  f o r  methylpheophorbide a, and an increased absorpt ion in the region 

of 550 t o  500 IIIP lacking, however, t h e  w e l l  defined known absorpt ion peak f o r  

metbylpheophorbide b o  The masking of  t he  l a t t e r  peak i s  probably due t o  the 

presence of an absorbing impurity, 

Since spectroscopy proved inconclusive in the case at hand, carbon and 
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/OH a? 

hydrogen analyses f o r  the  various methylpheophorbide preparat ions were c a r r i e d  

outo The values obtained a re  presented in Table 1 below. 

No labeled material 
added - but i n e r t  C14%qCOOH 
a c e t a t e  presento Added 

67e55 73-80 

7-32 9,92 

Table 1 

Carbon and Hydrogen Content o f  Various Methylpheophorbide R e p a r a t i o n s  

C1*H3C OONa 
Added 

66.61 

8.86 

Calculated Values 
for 

Methylpheophorbide 
8.  bo 

6.27 5,80 I 

For the purpose of comparison, t h e o r e t i c a l  values for methylpheophorbide 

a and b a r e  shown i n  the l a s t  two  columns.. In evaluat ing the  analytical results, 

it must be kept i n  mind that t h e  methylpheophorbide preparat ions i s o l a t e d  fram 

c h l o r e l l a  vulgar is  were i n  all cases mixtures of the  methyl esters of pheophorbide 

a and b, s ince  WB as y e t  have n o t  attempted t o  separate these  two compounds. 

It should also be pointed out t h a t  t h e  r a t i o  of methylpheophorbide a and b might 

be a funct ion o f  t h e  conditions of  culturing,, 

t h a t  t h e  a n a l y t i c a l  values obtained k a m  material  i s o l a t e d  from c h l o r e l l a  groun 

It i s  thus of i n t e r e s t  to note 

in t h e  presence of a c e t a t e  (columns 1 and 3 )  a r e  in b e t t e r  agreement with each 

other  than wi th  values obtained when glycine i n s t e a d  of a c e t a t e  was preeent  

i n  the  cu l tu re  medium (column 2 )  The somewhat elevated hydrogen values  obtained 

a r e  d i f f i c u l t  t o  understand a t  t he  present  s t age  o f  the work, 

I t  should be pointed out  that in t he  elementary analysis of chlorophyll- 

l i k e  compounds considerable d i f f i c u l t i e s  are encountered, p a r t i c u l a r l y  w i t h  
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Is otoF i c al  l y  
Labeled 
Precursor 

r e spec t  TO coxnplete :oxbustlcn when t h e  or 'd lcary  3regL ;netnods a r e  usedo 

n t r s g e n  Talues a r e  n o t  shwm because snaiSrticai procedures used up t o  now were 

C o w d  t o  be inadequate, 

.. . 

Yowever, we have r e c e n t l y  been ab le  t o  overcome t h i s  

co/c * * = I C - 4 - A ~ t i v i t y  
Dis integrat ions FS? 
Nine per  pl: carbon 

a i f f i c u l t y  by carrying c u t  combustions at 90GGc*, 

Results,, In Table 2 below, the  incorporat ion or' the alpha-carbon atoms 

of ace t a t e  and of  glycfne in  methylpheophorbide i s o l a t e d  f'rom c h l o r e l l a  v u l g a r i s  

C1%$ OONa 

i s  shownc The vaiues  a r e  expressed as d i s i n t e g r a t i o n s  per minute per micromole 

148 

of carbon, usiag t he  values obtained by elementary analyszs as t h e  bas i s  for 

ca lcu la t ion  o f  t o t a l  carbon content,  The data presen+Ad ind ica t e  t h a t  t h e  alpha- 

carbo3 atoms o f  glycine and a c e t a t e  r e spec t ive ly  a r e  u t i l i z e d  by c h l o r e l l a  

vu lge r i s  f o r  t h e  synthesis  o f  chiorophyll, 

carbon atom of a c e t a t e  makes a g r e a t e r  ccn t r ibu t ion  ZG t he  carbon skeleton of  

I t  i s  a i s o  apparent t h a t  t h e  alpha- 

nethylpheophorbide than t h e  alpha-aarbcn atcm o f  glycine, 

The Incorporasicn of Cr4H2N?32CCOE a ~ a  C-+Q3COOBa 

in hlethylpheophorbide I so l a t ed  frun Ghicre;ls. V!.dgaris** 

I i I 

I I I . 
43 I 59 

***&tic of Cl4-Actzvity of Compound Added ( ? c ]  
t o  C14-Aotinty of Compound I so l a t ed  C.C\, 
i o e o  Di lu t i cn  Constante 

*Ve are indebted t o  the  Micro-AnaSytical Laboratory of the  Eastrnan Kodak Company, 
and p a r t i c u l a r l y  t o  Mr, D, Ketchum, f o r  performrng these  analyses for uso 

order of a t  least  f ive times backgrcunda 
**The carbon1* act ivi t ies  of the  methylpheophorbide esters analyzed were in the 

I -  t " 1  I 

f 3 [ 3 L 1) 
UR 01341 



Discussion, At the  present  t ime  only over-ai l  biosynthet ic  react ions 

wi th  respect  t o  t h e  t e t r a -py r ro l  s t r u c t u r e  o f  hemin a n d  chlorophyll  a r e  knom. 

Eo statement can the re fo re  be made with respect  t o  t h e  d i f f e rences  i n  syn the t i c  

pathways by which chlorophyll  a and b might be formed, 

a c t u a l l y  be very s l i g h t  s ince  chlorophyll a and b d i f f e r  only w i t h  r e spec t  t o  

Such d i f f e rences  might 

the  chemical na tu re  o f  t he  subs t i t uen t  i n  carbon atom 3, where, in t h e  case of 

chlorophyll  a, a methyl group i s  present i n s t ead  of  t he  formyl res idue in t h e  

case or' chlorophyll  b o  

o f  our knowledge t o  d i s t i n g u i s h  between chlorophyll  a and b o  

For t h i s  reason it d i d  n o t  seem e s s e n t i a l  a t  t h i s  stage 

I t  seemed important 

f i r s t  t o  e s t a b l i s h  the  f a c t  t h a t  t h e  alpha-carbon atoms of glycine and ace ta t e  

a re  u t i l i z e d  d i r e c t l y  in t h e  biosynthesis  of chlorophyll.. 

The low isotope d i l u t i o n s  as calculated i n  Table 2 (Page 18) support the  

conclusion t h a t  d i r e c t  u t i l i z a t i o n  of t h e  two  labeled carbon a t o m  has occurredo 

The spectroscopic as w e l l  as t h e  ana ly t i ca l  da t a  i n d i c a t e  t h a t  a small impurity 

i s  present i n  our preparat ions although the  method by which these  preparations 

Ilrere obtained makes the  presence of high a c t i v i t y  contaminants unl ikely,  

Eecause of t h e  possible  presence o f  small amounts of impuri t ies ,  t h e  ac t iv i ty  

da t a  were calculated as indicated,  namely, on t h e  basis of t h e  t o t a l  amount of 

carbon present i n  the  compounds analyzed, 

Summary, From the  da t a  presented, we conclude t h a t  c h l o r e l l a  vu lga r i s  i s  

ab le  t o  u t i l i z e  the  alpha-carbon atoms of glycine and a c e t a t e  for t h e  biosynthesis  

oP chlorophyll, 
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X.B.2 (Mechanism of E f f e c t s )  

Authors: L. T. Steadman and H. E. Thompson 

Changes i n  Blood Lipids After 'Whole Body X-Irradiation. 

Introduction, In t h e  Quar t e r ly  Report f o r  January t o  March 1949, No, 

UR-70, the  above authors presented some i n i t i a l  r e s u l t s  on t h e  changes in plasma 

t o t a l  l i p i d s  i n  r a b b i t s  following whole body x-irradiation. The r a d i a t i o n  dose 

employed was 2000 r a t  100 KT (peak) w i t h  no f i l t r a t i o n  o t h e r  than t h e  inherent 

f i l t r a t i o n .  The h a l f  value layer o f  this r a d i a t i o n  was  1 mm o f  aluminum, I t  

was found t h a t  on t h e  f i r s t  o r  second day after i r r a d i a t i o n  t h e r e  WEE a t r a n s i t o r y  

elevat ion i n  the  t o t a l  l i p i d ,  phospholipid, and cho le s t e ro l  plasma levsls which 

i n  some instances were  as much as ten  times t h e  normal value. Also the frequent ly  

observed lipemic o r  opalescent plasmas were those shoaing t he  high l i p i d  values. 

These l i p i d  measurements have s ince  been extended t o  other animals, t h e  rat, dog 

and guinea pig; and t h e  dose and q u a l i t y  of the  r a d i a t i o n  have been varied. The 

purpose has been t o  attempt t o  a s c e r t a i n  how important t h e  l i p i d  changes are as 

b io log ica l  e f f e c t s  o f  radiat ion.  Some of the results of the present  experiments 

w i l l  be discussed i n  sunmary form i n  t h e  following,report .  

Methods. The t o t a l  l i p i d s  were measured as described before, by treatment 

o f  one m l  amounts of plasma wi th  alcohol-ether, followed by e x t r a c t i o n  n i th  

petroleum ether and weighing. The phospholipid and cho le s t e ro l  were determined 
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on a l iquo t s  o f  the alcohol-ether e x t r a c t  o f  m o t h e r  sample. 

3eth3d o f  Eloor rras used t o  deternine t h e  phospholipid and Bloor's a c e t i c  

&?hydride-sulf'uric acid procedure was used t o  measure the  t o t a l  cholesterol.  

Glucose was detormined by the  micro v a r i a t i o n  o f  t h e  procedure o f  F o l h  and TU. 

The micro oxidat ive ' 

Frocedure. Siace the  r a d i a t i o n  i n i t i a l l y  used was r e l a t i v e l y  s o f t  and 

s h c e  Kultjugin found high l i p i d  values a f t e r  i r r a d i a t i o n . o f  rabbits wi th  ultra- 

v i o l e t  l i g h t ,  i t  might be supposed t h a t  t h e  r a d i a t i o n  e f f e c t s  m r e  caused 

primarily by i r r a d i a t i o n  o f  the  skin. I t  was o f  i n t e r e s t ,  therefore ,  t o  vary 

t h e  q u a l i t y  or' t he  r ad ia t ion  by increasing t h e  peak voltage o f  t he  tube and 

a l s o  b j r  i n t r o d u c h g  appropriate f i l t r a t i o n .  Fbrthermore, it i s  usually considered 

t h a t  t he  l i v e r  plays an important p a r t  in  l i p i d  metabolism. 
.. 

Tihen the  whole 

body, including the  l i v e r ,  i s  i r r a d i a t e d  it i s  n o t  easy t o  i n t e r p r e t  t h e  finding 

of elevated l i p i d s  in  the  blood stream i n  terms of r ad ia t ion  e f f e c t s  on the 

l i v e r c  The damaged l i v e r  may l o s e  l i p i d s  o r  on t h e  other  hand it may n o t  

r e a d i l y  renove l i p i d s  from the  blood which are  mobilized from o the r  locations.  

A s  a mems of gaining more infomat ion  on these points,  it was decided t o  

ca r ry  o u t  a separate  s e r i e s  o f  experiments wherein t h e  l i v e r  was shielded 

from the r ad ia t ion  t o  a l a rge  extent.  

and 7.5 cn wide was placed across the  abdomen over t h e  region o f  t he  liver 

while the r a b b i t  w a s  being i r r a d i a t e d  ly ing  s t r e t c h e d  o u t  on i t s  back on the 

animal board. It \7as determined t h a t  the  l iver was adequately covered by the 

lead and t h a t  t h e  r a d i a t i o n  below t h e  l ead  was reduced t o  l e s s  than 5% of the 

i n t e n s i t y  without t he  lead. 

s t a t e d  t h a t  a p a r t  o f  t h e  stomach and small i n t e s t i n e s ,  t h e  adrenals,  and the 

spleen a re  a l s o  protected t o  a considerable degreeb 

To do t h i s  a s t r i p  of l ead  1.6 nun thick 

However, with t h i s  arrangement it should be 

The i r r a d i a t i o n  periods mere considerably longer when f i l trat ion was 
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useci s o  t h e  a n i a a l s  i n  these experinents Tiere i r r a 2 i a t e d  while i n  an up r igh t  

pos i t i on  in s ide  a wooden box. 

Results. The da t a  a r e  shoivn i n  Table 1 (Page 23) as averages f o r  the 

number of  animals i n  each type o f  experiment. 

a t  several  t i n e s  following i r r a d i a t i o n ,  the  values gene ra l ly  returned t o  t h e  

pre- i r radiat ion l e v e l s  a f t e r  3 days as shown i n  t h e  e a r l i e r  r e p o r t  and thus only 

the changes f o r  t he  one and t h r e e  day samples are given herewith. 

changes f rom t h e  p re - i r r ad ia t ion  value have been tabulated.  

value double the  nor.nal neasurencnt i s  a + lOG$ change. 

death o f  the  an ina l  a r e  also included since,  as seen before,  t he re  i s  frequently 

an increase i n  l i p i d s  a t  t h i s  t i n e  even though it may be many days a f t e r  the 

t i n e  o f  i r r a d i a t i o n .  

Although measurements srere,made 

The per  c e n t  

For example, a 

The values j u s t  before 

"he da ta  f o r  t h e  experinents using 2000 r a t  100 KV u n f i l t e r e d  r a d i a t i o n  

a r e  the  r i o s t  extensive. 

taken m d e r  the  same conditions but  3re an add i t ion  t o  t h e  e a r l i e r  experiments 

and a r e  i n  good agreement 1:rith the  f i r s t  r e s u l t s .  3hereas the  maximum changes 

on t h e  f i r s t  day may be as grent  as + lOOC$, it i s  seen that the  average 

increase is 33% f o r  t he  t o t a l  l i p i d s ,  14C$ f o r  t he  phospholipid, and 84% f o r  

t he  cholesterol .  The number o f  plasmas on the  f i r s t  day which are lipemic in 

appearance is 45%. In  the  e a r l i e r  s e t  of data  where the re  were 2 day samples 

as well, t h e  incidence o f  l i p e n i c  plasma was 7%. 

plasma was noted i n  7% of t h e  an ina l s  irradiated,, 

These do n o t  icclude the  previously reported d a t a  

In o t h e r  words, l ipemic 

Conpnrin;; o the r  da t a  i n  Table 1 (Page 2 3 )  with  t h e  above f igu res ,  it is 

noted t h a t  wi th  t h e  l i v e r  shielded the  increases  i n  l i p i d  are n o t  as much b u t  

on t h e  other hand t h e  changes a r e  n o t  reduced t o  zero. 

although t h e  i r r a d i a t i o n  o f  t h e  l iver  makes some d i f f e rence  i n  t h e  over-all  

I t  i s  concluded that 
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A m G E  PER CENT C W G E  IB PLASMA TOTAL LIPIDS, PHOSPHCILIPID, 

Am CHOLICSTWOL AFTER X-IRRADIATIOIY OF RABBITS 

Fad ia t ion 
Ho Filter 

2000 F 
200 K V +  

- 

1500 P 
200 KT 

Total  Lipid I Phorphollpid ChDles tom1 I I 
610. Pare 

S h i e l d  Irrad. 1 3  
none 3 +160 
Liver  3 +170 +60 

none 1 +I40 -10 
Liver 1 +400 +55 

1000 f 1 none 6 +220 +22 
2 9 0  KV 1 Live r  1 5 1 + 71 I +10 

, 
+260 
+ 41 

I 

I 
+990 

1 +I30 
I 

i 

~ 

+ 45 -60 +230 + 60 -15 + 60 
+ 71 + 0 +410 + M  + 2  +%7 

+120 -27 + 54 +1g 
+120 +44 + O  

+140 +75 +loo +I e4 +% +1go 
+150 +120 +520 + 65 +p +is0 

+io60 +lo60 +390 +390 

+220 +a3 370 +150 hi +260 

+ g o + a  + 63 +i8 

I 
+33 -33 + 27 +27 

+33 -22 +23 + 6  

500 f none 
230 Kv Liver 

2000 r none 
103 mr-* Liver 
200 gv*H 

F i l t e r e d  

6 + 80 +33 
3 + 2 -20 

14 +330 +7O 
10 +250 +55 

UR 01346 

2000 I 

1000 r 

500 r 

100 XV Mu' 
F l l  tered 
1000 F 

500 r 

none 3 +990 

none 13 +170 + o 
none g + 67 +io 

none 2 + 91 -20 

nane 1 +1go - 3 
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xetaSol isn oi' the  i i ? i d s ,  t h e  abnormal k c r e a s e s  a r e  nDt s o l e l y  due t o  r a d i a t i o n  

da-nage t o  the  l i v e r o  

With t h e  u n f i l t e r e d  r ad ia t ions  the  v a r i a t i o n  from 100 KV t o  200 KV wi th  

the  same dose  does not show remarkable differences i n  the  t o t a l  l i p i d s  although 

tho phospholipid and  cho le s t e ro l  changes a r e  greater .  If the  r ad ia t ion  e f f e c t s  

depend on t h e  amount of t i s s u e  i r r a d i a t e d ,  then t h e  higher ki lovol tage r a d i a t i o n  

which would produce a g r e a t e r  depth dose might be expected t o  be more e f f e c t i v e ,  

'&en one compares these  da t a  a l s o  w i t h  the  f igu res  obtained f o r  t h e  
- 

much ,harder r ad ia t ion  shown i n  the  lower h a l f  of  t he  t ab le ,  i t  i s  noted t h a t  f o r  

the  500 and 1000 r doses again t h e  phospholipid and cho le s t e ro l  changes are 

g r e a t e r  and the  t o t a l  l i p i d  values a r e  about t h e  same. I t  seems t h a t  t he  

phospholipid and cho le s t e ro l  t he re fo re  increase wlth increase i n  depth dose, 

while t h e  t o t a l  l i p i d s  which are f o r  t h e  most p a r t  n e u t r a l  f a t  a r e  n o t  S O  

influenced by change i n  depth dose. On the  other  hand the changes for 2000 r 

with the  200 KV f i l t e r e d  r ad ia t ion  are t h e  m o s t  pronounced and a r e  very l a rge  

f o r  a l l  th ree  o f  the measured q u a n t i t i e s  so  t h a t  t he  t o t a l  l i p i d s  may increase 

wi th  the  depth dose when the  dose is l a r g e o  

The l i p i d  changes due t o  x- i r rad ia t ion  are the re fo re  n o t  simply e f f ec t s  

i n  t h e  sk in  b u t  a r e  associated wi th  i r r a d i a t i o n  of t h e  whole bodyo 

The average survival  time of t h e  animals wi th  t h e  l i v e r  shielded is 

about twice t h a t  f o r  the  o the r  rabbi ts .  

Rat Experiments. In o rde r  t o  determine whether o r  n o t  t h e  l i p i d  increases 

a r e  pecu l i a r  t o  t h e  r a b b i t  which i s  bel ieved t o  have a slow o r  poor mechanism 

f o r  taking care  of l i p i d s ,  s eve ra l  rats were t e s t e d  under similar conditions. 

The r e s u l t s  a r e  shown i n  Table 2 (Page 25)  where t h e  change i n  t o t a l  l i p i d  

is recorded f o r  each of t h e  11 ratse  Although t h e  experiment i s  not extensive 
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- I  ':cries i Ser ies  2 

RATS - 
- 
F ~ F  Cent Chmge i~ T c , t e l  L i p i d s  One Day After  Irradiation 

Seric-s 1. 303G r ZO@ In' Unfi l tered X-Aays h i  0,16 mm CU 

S n r l e s  Z ,  SO00 r 100 hT Unfi l tered I - h y s  ITfL 1 l ~ ~ n  

Ser ies  3,-. 2000 r 100 hV F i l t e r  1 mm Ai INL 2 mm A1 

Ser i e s  3 

21 a sma 
Li?id 

c-0 

1 

1 
? l a m a  Flasna 

AnlElal Lipid h i n a l  Lipid 
Change Iiumber Chauge Number 

2 

930 

12 

j ! a +20 13 

I I I I 
I 1 I 

enou;h ;? ?rove t h a t  %!-,ere i s  o r  i s  n o t  a srnsll e f f e c t  due t o  r ad ia t ion ,  t he re  

is r.3 s i ' 5 e s c c  t h a t  the r a t .  behaves a t  a l l  l i k e  t h e  r a b b i t  o r  t h a t  there  is 

e ~ s n  %?? b c r e a s e  i n  l i ? i %  dlie t o  rad ia t ion .  

Doc &periments, In Table 3 (Fage 26)  a r e  shown somewhat 3ore data on 

7 dogs. ?ere a l s o  the re  a re  EO increases  o f  t he  magnitude observed in t he  

r a b b i t s  although the re  nay be a small r ad ia t ion  e f f e c t  no t iceable  i n  t h e  

t ~ t n l  1 i T i d s .  

Guinea P i g  Experiments, Six  guinea pigs  were i r r a d i a t e d  under similar 

conditions.  

t he  r a b b i t  in i t s  l i p i d  metabolism c h a r a c t e r i s t i c s  s ince  they are both herbiverous 

I t  might be expected t h a t  t h e  guinea p i g  would be more nea r ly  l i k e  
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TABLE 3 

t% 

t 38 

DOGS 
7 

+n$ 
i 5  

Per Cent Change i n  Plasma Total  Lipids,  Phospholipid, and 

Cholesterol Mter I r r a d i a t i o n  

Series  1, 2000 r 200 W Unfi l tered X-hys HVL 0.16 mm Cu 

h m b  e r 

9s 7 

1466 

1467 

1468 

1469 

1471 

1475 

Average 

One Day After  I r r a d i a t i o n  1 Two Days After I r r a d i a t i o n  
_ _  ~~ 

To t a l  
Lipid 

Phospho- 
1 i p i d  

+12$ 

-22 

t 3  

-6 

-42 

+28 

t 2 7  

t o  

Z ho l e  s- To ta l  
t e r o l  Lipid 

Phospho- 
l i p i d  

$ 

- 27 

-35 

t 4 1  

-7 

C ho 1 e s- 
t e r o l  

% 

+o ' 

-15 

-23 

-13 

mimals  vhereas t h e  r a t  and dog are not. 

o f  a f a i r l y  high t o t a l  l i p i d  and it nay be t h a t  the  one day per iod i s  not the 

b e s t  t ine t o  demonstrate a maximum change. There i s  a cons i s t en t  increase in 

Table 4 (Page 27) shows one instance 

%!-io l i p i d s  i n  t h e  red blood c e l l s  f o r  t h e  guiner, pigs, however, vrhich compare6 

favorably wi th  a sinilar s e t  of  da t a  on s i x  r abb i t s  shown in Table 5 (Page 28). 

lIone o f  t he  blood samples taken thus  f a r  f r o m  the  r a t s ,  dogs, o r  guinea 

pigs have been lipemic in  appearance. 

The glucose determinations appear  t o  have no s ign i f i cance  i n  denoting 

e fffect s 



GUE.E.4- XGS 

Per  Cent Change i n  Total  Lipids and Glucose i n  Plasma 

and Red Cells One Day After  I r r a d i a t i o n  

2000 r 200 KV Unfi l te red  X-Rays HVL 0.16 mm Cu 

Animal 

Number 

1 

2 

3 

5 

7 

8 

Average 

T o t a l  

Plasma 

-23% 

-8 

+270 

+52 

+S 

ipid 

Cel l s  

+55% 

+52 

t 8 3  

+16 

+120 

+150 

c 79 

Glu 

Plasma 

- 3% 

-3 

-3 

-15 

-3  

so 

Cel ls  

Conclusions, 

1. The lipemia caused by x - i r r ad ia t ion  is  pecu l i a r  t o  t h e  r abb i t ,  No 

c l e v a t i m  o f  plasma l i p i d s  i s  found in the  r a t  and only r e l a t i v e l y  small increases  

are detected in the  dog. 

e f f e c t s  s imi la r  t o  t he  r abb i t  bu t  t o  a smaller  degree. 

There is sane evidence that  the  guinea pig may Show 

2. 

on the skin bu t  increases  wi th  depth dose. 

3. 

The production of high lipid values is no t  simply a r a d i a t i o n  e f f e c t  

Shielding the  l i v e r  reduces the  amount of l ipemia appreciably,  bu t  

damage t o  the l i v e r  i s  no t  the oply f ac to r  i n  the production of the high blood 

l i p i d s  
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Per Cent Change i n  T o t a l  Lipids and Glucose i n  Plasma 

and Red Cel ls  One Day Af ter  I r r a d i a t i o n  

1500 r 200 W Unfi l te red  X-Rays HVL 0.16 mm Cu 

Animal 

Nmbe r 

680 

686 

'703 

706 

727 

728 

Average 

Total Lipid 

Plasma 

+.zoo$ 

4.120 

+640 

+110 

+620 

+56 

+290 

Cells  

+23@ 

+120 

+ l l O  

+140 

t 10 

+150 

+126 

UNCLASS I FIED 

Glucose 

Plasma 

+ 5% 
-10 

+85 

+3 

+8 

+o 

Cells 
-~ ~ 

-4% 

c35 

-50 

+43 

-44 
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i'roblen Code: U , 3  (Toxic Limits) 

Section Code: 3210 

Authors: H. B. Ilrilson, G. E. Sylvester ,  C. IT. LaBelle, J. K. Scot t  and s t a f f ,  
F. A. Smith and s t a f f ,  S. Laakin and s t a f f ,  and K. E. Lauterbach 

The i ielation o f  P a r t i c l e  Size of Hydrated Uranium Trioxide Dust t o  Toxic i tp  

Following Inha la t ion  by Rabbits and Rats 

In an e a r l i e r  study (l), p a r t i c l e s  of U02 of  0.5 p mass-median s h e  uere  

found t o  be more tox ic  when inhaled by r a b b i t s  and r a t s  than were p a r t i c l e s  of 

mass-median s i ze  g rea t e r  than 1 p. 

Unlike UOz, UO3 is sa id  t o  be soluble in body f l u i d s ,  It is more tox ic  

than UO2 but l e s s  t o x i c  than uranyl salts. 

takes up water t o  give f i r s t  the mono- and then the di-hydrate. 

In aqueous suspension, it aloprly 

The method of preparat ion of UO3*2%O of mass-median p a r t i c l e  s i z e  below 

1 p and the t o x i c i t y  following inha la t ion  by r a b b i t s  and r a t s  of  a dust, 

generated by atomizat ion of  this suspension a t  a UO3 concentrat ion of 10 m&i3, 

has been reported ( 2 ) .  

TIYO experiments t e s t i n g  the e f f e c t s  of inha la t ion  of  hydrated U02 of 

nnss-median s i z e  - above 1 p and UO3 concentrat ion of 10 mg/m5 have since been 

completed. 

ims s i g n i f i c a n t l y  g rea t e r  than t h a t  r e s u l t i n g  from inha la t ion  of hydrated 

UOg of mass-median s i ze  - below 1 p a t  the same concentration, 

t h i s  was thought t o  be c h i e f l y  the  a lka l ine  treatment used f o r  t h e  purpose of 

suspending and washing o u t  f i n e s  a t  the end of  each day's run. 

In the  f irst ,  which w i l l  no t  be descr ibed in d e t a i l ,  t he  t o x i c i t y  

The reason f o r  

It was thought 

FOR OFFICIAL USE ONLY 

UR 01352 



r'OR OFFICIAL USZ ONLY 

t h a t  res idua l  adsorbed MaOII probably reacted with C u 2  s t i r r e d  i n t o  t h e  suspension 

t o  give r i s e  t o  s i g n i f i c a n t  mount  o f  t he  more highly tox ic  sodium uranyl 

carbonate. 

probable cause of increased t o x i c i t y . .  Description of t he  second large-s ize  

(coarse)  hydrated UO3 experiment a t  a concentrat ion of 10  mg/m 

comparisons with comparable r e s u l t s  of t h e  'small' p a r t i c l e - s i z e  study. 

"he second "above 1 p" experiment was designed t o  e l iminate  t h i s  

3 follows wi th  

Method. Orange UOg was f'reed from urwyl n i t r a t e  and converted to the  

yellow hydrate or mixture o f  hydrates (U,03*%0 and U03.Z%O) by repeated washing 

over a period of s'everal days. The suspension was atomized in the  exposure 

chamber and r abb i t s  and r a t s  exposed 6 hours d a i l y  for 37 calendar days dupl icat-  

ing the schedule of t h e  f i n e  UO3.2H2O experiment. A t  t h e  end of each day's 

run, NaOH so lu t ion  was added t o  t h e  contents  o f  t h e  chamber j a r  t o  suspend 

accumulated fines which were eliminated by decanting a f t e r  a s u i t a b l e  s e t t l i n g  

period. After washing, adsorbed NaOHwas eliminated by add i t ion  o f  d i l u t e  

IICl followed by repeated washing u n t i l  p r a c t i c a l l y  no UOz* remained in t h e  

supornnte and the  pH approximated t h a t  o f  t he  d i s t i l l e d  water used. 

The s p e c i f i c  surface (Table 1 Page 31) of a typical sample of the coarse 

2 suspension was found  by t h e  ethane adsorption method t o  be 2.0 m /g. me 

poros i ty  f a c t o r  tyas 27.4. 

5.14 m2/g and the  poros i ty  f ac to r  15.9. 

necessary t o  hea t  t he  compound t o  l l O ° C  a t  pressure as low as loo6 m. 

Corresponding values f o r  t h e  f i n e  suspension were 

In applying t h e  method, it m8 

Surface a rea  and poros i ty  values  a r e  therefore  probably those  of the p a r t i a l l y  

dehydrated product, U03"1/2 HzO. 

Daily mean temperatures in the  exposure chamber ranged from 74-770F. 

The roan in which animals were kept between exposure was n o t  conditioned, 

however, and temperatures the re  were higher. Mean daily temperatures in t h e  
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S amp1 e 
Description 

f i n e  
Su s pens ion 

TABLE 1 . 

STZCIF'IC SURFACZ AND XLATED DATA FOR HElDMTED URIINIRJ TRIOXIDES USED FVR 

INiIllLATION TOXICITY STUDIES 

Mass 
Median, 

r 

1.48 

P a r t i c l e  Size(B.1 

'- Geometric 

Dev. of Median, 

Uedian 

1- Coarse 

Sur facc 
Median 

P 

9 04 

Specif ic  Surface, I 18/g 

Calc. 
*am 

P a r t i c l e  
Diem' s. 

0.32 

0.073 

Porosity 
By Sthane 
Adsorption 

I 

(aheasurements  of op t i ca l  microscope 

exposure chamber during the 0.6 p experiment ranged from 70-76O F. Because of 

the na ture  of the experiment, matched groups o f  cont ro ls  of  both species  mre 

used on which a l l  c r i t e r i a  necessary in  evaluating t o x i c i t y  o f  the uranium- 

expossd animals were employed. 

Results. One ra t  died on t h e  20th calendar day, m o t h e r  on or about t h e  

35th calendar day, and one r a b b i t  on t he  35th calendar day. 

auto lys i s ,  no estimate of the  cause of death could be made i n  any case. 

Because of advanced 

It 

should be noted t h a t  these deaths occurred during t he  months o f  July and August, 

the  l a s t  two immediately following a few days of except ional ly  hot weather. 

The r abb i t  death m s  preceded by a sharp r i s e  i n  blood NPN b u t  the mean rJpN of 

6 control  r abb i t s  simultaneously rose  t o  values s i g n i f i c a n t l y  above normal. 

Besults f o r  survivors a re  compared in Table 2 (Page 32) wi th  those f o l l d n g  

inha la t ion  of hydrated U03 of smaller p a r t i c l e  size. 
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Weight response of  "terminal" r a t s  in the  two s tud ie s  a r e  compared graphica l ly  

i n  Figure 1 (Page 34) .  It w i l l  be observed t h a t  growth r e t a r d a t i o n  occurred to 

about t he  same ex ten t  in both experiments. The somewhat grea te r  loss i n  we'ight 

during t he  f i r s t  week of exposure t o  the smaller  s i z e  p a r t i c l e s  represents  a 

typical weight response t o  acute  U injury, 

Discussions The f a c t  t h a t  t h ree  animals d ied  follooping exposure t o  dus t  

of 3,7 p mass-median s i ze ,  whereas a t  t he  same concentrat ion none died following 

exposure t o  dus t  of less than l p  s i z e  seems t o  i n d i c a t e  a higher  t o x i c i t y  f o r  

the  l a rge r  pa r t i c l e - s i ze  range, However, the except iona l ly  hot  weather as  a 

cont r ibu t ing  cause of death  and the  e leva t ion  o f  blood NPN of cont ro l  r a b b i t s  

immediately preasding two of the  deaths,  must n o t  be overlooked, It  i s  doubtful 

t h a t  s i g n i f i c a n t  m o r t a l i t y  would have been experienced if  the  l a rge  pa r t i c l e - s i ze  

experiment had been performed not in July-August, b u t  in  October, the month during 

which the  "4 p" study was undertaken, 

With the  poss ib le  exception of pathologic r e s u l t s ,  t abula ted  responses 

(Table 2 Page 32) of surviving r a b b i t s  show no s i g n i f i c a n t  d i f fe rence  whatever, 

whereas corresponding responses of r a t s  i n d i c a t e  a s l i g h t l y  g rea t e r  t o x i c i t y  for 

p a r t i c l e s  of mass-median s i z e  below 1 p. 

In both species ,  t h e  values for U in the lung (Table 2 Page 32) a r e  more 

than twice a s  great  following inha la t ion  o f  t h e  f lner  dust. 

t h i s  was expected. On t h e  o the r  hand, if U03 i s  soluble  in lung f l u i d s ,  it is 

d i f f i c u l t  t o  understand t h e  r e t en t ion  of such r e l a t i v e l y  l a r g e  amounts of U in 

the  lung i n  e i t h e r  experiment,, 

A di f fe rence  such a8 

8 

S o l u b i l i t y  of 003 in  body f l u i d s  may be t h e  f a c t o r  beoause of which very 

l i t t l e  d i f fe rence  in t o x i c i t y  r e s u l t e d  a t  such widely d i f f e r e n t  average mass- 

median p a r t i c l e  sizesa Surface area d i f fe renoes  may, however, be a f a c t o r e  It  
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i s  s ee r  ("ajle 1 Page 31) t h a t  porosi ty  of  the  l a rge r  p a r t i c l e s  was nearly twice 

t h a t  cf t h e  smallero 

Conclusions, (1) Hydrated U03 a t  a U03 concentration o f  10 mg/m3 is 

s l i g h t l y  t o  moderately tox ic  when inhaled by r abb i t s  and rats; end ( 2 )  p a r t i c l e s  

o f  approxinately 006 p mass-median s i z e  were n o t  s i g n i f i c a n t l y  more tox ic  than 

those o f  3,7 p mass-median s i z e o  

tion, based on the responses of survivors  (Table 2 Page 3 2 )  t ha t ,  if s u s c e p t i b i l i t y  

has n o t  been aggravated by r e l a t i v e l y  high temperatures, t h e  over-all  t o x i c i t y  of 

This second conclusion i s  made with the reserva- 

? a r t i c l e s  o f  3,7 nass-median s i ze  might ham been s l i g h t l y  but s i g n i f i c a n t l y  

l o v e r  t??m t h a t  o f  the f i n e r  p a r t i c l e s ,  
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?roble= Co5e: 3e,l  (Physical and Chemical Propert ies)  

Section Codes 3220 

A u t h o r s :  i7, F. Neman, To Y, Toribara, A, Underwood, J, Bonner, and I, hldman 

Analytical  Chemistry, Having developed an elegant  method f o r  t h e  deter-  

z i n a t i o n  of beryllium (1 t o  20 micrograms) using alkanet  or i t s  parent-compound, 

naphthazarin, as t h e  color imetr ic  reagent,  a s e r i e s  o f  i nves t iga t ions  were under- 

taken t o  e luc ida te  the  mechanism of  t h e  co lo r  r eac t ion  o f  beryll ium wi th  hydroq- 

a?threquinones, 

s t o i c h m e t r i c  proport iom, forming chelate-ring s t r u c t u r e s  corresponding t o  the 

b o  types:  Be-dye and Be(dye)i, From t h e  da t a  a t  hand, it has been possible  t o  

I t  has been shown t h a t  beryll ium combines wi th  the dye i n  

assign s t r u c t u r a l  formulae t o  these  t w o  compounds wi th  a fa i r  degree of cer ta inty.  
I 

The m o s t  promising reagent f o r  t h e  microdetermination o f  beryll ium in 

b io log ica l  specimens is morin, as described by Sandell, I t  i s  t h e  only agent 

thus f a r  studied which possesses the  extreme s e n s i t i v i t y  required. The methods 

and procedures described t o  da te  have been unsa t i s f ac to ry  due p r imar i ly  t o  the 

u n a v a i l a b i l i w  of pure norin., The connercial  product contains  only from 0,1 t o  

2% of t he  ac t ive  material combined Nith a v a r i a b l e  mixture  of o i l ,  r e s ins ,  and 

o the r  products, Culminating a s e r i e s  o f  s t u d i e s  on the  t echn ica l  grade product 

so ld  by Eastman Kodak Company, a procedure has been developed f o r  the r ap id  

i s o l a t i o n  of pure morin, 

pronising and i n d i c a t e  t h a t  as l i t t l e  as 0,005 micrograms of  Be may be detected. 

Prelizninary experiments using t h i s  product are most 

A l l  t he  chemical procedures f o r  t h e  ana lys i s  of beryllium are sub jec t  t o  

in t e r f e rence  by extraneous cat ions,  Until r e c e n t l y  it appeared d i f f i c u l t  t o  
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o b t a i n  i s o l a t i o n  method which d id  not  involve many time consuming and laborous 

s tepso  To obviate these d i f f i c u l t i e s  a s e r i e s  o f  inves t iga t ions  of t h e  behavior 

of beryll ium toward ca t ion  exchange r e s i n s  was i n s t i t u t e d .  Under proper conditions, 

beryl l i l rn  may be separated quan t i t a t ive ly  *om both oalcium and phosphate by means 

o f  such r e s insa  

Physicai Chemistry., As p a r t  of a program of study designed t o  explain the 

metabolism and t r anspor t  of beryll ium i n  t h e  animal body, t h e  physical chemical 

. proper t ies  o f  beryll ium i n  so lu t ions  of physiological  composition have been 

invest igated,  I t  appears t h a t  four t s p e s  of substances are very ac t ive  in 

con?lexing beryll ium a t  physiological pH, 

bicarbonate ( a t  high concentrations only), organic phosphates ( i n  pa r t i cu la r  t h e  

polyphosphntes der iva t ives) ,  and complex orgenic acids  r e l a t e d  t o  citrate., 

These substances are; proteind 

E'roblem Code: Bea3 (Toxic L i m i t s )  

S e c t i o n  Coder 3210 

Author: 2, 11. Hall 

Inha la t ion  Toxicity of Beryllium Fluoride M i s t o  This repor t ,  i n  

p re l imimry  form, comprises the second of  a series of inha la t ion  t o x i c i t y  s tud ie s  

de l inea t ing  the  charac te r  o f  beryll ium f luor ide  poisoning i n  which the u l t ima te  

objec t ive  i s  the determination of  safe l i m i t s  of  exposure t o  this compoundo 

Beryllium f luo r ide  i s  an intermediate i n  prepara t ion  of beryllium metal and which 

in plant operation cons t i t u t e s  a personnel exposure hazard,, The f i r s t  study, 

previously reported i n  t h i s  quar te r ly ,  mas performed a t  a concentration of 10 

mg/m3,, This concentration V ~ B  so uniformly l e t h a l  t o  t h e  major i ty  of animals 

t h a t  the exposure was concluded a f t e r  a period o f  3 weeks; a t  this t i m e  an 
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Lo50 obta ined  for cogs ,  rats and ca tse  

highly tox icp  lvas l e tha l  only t o  r a t s  and dogs a f t e r  more than th ree  months of  

expo sure e 

The present  study a t  1 - m g ,  al though s t i l l  

Durmg exposure t o  a concentration o f  approximately 1 mg/m3 of BeF2 

n i s t ,  the  outstanding e f f e c t s  observed were a high mor t a l i t y  among f u l l  grown 

nn le  r a t s  and progressive development of a macrocytic anemia in dogs, 

of 141 animals comprising four species  ( 5  cats,  6 dogs, 10  rabbi ts ,  and 120 ra t s )  

were exposed for a period 02 102 calendar days (422 hours) beginning August 30th 

s n d  ending Decenber 9, 1949, 

days each week, 

dog occurred on the  71s t  calendar day, 

continued. 

A t o t a l  

The animals were exposed s i x  hours da i ly  f o r  five 

One dog died on t he  30th calendar day, The death o f  a second 

Exposure of  t h e  remaining 4 dogs i s  being 

The da ta  per ta in ing  t o  mor t a l i t y  i n  two groups of a d u l t  male ra ts  are 

sucL;?Larized i n  Table 1 (Page 391, 

in these tvro groups were 290 and 300 grams, respec t ive ly ,  

i n  the f i r s t  group of r a t s ,  37 of  the  o r ig ina l  40 animals were dead af ter  

accumulative exposure of 74 hours, 

addi t iona l  132 hours during a period o f  one month af ter  which they were  s ac r i f i ced ,  

A l l  of the r a t s  i n  the  second group of 30 animals were dead a f te r  accumulative 

exposure o f  72 hours, 

weight of 226 grams, only 8, o r  2ND died during the period of exposure of 60 

hoursa 

in morta l i ty  between the  group of younger rats and the  two groups o f  o lder  rats 

The i n i t i a l  group mean weights of t h e  rats 

I t  w i l l  be noted t h a t  

The three surv iv ing  ra ts  were exposed t~ll 

In a t h i r d  group o f  40 rats having an i n i t i a l  group m e a n  

The death of a l l  rats was preceded by marked weight l o s s e  The di f fe rence  

was s t r ik ing ,  The cumulative mor t a l i t y  t h e  two groups of o lder  rats after 

60 hours exposure was 63 and 73%, respect ively,  

The hematologic changes among t h e  dogs were more s t r i k i n g  than in 

previous experiments wi th  inhaled hydra5od BSO4 m i s t  and Be0 dus to  A l l  o f  the 
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TABLE i 

C'U?LUTIVE EI3mALITY M.iOBf RATS E X P O S D  TO 1 rng/m3 OF BeF2 MIST 

74 

42  
48 
54 
60 
66 
72 

Cumulative l ior t  a1 i t y  

No, deaths p e r  
Bo, exposed 

8/40 
10/40 
13/40 
2 5/40 
29/40 
34/40 
37/40 

6/30 
16/30 
19/30 
2 2/3 0 
2 813 0 
30/30 

P 

20 
25 
32 05 
62,s 
72,5 
85,O 
92,5 

20 
53 
63 
73 
9 3  
100 

3ci;s received a d i e t a r y  supplement of one teaspoonful o f  Lextron* d a i l y  f o r  one 

month before  exposure,, 

i n  t h e  d i e t  o f  two of t he  dogs (#1537 and #538) ,  

At t h e  beginnlng of exposure, t h e  Lextron was discontinued 

The r ed  blood c e l l  counts 

a d  t h e  hemoglobin concentration began t o  decrease a f t e r  20 days exposure of 

a l l  6 dogs, 

2eglect ing the data for t he  two dogs that died and f o r  which t h e  data  are there- 

At about t h e  same time, t h e  mean corpuscular volume began t o  increaseo 

fore necessa r i ly  incomplete, t h e r e  remained two groups of  two dogs each, one 

group including dogs #1437 and #1518 which continued t o  receive t h e  d i e t a r y  

sup?lement of Lextron throughout t h e  exposure period and another group including 

dogs #1537 and #1538 f o r  which t h e  supplement was discontinued, I t  is noteworthy 

that t h e  decrease i n  t h e  red blood c e l l  count of the l a t t e r  group of dogs s t a r t e d  

* A stomach and liver concentrate f o r t i f i e d  wi th  f e r r o u s  iron, 

UNUSSIFIED 
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sornw!iat lzter mci v a s  s l i g h t l y  l e s s  than i n  t h e  two dogs which continued t o  

r sce ivc  Lextrono 

c o u n t  a f t e r  130 calendar days o f  exposure was 3,1 mil l ion  c e l l s  whereas i n  t h e  

group i n  which the d i e tn ry  supplement was discontinued, t he  average decrease was 

only 2 mi l l i on  c e l l s ,  

same f o r  both groups of dogs, 

IE t h e  l a t t e r  group, the average decrease o f  t h e  red blood c e l l  

The average increase i n  m e a n  corpuscular volume was the 

Anorexia was observed i n  a l l  5 c a t s  a f t e r  30 hours o f  exposure,, Despite 

t h e  l o s s  of appet i te :  however, only minor f l u c t u a t i o n s  i n  body weight o c c m d  

m d  there were nc deaths,  

e:cpos-ae and cne dog exhibi ted anorexia a t  t h i s  time, 

loss of appe t i t e  a f t e r  48 hours exposure,, 

appe t i t e  was observed beginning a f t e r  22 calendar days ( 8 6  hours),  

was preceded by marked weight l o s s  assoc ia ted  with anorexia, nasal hemorrhage and 

a hacking cough i n  t h e  case of both dogs t h a t  died, 

t o  receive Lextron, #1518 gained i n  weight s t e a d i l y  throughout t h e  period of 

exposure, while #1437 showed mark weight loss between t h e  8 th  and 25th calendar 

days followed by p a r t i a l  recoveryo 

discontinued showed only minor f luc tua t ions  i n  body weight, 

among the  t e n  r abb i t s  and a l l  gained i n  weight slowly but  s t e a d i l y  during t h e  

All o f  t h e  dogs developed cough a f t e r  30 hours of 

Two o ther  dogs showed a 

Improvement of a l l  of the  dogd' 

Death 

O f  t he  two dogs t h a t  continued 

The two dogs whose Lextron supplement was 

There were no deaths 

period of exposureo 

samples were obtained both f o r  chemical ana lys i s  and f o r  h i s t o l o g i c  examination, 

The surviving rats are scheduled t o  be s a c r i f i c e d  s e r i a l l y  t o  provide t i s s u e  

samples f o r  chemical and h i s t o l o g i c  examinationo 

The r a b b i t s  and ca t s  were s a c r i f i c e d  te rmina l ly  and t issue 

Blood samples were obtained once each week from each of  t h e  s i x  dogs, and 

were analyzed t o  determine serum pro te in  and 

the  A/G r a t i o ,  serum Ca and P concentrat ions 

UNcLASsIEm 

plasma f ibr inogen concentrations,  

and t h e  Ca/P r a t i o ,  serum d i l u t i o n  
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Turbidity and serum alkaline phosphatase concentrations, 

have been observed in any of these clinical chemical indices in the blood of the 

f o u r  C G ~ S  which are still undergolng exposureo 

serum alkeline phosphatase concentration occurred on the 21st calendar day 

in the blood of the dog that died on the 30th calendar day of exposureo 

Concomitantly, this same dog exhibited lowered serum Ca and P concentrations 

m d  an increase of Ca/P ratio due to greater lowering of serum P than  serum Ca 

concentrationa 

increasing serum globulin concentrations, with consequent decrease in A/G ratio, 

was observed in the blood of the dog that died on the 71st calendar day of exposuree 

This same dcg exhibited an initial decrease in Ca/P ratio, due to a marked decrease 

in serum Ca and a slight increase in serum P concentration, followed by prapt 

recovery, 

blood of either of these dogs. 

No c,ear-cut trends 

However, a sharp increase 

A trend toward decreasing serum albumin concentrations and 

No trends were observed in other clinical chemical indices in the 

, 

?roSlen Code:: Be04 (Fate) 

Section Code: 3210 

Authors: H, E, Stokinger, R, E, Root and L, To Steadman 

Retention of Beryllium Tissues Following Inhalation, Considerable 

information on the rate of accumulation, distribution and retention of beryllium 

in the animal body has been obtained in ancillary studio8 performed during the 

past 1x0 years? work on the inhalation toxicity of beryllium compoundso 

information contributes much to the understanding of the mechanism of beryllium 

This 

poisoningo 

bility to beryllium poisoning to the rate of Be elimination from the bodyo 

Out of the results, a hypothesis has been derived relating suscepti- 

. UR 01364 



In the  course o f  exposure s tudies ,  depos i t ion  da ta  on beryll ium ham 

included analyses of 1 6  t i s s u e s  from 7 animal spec ies  t h a t  have inhaled dusts  

o f  the inso luble  Be0 m i s t s  of the  soluble  s u l f a t e ,  

presents  information on 1) deposi t ion and d i s t r i b u t i o n  of beryll ium in the  body, 

2 )  accumulation and r e t en t ion  of Be, and 3)  e l imina t ion  and b io logic  half-time 

This - ad  in te r im review 

of Be i n  the  lung and bone, 

possible contamlnation by performing autopsies  a f e w  days a f t e r  exposure and by 

Tissues f e r  ana lys i s  were taken wi th  due regard f o r  

su i t ab le  cleansing and changlng of instruments during autopsy, A l l  analyse8 

xere perforned by the  spectrographic method and t i s s u e  samples prepared for 

analys is  by an e x t r a c t i o n  procedure developed by Steadman ( l ) ,  

Results,  Deposition was confined c h i e f l y  t o  5 sites i n  t h e  animal body - 
lung,  pulmonary lynph nodes, l i v e r ,  bone and kidneys, i n  order of  decreasing 

importance, Table 1 (Page 43) shows t h e  mean amounts and range of beryllium 

deposi t ion in 1 6  t i s s u e s  of dogs exposed t o  10 mg/m3 of  beryll ium s u l f a t e  f o r  

95 days and t o  t h e  same concentration o f  t he  oxide f o r  40 days, I t  is seen that 

minute amounts of  beryl l ium were deposited i n  o ther  si tes including the duc t l e s s  

glands; values in t hese  sites ranged from O-lO$ of those i n  t h e  5 p r inc ipa l  

s i t e s ,  

The order  o f  beryll ium deposit ion in t h e  severa l  t i s s u e s  was in general 

naintained in a l l  spec ies  of  anunals exposed t o  the  beryll imn s u l f a t e  (Table 2, 

Page 44), 

where t h e  lung a c t s  as a beryll ium "reservoir"  wi th  only a minute f r a c t i o n  

(1/200-1/3000 o f  t h a t  i n  the  lung) t ranspor ted  from t h i s  s i t e  t o  the l i v e r ,  

kidney and bone (Table 2, Page 44), 

Less d i s t i n c t i o n  m t h i s  regard was noted wi th  t h e  insoluble  Be0 

A notable  d i f fe rence  WBS seen in t h e  d i s t r i b u t i o n  of beryl l ium h t h e  

At w r i o u s  t i s s u e s  of  dogs a t  d i f f e r e n t  exposure l e v e l s  (Table 3, Pags 45), 

UNCLASSI XED 
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Table 1, Deposition of Beryllium i n  Tissues  of Dogs 
Exposed t o  Beryllium Dusts  and Mists 

Results expressed inpg Be/g f r e sh  tissue 

~ Lung 
P.L.N. 
Liver 
Bone 
Kidney 
Tooth 
I n t e s t i n e  
Gal l  

Bladder 
. I  

Spleen 
Pancreas 
Heart 
Stomach 
Eye 
Gonad 
Thyroid 
P i t u i t a r y  

Mean 

4.0 
1.99 
1.8 
0 08 
0 .a8 
l o 4  
0.06 

0.06 

0004 
0.03 
0.03 
0.3 
0002 - - 

Range 

0 B O  
days ' LO w/m' fc 

39 04 
156 0 3 

Me an 

0.24 
0.24 
0.09 

0.06 

0.015 
0.05 
0,005 

M P e  

18.7 - 60 
32.6 - 280 
0.14- 0.34 
0.15- 0.32 
0.05- 0.12 

0.05- 0.07 

0.01- 0.0: 
0.02- O.Ot 
0 - 0.0: 
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Dog 

Table 2, Showing Order of Deposition of Beryllium in Tissues 
From Inhala t ion  of i t s  Sa l t s  

Results expressed a s p g  Ek/g f r e s h  t i s s u e  

Rabbit 

L ur,g 
:: .i 0 N 0 

Liver 
x n e  
t.iiney 

D O G  
I 1 

Monkey 

CAT MONKE! 

1 
426 

1.2 
1 . 3  
0.5 
0. 1 
0.01 

C O T  . mg hr/m3 
Concn. mg/m3 

- 
C a t  

1 
4-26 

0.08 

0.02 
0.03 
0 .OO6 

- 

7 
86.5 

9,160 

TlTTz k26 426 920 

86.5 
9,160 

- 
Dog 

10 

- 
4,430 

4 
2 
1.8 
0.8 
008 - 

Lung 256 39 
P o L o N  o 206 156 
Liver 005 Oe2 
Bone 0.4 002 
Kidney 0.3 Ool 

432 474 
676 163 

002 0.3 
0.3 002 
0.02 - 

6% 
611 

002 
0001 
0 00: 

- 
Monkej 

10 

- 
4,430 

1.4 

- 
0.2 - - 
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. .  
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Table 3. The Comparison of Bervllium Content of Tissues  
of DOE a t  1 and 10 w/m3 BeS0/:6Hfl 

4 Dogs 9! 

4 

2 

1.e 

Tis sue E !issue 

P 100 

5 

1.3 

1 

0.5 

d u n g  

' 4L4N 
Uver 

F U l l U r  

Kidney 

Spleen 

0 47 

0.6 

0.03 

0.008 

0 4006 

04003 

6 . J .  

. . . . .  . . . .  048 Spleen 

idne y 

0 48 

0 DO4 

. . . . . .  
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'2 1 ng/mu but 15 of the  beryllium found rn t h e - l u n g  (taken as 100%) was found i n  t h e  

Liver,  a t  io mg/m3, 453. or 45 times t h a t  found a t  t h e  lower l e v e l  on a r e l a t i m  

basiso Thus, it is noted t h a t  a d i f f e r e n t  mode of t r a n s p o r t  must came i n t o  

play a t  higher l e v e l s  o f  exposureo 

S c o t t -  iieuman w,d Ailen ( 2 )  t h a t  a t  higher levels beryll ium i s  t ransported i n  

tile c o l l o i d a l  form, as indicated by t h e  greater  r e t e n t i o n  of beryllium by the 

r e t i cu loendo the l l a i  kissues, af ter  the rmnute s o l u b i l i t y  product of t he  

b e r y l l i u r  complex i n  the  blood -has been exceededo 

This has t e n t a t i v e l y  been in t e rp re t ed  by 

Accuu la t i zn  and Retention, I t  i s  o f  g r e a t e s t  importance t o  deternine - 
t h e  raze o f  accumulation of a t o x i c  element, for t h i s  supp l i e s  needed information 

on t h e  r e l a t i o n  between response and exposure concentration, 

l eve l  a t  which accumulation occurs - the  ' threshold l e v e l  of exposure9 .- i s  

inherent ly  important s ince  t h i s  i s  the  concentration below which neg l ig ib l e  t o x i c  

res?onse may be expected and above which t o x i c  e f f e c t s  are almost c e r t a i n  t o  be 

i''our.C, rk- themore-  f r o m  the  knowledge of the  exposure concentration, t h e  tox ic  

response and the  degree o f  accumulation. the maximal 

element (beryl l ium) capable of being eliminated by the  body during exposure may 

b e  obtained, 

Uoreover, t h e  lowest 

quan t i ty  o f  t h e  t o x i c  

Some preliminary da t a  on t h e  ra te  o f  accumulation of  beryll ium in the 
3 lung and bone 111 ra t s  and r a b b i t s  exposed t o  beryll ium sulfate m i s t  a t  1 mg/m 

have been obtainedo Data on ra ts  include a period of 21 dayst on rabbits, f o r  

90 days, Small groups of anunals, two t o  f i v e  of each speciesp were killed at 

periodic  i n t e r v a l s  during da i ly ,  6-hour exposures and the  t i s s u e s  were analyzed 

spectrographically,  

i n  Figure 1 (Page 47) for t h e  two species fo r  t h e  lung only, 

r ep resen t  t he  highest  accumulated value i n  t h e  lung obtained i n  each group at 

UNCLASSIFIED 
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the period of Bacrif ice ,  

exposure of' 1 mg/m3 '(40 pg Be/rn3) both p l o t s  a r e  l i n e a r  over the t h e  examinedo 

The curve f o r  r a t s  had a slope of 0078p t h a t  for the r a b b i t  data  samewhat less, 

0,63, Averaged values (no t  shown) of beryl l ium content  in t he  lung o f  r a b b i t s  

gave evidence only a t  t he  77th and 91s t  days t h a t  the r a t e  o f  accumulation may 

be decreasing from d a i l y  exposure a t  t h i s  concentration, 

r abb i t s ,  t he  only other important s i t e  where accumulation occurs,, showed a 

contlnued increase  during the  same period f r o m  a mean of 0,008 pg Be/g a t  day 

io t o  @,03 ps/g a t  day 91. a four-fold increase  compared with an 11-fold increase 

i n  the l m g  over this same period, 

beryll ium in t h e  femur a t  any tune during the 21-day period of inves t iga t ion ,  

I t  i s  seen t h a t  even a t  the  comparatively l o w  l e v e l  of 

The femurs of these  

Rats d id  not show appreciable  amounts of 

A two-fold g rea t e r  r e t e n t i o n  of Be0 (400OC) was found in the  lungs of 

dogs a t  82 mg/m3 than a t  10 mg/n3 than would be expected on the  bas i s  of CT 

valuesa 

whereas We beryl l ium iung r e t en t ion  was respec t ive ly  256 and 39 rg/g, a s i x ;  

f o l d  d i f fe rence ,  

CT values viere 7,400 and 2,400 mg hr/m3, resp,,, a three-fold difference,  

Beryllium r e t e n t i o n  in the  lung of animals exposed t o  the su l fa te  

however, showed values more genera l ly  i n  agreement wi th  those expected *om CT 

values , 

E l h i n a t i o n  and Half-Biologic-Retention Time (BR-u) Another f a c t o r  of 

utmost importance in permit t ing an est imate  of long-term e f f e c t s  from inha la t ion  

of a tox ic  element, is the  r a t e  of e l imina t ion  of t h a t  element from t h e  body 

f rom which may be calculated t h e  BRS0, 

ava i l ab le  on these  f a c t o r s  i n  t h e  r abb i t ,  hamster and dog, 

Information of preliminary sort is 

Rabbit, Idembers of t h i s  species ,  exposed t o  the  soluble  s u l f a t e  m i s t  a t  - 
3,6 m&/m3 f o r  40 days, were k i l l e d  a t  r egu la r  i n t e r v a l s  f o r  165 days a f t e r  t he  

t e m i n a t i c n  o f  exposure, The average lung contents  of beryl l ium per gram of  
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f r e s h  t i s s u e  a re  p lo t ted  i n  E g u r e  2 (Page 47), The p l o t  takes  a form ind ica t ing  

r ap id  e l h i n a t i o n  w i t h  only s l i g h t  change i n  s lope f o r  the f i r s t  45 days a t  

which time less  than 2% remains a t  that a t  the  end of exposuree 

i s  shown t o  be somewhat more than 3 weeks (23 days),  

post-exposure, lO$  on the  average s t i l l  remained, t h e  rate of e l imina t ion  having 

changed markedly a f t e r  the 45th day, 

entered i n t o  a more s t ab le  t i s s u e  complex and thus i s  more permanently f ixed  

The B%* value 

A t  165 days (505 months) 

This may i n d i c a t e  t h a t  beryll ium has now 

i n  s i t u ,  ITo such evidence f o r  the e l imina t ion  o f  beryll ium from bone in these 

anunals vas found; indeed, t rends  appear t o  show an increase  a t  the 165th day. 

-- 

Hamster, Similar  p l o t s  o f  the e l imina t ion  of beryl l ium f rom the lung 

and bone o f  t h i s  species  showed evidence of an e n t i r e l y  d i f f e r e n t  r a t e  of 

e l i n i n a t i o n  from t h a t  i n  t h e  r abb i t ,  

a long period, 67 days, bu t  t o  t he  s m e  compound a t  1 mS/m3, 

was a t  l e a s t  f i v e  times slower from the  hamster lung than f r o m  the r a b b i t  lung, 

The p l o t  of the mean lung values  is shorn i n  Figure 2 (Page 47)0 

Exposure of  the  hamster, however, was for 

The el iminat ion 

An approximate 

ca l cu la t i cn  p laces  B%* a t  14 weeks in t he  lung of t h i s  species. 

inappreciable  change occurred in the beryll ium content  o f  the  femur of t he  

Inasmuch as 

hamster, no statement may be made as t o  the  r a t e  of e l imina t ion  from t h i s  s i t e  

over the 10-week period o f  inves t iga t ion ,  

Dog, As y e t  no evidence of appreciable  e l imina t ion  of  inhaled Be0 from 

the  lung and femur of t h i s  species  has been obtained in a period g rea t e r  than 

1 years  Only a f e w  animals have been eXa~ni118d, 

Conclusions, Inhaled beryll ium i s  deposited c h i e f l y  in the lungs and 

accumulates c h i e f l y  i n  four o ther  t i s s u e s ,  namely, pulmonary 3pph nodes, l i v e r ,  

bone and kidneys, i n  general  i n  order of decreasing importance as named. The 

order  of depos i t ion  was maintained in a l l  spec ies  exposed, Lee8 d i s t i n c t i o n  in 

UNCLASSIFIED 
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t h l s  regard? nowever, was noted wi th  the  inso luble  Be0 where the  lung ac ted  as a 

reservoir  and only mnute amounts were t ransported t o  the  other  t i s sues .  Absolute 

amounts, however. d i f f e red  s t r i k i n g l y  depending upon the  l e v e l  o f  exposure. A t  

higher l e v e l s  far grea ter  amounts were found in  the  re t icu loendothe l ia l  t i s s u e s  

indicat ing a co l lo ida l  method of t r anspor t  a t  these  levels n o t  found a t  ten- 

f o l d  lower l e v e l s  (1 mg/m3), Accumulation of  beryll ium appeared t o  be linear 

with t i m e  in the  lung of both r a t s  and r abb i t s  i n  d a i l y  six-hour exposures a t  

concentrations of 4 0 p g  Be/m3 up t o  91 days f o r  r abb i t s ,  t h e  longes t  period 

studied, 

lung o f  t h e  r abb i t ,  a 4-fold increase in deposi t ion occurred in t h e  femur. 

During the time t h a t  an 11-fold increase  of beryll ium occurred in t h e  

Elimination of  beryl l iumwas observed t o  vary  s o  markedly among species 

t h a t  it i s  tempting t o  suggest t h a t  it i s  p rec i se ly  t h i s  d i f fe rence  i n  capaci ty  

t o  e l iminate  beryll ium t h a t  determines i n  a s i g n i f i c a n t  degree t h e  s u s c e p t i b i l i t y  

of species  (and ind iv idua ls )  t o  beryllium, 
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?rior TC wcrk cn t he  mechanism o f  be ry l l i umPs  

system, ;t has been necessary t o  r e inves t iga t e  t e c h  

a c t i o n  i n  the s k e l e t a l  

cs for t h e  -- i n  v i t r o  stud: 

7 of bone, 

:?haze cf Scne, 

Take ? l a z e  whenesvr 2swdered bone i s  i n  contact  w i t h  buffered solutions.  

?recesses are" ? a r t i c e  growth, r e c r y s t a l l i z a t i o n ,  adsorpt ion and i o n i c  exchange, 

Since These ?our va r i ab le s  a r e  always present ,  t h e  design o f  experinents i s  both 

iz.?ortar,t ma d i f f l w l t ,  Thus, t h e  study o f  the  mechanism of beryllium's a c t i o n  

opens a f i e l d  c f  hndanentn l  inportance which should prove u s e h l  i n  understanding 

t h e  i ' ixntion 1s mc1 e f f e c t s  on the  skeleton o f  a number o f  p ro j ec t  materials.  

-he results obtair,ed have s t r e s sed  the  dynamic nature  of the inorganic 

I t  has been possible  t o  demonstrate four separate  processes which 

These 

Frobiem Ccde: 

S e c t i m  Code; 32;O 

Author: C, J- S p i e g l  

Ee,5 (Liechanism o f  Toxic Effec t )  

Chaqes  12 Urinary Cr ic  Acid:Creatinine Ratios as an Index o f  Be Poisoning. 

I n  a prevlous experiment, a n  i n c i d e n t a l  observat ion disclosed t h a t  the 

r a t i o  of u r i c  ac id  t o  c r e a t i n i n e  i n  t h e  u r ine  of dogs became elevated upon 

exposure o f  the  enlmals t o  a n  atmosphere containing BeF2" 

were o f  a magnitude such t h a t  t h i s  index promised t o  be a c r i t e r i o n  o f  beryll ium 

poisoning, 

were i m e s t i g a t e d  i n  more d e t a i l ,  

The changes induced 

Consequently,, t h e  u r ina ry  u r i c  ac id  and c r e a t i n i n e  concentrations 

UNCLASSIFIED 
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~ c J ~ L : ~ ? L  t%tem,xations o f  the  ' r a t i o  o i  u r i c  a c i d  t o  c rea t in ine  in the  

ur ize  c f  2 d 3 ; s  ;are . d u e s  o f  from 7 t o  10; t h i s  range agrees wi th  t h a t  sub- 

scqucntiy obraineu x i t h  or,her anmals,  

t o  1 xdn 

r a t i o s  persiszed throughout t he  f i r s t  14 days o f  exposure; on t h e  14 th  day, a 

ratio g r e a t e r  than 4G3z of  t he  con t ro l  l e v e l  was notede A t  t h i s  time, t h e  animal 

showlng the highest r a t 2 0  died and the o the r  w a s  temporarily removed from f u r t h e r  

expcsure 

r a t i o  CY u r i c  acid tc c ree t in ine  in the  urine.  

i n  +,he r e h o  i n  6 days and has caused it t o  remain between 18% and 21% of the 

ccn t r c l  vaiue liuring the  ensuing 51 days of exposure t o  BeF2 (Table 1 below). 

After  6 days o f  exposure by inha la t ion  

3 of  BeF?, the r a t i o  vas increased by 75% and 55$, respectively.  Elevrtec 

After m e  week of nonexposure, t h e  surviving dog again had a normal 

Se-exposure caused a 45% increase 

TABLE 1 
~ 

U ? J X A a  G S I C  ACID/CREATINIBE RATIOS 111 DOGS 
W O S Z D  TO 1 ng/m3 OF BeF2 

Control Value 

Days of Exposure 
6 
8 

;2 
14 

Gne week m t h o u t  
exposure 

Days cf Re-exposure 
6 
9 

13 
2 0  
36 
57 

Dog #I 

14,9 
13,8 

26,6 
17010 1703 

708 

12 05 
1T07 
15,5 

17,9 
16,7 

1603 

7 e 1  

11 00 
11 01 
39 06 
40* 

*This anunal died a f te r  14 days ,of exposure - 
UNCLASSI FIm UR 01375 
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3,  Control r a t i o s  of u r inary  u r i c  ac id /c rea t in ine  obtained for  4 dog8 

i n  a total of  1 2  samples taken o w r  a period of tvro weeks showed values  ranging 

f rom 6,2 to 1004 wi th  a mean of 8,1? 103, 

1 mg/m3 BeFZ fo r  only 3 days, a l l  animals gam u r i c  acid/creat inine outs ide 

t h e  range o f  normal values  previously obtained wi th  a mean e l eva t ion  t o  16*12 

2 0 7 0  

s t i l l  considerably e leva ted  from the  normal (Table 2 below)o 

After  the dogs were exposed t o  

After 10 days o f  exposure? the r a t i o s  had decreased somewfiat bu t  were a l l  

Because t h i s  

e x p e r b e n t  i s  s t i l l  i n  i t s  e a r l y  stages,  howevero no f u r t h e r  conclusions can be 

drawn a t  t h i s  timeo 

TABLE 2 

URINAiry URIC ACID/CREATIIUNE RATIOS I N  DOGS EXPOSED 
TO 1 mg/m3 OF BeF2 

*These values a re  subjec t  t o  doubt because of  d i l u t i o n  and 
contamination o f  u r ineo  

C, The u r ine  o f  one dog undergoing exposure t o  1 m&n3 of  BeFZ was 

sampled 9 times over a period of 10 weeks and gave ratio8 o f  u r ina ry  uric acid/ 

c r ea t in ine  between 1 0 o l  and 2:,0 with a mean of  1600? 3,00 Although no cont ro l  

determinations a re  ava i lab le  f o r  t h i s  p a r t i c u l a r  animali t the mean of  the W l u e 8  

found during exposure t o  BeF2 was 10% above the usual  normal mean,, 

UNCUS SI FIED 
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Discussion, In the  experimental toxicology of beryllium compounds, a 

r e l i a b l e  c l i n i c a l  index of  t o x i c i t y  has long been desired,  

u r i c  ac id  t o  c r e a t i n i n e  may be such an index, 

c r ea t in ine  concentrations vary g r e a t l y  w i t h  the amount of water consumed; b u t  

the  constant  r a t e  a t  which c rea t in ine  i s  excretedp r ega rd le s s  of urinary con- 

centrat ion,  permits t he  use of t h e  r a t i o  o f  u r i c  a c i d  t o  c rea t in ine ,  

such a r a t io ,  therefore ,  will not appreciably r e f l e c t  u r ine  d i l u t i o n  or concen- 

t r a t i o n  but  a t r u e  metabolic a l t e r a t i o n ,  

The r a t i o  of ur inary  

Noranally, both u r i c  ac id  and 

Changes in 

In  t h e  cu r ren t  experiments, s i g n i f i c a n t  increases  were found in t he  r a t i o  

o f  u r i c  ac id  t o  c rea t in ine  in dogs exposed by inha la t ion  t o  1 mg/m3 of BeFZe 

6 dogs i n  two experiments showed t h e  elevated r a t i o s  wi th in  3 t o  6 days and 

maintained these high levels  throughout the exposure periodo I t  i s  f u r t h e r  

believed t h a t  t h i s  c l i n i c a l  manifestat ion i s  caused by the  BeFz being inhaled, 

A l l  

' because one exposed dog, showing 811 elevated r a t io ,  re turned t o  normal within 

6 days a f t e r  removal from the BeF2 exposure and again showed an elevated r a t i o  

within 6 days o f  re-exposure,, Thus, t he  d a t a  s u g g e s t  t ha t  the r a t i o  of urinary 

u r i c  ac id  t o  c r ea t in ine  may be an index of beryll ium poisoning,, 

hand, no information i s  a t  present  ava i l ab le  t o  show whether t h e  causat ive agent 

i s  Be*,, BeFZ,, o r  F-, nor i s  t h e  mechanism by which t h i s  change is produced 

understood. 

on normal w i n e s  f o r  comparison wi th  experimental valuese 

t h e  u r i c  ac id  t o  c r e a t i n i n e  r a t i o  as a c l in ica l  s ign of beryllium poisoning must 

await f u r t h e r  study, 

On t he  o t h e r  

Arthermore,  it would be des i r ab le  t o  have considerably more data 

The acceptance of 

UNCLASSIFIED 
i 1 3 / 5 6 ?  
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Problem Code, Th-3 (Toxic Z f fec t s )  

Section Codes 3210 

Authors; &, H, Hallp R, E, Root ,  and C ,  Stroud 

lo As a p a r t  o f  a program t o  define 

the  type and degree o f  response t o  t h e  inha la t ion  of  var ious i n d u s t r i a l l y  important 

dusts  or" thor iun compounds used i n  the production o f  atomic energy, a short-term 

high icve l  exposure, t o  an insoluble  compound has been c a r r i e d - o u t ,  

3uring a 10-week per iod o f  exposure t o  ThF4 dus t  by inhalat ion,  t h e  so le  

evidence o f  t o x i c  e f f e c t s  observed i n  four female dogs was  c e r t a i n  hematologic 

chmges? including the  development of a macrocytic anemia, 

e q o s e c  6 hours da i ly ,  f i v e  days per week, t o  a concentrat ion o f  approximately 

15 ng/n 

contmuicg u n t i l  t h e  end, t he  dogs received a d i e t a r y  supplement o f  one teaspoonfld 

of lextron ( a  l i v e r  e x t r a c t  and i r o n  concentrate) da i ly ,  

hemoglobin concentrations- hematocrit  values and coagulation times were determined 

upon b lood  samples obtained f i o m  each o f t h e  dogs once each week preceding and 

during exposureo 

The animals mre 

3 Beginning th ree  weeks before t h e  s ta r t  o f  t h e  exposure period, and 

Complete c e l l  counts, 

The red blood c e l l  counts and hemoglobin concentrat ion i n  the  pe r iphe ra l  

blood of a l l  fou r  dogs wa6 decreased sharply a f t e r  the f i rs t  week of expo8ureo 

The average decrease in t he  RBC count was over a m i l l i o n  c e l l s  per  CU. m i n e  

t h e  sane time, t he  mean corpuscular volume ( K V )  m s  increased from an average 

value o f  72 cuoyo t o  87  cumyo The maximal decrease i n  t h e  RBC counts of three 

of  the  dogs occurred after3 

At 

Q w n L F i g u r e  1 (Page 56), fl ijqy - .- fX?$yf?$B * .  
.. rp '.. f" 

f '3'6R'OFFICIAL USE ONLY' - -  - - -  .. e 

/ 1 3 1 5 ; 1 3  UR 01378 



q ~ m 6 r r - = q  

;:A ;= t *4 e ;  u L u ..=a r!d 

1 ~ ~ C P F I C I A ~  'USE 9~~~ -1 

Figure 1. Mean Eiematologlc Changes in the P e r i p h e r a l  Blood of Dogs 
During Exposure t o  a Concentration o f  Approximately 15 m g / d  
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al ' ter  which t h e  counts increased s l i g h t l y ,  The changes i n  the RBC counts of these 

dogs were accompanied by an increase  i n  MCV t o  an average value of 100 

4 weeks? exposure:, a f t e r  which the re  was a s l i g h t  decreaseo 

trend. toward a decrease i n  t h e  r e t i c u l o c y t e  counts of these dogs, but, as shown 

a f t e r  

There was a general 

i n  f igure 1 (Page 56), the  average values  recorded weekly f luc tua ted  in a p a t t e r n  

c lose ly  para l le l ing  the changes in  MCV, 

decrease of 2,4 n i l l i o n  red blood c e l l s  a f t e r  7 weeks exposureo 

The f o u r t h  dog exhibi ted a maximal 

This represents  

a s l i g h t l y  grea te r  change than occurred i n  the  RBC counts of-the other  t h ree  

dags, 

sharpiy a f t e r  the  9 th  and 1 0 t h  weeks of exposureo 

increased t o  104 C U , ~ ,  a f t e r  4 weeks exposure, then decreased s t e a d i l y  t o  78 C U . ~  

a f t e r  the 9 t h  week, only t o  r i s e  sharply again a f t e r  the  10th week of' exposureo 

In thrs animal, likewise, there  was a t rend  toward a decrease in t h e  re t icu locytb  

count during exposure: ands again, the  f l u c t u a t i o n s  i n  t h i s  index tended t o  

pa ra l l e l  those i n  MCV, 

As shown in Figure 2 (Page 5 8 ) 0  the RBC counts of t h i s  four th  dog rose 

The mean corpuscular voltrme 

In  a l l  f o u r  dogs t h e  changes i n  hemoglobin concentration 

of the blood were such t h a t  the  mean corpuscular concentration near ly  always 

renained wi th in  norm1 limits throughout exposureo 

The leukocyte counts of th ree  of  the.dogs f luc tua ted  i n  a normal maazler 

during the exposure; however, these  same th ree  dogs exhibi ted a marked s h i f t  in 

t he  r e l a t i v e  proportions of n a t u r e  a n d  immature polymorphonuclear neutrophi ls  in 

t h e i r  per ipheral  blood. 

. 

With continued exposure there  was a steady decrease i n  

the  percentage of mature, filamented granulocytes and a concomitant increase in 

the  percentage of  immature nonfilamented c e l l s e  This s h i f t  was n o t  observed in  

the proportion of filamented and nonfilamented polymorphonuclear leukocytes i n  

t h e  blood of one dog which did,  however, exh ib i t  an i n i t i a l  decrease in  i t s  t o t a l  

'JBC counto In this dog, the t o t a l  leukocyte count decreased frm an average of 

U R  01380 
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8,200 during the  pre-exposure per iod of observation t o  a minimw of 4,300 cells 

per  cue mm, a f t e r  4 weeks exposureo 

count t o  return t o  i t s  pre-exposure level  a f t e r  the  4th mek o f  exposureo 

changes in t h e  leukocyte counts of t he  dogs are s m r i z e d  in  Table 1 below, 

There was perhaps some tendency f o r  t he  WBC 

The 

A l l  of t h e  dogs gained in weight  s t e a d i l y  during the period of exposuree 

Anorexia w-as n o t  observed and o n l y  minimal signa of  r e sp i r a to ry  tract i r r i t a t i o n  

were seeno 

of serum prote ins  i n  t h e  blood o f  any o f  the dogsa 

There were no s i g n i f i c a n t  changes in t h e  concentrations or d i s t r ibu t io i  

25 
2 1  
23 
21 
20 
32 
33 

1 31 
36 

TABLE 1 

SlJLLllA2.Y OF CHANGES IN TKE LEUKOCYTE COUNTS I N  THE PERIPHZRAL BLOOD O F D O G S  EXPOSED 
10 Wl3EXS TO 15 mg/m3 OF ThF4 

Number 
of 

Veeka 
Exposure 

-3 
-2 
-1 

1 
2 
3 
4 
5 
6 
7 
9 
10 

Average - Dogs #1454, 
1543 and 1561 

Leukocyte 
count 10-3 

Neutrophils (%) 
F 

38 
27 
29 

31 
22 
29 
26 
22 
20 
18 
21 
1 6  

- 

- 

NF 

25 
33 
36 

37 
39 
38 
37 
43 
42 
46 
44 
50 

Dog #1533 

Leukocyte Neutrophkl8 ($) 

842 
8.7 
7.0 

5.7 
5 e1 
4.7 
4.3 
5 00 
5.6 
5 07 
4.5 
600 

40 
27 
33 

32 
28 
33 

20 
24 
25 

20 
29 
3 i  
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FLUORIDE 

Problea Code: F,3 (Toxic Limits)  

Section Code: 3230 

Authors: E, A. Alaynard and W. Lo Downs 

Acute o r a l  t o x i c i t y  o f  NaF in albino r a t s o  Single o r a l  doses of sodium 

f luor ide  (NaF) i n  a concentrat ion of 25 m d m l  of water were administered t o  a 

t o t a l  of 98 mature feznabrats  (body weights 174 t o  225 g o ) e  

24-hour, LD50 was 80 mg/kgf 5 0  

logarithm dose paper; t h e  standard e r r o r  was ca lcu la ted  following t h e  method of 

l l l l l e r  and Taintor (1944)o 

The calculated 

The ca l cu la t ion  was made wi th  Winthrop p r o b i b  

Problem Code: F04 (Fa te)  

Section Code: 3210 

Authors: F, A, Smith, D, E, Gardner and D, Ving 

Fluoride Content i n  H u n  Boneo The customary procedure f o r  t h e  deter- 

mination of f luo r ide  i n  b io logic  m a t e r i a l  o ther  than bone and t e e t h  requi res  

the preliminary des t ruc t ion  o f  organic mat ter  by ashing t h e  sample in the presence 

of a f luor ide  f i x a t i v e  such as calcium oxide. 

employed i n  d i f f e r e n t  l abora to r i e s  i s  approximately 575-6OO0Cj a t  temperatures 

g rea t e r  than 600OC appreciable q u a n t i t i e s  of  the f luo r ide  are l o s t  d u e t o  the 

The ashing temperature rou t ine ly  

v o l a t i l i t y  of calcium f luo r ide  a t  the e l e w t e d  temperatures, 

r e l i a b l e  information has been available, however, regarding t h e  effects of higher  

ashing temperatures upon t h e  f luo r ide  content  of  bones and t ee th ,  

To date, no 

Data of 

UNCLASSIFIED 
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m1cLAss1nED 

t 
SODIUld FLUORIDE CONTROL HUMAN BONE ASH 

Ser ies  A Series B 

Ashing PPM F Bshing PPM F 
I 

in Ash Tempo in Ash 
As Nng P g F  $ 
~ m p ,  OC0 Added Recovered T a p ,  OC, 

575 100 9709 400 1230 
850 100 a3,7 500 1320 575 1410 
925 100 75 04 600 1290 66 0 1460 

8 00 1350 800 1450 
1000 1330 lo00 1460 

t- 

this nature  were requlred in order t o  permit an accurate  estimate t o  be made of 

the f luor ide  content of a s e r i e s  o f  ashed samples obtained following t h e  cremation, 

a t  approx imte ly  95OoC, o f  twenty cadavers, 

these samples was reported in a previous Quarterly Report (uR=70)0 

The t e n t a t i v e  f luo r ide  content of 

A l a rge  quant i ty  o f  human ash was prepared at 575OC w i t h  the cooperation 

of D r .  John Hursh, 

a t  progressively increasing temperatures through 1000°C, 

samples was prepared independently by D r ,  Hursh, using a d i f f e r e n t  human ash as 

s t a r t i n g  mater ia l ,  

than 575OC were ashed f o r  two hour periods: t h i s  time interval-corresponds to 

the  tctal time required fo r  t he  cremation of a cadavero 

samples were prepared, i n  which lmown q u a n t i t i e s  o f  sodium f luor ide  were heated 

i n  the  presence o f  calcium oxide f o r  two-hour i n t e r v a l s  a t  temperatures greater 

than 575OC, 

Separate port ions of t h i s  m a t e r i a l  were then ashed f u r t h e r  

A second s e r i e s  of 

h r  both se r i e s ,  the samples prepared a t  temperatures higher  

A s e r i e s  o f  control  

Fluoride analyses were then done on the  various ashed samples and 

controls ,  The data a r e  presented i n  Table 1 below, 

TABLE 1 

ErFFECT OF ASHING TEMPERATURE ON THE DETERFJINATION OF FLUORIDE I N  
HUhIAN ASH AlD SODIW FLUORIDE 

t 1 3 1 5 b 9  
UNCLASSIFIED 

UR 01384 



The percer.tage recoveries  obtained f o r  the  sodium f luo r ide  cont ro ls  show 

Under these  ashing a progressive decrease as t h e  ashing temperature i s  r a i sedo  

condi t ions.  t h e  f luor ide  probably has been l o s t  as  v o l a t i l e  calcium f luo r ide ,  In 

con t ra s t  t o  these  r e s u l t s ,  however: t h e r e  i s  no loss of f luo r ide  from human bone 

ash, even when the  ashing temperature i s  increased t o  1000°o 

noted among these  samples a r e  wel l  within t h e  experimental e r r o r  o f  the a n a l y t i c a l  

procedure. 

occur under the  r e l a t i v e l y  severe ashing condi t ions of 1000°C f o r  .two hourso 

These r e s u l t s  nay be in t e rp re t ed  as  i n d i c a t b g  t h a t  little, i f  any, o f t h e  fluoride 

normally faund i n  bone is present  as simple calcium f luo r ide  b u t  must be combined 

as a more complex and s t a b l e  s a l t  o f  calcium (f luorohydroxyapat i te) ,  

The v a r i a t i o n s  

The da ta  demonstrate that no s i g n i f i c a n t  losses of f luo r ide  in bone 

Having es tab l i shed  t h e  f a c t  t h a t  the  process of cremation introduces no 

appreciable  loss i n  f luor ide  content  of t he  ash,  it is now possible  t o  co r rec t  

the  t e n t a t i v e  f igu res  reported previously f o r  t h e  f l u o r i d e  content  of t o t a l  

human ash ( l o c o  c i t , ) ,  The revised data are l i s t e d  i n  Table 2 (Page 63), 

The f luo r ide  content  of the  t o t a l  body ash ranges from 570 t o  2360 ppn, 

These valaes  a r e  considered t o  be i n  exce l l en t  agreement wi th  the values of 

480-2100 ppm reported by Roholm (Fluorine In toxica t ion ,  p,, 193, 1937) fo r  the 

costae of eleven normal individuala  33-80 years o f  agee 



63 o 

UNCLIASSIFIED 

TABLE 2 

FLUORIDE CONTENT OF TOTAL HIMAN ASH (REVISED) 

a .. Cadaver *om Anatow Depament School of bd ic ine  and Dentistryo , 

b - Ashes swept up from crematory floor; may contain small amouuts of firebrick,, 
c - Estimated weight; ashes swept up from crematory flooro 

d - Apparently this i s  not a complete sampleo 

. UR 01386 



Z IRCOIJIW 

Problem Code 8 

Sect ion Code: 3210 

Authors; IC, Lauterbach, J. k5.tchel1, S, Laskin 

Z r , l  (Physical  and Chemical P rope r t i e s )  

Par t ic le-Size and Specific-Surface Lieasurements f o r  Bulk Zirconium Compounds 

The p a r t i c l e - s i z e  ana specif ic-surface da t a  i n  Table 1 (Page 65) have been 

deterained f o r  four zirconium compound bulk samples*, The samples show l a r g e  

differences i n  p a r t i c l e  s ize  as dstermined by o p t i c a l  microscope measurements, 

varying fram n mass-median s i z e  of 2,4 p f o r  t he  pure ZrCl4 t o  a value or’ 9,Op 

f o r  the mass s i z e  of t h e  zirconium cyanonitride,  Since t h i s  l a t t e r  value was so 

nuch higher than those of  the  other  samples, t h e  o p t i c a l  microscope measurement 

f o r  qranoni t r ide was repeated, 

tine mass median s ize ,  thus  checking the  o r i g i n a l  determination. 

In t h i s  case a value of 8,8p was obtained f o r  

Electron micro- 

graphs of t hese  samples show no unusual s t r u c t u r e  and in general  confirm the 

par t i c l e - s i ze  neasureaents by t h e  o p t i c a l  microscopeo 

Specific-surface determinations by low-temperature adsorption o f  ethane 

are reported f o r  a l l  samples except Z r C l q o  

could n o t  be determined by t h e  adsorpt ion method because it decomposed under 

the  high vacuum degassing treatment which is required p r i o r  t o  ethane adsorption. 

The surface value of th i s  compound 

The specif ic-surface values of  t h e  remaining t h r e e  zirconium compounds are in 

c lose  agreement, I t  niight be expected t h a t  t he  surface value for the Zr cyanonitr 

sample would be extremely low due t o  t h e  l a r g e  p a r t i c l e  size, hmever, th is  sample 

* Obtained from t h e  T i t a n i u m  Alloy Division o f  t h e  National Lead Company, 
Niagara Falls; New York 
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$hwm t h e  'nighest value of t he  thee? indicating a relatively high "internal" 

surfece,  A porosity value of 111 for this sample indicates an internal aurfam 

a t  l e a s t  4 t u x e s  as great as those of the ZrO2 and ZrOoSi02 samples which show 

p o r o s i t i e s  of' 29 end 16, respectivelyo 
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Troblem Code: S,M,2 (Toxic Effec ts )  

Section Code: 3210 

Authors: Sidney Laskin, Paul Frank and Robert He Wilson 

Sff'iciency o f  Sampling Methods f o r  the Collect ion of Toxic Atmospheric Impurit ies.  

Studies have continued on the  i n v e s t i g a t i o n  of the absolute e f f i c i e n c y  of 

t h e  f i l t e r  paper dust sampler and the analysis of the  f a c t o r s  determining i ts  

eff ic iency,  

repor t s ,  cur ren t  s tudies  have been l i m i t e d  t o  the  e f f e c t s  o f  sampling v e l o c i t y  

on the e f f i c i e n c y  of mtman #41 f i l t e r  papere 

Because of t he  complex na ture  o f  t h e  problem discussed in previous 

Fixed conditions were maintained wi th  sodium chloride aerosol  atmospheres 

dispersed and controlled as  described in previous q u a r t e r l y  reports .  Concentra- 

tions were analyzed by means of t he  flame photometer, 

t o  p a  average value o f  82% t o  simulate e w e t  aerosol.,  

were calculated f'rcnn e l e c t r o n  micrographs o f  samples co l lec ted  with t h e  

Humiditywas control led 

Par t ic le -s ize  d is t r ibu t ion:  

o s c i l l a t i n g  thermal prec ip i ta tor . ,  

0,31 p with a corresponding geometric standard deviat ion of 1,7, 

The average p a r t i c l e  s i z e  mass-median was 

A more de ta i led  study o f  t he  mult iple  f i l t e r  paper t r a i n  as a method of 

determining absolute e f f i c i e n c y  has been completed, 

g raphica l ly  in Figure 1 (Page 68) f o r  a range of sampling v e l o c i t i e s  from 2,2 

t o  42,8 l i ters/min, 

29,8 mg/m3 was maintained f o r  all veloc i t ies . ,  

were used in t h e s e  s tud ies  except f o r  v e l o c i t i e s  above 30 l i ters /min where the 

These r e s u l t s  are i l l u s t r a t e1  

An average concentration o f  sodium chlor ide aerosol  of 

Trains of 8-10 f i l t e r  paper elemen 

res i s tance  of t he  t r a i n  became e l i m i t i n g  f ac to r  in obtaining the des i red  a i r  

* UR 01390 
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r a t e ,  The concentrat ions co l lec ted  on each o f  the  papers o f  t h e  t r a i n  are 

expressed i n  terms of  t h e  cumulative percentage increase  above the value of t h e  

first papera 

i l l u s t r a t e s  an increase in ef f ic iency  wi th  increas ing  elements of  t he  f i l t e r -  

paper t r a i n  and an increased ef f ic iency  obtained on t h e  f i r s t  f i l t e r  paper w i t h  

increased sampling ve loc i ty ,  

which, on t h e  basls o f  previous s tud ies  \Pith t h e  flame photometer, w r e  assumed 

t o  be equivalent  t o  t h e  t o t a l  amount o f  ma te r i a l  passing t h e  f i r s t  paper. 

Para l le l i sm of t h e  curves and t h e  agreement with previous r e s u l t s  appear t o  

j u s t i f y  t h i s  procedure, The number of  elements required t o  obta in  a value of( 

absolute e f f i c i ency ,  however, is found t o  be r e l a t e d  t o  the  sampling ve loc i ty ,  

Thus a t  4 8 2  l i t e rs /min  a t  which an e f f i c i ency  of 99,6$ was obtained for  t h e  

f i r s t  papero only a minimum of 2 papers a r e  requi red  t o  ob ta in  s ign i f i can t  r e s u l t 8  

This number increases  with decrease in sampling v e l o c i t y  t o  a minimum o f  7 a t  

2,2 l i ters/min where a sampling e f f i c i ency  of n , 3 %  was obtained f o r  the f i r s t  

papera The previously reported use o f  t h e  6 paper t r a i n  was shown t o  be s a t i s -  

f ac to ry  f o r  t h e  range o f  v e l o c i t i e s  explored in those  s tud ie s  (7,4-31,1 l i t e r s /  

In agreement with previously reported r e s u l t s ,  t h i s  family of curve8 

A l l  curves approach a l imi t ing  value asympotically 

m i d ,  

Studies of  t h e  e f f e c t s  o f  sampling v e l o c i t y  on t h e  e f f ic iency  of Rhatmaa 

#41 f i l t e r  paper have a l s o  been completed at an  average conoentration of 3 1 , O  

mg/m3 f o r  a range of sampling v e l o c i t i e s  from 2,2 l i t e rs  t o  43,3 liters/min, 

The summarized r e s u l t s  of  these studies are shown in  a b l e  1 (Psge 70). 

t o  obtain s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s ,  a t o t a l  of 95 determinations f o r  

8 sampling v e l o c i t i e s  were madea 

sampling v e l o c i t y  a r e  i l l u s t r a t e d  graphica l ly  in Figure 2 (Page 71)o 

ind ica te  a rap id  increase i n  e f f i c i e n c y  with increase i n  sampling r a t e  from 

mcLI1Ss1FIm 

In order  

The mean e f f i c i ency  results as a f'unction of 

The r e s u l t s  
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TABLE 1 

EFF'ICIZNCY OF V H A T W  &1 FILTER PAPER AS A FU?ETION OF SAWLING J"l%OCITY 

NaC1 AZROSOL AT AN AVERAGE CONCENTRATIOB OF 31.0 mg/m3 

Experiment 

NO 0 

iio. of 
Samples 

14 

11 

9 

14 

19 

9 

10 

9 

Concentration 
Mean Range 

UNCUSSIFIED 

Sampling 
Ve 1 o c i ty 

Mean Range 

1 iter s/min 

2 02 

6 04 

907 

12,5 

16.3 

26 .O 

36,O 

4303 

202- 203 

506- 606 

8 5-1002 

11O2-12o9 

14 0 7-18 09 

2306-2703 

3402-37,6 

42054406 

$ Retained by 
First Paper 

Mean Range 

73,s 

8507 

92,6 

95 08 

96.2 

97.9 

99 a 4  

99,6 
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values  of 2.2 l i t e r s /min  up t o  9.7 l i ters /min,  mean e f f i c i enc ie s  o f  73.3 and 

9Za@ being found, respec t ive ly ,  

e f f ic iency  increases  more s lowly,  gradual ly  approaching a 10% with t h e  h ighes t  

recorded value being 99,6% a t  43,3 l i t e r s / d n ,  

With f u r t h e r  increase i n  sampling r a t e ,  t h e  

Problem Code: S,M.3 (Toxic Limits)  

Section Code: 3210 

Authors: S .  Laskin, R. H, Wilson, K. E. Lauterbach, L. J. Leach, and De To Ehlcone 

Production Design of t h e  Modified Cascade Impactor. 

The experience of t h e  I n d u s t r i a l  Hygiene Sect ion with the  Modified Cascade 

Impactor has demonstrated i t s  value a6 a p r a c t i c a l  f i e l d  and laboratory instrument 

f o r  sampling and charac te r iz ing  atnospheric pa r t i c l e - s i ze  d i s t r i b u t i o n s  (1,2,3,4),, 

The design and r e s u l t s  have aroused t h e  i n t e r e s t  of  i n d u s t r i a l  hygiene and hea l th  

physics groups r e s u l t i n g  in numerous requests  f o r  s tandardized instrumentso 

In t e re s t ed  groups include seve ra l  a reas  under supervis ion o f  the Atomic Ehergy 

Commission and i t s  subcontractors ,  t h e  Amy Chemical Center and several  s t a t e  

i n d u s t r i a l  hygiene l abora to r i e s .  On t h e  bas i s  o f  t e n t a t i v e  requests  f o r  about 

300 instruments, arrangements are being completed via t h e  Ne Ye Operations 

Office f o r  t he  commercial production of t h e  instruments by Mine Safety Applianoes 

(M,S .A. ) Pi t t sburgh ,  Pennsylvania, 

To f a c i l i t a t e  large-scale  production by modern die-cast  o r  machining 

methods, a new design of t h e  Modified Cascade Impactor has been deyeloped i n  

cooperation wi th  Donald W, Fglconer of t h e  Amy Chemical Corps, The Assembly 

* Biological Dept., Chemical Corps., XI. Division, Camp Detrick, f ieder ick,  k r y l a n d  

mcus SI FI ED 
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drawhi; f o r  this instrument i s  i l l u s t r a t e d  i n  Figure 1 (Page 74).. Deta i l  

construction drawings have been completed end t e n t a t i v e l y  approved by a M,S,A, 

mpresenta t ive  (a, T, Connelly). 

?roauction of a shop model by E1,S.A. t o  be completed i n  t h e  near future.  

Present s t a t u s  of progress i s  the  experimental 

Approval 

of operat ins  c h a r a c t e r i s t i c s  o f  t h i s  model will determine the  date of production, 

In  the  l a t e s t  design, i n t e r n a l  j e t s ,  o r i f i c e  dimensions and je t - to-s l ide 

s?aci_nLs have been held t o  t h e i r  o r i g i n a l  spec i f i ca t ions .  

Seen inade i n  t h e  assembly of t h e  instrument which r e s u l t  in a stronger unit and 

a s i q l i f i e d  assembly procedureo 

Several r ev i s ions  have 

Zach j e t  c o n s i s t s  o f  a separate  cyl inder  f i t t e d  

i n t o  a d  held in pos i t i on  wi th  r e spec t  t o  other  s tages  by a main body pieceo 

In t e rna l  surfaces  w i l l  be smooth and without  protruding edges, Construction Wil l  

be of  aluminum, nagnesium o r  a l i g h t w e i g h t  a l loy ,  Other major r ev i s ions  r ep resen t  

i q r o v e n e n t s  based on our p r a c t i c a l  experience. These include such items as: 

(1) replaceable p l a s t i c  caps requir ing a minimum of e f f o r t  t o  c lose  t h e  j e t  

chaqber; ( 2 )  a new type of spring t o  hold the  c o l l e c t i n g  s l i d e  and f a c i l i t a t e  

!?andling o f  t he  samples; ( 3 )  provis ion of su f f i c i en t  metal i n  the  body of' t h e  

in s t runen t  t o  provide f o r  connection t o  mounting assembleso 

Construction of this design t o  t h e  r i g i d  spec i f i ca t ions  should el iminate  

the  need f o r  complete c a l i b r a t i o n  of t h e  pa r t i c l e - s i ze  s tage constants fo r  each 

instrument. 

several  nas t e r  instruments w i l l  be furnished along w i t h  a comparative c a l i b r a t i o n  

f o r  each instrurnent. 

Standard values  based on those obtained from t h e  c a l i b r a t i o n  of 

Application of the instrument t o  most other dusts  w i l l  

then only r equ i r e  a simple r e c a l c u l a t i o n  according t o  t h e  d e n s i t y  o f  t h e  material 

and sampling veloci ty .  The c a l i b r a t i o n  procedure and method of ca lcu la t ion  . 

f o r  various dus t s  have been previously reported( 2,4)a 
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Problem Code: 

Sect ion Code: 3210 

Authors: R. H. Wilson, S. Laskin, and Do W. Meier 

S.U.5 (Mechansim of Toxic Bf fec t )  

- A New Design f o r  an Osc i l l a t ing  Thermal P rec ip i t a to r .  

On the b a s i s  of experience gained from former models of o s c i l l a t i n g  

thermal p -ec ip i t a to r s ,  a new design for t h e  instrument has been developed. 

f ea tu re  o f  t h i s  design i s  s impl i f i ed  construction, maintaining the  des i r ed  

c h a r a c t e r i s t i c s  for p r a c t i c a l  f i e l d  use. 

s t e e l  and a l m i n u n  wi th  external  dimensions o f  1" x 2" x 6". Better  o s c i l l a t i o n  

A 

The ma te r i a l s  o f  construct ion are brass,  

has been obtained through t h e  use o f  a p o s i t i v e  d r ive  i n  both d i r ec t ions ,  

accomplished by neans o f  double-acting, ball-bearing r o l l e r  followers on a 

heart-shaped cm.  

which i s  an x-ray photograph of  t h e  instrument, 

Telechron type B-3, 1 rpmp 4 w a t t ,  synchronous motor d i r e c t l y  coupled t o  the 

cam s h a f t ,  

The bas i c  construct ion elements are shown i n  Figure 1 (Page 76)  

The u n i t  i s  powered w i t h  a 

Other design f ea tu res  include a s impl i f i ed  arrangement for sample prepara- 

t i o n  and an improved method f o r  mounting e l e c t r o n  microscope acreens. figure 2 

m1cLAS SI FIm 
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Figure 2. Assembled Osc i l l a t ing  T h e m 1  P r e c i p i t a t o r  

From the  l e f t  below t h e  in s t runen t  a r e  t h e  sample plug for eleotron 
microscope samples, t he  sample holder for o p t i c a l  microscope samples 
a 2 2 m  cover s l i p ,  t h e  e l ec t ron  nicroscope screen holder,  and the 
r e t a in ing  ring. 

UR 01400 



(Page 77)  s h o w  the  assembled instrument with samp-e holders f o r - b o t h  e l ec t ron  

and o p t i c a l  microscopy. 

Double samples f o r  comparative purposes are taken through t h e  provision of' 

S i t h e r  or  both tgpes two  o s c i l l a t i n g  s l i d e s  each of which ca r ry  a sample holder ,  

may be used i n  drawing a given sample, 

a rectangle  measuring 5/8" x 1/2", t he  l a t t e r  dimension being the  length of 

s t roke or o s c i l l a t i o n ,  

the co l l ec t ion  of samples f o r  o p t i c a l  purposeso 

s l i p  sample holders  a re  replaced wi th  screen holder  plugs which place t h e  screens 

i n  a pos i t ion  cen t r a l  with respec t  t o  t h e  deposit ion areao 

have shown s a t i s f a c t o r y  operat ion a t  co l l ec t ing  r a t e s  o f  20 cc/mine 

Tha col lec ted  sample i s  i n  the  form of 

"wenty-two mi l l imeter  c i r c u l a r  cover s l i p s  are used f o r  . 

For electronmicroscopy the cover 

Preliminary t e s t s  

. 
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Problem Code: I,S.3 (Therapy) 

Sect ion Codes: 3310, 3340, 3350 

Authors: Frank W, Furth, Tv. Burkett liiason, and J, Russell  Bayes 

- In Septenbcr o f  1?49 a cooperative program for t h e  c l i n i c a l  use o f  radio- 
- 

isotopes was i n s t i t u t e d  between t h e  Atomic Energy P ro jec t  of  t h e  University of 

Xochester and t h e  Genesee Hospital  of  Rochester, New York. Although the  program 

was designed t o  employ any of the r ad ioac t ive  isotopes designated for diagnost ic  

o r  therapkut ic  use, t o  da t e  only r ad ioac t ive  iodine,  1131, has been used. 

Since September, 1949, twenty-one p a t i e n t s  have received Il3I f o r  diagnosis o r  

treatment o f  var ious types of t hy ro id  disease.  

i n  charge of t he  program a t  t he  Genesee Eosp i t a l ,  Drs. George Baron and Jacob 

Goldstein, a working arrangement f o r  the  program was designed, 

of t h i s  arrangement are given below, together  with a summary o f  t h e  da t a  on the 

p a t i e n t s  t r e a t e d  through December 1949. 

31 conference with the  c l in i c i ans  

The p r inc ip l e s  

The s e l e c t i o n  o f  t h e  p a t i e n t s  t o  receive t h e  1131 has been done mainly by 

Drs. Baron and Goldstein f rom p a t i e n t s  r e f e r r e d  by p r i v a t e  physicians, o r  by the 

house staff o f  t h e  Genesee Hospital. 

examination, and l abora to ry  work-up are c a r e f u l l y  reviewed, and on t h e  basis of 

t h i s  c l i n i c a l  appra i sa l  t h e  p a t i e n t  i s  accepted f o r  radioiodine therapy. 

general ,  a l l  types o f  hyperthyroid and malignant t hy ro id  disease,  w i t h  one 

exception, have been accpetcd, 

The p a t i e n t ’ s  c l i n i c a l  his tory,  physical  

In  

This one exception i s  the  p q t i e n t w i t h  a t o x i c  

nodular goiter who i s  a t  l e a s t  a fa i r  operat ive 

incidence of t hy ro id  malignancy a r i s i n g  i n  t h i s  

UNCLASSIFIED 
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therapy mould seem preferable ,  and has been recommendede 

p a t i e n t s  accepted f o r  therapy, nineteen had the c l i n i c a l  diagnosis  o f  hyper- 

thy-roidisn o r  suspected hyperthyroidism. 

ab le  v a r i a t i o n  in  the  degree of hyperthyroidism. 

n a l i p a n c i e s  o f  the  thyroid and will be discussed separately.  

hyperthyroid p a t i e n t s  ranged f r o m  34 years  t o  76 years  w i th  en average of 57 

yearsa  Since a l a rge  percentage o f  p a t i e n t s  were i n  t h e  o lder  age group t h e  

incidence of the degenerative d iseases  was appreciable  and t h e  presence of these  

assoc ia ted  condi t ions tended t o  make t h e  c l i n i c a l  diagnosis  of hyperthyroidism 

d i f f i c u l t  t o  'es tabl ish.  

h e a r t  disease were the  most commonly assoc ia ted  c l i n i c a l  syndromes, occurring 

in a m i l d  t o  severe form in  nine of t h e  pa t i en t s .  

of' these complications a t  l e a s t  5% of t h e  pa t i en t s  were poor operat ive risks. 

NO p a t i e n t  w i th  markedly diminished r ena l  function, nor any p a t i e n t  with malignant 

exophthalmus was chosen f o r  therapy. Approximately 6% of t h e  pa t i en t s  had 

received an t i t hy ro id  therapy wi th  the  t h i o u r a c i l s  and/or iod ine  a t  sometime 

previous t o  t he  adminis t ra t ion  o f  t h e  1131, bu t  it had been e i t h e r  total ly  

ine f fec t ive  or  only temporary in  i t 8  e f f e c t ,  

p a t i e n t  received any t h i o u r a c i l  de r iva t ive  o r  iod ine  prapara t ion  during the 

month preceding radioiodine therapyo 

Of'the twenty-one 

T i t h i n  t h i s  group the re  was a consider- 

Two p a t i e n t s  have proven 

The ages of t h e  

Hypertensive cardiovascular  d i sease  and a r t e r i o s c l e r o t i c  

Because o f  the high incidence 

An e f f o r t  was made t o  1388 t h a t  no 

Three of t h e  p a t i e n t s  had previously had 

p a r t i a l  thyroidectomies w i t h  return of 

some time a f t e r  operation. 

Arrangements were made f o r  each 

labora tory  work, such as blood counts, 

t y p i c a l  symptoms of hyper thyro id im a t  

p a t i e n t  t o  have a c e r t a i n  minimum of 

ur ina lys i s ,  BMR, e tc .  J before t h e  11~1 

was given.' In some pa t i en t s  a more extensive l abora tory  work-up was done. includ- 

ing  c rea t ine  and ga lac tose  to le rance  t e s t s .  The d e t a i l s  of  t hese  labora tory  

UNCLBSSI RED 
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t h e i r  c o r r e l a t i o n  v i t h  the  excre t ion  o f  the -311 1 be reported 

later,, 

As a general  procedure. it was agreed t h a t  a therapeut ic  dose of radio- 

iodine should be preceeded by a t r ace  dose of  approximately 50 microcuries, w i t h  

determication or’ t he  ur inary excret ion during the  f i r s t  48 hours following 

administration, 

of these,  f o u r  were sxbsequently given therapy doses, 

received therapy dQses withou-c having been given previous t r a c e  doses. 

exceptions t o  the general  ru l e  were for t x o  reasons, the c l i c i c a l  p i c t u r e  of 

thyrotoxicosis  was obvious, and/or the  ser iousness  o f  t he  pa t i en t ’ s  condition 

demanded urgent  therapy. 

excretion of t he  Il3lZ it was  decided t h a t  i f  the  p a t i e n t  excreted l e s s  than 

55-6@ of  the  administered dose i n  48 hours, he would be considered hyperthyroid, 

Fourteen of the pa t i en t s  have received such a t r a c e  dose, and 

Five pa t i en t s  have 

These 

For t h e  purposes of i n t e r p r e t i n g  th data  on the  

The average excre t ion  o f  the fourteen pa t ien ts  who received t race  doses was 

38$? with a range from 13% t o  7%, Zleven pa t i en t s  had values l e s s  than 55$0 

The p a t i e n t  who excreted 7% of the  t r ace  dose had previously had bvo p a r t i a l  

thyroidectonies and now has moderately severe hypertensive cardiovascular 

disease. A s m a r y  o f  t he  da ta  on the  pa t i en t s  given t r ace  and therapy doses 

i s  shown i n  Table 1 (Pages Sf, and 83), 

Therapy doses o f  1131 were given t o  a t o t a l  of n i n e  pa t ien ts .  One of these 

pa t i en t s  has received two therapy dosesa As noted above, only four of these  

pa t ien ts  had a p r i o r  t r a c e  doseo 

3% i n  any of t h e s e  four pat ien ts ,  bu t  i n  each case the  percent excret ion of 

The excret ion of the  t r a c e  dose was not above 

the therapy dose m s  higher than the  perceht excre t ion  o f  t h e  t r ace  dose, 

highest  percent excre t ion  i n  t h e s e  four pa t i en t s  was 42$, while t h e  h ighes t  

percent excre t ion  i n  those f i v e  pa t i en t s  who d i d  n o t  receive a t r a c e  dose -8 

The 

UNCLASSIFIED 
UR 01404 



a2 

z 
L1 
0 

0 

0 
b + 

t2 

L2 
Ua 
0 

0 

UNCLASSI F E D  

UNCLASSIFIED 
UR 01405 



83 o 

UNCLASSIFIZD 

UNCLASSIFIED 
UR 01406 



84 

UNCLASSIFIED 

8%. The average percent excret ion for a l l  the therapy pat ients-was 425 with  

a l l  bu t  one o f  t hese  p a t i e n t s  excret ing 5% o r  l e s s  of t h e  adninis tered dose. 

The computation o f  t he  therapy dose for each p a t i e n t  mas done on a more or less 

empirical  bas i s  taking i n t o  considerat ion the  percent  exc re t ion  of t he  t r a c e  

dose, when given, t he  degree o f  hyperthyroidism, and the  s i z e  o f  the  thy ro id  

gland. Bo ser ious e f f o r t  ivas made t o  estimate t h e  gland weight. 

t h a t  no dose f o r  t he  treatment of hyperthyroidism should exceed 10 mc. 

iiose 17785 7.0 mc. wi th  a range from 4.0 mc. t o  8,9 mc. 

wi th in  the  range reported r e c e n t l y  i n  t h e  l i t e r a t u r e  (1-7).  

were done, b u t  a nethod of d i r e c t l y  measuring t h e  uptake o f  1131 by the  gland i s  

being devised. 

and 83) .  

I t  was agreed 

The average 

These doses f a l l  well 

;Io ep i thy ro id  counts 

The dose given t o  each p a t i e n t  i s  l i s t e d  i n  Table 1 (Pages 82 

A discussion of t he  e f f e c t  of  t h e  1131 on the  hyperthyroidism i n  these 

2n t i en t s  i s  n o t  poss ib l e  a t  t h i s  time s ince  such a s h o r t  period of  time has 

elapsed s ince  t h e  therapy doses were given. One pa t i en t ,  F. 2. ,  was f irst  seen 

in  September, 1949, and a t  t h a t  time c l i n i c a l l y  had moderately severe hyper- 

t hy ro id i sn  a s soc ia t ed  wi th  thyrotoxic  and a r t e r i o s c l e r o t i c  h e a r t  disease.  He 

lind rapid a u r i c u l a r  f i b r i l l a t i o n  and mild congestive h e a r t  f a i l u r e ,  which mas 

n o t  control led by d i g i t a l i s  and the  usua l  ca rd iac  regime. 

o f  rndioiodine. 

nent, b u t  then t h e  r ap id  h e a r t  r a t e  and congestive h e a r t  f a i l u r e  returned, and 

it was f e l t  t h a t  r e s i d u a l  hyperthyroidism contr ibuted t o  t h i s .  He was given a 

second therapy dose o f  8.1 mc. o f  1131 on December 9, 1949. 

r e s u l t s  of t he  Il3I therapy i n  t h i s  p a t i e n t  and all other  p a t i e n t s  w i l l  w a i t  

He was given 7.3 mc, 

During the ' two months following therapy he showed some improve- 

The u l t i n a t e  

upon a longer period of  observation and w i l l  be reported l a t e r .  

Two p a t i e n t s  w i t h  carcinoma of t h e  thy ro id  have been t r ea t ed .  The f i r s t  
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o f  these,  J. A . ,  i s  a 1 7  year o l d  white sir1 who a t  t h e  age or’ t e n  years had an 

adenoma o f  the thyroid removed surpical ly .  

thyroid gland was enlarging, 

o f  t h r e e  years,  I n  August, 1349, she consulted her physician who recommended 

A t  age 14 years she noted t h a t  t h e  

This enlargement increased gradual ly  over a period 

sur;icel e q l o r a t i o n ,  which was done i n  October, 1949, A t  operat ion a very  

-:ascular invading t u i o r  w a s  found which proved t o  be a p a p i l l a r y  adenocarcinoma 

o f  the tl-yroid o n  pathological examinatioo, She was r e f e r r e d  t o  t h e  Genesee 

i iospi tnl  f o r  11” therapy, and on November 15, 1949, she was given a t r a c e  dose 

o f  l01 nc. o f  I l 3 l O  Jxplorat ion of t he  su r face  of t he  body with a Geiger 

counter i’ollorring t h e  adminis t ra t ion of t h i s  dose revealed no evidence of  

l o c a l i z a t i o n  of t h e  1131 except i n  t h e  thyroid gland, 

dose. 

1949, she received 20 mc. of I13’., 

I t  i s  proposed a t  p re sen t  t o  r epea t  t h i s  dose if  no s i p s  of  hypothyroidism 

ap?ear within s i x  t o  e i g h t  weeks, 

who had noted a l m p  i n  her neck f o r  many yea r sb  

hnd’increased i n  s ize  and because o f  th i s  she consulted h e r  physician. 

was done i n  November 1949 which revealed a p a p i l l a r y  and f o l l i c u l a r  type of 

She excreted 51% o f  th i s  

I t  was decided t o  give her  a myxedema producing dose, and on December 9, 

She excreted 76% of  t h i s  dose i n  48 hours. 

The o the r  p a t i e n t  is a 57 year o ld  white women 

During t h e  past year t h i s  lump 

A biopsy 

carcinoma of t h e  thyroid,  On December 9, 1949, she was given a t r a c e  dose Of 

1.0 mc. o f  1131 of  which she excreted 54%. 

a myxedema producing dose of 11310 

I t  i s  proposed t o  give th i s  p a t i e n t  

The s tandardizat ion and measurement of dose of t h e  1131 has been done, 

and will continue t o  be done in t h e  C l i n i c a l  Chemistry Sect ion of t h e  Medical 

Services Division. 

done in t he  C l in i ca l  Chemistry Section, although it is planned t o  have t hese  

done a t  the Genesee Hospital  i n  t h e  fbture, 

The u r ina ry  exc re t ion  measurements t o  da te  have a l s o  been 

The c a r r i e r - f r e e  1131 i s  obtained 
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f r o 2  the  Oak Ridge Laboratories and i s  administered t o  the  p a t i e n t  i n  approximately 

25 nl. o f  a s l i g h t l y  a l k a l i n e  aqueous s o l u t i o n  containing a small amount of 

s o d i m  s u l f i t e .  The s t anda rd iza t ion  of t h e  radioiodine i s  done in  t r i p l i c a t e  by 

the  procedure spec i f i ed  by t h e  i k t i o n a l  Bureau o f  Standards in Circular  473 

issued during June: 194g0 

asseyed f o r  radioiodine by a comparison technique i n  which the  a c t i v i t y  o f  

0.050 do port ions o f  u r ine  a r e  cornpared with t h e  , a c t i v i t y  of 0.050 m l .  por t ions 

The u r i n e  samples obtained a t  var ious intervals are 

o f  reference standard s o l u t i o n s  prepared from a l i q u o t s  o f  the 

so lu t ion  administered t o  t h e . p a t i e n t ,  The s t r eng ths  o f  t he  reference standards 

a r e  s o  chosen t h a t  t h e  a c t i v i t y  of a 00050 m l .  sample would c l o s e l y  approximate 

that o f  a 0,050 mal. o f  urine.  The f i n a l  d i l u t i o n  o f  each reference standard is 

made wi th  human u r ine ,  A l l  o the r  d i l u t i o n s  a r e  made as reconmended by t h e  

National Bureau of Standards i n  Circular  473. The comparison o f  reference 

standards and unknoms i s  made by measuring the  mixed b e t a  and gamma r a d i a t i o n  

Given of f  during decay o f  1131 using a counter having a t o t a l  equivalent window 

thickness  of 6,7 mg/cmso The estimated e r r o r  i n  t h e s e  procedures approximates 

1. A cooperative program for t he  c l i n i c a l  use of  radioisotopes has been 

i n s t i t u t e d  betvreen t h e  Atomic Zhergy Pro jec t  of  the University of Rochester and 

t h e  Genesee Hospital  of Rochester, New York. This program i s  described br ief lyo 

2, The c l i n i c a l  s tudies ,  t o  date, have been l i m i t e d  t o  t h e  use of 1131 

f o r  t h e  diagnosis and treatment of thyroid d i seaseo  

3. Nineteen p a t i e n t s  wi th  hyperthyroidism have received 1131 during the. 

period September-December 1949, and of these,  nibe p a t i e n t s  have received therapy 

doses. The c l i n i c a l  diagnosis and 48 hour ur inary  exc re t ion  of 113’ is 
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tabula ted  for each pa t ien t ,  

the  r e s u l t s  of therapy can be evaluated, 

A longer period o f  observation i s  necessary before 

4, Trro pa t i en t s  with malignant disease of t h e  thyroid have received 1131, 

Their cases are discussed br ief ly .*  

5 ,  The methods for s tandard iza t ion  o f  the 1131, and for measuring the 

excret ion o f  1131 i n  the  urine, a r e  described, 
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HZALTE PHYSICS 

Problem Code: 

Section Code: 3320 

Author: Herbert Mennagen 

H.P.1 (Research and Development) 

Calculations of Radium Exposures for Photographic Sensitometry, 

During a discussion on photo-sensit ive emulsion d e n s i t i e s  produced by 

exposure t o  radium gamma r ad ia t ion ,  the quest ion of what value t o  assume when 

a change i s  made from a source f i l t e r e d  through 0.5 nm. platinum to a source 

f i l t e r e d  through 1.0 mm, platinum w a s  considered, 

Taking t h e  basic  f i g u r e  of 8.47 r/hr/mg. a t  1 cm. for a radium source 

f i l t e r e d  through 005 mm, platinum, it should be possible  to compute t h e  total 

i n t e n s i t y  o f  a source f i l t e r e d  through 1,O mm, platinum, 

A reference (1) t o  a change i n  i n t e n s i t y  by changes in f i l t r a t i o n  was 

found, and va lues  for t he  d i f f e rence  in transmission of gemma rays kom radium 

a r e  reported in Table 1 below. 

FRACTIONS TBBNSMITTED 

Un, of Pt. 01 D 05 10 0 200 

Gamma e905 0 605 367 
S o f t  

Gamma 099 095 .go5 0818 
Hard 

From t hese  values, it was thought i n t e r e s t i n g  t o  c a l c u l a t e  t h e  t o t a l  

transmission i n t e n s i t i e s  for t h e  f i l t e r s  s t a t e d  previously 

UR 01411 
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Xethod #l 

This t o t a l  i n t e n s i t y  can be expressed as t h e  sum of the  individual  trans- 

mit ted i n t e n s i t i e s  : 

(1 1 I t=  I1 0 - h X - r -  I2 e"r2x 

where It= t o t a l  t ransmit ted i n t e n s i t y  

11s i n t e n s i t y  of t h e  s o f t  gamma components 

1 2 -  i n t e n s i t y  of the  hard gamma components 

and the  exponent ia ls  r e f e r  t o  t h e  f r a c t i o n a l  decrease of  e i t h e r  s o f t  o r  hard 

ganma radiat ion.  

for .,5 mm, platinum f i l t r a t i o n ,  and ,367 and ,905 for 1 mm, platinum f i l t e r ,  

The equation (1) can now be re-wri t ten with numerieal values  f o r  t h e  exponential 

expressions and value for Tt 8,47 f o r  .5 mm, p l a t i n m  f i l t e r o  

These values are s t a t e d  i n  Table 1 (Page 88) as ,605 and .95 

(18) 8,47 .605 I l t  ,95 12 

Similar ly ,  t he  equation for t h e  f r a c t i o n a l  values  f o r  , l m m ,  platinum is :  

O b )  ~ ~ 0 3 6 7  I1+09O5 I 2  

i ~ h e r e  x i s  the t o t a l  t ransmit ted i n t e n s i t y  f o r  1 mm, platinum filters, 

According t o  F a i l l a  (2) t h e  r a t i o  of hard t o  s o f t  components has been 

found t o  be approximately 3:1, thus again from equation ( l a )  

( 2 )  804?= e 6 0 5  I1+095 (3 11) 

Ilken t h i s  i s  solved f o r  Ilo one obtains  

( 3 )  Ii= 2.45 and consequently I2 = 7,35 

Ye can now ca l cu la t e  t he  t o t a l  i n t e n s i t y  f o r  1 mg, radium wi th  1 mm. platinum 

f i l t e r  from equat ion ( l b ) ,  

(4) X s  ,367 (2,45)+ ,905 (7,35) 

x =  7,55 r/hr/mg, a t  1 cm, 

The results o f  equat ion ( 3 )  a l s o  m u l d  indica te  t h e  t o t a l  i n t e n s i t y  from .1 mgO 
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radium without f i l t r a t i o n  t o  be 

(5) 2.45+7,35= 9,80 r/hr/rng, a t  1 cm. 

This value f o r  u n f i l t e r e d  gamma rad ia t ion  from radium is comparable t o  the value 

of 9,69 r/hr/mg. a t  1 an., ca lcu la ted  by R. E, Evans (3), 

Method #2 

If one uses  t h i s  value for  9,69 and by means o f  equat ion (1) re-oalculates  

t he  t o t a l  i n t e n s i t y  f o r  1 mg, and 1 mmo platinum f i l t e r ,  than  

(6) 8047 = (9069 - 12) ,6054- 095 I2  

11= 2,l6 

Again wi th  a i d  of equation (lb) for 1 mm. platinum f i l t e r ,  

(7 )  x =  .367 (2.16)+ ,905 (7,53) 

x= 7,61 r/hr/mg, a t  1 cm. 

In conparing Failla's v d u e  f o r  t h e  r a t i o  of  hard t o  s o f t  components with 

the  l a t t e r  values  using Evans value, one f inds  

Method #3 

S t i l l  another approach may be taken, and this mas found in "Nuoleonics" 

by G. W, Morgan (4), 

may be ca lcu la ted  *can t he  formula 

This author  s t a t e s  t h a t  t h e  t o t a l  kansdssion i n t e n s i t y  

( 8 )  r /hre38.98 m (1 - .12 t)* 

* This equat ion o r ig ina t e s  from Go C. Lawrence ( 5 ) ,  T h i s  author obtained 
a mean value o f  8,35 r/hr/mg. a t  1 cm. f o r  t o t a l  i n t e n s i t y  from radium f i l t e r e d  
through 005 mm, platinum, and apparent ly  a value of 8,98 r/hr/mgo a t  1 an* f o r  
u n f i l t e r e d  rad ia t ion .  
appl icable  t o  any f i l t e r  thickness o f  la t inum g r e a t e r  than  003 nm. is  d ta ted  a8 

It seems t h a t  a s l i g h t  error i s  present  i n  Go T. Morgan's formula, whioh should 
kCe&Xd 8.98 (1 - .13 t) and it was t h i s  value which l e d  t o  t h e  yalues of (sa) and 
(gb),  UR 01413 

His general  formula for  t h e  i n t e n s i t y  o f  r ad ia t ion  as 

(8,,98 - 1.18 xu-! t) in  r/hr/mg. a t  1 rn 



m s m a s s  i n  ng, o f  radium 

Uethod 

t z t h i c l c n e s s  o f  p l a t i n u i  i n  mi, n o t  l e s s  

0 05 l o o  mm, platinum f i l t e r  

than 03 ma platinum 

Subs t i t u t ing  1 ng. o f  r n d i m  n?d 0 5  mm, p l a t i n m  and 1 mm, platinum 

respecti-rely,  one obtalns  

( 9 4  8,396 r/hr/rng, a t  1 me f o r  ,5 mo p l a t i n m  f i l t e r  

- (9b) a d .  7.81 r/hr/mg, a t  1 cm. f o r  1 ma platinum f i l t e r  
_. . 

There i s  y e t  a f u r t h e r  approach t o  c a l c u l a t e  the  t o t a l  i n t e n s i t y  a f t e r  

p l e t i r m  f i l t r a t i o n ?  based on a value ol' average photon energy o f  radium gamma 

ro:is. This average energy ca lcu la ted  from Evans; (3) values  is .78 Uev. The 

absorpt ion c o e f f i c i e n t  f o r  platinum i s  found as l .7l6 cmel and thus one may 

;*mite the exponent ia l  absorpt ion equation f o r  1 mm, p1aticu.a as 

(10) a xs8,47 ( 0 0 5 )  

~7.77 r/hr/ng. a t  1 cm, 

A comparative t a b l e  (Table 2 )  has been prepared f o r  i c t e n s i t y  transmission 

values a s  ca lcu la ted  a b m e o  

TABLZ 2 

1 I 9.8 8.47 7.55 

2 I 9 0 6 9  8.47 7,61 

8.40 7.81 

4 8.4'7 7.77 

5 I 9,51 8.47 7.54 

Two s e r i e s  o f  film exposures were made withti70 radium sources, one with 

.5 me platinum, the  other  wi th  1,O mm, platinum f i l t e r ,  The exposure ca l cu la t ions  
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were based on t h e  accu ra t e ly  known content  o f  a 1 0  mg., radium needle  w i t h  .5 mm, 

Tlatinum f i l t e r ,  

va lues  f o r  t h e  two sources  i s  ,8905, Thus, a va lue  f o r  t he  t r u e  t ransmi t ted  

i n t e n s i t y  ims obta ined  as shown i n  Table 2 (Page 91) as Method #, which i s  i n  

?or equal d e n s i t i e s ,  it was found t h a t  t h e  r a t i o  of t he  r 

good agreement xLth I.Iethods $1 and #29 as ca l cu la t ed ,  

3 i b l  i o  6 r ap  hy 

1, Xedical Physics ,  Glasser, Otto,  Year Book Publicat ion,"  1947, p,, 1185. 

2, h e r i c a n  Jour,, ?,oentg, and .%, Ther,, 44, 889, 1940, 

3. iidvcnces i n  B io log ica l  and Lledical I'hysics, Vol, 1, 151-218, Academic 
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PROGRAU I. N. 

I I ? S T ~ ~ . Z N T A T I O N  ( SPECTROSCOPYJ ZLECTRON MICROSCOPY, X0RA.Y AND 
ISUCLEBB RADIATION DETECTORS X - a Y  DIFFRACTION,  ELECTRONICS)  

Problem Code: I.N.2 (Service)  

Section Code: 3150 

Author: L. T. Steadman 

1. 

2,  

3. 

4. 

5. 

60 

7. 

8, 

9. 

10.3 

139 chanber dust samples were analyzed f o r  beryll ium 

10 chamber dust  samples were analyzed f o r  zirconium 

1 2  a i r  dust  samples were analyzed f o r  zirconium and s i l i c o n  

89 animal t i s s u e s  were analyzed f o r  beryll ium 

8 uranium m e  samples mere analyzed f o r  impur i t ies  

3 animal food samples were analyzed f o r  manganese 

4 cement samples were analyzed f o r  i r o n  

1 sk in  granuloma was analyzed f o r  beryll ium 

4 human autopsy samples were analyzed for  beryll ium 

1 hunan lung sample was analyzed f o r  uranium 
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ZDUCATI OIW TROGI2X.i 

I rob len  Code: !;one 

Section Code: 3480 

Author: J. N. Stannard 

Radiological F’hvsics Courses, During t h i s  qua r t e ro  t h e  course i n  

I n s t r m e n t a t i o n  WRS completed (see o u t l i n e  pages 95-97) and t h e  course in 

Radiation Biology begun. 

continue u n t i l  February 17, i s  shown on pages 98-101, 

A,S.C, Fellows i n  i3adiologicnl Physics, one A e E o C o  post-doctoral  Fe l low is 

taking t h i s  course f o r  c r e d i t  and several graduate s tuden t s  f r o m  o t h e r  depart- 

A d e t a i l e d  ou t l ine  f o r  t h i s  l a t t e r  course, which w i l l  

I n  a d d i t i o n  t o  t h e  t e n  

ments of the Medical School are audi t ing,  

Civil Defense Training, Preliminary plans were formulated during this  . 

quar t e r  f o r  a one week course i n  Medical Aspects o f  C i v i l  Defense IrIeasures, t o  

be given in h r c h ,  1950, This course i s  p a r t  o f  a cooperative e f f o r t  involving 

seven Un ive r s i t i e s  m d  Atomic h e r g y  Cummission i n s t a l l a t i o n s ,  and w i l l  be 

given t o  physicians se l ec t ed  by t h e  National S e c u r i t i e s  Zesources Board and 

t h e  Conmission. Detailed o u t l i n e s  of t h e  subject  mat ter  discussed will be 

included i n  the  next q u a r t e r l y  r epor t ,  
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DATE 

October 6 ( A . U . )  

October 11 ( A . X . )  

October 11 (P.X.) 

October 13 (A.Ee) 

October 13 (P.U.) 

October 1 4  (A ,U. )  

October 1 7  (A.M.) 

October 18 (A.M.) 

October 18 (P.M.) 

October 20 ( A . U . )  

October 2 0  (P.Ll.) 

October 2 1  (A .M. )  

October 24 ( A . U . )  

October 25 (A.X.)  

October 25 (P.K.) 

October 27 (A.M.)  

October 27  (P.M.) 

- 

95 0 

UNCLASS I FIe) 

COURSE: 11: RADIOLOGICAL PHYSICS 

SCHEDULE FOR IBSTRUMZNTATIOB SECTION* 

October 6 t o  December 2 ,  1949 

**TYPE - 

L 

D 

z 
E 

L 

L 

E 

E 

L 

E 

L 

L 

E 

E 

L 

E 

SUBJECT 

Instrumentation Orientation. 

Introduct ion t o  Radiation, 

S c i n t i l l a t i o n  and range o f  alpha pa r t i c l e s .  

Range and penetrat ion of gamma and beta  radiat ion.  

Range and penetrat ion o f  gamma and b e t a  radiat ion.  

Ionizat ion i n  gases , 

Ion iza t ion  measuring der ices ,  

Demonstration end c a l i b r a t i o n  o f  electrometers.  

Demonstration end c a l i b r a t i o n  of  electrometers. 

Vacuum tube electrometers,  

Vacuum tube electrometers,  

Vibrat ing reed and B a l l i s t i c  V a n e  electrometers.  

Electronic  components f o r  counting equipment. 

Triode and pentode amplifiers.  

Triode and pentode amplifiers.  

Regulated power supplies.  

Regulated power suppl ies ,  

* Responsible Ins t ruc to r :  H. E. IJermagen 
Assistants: R. G. Vy-verberg, G. Re Hopkins. S. G. Sizzo 

** L - Lecture 
D - Demonstration 
E - Experiment 

1 f 3 I : lo3 
UEJWSIFIED UR 01418 
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TYPE SUB JZCT - DATE 

October 28 (A.M.) L I h l t i v i b r a t o r s  and Univ ibra tors  , 

October 31 (A.M.) L Sca l ing  c i r c u i t s .  

- 

IJovenber 1 (A.M.) 

Iiovember 1 (P.X. ) 

liovember 3 (A .M. )  

ilovember 3 ( P.L:, ) 

IJovember 4 (LG.) 

ilovenber 7 ( A . X . )  

November 8 (A.M.) 

IJovenber 8 (P.M. ) 

November 10 (A.M. ) 

November 10 (P.M.) 

November 11 (A,M.) 

November 14  (Ao&) 

iiovember 15 (A.M. ) 

November 15 (P.M.) 

Movenber 1 7  ( A . 3 . )  

Hovember 17  (POL!. ) 

Iiovember 18  (A&.)  

November 2 1  (Ao&) 

November 22  (A&.)  

Univibrators .  

Sca l ing  c i r c u i t s ,  

L Counting r a t e  meter.  

Counting r a t e  meter, 

Xechanical record ing  e q u i p e n t o  

E 

L 

Quiz. 

L Alpha counterso  

Propor t iona l  counters ,  L 

Propor t iona l  counters ,  

GLL tubes and quenching c i r c u i t s .  

D 

L 

Gt I  tubes and quenching c i r c u i t s .  

S c i n t i l l a t i o n  and c r y s t a l  counters .  

S c i n t i l l a t i o r i  and c r y s t a l  counters ,  

E 

L 

Measurement of r a d i a t i o n ,  

Counter e f f i c i e n c y  and geometry. 

Counter e f f i c i e n c y  and geometry, E 

L I n t e r n a t i o n a l  roentgeno 

L Radiat ion units. 

Xeasurement o f  roentgen w i t h  s tandard  i o n i z a t i o n  
chamber, 

E 

November 22 ( P O L )  Measurement of roentgen with s tandard  ionization 
chamber. 

E 

November 28 (A,M.) 

Novenber 29 (A,M.) 

Discussion per iod,  

Measurements of  r a d i a t i o n  w i t h  photographic 
emulsions . L 

UR 01419 UNCLASSI FIED 



SUBJECT - TYPE - DATE 

November 29 (A.M.) E Measurements of r a d i a t i o n  w i t h  photographic 

- 
emulsionsa 

December 1 (A.M.) Review, 

December 1 (P.M.) Final examination, 

December 2 (A.M.) Discussion of examination. 

- 
Xeferences: -- 

lo Lapp and Andre- - "Nuclear Radiation Physics" 

2. 

3,  

Korff, Serge Ae, - "Electron and Nuclear Counters" 

m e a u  of Ships, Navy Department - "Radar E lec t ron ic  Fundamentals" - 
Navships 900,016 

"Theory and Operation of Geiger-Muller Counters" - Nucleonics 

P a r t  1, Vol.  2, No, 6, Pages 10-22 (June 1948) 
P a r t  2, Vol. 3, No, 2, Pages 50-64 (August 1948) 
Par t  3, Vol. 3, No, 4, Pages 46-61 (October 1948) 

"Electronics", Vol, 1, Chapters 1-7, AECD-2208 

4. 

5, 

UNCLBSSI mED UR 02420 
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UNCUS S I FT ZD 

OUTLI8.E OF COURSZ IN RADIATION BIOLOGY FOR 1949-50 

LECTUKE AID CONFEiEXCE SCEDULE: 

Uonday and k i d a y  - 10:30 A&, Tuesday and Thursday - 9:00 A.Mo 

Ti t l e  

December 5, 1949 t o  F'ebruary 17, 1950 

I n s t r u c t o r  ' 
Introduction, Outline 

Physical f a c t o r s  a f f ec t ing  b io log ica l  a c t i o n  

Physical f ac to r s  a f f e c t i n g  b i o l o g i c a l  a c t i o n  

1. 

11. 

Physical f a c t o r s  a f f ec t ing  b io log ica l  a c t i o n  111, 

~ 

Stannard 

Steadman 

Steadman 

Steadman 

Chemical e f f e c t s  I, Radiation e f f e c t s  on water and 
simple aqueous so lu t ions  

Chemical e f f e c t s  11, 
proteins ,  and r e l a t e d  substances 

Biochemistry of n u c l e i c  acids,  

Chemical e f f e c t s  111, h d i a t i o n  e f f e c t s  on nuc le i c  
acids,  proteins,  and r e l a t e d  substances 

Theories of the mode of a c t i o n  of r a d i a t i o n  

Theoret ical  and p r a c t i c a l  considerat ions in t h e  
measurement of x-ray dosage 

Quiz and Conference 

Dosage units and t h e i r  measurement 

Dosage measurements f o r  e x t e r n a l  sources o t h e r  than 
x-rays 

General responses t o  r a d i a t i o n  Io Total  body effects 

Genetics and Cytology I, Iditosis 

General responses t o  r a d i a t i o n  11, Radiation s i c l a e s s  

Concept of r a d i a t i o n  s e n s i t i v i t y  of t i s s u e s  

Blood and hematopoietic system 

Effects of r a d i a t i o n  on gonadal t i s s u e  

UNCL4sSIFIED 

Mason 

Al.bnan . 

Salmon 

Steadman 

Steedmaq 

H u s h  

Hush 

Casarett 

Otis 

Howland 

Casarett 

Ingram 

Casare tt 

. UR 01421 
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18 e 

19 e 

200 

2 1  e 

29. 

300 

34. 

T i t l e  

Genetics and Cytology 11. IGeiosis 

- 
Quiz and Conference 

Effec ts  o f  r ad ia t ion  on skin and G.I. t r a c t  

Relat ively r e s i s t e n t  organs 

Discussion o f  labora tory  repor t s  

Genetics and Cytology 111, 

Examination 

In t e rna l  emit ters  I, Survey 

In t e rna l  emi t te rs  11, Dosage ca lcu la t ions  

In t e rna l  emit ters  111, Alpha emi t te rs  

In t e rna l  emit ters  IV, f i ss ion  products 
elements 

Genetics and Cfiology IV, 

Conference 

Ins t ruc to r  

Otis 

Casaret t  

Casare t t  

Otis 

Stannard  

H u s h  

Staxnard 

and transuranium 

Therapeutic uses  of radioact ive isotopes 

Tolerance I ,  Basis for radium and radon tl.P.De 
f igu res  

Tolerance 11, 

Genetics and Cytology V, 
aspects  of the tolerance problem 

Quiz and Conference 

Tolerance No Chronic V S ~  acute problems 

Tracer Chemistry I, 

Tracer Chemistry 11, 
experiments 

Tracer Chemistry 111, 
study of rad ia t ion  e f f e c t s  

Tracer Chemistry Ne Conclusion 

Basis fo r  x-rayr r - r ay  N.P.De f igu res  

(Tolerance IIIe)r genetic 

Isotope separat ion techniques 

Choice of t r a c e r ,  design of 

Isotopes as  a t oo l  i n  the  

UNCLASSIFIED 

Stannard 

Otis 

H u s h  

€harsh 

Stannard 

O f i s  

Stannard 

Mlller 

Mil ler  

Salmon 

Miller 

UR 01422 
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UNCLASSIFIED 

1, 

2, 

30 

4. 

5, 

60 

7, 

8, 

9 ,  

10, 

11. 

T i t l e  

Student repor t s  

- 

Conference 

Final examination 

LABORATORY AND DEMONSTRATION SCHEDULE 

Tuesday and Thursday af'ter l ec tu re s  

December 6, 1950 t o  February 9, 1950 

T i t l e  - 
Survey of rad ia t ion  sources (Hospital ,  Annex, 
Biver ~ampua) 

X-ray Physics, Part I. 

Effects of rad ia t ion  on water and simple aqueous 
solut ions (Demonstration) 

Biochemical techniques (Demonstration) 

X-ray Physics, Pa r t  11, 

X-ray dosage measurements 

Neutron and other  external dosage measurements 

S t a r t  experiment, study norm1 histology* 

Genetics and Cytology I, Meiosis 

Hematology 

Continue hematological observations; 
Sl ides  (x-ray e f f e c t s )  

. Ins t ruc tor  

S t a f f  

. Ins t ruc tor  

Yermagen 
Steadmarr 

Steadman 
V d l y k s  

Mas on 

SalQDon 
A l h a n  

Steadmaa 
VanSlyke 

Steadman 
Vanslyks 

Harsh 
Hermagen 

Ca B ar e tt 

O t i s  

Ingram 

Ingram 
Casare t t  

* Experiments BO marked will require  f requent  observations omr several  days t h e .  

UNCLASSIFIED 
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12, 

13 

14 e 

25 . 

T i t l e  

Genetics and Cytology 11. Meiosis in gonads 

Sl ides  (x-ray e f f e c t s )  
Observations and cor re la t ions  in LDs0 experiment 

Conclude LD50 experiment, r epor t s  and discussion 

Genetics and Cytology 111, 

S t a r t  i n t e rna l  emitter experiment* 

S l ides  ( spec ia l  features  of pathology with in t e rna l  
emi t te r )  

Autoradiography (Lecture-Demonstration) 

Genetics and Cytology 

Localization o f  1131 in thyroid 

Conclude in t e rna l  emitter experiment 

Genetics and Cytology V, 

Tracer Chmistry I, 

Tracer Chemistry 11, 

Hemin synthesis  in i r r a d i a t e d  animals (Demonstration) 

Ins t ruc tor  

Otis 

C a s a r e t t  
S tannard 

Casaret t  
Stannard 

Stannard 

Casarett  

Boyd 

Otis 

Stannard 

Otis 

Miller 

hli l ler  

Salomon 
Allmall 

~~~ - 

*Experiments so marked will require  f requent  observations over several days time. 

UNCLASSIFIED 
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TZCXJICAL -X?ORTS ISSUZD mli DISTXLIBUTIOM 

October 1, 1949 thru December 31, 1949 

Authors - Title ;e por  t TJo , - 
UR-83 "The Therapeutic Use of BaL in Polonium Hursh 

Toxicity, I, The Effect of Dithiol 
Compounds on the Bcretion of Polonium, 
11, Blood and Tissue Distribution of 
Polonium as Affected by BAL, 
Survival Experiments on Polonium Injected 
Rats as Affected by BAL Treahent," 

- Issued: 10/5/49 

111, 

(RESTRICTED) 

UR-8 5 

UR-89 

uii-90 

UR-9 1 

UR-93 

UR-94 

"Spectrophotometric Studies of the Uranyl Feldman 
citrate- cap le x" 

I Issued: 10/26/49 

"Effects of X-Irradiation on Thyroid 
Function in iiats" 

- Issued 2 10/21/49 

"Studies on the Absorption and 
Distribution of Vitnmin A in 
X-Irradiated Rats" 

- Is sued : 10/11/49 

n.&ta .Track Woradiograpw Uhhg 
Carbon 14" 

- Issued: 10/18/49 

( FGTRICTED) 

(UNCLASSIFIED) 

( UNCLS s IFIED ) 

(UNCLASSI XED) 

Neuman 
Havill 

Ihrrsh 
Mohney 

VanValkenburg 

"Distribution of Selenium in Dog Serm 
Proteins and Red Blood Cells After 
Subcutaneous Injection of Sodium Contain- 
ing Radio-Selenium" 

Issued: 11/25/49 
(UNCLASSIFIED ) - 

Bennett 
Bennett 
Shaver 
Gr a c hus 

Mc C onnell 
Cooper 

"Studies on Factors Effecting the Radiation Rowland 
Syndrome, I, The Effect of Aureomycin et a1 
and Antibiotics on mole Body Radiation" 

- Is sued : 11/2/49 
( UNCISI FIED ) 

Subject 
Category 

Health 
and 

Biology 

Chemistry 
General 

Hs a1 th 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

UR 01425 



T i t l e  2eport  No 0 - Authors. 

UR-9 6 

UR-9 7 

Quarterly Technical Report 
(FOR OFFICIAL USE ONLY) - Issued: 12/16/49 

"The Oxidation o f  Carbon Monoxide t o  Stannard 
e t  al Carbon O2 as shown by Experiment wi th  

c14t' 
(UNCLASSIFIED) 
Is sued : 11/25/49 

LIetabolism VIe-  Hydrolysis o f  Sucrose b i e r  

and Raffinoseo" 
( F O R  OFFICIAL USZ ObnY) 
Is sued t 11/18/49 

- 
UR-98 "Relationship o f  the Cell Surface t o  Rothstein 

- 

Subject 
c a t e g o q  

Health 
and 

Biology 

Health 
and 

Biology 

Health 
and 

Biology 

UR 01426 


