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The s c i e n t i f  i 

and problem l eve l s  a 

repor t  all contribut 

without regard t o  t? 

the sec t ion  which d i  

it can be found on I 

information about PE 

I t  should be 

University of Roche: 

progre,ss i n  all o f  t 

s ign i f i can t  r e s u l t s  

t o  be wr i t ten  up as 

6. 

INTEiODUCTI ON 

work presented here in  has been coded a t  t he  program 

:ording t o  t h e  scheme given on Pages 7 and 80 In the 

m s  t o  a given problem have been assembled toge ther  

adminis t ra t ive organization except t h a t  t h e  number of 

t he  work i s  prefixed i n  each case, 

;e 1 2  what adminis t ra t ive o f f i c e r  can be approached f o r  

Licul ar work 

i ted that the Quar te r ly  Technical Reports of  The 

!r Atomic Energy Projec t  do n o t  a t t empt  t o  descr ibe 

: research programs but  only in those in which sane 

ive been achieved but which a r e  not  s u f f i c i e n t l y  complete 

By u s i n g  t h i s  number, 

f i n a l  report , ,  
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The s c i e n t i f i c  

has been coded a t  t h s  

h d i c a t e  broad f i e l d s  

h d i c a t e  d i v i s i o  these  f i e l d s ,  Although no cons i s t en t  method o f  d iv i s ion  

i n  problems was 

i n  t h e  sense tha 

and general ly  co 

urmiun, fo r  ex 

d iv is ions  commo 

le, an attempt was made t o  achieve a n a t u r a l  d iv i s ion  

problem would encompass a sub jec t  normally w r i t t e n  up 

ed as a unit, 

has been broken dwn i n t o  problems according t o  t h e  

loyed by tox ico log i s t s  ., 

e13 a r e  n o t  r e l a t e d  d i r e c t l y  t o  t h e  adminis t ra t ive  

o j e c t ,  

on more than one o f  t h e  coded problems, 

The program o r  chemical t o x i c i t y  of 

Consequently, t h e  smal les t  adminis t ra t ive  u n i t ,  

Conversely, 

The adminis t ra t ive ay work on t h e  same coded problem, 

ored in making t h i s  qua r t e r ly  r e p o r t  o f  our research 

11 mater ia l  being assembled according t o  t h e  program 

ont r ibu t ion  of each sec t ion  t o  a Q u a r t e r l y  Technical 

y the  sec t ion  number, however, t o  permit reference 

an iza t ion  i f  necessary,  

s s i b l e  t o  code the problems s u f f i c i e n t l y  broadly t o  

n cases i n  which var ious p a r t s  o f  a given inves t iga t ion  

y o  t h e  whole work was coded according t o  i t s  pr inc ipa l  

the minor subjec ts  were r e l a t i v e l y  unimportant. 

EX?LANATIOIJ OF PSOGR.&I A I ? ?  PA83BL?3d CODES 

work a t  The University o f  Rochester Atomic Energy Pro jec t  

program and problem levels. ,  The programs, i n  general ,  

of i nves t iga t ive  o r  se rv ice  a c t i v i t i e s  Nhile t h e  problems 

UR 01545 
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111, 

I T 0  

R , M 0 4  iscel laneous P ro jec t  Uetals  

u, m*i 
s i c a l  and Chemical Propert ies  

i c  Effects (desc r ip t ion  of acute  and chronic  t o x i c i t y )  

c L i m i t s  ( r e s p i r a t o r y ;  oral; skin; eye; parenteral) 

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

i s m  of Toxic Ef fec t s  

s o f  Detection o f  Poisoning, Prophylaxis, Treatment 
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i c a l  and Chemical Propert ies  

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

c Limits ( r e s p i r a t o r y ;  o r a l ;  sk in ;  eye; pa ren te ra l )  

( d i s t r i b u t i o n  and exc re t ion )  

anism of Toxic Ef fec t s  

ods of Detection of Poisoning, F'rophylaxis, Treatment 
Protect ion - 

i c a l  and Chemical P rope r t i e s  

c Z ' fec ts  ( d e s c r i 7 t i o n  of acute and chronic t o x i c i t y )  

c Limits ( r e s p i r a t o r y ;  o r a l ;  skin; eye; paren te ra l )  

I ( d i s t r i b u t i o n  and exc re t ion )  

tanisn of  Toxic Z'ffects 

tods o f  Detection of Poisoning, 5ophy lax i s  Treatment 
Protect ion 

. c a l  and Chemical Propert ies  

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

: Limits ( r e s p i r a t o r y ;  o ra l ;  skin; eye ; p a r e n t e r a l )  

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

t n i s m  o f  Toxic E f f e c t  

>ds of Detection o f  Poisoning, Prophylaxis, Treatment 
'ro t e c t i o n  
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Radioautography 
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O,So OUTSIDE: 

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

chanism of  Toxic Ef fec t  

thods of Detection of Poisoning, Prophylaxis, Treatment 
d Protect ion 
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and Protect ion 
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I. D?XISI2:< ZF K 

Section Code 

5110 

3120 

3130 

3136 

314U 

3150 

3160 

31 70 

31 71 

11. DIVISIOlJ OF PI 

Section Code 

3210 

3220 

3230 

3250 

3260 

111, D I V E  ION OF NI 

Section Code 

3310 

3320 

12 0 

C RGkJ? I Z AT I OX 

Sect ion 

Ins t r m e n t a t i  on 

Tracer Chemistry 

Administrative Head 

John Bo Yursh 

Leon io ::iller 

Radiation Tolerance John B, H u s h  

Raciiaticn ?hysiology 

Radiation- Chemistry 

Spectroscopy 

Radiation Mechanics 

Radiation Toxicology 

John 9, H u s h  

Kurt Sal omon 

L w i l l e  To Steadman 

U c h a e l  Vatson 

J, Xewell Stannard 

Radioautography J, Newell Stannard 

3XACOLOGY AND TOXICOLOGY (3200): Harold C, Eodge 
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h d u s t r i n l  Hygiene 

Bio chemistry 

Ingest ion Tofioi ty  

?a tho1 o gy 

Physiology 

ICAL SZ3VICES (3300) I 

Sect ion 

Administrative Head 

Herbert  6. Stokinger 

V i l l i a r n  F, NeuPan 

El l i o  tt b y n a r d  

James K O  S c o t t  

Aser Rothstein 

Joe W. Hawlend, LD,, 

Administrative Head 

Isotope8 end Seryice J. Russell Hayes 

Medical Physic: Herbert ldermagen 

UR 01550 



S e c t i m  Code 

3330 

5340 

3350 

3 3 s  

3370 

3380 

5390  

Section Code 

3480 

3490 

2502 

250.: 

F 

Section 

13, 

X c h I i i  s t r a  t ive Head 

i j roject  Xedical Service 

C l in i ca l  Chemistry 

Ther a n  

& m a t  oi  os^ 

Xous e Cen e t  1 c s 

Photogrephic Service 

Se c t  ion 

Zducational 

S t a t i s t i c s  

Sect ion 

Flash Burn 

Zirconium 

i?, Burkett  h s o n  

IJarylou Ingram 

Zileen O t i s  

%ber t  L, Hay 

Administrative Head 

J, ?Jewel1 Stannard 

S o  Lee Crump 

Adclinistrative Head 

Harry Do Kingsley 

Herbert 3, Stokinger  
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?roSlen Code: X,S,l~ (Tolerance Studies)  

Author: G ,  Yo Cesar 

Sect ion Cocie: 3130 

- A f c c t s  o f  X-rays on/Spe-toqenesis i n  Dogs, 

Background, on previous experinents i n i t i a t e d  under t h e  d i r e c t i o n  of 

d D r ,  iiobert Boche, it i s  knmm t h a t  chronic x-radiation 2 r 0  a d r e v  Ei,, 3 o d y  

(total-body) a t  dos 

esperrnin. i n  dogs w i  A dose of 0,5 r per  day produces a lowered 

sFem conceEtration dog semenvi th  complete aspermla in  some caseso Sperm 

counts were made on 

but  s t a t i s t i c a l l y  s 

l e v e l s  of I , O  r o r  g rea t e r  per day produce a condition of 

one year,  

s exposed t o  0,1 r per  day of x- i r r ad ia t ion  and a small, 

f i c a n t  depression i n  spern concentrat ion occurred, 

r e  n o t  o f  primary considerat ion i n  the  experineots involved 

c m p l e t e  and n o t  extensive,  

and are cnrrylng o u t  a chronic study on dogs III an 

lowest dosage level a t  v h i c h  s i g n i f i c a n t  changes i n  

a t i o n  can be induced, Young m a l e  bsagles are being 

sented i n  each dosage grou;, i n s o f a r  as i s  possible,  

s begun it is planned. t o  continue such exposures m e r  

e o f  these animals o r  until s i g n i f i c a n t  r e s u l t s  have 

st r ad ia t ion  levels ,  

which w i l l  be used f o r  t h i s  extensive study of dog 

senen and spermatozo are: 1 
t I 3  i 'IY-1 UR 01552 



C o n t r o l s  - 20 docs 

G,05 r / day - 20  dogs 

0 , l O  r / day - 10 dogs 

0,50 r / day - - 10 dogs 

Total  - 60 dogs 

o r  t h i s  study a r e  being c a r e f u l l y  assembled, 

a g l e  puppies ere  being assigned t o  experinental  groups 

o permit s a t i s f a c t o r y  s t a t i s t i c a l  handlinc of t h e  r e s u l t s ,  

o f  r a d i a t i o n  s tud ie s  on spernatozoa of dogs can be 

e s ign i f i cance  i n  s e t t i n g  a permanent pem.issible huiian 

a t i o n  i s  apparent, 

L i t t e r s  of 

s o f  s t e r i l i t y  and f e r t i l i t j r  o f  t h e  mele, spermatozoa 

cep t  when d r a s t i c a l l y  reduced, has l i t t l e  meaning,, That 

e a t l y  reduced without  g r e a t  change in s p e m  concentration,, 

1 and s p e m t o z o o l  f a c t o r s  influencing male f e r t i l i t y  

s e  of x-radiation which w i l l  depress t h e  con- 

semen o r  e f f e c t  o the r  changes in spernatozoa: 

2, The e f f e  t of chronic x-radiation a t  the  proposed dosage levels on 1 
n o t i l i t y ,  and  morphology o f  spermatozoag 

t of chronic x-radiation a t  t hese  dosage levels on t h e  

hyaluronidase and sperm concentrat ions i n  t h e  semen; 

ty o f  the  semen and sperm t o  recover a t  various i n t e r v a l s  

which may be produced a t  cer ta in  dosage levels, 

ce even t h e  o l d e s t  dogs have n o t  yet reached a point  of 

rn?CLIASSI WED 
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02 c o i l e c t i o n  ol' s ? velum of e j acu la t e ,  and proauction of spematozoao 

men a r e  f i r s t  attempted a t  t h e  age of 8 nonths and a t  

t e r ,  The o l d e s t  dogs a t  the  p re sen t  t i m e , a r e  only 11 

e jacu la t e  a r e  often v e r y  mall  and do n o t  permit accurate 

eginning of x-radiation i s  n o t  yet  indicated,  and 

e presented here. However,, extensive work has 

echniques and on t h e  el iminat ion of  as much of 

e r r o r  as possible,  

en t  nethods have been developed f o r  de t emin ing  

i n  the  male. Some o f  t h e  a n a l y t i c a l  methods 

i ed  f o r  o u r  useo 

of a spermatozoon which prevents t he  spernatozoon 

e c t  as important i n  f e r t i l i t y  and s t e r i l i t y  as 

f a spermatozoon, i o e o g  f a c t o r s  preventing t h e  

l e a s t  as important i n  a determination o f  f e r t i l i t y  

as n deterninat ion 

Sperm 

in t e r n s  of fe r t i l ixy  

Collection 0:: 

i s  accomplished by 

by manipulation of  

dog i s  placed w i t h  

femaleo A stall 

cif sperm concentration alone 

conceni;ration, except when d r a s t i c a l l y  lowered, means very  l i t t l e  

without a knowledge of  the other  f a c t o r s  discussed below, 

Semen Samples, Col lect ion o f  semen samples f r a n  the  dog8 

riasturbation,, i o e o C  the  production o f  orgasm and emission 

t h e  g e n i t a l s  by hana. 

I female dog u n t i l  he becomes exc i t ed  enough t o  mount t h e  

ta 'de  f o r  c o l l e c t i o n  of semen during the  mounting procedure 

J u s t  p r i o r  t o  masturbation, t he  male 

UIJCUSSI FIm 
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i s  t o  be h i  t shor t  

%e 7rolw.e ma t i n e  

If the  b i t c h  

of t h e  male dog are 

?emle  dogs come int 

Smples  a r e  more dif 

those obtaiEed t h u s  

hornone t r e o b e n t  NE 

phases 02 t h e  hea t  1 

I t  was found 

i n  sa l ine ,  10 mg, i I  

dog wlr-ich had had i l  

period o f  s eve ra l  dE 

?eriod, x i t h  tumescc 

sexual cxci t enen t  01 

hero  I t  i s  r , o t  knor 

dog hzs novi Seen in 

completed t h e i r  sp r .  

r e p e t i t i o n  and subs. 

A t  the presei 

m s t u r h t i o n  o r  t h i ;  

with t h a t  supplied : 

i ng  the content of  

t o  assume, hovrever, 

favorably with t h a t  

deternined t h a t  f o r  

17 o 

UiJCLAS SIFIZD 

i o  

?cordeda 

s in heat,  t h e  sexual excitement and a c t i v e  p a r t i c i p a t i o n  

r ea t e r ,  and t h e  e j a c u l a t e  more complete and copiouso 

The e j a c u l a t e  i s  co l l ec t ed  i n  a g a d u a t e d  tube and 

hea t  only twice a yearp u s u a l l y  i n  t h e  spring and fall. 

i c u l t  t o  o b t a i n  without the  a i d  of a b i t c h  i n  heat, end 

e re  o f t e n  incomplete, In orde r  t o  overcome t h i s  problem, 

used in an attempt t o  b r ing  about a t  l e a s t  t h e  exc i t a to ry  

r iod  in a female dog ou t  o f  seasono 

h a t  the  intramuscular i n j e c t i o n  of '30 mgo of s t i l b e r s t r o l  

each of three i n j e c t i o n s  spaced two days apa r t ,  in a female 

h e a t  period 5 or 6 weeks before,, was followed, af ter  a 

s by a l l  o f  t h e  e x t e r n a l  signs of an  in t ens ive  "heat" 

ce  of  t he  external  gen i t a l s ,  s e c r e t i o n  o f  f l u ids ,  and great 

the p a r t  o f  the  female and a l s o  on t h e  males exposed t o  

as y e t  whether ovulation has a c t u a l l y  taken p l acee  This 

Other female dogs which have eat  f o r  8 o r  9 days so  fa ro  

g hea t  cycle  a r e  being given t h e  s m e  treatment, and 

n t i a t i o n  of t h i s  r e su l t  i s  being awaited, 

tine the re  i s  no way or' showing by d i r e c t  means t h a t  

form of  " in t e r rup tus  coi tus"  provides n sample i d e n t i c a l  

copulation, since the re  i s  no .ob jec t ive  evidence concern- 

le e j a c u l a t i o n  during normal c o i t u s o  

,ha t  t h e  e j a c u l a t e  provided by co i tus  in t e r rup tus  compares 

hesul t ini ,  from uninterrupted coitus, and )?arris has 

.he hunan, masturbation g ives  approximately t h e  same r e s u l t s  

I t  seems reasonable 
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as co i tu s  i t e r rup t i  

F a r r i s s  methods, wh: 

tends t o  support thc 

?:-an masturbation i: 

In the  presei 

saqples c o n s i s t e n t 2  

a s s m e  t h a t  the  sam: 

p-oduced-in normal I 

o f  tb degree of fe:  

The period o 

spena tozoa  count tc 

s a t i s f a c t o r i l y ,  n o t  

o f  sexual maturi ty  I 

recent ly  t h e  lack 0: 

d i f f i c u l t ,  7 i t h  thc 

successfully,, as we: 

increased, Samplin 

i n t e r v a l s  seem indil 

~ 1 1  n m  tend to a1 

Motili ty.  T: 

i n  t he  t o t a l  ejaculi 

a r e  l i k e l y  t o  e f f e c  

Lockevs f l u i  

a l ive ,  active, and : 

ac t ive  and inac t ive  

A kncrivn d i l u  

t z 3 i - lb*  f 

The cons i s t en t  and suscessful  r e s u l t s  obtained by 

h hinge upon the use of m s t u r b a t i o n  to g e t  semen samples, 

view t h a t  f o r  all p r a c t i c a l  purposes the  specinen r e s u l t i n g  

r ep resen ta t ive  of t he  semen deposited in intercourse,  

, dog experimentc now t h a t  it seems poss ib l e  t o  ob ta in  

f r o n  highly excited,  cooperative dogs,, it i s  reasonable to 

es  so obtained will be s u f f i c i e n t l y  similar t o  those 

l i tus  t o  allow, upon analysis,  a good means f o r  p red ic t ion  

. i l i t y  i n  the  dogs, 

time between emissions i n  a sexua l ly  nature  dog f o r  t h e  

reach i t s  maximum l e v e l  has no t  y e t  been worked o u t  

lnly because t h e  dogs do not  y e t  show indisputable  evidence 

. t h e  basis of  spermatozoa production, b u t  because u n t i l  

e x c i t a t o r y  means made c o n s i s t e n t  c o l l e c t i o n  of good samples 

a i d  o f  the b i t c h  i n  h e a t  the  number o f  dogs sampled 

as the volume and sperm population of t h e  specimens, has 

attempts had been made a t  weekly i n t e r v a l s ,  bu t  two-week 

. ted a t  t he  present  tine, Increased volumes of e j a c u l a t e  

ITV app l i ca t ion  o f  all a n a l y t i c a l  procedures t o  each sample, 

! "absolute m o t i l i t y "  o r  the number of  moving spermatozoa 

;e i s  of prime importance, s ince  only moving spermatozoa 

f e r t i l i z a t i o n  of ora,  

i s  used t o  d i l u t e  t h e  sexwn i n  order  t o  keep the spermatozoa 

rml, thereby p e r x i t t i n g  a d i f f e r e n t i a l  count of both the 

ipernatozoa , 

.on of well-mixed semen i s  made by t h e  add i t ion  o f  Locke's 
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f lu id .  The spernatc 

red f i e l d  of en haeI 

group, The spernatc 

The counting 

prcvsnt  evaporation 

many hours in t h i s  I 

e a r l y  i n t e r v a l  afte:  

A systematic 

t h e  per cent o f  mot, 

Volume o f  eji 

c s n t i i e t e r  equals t i  

mo t i l i t y" )  , 

Fer ti 1 i ty  be 

the  concentration o 

Con centra t i o 

f i x i n g  and s t a in ing  

X s o l u t i o n  of methy 

spermatozoa count i 

meter, A 1 6  mm, ob 

The count of 

mot i l e  and nonmotil 

as a check on t he  m 

SDeed o f  Sue 

f e r t i l i t y  fac tor ,  f 

squares on t h e  red 1 

d preparat ion is use  

19" 

3a a r e  counted in f i v e  groups of  1 6  small squares i n  the  

cytoneter,  r o u t l n e l y  t h e  fou r  corner groups and the center 

oa in both chambers a r e  counted and averagedo 

hamber i s  sealed wi th  vase l ine  a f t e r  loading, in order t o  

rom t h e  s a - p l e ,  

a led preparat ion,  

c o l l e c t i o n  and d i l u t i o n  o f  semen, 

o u t  of  a c t i v e  and i n a c t i v e  c e l l s  i s  made i n  o rde r  t o  ob ta in  

The spemntozoa r e t a i n  t h e i r  m o t i l i t y  f o r  

The counting, however, i s  done a t  an 

e c e l l s o  

u l a t e  m u l t i p l i e d  by number of n o t i l e  c e l l s  per  cubic 

a1 number of moving c e l l s  i n  tine e j acu la t e  ("absolute 

s a more d i r e c t  r e l a t i o n s h i p  t o  absolute  motility than t o  

moti le  spermatozoa pe r  n l ,  o f  semen., 

of Spernntozoab 

o lu t ion  which renders  all c e l l s  immotile and easi ly  visible. 

green i s  now ia use, but  other  dyes are being t e s t ed ,  

made l i k e  a blood count on t h e  r e d  f i e l d  of a n  haemocyto- 

c t i v e  i s  used f o r  countingo 

;he f ixed  cel ls  should no t  vary g r e a t l y  from t h a t  of t h e  

c e l l s  i n  the  LockeQs f l u i d  preparation, and thereby serves 

; i l e  spermatozoa count, 

Latozoaa I n  order  t o  ob ta in  some measurement o f  t h i s  

'e of the  f a s t e s t  s2ernatozoa i n  each of t he  f i v e  blocks of 

e l d  of t h e  haemocytmeter a r e  timed, The Lockets fluid 

'or *is determination, and the  measurenents a r e  made a t  

A d i l u t i o n  of t h e  senen i s  made with a 

The 
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200 

s o t  i 1 e s pe rmt o z o a 

30th t he  Q p e  

u::cLAss171m 

c e r t a i n  t h e s  a f t e r  c l l e c t i o n  or’ the sample, the condition of temperature being : 
bf  m o t i l i t y  and the speed w i l l  have a d e f i n i t e  bear ing on 

lcept constanto The 

determined by means 

averaged, Only f a s t  ogressive speraatozoa are timed, 

e f o r  each of the-sperxatozoa to cross  a l a rge  square is 

Q stopwatch, and t h e  speeds of t h e  25 spermatozoa are 

It i s  t o  be r i zed  t h a t  i f  t he  speed of  spermatozoa i s  d r a s t i c a l l y  

be i n f e r t i l e  desp i t e  t he  presence of l a r g e  numbers of reduced, an animal 

Character o f  

f e r t i l i z a t i o n ,  bu t  

Norm1 sperna4;iozoa 

forward progression, 

The character:!stic 

L;/3tilitxo Spermatozoa must n o t  only move t o  complete 

t1,iey n u s t  move w i t h  definite f o m a r d  progression, 

a r e  usua l ly  t h e  only ones which travel w i t h  d e f i n i t e  

b u t  in a l l  d i r e c t i o n s  from t h e  p o i n t  o f  depos i to  

tyves of m o t i l i t y  which have been found are: 

t h e  p robcb i l i t y  t h a t  bny one spermatozoon w i l l  ever f ind  i t s  way t o  an O V U ~ ,  

The speed o f  kipid, progressive dog spermatozoa s e e m  t o  be about t h e  

by Fa r r i s  f o r  t he  human, i o e o o  about ,5 t o  ,9 second f o r  same QS t h a t  reporte  

.05 me distance,  I 

( rap id ,  moderate, and s luggish)  

oval heads u s u a l l y  show a progressive type of motility, 

representing var ious types of a b n o m a l i t i e s ,  do not 

ru le ,  b u t  are sluggish,  o s c i l l a t i n g ,  o r  moving i n  c i r c l e s o  

t move progressively,  it cannot reach and f e r t i l i z e  BP 

e adequate and t h e  d i r e c t i o n  d e f i n i t e .  

a t eo  o r  move in c i r c l e s  do n o t  con t r ibu te  t o  fertilityo 

Spermatozoa which 
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:.:or phol  o ;! 

Li; :he i npor t an t  ci; 

All o f  t h e  m 

sppeara-me, ana it 3 

';LI v i t h  i r r a d i a t i c  

abno-nnl s perrzntozot 

i r r z i i z t i o n  is r a t s ,  

d~ phase n ic i  

d e t a i l s  o f  bo th  a c t .  

The r o r x l  c 

i n  p r o f i l e  i s  r a t h e  

about 4 micra m wi 

i s  i n  t h e  poster ior  

t h e  a n t e r i o r  ?ar t  o 

... 

The neck i s  

head ana the a i d d l e  

The n idd le  I: 

i n  d i a m t e r ,  c o i l e t  

beir?; about 8 m c r 8  

The t a i l  ta: 

The average 'Aicknc 

about 45 n i c r a ,  TI 

v i t h  an external  21 

length,  I t  has an 

a n d  i t s  t e r n i n a l  f: 

micron th ick ,  

.- 1 
L A  0 

_ _ _ -  
I, . . C L L  23 i PI23 

L s  n o t  ;ass iSlc  tc clarzl.';. sexe3 s?eci:ncns *isTtho.Jt h o l -  

hacteri s t i c s  of  t h e  nard s?ermtozoon under mves t iga t ion ,  

? dogs  produce same spemxatozoa t k a t  a r e  abnomal in 

expected. t h a t  t h e  concentrations of abnormal r'orms may 

, In  the  p a s t  I n  t h i s  laboratory increased nu.nbers of 

n t h  abnorml  c o t i l i t y ?  have been m t e d  folloirini: acute 

sco?y r-,d 2 i s o  b;r !neans o f  rnorpholoqical stair .s ,  t h e  

e and inactive cells nave been sWdied, 

s2er;natozoon has ar. oval. somewhat f l a t t e n e d  head, which 

pyriform i n  shapec 

h, m d  about 18 nicra a t  t he  t 'hickest p a r t ,  

a l f  o f  the  nead, 

The head i s  about 6 micra i n  length,  

The nucleus 

A cap covers a l i t t l e  more than half of 

t h e  head, 

s l i g h t  cons t r l c t ion ,  abcut $ nicron  in l eng t5?  between t h e  

lie ce ., 
!ce is nade up o f  o. s p i r a l  f i l a - en t  of  O a 2  micron o r  less 

tbout an axial f i b e r  or thread t o  form a cylinder,. the  whole 

.one and i e s s  than a micron i n  clianeter, 

* s  s l ig l i t l y  from the  middle-piece t o  i t s  terminal thread. 

; o f  the  t a i l  appears t o  be about 1/3 micron and i t s  length 

t a i l  has t h e  nppearrmce of a long, smooth,, f l e x i b l e  s t r u c t u r e  a 

a th ,  and shomng s l i j h t  densi ty  v a r i a t i o n s  throughout i t s  

x u p t  t e rn ina t ion  

ment ,  ;rith a length o f  several  microns, i s  about 0 , l  

where i t s  diameter i s  about 0.2 micronp 
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The abzornol 

ana seem t c  be prese 

s pernat oz oa , 

The abnor:nai 

1. Giant hea 

2, h a l l  hea 

3,  2ound heE 

4, Double t E  

5, Double he 

6, Separatic 

7,  Beads at1 

8, Cytoplasn 

Thr e e h m d r  e ( 

classiZied,,  and prc 

Viabi l i ty ,  i 

viable  sFermatozoa 1 

Sgernntozoa which ai 

Spermatozoa which a 

the s t a i n o  

D i f f e r e n t i a l  

Now t h a t  n a q  

been ne t ,  this labo: 

which a r e  considerec 

unquestionable s tatr 

i r r a d i a t i o n  will be 

age a t  which any do 

I I 3  E “Vi5 

i l s  a re  c i a s s i f i e d  3rinsu‘ily by t : le i r  va r i a t ions  i n  shape, 

i n  g rea t e r  numbers i n  samples with lo:.r concentrations of  

rns notes  a re :  

S 

IS 

of head and t a i l  ( t a i l l e s s  and headless) 

:hed a t  abnormal angles 

: appendages 

ndividual c e l l s  are exmined under oil immersion, are 

itages of a b n o m 1  f o r n s  ca lcu la ted ,  

tigrosin-eosin s t a i n  fo r  d i f f  emntintirig v i a b l e  and non- 

i been perfected t o  a po in t  where it may now be used, 

dead before app l i ca t ion  or t h e  s t a in ,  take t h e  s t a i n ,  

a l i v e  a t  the  tune of app l i ca t ion  of t h e  s t a i n  do not  take  

. a b i l i t y  counts have been begun on our samples, 

if the t echn ica l  problems of  accurate  senen ana lys i s  have 

Lory has begun t o  accumulate quan t i t a t ive  cont ro l  data 

to be dependable, Xhon t h e  o l d e s t  animals reach an 

if sexual naturit;r, probably we l l  wi th in  a few months, 

tar ted,  

3egins exposure should be an age a t  which a l l  dogs in the 

I r r a d i a t i o n  cannot be begun h a s t i l y  because the  

uI:cLls s IPI3D 

UR 01560 



23 ., 

Problem Code: X,R,2 

Sect ion Code: 3140 

Author: 3, ';io Gabri 

A ?3cper Chromatographic 

Background, 

propert ies  of t h e  

des i r ab le  t o  ob ta in  

o f  f e r r i t i n ,  and i t s  

the  anino acid 

the  l a b o r a t o r i e s  of 

Shorr ( 3 )  reported 

and a p o f e r r i t i n ,  wh:ch 

UIJCLAS S I FI ED 

~ (1Jechanisn o f  Effects) 

~ 

b 
Study o f  F e r r i t i n  and Aporerr i t in  Eydrolysates 

Durin; t he  course of experimentation on some chemical 

iron-protein,  f e r r i t i n ,  and t h e  r o l e  of f e r r i t i n  it seemed 

more d e t a i l e d  information about the  amino ac id  composition 

p ro te in  moiety a p o f e r r i t i n ,  Conflicting da ta  concerning 

coxynen t s  o f  f e r r i t i n  and a p o f e r r i t i n  have been reported frcm 

Kuhn e t  a1 (1) and l r i a  ( 2 ) o  Recently, however, b z u r  and 

-;he p a r t i a l  amino ac id  composition of horse spleen fe r r i t in  

showed i d e n t i c a l  amino acid values on t h e  bas i s  of 
l 

e:qerinent vcill cer ly have reached sexual ;;mtwiW by a l l  c r i b r i a  used, 

s a r y  t o  emphasize t h a t  data  obtained u n t i l  r ecen t ly  on 

ch were without, during most t h e  t i m e ,  adequate stimula- 

on o i  semen a r e  considered too  undependable and e r r a t i c  

f o r  t h i s  reT)orto 

ruc tu re  o f  a l i f e - long  experinent on the e f f e c t s  of 

togenesis i n  dogs has been presented along w i t h  a 

ion o f  t h e  general  methods of semen ana lys i s  employed, 

a have been reported b u t  t h e  i n c m p l e t e  and e r r a t i c  d a t a  

e dogs t o  da te  a re  n o t  dependable enough f o r  report ing 

quen t a t ive  1 y , 
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Xethoas, Th 

s tud ie s  was e s s e n t i  

Dent (5),,  The s o l v  

o f  2,4,6-collidine 

paper was useda Th 

n i n b j a r i n  i n  n-buta 

;;.as e.llovred to deve 

r e l a t i r e  pos i t i ons  

The chroaato 

hydro 1 y s a t  e e qu ivn l  

"t l i r e  hydrolysis vms 

f o l l o w i n g  ac;ino a a i  

phenylalanke,  t h e  

ser ine ,  arginine,  1 

m s  observed in t r a  

?rotein,  Z i s t id ine  

t o  t h e  n i n j y i r i n  re 

(3), The r e l a t i v e  

Ikzur  and Shorr ( 3 )  

authors, a s p a r t i c  E 

graphical ly  ,, 

Taper chromc 

conposition as tha l  

of t h e  i ron ,  l i be re  

a d e f i n i t e  yellow : 

movement. I t  was  f 

24, 

tvro cihensionai chrornaTographic method 

l y  %!.at of Consden, Gordonp ana !.krtin ( 4 )  as modified by 

t s  enpioyed were phenol, s a tu ra t ed  wi th  water, and a mixture 

d 2,4-lutidine, saturated wi th  water. 

m i n o  acids  viere detected by spraying t h e  papers with 0.1% 

11 t o  vhich an excess of water  had been added, "he co lo r  

~p f o r  24 hours, and t h e  a-nino acids  were i d e n t i f i e d  by t h e i r  

d by conparison with a reference map prepared by Dent ( 6 ) o  

'am thus obtained w i t h  50 pl. of horse spleen a p o f e r r i t i n  

:t t o  0,s mg. o f  p r o t e i n  i s  shcmm in Figure 1 (?age 25). 

. r r i e d  ou t  wi th  61J I i C l  a t  1000 C f o r  18 hourso The 

b were present  as ninhydrin-reactive substances: tyrosine,  

lucines, valine,  glutamic acid,  a s p a r t i c  acid,  glycine, 

' h e ,  cystine, (as  c y s t e i c  a c i d )  and n e t h i o n h e ,  Threonine 

! a3ounts  on chromatogram enploying l a r g e r  q u a n t i t i e s  of 

ms n o t  observed in  Figure 1 because of i t s  low s e n s i t i v i t y  

:ent, although i t s  presence i s  reported by LIazur and Shorr 

i a n t i t a t i v e  est imat ions are  i n  agreement wi th  those of 

txcept t h a t  i n  add i t ion  t o  those l i s t e d  by the  l a t t e r  

id, glycine, se r ine ,  and threonine were detected chroanato- 

used i n  these 

'Jhatman #1 filter 

Igraphy of horse sp l een  f e r r i t i n  showed t h e  sane amino a c i d  

) f  apofe r r i t i n ,  but  i n  a d d i t i o n  it was  observed t h a t  some 

:d by hydrolysis,  had migrated in t h e  phenol d i r e c t i o n  a8 

)to 

md t h a t  the migration o f  i ron  on t h e  chromatogram of t h e  

A chromatogram of f e r r i c  i r o n  alone d i d ' n o t  show t h i s  
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r ' e r r i t i n  :?:;irolysctt 

*;iaS seen i n  a pzper 

hydrolysate) t o  whii 

contained i n  f e r r i t :  

moved t o  t h e i r  re la .  

i r o n  remained or: th 

-;rith one o r  more ol 

disrupted by the  co 

h e  aimensio: 

acids  ~ 7 i t k  added i r  

of moving i ron  from 

could be c l a s s i f i e d  

i s  t abu la t ed  below 

designate t h e  m o m  

A? 

H i  
A1 
Ar 
I S  
Le 

Pk 

Ve 
Tk 
SE 
AS 
GI 
GI 
cc 

LY 

TS 

26 o 
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78s n o t  c h a r a c t e r i s t i c  o f  f e r r i t i n ,  f o r  i d e n t i c a l  novenent 

iromtogram run on .&?ligen (commercial pancreat ic  casein 

f e r r i c  i r o n  hrd been added i n  amounts approximating t h a t  

Eowever, i n  all of these chromatograms the  amino ac ids  

ve pos i t i ons  vnth the  co l l i d ine - lu t id ine  solvent  while t h e  

phenol absc i s sao  Thus the  i r o n  appears t o  be conjugated 

!le m i n o  acids  in t h e  phenol run, bu t  t h e  a s soc ia t ion  is 

id ine  -1ut i d in  e s ol vent  

i chronatograms (phenol so lvent )  o f  s eve ra i  s ing le  &no 

showed t h a t  a l l  o f  t he  amino ac ids  t e s t e d  were capable 

he s t a r t i n g  point  i n  varying degreeso 

ccording t o  the amount of i r o n  it carr ied.  

. Table 1, 

Each amino ac id  

This information 

The system of grading of- t o  + i s  used t o  

of i r o n  c a r r i e d  by t h e  amino acid,  

T A B U  1 

to Acid 

Amount o f  I ron  
Carried by the  

- Anino hc id  

;id ine 
tine 
.nine 
.eucine 
:ine 
a e  
iy1 a 1 anine 
s i n e  
me 
?onine 
ine 
w t i c  a c i d  
; m i c  acid 
: i n e  
h-o l  - i ron 

++& 
fb 
c6. 
++ 
++ 
fb 
U * 
fb 
+ 
+ 
+ 
4- 
+ 

No Xigrat ion 
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rn' i!;us, the i r o n  s p o t ,  

ldvances i n  Pro te in  Chemistry, Academic Press, 4, 410 

and amigentiron, i s  I 

t h e  leucines ,  arginir  

a ccnsiderable amoun- 

I t  i s  a l s o  ap] 

greater  quant i ty  of 1 

strong a f f i n i t y  of h: 

t h a t  a c o r r e l a t i o n  m: 

a d  t h e i r  iron-bindii 

i?esultso The 

of t':ro dimensional c: 

carry i ron  was inves. 

1. 

2 0  

30 

40 

5. 

60 

70 

K u h n ,  R,, Sorer: 
(1940) 

Trai, 2,, A t t i  
(1940) 
m z u r ,  A. and E 7 r  

Consden, R o o  Gc 
(1944) 

Dent, C, E., 

Dent, C, E08 

r@an, J, Jroo 
(1948) 

oted on the  paper chronntograms of hydrolysed f e r r i t i n  

obably due t o  t he  f a c t  t h a t  such amino ac ids  as h i s t id ine ,  

lysine,  phenylalanine, and va l ine  a r e  associated w i t h  

o f  i ron  and move t o  about t h e  same p o s i t i o n  i n  phenol, 

r e n t  from Table 1 (Page 26)  t h a t  h i s t i d i n e  conjugates e 

r r i c  i r o n  than the  o t h e r  amino ac idso  hr thermore,  t he  

t i d i n e  f o r  i ron  has been reported 

h t  be found between t h e  h i s t i d i n e  content of  protein8 

I t  is  possible 
L 

capacity,  

u o  acid composition of  f e r r i t i n  was studied by means 

mnatographic analysis. The a b i l i t y  of amino ac ids  t o  

gated on a one dimensional chromatographo 

B i  bl i o  g r  a phy 

i ,  I?, Ao,  and Birkofer, L O ,  Ber, chem, GeSo, 73B, 823 

:ad, It,, Rend, c lasse  s c i o  f'isl,  =to nat , ,  1, 579 

'r, Eo, Fed, ProcoD 8, 228 (1949) 

)n, A, H., and Martin, A. J. Po, Biochem, J o b  38, 224 

iem, J,, 41, 240 (1947) 

iemo Jo, 43, 169 (1948) 
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t h a t  ce r t a in  a n t i b i o t i c  substances (1,2) 

and a recent  reference ( 3 )  r q m - t a  

s tud ie s  on the e f f e c t  of a n t i b i o t i c s  

in our laboratory it became of 

ve any e f f e c t  on blood coagulation 

eriments were done0 

times done by the Lee TJhite mthod 

ve in  were performed during 8 one 

dogs, A l l  coagulation times are 

d u e s  had been obtained the dog8 

s i x  hoursp day and n ight ,  f o r  the 

as  approximately 100 mg,/kg./24 

ch is  two t o  four  times the 

on times were then done on these 

a f t e r  a dose of aureoxuycin. The 

Dog No, 

4 

TABLE 1 i l 
I1 

Days After S t a r t ing  Auremycin Administration 

1 

7 
7 

7 
10 

- 

- 

L 

2 

3 

8 

7 
8 

- 
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Seruq l eve l s  3f 

UIJCLASSIFIZI 

aureomycm were ?one on these  dogs on t h ree  occasions and found 

t o  be betrreen 2 and 

range of l eve ls  

coagulation t i n e  of 

i s  shown i n  Table 2 

i n t e r e s t  t o  h o w  i f  intravenous aureamycin had any e f f e c t  

Yith t h i s  rou te  o f  adminis t ra t ion h igher  and more prolonged 

ycin can be obtamed, 

s experiment, A s e r i e s  of t h ree  control  coagulation 

h dog during a period o f  t h i r t y  minutes previous t o  

f aureomycin EC1 ( L o t  IJo, 7-5554) wi th  100 mg, sodium 

2 0  cc  of s t e r i l e  normal saline, This so lu t ion  was 

Seven normal hea l thy  a d u l t  mongrel 

a1 jugular  vein over a period of sixty. seconds, Coagula- 

on the  dogs a t  i n t e r v a l s  a f t e r  injection,,  and the  r e s u l t s  

etermine if aureornycin had any e f f e c t  on 

sured qunn t i t i e s  of aureomycin buffered wi th  

dissolved in 0,5 c ;  of s a l i n e  were placed i n  the  smell sodium glycinate  

time, 

ime fo r  coagulation t o  occur ma measured, 

Jhole blood drawn from a normal dog w88 

rnICLAS s I Fz. ED 

B6 nicrograms/cc (averaging 5 ncg,/cc) which covers the 

The e f f e c t  on the reported i n  humans rece iv ing  aureomycin. 

n s ingle ,  very l a r g e  o r a l  dose of  aureomycin (200 mg/kg) 

b e l m ,  

UR 01567 

Dog No, Control. 

1546 10 

1505 10 
t 

TABLE 2 

2 Hours 3 Hours 
Conlzol Control After  Aureomycin After  Aureomycin 

9 8 9 8 

7 6 9 10 



SO, 

I1 

T i m e  After Aureomycin Adninis t ra t ion 
~ -~ 

30 mine 1 hour 2 hours 4 hours 5 hours Controls 3 hours Dog No, 

1443 

1445 

1286 

1498 

1564 

1490 

1530 

- 
7 

9 

5 

3 

5 

3 

3 
- 

60 

10 

285+ 

52 

3 

3 

24ot 

60 

9 

2400. 

19 

'I 

8 

1954. 

30 

30 

9 

8 

16  

10 

2 1  

8 

8 

7 

12 

6 

6op 

8 

18& 

7 

8 

8 

70 

6 8  

10  1 0  

8 3  

4 4  

11 10 

10  8 

8 9  

The r e s u l t s  a r e  in Table 4 belowo 

TABU 4 

Trial  No, 2 Trial No, 1 
I1 

6 

17  

10 

10 

13 

11 15 

15 

Discussion, ccording t o  the  experiments reported here o r a l  aurecanycin i n  

therapeut ic  doses 8 s  no e f f e c t  on the whole blood coagulation time, 

e intravenous admia is t ra t ion  of aureomycin i n  t h i s  dosage 

produced (L marked rolongation o f  the coagulation time i n  fou r  of the 

AS shown 

i n  Table 3 above 

seven 

dogs, Host of the '(dogs which shomd a prolonged coagulation t i m e ,  also 
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i.ke s t a t e  f o r  five t o  f i f t e e n  minutes h e d i a t e l y  a f t e r  

character ized by le thargy,  s taggering g a i t ,  and vomiting, 

i.s represented a "peptone shock" phenomenon and t h a t  a 

.,ce was r e l eased  i n t o  the  blood by t h e  same r eac t ion  ( 4 ) e  

pd whether t h i s  was due t o  the  aureomycin HC1, o r  the sodium 

buffer ing agent, In a n  a t tempt  t o  determine t h i s  by 

la1 q u a n t i t y  (200 mg,) of  aureomycin HC1 nrithout buffer 

?refound hemolysis ensued t h a t  gross hemoglobinuria 

6 succumbed wi th in  48 hours a f te r  i n j e c t i o n ,  The 

ich a concentrated so lu t ion  o f  aureomycin HC1-sodium 

t i v e l y  s h o r t  per iod of time may a l s o  have provoked t h e  

e mixing o f  aureomycin with blood a f t e r  it was drawn had no 

the coagulation time, 

exhibi ted a shock-' 

i n j e c t i o n  vfiich wa 

It was f e l t  t h a t  t 

heparin-like subs t  

I t  was no t  d e t e m i .  

glycinate  used as 

administering a n  el 

intravenously such 

occurred and the d 

administration of 

Glycirlate i n  a re1 

shock reac t iono  T 

apparent e f f e c t  on 

Conclusions , 

1, Aureomyci 

blood l eve l s ,  has 

2, Intrnveno 

D. markedly prolong 

'I peptone- shock" ph 

3, In v i t r o ,  

1, Llacht, Do I,, 

2, tloldausky, L, 
38 (1945) 

3, k c h t ,  D, Io, 

4, Jaques, L. B O D  

\ \ 3 \ 1 5 h  

administered o r a l l y  in amounts which produce therapeut ic  

D e f f e c t  on t h e  whole blood coagulation time i n  dogs, 

s aureomycin HC1 buffered wi th  sodium g l y c h a t e  may produce 

3 coagulation t ine,  

nonenon, 

aureomycin has no e f f e c t  on the  blood coagulation t i m e ,  

This e f f e c t  my be r e l a t e d  t o  a 
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Authors: F, 17, F l r r t k  

weighed s o  t h a t  a m 

received the  drugs I 

been admixed, The 

Effec t  of Aureomycir 

K-radiated Rat 

and Me Coulter 

and Terramycin on €he Mor ta l i ty  and Diarrhea of t h e  

offered 60 m g o  (app 

f 3 p - i s 5  

liminary experiments done i n  t h i s  s ec t ion  during t h e  past 

e r t a i n  of the  a n t i b i o t i c  and  chemotherapeutic agents are  

L t he  incidence of diar rhea  and possibly a f f e c t  t h e  mor t a l i t y  

tceived l a r g e  doses of whole body x-radiat ion,  These 

dved the  use o f  a v a r i e t y  of therapeut ic  agents  including 

pcin, chloramphenical, and severa l  sulfonamide compounds 

tund t o  inf luence t h e  morbidity and m o r t a l i t y  o f  t h e  

rorably a s  aureomycin and terraurycin, Although e a r l i e r  

;e two  drugs involving smaller  groups of rats have been 

becent experiment which shows r e s u l t s  t y p i c a l  o f  a l l  t h e  

wported here,  

. of 180 adu l t  femalemistar r a t s  weighing 160 .I 180 gms. 

)eriment, 

.n an ind iv idua l  cageo The r a t s  were weighed, and examined 

-hea, d a i l y  f o r  7 days p r io r  t o  radiat ion.  These same 

ttinued f o r  28 days post-radiat ion,  

1 day, and t h e  amount l e f t  f rom t h e  previous day was 

isure o f  t h e  appe t i t e  could be made. Those rats which 

we of fered  15 gms of feed dcLily wi th  which t h e  drug had 

*oups which received the  drug in the  feed only were 

,ximately 350 mgo/kge) of aureamycin o r  terramycin during 

They were divided i n t o  4 groups of 45 each. 

Each ra t  was offered  
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t he  f i r s t  5 aays PO 

xtil the  25th day 

100 & o k s o )  o f  t h e  

:7as added t o  t h e  dr  

md t h e  anount of  JV 

a l s a  offered 22.5 m 

post-radiat ion p e r i  

Yh'e r a t s  were 

r a t e  o f  18 r/ninute 

a Farabolic aiuminu 

25 inches, The 

include r a t s  from E 

P.esults, The 

appeared on the t h i  

of ra t s  with dinrrk 

s h a m  i n  Graph 1 ( E  

anorexia ana weight 

in  con t ro l  and t ree  

Groups began t o  eat 

rats regained t h e i r  

control  ra tso The 

in  t h e  feed present 

t i o n  with snoother 

which received t h e  

as sho:un i n  Graph 2 

aureonycin in t h e  c 

53 0 

. -radiation when the  anorexih was n o s t  narked, Thereafter 

s t - r ad ia t ion  they were offered 22,5 mg. ( a p p r o x h a t e l y  

kug each day, 

king water o f  one group f o r  t h e  f i r s t  5 days post-radiation 

.er drunk during each 24 hours measuredo 

50 mg.5 of  aureomycin-sodium glycinate  

These ra t s  were 

of aureomycin in t h e  feed each day during the  e n t i r e  

! O  A l l  t h e  drugs were s t a r t e d  immediately a f t e r  radiat ion.  

.ven a t o t a l  o f  700 r of whole body x-radiation a t  t h e  

tdministered by a 250 KV Picker machine a t  15  moao with  

f i l t e r  and 0,s me of copper, 

were radiated i n  groups or" 1 5  which were arranged t o  

:h experinental  groupo 

.arrhea which is t y p i c a l  of r a d i a t i o n  s ickness  i n  t h e  r a t  

1 day post-radiation. In t he  control group the  percentage 

L was much higher than many o f  the  t r e a t e d  groups, as 

;e 34). Coincident wi th  t h e  diarrhea vms a profound 

.ass, 

!d groups unt i l  t h e  5 t n  day post-radiation when the t r ea t ed  

lore and regain weight more rapidly.  The surviving t r e a t e d  

r e - r a d i a t i o n  weight more r ap id ly  than t h e  surviving 

its i n  t h e  groups which received aureoraycin and terramycin 

1. a b e t t e r  appearance during t h e  f i r s t  ten days post-radia- 

)ats and g r e a t e r  a c t i v i t y ,  

ireanycin only i n  the  feed approximated t h a t  of the con t ro l s  

:Page 35). 

inking water the ra te  of m o r t a l i t y  and 28 day m o r t a l i t y  

- 

The t a r g e t  skin distance 

This anorexia and weight l o s s  was equa l ly  severe 

The m o r t a l i t y  i n  t h e  group 

I n  t h e  group which received supplementary 
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.. . c:=t:oi .;rci-~?,. - ::c ~ ~ ~ r ~ 4 r ; c . ~ ~ - ~ :  ee tec  croup s;?o:.red a 

s t?Ay t h e  ccntrols, 

decrease i n  d ia r rhea  associated x i t h  t h e  a k i n i s t r a t i o n  

ycin t o  t h e  x- rad la ted  r a t  riay have severa l  explanations, 

s a r e  pGtent an t ib lo t l ca ,  efl 'ective aga ins t  b o t h  gram- 

vi3 Grgmisns,  it i s  ccnceivzble +,?,at t h e  bulk o f  t he  

by decreaslnc i;he nuaoers GI' bacter ia  -i<ithm tne  

it i s  i i s o  p c s s l b i e  thct this decrease XI b a c t e r i a l  

I'lcro. r~;' aizinisn Lr-it.3rinC c-l'i'est T;!iLt t h e  bnctar ia  n3y have on t h e  

-*-e -I. -'i.::r~.-ifite: .- :icz.i :raCtr 2 t  1s a l s o  possiSie  t h a t  

a; i l o r a  cay diElaish tne  l r r l t a t l n r :  effeCZ t h a t  t h e  

' cac te r ie  ney have he injured e ? i t h e i i m  01' t h e  gas t ro  - i n t e s t l c a i  t r a c t o  

her o f  these drugs m y  e x e r t  a s p s c i f i c  i nh ib i to ry  

out;h paraqmpnthet ic  pa ra lys i s  seems renote  s ince  we 

s i c s  suck as penicillin mc! str.eptonycin a l so  

i q  x-radiat ion i n  tne r a t ,  The cause o f  t h e  

. . i .x$ rapicl rn5o.in 

:Le Eitera-Licn in 

aurcozyzin f-.d t o  

:;ei,ht i n  t he  t rea ted  r z t s  may i n  part  be explained by 

e s t i r x i  I lore . ,  

na!. r a t s  causes an sugnariteci weight Gain and growhp but 

Xiller and 

rari:ed.iy d i : x m  shed nor trilty i~ x-radiated mice 

15 kas keen r ecen t ly  reported (I.), t h a t  

h s  phenmonen has n o t  been advanced., 

rramycina 

n x-radia-cd. mice can be reduced by the  adriinistra- 

Je have '. 2n wable  t o  subs t an t l a t e  these  r e s u l t s  

is concerned using s t repmnycin ,  aureonycin o r  

e n t  ter-rarriycln zeemingiy d id  Cecrease the m o r t a l i t y o  

Thcy I ~ S C  report. ( 3 )  t h a t  the incidence 

UXLilSS I FID 
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it ~ 2 y  kc t h a t  if 

ing  x-roaiat ion i 

which i s  r e s i s t a n  

seps is  and death, 

i n  these experim 

which received t 

t o  ind ica te  that 

the rats receive 

which does n o t  e 

i x ju rea  ep i t i i e l i  

t o  be ajsorbed, 

observed i n  the 

t i o n  nechanisns l t e r ed ,  s o  t h a t  smaller doses may produce tox ic i ty ,  

d s t r e m  i n f e c t i o n  plays a r o l e  i n  t h e  m o r t a l i t y  follow- 

r o t ,  there  e x i s t s  an organism i n  our s t r a i n - o f  r a t s  

t h e  a n t i b i o t i c s  used and which may produce a generalized 

d ies  on the  b a c t e r i a l  flora o f  t h e  s t r a i n  o f  rats used 

r e  contemplated, The increased m o r t a l i t y  i n  the  group 

plementary aureomycin i n  t h e  drinking water would seem 

oxic dose of aureomycin was exceeded, 

ore  than 25 mg, o f  aureonycin per day (160 mgo/kg,) 

the  o r a l  t o x i c  dose reported (4) f o r  r a t s ,  

By measurement 

However, the 

be more permeable and ~ 1 1 0 ~  a tox ic  moun t  of aureomycin 

ay in p a r t  account f o r  t h e  absence of e f f e c t  on m o r t a l i t y  

addi t ion,  following x-radiation the  normal detoxifica- 

n i s t e r e d  aureomycin and t e r r m y c i n  narkedly diminishes 

hea i n  the  r a t  which has received a l a rge  dose of  whole 

body x-radiation, 

c in  and t e r r a q c i n  a c c e l e r a t e  t h e  regain of weight 

minish t h e  m o r t a l i t y  following l a rge  doses 
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Problem Code: X.R.4 

Sect ion Code: 3351 

Author: Uo Ingram 

The Incidence of Uni 

from t h e  130 inch C1 

Previous Quai 

t h e  incidence of l y r  

exposure t o  radiat ic  

u t i l i z i n g  dogs, Spc 

before and a f t e r  t h  

the  130 inch cyclot:  

r e s u l t s  i s  now esse1 

d e t a i l s  of t h e  r e l a .  

abnormal c e l l s ,  

The e n t i r e  e 

Blood examinations a 

approximately two m 

t o t a l  of 180 covers 

during each f i r s t  p 

were examined each 

For convenie 

c l a s s i f i e d  accordir .  

~ 

, 540 (1950) 

ale, Ann. 11, Yo Acad. Science, 51, 182 (1948) . 

:Hematology) 

la1 Lymphocytes i n  t h e  Blood of Dogs %posed t o  Radiation 

I otron,  

:rly Reports have ind ica t ed  that t h e  r e l a t i o n s h i p  between 

hocytes with bilobed nuc le i  i n  t h e  per iphera l  blood and 

from t h e  cyclotron was being s tudied  i n  en e x p e r b e n t  

i f i c a l l y ,  th ree  heal thy mongrel dogs have been s tudied  

e d i f f e r e n t  exposures t o  s m a l l  amounts of r ad ia t ion  from 

no Quan t i t a t ive  i n t e r p r e t a t i o n  o f  t he  experimental 

i a l l y  complete and it i s  poss ib le  t o  r epor t  addi t iona l  

onship between the  exposures and t h e  incidence of t h e  . 

eriment extended over a period o f  approximately one yearo 

r e  made approximately d a i l y  during a cont ro l  period of 

t h s  p r io r  t o  the  f i r s t  exposurea During this period a 

p blood smears m s  examinedo 

t-exposure week, and t h e r e a f t e r  approximately 30 smears 

eke 

e in  in t e rp re t ing  r e s u l t s  each blood smear has been 

t o  whether o r  not it contains  one o r  more of the  abnoxmal 

A l i k e  number was examined 
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lymphocytes, and t 

been chosen as 8n 

In all, approxima 

e n t i r e  experiment 

(Page 40). They 

wi th  bilobed nucl  

incidence was na 

t he  three expos Thereaf ter  the incidence decreased f a i r l y  s t ead i ly ,  The 

s l i g h t l y  higher 

probably ind ica  

e.xposure, This 

decrease i n  the  

requency of occurrence o f  "pos i t ive"  smears has a r b i t r a r i l y  

x of the incidence o f  lymphocytes wi th  bilobe'd nuclei .  

3,4 x lo6 white blood c e l l s  were examined during the  

e experimental  r e s u l t s  a re  presented b r i e f l y  i n  Table 1 

a t e  a narked increase i n  the  occurrence of lymphocytes 

l lowing exposure t o  r ad ia t ion  f'rom t h e  cyclotron,, The 

during an approximately two-week per iod following each of 

ncy of pos i t i ve  blood smears a f t e r  t he  f i r s t  exposure 

a grea te r  dose of r a d i a t i o n  was received i n  t h a t  

ion i s  supported by the f a c t  t h a t  a s l i g h t  b u t  d e f i n i t e  

lood c e l l  counts occurred concomitantly with t h e  increased 

jcytes with bilobed nuc le i  i n  t h i s  instance.  No reduct ion 

:yte count was noted a f t e r  the second and t h i r d  exposures,, 

incidence o f  lymp 

in the  t o t a l  leuk 

A t  this ti 

of the  various co 

increased inciden 

provide such infc  

: 

i 

it i s  n o t  poss ib le  t o  i nd ica t e  the  r e l a t i v e  e f fec t iveness  

;)orients of r a d i a t i o n  from the cyclotron i n  inducing the  

o f  the  unusual lymphocytes, however s t u d i e s  designed t o  

nation a r e  cu r ren t ly  being undertaken. 
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sroblem Code: U , 4  ( Fete) 

Section Code: 5210 

Lobar 2 a r t i t r c n  o f  Inhaled UgOp Psrt;cles 

A review of the toxicolcgrc l i t e r a t u r e  on t h e  deposi t ion ana r e t e n t i o n  of 

s a r t i c u l c t e  n a t t e r  r eveals considerable icf ornation on the  amount of  i (1 1 deposi- 

t i o n  in the  e n t i r e  r e sp i r a to ry  system’ ( 2 )  n a s a l  f i l t r a t i o n  and penetratlong 

(3) alveolar  depositicn as e. P a c t i o n  o f  p a r t i c l e  size,  shape, s o l u b i l i t y ,  

breath-.; rate and other  f a c t o r s  i n  the  h m  and l abora tory  a n i m a l o  

This i n fo rna t ion  has unquesticnable m e r i t  in defining the amount of 

contaminant of known c h a r a c t e r l s t l c s  t h a t  w i l i  be r e t a ined  on inha la t ion  and 

-.7here p a r t i c l e s  o f  a given size nay be e q e c t e d  t o  lodge i n  t h e  r e s p i r a t o r y  tree, 

>ut it i s  i n s u f f i c i e n t  to form a sound basis  f o r  evaluat ion of more loca l i zed  

t i s s u e  i n j u r y  3-02 the i nha la t ion  o f  chemically tox ic  o r  r ad ioac t ive  p a r t i c l e a  

a t  any ? a r t i c u l a r  s i t e  i n  the lung, Previous data assume a unifomdeposi t ion of 

p a r t i c u l a t e  matter throughout the lung, 

The p resen t  study w a s  undertaken t o  supply q u a n t i t a t i v e  information as 

t o  whether an even d i s t r i b u t i o n  cf d u s t  occurred uniformly in  a l l  lobes and i n  

gross sect ions of t h e  iungs under normal r,onditions of i nha la t ion  i n  animalse 

Procedureo Twen?y a l b m o  r s t s  c f  s i m i l a r  age and w e i g h t  (26L314 g) were 

exposed in  rnd i r idua l ,  cornparbentall ied c,ages continuously f o r  one, 6-hour 

period t o  U3O8 d u s t  of known p a r t i c l e  s i ze ,  The mass-median size determined by 

* Nith the t echn ica l  a s s i s t ance  cf R, En Root 
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Cascade Inpactor samples of the  exposure atmosphere was Z06p with  a standard 

devia t ion  of 2,6; the  atnospheric  concentrat ion averaged 84 mg u308/$ with a 

range o f  f r o m  8 0 4 %  a s  sampled by the f i l t e r  paper dus t  sampler with  a Whatman 

#1 paper and  q u a n t i t a t i v e l y  determined by ac id  ferrocyanide,  

In orcier t o  allow opportunity f o r  the p a r t i c l e s  t o  be cleared frum the 

l a rge r  air passages (l), t h e  r a t s  were n o t  k i l l e d  u n t i l  t he  f o l l o ~ n g  morning, 

The group of  20 r a t s  was divided a t  random in 2 graups of 10 each; from one 

group of 10  rats, the  lung was divided i n t o  i t s  5 n a t u r a l  lobesp namely, l e f t ,  

post-caval, superior, median and i n f e r i o r  l e f t  lobes ;  f’rom t h e  other 10 rats, 3 

equal, t ransverse sec t ions  were taken from each r a t  from the l e f t  lobe which we 

termed the  upper: middle and lower sec t ionso  

was determined t o  t h e  n e a r e s t  m i l l i g r a m  on an a n a l y t i c a l  balance3 the  body 

The weight o f  each f r e sh  sec t ion  

weights of the r a t s  were obtained a t  death i n  order  to permit comparison of  the  

lung t o  body weight, which va lue  gives an i nd ica t ion  of t h e  condi t ion of the 

lung, Analyses f o r  uranium were made i n  quadrupl icate  by t h e  fluorophotometric 

method of Neuman ( 2 )  and the  r e s u l t s  analyzed s t a t i s t i c a l l y  by Dr.  S. Lee C r u m p ,  

Results, The uranium analyses in pg U/g f r e s h  t i s s u e  o f  the  5 lobes  and 

t ransverse  sec t ions  with t h e  respec t ive  r a t  body weights a r e  given in Tablea 

1 and 2 (Page 43), It i s  apparent from these  t a b l e s  t h a t  p a r t i c u l a t e  uranium 

is deposited in the  upper r i g h t  lung lobe  i n  from 165-2 t imes the amount of 

t h a t  found in any o the r  lobe on a concentrat ion bas i s ,  

- 
No differences i n  

deposi t ion among any o the r  lobes were found, The d i f f e rence  in deposi t ion 

cannot  be due t o  d i f fe rences  in lobar  s i z e  as the  upper r i g h t  lobe is  as small 

as any other  sec t ion  i n  the  r a t  lung (Table 3, Page 441, 

When tables u t i l i z i n g  the data  of Tables 1 and 2 were prepared t o  

a s c e r t a i n  whether the  amount of  uranium in the segments were determined by 
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?ii;;ITITION OF I:IT&ZD U308 DUST 111 LUlJGS OF RATS 

Results i n  pg U/g Tissue,  P a r t i c l e  S i z e  2,6 p. U 2,6, 6-hour Exposure 

Iedian Lower 
l i g h t  Right 

2 
7 
9 

11 
13 
14  
16  

18  
1 9  

17 

Rat 
7 e  i g h t s  

1906 
23  08 
18.8 
l 6 , l  
23,O 
3107 

32,O 
20,9 

l a o a  

1 3204 

1 
3 
4 
5 
6 
8 

10  
12  
15  
20 
sum 
AV o 
p_. 

2 1  05 25 00 31 2 
314 
2 61  
279 
305 
275 

26,6 . 300 
295 
285 
267 

28,3 
30.0 32 06 3Z03 

22 00 1 6  08 22,9 
2703 22,8 22,6 

l i o 8  1g03 
32.8 1207 
26,? 3006 

4308 3403 
28004 24104 2 7 6 0 ~  

2004 406 1809 

44 09 3707 4807 

13 08 
2804 
3702 

28,w 24014 2 7 0 ~ ~  

295 
2?3 
296 
268 
281 
282 
2 81 
256 
273 
393 

TABLE 2 - 
PA!!TITIOIJ OF I I ? i i . L a  U308 DUST I N  TSNSVERSE SZCTION 

OF LZFI  LOBE OF LUIIG OF RATS 

Resul ts  i n  pg U/g Tissue, Particle Size 
Z06 pp 6 2,6, 6-hour E x p o s u r e  

I I 1 
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?os t Cavai 134 
- i ? 2  31*"xT 136 

172 
385 

Led i an ?d ;%t 
Lover .';ight 
L e f t  438 

* 3at weights averaged 280 g 

e i t h e r $  (1) t he  t i s s u e  mass of the  segments; o r  ( 2 )  S y  t h e  l u n g  weight and body 

xc igh t  as co-variants,  no cc r r e ln t ion  o f  e i t h e r  s o r t  was obtamed, !.loreaver, 

l u n g  weight t o  body weight showed a r a t i c  o f  a l l  specimens 'celom 006$ indicet- 

mg no pathologic proc.ess was present  that  might inf luence t h e  r e s u l t s ;  the 

n o m 1  l u n g  t o  body weight rati .0 averages 0,5$ f o r  ra ts  o f  our  colonyo 

The Importance c.f f l x d m g  d i f f e rences  in l oba r  deposi t ion i s  obvious 

? e m i t t i n g  a b e t t e r  e s t m a t e  of tissue i n j u r y  from inhaled p a r t i c u l a t e s  e s p e c i a l l y  

o f  radioact ive character ,  

Conclusions, 

1, A non-uniform deposi t ion o f  p a r t i c l e s  o f  mass-median size 2,6 p has 

been demonstrated i n  the l u n g  o f  the  r a t  a f t e r  a s ine l e ,  6-hour i n3a la t ion  of  

U308; 1,5 t o  2 times as nuch w a s  deposited i n  the  upper r i g h t  lobe as i n  any 

other lobe of the lung ,  

2, Deposition was unii'om i n  the  o the r  4 l obeso  

3,  No appreciable  d i f f e rences  k *deposition were found i n  gross, trans-. 

verse s e c t i c n s  of the l a rge  l e f t  lobe, 
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-bd ioac t ive  Dust cis a Tracer i n  the  Study of Lung TransDort ldechanisms. Io 

Ancdytical Xethods 

A sample o f  r ad ioac t ive  dust i s  available which it i s  bel ieved Will  

f a c i l i t a t e  the  s tudy o f  t h e  t r a n s p o r t  o f  p a r t i c u l a t e  material  within the lung, 

provided t h a t  an  assay method can be developedo The tmo requirements f o r  such 

an assay method a r e  f i r s t ,  t h a t  it be s u f f i c i e n t i y  rapid t o  penni t  measurement 

of  a l a r g e r  number o f  samples per day, and secondD that it involve no assunptions 

as t o  t he  chemical species  a s soc ia t ed  wi th  t h e  r a d i o a c t i v i t y ,  e spec ia l ly  w i t h  

respect  t o  t he  so lu t ion  and t r a n s f e r  of samples, 

although important, i s  secondary t o  t hese  o t h e r  requirementso 

requirement, it i s  d e s i r a b l e  t h a t  t h e  assay method be such as t o  permit 

decontamination of  t h e  apparatus and containers  used in t h e  processe 

believed t h a t  t h e  methods described below o f f e r  s a t i s f a c t o r y  so lu t ions  t o  these 

The prec i s ion  of  t h e  nethod, 

A6 a c o r o l l a r y  

It is 

problems 

Experimental, Preliminary tes ts  showed t h a t  t h e  following technique is 

adequate f o r  t h e  d e s t r u c t i o n  o f  organic mat ter  i n  a b io log ica l  sample of the 

s i z e  contemplated, and i n  a d d i t i o n  permits of t h e  r ap id  handling o f  large 
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nunbers o f  samples with minimal a t t e n t i o n ,  

The samplec weighing up t o  2 grams on the  wet bas i s?  i s  ranoved from the 

The t i s s u e  i s  covered animal and placed i n  a #O, low form, porcelain c ruc ib le ,  

\.zith concentrated n i t r i c  acid, o f  which the  voluxne may be wr i ed  t o  s u i t  the 

s i ze  of t h e  sample taken, and allowed t o  s tand overnight,  A t  t h i s  po in t  the 

crucible  contains a c l e a r  yellow l i q u i d  with only an occasional f a t  globule 

renainiry: o f  the o r i g i n a l  t i s s u e o  This l i q u i d  i s  evaporated a t  a 1uw temperature 

(70090°C) t o  Q pasty residue which i s  f i n a l l y  charred on a h o t  p l a t e  u n t i l  no 

more ni t rous  h e  i s  seen, The c ruc ib le  is then placed in a hrnrrce a t  7001 

7 5 0 O C  f o r  one hour, a t  which tine the  ash i s  normally completely co lor less  o r  

a t  l e a s t  f r e e  of unburned carbon, 

An adaptor was constructed by which crucibles  could be i n s e r t e d  i n t o  the  

shielded counting chamber in such a way that  t h e  upper rim o f  the  c ruc ib le  

occupied t h e  pos i t ion  normally occupied by the  foils used in  conventional court& 

ing techniqueso One m i l l i l i t e r  of radioact ive dus t  suspension was pipe t ted  into 

each o f  nine crucibles ,  epaporated t o  dryness and countedo 

then re-evaporated wi th  one m i l l i l i t e r  of d i s t i l l e d  water, evaporated with 5 

Each cruc ib le  waa 

n i l l i i i t e r s  o f  concentrated n i t r i c  acid and f i n a l l y  i g n i t e d  for one hour at ' 

700°C, counting each cruc ib le  betmeen each operation, f inally,  a s e r i e s  of nine 

f o i l s  were prepared from one m i l l i l i t e r  samples o f  the original suspension, 

dr ied  and counted in the  conventional manner,, The r e s u l t s  are shown in Table 1 

(Page 47)* 

The d i f fe rences  between f o i l s  and crucibles  are due mostly t o  the 

completely d i f f e r e n t  geometries involved in the  tmo methods of  counting and are 

no grea te r  than might be expected, The difference between the crucibles  before 

and a f t e r  t h e  chemical treatment represents  a s h i F t & o f  3602 - 3343 - 3,4 - 
6 2  x 297 x 9 
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4 f a  

TABLE 1 

USE OF P0,SCELBIN CRUCIBLES AS S L m E  CAR1IIZ.RS N = 9 SNPLES 

Mean counts per nin, 

cr, 1 s m p l e ,  cpm 

Coeff ic ient  of varia- 
t ion*  f o r  1 sample, $ 

Coefficient of vario- 
t ion* f o r  5 samples, $ 

Coeff ic ient  of var ia-  
t i on*  f o r  5 samples, $ 

Coeff ic len t  of varia-  
t ion* for 9 samples, % 

Foi l s  

9221 

61 8 

607 

309 

300 

3 02 

Orig ,  
Count 

3602 

192 

5 03 

5 a 1  

2 04 

l ,8 

h a p  o r  a t  e d 
with Water 

-~ ~ 

3568 

1?5 

409 

208 

202 

1 a 6  

CRUCIBLZS 

Evaporated 
with Acid 

3 n o  

168 

405 

206 

2 00 

1 0 5  

Ignited 1 hr, 
a t  7000 C 

* 100 x stLTdard deviation/mean 

STX3LD d e n a t i o n s  and i s  probably j u s t  s ign i f i can to  

A fu r the r  s e r i e s  of measurements was made in which twenty samples of 

dus t  of 003 m i l l i l i t e r s  each were p i p e t t e d  i n t o  crucibles,  and e n t i r e  r a t  lungs 

added t o  ten o f  the  samples, 

above and counted, 

A l l  twenty cruc ib les  were i g n i t e d  as described 

The r e s u l t s  are shown i n  Table 2 

The coe f f i c i en t  of v a r i a t i o n  of  these  samples i s  comparable to t h a t  of  

the preceedlng s e r i e s o  

j u s t  significant f o r  groups of ten sampleso 

fu r the r ,  addi t ional  samples were prepered until a t o t a l  of twenty act ivi ty-plus-  

tissue samples were a v a i l a b l e  covering a range of 0,OO t o  2,50 grams of tissueo 

The coe f f i c i en t  of c o r r e l a t i o n  between recovery and t i s s u e  weight was computed 

Again the re  is a di f fe rence  between the means which is 

In order  to analyze t h i s  s i t u a t i o n  
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T U L E  2 

XCOVZRY OF ACTIVITY IN TIE3 T23SXTCE OF 2AT LUUG 
TISSUX, 1i = 10 S A m Z S  U C H .  

Mean, counts per  min, 

Standard d e n a t i o n ,  cpm 

Coeff ic ien t  of va r i a t ion ,  % 

Difference between means i n  
standard devia t icn  units 

Crucibles Crucibles 
only Plus Lung 

866 796 

61 n 

700 8 09 

303 

and found t o  be: 

F +0015 (N = 20) 
This implies  t h a t 1 5 %  of t h e  var iance is due t o  t h e  e f f e c t  o f  t h e  added 

tissue, hence t h e  var iance no t  so accounted f o r  is: 

( 7 1 ) 2 ( l o O 0  - 0,15) 

89 ( n ) ' ( O 0 8 5 )  

= 4280 

If t h e  e f f e c t  of t h e  t i s s u e  were completely el iminated the  standard 

devia t ion  would be 

3 s  fGGGZ ISI G Z F  65 

Therefore we may conclude t h a t  t he  e f f e c t  of added t i s s u e  on t h e  scatter 

is negl ig ib le ,  

Final ly ,  a ser ies  of  measurements were made on t h e  lungs, livers and 

kidneys of  cont ro l  rats t o  determine ?ne normal r a d i o a c t i v i t y  content  ad 

measured by this technique, The r e s u l t s  are s h m  i n  Table 3 (Page 4 9 ) 0  
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TABLE 3 

Noo of Net Counts 
,Organ Samples Per f i n u t e  

RADIOACTIVITY IN LUNGS, LIVERS AND KIDNEYS OF 
CONTROL B T S  

$ of 
Background 

Lung 10 

Liver  10 

Kidney 1 2  

L o 2  6 

2 01 10 

108 9 
4 

After  t he  c ruc ib les  have been counted, they a r e  t r e a t e d  according t o  the 

following schedule, Each contaminated c ruc ib l e  is r in sed  wi th  water and 

dropped i n t o  a b a t h  of bo i l i ng  1% sodium carbonate solution f o r  one hour, 

At the  end of th is  time the  c ruc ib l e  is r in sed  and placed in a bath of warm 

6 N HC1, where it remains overnight,  The following day it is boi led  i n  the 

same bath for 2-3 hourss changing t h e  ba th  i f  it becomes badly s ta ined ,  

Finally,  the  c ruc ib l e s  a r e  r in sed  w i t h  hot  water, polished and dr ied ,  

This procedure will reduce t h e  a c t i v i t y  in most cruc ib les  t o  less than 

50 counts per  minute, o f  which about 25 counts per minute arise from contamhub 

t i o n  o r i g i n a l l y  present  i n  t h e  porcelain,  It i s  a curious f a c t  t h a t  n e i t h e r  

solvent  bath alone, nor both toge ther  i n  the reverse ordero  w i l l  accomplish a.n 

adequate decontamination, 
.. 

When used as descr ibed the process leads t o  the 

following r e s u l t s a  

Net mean count, o r i g l n a l  c ruc ib les  24 

Net mean count before  deccntamination 3343 cpm 

Net mean count a f t e r  decontamination 51 cpm 

Background 23 cpm 
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Conclusionsa A method is available by which the radioactivity from 

diverse sources present in a soft tissue may be measured with a precision of 

6-8p0 

probably as high or higher than could be obtained by other methods, because 

the method described here is largely independent of  t he  chemical properties of 

the radioactive species which may be presento 

Recovery is slightly lowo being about 90.92% on t h e  a v ~ r a g e ~  but is 

A procedure is described by which the crucibles used may be decontaminated, 
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PROGRAM F, 

FLUORIDE 

Problan Coder F,4 (Fa te)  

Sect ion Code: 3210 

Authors: F. A, Snith,  Do Eo Gardner, J, DeVoldre, 2, 3, i2oot, and Do ;7bg 

Blood r'luoride Levels Following Exp osure t o  Hydrogen Fluoride, 

Previous s t u d i e s  on dogs exposed t o  hydrogen f l u o r i d e  (UR-70) have 

indicated a considerable v a r i a t i o n  among maximal blood f luo r ide  concentrations 

a t t a i n e d  under comparable conditions of exposure; 11 t o  53-fold increases  

above normal were noted, with maxim1 f l u o r i d e  concentrations o f  140-630- 

F/lOO d occurring on the 4-7 exposure days, Because o f  th i s  somewhat wide 

w r i a t i o n ,  it was considered des i r ab le  t o  c a r r y  o u t  a t h i r d  exposure study in 

order t o  accumulate add i t iona l  d a t a  r e l a t i v e  t o  t h e  v a r i a t i o n s  t o  be expected 

among d i f f e r e n t  dogs. Accordingly, two dogs were exposed f o r  f i v e  consecutive 

days t o  an  atmosphere containing approxha te ly  1 9  mg HF/m3, 

feed system similar t o  t h a t  described by Stokinger, e t  a l , ,  (UR-68) was usedo 

Blood f luo r ide  de t e rn ina t ions  were made a t  r egu la r  intervals throughout t h e  

exposure period, and f o r  59 days t h e r e a f t e r ,  

Table 1 (Page 52 ) o  

An aspirator-type 

The da ta  resulting are shown i n  

It is again evident  t h a t  maximal blood concentretions are reached only 

I t  is apparent a l s o  t h a t  a f t e r  exposure ha6 continued f o r  a t  l e a s t  two days, 

t hese  peak l e v e l s  are o,t' the  sane order of magnitude as w e r e  encountered in 

previous exposures, being 18-27 times g rea t e r  than t h e  man pre-exposure con- 

cen t r a t ions ,  Similar ly ,  t h e  post-exposure da t a  are comparable t o  those obtained 

ten-day exposure study; a minimum 60-day post-exposure interval 

UNCLASSIFIED 
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5 2 0  

UNCLASSIFIED 

i s  necessary Sef'ore t h e  blood-fluoride concentrations are res tored  t o  pre- 

exposure l e v e l s b  I t  i s  i n t e r e s t i n g  t o  note t h a t  an in t e rva l  of t h i s -  magnitude 

1s requlred i n  s p i t e  o f  the  f a c t  t h a t  t he  exposure period was only half  as great 

as i n  t h e  lC-day study, 

TABLE i 

FLUOXDZ COXTENl' OF BLOOD OF DOGS EIYPOS~ TO 
HYDROGEIJ FLUOXCDE 19 mg HF/m3 

__yDI 

Re-Sxposure Period 
-6 
-4 

Exposure Period 
& 1 

2 
3 
4 
5 

Po s t--q o s ure ?e r iod 
1 
2 
3 
4 
5 
? 

10 
12 
1 4  
18 
25 
32 
40 
47 
59 

- 

Microgram F per 100 mi Blood 

9 00 
19 04 

46,2 

267 

175 

6106 
83 08 
6502 
53 04 
49 06 
23,o 
2708 
27,8 
26.0 
34,6 
23,4 
2200 
1306 
1.0,2 
2008 

2 1  02 
902 

391 

357 
X 0 8  ( n o t  exposed] 

4806 
3904 
38,2 
2900 
45 02 
34,O 
32 08 
2900 
25,8 
3304 
26 06 
16.6 

304 
1908 
1804 

I 

UNCLASSIFIED 
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Troblem Code: F,4 (Fa te)  

Sect ion Code; 3210 

Authors: F, A, S n i t h  and Do E, Gardner 

3 u o r i d e  Levels i n  Blood and Urine of I n d u s t r i a l  Personnel,, 

Contmuiog inveszigat ions i n t o  the  toxicolcgy of  f l u o r i d e s  have now been 

extended t o  include a study of t he  concentratlons of f l u o r i d e  in t he  blood and 

ur ine of  personnel engaged i n  t h e  i n d u s t r i a l  production o f  f l u o r i d e  compoundso 

X r o u ~ h  t h e  courtesy o f  Dr, Zlner R, Srmson o f  t h e  Harsham Chemical Co,, 

Cleveland, t he re  ve re  cb ta r - ed  t!!reive epc t  blcod and u r ine  speclmens from 

vcrLers i n  t h a t  company's f l u o r i d e  p l an t s?  together  rmth an equal nunber of 

smples from o f f i c e  and laboratory personnel wi th  none o r  n e g l i g i b l e  exposure 

t o  f luo r ides ,  The concentrations of f l u o r i d e  found i n  these  samples a r e  

indicated i n  Table 1 (Page 541,  

rhe c c n t r o l  group mas found t o  be 11,5 pg F/lOO m l ?  with a standard deviation 

of 404,  whereas the  correspondlng value for t h e  exposed personnel was 3004 pg 

?/io0 ni.? SOD, L008, 

SOD, O , i 8  vrhiie t h a t  f o r  t he  exposed groups was 11,3 mg F/1, S O D ,  6,2, 

The m e a n  cmcen t ra t ion  of blood f luo r ide  in 

The m e a n  ccn t ro l  u r ina ry  f l u o r l d e  l e v e l  w a s  0030 mg F'1, 

The mean ur inary  f l u o r i d e  l e v e l  o f  0,30 mg F/1 f o r  the con t ro l  group is 

in reasonable  agreement with the  value of 0,38 mg F/1 predicted kom t h e  d a t a  

of ILcClure and Kinser (U,So Pub, Uealth Rept,, 50, 1575, 1944) f o r  a concentra- 

t i o n  of 0 , l m g  F/1 i n  t h e  comrmrnity water  supply, 

four samples of Cleveland water was analyzed a? 0,l rng/l, 

The mean concentration f o r  

The blood f l u o r i d e  concentrations f o r  the control  group are i n  general  

somewhat higher than have been encountered i n  conkrol da t a  co l l ec t ed  i n  this  

comnunitys in cnly fcur i n s t m c e ~ ,  however, are they g r e a t e r  t han  the maximal 

n o m 1  l e v e l  previcusly noted (10 pg F/100 ml) f c r  Rochester r e s i d e a t a o  In only 
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T A B U  i 

Sample 
No 0 

F L U O X D Z  CONTENT OF BLOOD AND URINZ OF CERTAIN TZl3SOIJNZL GF 
HARSZIAl’l CZXICAL COI;PANY, CLEVELXiD, OHIO 

- 
2 
3 
4. 
5 
6 

s 
3 

:.I! 
bl 
1 2  

7 

13 
14 
;5 
i 6  
i 7  
10 
i9 
20 
2; 
22 
23 
24 

Job  C l a s s i f i c a t i o n  

p l a n t  
p l a n t  
p l a n t  
pian? 

p l a n t  
p i a n t  

xnazn c f f i  
m a r n  cffi:e 
m a n  c f f i c e  
main o f f i c e  
main o f f i c e  

p i an t  
p l a n t  
p l a n t  
p l a n t  
p l a n t  
p l a n t  
plant 
plati t  
p l u t  
p l a n t  (hex a r e s )  
p l a n t  (hex ares) 
plant (hex area; 

CCilTROL 
~ ~~ 

Phy s 1 c ian 
analyst 

accounting o f f i c e  
accounting o f f i c e  
accounting cff ice  
accounting off ice  
main o f f i c e  

aLlR1yS.t 

research  l abora t c ry  
r e sea rch  l abora to ry  
research l abora to ry  
reeearch l abora t c ry  

EXPOSED 

Frocees man 
p r  oc e s s he1 pe I= 
m a l n t  enance helpe P 
ch ie f  pr aces man 
process man 
process man 
shief process m a k  
process man 
process  man 
chief process man 
chief  process man 
l oade r  

Blood 
pg Fit00 m l  

Cleveland water sample (nain ga t e )  #I O,O~ mg F/I f i r s t  group 
R 11 ” (in plant) $% 0,11 mg F/1 of samples 

Cleveland water sample 
I1 9 11 

f O o 1 0  mg F/1 second group 
I1 Oo09 mg F/1 o f  samFlea 

ane instance was t he  blood f l u o r l d e  content of en exposed individual unthin the 

range (6,oO2OOZ).lg F/ lOO mi) noted for t he  cont ro l  grcupo 
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It  is e n d e n t  that t he re  are s i g n i f i c a n t  d i f fe rences  between t h e  means 

f o r  the f l u o r i d e  contents of the  bloods and urmes of the  two groups of  Harshaw 

personnelb 

a t t r i b u t e d  t o  t h e  g rea t e r  concentrat lcn o f  f l u o r i d e s  present  in t he  p l a n t  

atnospheres in which  these  men worko 

The increased concentrations found f o r  t h e  exposed groups may be 

Problem Code: F,4 (Fa te)  

Sec t icn  Codes 3210 

Author?: F, A, Smith, H, E, Stokinger, Lo To Steadman and D, E, Gardner 

Deposit ion.of Fluoride and Beryllium in Animal Tissues Following Exposure to 

2 mg B e F ~ / r n ~ ~  

Analyses f o r  f l uo r ide  and beryllium contents ham now been completed i n  

c e r t a i n  t i s s u e s  o f  anlmals exposed t o  2 mg BeF2/m3 (mist) for i n t e r v a l s  ranging 

f r o m  422 t o  854 exposure hcursa 

s e r i a l l y  in each of four  dogs d u r i n g t h e  course of the exposure, and f luo r ide  

determinations have been completed f o r  t h e  epiphysis,  kidney, lung and liver 

at termination of t h e  exposure (854 exposure hours),  

car r ied  ou t  on s k e l e t a l  end s o f t  t i s s u e s  o f  t h e  c a t  a f t e r  422 hours of  exposureo 

Fluoride determination8 also have been completed on s k e l e t a l  and soft ti88Ue8 

of r abb i t s  taken at intervals up t o  2,5 months a f te r  cessa t ion  of  422 expoewe 

hours, A disoueaian of the  r e s u l t s  obtained follows, Descriptions of t h e  

exposure methods, toge ther  w i t h  t h e  mortality, h m t o l o g i o  and blochemioal 

findings have been reported previouslf i fcf ,  Re:& Hall,' e t  aloe vEcllG)o 

Beryllium and f l u o r i d e  i n  blood were determined 

Similar  determinations ware 

In Table 1 (Page 66) are l i s t e d  the fluorlde and beryllium contents  

found f o r  serial blood semples of  four dogs during t h e  exposure i n t e r n 1  

UNCLAS S I FI ED 

UR 01593 



56 * 

TABLE 1 

FLUORIDE AND BZRYLLIUM C O N T E N T  OF BLOOD O F  DOGS ZLQOSED TO 2 mg BeFdm3 

Exposure 
Hours 

368,l 
398 
458 
512,l 
614,l 
668,l 
7 M 0 1  
?22,1 
848 1 

Dog 41437 I Dog $1518 I Dog #1537 

207 calendar days of exposure 

w ae/ 
100 ml 

Efs 
100 ml 

368-848 exposure hours . 
It is evident  t h a t  there  i s  no progressive increase i n  e i t h e r  f luor ide  o r  

Because pre-exposure blood f luor ide  beryll ium content  with continuing exposure 

determinations were n o t  made on these dogs, it i s  n o t  possible t o  s t a t e  t o  what  

extent  these  l a t t e r  va lues  a r e  increased over t h e  normal levels., 

the  p a s t  th ree  yearso  98 blood f luo r ide  determinations have been made on normal 

dogs, g F 100 ml blood, with a mean 

l e v e l  of 6 ~ / 1 0 0  m l g  moreovero only 5 per cent  o f  t h e  va lues  have been grea te r  

than 20 d l 0 0  ml and 72 per cent  have been 10 o r  less  ~ / 1 0 0  m l ,  

cont ro l  data,  it is apparent t h a t  exposure t o  2 mg B e F d d  probably has 

e levated the  blood f luo r ide  l e v e l s  of these  dogs t o  some extent, 

2 of t he  t o t a l  o f  36 determinations a r e  grea te r  than the  higher  normal levelsb 

H m v e r o  during 

These l eve l s  have ranged between 0 and 35 I . ' /  

Using these  

However, only 

Were the  beryll ium f luo r ide  inhaled b y t h e . r e  dogs to be t ransported a8 

the  nondissociated compound, it would be expected that t h e  q u a n t i t i e s  o f  

beryl l ium and f luo r ide  would  be present  (on a weight basis) in t h e  r a t i o  of 

UXCUSSIFIED 
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1:4, 

t o  f l u o r i d e  i s  1 ~ 4 ~ 8 ,  while f o r  dog 1518, the r a t i o  i s  1:4020 

For dog 1437, it w i l l  be noted t h a t  the  average weight r a t i o  of beryllium 

The agreement 

r 

Dog Noo 

1437 

1518 

1537 

1538 

with the theo re t i ca l  r a t i o  is no t  qu i t e  so exce l len t  f o r  dogs 1537 and 1538 

__ ~ ~ 

FLUORTIE CONTENT IN PARTS PER NILLION 

Epiphysis K i d n e y  Lung Liver 

4190 108 1 0 3  005 

2280 200 203 105 

2470 1 0 6  400 l o 0  

2380 108 2 0 1  100 
* 

where the  r a t i o s  a r e  ln3,4 and 1 ~ 2 ~ 9 ,  respec t ive lyo  

e n t i r e  grou? o f  analyses is approximately 1 ~ 3 ~ 9 ,  

The average r a t i o  f o r  the 

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

computation i s  based on the total f luo r ide  present,  i o e o D  that f luo r ide  present 

as a r e s u l t  o f  the  exposure t o  BeFZo together  with t h a t  normally present  fram 

the dietary intake, 

value ind ica tes ,  

Thus the ac tua l  r a t i o  may not  be as high as the calculated 

These da ta  suggest t h e  p o s s i b i l i t y  t h a t  the  beryll ium fluoride 

inhaled by these dogs may be t ranspor ted  i n  the  blood in p a r t  as the  nondissochted  

compound e 

Table 2 below l i s t s  the f luo r ide  contents found f o r  the femoral epiphysis 

and kidney, lung and l i v e r  of these four dogs a t  s a c r i f i c e ,  Only one control 

TABLE 2 

TERUIXAL FLUORIDE CONTENT OF TISSUES OF DOGS EXPOSED 
TO 2 mg ~ e ~ Z / m 3  

207 calendar days  NOR^ 15180 1538: 
142 exposure days 
8 5 4 d  exposure hours 

11 day i n t e r v a l  between 
end of s a c r i f i c e  and 
exposure 

Noso 1437, 1537: 
1 2  day i n t e r n a l  
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femoral epiphysis,  and no s o f t  t i s s u e s  f r o n  control  dogs a r e  ava i lab le  f o r  

camparisono 

dogs 1518, 1537 and 1538 are  slightly higher i n  f luo r ide  content;  whether o r  

no t  t h i s  i s  s i g n i f i c a n t  cannot be s a i d  in t h e  absence of  da t a  r e l a t i v e  t o  the 

v a r i a t i o n  t o  be expected among cont ro l  dogso 

g rea t e r  f l u o r i d e  content  in t he  epiphysis ,  

A s i n g l e  ana lys i s  of  a cont ro l  epiphysls showed 1930 ppm F (ash);  

Dog 1437 probably has a s i g n i f i c a n t l y  

The f luo r ide  contents  found f o r  t h e  kidney, lung and l i v e r  of the dogs do 

n o t  d i f f e r  s i g n i f i c a n t l y f r o m  those found f o r  the exposed c a t s  and rabbi t8  (Tables 

3 and 4, Pages 59 and 6@) ,  

w i t h  normal values  f o r  l i v e r  and kidney of t he  cow, guinea p ig  and c a l f  as 

reported by McClure (Publ ic  Health Repts,, 64, 1061, 1949)a 

Idoreover, nll of these  levels agree reasonably w e l l  

Fluoride and beryll ium contents  of hard and s o r t  t i s s u e s  of c a t s  a t  

s a c r i f i c e  are shown in Table 3g comparable f luo r ide  da ta  f o r  one nonnal c a t  are  

also included herea The f luo r ide  contents  o f  t h e  s o r t  t i s s u e s  of t h e  t r e a t e d  

c a t s  do n o t  d i f f e r  s i g n i f i c a n t l y  from those o f  the one control ca t ,  

of t h e  exposed animals, hoimver, show-a d e f i n i t e  increase i n  s tored  f luor ide ,  

as might be expected; t he  average h c r e a s e  is approximately two-fold over the 

one con t ro l  femur ava i lab le ,  

f l u o r i d e  contents  of t h e  s o f t  t i s s u e s  of the control  and experimental animala, 

It may be shown that the re  i s  no molar r e l a t i o n  of  f l uo r ide  t o  beryll ium in  the  

lung, femur, l i v e r  and kidney, 

The fsiuurs 

No s i g n i f i c a n t  d i f fe rences  are noted among the . 

The f l u o r i d e  contents  of hard and soft t i s s u e s  of r a b b i t s  s a c r i f i c e d  

s e r i a l l y  a f t e r  terminat ion of  t h e  exposure a r e  given in Table 4 (Page 6 0 ) 0  

f luo r ide  contents  of t h e  diaphyses do n o t  change s i g n i f i c a n t l y  with increasing 

post-exposure time, 

of the  two r abb i t s  a t  each post-exposure i n t e r v a l ,  no c lear-cut  downward t rend  

The 

Because o f  the  g r e a t  v a r i a t i o n s  noted betpreen the epiphysfa 
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590 

500 kg 1426 2,6 kg 
F B e F  

1 

009 608 005 

007 0005 200 

1170 2,2 1380 
006 0057 0,7 

TABLE 3 

B o d  

009 
560 

00 5 
101 

FLUORIDE AND B3RYLLIVJ COIJTIXTS. OF TISSUES OF C.4TS EPOSED - 

TO 2 mg 

FLUORIDE 
ban  Range 

No, and 001 3,6 kg 002 3,3 kg 6W.ZO9 kg 1204 
Body *Wt,  Be F Be F Be 

1 

Calc, F from 
%an Be 

I I I I I I L 

~~ 

L ~ n g  
Femur 
Liver 
Kidney 

BERYLLIUU 
Mean Range 

804 501 -1706 
2,l 1 0 2  - Z06 
ooa 0045- 108 
O o 0 4  0,02-0,05 

I 

1 I I 

(a)  Be expressed a s  pg/g f r e s h  t i s s u e j  F expressed 
as yg/g f r e s h  s o f t  t i s s u e ,  pg/g ash  femur 

( b )  Excess from normal on w e t  weight b a s i s  

is apparent durlng t h e  post-exposure period under study, 

a r e  ava i l ab le  f o r  t hese  t i s s u e s  in this spec ieso  

Also, no cont ro l  data 

The soft t i s s u e s  show no s i g n i f i c a n t  d i f fe rences ,  e i t h e r  among themselves 

o r  among comparable t i s s u e s  o f  normal cows, calves  and guinea p igs  ( k C l u r e ,  

1 oc .ci t 0 ) Q 

Conclusions 

1, Exposure of dogs for 848 hours t o  BeF2 a t  a concentrat ion of 2 m d m 3  

produces a slight increase i n  c i r c u l a t i n g  blood fluoride,, Small  quantities of 

beryll ium are a l s o  encountered in th i s  t i s s u e o  No progressive increase is 

noted, however, for either f luo r ide  or beryllium wi th  increasing exposureo 
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TABLE 4 

FLUOiiIDE COBTENT OF TISSUES OF RABBITS M P O S E D  TO 2 mg BeF2/m3 

NO, 

300 
354 

3 53 
352 

351 
350 

349 

PO s t-lkpo sure 
I n t e d  

Terminal 
n 

3 weeks 
W 

1.5  mOSo 
I1 

2.5 moae 

102 calendar days 
70 exposure days 

422,1 exposure hours 

FLUORIDE CONTENT IN PARTS PER MILLION - 
Epiph 

3900 
5470 

4900 
4030 

3710 
3630 

38 70 

- Diaph I K i d n e y  I Lung 

2900 
3910 

3050 
2760 

342 0 
2890 

2830 

~~ 

Liver 

aos, 300, 3548 
between end of  exposure and 
s a c r i  f i o e  

4 day interval 

2. The da ta  suggest that inhaled BeF2 may be t ranspor ted  in  p a r t  in the 

blood i n  t h e  molar r a t i o  resembling t h a t  o f  the inhaled compound. 

30 No s i g n i f i c a n t  changes from the  normal a r e  noted in the f luo r ide  

contents of s o f t  t i s s u e s  of dogs exposed f o r  848 hours, and of c a t s  and r a b b i t s  

exposed 422 hours t o  2 mg BeFZ/rn3, Beryllium i s  found i n  the t i s s u e s  of these 

animals, but  no molar  r e l a t ionsh ips  can be demonstrated f o r  t h e  two elements 

in these t i s s u e s a  

4, Increased depos i t ion  of f l uo r ide  is noted in t he  s k e l e t a l  t i s sue  of 

the  dog and c a t o  and probably o f t h e  rabbi t .  

da ta  f o r  control  animals t o  permit an es t imat ion  o f t h e  magnitude of this 

increase 

However, t h e r e  are  i n s u f f i c i e n t  

5, The difficulty of i n t e r p r e t i n g  these  da t a  q u a n t i t a t i v e l y  ind ica tss  

t he  need f o r  more such analyses of t i s s u e s  of cont ro l  o r  nonexposed anirnalla 
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F rob len  Code: Zr.3 (Toxic L i m i t s )  

Section Code: 3210 

Authors: C. J. Spiegl,  S, Laskin end 1.1. Calkins 

Ciu-rer,t Status  of  I n d u s t r i a l  m d  Experimental Zirconiun Toxicity. 

Summary o f  Firdings from S?ot I n d u s t r i a l  Surveys o f  f i r0 Zirconiurn P l a n t s ,  

:he c u r r e n t  i n t e r e s t  i n  zirconium and i t s  compounds and t h e  l ack  o f  l i t e ra ture  on 

the t o x i c i t y  o f  these ma te r i e l s  has prompted f u r t h e r  toxicologic  inves t iga t ions ,  

3ecent papers by DuSois (Arch. Ind. IIyg. and Occup. Xed., 1, 637, 1950) and 

by Schubcrt (Science, 105, 389, 1947) (J, Lab, E: C l i n .  Xed., 34, 313, 1949)  

confin.  previous r e p o r t s  as t o  t h e  lorn order  o f  acu te  t o x i c i t y  of zirconium 

conpounds administered o r a l l y  o r  i n t r ape r i tonea l ly .  

?ITAI.JIL% ALLOY UAISLiFACTUXNC DIVISION OF NATIQIJAL L W  (T.A.U. )* 

In b r i e f ,  the  manufacturing processes employed a t  T.A.M. a r e  the  following: 

I, Ore Cleaning - Crude Florida o r  Aus t ra l ian  T i - Z r  sand i s  f r e e d  of 

crciinary Si02 sand a t  t h e  mine. 

11, Ore Separation - Electromagnetic-static s epa ra t ion  i s  used for 

separat ion of ilmenite, r u t i l e  and zircon, Typical z i r con  (zirconium s i l i c a t e )  

?reducts are : 

A. Crude 

1, Zirconi te  sand "A" 

2, Zirconi te  f l o u r  

* The TeAeI.io p l a n t  i n  Xagara  Falls was v i s i t e d  by Drs. Stokinger, Spiegl ,  Ldessrs. 
DeVoldre and Calkins f o r  the purpose of observing t h e  manufacture of zirconiunr 
compounds, I&. Re A. Znston, P l a n t  hbnager, and Dr.  Urban, Research Director,  
gave the  group a background of t h e  chemical and medical aspects of zirconium and 
arranged a comprehensive inspect ion o f  the production areas, 
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3. -%fined 

1 , "C-" zircons 

2 ,  TAL! z i rcons 

3 ,  Zircopax and superpax (small par t i c l e - s i ze  products) 

Xixed products of z i rcon are also madee These are combinations w i t h  

oxides of barium, calcium, magnesium o r  z inc  tumbled. together  i n  a dry b a l l  m i l l .  

2 rp i ca l  product - bariun zirconiun s i l i c a t e .  

111. ?reduction of  Zirconium Oxide from Zircon 

A, :sighed amounts of z i rcon and coke are i n t e r m i t t e n t l y  shoveled 

hv hand burins a 36-40 hour period i n t o  an open graphite-electrode crucible  furnace 

until the Turcace bccoaes f u l l ,  This i s  n process evolving immense hea t  and 

co?ious q u a n t i t i e s  of sxoke and fumese 

include the conversion of  carbon and s i l i c o n  t o  their  monoxides and burning of 

The chemical r eac t ions  taking place 

the r.onoxides t o  the  d ios ides ,  The zirconium s i l i ca t e  becomes zirconium 

cyanonitride ( o r  a mixture o f  zirconium carbide and n i t r i d e ) .  

Bo The h o t  m e l t  i s  t r e a t e d  i n  one o f  t w o  ways: 

1, It i s  covered and allowed t o  cool completely and is  sent 

cis The cyanonitride t o  another company f o r  ch lo r ina t ion ,  

2, The melt i s  allowed t o  harden bu t  w h i l e  s t i l l  red h o t  i s  

?laced on open g r a t e s  where air by convection produces oxidat ion and dec rep i t a t ion  

of the zirconium cyanonitride t o  crude zirconium oxides. 

C, Crude zirconium oxide is heated i n  a r o t a t i n g  oil-heated furnaoe 

t o  rmove r e s i d u a l  carbon, 

Do The oxide i s  bal l -mil l  ground t o  va r ious  sieve sizes.  Typical 

Froducts a r e  opax, t reopax and CP zirconium oxide. 

E, The oxide i s  mixed K i t h  oxides of barium, calcium o r  magnesium. 
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:.Tical product .is barium zirconate  ( t i c o n  B Z )  

IV, Zirconium chemicals a r e  produced from the zirconium t e t r a c h l o r i d e  

(Step E l )  by hydrolysis o f  t h e  compound and add i t ion  of t he  appropriate acid. 

Z'iiese a r e  vat  p o c e s s e s  producing zirconium s u l f a t e ,  a c e t a t e ,  hydrate and 

hydrated carbonate ,,. 
Typical uses of zirconium compounds are: 

1, In enamels and g lazea  

Z0,. For production of  r e f r a c t o r i e s  

3, E l e c t r i c a l  i n s u l a t o r s  and d i e l e c t r i c s  

4, SuDport f o r  c a t a l y s t  

5. 

60 

Preparation o f  water r e p e l l e n t  compounds f o r  t e x t i l e s  and furs. 

Tossible f u t u r e  use as deodorant, poison ivy ointment and radio- 

opaque substance 

i'lant Sanples ,  The major s i tes  of poss ib l e  atznospheric contarnination at 

t h i s  21ant were t h e  furnace area and the  cyanonitride oxidat ion room. 

t i o n  samples were co l l ec t ed  w i t h  a f i l t e r  Paper Dust Sampler and those for 

? a r t i c l e  s i ze  wi th  a Cascade Inpactor. 

l i t e r s  per  minute. 

f o r  zirconium, 

Concentra- 

Sampling r a t e s  for both  methods were 14 

Analysis o f  t he  samples was made by t h e  apectrographic method 

The filter paper samples were a l so  analyzed f o r  s i l i c o n  content. 

Ten-minute samples were taken by each of t h e  methods i n  the furnace area 

under conditions t h a t  were considered typical.  

showed a t o t a l  of 190 micrograms o f  zirconium and only 6 

The ca l cu la t ed  zirconium a i r  concentrat ion va lue  was 1.4 mg/m3. 

x i t h  t h i s  value, the air concentration l e d  determined fran total sample 

co l l ec t ed  wi th  t h e  Cascade Impactor wa8 of the  same orde r  o f  magnitude (1.9 mg/m3). 

The f i l t e r  paper dust sample 

(3.1%) of s i l i c o n ,  

In comparison 

The resul ts  of t h e  p a r t i c l e  s i z e  ana lys i s  showed e t y p i c a l l y  normal d i s t r i b u t i o n  
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~ i t h  a mass-median diameter of  1.51 p, with a corresponding geometric standard 

devia t ion  o f  2,85, 

The zirconium cyanonitride oxidat ion room was a l s o  sampled under t y p i c a l l y  

3 normal condi t ions,  

obtained by a f i l t e r  paper sample and 7.8 mg/m3 determined from t h e  t o t a l  sample 

co l l ec t ed  with t h e  Cascade Impactor. A t o t a l  o f  500 pg o f  zirconium was obtained 

on the  f i l t e r  paper sample bu t  i n  t h i s  case l e s s  than 1 pg o r  approximately 0.14% 

s i l i c o n  vas  found, 

The concentration da ta  showed higher  values  wi th  3.6 mg/m 

S ign i f i can t ly  l a r g e r  p a r t i c l e  s i z e  was present  i n  t h i s  area. 

The d i s t r i b u t i o n  was t y p i c a l l y  normal f o r  a mass-median diameter of 304 p and a 

corresponding geometric standard devia t ion  of 2,52. 

If the  p a r t i c l e  s ize  da ta  a r e  examined i n  terms of  the  s i z e s  represent ing 

the phys io logica l ly  tox ic  range of less than 1 p (an assumption based on our  

experiemnts r e l a t i n g  t o  the  physiologic e f f e c t s  of small p a r t i c l e s ) ,  the  sample 

co l l ec t ed  i n  the f'urnace a rea  showed 35% of t h e  mass concentrat ion t o  be present  

in s i z e s  below 1 po whereas the sample co l l ec t ed  i n  the  cyanoni t r ide oxidation 

a rea  showed only 7$ o f  t h e  mass concentrat ion t o  be present  below 1 pa 

t i o n  of  the  probable e f f e c t i v e  a i r  concentration, therefore ,  i n d i c a t e s  values of 

the  same order of magnitude f o r  both areas,  namely, 0.7 and  O,6 mg/m3, respect ively,  

Recalcula- 

Four zirconium bulk samples were a l s o  obtained'from the  p l a n t  and subjected 

to physical  ana lys i s ,  

these  samples a r e  shown i n  Table 1 (Page 65). 

The p a r t i c l e  s i ze  and s p e c i f i c  sur face  da t a  obtained on 

The samples shomd l a rge  differences 

in  p a r t i c l e  s i z e  as determined by o p t i c a l  microscope measurements, varying f rm 

a mass-median s i z e  o f  2.39 p for the pure ZrC14 t o  a va lue  o f  9 . O p  for  the  

mass s i ze  of the zirconium cyanonitride.  Since t h i s  l a t t e r  value WES 80 much 

higher than  those of t he  o the r  samples, the o p t i c a l  

cyanoni t r ide was  repeated, In t h i s  case a value of 

micros cope measurement f o r  

8 0 8 , ~  m s  obtained f o r  t h e  
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nass median s i ze ,  thus  checkinG'the o r i g i n a l  determination, Electron micrographs 

o f  these sanples shovred no unusual s t ruc tu re  and in general confirned t h e  p a r t i c l e -  

s i ze  measurements by the  op t i ca l  microscopeD 

Specific-surface determinations by low-temperature adsorpt ion of  ethane 

The surface value of this compound a r e  reported f o r  a i l  samples except ZrClq, 

could not be d e t e . r i n e d  by t h e  adsorption method because it decanposed under the  

high vacuum degassing t r e a b e n t  which i s  required p r i o r  t o  ethane adsorption. 

The s?ecif ic-surface values of the remaining t h r e e  zirconium compounds were i n  

c lose  agreement, 

cyanonitride sample would be extremely low due t o  t h e  l a rge  p a r t i c l e  size; however, 

this sample shoved the highest  value o f  t he  three ,  ind ica t ing  a r e l a t i v e l y  high 

I t  might be expected t h a t  the surface w l u e  for t h e  Zr 

in te rna l"  surfaceo No evidence o f  such s t ruc tu re ,  however, could be demonstrated 

A poros i ty  va lue  of 111 f o r  this sample 

I1 

a t  an increased magnification t o  18,500~~ 

ind ica tes  an i n t e r n a l  surface a t  l e a s t  4 times a s  g rea t  as those of t h e  Z r O Z  

and ZrO~,Si02 samples which showed p o r o s i t i e s  of 29 and 16,  respect ively,  

Hedical His tor ies ,  According t o  Dr. Urban, t h e  incidence of illness 

&Tong p l a n t  workers is r a the r  low and does n o t  d i f f e r  f rom that of any other  

t y p i c a l  manuf?acturing plant  in the  industry. 

x-ray examinations is  in e f f e c t ,  Although t h i s  program has n o t  been Fn effect 

during the  entire 30 years  of p lan t  operation, only 2 cases o f  lung damage, of 

unproven origin,  h a w  been reported during t h i s  time, 

A t  present,  R program of year ly  

gorkine, personnel averages 

approximataly 200, 

Sunnarsp and Conclusions, No unusual i n d u s t r i a l  hazard problans were found 

a t  this p lan t ,  Although zirconium concentrations of 1,4 and 3,6 mg/m3 were 

found by the  f i l t e r  Paper Dust Sampler under t y p i c a l  conditions,  calculat ion8 

showed t h a t  these concentrations represent  values o f  only approximately 0.6 and 
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0,7 ng/n3 of ?robable physiological ly-act ive mater ia l ,  

i n d u s t r i a l  disease under these  plant condi t ions does n o t  suggest t h a t  a major,  

The low incidence of 

acute t o x i c i t p  problem exists w i t h  t hese  compounda0 

ZOOTZ I.iIlE?& COPANY* 

Processes employed by th i s  firm a r e  t h e  following: 

I, Formation of  the  POC13 Complex - zirconium t e t r a c h l o r i d e  obtained 

e i t h e r  fron the  l o c a l  p l an t  o r  from other  sources i s  placed i n t o  a round- 

'sotton, pyrex f l a s k  and i s  allowed to r e a c t  w i th  l i q u i d  POC130 

zirconium t e t r ach lo r ide  i s  minimized by providing adequate air v e n t i l a t i o n  and 

exposure t o  POC13 i s  e s s e n t i a l l y  prevented by using a c losed  system, 

Exposure t o  

11, D i s t i l l a t i o n  .I the ZrC14oPOC13 complex is d i s t i l l e d  i n  a l a rge  g laes  

coluran at a head temperature of 355-360 C, 

cycle  various f r a c t i o n s  a re  co l l ec t ed$  and by re-cycle and r e - d i s t i l l a t i o n  a 

spec ia l  high-purity, low Hf f r a c t i o n  i s  obtained, 

During the  30-hour period of a 

111, Production o f  Zr(OH)q  - Propyl alcohol (CsHyOH) i s  introduced under 

IJz pressure into a Pyrex f lask cont- pu r i f i ed  complex a t  80 C o  

p-essure forces  t h e  l i q u i d  i n t o  a vat containing h o t  water. 

l q O H p  n i t h  a s t i r r i n g ,  causes p r e c i p i t a t i o n  of zirconium hydroxide, 

s e t t l i n g ,  the Zr(0H)q i s  washed three or four times w i t h  d i s t i l l e d  water and 

Nitrogen 

The addi t ion  of 

After 

placed i n t o  s i l i c a  trays, 

No Formation o f  Z r O Z  the s i l i c a  t r a y s  containing t h e  zirconium 

hydroxide a re  placed i n  a furnace, having ven t i l a t ion ,  to form the  oxidee 

Plant Samplesa The m j o r  s i t e  o f  poss ib le  atmospheric contamhat ion a t  

both the  research and p i l o t  p l a n t  was in the area of t he  d i s t i l l a t i o n  colUmn 

* Drs, Stokinger, Spiegl,  Me8srso DeVoldre and Calkins v i s i t e d  the research 
laboratory of t h e  Foote Mineral Company a t  Berwyn, Pa,, and the manufactuI.hg 
p l an t  a t  Paoli, Pa, 
and h i s  assoc ia tep  lk, Fieher, made arrangements f o r  us t o  discuss t h e  proceases 

D r .  S, G o  Ogburn, Manager of Research and Development, 

and t o  v i s i t  appropriate  sampling s i t e s ,  - 
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head, 

Cascade Lnpactor a t  a sampling r a t e  o f  14 l i t e r s  per minute, 

c o n t a u a n t  appeared t o  be an occasional w i s p  of cloud, ind ica t ing  mist o r  vapor. 

Although the  actuiil con?ound present  may be a ZrC14oPOC13 complex, o r  a hydrolysis 

product, t h e  samples were analyzed spectrokraphical ly  only f o r  zirconium content. 

S a p l e s  f o r  both concentration and p a r t i c l e  s i ze  were co l lec ted  with t h e  

The atvospheric 

In the  laboratory a t  the s t i l l  head of a research-scale process, a sampling 

t i n e  of 65 minutes was needed, 

de t emined  f rw the  t o t a l  sample col lected,  

was found w i t h  a mass median diameter of 1,25 ).I and a corresponding geametric 

standard deviat ion o f  2,08,, 

found to  be below l).i p a r t i c l e  size , ,  

concentration was therefore  calculated as 0,013 mg/m3, 

was taken a t  the s t i l l  head of t he  large-diameter g lass  d i s t i l l a t i o n  column 

used in the  p i l o t  p lan t ,  

The air concentration of  0,044 %/m3 obtained was n o t  considered s i g n i f i c a n t l y  

highey t h a n  t h a t  obtained i n  the  research a reao  Pa r t i c l e  s i z e s  were larger, 

however9 with a xrass median diameter of  2029 ).I and a corresponding geometric 

standard deviat ion of 2,26, 

178s present  in sizes b e l o w 1  )ao r e s u l t i n g  in  a probable physiological ly  e f f ec t ive  

concentration of 0,007 mg/m3, 

An atmospheric concentration of 0,034 m g / d  was 

A normal p a r t i c l e  s i z e  d i s t r i b u t i o n  

Thirty-nine per c e n t  of t h e  mas concentration was 

The probable physiological e f f e c t i v e  a i r  

A corresponding sample 

In t h i s  area,  a sampling time of 32 minutes m s  used, 

For this sample, only l$ of the mass concentration 

In order t o  provide a sample of momentarily high eoncentration typifying 

a s t i l l  block or blow, a one-minute sample was taken during a d e l i b e r a t e l y  

simulated condition, For t h i s  sample, an atmospheric concentrat ion of  20.6 

m g m 3  was obtained in t h e  immediate v i c l n i t y  of t h e  s t i l l  head, 

d i s t r i b u t i o n  showed t h a t  the increase i n  concentration was accompanied by t he  

production of larger pa r t i cu la t e s ,  

P a r t i c l e  size 

A mass median diameter of 4.30 )I and a 
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corresponding geometric standard devia t ion  of 1,91 was obtained, 

of mass concentration below 1 p was very low (lp), r e s u l t i n g  in a phys io logica l ly  

The percentage 

e f f e c t i v e  value ca lcu la ted  as 0,206 mg/m3, 

Medical, The operat ions a re  car r ied  out  under adequate v e n t i l a t i o n ,  Any 

exposures t h a t  may occur r e s u l t  mainly f'rom leaks  a t  j o i n t s  o r  acc identa l  breakage 

o f  apparatus,  

s t i l l  head; t h i s  has caused minor t h r o a t  i r r i t a t i o n  and symptoms typ ica l  of I 

common "head cold" t h a t  my p e r s i s t  fo r  two o r  th ree  days, 

compounds a r e  l imi ted  t o  t he  vapor of t h e  complex a t  the  s t i l l  head, to periodic  

chnrglng o f  s t i l l - p o t  with Z r C 1 4  m d  t o  the manual handling of  t he  insoluble  

The p r inc ip l e  hazard appears t o  inc lude  exposure t o  POC13 a t  the 

Exposures t o  Z r  

zirconium hydroxide and oxideo During December, the process was en- t i re ly  on a 

p i l o t  p l a n t  sca le ,  

Summary and Conclusions, Because of t h e  newness o f  t he  process and the 

r e l a t i v e l y  small number of people anployed, no adequate es t imate  can be made of 

the hazards involved, Concentrations i n  both research  laboratory and p i l o t  

p l an t  a reas  ind ica ted  extremely l o w  values  i n  the  order  o f  40 pg,h3, S m a l l e r  

p a r t i c l e  sizes were lnd ica ted  i n  the research  labora tory  a reas  than i n  the p i l o t  

p lan t  (W 1025 - 2,29 p). 

,mCP~ILEITTAL RESULTS ON TI% INHALATIOII OF ZIRCOMIUId COMFOUNDS 

Animal inha la t ion  experiments with a concentrat ion of zirconium t e t r a -  

ch lor ide  considerably grea te r  (20.5 mg/rn3) than t h a t  found in t h e  p l a n t s  confirms 

the  preliminary est imate  of  t he  r e l a t i v e l y  low acute  tox ico logic  hazard of 

zirconium compounds, 

Zirconium t e t r a c h l o r i d e  was chosen fo r  t h e  i n i t i a l  6bday i nha la t ion  

study because of  i t s  widespread i n d u s t r i a l  usage, s o l u b i l i t y  in water and r e l a t i v e  

ease o f  ana lys i s  by t h e  spectrographic nethodo Time-consuming d i f f i c u l t i e s  wi th  
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dry dus t  feeds forced t h e  use of  an aerosol izer  and a so lu t ion  of ZrCl4. 

Presumably, t h i s  solution contained Z r O C l 2  ins tead  of ZrClq, bu t  probably 

represents  an approxination of t he  behavior of ZrClq i n  a i r ,  

concentration o f  ZrCl4 was maintained a t  a l e v e l  o f  20 mg/m3 and an average mass 

The atmospheric 

median diameter o f  0,57 p and standard devia t ion  of 2,62, 

The operat ion o f  t h e  chamber followed e s t ab l i shed  Rochester procedure. 

Aninals were exposed f o r  6 hours on eachweek-day, 

f i l t e r  paper dus t  samples were meighed as a guide t o  atmospheric concentrations.. 

In addi t ion ,  one sample da i ly  was analyzed spec t rographica l ly  fo r  t h e  Z r  content. 

During t h i s  time, hourly 

Zeekly Cascade Impactor samples were analyzed spec t rographica l ly  f o r  t h e  a ize-  

d i s t r i b u t i o n  of the  zirconium in t h e  chamber a i r a  

A t o t a l  of 8 dogs, 4 ca ts ,  20  r abb i t s ,  20 guinea p igs  and 72 rats wre 

exposedo O f  these,  4 dogs, 20 rats and 10 r a b b i t s  w i l l  l a t e r  a l s o  be  exposed t o  

Z r O Z  i n  an at tempt  t o  u t i l i z e  the  cumulative e f f e c t s  o f  acute  exposures t o  

simulate a chronic. 

Weekly urinary p ro te in  determinations on 4 dogs and 4 r a b b i t s  gave only 

s l i g h t ,  va r i ab le  r e s u l t s .  

iVeekly blood nonprotein n i t rogen  s tud ie s  on t he  same 4 dogs and 4 r a b b i t s  

gave inconclusive r e s u l t s ,  The dog blood f ibr inogen  levels s i m i l a r l y  were 

normal , 

The 4 dogs examined hematologically semi-monthly showed progressive 

decreases i n  t h e  count o f  t h e  r ed  blood c e l l s  and an increase  in mean corpusaular 

volume, 

and as l a t e  as  52 days a f t e r  t h e  s tar t  of exposure; decreases of red c e l l  counts 

approximated 105 x lo6 ce l l s /cu  mm; hemoglobin decreased about 4 g m ~  mean 

corpuscular volune increased 11 to 16  cu p, 

h x i m a l  blood changes i n  dogs were seen at periods as e a r l y  as 10 days 

One month a f t e r  exposure, blood 
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values mere within t h e  nornal range. Other va r i ab le s  appeared t o  change a t  

randm. Zeekly weight records showed l i t t l e  except f o r  a t r a n s i e n t  1-oss of 

weight among the guinea p igs ,  No h i s t o l o g i c  pathology i s  y e t  ava i lab le  on the 

44 animals of 5 spec ies  s a c r i f i c e d  te rmina l ly  nor o n 1 5  r a t s  s a c r i f i c e d  serially 

during exposure, Grossly, the only evidences of damage mre henorrhage and 

consol idat ion of the  l u n g  of  a f e w  dying r a t s  end guinea pigs,  Members of a 

group of 20 rats are  being sac r i f i ced  a t  intervals up t o  48 weeks after exposure 

t o  determine t i s s u e  r e p a i r  r a t e  and zirconium disappearance rate, The tissues 

being s tudied  h i s t o l o g i c a l l y  include a ccunplete autopsy f o r  the  dog, c a t  and 

rat, Lung, l i v e r  and kidney only are being taken from t h e  r a b b i t  and guinea pig. 

Analyses f o r  zirconium a r e  being made of the lung, liver and kidney of’ 

a l l  animals plus  t h e  pulmonary lymph node and femur f’rom dogs, c a t s  and rats. 

A group of 10 rats and 10 r a b b i t s  was handled in a manner similar t o  t h a t  

of  t h e  exposed animals with the  exoeption that these  received no zirconium 

aerosol ,  These animals Beme as a base-line level f o r  cont ro l  of  unknown f a o t o r s  

influencing t h e  c r i t e r i a  s tud iedo  
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I S e3 (Therapy) 

Approximately n i n e  months ago a cooperative program was i n s t i t u t e d  which 

would n&e radio-isotopes avai lable  t o  p r iva t e  physicians i n  t h e  community, 

' i3riefly t h i s  plan i s  for pr iva t e  physicians t o  r e f e r  p a t i e n t s  f o r  diagnostic 

s tud ie s  o r  therapy t o  the radiology departments of  t h e  cooperating hospitals.  

The p a t i e n t ' s  case is  then reviewed by the Isotope Committee of t h a t  hospi ta l ,  

and the  necessary isotope is requested i n  a form s u i t a b l e  f o r  administration 

t o  the pat ient .  

Chenistry Section, i n  a d d i t i o n  t o  standardizing t h e  i so tope  and preparing it 

f o r  adn in i s t r a t ion ,  has a l s o  c a r r i e d  o u t  t h e  l abora to ry  work necessary f o r  

ur inary 1131 s tud ie s ,  wi th  the understanding t h a t  t h i s  po r t ion  of t h e  work w i l l  

be taken over by t h e  cooperating hosp i t a l s  as soon as conditions permit. 

To date,  most of t h e  work has been wi th  1131 and t h e  Clinical 

The present  b r i e f  r e p o r t  d e a l s  only w i t h  the  l abora to ry  p a r t  of the 

2rogram. 

been f i l l e d ,  and u r i n e  s tud ie s  have been done i n  almost a l l  i n s t ames .  

usual p r a c t i c e  is t o  c o l l e c t  t h r e e  urine specimens, corresponding t o  c1-12 

During t h e  l a s t  s ixmonths  approximately 160 requests  for 1131 have 

The 

hours, 12-24 hours, and 24-48 hours a f te r  adminis t ra t ion of  t h e  isotope. 

1131 content i s  determined by a procedure involving comparison with I 131 

standards,  

The 

This technique el iminates  aecay correct ions,  and i s  advantageous 

i n  o the r  respects,  

During t h e  course o f  the  p re sen t  program, r epea t  urinary excret ion 
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s tudies  have been done on a f a i r  number o f  pa t ien ts ,  and on the  basis  of these 

cases it i s  possible t o  a r r i v e  a t  a t e n t a t i v e  est imate  o f  t h e  r e l i a b i l i t y  of 

u r inary  1131 measurements. 

and therapeut ic  amounts of 1131, who showed no c l i n i c a l  evidence of t h p o i d  

The d a t a  a re  from 26 p a t i e n t s  receiving both t r a c e r  

iostabi l i ty  over t h e  period o f  l e s s  than two months between the two studies.  

These pa t ien ts  all had the  t r a c e r  dose ( u s u a l l y  50 microcuries) before the  

therapeut ic  dose (6-20 mi l l i cu r i e s ) ,  and there  was no reason t o  suspect incomplete 

ur ine col lect ions.  

between the  two  values f o r  the t o t a l  48 hour ur inary 1131 for these  pa t i en t s  is 

11:;. Perhaps a more useful form of t h i s  f igure  is that t h e  man urinary Iln 

for  a given pa t i en t  w i l l  be wi th in  5 2@ of the  reported f i g u r e  i n  9% of the  

cases. 

a t r a c e r  dose of 1131 i s  recovered in  the  urine c o l l e c t e d  during the f i r s t  48 

The da ta  a r e  n o t  otherwise selected.  The standard deviat ion 

An example o r  two w i l l  make the appl ica t ion  clear .  Suppose that 15% of 

hours following administration. 

ur ine col lect ion,  t he re  i s  a 9% chance t h a t  t he  mean urine output o f  I 

In the  absence of evidence t o  suggest incomplete 

131 

l i e s  between 12% and 185, and i n t e r p r e t a t i o n  is  q u i t e  c l e a r  provided t h e  c l i n i c a l  

p ic ture  i s  no t  s t rongly  aga ins t  t h e  diagnosis of  hyperthyroidism. 

instance,  suppose 40% of the t r a c e r  dose i s  recovered i n  48 hours. 

i s  a 9@ chance t h a t  the mean output l i e s  between 32% and 485, and i n t e r p r e t a t i o n  

w i l l  depend a grea t  dea l  on the c l i n i c a l  picture .  As more data  are co l lec ted  

In  another 

Here there  

it may be necessary t o  modify the  above f igures ,  b u t  f o r  t h e  present  they are 

usefhl 

In an attempt t o  d e t e c t  t he  presence of possible aber ren t  or  metas ta t ic  

thyroid t i s sue ,  1131 ur inary  excret ion s tudies  have been c a r r i e d  out  on a 

p a t i e n t  during t h e  e a r l y  postoperative period following t o t a l  thyroidectcany f o r  

carcinomae Eighty microcuries of were administered and t h e  p a t i e n t  had 
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1131 s tud ie s  an in-dwelling ca the te r  t o  insure complete c o l l e c t i o n  of urine. 

under such circumstances a re  r e l a t i v e l y  uncommon, and t h e  data a r e  reported i n  

f u l l  0 

Col 1 e c t  i on 
Period 

1st 6 hrs. 

2nd 6 hrso 

2nd 12 hrs, 

3rd 1 2  h r s o  

4 t h  1 2  hrs. 

Urine 
Volmo 

667 m l .  

61 0 

385 

588 

3 00 

The uncer ta in ty  i n  the determinations i s  bel ieved t o  be i n  t he  neighborhood of 

I@, and t h e  results a re  compatible wi th  cumplete absence of  a c t i v e  thyroid 

t i s sue .  

A laboratory t r a i n i n g  program has r ecen t ly  been conducted fo r  t h e  

in t e re s t ed  personnel of  t he  cooperating hospi ta l s ,  and these  groups are now 

gradually taking over t he  determination of Il3I i n  ur ines .  The Clinical 

Chemistry Section w i l l  continue t o  do t h e  s tandard iza t ions  and prepare t h e  

for adminis t ra t ion t o  t h e  patients, as w e l l  as t o  check the ur ine  determina- 

t i ons  from time t o  time. 
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II~STXJ~ZiIl 'ATIOii (STECTROSCOF'Y, ZLZCTROIJ E1 
hTCLEL'I W I A T I O I I  DZTECTOI?S, X-AUY DIFFXAC 

CROSCOiJY, XRAY Am 
TION, ELECTRONICS) 

Trob1ez.i Code: 1.11.1 (Research and Development) 

Section Code: 3110 

Author: A .  H, D a h l  

&a l i tv  ,"valuation of  X-ray Beams by IJetal-walled Ionizat ion Chambers. 

Background, For several  years  t h e  w r i t e r  has been thinking about developing 

a s i i p l c P  r e l i a b l e  system f o r  q u a l i t y  evaluat ion o f  a heterogenous beam'of 

x-rayse ?he sys t eas  of half-value-layer, e f f e c t i v e  wavelength, and e f f e c t i v e  

energy a t  b e s t  give infornat ion only about t h e  primary bean and n o t  t h e  

p r i m a r y  plus s c a t t e r e d  beam which i s  a c t u a l l y  producing the  exposure. In 

addi t ion,  t h e  process of obtaining an absorpt ion curve presents  many p i t f a l l s  

t o  anyone b u t  t he  experienced r a d i o l o g i s t  and phys ic i s t ,  This was c l e a r l y  

dexonstrated t o  t h e  w r i t e r  i n  reviewing some se l ec t ed  p a s t  r e s u l t s  a t  Rochester 

rihere spec ia l  s tud ie s  were made t o  o b t a i n  low i n t e n s i t i e s  and as monochromatic 

a beam as possible  with high amounts of f i l t e r  ( r e s u l t s  n o t  published). 

attempting t o  ob ta in  the  half-value-layer under these  high amounts o f  f i l t ra -  

In 

.L* cion, t he  r e s u l t s  showed high . n l u e a p -  and t h e  r e c e n t  es t imat ion ot' t he  

e f f e c t i v e  energy from t h e  former resultsshowed t h a t  t h e  effective energy 

would c a l c u l a t e  t o  be much higher than t h e  peak vol tage o f  t h e  x-ray machine. 

??lis was obviously n o t  possible.  The reason f o r  t h i s  e r r o r  was  t h a t  a 

considerable po r t ion  of the  exposure recorded by the  ion iza t ion  chambers 

was produced by photons which had been sca t t e red  around the  f i l ters .  These 

e r r o r s  were no t  detected s ince  an e f f o r t  was made only t o  ob ta in  t h e  "half- 

value-layer" and t h e  e f f e c t i v e  energy was n o t  calculated,  This also emphasizes 
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t h e  f a c t  t h a t  t h e  half-value-layer can, i n  some cases,  be very unrel iable  and 

t h a t  i n  many cases t h e  half-value-layer may have no r e a l  s ignif icance t o  the  

person making, t h e  study, 

?.Iethod. The system of  q u a l i t y  evaluat ion under considerat ion by the  

-mi te r  i s  t h a t  of determining the  r a t i o s  of readings from ioniza t ion  chambers 

containins  inner  l i n ings  of various mater ia l s ,  

quant i ty  

ing the c r i t e r i a  f o r  fabr icat ing energy independent ion iza t ion  chambers. In 

f a c t ,  t he  standardized use o f  ion iza t ion  chambers i n  quant i ty  measurement of 

x-rays was delayed f o r  near ly  e r o  decades due t o  t h e  energy dependence of t h e  

various chmbers  used i n  addi t ion t o  t h e  poor q u a l i t y  o l  accessory voltage- 

measuring deviceso The proposed method o f  q u a l i t y  evaluat ion makes use of the 

energy dependence of chambers which incorporate  metal  l i n e r s  of average a t d o  

number grea te r  than 11. 

During the  ea r ly  days of 

neasurement o f  x-ray beam output much e f f o r t  was  expended i n  deterplin- 

The f i r s t  studies were made using x-ray machines operated i n  the range 

Liners of aluminum and copper were placed o f  100 k,v. peak t o  250 k . v e  peak. 

i n  some 0,25 r condenser r meter chambers purchased from the  Victoreen 

Instrumeat Company. 

1 m i l ,  2 m i l ,  and 5 ni l  were used and the  l i n e r s  were constructed so t h a t  they 

would fit snugly aga ins t  the inner  wal ls  o f  t he  condenser r meter chambers. 

In  the case o f  copper l i n e r s  the  thickaesses  used were 1.5 m i l ,  2.5 m i l ,  and 

4,5 m i l .  Comparison of the  readings of t he  chambers with the  aluminum liners 

t o  the readings from condenser r meter chambers which had no l i n e r s  and could 

be considered as "air-wall", showed t h a t  as f i l t e r  was added i n  the  port  below 

In the case of aluminum l i n e r s  the metal t h i c h e s s  of 

the  x-ray tube the  r a t i o  f i r s t  

i n  the por t  and then the r a t i o  

increased when the  t h i n n e s t  f i l t e r  was placed 

decreased gradually. 
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t h e  r a t i o  i70uld decrease cont inua l ly  from no f i l t e r  t o  heavy f i l t r a t i o n  since 

$he r a t i o  or' absorpt ion of  x-rays by aluminum t o  t h a t  of carbon, nitrogen, and 

oxygen ( c h a r a c t e r i s t i c  of t i s s u e  and a i r  absorpt ion)  would decrease with increas- 

i n g  e f f ec t ive  energy of the x-ray beams. The f i r s t  increase  i n  r a t i o  fram no 

f i l t e r  t o  l i g h t  f i l t r a t i o n  was considered t o  be due t o  t h e  f a c t  t ha t ,  under 

conditions of no f i l t e r  ex terna l  t o  t h e  tube, the e f f e c t i v e  energy o f  the x-ray 

beam was very low, Since the  chambers were approximately 1% inches i n  diameter 

acd the  r a z e  of t h e  e lec t rons  released from the chamber walls was l ess  than 

the  c h n b e r  diameter, we d i d  no t  have t o t a l  wal l  e f f e c t  i n  the  chambers. In  

or2er t o  have the  system work properly the wal l  e f f e c t  must be g rea t e r  than 

90 per cent of  t h e  e f f e c t  producing the  ion iza t ion  i n  the  chambers. 

?or t h i s  reason pocket personnel chambers which were purchased from the  

Victoreen Instrument Company were reamed out such t h a t  metal  l i n e r s  could be 

ir.serted i n t o  the  chambers. The l i n e r s  were made such t h a t  t he  ins ide  diemeter 

o f  the l i n e r s  were equal t o  the o r i g i n a l  i n s ide  diameter of  t he  pocket chambers. 

' J i th  these chambers it was found t h a t  t h e  g rea t e r  share o f  t h e  ion iza t ion  

produced within t h e  chambers was  produced by t h e  e l ec t rons  re leased  from the 

wal ls  i n  ?he  range of x-ray peak vol tages  f'rom 100 k.v. t o  250 k.v. and f i l t e r  

thicknesses g rea t e r  than  0,25 mm of coppere Even a t  l o w  f i l t r a t i o n  most of 

the ion iza t ion  i n  t h e  chamber was produced by e l ec t rons  re leased  from the  

walls. Therefore, i on iza t ion  chambers w i t h  i n s ide  diameters less than one 

centimeter could be used i n  t h i s  type of q u a l i t y  eva lua t ion  i n  the  x-ray peak 

energy range of 100 t o  250 k.vo 

In studying t h e  r e s u l t s  o f  the r a t i o  of aluminum-lined chambers t o  

"air-wall' ' chambers it was noted t h a t  t he  r a t i o  increased wi th  decrease in t h e  

e f f e c t i v e  energy of t he  x-ray beam, a s  was expected theo re t i ca l ly .  The purpose 
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of using the n e t a l  l i n e r s  i n  the chambers was t h a t  t h e o r e t i c a l l y  the  number 

of e lec t rons  re leased  from the aluminum l i n i n g  would be proport ional  t o  t he  

x-ray energy absorbed and t h i s  i n  turn would bear a r e l a t i o n  t o  t h e  e f f e c t i v e  

mass absorpt ion c o e f f i c i e n t  provided t h a t  the l i n e r  t h i c h e s s e s  were approximately 

equal t o  the range of the most ene rge t i c  e l ec t rons  re leased  from the  aluminum. 

In addi t ion  the e l ec t rons  re leased  i n t o  the  "air-wall" chamber would bear a 

r e l a t i o n  t o  the e f f e c t i v e  mass absorpt ion c o e f f i c i e n t  f o r  a i r .  In t h e  range of 

100 t o  350 k.v, peak t h e  optimum thickness  of aluminum l i n e r  was found t o  be 

2 m i l  wi th  the 1 m i l  and the  5 m i l  l i n e r s  each giving 5 t o  10 per cent  less 

ion iza t ion  wi th in  the chamber, 

A t  present  t he  method of q u a l i t y  evaluat ion,  which i s  being u t i l i z e d  

i n  studying f i l t e r  and s c a t t e r  condi t ions under peak x-ray energ ies  of100 t o  

250 k.v., cons i s t s  of determining the  r a t i o  of readings f rm a 2 m i l  aluminum- 

l ined  chamber t o  an "air-wall" chamber and using the  r a t i o  only as an ind ica t ion  

of the e f f e c t i v e  energy. Further s tud ie s  a r e  continuing in an at tempt  t o  

ass ign an e f f e c t i v e  energy t o  the  r a t i o  of  the  chamber readings.  Zkperhents  

t o  date have a l s o  ind ica ted  t h a t  i n  the  range of  100 t o  250 k.v. peak, copper 

l i n e r s  should no t  be used since the  copper gives  excessive weight t o  low 

energy photons and a l s o  the r a t i o  o f  copper t o  "air-wall" chambers becomes so 

high under c e r t a i n  condi t ions t h a t  t he  r a t i o  cannot be determined very accura te ly  

wi th  one simultaneous exposure. S t u d i e s  have also i nd ica t ed  t h a t  t h e  system 

i s  n o t  very use fu l  i n  the  range b e l m  100 k.v. peak due t o  the short range of 

the  e l ec t rons  r e l eased  from t h e  wal l s ,  I€owever, f o r  t he rapeu t i c  uses most  

x-ray machines w i l l  be operated wel l  above 100 k.v. peak and some f i l t e r  is  

a l s o  used with the  machine. In q u a l i t y  evaluat ion around t he  100 k.v. peak 

x-ray machine r a t i o s  of copper-lined t o  "air=walled" chambers m r e  used a t  
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f i r s t  and r ecen t ly  the  r a t i o  of t in- l ined t o  copper-lined chambers have a l s o  

been used t o  avoid the  excessive weight t h e  copper o r  t i n  l i n e r s  give t o  t h e  

l o w  energy photons r e l a t i v e  t o  t h e  weight given by "air-wall" chambers. 

Results,  The primary app l i ca t ion  f o r  t he  system was found t o  be in t h e  

q u a l i t y  evaluat ion o f  t he  1000 k,v. peak x-ray machine. There t h e  problem of 

reducing the  r a d i a t i o n  around the  f i l t e rs  i n  making an absorption study i s  

mul t ip l i ed  seve ra l  f o l d  s ince  t h e  energy o f  t h e  r a d i a t i o n  i s  so high, In  t h e  

s tud ies  EUI absorpt ion curve was f i r s t  made w i t h  t h e  f i l t e r  near  t h e  end of 

t h e  x-ray tube. Sowever, it was  mounted approximately 4 inches below t h e  one 

f o o t  t h i c k  concrete c e i l i n g  which surrounded t h e  x-ray tube. 

curve A o f  Figure 1 (Page 80), a s t r a i g h t  line por t ion  could not be obtained 

on a semi-log p l o t  or' the absorption curve even up t o  19 inches of  lead. 

Simultaneous wi th  the  gather ing o f  da t a  f o r  t h e  absorpt ion curve, t h e  r a t i o  of 

readings o f  a copper-lined chamber t o  an "air-wall" chamber was obtained and 

the  r e s u l t s  a r e  shown i n  curve A of Figure 2 (Page 80), 

As sham on 

' 

As previously s t a t ed ,  t h e  lower t h e  r a t i o s  o f  readings of  t h e  copper- 

w a l l  t o  "air-wall" chambers, t h e  higher i s  the  e f f e c t i v e  energy producing t h e  

exposure on t h e  chambers. As shown by curve A of  Figure 2, t he  f i r s t  4 inch. 

o f  l e a d  f i l t e r  made t h e  beam s l i g h t l y  higher i n  e f f e c t i v e  energy. 

f'urther addi t ions o f  l ead  f i l t e r  made t h e  e f f e c t i v e  energy much lowere 

However, 

T h i s  

indicated t h a t  curve A of Figure l w a s  n o t  a reliable absorption curve since 

considerable s c a t t e r  was coming around the  s i d e  of t h e  f i l ters .  An at tempt  

7yas then made t o  reduce the  s c a t t e r  around t h e  f i l t e r  and t h i s  was f i r s t  done 

by moving the  f i l t e r  close t o  t h e  x-ray tube such t h a t  t h e  bottom l e a d  f i l t e r  

VAS flush with the  bottom o f  t h e  concrete ce i l i ng .  Curves B of Figures 1 and 

2 resul ted.  Following t h i s  a one foot wide, & inch th i ck  s t r i p  o f  l e a d  wa1 
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P i m e  1, - Absorption curve 
f o r  lead on 1000 k.v.p. machine 

r ime 2. - Ratio of coppe+Uned 
chamber readings to grsphite-lined 
chamber readings 

0 a l r  . 
1 d 005 1.5 

I 

Thichess o f  lead filter i n  inches : 'Phickneee of lead f i l t e r  in Incheta 
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:.:gm:zci cn the concrete c e i l i n ;  r romc  tke po r t  opening i n t o  the exposure room. 

3:iO::. <!.is 8 -:; inch t h i c k  sheet  o f  l ead  rios mounted over t h e  po r t  xi’th a 6 

k c n  aiEcneter centered hole  thereby ac t ing  as a d i a p h r a p  f o r  t h e  x-ray beam 

enter ing the exposure roono 

&’l l ters  counted above the  diaphragm ana curves C of Figures 1 and 2 (Page 80) 

xere  obtcined. 

The absorption curve was then determined with t h e  

In  enother app l i ca t ion  a study vas made o f  t he  e f f e c t i v e  energy v a r i a t i o n  

‘setween locat ions near t he  diaphragm mounted on the  c e i l i n g  end the  ver ious 

yosi t ions %&;reen the  c e i l i n g  and t h e  concrete f l o o r  o f  t h e  exposure room ( t h e  

t.:qosure rooin being approximately 9 f e e t  high), 

chozbers t o  copper-lined chambers var ied from 1,2 near  t h e  d i a p h r a p  t o  1.6 

The r a t i o s  of t in- l ined 
_ .  

on tfie ;Ilooro There was n continuous increase i n  these  r a t i o s  as t h e  chambers 

were riovea f rm t h e  c e i l i n g  t o  the  f l o o r  o f  the exposure roome This indicated 

t k a t  t h e  ?loor -,-:os producing a g r e a t  deal o f  s c a t t e r .  

? ieces  o f  lead o f  various thicknesses  were placed d i r e c t l y  beneath t h e  metal 

Tour f e e t  by four f e e t  

cl:a.:’sers xinich were mounted one f o o t  above t h e  f l o o r ;  and it was  found t h a t  

i,’S i:xh o f  lead reduced the  r a t i o  fran 1.54 t o  1,34. Fbrther thicknesses  of 

leaci on the  f l o o r  would n o t  decrease t h i s  r a t i o  thus i n d i c a t i n g  t h a t  lead of 

1/15 inch naxinun thickness  would be very helpf’ul i n  reducing the  s c a t t e r  from 

the  f l o o r  and making t h e  exposuring beam the  hardest  poss ib l e  f o r  any one 

condition, 

Conclusions, The above r e s u l t s  demonstrate t h a t  using t h e  r n t i o  of 

readings from chambers having d i f f e r e n t  n e t a l  l i n e r s  can be of g r e a t  assistance 

i n  assur ing t h a t  t h e  m a x i m u m  e f f e c t i v e  energy of an exposing x-ray beam i s  

obtained, 

exposing beam s i m i l a r  t o  t h e  use o f  t h e  hnlf-value-layer. 

The r a t i o s  alone can be used as a measure of t h e  hardness of t h e  

I t  is f e l t  t h a t  
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through f u r t h e r  s tud ie s  t h e  r a t i o  o f  chamber readings can be co r re l a t ed  wi th  

a "biological  e f f e c t i v e  energy", . A  preliminary r epor t  v : i l l  be rele.ased i n  the  

near  fu tu re  GivinZ more d e t a i l s  of the theory of t h e  system, 

l rob len  Cocie: 

Section Code: 3110 

I. So 1 (%search and Developnent) 

Authors: J, i7, Kanvrisher and J. F, sale 

Ionizin:; S a d i a t i  on Dosimeter, 

Bnckp-ound, This r e p o r t  i nd ica t e s  t he  f e a s i b i l i t y  of  a new type of 

high range ionizing r a d i a t i o n  dosimeter, conrnonly h o v m  as a c a s u a l t y  dosimeter, 

This dosimeter i s  based upon the  increase i n  conduct ivi ty  i n  t h e  water layer 

o f  a water-carbon t e t r a c h l o r i d e  o r  water-chloroform system sea l ed  i n  a 

fountain pen sized, light-opaque, pyrex g l a s s  l i n e d  capsule,  Dosage i s  read 

by a portable e l e c t r o n i c  device based upon t h e  Q-meter in pr inc ip l e ,  increas- 

ins conductivity following i r r a d i a t i o n  produces correspondingly g r e a t e r  

e l e c t r i c a l  l o s ses  i n  t h e  meter c i r c u i t .  These lo s ses  a r e  read on a d i a l  

ca l ib ra t ed  i n  r uni ts ,  

This instrument i s  frankly based upon the  co lo r ime t r i c  dosimeter developed 

Tapl in  and Douglas have developed, i n  a preliminary by Taplin and Douglas (1,2), 

forn ,  a dosimeter based upon t h e  reported l i n e a r  r e l a t i o n s h i p  between t he  acid 

evolved f r o m  chloroform and t h e  energy absorbed by it. A two phase system 

measures t h e  ac id  produced color imetr ical ly .  M t e r  r ad ia t ion ,  t h e  ac id  

l i b e r a t o d  diff 'uses i n t o  the  aqueous phase, reducing t h e  pH and changing the 

color  of t he  dye (brom c reso l  purple) ,  

prototype it has severe1 probable advantages and a t  l e a s t  one p o t e n t i a l  

Compared with i t s  Taplin end Douglas 
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1, In the  Taplin and Douglas instrument the  color change occurs c h i e f l y  

ax one value of dosageo 

dosage tiiat it i s  des i r ab le  t o  measureo 

i n s t r m e n t  i s  s u f f i c i e n t  t o  measure any r a d i a t i o n  dose from 50 t o  1,000 r. 

Thus a sepa ra t e  chamber nus t  be included f o r  each 

In  c o n t r a s t  one l i q u i d  chamber in our 

2,  Dur instrument has the  l i g h t  excluded even during dosage reading. 

I t  contains only t x o  components, water plus chloroform or  carbon t e t r ach lo r ide .  

I= c o n t r a s t  the  prototype Taplin-Douglas i n s t r m e n t  contains i n  add i t ion  a 

p3  s e n s i t i v e  dye and must be observed v i s u a l l y  for reading purposes, 

not  y e t  been conclusively proven t h a t  t h i s  dosimeter i s  s t a b l e  f o r  periods of 

xonths or >-ears under these  conditions. 

l i g h z  excluded has p o t e n t i a l l y  a longer period of usef'ulnesso 

I t  has 

The simple two phase system wi th  

3 ,  Our instrument reported here needs an a u x i l l a r y  e l ec t ron ic  i n s t m e n t  

f o r  readin; ?urposess n o t  required wi th  the  v i s u a l l y  read Taplin-Douglas 

i r , s t ruxec to  Such a reader, it i s  believed, can be developed t h a t  w i l l  n o t  be 

expecsive t o  construct ,  l i g h t w e i g h t ,  a d  easy and rapid t o  use, possessing 

the eavmzage o f  g iving exposure d i r e c t l y  on a c a l i b r a t e d  metero 

zleter many dosimeters can be read, probably as r ap id ly  as 5 seconds per  

individual  dosimeter, 

IJethod, 

J i t h  one 

This work was based upon the idea  t h a t  the  developmental 

Drogram of Taplin and Douglas on a dosimetric dosimeter might be usefully 

supplemented if  a reader could be produced independent o f  v i sua l  observation 

and. v i t h o u t  t he  incorporation o f  a dye, 

n i g h t  l i m i t  t h e  s t a b i l i t y  and accuracy of  t h e  Taplin and Douglas instrument, 

I t  tms f e l t  t h a t  these two f a c t o r s  

Our i n i t i a l  i dea  was t h a t  pH or conduct ivi ty  might be read by electrodes 

per.mnently sealed i n t o  a g l a s s  capsule containing t h e  two l i qu ids .  Both of 
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t 3 e s e  eTfects a r e  or" 8 nagnitude sub jec t  t o  easy neasurement, For example, our 

r*ecsurezents i n  p r e l i i i n a r y  experiments sho:.red a cnznge i n  pli of the water 

l a y e r  f r o r ,  G,05 t o  3,4  when approximately one t o  one r a t i o s  o f  water and 

chloroform were i r r a d i a t e d  w i t h  500 r o f  x-rays from a 200 peak k.v. generator. 

Sirsilnr e x p e r h e n t s  wi th  C C14- water f i l l e d  tubes gave pa changes of 6.1 t o  

4,O following 500 r, Such order  of  magnitude r e s u l t s  a r e  cons i s t en t  vrith 

data reported by Taplin ana Douglas,, 

Sensurements of conductivity i n  vrater following t h e  i r r a d i a t i o n  wi th  a 

450 r d o s e  o f  equal volume mixtares o f  CIICl3 and w a t e r  show changes in 

c o n c x t i v i t y  or" from 30,000 ohns f o r  non-irreaiated con t ro l s  t o  400 ohms 

follor-iing i r r a d i a t i o n ,  

A s  a means of  reading e l e c t r i c a l  conduct ivi ty  of prototype dosimeter 

tubes wi th  bu i l t - i n  e lectrodes,  a l i g h t  portable  battery-powered AC bridge -8 

constructed,  A 1,000 cycle o s c i l l a t o r  u t i l i z e d  a 1S4 tube. 3e t ec t ion  of 

bridce uqbalance vas nade wi th  earphones. I!o ampl i f i ca t ion  -8 necessaryo 

- 9  2:iis reader, complete wi th  b a t t e r i e s ,  weights about one pound, 

The problem of a design o f  dosineter  w i t h  b u i l t - i n  conduct ivi ty  e lectrodes,  

cheap and easy t o  manufacture, has, however, n o t  Seen solvedo The apparent 

necess i ty  o f  using platinum electrodes,  f ab r i ca t ed  wi th  fa i r  precis ion and 

sealed i n  pyrex g l a s s ,  suggested t h a t  t h i s  dosineter  may be sonewhat more 

expensive t o  produce than i s  desirable ,  

Then preliminary experiments indicated th t  by u t i l i z i n g  radio-frequencies 

i n  the neighborhood of 10 megacycles, the  use o f  i n t e r n a l  e l ec t rodes  might 

be e n t i r e l y  eliminated, work was extended i n  t h i s  direct ion.  

Studies on Radiofrequency Detection o f  Conductivity, - To achieve 

naximurn usefulness an i n d i v i d u d  cnsuali ty-type dosimeter ought t o  be cheap, 
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ricnu:'acturi?, cos t  under a d o l l a r  and preferably n o t  nore than a fe7.v cent.s, 

easily ranur'acturea, rugged ana wi th  a long "shelf"  l i f e ,  

aatisi'actory "reading" apparatus can be developed, a dosimeter i n  which 

cocduct ivi ty  i s  read by radiofrequency means without e lectrodes sealed i n t o  

the  l i q u i d  conpa rben t  has d i s t i n c t  advantnges. 

the  s i i p i e  form o f  a smll py-rex g l a s s  tube, probably encased i n  a t h i n  

envelope o f  opaque p l a s t i c  t o  prevent exposure t o  v i s i b l e  and u l t r a v i o l e t  

l i g h t  and t o  ndd ruggedness t o  t h e  dosimeter, 

?roviding a 

The dosimeter i s  reduced t o  

To i c v e s t i g a t c  the  f e a s i b i l i t y  o f  radiofrequency conduct ivi ty  measure- 

risnts a connercinl type radiofrequency br idge was u t i l i z e d  wi th  a standard 

s i g n a l  senerator  and r ece ive r  equipped with an "S" meter, 

t e s t e d  were pyrex tubes 10 inches long, 1 inch in  diameter, 7/8 f i l l e d  with 

equal p a r t s  o f  carbon t e t r a c h l o r i d e  and water, 

5 negecycies. 

Typical o f  capsules 

A t y p i c a l  frequency used was 

The water phase w a s  placed i n s i d e  n c o i l ,  30 tu rns  and 4 

i-.ches l o n g  xhich made up the  unknown am o f  t h e  bridge, Separate readings 

of L and 2 were obtained. The L readings, in general ,  were constant for a 

;;itren c o i l  and geometry of  dosimeter tube, The R reading obtained depended 

upon t h e  r a d i a t i o n  dose t h a t  t h e  dosimeter has received., It seemed obvious 

t h a t  a reader o f  t h i s  type could be developed s e n s i t i v e  to a r a d i a t i o n  dose 

o f  25 r o r  l e s s ,  

reading apparntus based upon t h i s  p r inc ip l e ,  

I t  probably vrould be e n t i r e l y  f e a s i b l e  t o  develop portable  

Study of a Q-Xeter Type o f  Detector. I t  was noticed t h a t  t he  L and 

Ii readings on the  br idge could be i n t e r p r e t e d  i n  terms o f  t h e  Q of  t he  c o i l  

in which the dosimeter i s  i n s e r t e d ,  Changes in conduct ivi ty  g ive  r i s e  t o  

c h u z e s  i n  &, The f e a s i b i l i t y  was, therefore ,  i nves t iga t ed  of constructing 

a dosimeter reader  based upon the  p r i n c i p l e s  of the Q-meter such as Boontom 
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nzdel. 12 ? r i n c i p l e  such a reader c o n s i s t s  o f  a radiofrequency o s c i l l a t o r  

i'ee&& a s igna l  i n t o  a c o i l  i n t o  which the  dosimeter tube f i t s ,  X t h  the  

ciosineter i n  the  c o i l  and the  c o i l  c i r c u i t  tuned t o  resonance, t he  vol tage 

developed. across  the  c o i l  i s  t h e  o r i g i n a l  fed voltage mul t ip l ied  by Q. 

Tina1 volta..;e i s  read by a high irspedance vacuum tube voltmeter. 

dosimeter f l u i d  conduct ivi ty  -xould be indicated a s  decrease i n  t h i s  output 

voltage read by the  vzcum tube voltmeter. 

This 

Increases  in 

X dosineter  reader based upon t h i s  p r inc ip l e  has been developed and 

Tound t o  have adsquate s e n s i t i v i t y  f o r  the desired purpose. 

gives s c h e z a t i c d l y  the c i r c u i t  nom i n  use. 

portzble  :lode1 constructed,  

1S4 tube. 

on the  c o i l  f o m ,  The o s c i l l a t o r  frequency i s  10 megacycles. 

Xgure  1 (Page 87) 

Figure 2 (Page 88) shows t h e  f i r s t  

The o s c i l l a t o r  i s  a feedback type eclploying a 

Coupling t o  a l o w  impedance load i s  accomplished by a s ing le  t u r n  

The c o i l  i n  which the  dosimeter tube i s  i n s e r t e d  i s  1s inches long and 

?round on a 1/32 inch a211 ?olystyrene f o m  with a 3 inch cen te r  hole. 

is 22 gauge enaqeled wire. 

standard 10 n i l l i m e t e r  pyrex tube,  

Xnd ing  

Dosimeter tubes now i n  use are f ab r i ca t ed  fram 

They a r e  e inches long, f i l l e d  7/8 f u l l  

v t t h  equal p a r t s  carbon t e t r a c h l o r i d e  and water or  chloroform and mater. 

tube i s  i n se r t ed  until t h e  water phase, which f l o a t s  on the  chloroform o r  

carbon t e t r a c h l o r i d e ,  occupies t h e  space wi th in  t h e  co i l .  

A standard electrometer t ype  o f  c i r c u i t  was adapted for use as t h e  

The 

vacuum tube voltmeter. 

prcvent  l o a d h g  d o m  t he  co i l .  

Changes in the electrometer tube bias can be used t o  vary the  s e n s i t i v i t y  of 

t h e  n e t e r  i n  terms of indicated r ad ia t ion .  Conductivity changes produced by 

r a d i a t i o n  doses of  50 r can be e a s i l y  measured wi th  t h i s  unit. 

This provides t h e  necessary high impedance i n p u t  t o  

The tube i s  biased well belon cut-off. 

UNCUS S I F I ED 

UR 01624 



1 
1 
I 
I 
I 

I 
I 
I 
I 

- - - - - -  ----- 
I I \  

I 

I I I 

Figure 1 

Q Meter Circuit. The change i n  O q W  of  the c o i l  L iS 
interpreted in terms of doee received by the capsule 
inserted i n  L. 
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It a;spears f e a s i b l e  t o  design a small, rugged, l i g h t  weight, and 

r e l a t i v e l y  inexpensive dosimeter reader  based upon t h i s  pr inc ip le .  

i l l u s t r a t e d  in f igu re  2 (Page 88) i s  4 x 6 ~ 6  inches and weighs under th ree  

poundso 

been expended t o  increase  s e n s i t i v i t y  and p o r t a b i l i t y .  

The u n i t  

I t  i s  ' the first experimental un i t  constructed and no g r e a t  e f f o r t  has 

Bibliography 

1, Taplin, George V, and Douglas, Clayton H,, UCLA-58, December 29, 1949 

2, Taplin, George V, and Douglas, Clayton H,, RA-DET, Vol, 3, Bo. 5, P. 3, 
Xay 1950 

Problem Code: I.l?, 2 (Service)  

Sect ion Coder 3150 

Author: L, T, Steadman 

1. 73 chamber a i r  samples mere analyzed f o r  zirconium 

2. 4 a i r  dus t  samples were analyzed f o r  beryll ium 

3, 212 animal t i s s u e s  were analyzed f o r  beryl l ium 

4, 4 animal food samples were analyzed f o r  beryl l ium 

5. 15  human autopsy samples were analyzed for uranium and beryll ium 

6. 25 chamber a i r  samples were analyzed f o r  thorium 

7, 7 miscellaneous samples were analyzed for cons t i t uen t  elements 
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EDUCATIONAL 

Problem Code: None 

Section Code: 3480 

TROGRAH 

Author: J. N, Stannard 

Radiological Physics Course, During t h i s  quar te r  t h e  f i n a l  phases of the  

academic program were completed, A course e n t i t l e d  P rac t i ca l  Radiological 

Physics was given under t h e  d i r ec t ion  of Ass is tan t  Professor Mermagen and Mr. 

'Hoyt 7Thipple. An ou t l ine  of l e c t u r e s  and laboratory exercises  fol low (Page8 91- 

92), It W i l l  be noted that this course takes up in order the more urgent 

p r a c t i c a l  hea l th  problems r e su l t i ng  firm t he  preparat ion and use of f i ss ionable  

ma te r i a l s  i n  the re lease  of  nuclear  energy, 

meeting hospi ta l  x-ray and radium problems is  included, 

In addi t ion,  some ins t ruc t ion  in 

The p rac t i ca l  t ra in ing  f o r  f i v e  o f t h e  group is being continued a t  

Brookhaven National Laboratory t h i s  summer under the  auspices of t h e i r  Health 

Physics Division, Owing t o  lack o f  housing at Brookhaven, those s tudents  w i t h  

fami l ies  a re  remaining in Rochester this summer t o  pursue research problems, 

All students began preliminary research inves t iga t ions  during the  quarter, 

A l i s t  of these i s  at tached (Page 93), 

Educational F a c i l i t i e s ,  Transfer of near ly  a l l  educational a c t i v i t i e s  

t o  a new addi t ion t o  the Medical School bu i ld ing  was completed during this 

quarter ,  Equipment requirements f o r  each course were determined i n  detail 

the  responsible in s t ruc to r s  and the  t a sk  of f i t t i n g  up l abora to r i e s  f o r  an 

expanded s tudent  body is under way, 
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P3ACTICAL RADIOLOGICAL PHYSICS 

LECTURE SCHEDULE 

Monday and Friday - 10:30 A,LI,, Tuesday and Thursday - 9:00 A,& 

May 1 to June 9, 1950 

Topic 

1, Introduction and History 

2, Maximum Permissible Exposure 

3, Units 

4, Bragg-Gray Principle 

5, Principles of Measurement 

6, Axtors in Design and Use of Instruments 

7, Survey Instruments 

8, Survey Methods 

9, Radioactive Laboratory Design 

10, 3xcretory lbthods for Bio-Assay 

11, Hematological Bio-Assay Methods 

Discussion 

Quiz 

12, Waste Disposal 

13. X-ray Installation Safeguards 

14, Plant Health Physics Methods 

15, Correction of Substandard Conditions 

16, Shielding 

17, Atomic Disaster 

18, Seminar: Experiment Summaries 

Lecturer 
~ 

Mermagen 

Mermagen 

Whipple 

mhippl e 

Memagen 

nipple 

D d l l  

VVhippl e 

h d r m  

Stannard 

Ingram 

Staff 

Bale 

Mermagem 

Mermagen 

Whipple 

Whipple 

Howland 

Students 
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UNCLASSIFIED 

Topic 

Suwnary, Review and Discussion 

Examination 

LABORATOHY SCHEDULE 

Tuesday and Thursday - 1:OO - 5:OO P.M. 

1, Photographic Dosimetry 

2 0  

3 0  

40 

5, 

60 

7, 

80 

90 

Photographic Dosimetry 

Instrument Calibration 

Beta Activity Analysis 

Decontamination 

Practical Laboratory Survey 

Cyclotron Neutron Neasurements 

X-ray Calibration of Low and High Voltage Generators 

X-ray Shielding 

UbTCLAS S I FI ED 

Lecturer 

Staff 
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UNCLASSIFIED 

A.E,C, RADIOLOGICAL PHYSICS FELLOIVS 

RESEARCH ASSIGNIENTS 

February 24 through June 1950 

Ins t ruc to r  Student Problem 

Geo. Ide Angleton 

SJm, J, Bair 

Robt, F, Barker 

S tua r t  C, Black 

John C, Gallimore 

Paul Do Shandley 

Geoo A, Simon 

Lawrence Thomas 

Theodore Vatanabe 

Donal'd Morken 

Spectrochemical methods f o r  determina- 
t i o n  of f i s s i o n  products 

Protein synthesis  w i t h  rad ioac t ive  
amino acids  

Extension and amplif icat ion of cur ren t  
tolerance calculat ions f o r  i n t e r n a l  
emi t te rs  

Depth dose determinations 

Aggregates and radio-colloids a8 
f a c t o r s  a f fec t ing  d i s t r i b u t i o n  of 
radioact ive mater ia l s  i n  the  body 
(Autoradiographic a t t ack )  

Radium-radon determinatione 

Spectrochemical methods f o r  determina- 
t i o n  of  f i s s i o n  products ( d i f f e r e n t  
substances than used by Angleton) 

Aggregates and radio-col loids  88 

f a c t o r s  a f f ec t ing  d i s t r i b u t i o n  of 
radioact ive mater ia l s  i n  t h e  body 
( co r re l a t ive  physical measurements) 

Electronmicroscopy of s o f t  t i s s u e  wi th  
p a r t i c u l a r  reference t o  the r e sp i r a to ry  
system 

Development o f  an ana ly t i ca l  fluoro- 
photometer f o r  the  study of p ro jec t  
metals 

Steadam 

Mil ler  

s t m m a  

Mepmgen 

Boyd-Stennard 

k r s h  

Steadman 

Laskin 

Nerrman 
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XIR OFFICIAL USE OILY 

Report No. 

UR-103 

UR-108 

UR-109 

UR-110 

UR-111  

UR-113 

UR-114 

UR-115 

TECHXICAL ,XIPORTS ' I S S m  IQR DISTRIBUTIOB 

Clas s i f i ed  For O f f i c i a l  Use Only o r  Lower 

Apr i l  1, 1950 t h r u  June 30, 1950 

T i t l e  - 
Quarterly Technical Report f o r  October 1, 
1949 t h r u  December 31, 1949 
( FOR OFFICIAL USE ONLY) 
Issued: Apri l  11, 1950 - 
"The Removal of Uranium Compounds from 
Cloth, A Laundry Problem" 

Issued: June 19, 1950 

"Berylliwn Complexes w i t h  Naphthazarin 
and Alkannin" 

Issued: Apri l  4, 1950 

"5one as a Problem in  Surface Chemistry" 

Issued: Apri l  19, 1950 

"The I s o l a t i o n  of Lbrin as a Reagent f o r  
Be Analysis" 

Issued: Apri l  19, 1950 

"Pi lo t  Experiments on Indica t ions  of 
Radiation Sickness and Comparison o f  
Lethal Doses of X-rays f o r  Rats and 
Dogs at I n t e n s i t i e s  o f  160 r per  Hour 
and Then Delivered i n  24 Hours" 

Issued: b y  23, 1950 

"The Surface Chemistry of  Bone 
Fluoride Deposition" 

Issued: June 1, 1950 

"2f fec t  of Polonium210 and Selenium75 
in Zxperimental Schistoscma IJansoni 
Infec t ion  i n  a c e "  
(FOR OFFICIAL USE OIJLY)(Declassified) 
Issued; June 2, 1950 

( m ~ c m s  I nn,) - 
( WLAS s IFID) - 
(UNCLASSIFIED) - 
(UNCLASSIFIED) - 

(UNCLASSIFIED) 

11. 

(UNCLASSIFIZD) 

- 

Author8 

Blair 

Carl son 
Neuman 

Underwood 
Toribara 
Neuman 

Neuman 

B onne r 

Casarett 

Neuman 
e t  a1 

i7atts 
McConnell 

Subject  
Category 

Health 
and 

Biology 

He a1 t h  
and 

Biology 

Chemistry 
General 

Health 
and 
Biology 

Chemistry 
General 

Health 
and 

Biology 

Health 
and 

Biology 

Ileal t h 
and 

Biology 

FOR OFFICIAL USE ONLY 
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Report No, T i t l e  - 
UR-116 Quarterly Technical Report f o r  January 

1, 1950 t h r u  March 31, 1950 
(FOR OF'FICIAL USE ONLY) 
Issued: June 29, 1950 

''A Kinet ic  Study of Normal and 
Uranium Inhibi ted Hexose Metabolism 
i n  Yeast" 
(FOR OFFICIAL USE OULY)(Declassified) 
Issued: June 2, 1950 

- 
UR-117 

The Radium Content of t h e  Body For I1 UR-119 
Individuals  w i th  no Known Occupational 
Exposur es " 

Issued: June 30, 1950 

"The Relat ionship of t h e  Cell  Surface 
t o  Metalo VII, The Chemical Nature 
of Uranium-Complexing Groups t o  t h e  
C e l l  Surface" 
(CONFTDENTUL) (Declassif ied)  
Issued: June 23, 1950 

(rnJCLASSIFIn,) - 
UR-120 

- 

FOR OFFICIAL USE ONLY 

Subject 
Authors Category 

Blair  Health 
and 

Biology 

Hurwitz Health 
and 

Biology 

Hursh He a1 th 
Gates and 

Biology 

Roths t e  i n  Health 
e t  al and 

Biology 
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