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CEAPTER 1 

INTRODUCTION 

This  doc-at is t he  t h i r d  semiannual report of t h e  

a c t i v i t i e s  of the Biological and Medical Research Group of 

the Loa A l a m o s  Scient i f ic  Laboratory 's  Health Div i s ion .  The 

previous reports were LAYS-2445 and LAMS-2455. 

The format of the  p resen t  report  is e s s e n t i a l l y  t h e  same 

as  i n  the past wi th  the Group's a c t i v i t i e s  d iv ided  i n t o  

biochemistry,  low-level counting, organic c h e m i s t r y ,  radio- 

biology,  radiopathology , and ve te r ina ry  s e r v i c e s ,  each con- 

s t i t u t i n g  a chapter. A more complete table of c o n t e n t s ,  hor- 

e v e r ,  has been added. 

For s e v e r a l  years, the  Group has been p ioneer ing  i n  the 

development and use of organic  s c i n t i l l a t o r s  fo r  t h e  measure- 

men t  of low-level r a d i o a c t i v i t y .  During the p r e s e n t  report 

period, the  Group had its second opportuni ty  t o  make a major 

c o n t r i b u t i o n  t o  t h e  planning and conducting of an  i n t e r n a t i o n a l  

symposium on t h e  s u b j e c t .  As i n  1957, when Group personnel 

were involved i n  organizing the  Northwestern Univers i ty  

I 0 t b 8 S b  
-11- 



Conference on S c i n t i l l a t i o n  Counting, E. C. Anderson, D. G. 

O t t ,  and F. N. Hayes worked on t h e  Program and Arrangeolents 

Committees for t he  I n t e r n a t i o n a l  Conference held a t  the 

University of New Mexico on August 15-17, 1960. I n  a t t e n d -  

ance were 223 delegates from 9 c o u n t r i e s .  Twenty-two papers 

were premented, and t h e  proceedings w i l l  be publ ished by t h e  

AEC's O f f i c e  of Technical Information i n  Oak Ridge w i t h  

E l i z a b e t h  S u l l i v a n  and F. N. Hayes on t h e  e d i t o r i a l  staff. 

During t h i s  r e p o r t  per iod ,  t h e  Group also participated 

in Nevada tests of t he  prototype nuc lear  rocket propuls ion 

reactors, K i w i - A  Prime and K i w i - A  Three .  P a r t i c i p a t i o n  con- 

sisted of f a l l o u t  measurements and measurements of neutron 

and gamma r a y  dose rates and i n t e g r a l  doses, under sh i e lded  

and free a i r  cond i t ions .  

AS of December 31, 1960, t h e  personnel of the Group, 

t h e i r  q u a l i f i c a t i o n s ,  c l a s s i f i c a t i o n ,  and Group and Sec t ion  

a f f i l i a t i o n s  were a s  shown i n  t h e  f o l l o w i n g  table of 

organ iza t ion .  

t 0 4 b 8 5 1  - 12- 
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BIOCHgldISTRY SECTION 

Loag-Tem Retent ion  of Zinc6’ by Man (C. R. Richmond, J. E. 
Furchner ,  and W .  E. Langham) 

INTRODUCTION 

A previous report (1) from t h i s  Laboratory surmanrized 

t h e  resulta of experiments on t h e  r e t e n t i o n  of Zn6’CI2 by 

4 species of mammals. 

of approximately 1 yr were obta ined  f o r  2 human s u b j e c t s  

and were reso lved  i n t o  3 exponen t i a l  components by B 104 cam- 

p u t e r  method. 

f u n c t i o n s  were used t o  c a l c u l a t e  equ i l ib r ium levels and max- 

imum permirrsible concen t r a t ion  va lues .  

sugges ted  t h a t  a d d i t i o n a l  components were not  needed t o  

describe r e t e n t i o n  for times in excess  of 1 y r .  I t  was 

decided t o  con t inue  r e t e n t i o n  measurements for both  s u b j e c t s  

u n t i l  t he  body activities approached t h e  lower l i m i t s  of t he  

d e t e c t i n g  system. 

R e t e n t i o n  func t ions  cover ing  a per iod  

The parameters which described the retention 

The data s t r o n g l y  

The e n t i r e  time-course of Zn65 r e t e n t i o n  

I O 4 b B b 0  -15- 
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could then be compared w i t h  t h e  Teten t ion  p a t t e r n s  p rev ious ly  

reported . 
METHODS AND asmrs 

lYhole body r e t e n t i o n  experiments were te rmina ted  a t  

664 and 579 days fol lowing a c u t e  m a l  admin i s t r a t ion  f o r  - and 0, r e s p e c t i v e l y .  D i f f e r e n c e s  i n  g a s t r o i n t e s t i n a l  

a b s o r p t i o n  and size of t h e  adminis te red  dose were t h e  major 

factors  which determined t h e  J u r a t i o n  of t h e  experiments.  

The biological  r e t e n t i o n  was c a l c u l a t e d  from t h e  r e l a t i o n  

B i o l o g i c a l  Reten t ion  - ~ n 6 5  

Std .  Z n 6 5 A c t i v i t y  

Sub,j. Zn65 dc t iv i ty) t / (Subj .  

S td .  ZnG5 A c t i v i t y  

where t h e  s u b s c r i p t s  t and o refer t o  t h e  t i m e s  a f te r  Zn65 

admin i s t r a t ion .  An i t e r a t i v e  least square '104 computer pro- 

cedure was used t o  ob ta in  t h e  best f i t  t o  t h e  experimental  

data. Each va lue  of Y (per c e n t  r e t e n t i o n )  was weighted by 

a factor p ropor t iona l  t o  1N ( s t a t i s t i c a l  w e i g h t i n g ) .  U s e  of 

t h i s  weight ing procedure s i m p l y  a s s u r e s  t h a t  t h e  p o i n t s  w i t h  

t h e  larger va r i ances  w i l l  have a smaller inf luence  on t h e  

f i n a l  f i t ,  w h i l e  those wi th  t h e  smaller var iances  w i l l  have 

more i n f l u e n c e  (2) .  

Each b i o l o g i c a l  r e t e n t i o n  curve  was f i t t e d  by a f u n c t i o n  

of t h e  form 

f O l r b 8 b l  -16- 
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Retent ion  prruwtera calculated fror data collected frm 

m o v e r  664 days agree -11 w i t h  those  f r a  &ta obta ined  

during t he  first 387 day8 of the experiment (Table 1). 

i u r l y ,  good agreement -8 found b0tr-n the  value8 de r ived  

for-iron data collected dur ing  the  first 344 day8 and 

those collected d u r i n g  t h e  entire r e t e n t i o n  period of 

579 days (Table 2), i .e., 

Sir -  

1 -ICi + A t  E f f e c t i v e  Reten t ion  - f [ a p  

frtra to t o  ta. 
responds t o  the  equ i l ib r ium l e v e l ,  expressed as  per c e n t  of 

t h e  d a i l y  i n t a k e ,  which would be a t t a i n e d  dur ing  cond i t ion8  

of chron ic  exposure. 

T o t a l  area under t h e  r e t e n t i o n  curve Cor- 

Equil ibr ium l e v e l s  are important as, i n  most cases, 

estiinates of (Ytpc), are based on a model which assumes a 

c o n s t a n t  i n t a k e  of P pc/day and exponent ia l  loss from the  

body (3). Because a maximum permiss ib le  body burden (q, pc) 

is a l so  recommended, the (MPC), value  is simply the  maximum 

permissible concen t r a t ion  (bc/lal water) which can be taken in 

cont inuous ly  without  exceeding q, when cond i t ions  of e q u i l i b -  

rium are established. 

Tables 1 and 2 show that the equ i l ib r ium l e v e l  f o r  each 

s u b j e c t  is e s s e n t i a l l y  unchanged. 

t h e  short-term data were w i t h i n  1 per cent of those  obtained 

The v a l u e s  obtained from 

-17- 
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from t h e  long-term data. This agreement is v i r t u a l l y  the 

same f o r  all parameters. 

DISCUSSION 

The obse rva t ion  t ha t  r e t e n t i o n  of Zn6’ by mice, r a t s ,  

and dogs could  be expressed  by a 3 component exponen t i a l  

f u n c t i o n ,  when measured t o -  1 per  c e n t  of t h e  i n i t i a l  

burden, suggested that a s imilar  f u n c t i o n  would describe t h e  

r e t e n t i o n  of Zn6’ by human s u b j e c t s .  This  report  shows that  

n o  more than 3 components seem necessary t o  describe Zn 

r e t e n t i o n  by human s u b j e c t s .  

6 5  

I n  a d d i t i o n ,  t he  p r e c i s i o n  of t h e  i n t e r s p e c i f i c  r e l a t ion  

between “ e f f e c t i v e  area” and species weight  (1) has no t  been 

affected by t h e  long-term da ta .  Addi t iona l  s u b j e c t s  a r e  

c u r r e n t l y  be ing  measured t o  o b t a i n  more information on t h e  

v a r i a t i o n s  among people and t o  test  f u r t h e r  t h e  i n t e r s p e c i e s  

r e l a t i o n .  
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N o d i f  i c a t i o n  of Zinc" Absorption by Die ta ry  Z i n c  In take  
(J. E. Furchner, C. R. Richmond, and G. A. Traf ton)  

INTRODUCTION 

Although much is known about  the metabolism of the  

essential trace element z inc ,  factors  which affect its 

abso rp t ion  from the  gut  are  r e l a t i v e l y  unknown (1). siager 

et a l .  (2) suggested t h a t  fecal e x c r e t i o n  of d5 by man m y  

depend on s a t u r a t i o n  of t he  i n t e s t i n a l  e p i t h e l i a l  t i s s u e .  

Previous work a t  t h i s  Laboratory (3) showed tha t  i n  2 h-ns, 

1 absorbed N 60 per cent  and  t h e  other - 90 per cen t  of an 

oral  dose. Work presen t ly  i n  progress shows absorp t ion  in 

humans may range  between 30 and 90 per c e n t .  The present  

experiment w a s  designed t o  test t h e  effect of d i f f e r i n g  l e v e l s  

of zinc in t h e  d i e t  on the abso rp t ion  of o r a l l y  adminis tered 

Zn . 65 

MICTHODS AND RESULTS 

F i f ty - fou r  male Sprague-Dawley r a t s ,  112 d a y s  of age, 

were randomly ass igned  t o  6 groups of 9 r a t s  each and placed 

on normal ground Purina Lab Chow and water ad l i b i t u m  fo r  a 

cond i t ion ing  per iod  of 2 weeks. The Purina Lab Chow was 

pulver ized  in a meat g r i n d e r  t o  f a c i l i t a t e  subsequent mixing 

w i t h  powdered z i n c  acetate in a Patterson-Kelley twin-shel l  

l a b o r a t o r y  b lender .  The Ralston-Purina Company g i v e s  t h e  

1 0 4 b 8 b b  
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normal z i n c  content of Pur ina  Lab Chow as 58.6 ppm. The 

acetate was added t o  t h e  pulver ized  Pur ina  Lab Chow in 

q u a n t i t i e s  suf f l c i e n t  t o  make diets  con ta in ing  1 (control)  , 
2, 3, 5, 7 ,  and 11 t i m e s  t he  normal z i n c  con ten t .  After 

28 days of f eed ing  groups of animals  on each of these d i e t s ,  

each animal  was given  1.2 pc of Zn6’C1 by gas t r ic  gavage. 

i n d i v i d u a l  ra ts  were assayed f o r  r a d i o a c t i v i t y  by whole body 

count ing  techniques  30 min af ter  admin i s t r a t ion  and 1, 2,  4 ,  

7 ,  and 11 days thereafter. The r e s u l t s  are g iven  i n  P ig .  1, 

where the r e t e n t i o n  on t h e  va r ious  days a f te r  a d m i n i s t r a t i o n  

is p lo t ted  as a f u n c t i o n  of t h e  d i e t a r y  l e v e l  of z i n c .  The 

p o i n t s  represent group averages .  One series of measurements 

(293 ppm) l i e  above t h e  e y e - f i t  l i n e s  drawn for days  2, 4, 7 ,  

and 11. T h i s  displacement  is due t o  1 animal i n  t h a t  group 

whose r e t e n t f o a  was, for unknown reasons ,  between 2 and 3 t i m e s  

t h e  mean r e t e n t i o n  of t h e  group. The data show t h a t  per c e n t  

r e t e n t i o n  on the  first day decreased s lowly  w i t h  i n c r e a s i n g  

The 

l e v e l  of d i e t a r y  z i n c .  Reten t ion  on t h e  second day, however, 

decreased grea t ly  as  the  l e v e l  of d i e t a r y  z i n c  inc reased  and 

r e t e n t i o n  l e v e l s  on subsequent  days paralleled t h a t  of t h e  

second day. These obse rva t ions  s t r o n g l y  sugges t  that z i n c  

abso rp t ion  from t h e  gu t  is modified by t h e  l e v e l  i n  t he  d i e t .  

Ex t r apo la t ion  t o  zero z i n c  l e v e l s  sugges t s  i nc reased  r e t en -  

t i o n  a t  subnormal l e v e l s  of z i n c  i n t a k e .  

t 0 4 b 8 b I  -22- 
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Fig. 1. The effect of d&tary zinc on the retention of oral ly  
administered Zn 
administration. 

by rats a t  various times after 
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DISCUSSION 

Elovated lovols of d i e t a r y  z i n c  a p p a r e n t l y  affect t h e  

a h o r p t i o n  of oral ly  adminis tered Zn6’ in rats.  

t h i 8  experiment does not  test subnormal l e v e l s  of z i n c  in- 

take, it does i n d i c a t e  that such d i e t a r y  l e v e l s  may enhance 

t h e  abso rp t ion  of tracer doses of Zn65. This aspect of t h e  

Although 

problem w i l l  be i n v e s t i g a t e d .  

I t  is poseible that d i f f e r e n c e s  in d f e t a r y  z i n c  l e v e l s  

may c o n t r i b u t e  t o  t h e  wide range of abso rp t ion  observed i n  
28 hwmne. Recent work (4) i n d i c a t e s  that abso rp t ion  of Mg 

by man is also inf luenced by t h e  load presented  t o  t he  

i n t e s t i n a l  mucosa, bu t  is not  l i n e a r l y  re la ted t o  t h e  load. 

A t  p r e s e n t  there are no experimental  data a v a i l a b l e  t o  

e v a l u a t e  t h e  effect of d i e t a r y  zinc on g a s t r o i n t e s t i n a l  

abso rp t ion  of z i n c  in humans. 
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isotope6 i n  Uator (E), from I n t e r s p e ~ i e s  Cor ro la t ions .  
 orp par is on of Est i rr i t ed  and W8sured v a l u e s  f o r  
Trftha (C. R. Richmond, J. E. Furchner,  and W. H. Laugham) 

I .  
and 

INTRODUCTION 

In eesence ,  t h e  maximum permissible  concen t r a t ion  of a 

r a d i o a c t i v e  material is t h a t  amount of a c t i v i t y  per c u b i c  

cen t ime te r  of a i r  or water which may be taken  i n t o  t h e  body 

cont inuously wi thou t  exceeding a recommended a c t i v i t y  (9) in 

a specific t i s s u e ,  when cond i t ions  of equ i l ib r ium are reached. 

I n t e g r a t i o n  of t h e  e f f e c t i v e  r e t e n t i o n  func t ion  from to t o  ta 
g i v e s  the  t o t a l  area under t h e  curve .  The area is an eStim8te 

of the e q u i l i b r i u m  l e v e l  i n  terms of m u l t i p l e s  of t h e  d a i l y  

i n t ake .  Es t ima tes  of (IdPC), va lues  can then  be obtained from 

t h e  fo l lowing  r e l a t i o n :  

where q is the  maximum permissible body burden, I is t h e  d a i l y  

i n t a k e  of water, and A is t h e  e q u i l i b r i u m  l e v e l  or t h e  a r e a  

under t h e  r e t e n t i o n  func t ion .  T h i s  r e p o r t  shows how A can be 

estimated from i n t e r s p e c i e s  c o r r e l a t i o n s .  

METIfODS AND RESULTS 

The areas under t h e  effective r e t e n t i o n  f u n c t i o n s  for mice, 

f 0 4 b 8 7 0  -25- * 

6 

3 L. .I ._ 



rats,  dogs, and human8 g iven  an a c u t e  dose  of ZneS were 

shown t o  be a p m r  f u n c t i o n  of species weight (1). Sip- 

i l a r l y ,  experiments w i t h  €lTO in mice, rats,  rabbi ts ,  dags, 

hormes, and human s u b j e c t s  (2) have y ie lded  the n.cas8ary 

r e t e a t i o n  parameters  from which equ i l ib r ium l e v e l s  m y  be 

c a l c u l a t e d .  

Figure I shows t h e  r e l a t i o n s h i p  between e q u i l i b r i u m  

l e v e l  and species we igh t  f o r  d5. 
c u l a t e d  from mouse, r a t ,  and dog d a t a ,  is shown as a broken 

l i n e  over t he  e x t r a p o l a t e d  range t o  man. Measured e q u i l i b -  

rim va lues  shown for t h e  2 human s u b j e c t s  were not  used in 

c a l c u l a t i n g  the  l i n e .  When t h e  whole body is t h e  c r i t i ca l  

organ, the va lue  of q for ZaB5 is 60 pc (3). 

2200 m l  is ass igned  as t h e  d a i l y  water i n t a k e  for man, (YPC), 

for Zn6' can be estimated from Eq. 1 and t h e  equ i l ib r ium 

l e v e l  f o r  man (A) determined by t h e  e x t r a p o l a t i o n  shown in 

Fig. 1. Table  1 g i v e s  t h e  (MPC), value most r e c e n t l y  rec- 

ommended by t h e  I n t e r n a t i o n a l  Comiss ion  on Radiological 

P r o t e c t i o n  (3) and those obtained from t h e  i n t e r s p e c i e s  

c o r r e l a t i o n .  

The r e g r e s s i o n  l i n e ,  C a l -  

If a v a l u e  of 

Figure 2 shows t h e  interspecific c o r r e l a t i o n  between 

equ i l ib r ium l e v e l  2nd species weight  for ffio. The va lue  f o r  

t h e  human subJects was not  included i n  t h e  c a l c u l a t i o n  of t h e  

l i n e .  Table 2 g ives  t h e  most r e c e n t  I .  C.  R. P. (MPC)w for 

-26- 
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TABLE 1. MAXIMUM P~RYISSIBU CONCXNTUTION OF ZINP IN 

'1IATgB (YPC), FOR -1NUOUS EXPOSURE 

~ 

Source of Value 
~ ~~ 

I .  C.  R .  P .  Recamendation (1960) loo3 

Calculated from Human Data 2.4 

Calculated from Human Data 1.7 loo4 

Calculated frm Interspecies 
Extrapolrt ion* 2.4 loo4 

60 

(A) ( I )  [1.55 (70,000) 

* Q 

0*3833] [ 22001 
(ypc), - 
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TABU 2. MAXIMUM PERMISSIBLE COWCEIQTRATI(H OF TRITIUM IN 

WATBR (YPC), FOR CONTINUOUS EXPOSURE 

~~ ~ ~ 

Source of Value 

I. C. R. P. Recommendation (1960) 

Calculated from Human Data 

5 x loo2 

7 x log2 

Calculated from Interspecies Extrapolation 6 x loo2 

Calculated from Interspeclea Interpolation* 8 x loo2 

-30- 
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and thore obta ined  from t h i s  s t u d y .  

. l i r i a r t l o n  is amursd f o r  a l l  species. 

Wgrnic binding of tritium in animaals r e p r e s e n t s  a small frrc- 

t ion  of t h e  total adminis te red  dose and would have a small 

effect on the equ i l ib r ium l e v e l .  

bound trltiua does no t  begin t o  show up u n t i l  t h e  r e t e n t i o n  

f u u c t l o n  has dropped approximately 5 decades (4) ,  its long- 

term r e t e n t i o n  is not cons idered  s i g n i f i c a n t  in t h e  p r e s e u t  

calculation. 

A s ingle  rate of 

Admittedly, t h e  

However, because organicrlly 

Because horses were a v n i l a b l e  for t he  ET0 s tudy ,  it m a  

possible t o  i n t e r p o l a t e  an equ i l ib r ium v a l u e  for man from 

Fig. 2 and t o  e s t i m a t e  an (YPC), value.  When t he  horses 

were not included i n  t h e  c a l c u l a t i o n  of t h e  interspecies 

c o r r e l a t i o n ,  e x t r a p o l a t i o n  t o  man was possible. 

spcies correlation, in t h i s  case, was: 

The i n t e r -  

0.2488 Y - 0.90 x 

The (Ypc), v a l u e s  r e s u l t i n g  from both  e x t r a p o l a t i o n  and 

i n t e r p o l a t i o n  a r e  given in TAble 2, assuming d a i l y  water in- 

take was 2200 ml and q 2000 pc (3). 

agreement wi th  each other and w i t h  that p r e s e n t l y  recommended 

by the I .  C. R. P. 

The va lues  are i n  good 

3 0 4 b 8 1 6  -3 1- 
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DISCUSSION 

Of n e c e s s i t y ,  m o a t  of t he  p r e s e n t l y  recommended (UPC), 

values  are determined from experiments on l a b o r a t o r y  animals.  

Unfortunately,  no r a t i o n a l  basis is a v a i l a b l e  f o r  ex t rapola-  
1 t i o n  t o  man and, in most cases, the  data ob ta ined  from smsrll b 

animals  aro merely s u b s t i t u t e d .  
J 

T h i s  report g i v e s  a basis for such an  e x t r a p o l a t i o n  from 

8-11 animals t o  man and p r e s e n t s  human data t o  demonstrate 

t h e  v a l i d i t y  of t he  e x t r a p o l a t i o n .  Without a d d i t i o n a l  refine- 

ments ,  t h e  method presented here is restricted t o  case8 i n  

which the  whole body is t h e  c r i t i ca l  t i s s u e  and the  time re- 

qu i r ed  f o r  e q u i l i b r i u m  t o  be reached is lese than  t h e  expo- 

sure t i m e  (i.e., assumed t o  be 50 y r ) .  There is no assurance ,  

however, that such  r e l a t i o n s  e x i s t  for a l l  r ad ionuc l ides .  

When a t i s s u e  other t h a n  the  whole body is t h e  c r i t i ca l  t i s s u e ,  

t h e  e q u i l i b r i u m  l e v e l  f o r  that t i s s u e  must be determined 

before t h i s  method can be used. 

-32- 
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Reten t ion  and Excre t ion  of O r a l l y  Administered Cesium 13' by 

Mice. 11. P r e d i c t i o n  of Reten t ion  after Chronic Exposure 
(J. E. Furchner,  C. R. Richmond, and G. A .  "raf ton)  

1N"RODUCTTON 

In a previous report (l), a comparison was made between 

predicted and a c t u a l  equ i l ib r ium l e v e l s  in mice exposed t o  

c o n s t a n t  Cs 137 l e v e l s  i n  t h e  d r ink ing  water. The p red ic t ed  

l e v e l s  were der ived  from i n t e g r a t i o n  of t h e  r e t e n t i o n  equa- 

t i o n  obta ined  from a s i n g l e  a c u t e  exposure.  The change i n  

r e t e n t i o n  levels a f te r  wi thdrawal  from chronic  exposure a l s o  

should  be p r e d i c t a b l e ,  and t h e  following r e p o r t  g ives  t he  

method and r e s u l t s  of such a p r e d i c t i o n .  

=BODS AND RBSWLTS 

13 7 Mice that had been exposed t o  a cons tan t  l e v e l  of Cs 

(as the chloride) i n  d r ink ing  water for  100 days were meas- 

ured a t  s u i t a b l e  i n t e r v a l s  af ter  c e s s a t i o n  of t h e  c h r o n i c  

exposure.  The r e s u l t s  are p l o t t e d  i n  Fig.  1, where day ze ro  

is t h e ' f i r s t  day of withdrawal from Cs137 and 100 per c e n t  

is t h e  a c t i v i t y  measured on that day. The p o i n t s  are der ived  

from measurements made on t h e  designated days.  

Previous experiments a t  t h i s  Laboratory (2) showed t h a t  

t h e  r e t e n t i o n  parameters obtained from mice exposed t o  a 

s i n g l e  oral  dose of Cs var ied  as a func t ion  of age between 

1 0 4 b 8 1 9  -34- 
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4 and 51 weeks. Because the  c h r o n i c a l l y  exposed mice were 

12 weeks old a t  the  i n i t i a t i o n  of t h e  exposure and because 

the c h r o n i c  exposure was of 14 weeks d u r a t i o n ,  a n  a c u t e  oral  

dose of Cs 13' was adminis te red  t o  a group of c o n t r o l s  

(12 weeks of ago a t  t h e  beginning of t h e  s tudy)  co inc iden t  

w i t h  t h e  beginning and t e rmina t ion  of t he  experiment involv- 

i n g  ch ron ic  exposure.  No r e s i d u a l  a c t i v i t y  from t h e  first 

dose remained i n  t h e  c o n t r o l s  a t  the  t i m e  of t h e  second expo- 

s u r e .  The parameters of t h e  r e t e n t i o n  equat ion obta ined  

fram t h e  first a c u t e  dose were used t o  p red ic t  equ i l ib r ium 

l e v e l s  i n  t h e  chronic exposure experiment.  The parameters 

of the rcltentfon equat ion  obtained from t h e  second a c u t e  dose 

were used t o  predic t  t h e  r e t e n t i o n  p a t t e r n  after c e s s a t i o n  

of chron ic  exposure. While the parameters obtained from the 

first a c u t e  exposures were adequate  for p r e d i c t i n g  e q u i l i b -  

rium l e v e l s ,  they  fa i led  t o  describe r e t e n t i o n  after termina- 

tion of c h r o n i c  exposure.  However, t h e  pred ic ted  fa l l -off ,  

shown by the  so l id  l i n e  i n  F ig .  1, agrees reasonably w e l l  

w i t h  t h e  measured va lues  r ep resen ted  by t h e  po in t s .  The 

equat ion  used for p r e d i c t i o n  was of t h e  form 

where t h e  a ' s  and t h e  k ' s  are t h e  i n t e r c e p t  and rate c o n s t a n t s  

of t h e  c o n t r o l  r e t e n t i o n  equat ion .  

3 0 4 b 8 8  1 
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DISCUSSION 

The w e  of the r e t e n t i o n  p a t t e r n s  of a c u t e  exposures 

far p r e d i c t i n g  equ i l ib r ium l e v e l s  dur ing  ch ron ic  exposures 

is a comnon practice, which has rarely been s u b j e c t e d  t o  

experimental  v e r i f i c a t i o n .  The p resen t  experiment provide8 

8 d d i t i o n a l  j u s t i f i c a t i o n  for such practice. 

exposures of much greater dura t ion  would give more inforna-  

t i o n  about  changes in equ i l ib r ium levels due t o  age d i f -  

fe rences .  In a d d i t i o n ,  i so topes  whose r e t e n t i o n  patterns 

are described by power func t ions  might  a l s o  be tested by 

chronic exposures. 

Eowever, chronic  

(1) J. E. Furchner,  C. R. Richmond, and G. A .  Trafton, Los 
A l a m o s  S c i e n t i f  l c  Laboratory Report LAYS-2455 (1960) 
p.  9. 

(2) J.  E. Furchner ,  C.  R. Richmond, and G. A .  T r a f t o n ,  Lo8 
Alamos S c i e n t i f  i c  Laboratory Report LAMS-2455 (1960) , 
p. 14. 
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Enhancement of C e ~ l u r ~ ~ '  Excre t ion  by Rats Fed Potassium- 

CmmIn8, and G. A .  Tra f ton )  
SupploNnted D i e t 8  (C. R. Richmond, J. E. Furchner,  B. E. . 

INTRODUCTION 

Porr8Iblo enhancement of Cs 137 exc re t ion  is of importance 

as it is a high y i e l d  product  of uranium and plutonium f i s s i o n  

and r anks  high on the  list of t h e  p o t e n t i a l l y  hazardous by- 

products  of peacefu l  a p p l i c a t i o n s  of nuclear  energy. 

Published s t u d i e s  r ega rd ing  enhancement of Cs 137 excre- 

t i o n  by laboratory animals  through increased potassium i n t a k e  

are still s o m e w h a t  inconclus ive .  Many of t h e  r e s u l t s  a re  

ques t ionab le ,  as potassium-deficient  semisynthe t ic  d i e t s  were 

used f o r  the  c o n t r o l  animals .  I t  is known that t h e  feeding  

of d i e t s  d e f i c i e n t  in a specific e l e m e n t  causes  pronounced 

p e r t u r b a t i o n s  from t h e  normal metabolic p a t t e r n  obta ined  for  

that element.  In a d d i t i o n ,  potassium-deficient d i e t s  are a l so  

d e f i c i e n t  i n  other e lements  (i.e.,  magnesium) and cause  renal 

damage (1,2). 

IIETHODS 

T h i r t y  male Sprague-Dawley r a t s ,  84 days o l d  (average 

w e i g h t  317.3 g), were div ided  i n t o  5 equal groups.  One group 

was f e d  ground Purina Lab Chow (basal d i e t ) ,  another  was f e d  

a commercially supp l i ed  potassium-deficient  d i e t ,  and t h e  

I 0 4 b 8 8 3  
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-inlag 3 groups were fed t h e  basal d i e t  supplement w i t h  

trrying amounts of potassiunr added as the c h l o r i d e .  

a h a  ConC4mtration w 8 s  - 1 per c e n t  fo r  the  basal d i e t  (3), 

8od 5 ,  8 ,  and 11 per c e n t  for the supplemented d i e t s .  A 

P.ttereon-Ke1ley twin-shel l  l abo ra to ry  blender  was used t o  

The potas- 

f8cilitate mixture of the basal d i e t  and the  potassium sup- 

plements. 

Qp8 In order t o  acclimate themselves t o  t h e  pu lve r i zed  food 

A l l  animals were fed the  basal d i e t  for s e v e r a l  

8ad 8WC-l feedera. 

Immdia te ly  after i n t r a p e r i t o n e a l  i n j e c t i o n  of 0.65 pc 

carr ier-f reo Cs 13' per animal ,  each group was placed on I t a  

specific d i e t a r y  regimen. Animals were counted i n d i v i d u a l l y  

8t  30 rnin fol lowing i n j e c t i o n  and a t  s u i t a b l e  i n t e r v a l s  there- 

.iter i n  a whole-body l i q u i d  s c i n t i l l a t i o n  counter  (4).  

Whole-body r e t e n t i o n  a t  each t i m e  of measurement was c a l c u l a t e d  

by a s t anda rd ized  procedure given elsewhere in t h i s  report ( 5 ) .  

Approximately 80 days a f t e r  i n j e c t i o n ,  3 of t h e  animals  

fed t h e  potassium-deficient  d i e t  had d i ed ,  and the  s u r v i v o r s  

were placed on basal d i e t  for t h e  remainder of t he  experinmat. 

RESULTS AND DISCUSSION 

Data showing t h e  mean whole-body r e t e n t i o n  va lues  for 

each group as a func t ion  of time are given in Fig.  1. The 

t b 8 - C O U r S e  of CS 13' r e t e n t i o n  for the c o n t r o l  animals  is 
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r t o  th8t prewlOu8ly observed i n  normal rats a t  t h i s  

I t  i a  apparent from Fig. 1 t h 8 t  the potassium-deficient  

t cawed increa8ed r e t e n t i o n  of Cs13' and,  therefore, doea 

morve aa a n  adequate base l i n e  or  c o n t r o l  fo r  s t u d i e s  
137 08s t h e  effect of d i e t a r y  potassium on Cs 

It is also apparent that when these animals were 

the basal d i e t ,  t h e  r e t e n t i o n  p a t t e r n  approximated . .  
b 

;';#that of the  c o n t r o l  animals  on a n  adequate potassium d i e t .  

A l l  groups r e c e i v i n g  supplementary d i e t a r y  potassium lost 
137 C6137 more r a p i d l y  than  t h e  c o n t r o l  group. Increaeed Cs 

excretion, however, d i d  not  appear t o  be l i n e a r l y  related t o  

t h e  potassium c o n t e n t  of t h e  d i e t ,  as no f u r t h e r  i n c r e a s e  was 

observed when the d i e t a r y  potassium was increased  above 8 per 

cen t .  

Even wi thout  a s t a t i s t i ca l  a n a l y s i s  of t he  r e t e n t i o n  data, 

i t  can be s e e n  i n  Fig. 1 t h a t  t h e  i n i t i a l  Cs 13' burden of 

an ima l s  on a 5 per c e n t  potassium d i e t  decreased by a factor 

of 100 i n  50 days ,  whereas t h e  t i m e  r equ i r ed  f o r  a similar  

reduct ion i n  t h e  i n i t i a l  body burden of animals  fed the basal 

d i e t  con ta in ing  1 per c e n t  potassium was 80 days. A t  20 days 

a f t e r  i n j e c t i o n ,  the  Cs 137 burden of t h e  animals  maintained 

on t h e  d i e t  con ta in ing  5 per cent  potassium was half t ha t  of 

t he  animals fed t h e  basal d i e t .  
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contamination and suggest8 t h e  order  of e f f e c t  that may be 

expected from immediate t h e r a p e u t i c  measures based on in- 

crea8ed d i e t a r y  potassium. 

t 
d 
z 

In view of t h e  p o s s i b l e  practical 

applications of such therapy ,  similar experiments should be 

r epea ted  on a larger mammalian spec ies .  

(1) G. C. Kennedy and R. A .  Parker,  Q u a r t .  J .  Exp t l .  Physiol .  - 45, 77 (1960). 

(2) G .  C. Kennedy, C. T. G. F l ea r ,  and R. A. Parker,  Quar t .  
J. Expt l .  Phys io l .  - 45, 82 (1960). 

(3) Ralston-Purina Company, Laboratory Manual. 

(4) R. L. Schuch, Los A l a m o s  S c i e n t i f i c  Laboratory Report 
LAMS-2455 (1960), p.  105. 

(5) C. R. Richmond, J. E. Furchner, B. E. Cummins, and G. A .  
Traf ton ,  This report, p. 34.  

(6) C. R. Richmond, Los A l a m o a  S c i e n t i f i c  Laboratory Report 
LA-2207 (1958) , p.  132. 
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INTRODUCTION 

-re have been many attempts to f i n d  methods of increas- 

ing e x c r e t i o n  of Cs 13' from animals ,  as t h i s  radioisotope is 
. :'4 

-5? w a g  the p o t e n t i a l l y  
?' 

. '* fi.8ion. The list of 

uluders s tab le  sodium, 54 

.Odium and potassium, 

. .  

more hazardous products  of nuc lear  

materials which have been tested in- 

stable potassium, combinations of stable 

d i u r e t i c s ,  enzyme inhibitors, c o r t i s o n e ,  

prrrthyrofd extract, d lnes t ro l  diacetate, ion exchange r e s i n s ,  

alfalfa,  and vermicu l i t e .  

One might hopeful ly  expect  t o  i n c r e a s e  Cs 13' e x c r e t i o n  

by admin i s t e r ing  stable cesium, as t h e  i so tope  d i l u t i o n  effect 

has been used s u c c e s s f u l l y  t o  enhance t h e  exc re t ion  or' certain 

OIememts (i .e., sodium, potassium, hydrogen , and iodine)  

Inc reas ing  the d i e t a r y  l e v e l  of z i n c  (1) and magnesium (2) 

a180 appears t o  have a b e n e f i c i a l  effect on reducing t h e  body 

burden of a c u t e l y  adminis tered d5 and Mg2', r e s p e c t i v e l y  

This  effect is one of reduced g a s t r o i n t e s t i n a l  abso rp t ion ,  

however, and might no t  be advantageous for materials such as 

C e s i u m ,  which are thought t o  be absorbed completely from the  

g u t  

i O4b888 -43- 



YETBODS 

Twentp-four male Sprague-mrley r a t u ,  84 days old ( in i -  

t ia l  wigh t  about  318 g), wore divided i n t o  4 equal groups.  

The groups ware u i n t a i n e d  on ground Purina fnb Chow and 

water ad libitum. Spectrographic analysis of t h e  food showed 

the ceeium c o n t e n t  t o  be - 6.5 x loo5 per c e n t .  Stable 

ce8iur (as the chloride) mas added t o  the basal d i e t  of 3 of 

tho groupr t o  u8ke the cesium concent ra t ion  6 . 5  x loo4, 
6 .5  x loo3, and 6 .5  x log2 per cen t ,  respect ively.  

l e v e l 8  approxlnmted 10, 100, and lo00 fo ld  inc reases  over the 

cesium l e v e l  of t h e  barral d i e t .  A Patterson-Kelley t w i n -  

These 

shell l abora to ry  blender  was used t o  facil i tate mixture of 

t h e  ground Purina l a b  Chow and t h e  supplemental  cesium 

chloride . 
The groups were placed on their r e s p e c t i v e  d i e t a r y  reg- 

i m e ~ ~  immediately a f te r  each animal was i n j e c t e d  i n t r a -  

p e r i t o n e a l l y  w i t h  0.65 pc carrier-free C S ~ ~ ' C ~ .  A t  30 min 

fol lowing i n j e c t i o n  and a t  s u i t a b l e  i n t e r v a l s  thereafter, t h e  

ind iv idua l  animals  were counted i n  a whole-body l i q u i d  

s c i n t i l l a t i o n  counter  (3) . Whole-body r e t e n t i o n  was cal- 

culated by a s tandard ized  procedure given elsewhere in t h i s  

report (4). 
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RgSULTS AND DISCUSSION 

Figure  1 show8 t he  mean whole-body r e t e n t i o n  v a l u e s  as 

8 functfon of time for  a l l  4 groups. These data show that 

rotention of Cs13' by ra ts  was no t  decreased by t h e  d i e t a r y  

2-18 of cesium mod. I t  is apparent that Ct3137 r e t e n t i o n  

i9. 
I_ 

-8 increased  by t h e  highest  cesium intake l e v e l .  Periodic 

n i g h i n g s  showed that t h e  2 lowest cesium i n t a k e  l e v e l s  had 

ao deleterious effects on t h e  growth p a t t e r n  of the  animals ,  

but  a f t e r  50 days there was no i n c r e a s e  i n  body weights of 

8nhmlS  on the  h ighes t  cesium Intake .  A t  e q u i l i b r i u m ,  t h e  

concen t r a t ion  of cesium i n  these rats would be approximately 

half t he  LDm (5) for a s ing le  i n t r a p e r i t o n e a l  i n j e c t i o n  of 

cesium c h l o r i d e .  Presumably, the increase i n  r e t e n t i o n  and 

t h e  d i s r u p t i o n  of t he  growth pattern are respouses  t o  cesium 

t o x i c i t y .  

The r e s u l t s  of t h i s  s t u d y  are negat ive  from t h e  s tand-  

po in t  of i n c r e a s i n g  e x c r e t i o n  of a Cs13' body burden by increas-  
137 lng dietary cesium. I t  should be kept  i n  mind that the  Ca 

was adminis te red  v i a  i n t r a p e r i t o n e a l  i n j e c t i o n  and that the 

observed effects of increased  cesium level i n  t h e  d i e t  were 

s t r i c t l y  on r e t e n t i o n  and not  on absorp t ion  plus r e t e n t i o n ,  

a8 would have been the case had the  Cs137 been adminis te red  

-4 5- 
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Effect8 of Age, Sodim Depletion, and Sodium Rep le t ion  on the 

ROtontIon of Sodium” by Ratr (C. R. Richmond, J. E. Furchnor, 
B. E. Cunlns, and G. A .  Trofton)  

INTRODUCTION 

A larga body of information clearly i n d i c a t e s  that about  

one-third of the t o t a l  body sodiun is i n  t h e  s k e l e t o n .  R e s u l t s  

of previous  experiments  a t  t h i s  Laboratory showed t h e  presence 

of a long r e t e n t i o n  component i n  t he  whole body r e t e n t i o n  

p a t t e r n  of Na22 g iven  t o  5 species of animals  (1). 

sugge8ted that human s u b j e c t s  retained less t h a n  1 per cent of 

The r e s u l t s  

t h e  adminis te red  dose w i t h  a b i o l o g i c a l  half-t ime of approx- 

imately 460 days.  Miller and a s s o c i a t e s  (2) a lso  detected the 

presence of t h i s  component i n  a human s u b j e c t  w i t h  t h e  aid of 

t h e  high p r e s s u r e  i o n i z a t i o n  chamber a t  b e d s  and subsequent ly  

recommended the  l i m i t e d  u s e  of Na22 in c l i n i c a l  i n v e s t i g a t i o n s .  

T h i s  component, which is thought t o  r e p r e s e n t  radiosodium 

bound i n  bone, has been detected only w i t h  whole-body coun t ing  

systems. The c o n t r i b u t i o n  t o  t h e  t o t a l  i n t e g r a t e d  r a d i a t i o n  * I  

I dose from radiosodium deposi ted in t h e  s k e l e t o n  is by no mans 
I I  

i n s i g n i f i c a n t  as a t  l e a s t  10 per cen t  of the  t o t a l  dis integra-  

t i o n s  which occur i n  t h e  body a f t e r  Nrr22 a d m i n i s t r a t i o n  are 

associated w i t h  the  long-lived component. 

Th i s  experiment w a s  designed t o  invest igate  the  effects 

;I of age, sodium d e p l e t i o n ,  and subsequent sodium r e p l e t i o n  on b 
t h e  long-term r e t e n t i o n  of radiosodium. 
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YGTIJODS 

i 

T h i r t y - t ~ i x  malo Sprague-Darley ra ts  of 2 d i f f e r e n t  ages 

w r o  wed. 

.rad 12 aoimr;lr 86 d a y s  of age (mean weight  292 8 )  were div ided  

into group8 of 6 animals  each. 

age) were fed  ground Pur ina  Lab Chow, and t h e  o t h e r  2 were 

fed a cosaarercially s u p p l i e d  low sodium d i e t .  An a d d i t i o n a l  

12 animals (86 days old)  were maintained on Pur ina  Lab Chow 

and used for t i s s u e  d i s t r i b u t i o n  s t u d i e s .  M e m b e r s  of t h i s  

c o u p  were given Na22 i n t r a p e r i t o n e a l l y  and sacrif Iced a t  

Twelve an imals  30 day8 of age (mean weight 106 g) 

Two groups (1 group of each 

i n t e r v a l s  dur ing  t h e  experiment t o  determine Na22 con ten t  of 

bone as a f u n c t i o n  of t i m e  af ter  I n j e c t i o n .  A l l  animals  weme 

housed i n d i v i d u a l l y  i n  metabolism cages and allowed free 

acce88 t o  d i e t  and water throughout t h e  exper imenta l  period. 

After a 3 week acclimatization period on t h e  r e s p e c t i v e  

d i e t s ,  each ra t  w a s  given 0 . 4  pc Na22 a s  t h e  c h l o r i d e  by 

i n t r a p e r i t o n e a l  i n j e c t i o n .  T h i r t y  m i n u t e s  l a t e r ,  the  gamma 

ray a c t i v i t y  of each animal  was determined by whole-body 

counting i n  a 4n l i q u i d  s c i n t i l l a t i o n  counter  (3). A standard 

c o n s i s t i n g  of an aqueous s o l u t i o n  of Na22C1 i n  a polyethylene 

bo t t le  5 i n .  in l e n g t h  and 2-1/4 in. In diameter was measured 

w i t h  each group of rats.  Animals and s t anda rds  were measured 

a t  appropr i a t e  g n t e r v a l s  over a 163 day per iod .  For ty  days 

after '  I n j e c t i o n  of t h e  t h e  2 groups on t h e  low sodium 

I O U b 8 9 4  -49- 



d io t  wero traluferrod t o  a d i e t  of ground Pur lh .  Lab Chow and 

allowed t o  roplete t h e i r  body a o d i w  far the remainder of tho 

experiment.  A l l  anlmalr were wolghed p e r i o d i c a l l y  as a check 

for poesible d e l e t e r i o u s  effects of the low sodium d i e t .  The 

biologic81 r e t e n t i o n  of Na22 was then c a l c u l a t e d  by the  f O l l W -  

ing expromion: 

Count Rate)/( Animal C o u n t  Rats 

Std.  Count Rate Std. CoUt  Ut0 
0 

Biological Retent ion  - 
22 i n  which the  s u b a c r l p t s  t and o refer t o  the times a f t e r  Na 

admln i8 t r a t lon .  

r a d i o a c t i v e  decay and corrects fo r  minor day-to-day f luc tua-  

tlons i n  the  count ing system. 

This express ion  e l i m i n a t e s  the effect of 

RESULTS AND DISCUSSION 

Figure 1 shows the whole-body r e t e n t i o n  data fo r  a l l  

Of t he  an imals  kept  on Purina Lab 4 exper imenta l  groups. 

Chow throughout t he  entire experinmatal  period (lower C U ~ V ~ B )  , 
t he  younger group lost  radiosodium a t  a faster rate i n i t i a l l y  

and r e t a i n e d  more of t h e  adminis te red  dose a t  later t i m e s  

t han  d id  the  older group. 

Data rep resen ted  by the  upper curves in Fig. 1 show that 

both age groups r e t a i n e d  Na22 t enac ious ly  dur ing  the 40 day 

period on a low sodium diet. During t h i s  period, younger rats  

1 0 4 b 8 9 5  -50- 
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appeared t o  r e t r i n  more of the r8dioaodium than  the o l d e r  

anim818. 

eve r ,  sodium r e p l a t i o n  bagan and both group6 lost Ha22 a t  an  

accoloratod rata. The youngmr animals  appoared t o  loae Na2' 

more r a p i d l y  du r ing  the i n i t i a l  phase of t he  r e p l e t i o n  period 

than d id  older animala.  Ult lmately,  however, t h e  younger 

group incorpora ted  more radiosodium i n  the  slowest changing 

component 

Aftor t h e  chango t o  Purfaa LJb Chow on day 40, hw- 

Tho m o m t  s t r i k i n g  feature of P i g .  1 i t s  t h e  large d i f -  

f e rence  between t h e  amounts of Na22 r e t a i n e d  by t h e  normal 

and repleted groups a t  long tines fol lowing a d m i n i s t r a t i o n .  

Younger rats i n  both normal and repleted groups r e t a i n e d  more 

of t he  i n i t i a l  Na2' burden t h a n  older rats.  One might expect 

r e l a t i v e l y  larger amounts of Na22 t o  deposit In t he  ske le ton  

dur ing  sodium r e p l e t i o n .  I t  might be expected a lso that 

younger animals  may depotsit m o r e  Na22 in the s k e l e t o n  than 

o l d e r  ones. The above observa t ions  suppor t  t h e s e  expecta- 

t ion8 

The r e t e n t i o n  data for  both the young and old age  groups 

maintained on t he  normal sodium d i e t  were reduced I n t o  ex- 

ponen t i a l  components by a 704 computer programmed t o  perform 

i t e r a t i v e  least squa re  c a l c u l a t i o n s .  Coding procedures re- 

q u i r e  t h e  r e t e n t i o n  va lues  (Y) a t  each time (t) and esthates 

of t h e  i n t e r c e p t  and rate parameters of tlie f u n c t i o n .  Each 
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'I I 8  reightod by a factor p ropor t iona l  t o  1/Y. This  procedure 

8 V O I d 8  the s u b j e c t i v i t y  inhe ren t  to eye-f i t t i n g  a 

oxpmriuntrrl data and, by i t e r a t i o n ,  aa8urem that 

critorir are e q u a l l y  applicable t o  a l l  components 

Prullmirrrrry roaults show the b io log ica l  r e t e n t i o n  

for rrnirrlm in these groupm t o  be of the  form 
L 

l i n e  t o  tho 

best fit 

slmultan.olulp.  

function. 

9 f  1 - c 3 I.,',,]. 
Rt 1 

Tho value8 fo r  the in t e rcep t  (a) and rate c o n s t a n t s  (k) which 

boat described the  biological r e t e n t i o n  data o u t  t o  163 days, 

are: 

Rt - 91.14 e -0024715 t + 7 . 5 2  e -'*09196 + 0.88 8 -0.00247 t 

and 

-0.16341 t + e 4.03511 t + 0.59  -0.00257 t Rt - 98.60 e 

for young and old group., r e s p e c t i v e l y .  The8e equa t ions  are 

repre8ented by the eol ld  line8 drawn i n  F ig .  1. The latiit term 

of each equation ahw8 t h a t  0.88 per c e n t  of the  i n j e c t e d  

dome (1. D.) was r e t a i n e d  by t h e  young animals w i t h  a b io logica l  

half-life (Tb) of 281 days, whereas 0.59 per cent of the  dose 

wag r e t a i n e d  w i t h  a Tb of 269 days in t h e  older animals. 

cooponante should n o t  be ignored when e s t i m a t i n g  t o t a l  radia- 

t i o n  dose, as they  account  for - 38 and - 22 per c e n t ,  

These 
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r e a p c t i v e l y ,  of t h e  t o t a l  area under t h e  " e f f e c t i v e  r e t e n -  

t i o n  func t ion"  (i.e., r e t e n t i o n  as t h e  r e s u l t  of p h y s i c a l  

decay and biological loss of Na22) from to t o  tm. 

Figure 1 8 h m  t h a t  the  dose d e l i v e r e d  t o  an ima l s  on a 

r O 8 t r i C t 8 d  sodium i n t a k e  (by both young and o l d e r  age groups) 

would indeed be cons iderably  greater than  that d e l i v e r e d  t o  

an imals  maintained on a normal d i e t .  Th i s  is a l s o  t r u e  

dur ing  t h e  r e p l e t i o n  phase, as  much more of t h e  adminis te red  
22 N o  I s  associated w i t h  t h e  slow-changing component. Presum- 

a b l y ,  more Na22 is bound i n  t h i s  compartment dur ing  sodium 

r e p l e t i o n  t o  replace t h e  labile skeletal sodium which w a s  

mobilized dur ing  t h e  per iod of restricted sodium i n t a k e .  

The d i s t r i b u t i o n  s t u d i e s  showed about two-thirds  of t he  

a c t i v i t y  related t o  the slow-changing component can be 

a t t r i b u t e d  t o  NaZ2 i n  t h e  s k e l e t o n .  T h i s  pre l iminary  f i n d i n g  

sugge8 t s  that some of t h e  adminis te red  radiosodium is r e t a i n e d  

i n  the  s o f t  t i s s u e s  of t h e  body w i t h  a r e l a t i v e l y  long half-  

t i m e .  

Fu tu re  p lans  inc lude  c o n t i n u a t i o n  of t h e  r e t e n t i o n  meas- 

urements on t h e  2 groups that r ece ived  t h e  low sodium d i e t ,  

analyses fo r  skeletal Na22 a t  t h e  te rmina t ion  of t h e  exper- 

iment,  and es t ima t ion  of t h e  c o n t r i b u t i o n  of the long-l ived 

! 

component t o  the t o t a l  r a d i a t i o n  dose. 
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Long-Term Re ten t ion  of RutheniumlOG by Rats (J. E. Furchner, 
C. R. Richmond, and G. A .  Traf ton)  

INTRODUCTION 

Barliar reports from t h i s  Laboratory (1) shored that 

r e t e n t i o n  of Bu '06 by rats,  a f t e r  i n t r a p e r i t o n e a l  i n j e c t i o n ,  

could be described by a 3 component exponen t i a l  func t ion .  The 

data from which t h e  3 component func t ion  w a s  de r ived  extended 

t o  319 days. The p r e s e n t  r e p o r t  describes t h e  time-course 

of r e t e n t i o n  up t o  400 days, a t  which t i m e  it was necessary 

t o  t e rmina te  the experiment because of mortalities in the  

experimental  an imals .  

c 

METHODS AND RESULTS 

The methods of i n j e c t i o n ,  assay,  and d a t a  a n a l y s i s  have 

been reported p rev ious ly  (1). The r e t e n t i o n  data over the 

entire period of 400 days were submitted t o  a n a l y s i s  by a 

704 computer w i t h  estimated values  for 3 components, and the  

r e s u l t i n g  equat ion  is given a s  Bq. I in Table 1. Visual  exam= 

i n a t i o n  of a plo t  of the  data po in t s  and the line generated 

by t h e  equat ion  i n i t i a t e d  a second a n a l y s i s  w i t h  a 4 campo- 

neat estimate, and the  r e s u l t i n g  equat ion is given as  Eq. I f  

in Table 1. Equat ions 111 and IV i n  Table 1 g i v e  the  r e s u l t s  

of computer a n a l y s e s  when t h e  data t o  319 days only are f i t t e d  

t o  3 and 4 components, r e s p e c t i v e l y .  
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In Tab le  2, it can  be s e e n  that when t h e  "least square1' 

c r i t e r i o n  is used t o  select t h e  "best f i t "  from a choice of 

equations, 4 component expres s ions  provide a better f i t  t h a n  

3 component exprese ions  over both  t i m e  i n t e r v a l s .  Although I 
t h e  r e t e n t i o n  f u n c t i o n  w i t h  4 components derived from data 5 

Covering 319 days only has a smaller summed squa res  of devia-  

t i o n s ,  t h e  a d d i t i o n a l  d e v i a t i o n s  appear ing  a f t e r  319 days 

should be inc luded  fo r  comparison w i t h  t h e  corresponding 

f u n c t i o n  der ived from data through 400  days.  

The effect of t h e  data collected between 319 and 401 days 

has been t o  decrease t h e  r e t e n t i o n  c o n s t a n t s  ( i . e . ,  i n c r e a s e  

the biological ha l f - t ime ,  Tb). As mentioned in t h e  p rev ious  

report (l), a va lue  of 340 days f o r  the b i o l o g i c a l  half-t ime 

of Ru '06 i n  bone h a s  been reported by o t h e r s  (2 ) .  

r e c e n t l y  recommended v a l u e  of t h e  I n t e r n a t i o n a l  Commission on 

The moat 

Radiological P ro tec t ion  (3) is 16 days ,  based perhaps on shor t -  

t e r m  s tud iea  of r e t e n t i o n  i n  s o f t  t i s s u e .  These v a l u e s  are 

cons ide rab ly  smaller t h a n  t h e  553 day Tb va lue  ob ta ined  f o r  

t h e  long component i n  t h i s  s t u d y .  T h i s  component (Table 2) 

c o n t a i n s  about 92 per c e n t  of t h e  t o t a l  area under t h e  r e t en -  

t i o n  f u n c t i o n .  The areas under the r e t e n t i o n  f u n c t i o n  a re  

inc reased  by t h e  changes i n  t h e  r e t e n t i o n  c o n s t a n t ,  and the  

estimate of t h e  equ i l ib r ium l e v e l  from t h e  bes t  f i t t i n g  

expres s ion  is 15.3 times t h e  d a i l y  dose of stable  ruthenium, 

ra ther  than  123 times t h e  d a i l y  dose a s  repor ted  by us pre- 

v i o u s l y  (1). 
-58- 



ARBAS UNDER TIIE RETENTION FUNCTIONS FOR RATS IN=- 

INTRAPERITONEALLY WITH R ~ I d w  A N D  THg SUYUED 

SQUARES OF DEVIATIONS FROM THE RETENTION FUNCTIONS *b. 
-9 
2'. . 

Area Area Total Area Sum of S q u U a  I?. 

of Squa tion Number Component days) of tota l )  days) Deviations (per cent  (per cent (per cent 

I* 

XI* 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 

III** 

IV** 1 
2 
3 
4 

40.87 
959.75 

12,964.02 

7 . 7 0  
365.95 
842.30 

14,715.81 

32.79 
888.77 

11,414.12 

16.09 
257.32 
826.56 

12,858.66 

0 .35  
6.87 

92.78 

0.05 
2.30  
5.29 

92.37 

0 . 2 7  
7.20 

92.53 

0 . 1 2  
1.84 
5 .92  

92.92 

13,972 42.68 

15,932 4.03 

29.41 12,335 

13 , 958 2.91 

** 
to - t319* 
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DISCUSSION 
- ~ 

The beat est$mates of t he  number and v a l u e s  of t he  rsten- 

t i o n  parameters are d e s i r e d  because they rill be used for  

making j n t e r s p a c i f i c  c o r r e l a t i o n s ,  The advantage of collect- 

i n g  r e t e n t i o n  data as long as  p o s s i b l e  is emphasized by the t observed changes i n  t h e  parameters of t he  r e t e n t i o n  func t ions  4 

r e s u l t i n g  from e x t e n s i o n  of the  data from 319 t o  401 days. 

Severa l  other phases of t h e  problem are under inves t iga-  

t i o n .  

l i m i t  of d e t e c t i o n  (405 days after a d m i n i s t r a t i o n )  by i n  v ivo  

count ing.  Similar s t u d i e s  on dogs, and possibly on monkeys, 

are planned. 

progress and w i l l  be u t i l i z e d  i n  a s s e s s i n g  the biological 

s i g n i f i c a n c e  of t h e  r e t e n t i o n  func t ions .  L a s t l y ,  t h e  quest ion 

of admin i s t e r ing  radioruthenium t o  human s u b j e c t s  is being 

considered.  

The whole-body a c t i v i t y  of Ru IO6 i n  mice is a t  t h e  

S t u d i e s  of d i s t r i b u t i o n  of Ru lo6 i n  r a t s  are in 
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Y '  

- -c t iv i ty  i n  Cervidae An t l e r s  (H. Foreman, M. 8 .  Roberts, 
ht E. L i l l y )  

INTRODUCTION 

P7 Although the Intense concern about ' * f a l lou t tq  which ex- 
ied 8 couple of y e a r s  ago has l a r g e l y  subs ided ,  there 

-,11 remains cons ide rab le  i n t e r e s t  and need f o r  information 

levels of ambient r a d i o a c t i v i t y .  The fo l lowing  report is 

a eva lua t ion  of t h e  use  of Cervidae a n t l e r s  a s  a means for 

c o l l e c t i n g  such data ( l . e . ,  f o r  sampling and e s t i m a t i n g  

F' l e v e l 8  of r a d i o a c t i v i t y  spread sparsely over large areas). 
b 

T b  idea of deer an t le rs  as i n d i c a t o r s  of environmental  

r a d i o a c t i v i t y  has occurred t o  a number of i n d i v i d u a l s  over 

t h e  yea r s ,  undoubtedly because of certain characteristics 
. -  * 

Of t h i s  species. In its browsing, t h e  deer takes in f o l i a g e  

and brush r e p r e s e n t a t i v e  of a tremendous s u r f a c e  area f o r  

f a l l o u t  depos i t i on  and me tabo l i ca l ly  concen t r a t e s  t h e  radio-  

a c t i v i t y  i n  a compact s t r u c t u r e  which  is r e l a t i v e l y  easy t o  

ob ta in .  Moreoverz i s o t o p e s  of special interest  -- the  bone 

* 
Only 1 published report h a s  appeared on r a d i o a c t i v i t y  in 

deer a n t l e r s  (1) , but  information,  opinions,  and i n d i c a t i o n s  
of i n t e r e s t  i n  t h e  s u b j e c t  have come i n  t h e  form of personal 
Conununications ( i . e . ,  from E. C. Anderson of t h i s  Laboratory,  
A .  Schu le r t  of t h e  Lamont Geological Observatory, A .  Kramish 
Of t h e  Rand Corpora t ion ,  J.  Lade of the  New York State Depart- 
ment of Heal th ,  and V. S c h u l t z  of t he  AEC's  Div is ion  of 
Biology and Medicine).  Dr. Schu l t z  has 3 pre l iminary  r e p o r t s  
011 s t u d i e s  of r a d i o a c t i v i t y  i n  deer a n t l e r s :  1 of h i s  own, 
1 by Lindberg e t  a l .  from UCLA on Xevada deer, and 1 f rom 
Y. Hiyma of t h e  Un ive r s i ty  of Tokyo. 
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8H)L;OrS -- are involved. The time of a c t i v i t y  accumulation 

C8n bo r e a d i l y  determined, and the year-by-year accumulat ions 

can be cmparod i n  the same herd. 

undortrken moire as a f e a s i b i l i t y  study i n  an attempt t o  

aacortaln the l i m i t a t i o n  and ueefulaess of deer a n t l e r  radio- 

a c t i v i t y  s tud ie s  rather than  t o  answer any specific ques t ion  

on environmental  or biospheric contamination. 

The presen t  project was 

EXPERIHENTAL PROCEDURE 

Specimen Sources 

Specimen8 were s e n t  t o  the  Laboratory as a r e s u l t  of 

p u b l i c i t y  in local news b u l l e t i n s  and art icles i n  Time and 

Sports I l l u s t r a t e d  magazines. No attenrpt was made t o  o b t a i n  

speclmens from any one p a r t i c u l a r  geographic area or accord- 

ing  t o  any s p e c i a l  p a t t e r n .  A l l  a n t l e r s  rece ived ,  whose 

i d e n t i t y  w i t h  respect t o  year and site of procurement was 

w e l l  e s tab l i shed ,  were analyzed.  By and large, specimens 

were obta ined  from a n i m a l s  k i l l e d  dur ing  hunting season .  A 

few specimens were taken from animals  k i l l e d  for  o ther  reasons ,  

and these were rece ived  in t h e  v e l v e t  stage rather t h a n  as 

mature a n t l e r s .  No dropped a n t l e r s  were used. A t o t a l  of 

72 specimens were obtained from t h e  U n i t e d  States, Canada, 

and Alaska. These included not o n l y  deer a n t l e r s  but a lso  

those from e l k ,  car ibou ,  and r e i n d e e r .  At least 1 specimen 

I O 4 b 9 0 1  -62- 
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for each yea r  from 1945 through 1958 i n c l u s i v e  was obta ined ,  

and in addition 1 from t h e  year 1935. 

Method8 of Assay 

Two type8 of w a s u r e m n t s  were nude: 

t o t a l  beta counts .  

procedure developed in t h i s  Laboratory and described i n  the 

las t  semiannual r e p o r t  (2) .  The samples were prepared for 

&#say m e r e l y  by c u t t i n g  t h e  a n t l e r s  i n t o  small pieces and 

ash ing  100 g samples i n  a muffle f u r n a c e  for 4 hr a t  700’.  

R e p l i c a t e s  were done t o  t h e  e x t e n t  of t he  q u a n t i t y  of spm- 

imen a v a i l a b l e .  Counting times were such  that a t  l e v e l s  of 

10 d/m/g ash or higher the s t anda rd  d e v i a t i o n  due t o  c o w t -  

i ng  procedure w a s  less t h a n  2 per c e n t .  A t  less than 

10 d/m/g ash,  t he  s t anda rd  d e v i a t i o n  w a s  less than 5 per 

c e n t .  The s t a n d a r d  dev ia t ion  between replicate analyses is 

discussed  i n  t h e  procedural  report (2). 

of 10 per c e n t .  

Srm assays  and 

Strontiumm assays were done by a 

It was of t h e  o rde r  

For t o t a l  beta counting, ash was used without f u r t h e r  

treatment and s i n c e  c o l o r  in t h e  ash sample affected the  

counter  e f f i c i e n c y ,  care was taken  t o  ob ta in  as whi te  a 

sample a8 possible. In t h e  p repa ra t ion  of the  ash, t h e  

an t le rs  were first washed w i t h  co ld  running water t o  remove 

as much blood pigment from the bone marrow as poss ib l e ,  and 

-63- 
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t hen  thoroughly washed w i t h  ho t  soap and water t o  remove 

surface d i r t  and contamination. The samples w e r e  autoclaved 

for  2 t o  3 hr and a g a i n  nmhed  w i t h  w a t e r  and d e t e r g e n t  and 

r inaod  thoroughly w i t h  hot water. Rinsing r e s u l t a d  i n  t h e  

rorovrl of t he  remt of extraneous debris, liberated marrow 

fa t ,  and g e l a t i n ,  and moot i f  no t  a l l  of the  s o l u b l e  mineral  

phase inc luding  sodium, potassium, and cesium. The sample 

was then  ashed for  8 t o  10 h r  a t  70O0. Afte r  coo l ing ,  a f i n e  

powder was obta ined  by g r ind ing  i n  a mortar.  Each count ing  

Sample cons i8 ted  of 10 g of ash and enough S C i n t i l l a t i O n  so lu-  

t i o n  t o  b r i n g  t h e  volume t o  30 cc. The s c i n t i l l a t i o n  s o l u t i o n  

w a s  t h e  s t anda rd  terphenyl-POPOP-toluene mixture  con ta in ing  

in a d d i t i o n  25 per c e n t  by weight of powdered po lys ty rene  

plast ic .  The plastic d isso lved  t o  g i v e  a clear v i scous  so lu-  

t i o n ,  which kept t h e  bone powder in suspension.  The count- 

ing s e t u p  has been described in a previous p u b l i c a t i o n  (3). 

Each sample w a s  counted for a t o t a l  of 10,OOO counts  t o  g i v e  

a s t anda rd  d e v i a t i o n  for  counting of less than 5 per cen t .  

When s u f f i c i e n t  sample was a v a i l a b l e ,  3 separate count ing 

samples w e r e  prepared and counted, An i n t e r n a l  s t anda rd  of 

Ygl was used a t  the  count ing  of each sample t o  determine 

count ing e f f i c i e n c y .  

be convenient ly  prepared as a s t anda rd  and because it has an 

"average'* beta spectrum. 

Y t t r i u m g 1  was selected because it could 

t '  1 i 

I 
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RESULTS 

Tb a n a l y t i c a l  r e s u l t s  are presented  i n  Table 1. 

ontiuasO d8ta are axpresued as d/m/g of ash rather than  

t b  cwtoury p#c/g of calcium because calcium a n a l y s e s  were 

mot don.. However, a good average va lue  for  calcium i n  deer 

8~1tlOr ash is g e n e r a l l y  cons idered  t o  be 38.5 pew c e n t  (4,5), 

and by uoing t h i s  number the  r e s u l t s  i n  column 2 (Table I) 

can be converted t o  Hpc/g calcium merely by m u l t i p l y i n g  by 

tbs factor 1.18. 

4: 
k 
!P 

Stront iumw assays are miss ing  on a number 

of specimens because n o t  enough sample w a s  a v a i l a b l e .  

Column 3 i n  the table shows t o t a l  be ta  count in c/m/g. T h i s  

I 8  the  crude  n e t  count  after background has been sub t r ac t ed .  

In the next  column, the r e s u l t s  f o r  beta count ing  are given 

after c o r r e c t i o n  for count ing  e f f i c i e n c y  has been made. In 

the last  column are presented r e s u l t s  of c a l c u l a t i o n s  

illustrating t h e  r e l a t i v e  importance of Srm v e r s u s  short- 

l i v e d  f i s s i o n  p roduc t s  w i t h  respect t o  r a d i a t i o n  dose 

de l ive red  t o  bone. The assumptions involved and t h e  method 

Of c a l c u l a t i o n  are  presented  i n  t h e  Discussion s e c t i o n  below. 

In Fig. 1, y e a r l y  Sr90 averages are shown for t h e  various 

areas frcm which a n t l e r s  were obtained.  The data for  deer, 

car ibou ,  e l k ,  and r e i n d e e r  are a l l  averaged t o g e t h e r ,  s i n c e  

there appeared t o  be l i t t l e  difference among them. 

a l l  U. S o  averages listed do not  Include Alaska data, s i n c e  

The over- 
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TAB= 1. RADIOACTIVITY IN CERVIDAE ANTLJCRS 

Relative Dose 
Contr ibut ion 

9090 
sample (d/m/g ash)*  (c / r /g  a sh )  (d/m/g a sh )  (per c e n t )  

To ta l  Beta Corrected 
Yorr of Sr 90 Counts Beta Counts of S r  /Y 
Are8 and 

t 
1958 

Alaska (It) 105.1 
Ab8h (a) 162.7 
Ala.& (C) 145.5 
Ala.& (C) 64.0 
Arizona (0) 9.5 
Br .  Columbia @) -- 
Br. Columbia (D) -- 
California  @) 10.2 
C a l i f o r n i a  (D) 10.1 
C a l i f o r n i a  (D) -- 
Colorado (E) 30.5 

- 

Michigan (D) 0- 

Missouri (E) 21.4 
Missouri (E) 21.1 
Missouri (E) 28.8 
Nevada (D) 18.9 
New Hamp. (D) 15.6 
New Mex. (D) 20.3 
New Hex. (D) 15.5 
New Hex. (D) 18.6 
New Me%. (D) 10.0 
New Hex. (D) -0 

New Hex. (D) -0 

New Hex. (D) -0 

Oregon (D) -0 

Oregon (D) -0 

Oregon (D) 00 

35.5 
25.0 
51.5 
33.6 

4.5 

17.9 
11.9 
2.5 
6 .5  
8 .8  
9.1  
4.3 
8.4 
7 . 0  
7.6 
5.9 

11.1 
10.7 

5.2 
11.2 

2.1 
5.7 
9.4 
5.0 

10.7 
6.5 
8.5 

206.0 
237.1 
218.4 
127.8 
27.0 
67.9 
74.3 
19.7 
25.2 
26.5 
68.7 
40.6 
79.8 
73.3 
62.9 
61.8 
39.4 
62.9 
41.6 
48.3 
25.1 
55.0 
61.1 
30.4 

92.3 
52.6 
94.6 

100 
100 
100 
100 

87.7 

100 
92.5 

96.1 

-- 

77.5 
80.3 
97.1 
82.7 
92.4 
84.9 
89.8 
91.2 
92.4 -- 

-- 
-I 

* 
Can be converted t o  approximate pfic/g Ca by mul t ip ly ing  by 

1.18. 
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Quebec (D) 
Qumbec (D) 

Ten. @) 
Wyoming @) 
1957 

Ala8k8 (C) 
mlifornia 0) 
California @) 
Color8do (E) 

Michigan (D) 
New Hex. (D) 
New Hex. (D) 
Oregon (D) 

- 

35 .o 
30.3 
3 5 . 1  

-0 

22.4 

73.3 
7 . 6  
8 . 5  

16.8 
-0 

14.7 
5 .8  

10.8 
Pennsylvmia (D) -- 
1956 - 
California (D) -9 

Nevada (D) 12.7 
New Mex. (E) 11.1 
Oregon @) 12.4 
Oregon (D) 11.9 
Pennsylvania @) -- 
Wyoming (E) 20.3 

5.3 
7 . 8  

7 . 4  
7 . 2  

18.4 
2.6 

10.6 

4 . 4  
2.0 

11 .o 
4 . 3  
3.9 
1 .5  
4.0  
6.8 

4 .5  

1.6  
16.8 
4 . 4  
4 . 0  
3.0 
2.1 
3.0 
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44 . 8. 0- 

54.6 L I I  

89.4 91 . 54 
60.6 100 
72.4 100 
31.0 -- 
54.6 93.2 

36.2 
32 .0  
25.4 
36.8 
38.1 
30.3 
30.1 
39.2 
35.9 

18.1 
74.3 
39.0 
31.5 
19.6 
30.2 
53.4 

-- 
-I 
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TABU 1 (continued) 
~~ 

Relative Dam. 
Contribution 

9 o m  A r m  8nd Total Bet8 Corrected 
Year of Qr90 C M t 8  B e t a  Couata of Sr /1 

Sample (d/m/g a8h) (c/m/g amh) (d/m/g amh) (per cent) 

1955 - 
Califarnla (D) 7 . 0  6 .2  59.7 0. 

Michigan 0) 9.1 13 .9  37.4 0- 

Nevada @) -0 1.0 12.1 0- 

New Ikx. (p) 8 . 5  2 .7  19 .8  -- 
1954 

California (D) 
Yichigsn (D) 
Pennsylvania @) 

W-ine (D) 

- 

1953 

Calif ornla (D) 
Yukon (Y) 
Yukon (C) 

- 

1952 

Call1 ornia (D) 
- 

1951 

California (D) 
Michigan (D) 

- 

1950 - 
Calif ornla (D) 

1 0 4 b 9 1 3  

0- 

-0 

-0 

6 . 5  

-I 

3 . 2  
6 . 9  

1 .7  
0 . 5  

1 . 4  
4 .1  

-0 

6 . 8  
10.7 
3.6 
3 . 9  

6 . 5  
3 . 9  
1 .3  

1 .1  
10.3 

4 .5  
2.2 

3 . 0  
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21.7 -- 
39.6 -- 
53.6 -I 

25.3 -- 

24.0  
15 .9  
27.8 

30 .2  
9 .7  

30.2 
22.5 

14.1 



s .  1946 . -  
California 

1945 

V"' 

1.5 
4.5 

59 
38 

0.6 

1.22 

1.8 

2.9 

4.6 

14.7 

25.8 

32.0 

5 
9 

(.I- 

.- 

-I CaUfornh (D) 0.08 10.0 47.4 

N m s :  

I) = deer; C = caribou; R - reindeer; E - e lk;  Y = moose. 



I 
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thome va luaa  u o  SO much higher than  any of t he  o t h e r s  and 

aro a v 8 i l a b l o  fo r  only tho las t  2 years. The inc lue ion  of 

the80 value8  would unduly weight the 1957 and 1958 average8 

u m r d  

DISCUSSION 

As wae ant ic ipa ted ,  t h e  i n t r o d u c t i o n  of Srm i n t o  the 

anvironment by bomb t e s t i n g  is r e a d i l y  manifested i n  a n t l e r s .  

lt appears t ha t  t h i s  s t r u c t u r e  has a capac i ty  t o  concen t r a t e  

Sr90 t o  a greater e x t e n t  than  any other biological material 

which has been s t u d i e d ,  except  perhaps sheep bone. The vary 

high c o a c e n t r a t l o n  of SrgO w i t h  respect t o  calcium m o s t  l i k e l y  

I 8  due t o  t h e  fact  that deer, by n a t u r e  of t h e i r  f eed ing  

habi t s ,  consume a good deal of f a l l o u t  t h a t  is n o t  associated 

w i t h  calcium. I t  would be s u r p r i s i n g  i f  t he  metabolic d i s -  

c r i r i r u t i o n  factors which ope ra t e  w i t h  respect t o  s t r o n t i u m  

rad crlciur i n  other mammals do n o t  apply t o  t h e  deer. 

I t  is of i n t e r e s t  that Srm i n  a n t l e r s  increased  year  by 

yoar as m o r e  and more Srm was released i n t o  the  environnmnt 

with the except ion  of t h e  1956-1957 i n t e r v a l .  Deer a n t l e r s  

grow in t h e  s p r i n g  and e a r l y  summer, and it might be expected 

that the  r a d i o a c t i v i t y  accumulated i n  t h e  a n t l e r  would be the 

ambient f a l l o u t  d u r i n g  t h a t  t-e, especially since the  dee r  

18 a browsing animal and has access t o  f a l l o u t  deposited 
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d i r e c t l y  on v e g e t a t i o n .  

probably i n d i c a t i v e  of r e l a t i v e l y  f re8h f a l l o u t  rather t b n  

integrated d e p o s i t i o n  l o v e l s  i n  the  so i l .  The e x t o n t  t o  

which t h i s  is t r u e  depends, of course, upon the degree t o  

which the animal  draws upon its s k e l e t o n  t o  b u i l d  i t8 a n t l e r 8  

T h i s  is not known a t  t h e  p re sen t  tim. 

In other words, the Sr90 Ievels aro 

If Srm i n  deer 

a n t l e r s  is indeed r e p r e s e n t a t i v e  of d i f f e r e n t i a l  f a l l o u t ,  

then  t h i s  would e x p l a i n  t h e  sharp rise i n  1956, followed by 

t he  d i p  in 1957, s i n c e  there w a s  a high rate of large-scale 

bomb teste in early 1956, followed by a l u l l  i n  late 1956 

and e a r l y  1957. 

Although there were t o o  f e r  samples from which t o  draw 

conclus ions  r e l a t i n g  SrW l e v e l s  t o  given areas, the  va lues  

for  t h e  Alaska animals  are so very much higher t han  tho8e 

from other areas t h a t  one can be q u i t e  certain,  even from t h i s  

l imi ted  sampling, that t h i s  is a s i g n i f i c a n t  d i f f e r e n c e .  

These very  high l e v e l s  are puzzl ing.  The specimens were ob- 

t a i n e d  from a reg ion  of about 65ON l a t i t u d e ,  a g e n e r a l  reg ion  

of r e l a t i v e l y  l o w  f a l l o u t ,  a t  least as judged by reported 

s o i l  l e v e l s .  

In judging t h e  use fu lness  of deer a n t l e r s  as indicators 

of r a d i o a c t i v i t y ,  it is of v a l u e  t o  cons ider  t h e  v a r i a t i o n  

from animal t o  animal  in t h e  same a r e a .  The data i n  Table 2 

give a n  i n d i c a t i o n  of t h i s ,  b u t  again t h e  pauc i ty  of samples 

l i m i t s  t he  va lue  of t h e s e  comparisons. 

i * 



, , ,,. , 

. californi.  1958 a .  10 .2  
b .  10.1 

Quebec 1958 a .  29.5;  31 .1  
b .  35.1 
c .  36.5;  32.5; 36 .0  

Yi88ourI 1958 a .  21.4 
b.  21 .1  
c .  28.9; 28.9; 27.6; 29.1; 29.2 

Calif ornfa 1957 a .  7 .6  
b .  8 . 5  

Wsgon 1956 a .  13.6; 11.1; 12 .2  
b .  11 .5;  12.3 

lJm: Each lowr case letter represents a s ing le  anlmal. 
Horizontally arranged series of number8 are r e p l i c a t e  anal- 
y t i c a l  results. 
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Although it is cur r tou ry  t o  do groar beta count. in 

onvironunt81 r t u d i e 8 ,  tho80 numbera are o f t e n  of r e l a t i v e l y  

l i t t l o  v r l u o  duo to  lack of informat ion  a8 t o  the i8otopic 

c a p w i t i o n  of the  r a d i o a c t i v i t y .  This was c e r t a i n l y  t r u o  

in tho pre8ont  s tudy .  

u n i n t e r p r e t a b l e  v a r i a t i o n  that t h e y  were of va lue  only i n  

i n d i c a t i n g  the presence or absence of a c t i v i t y .  When the 

numbers are corrected for coua t ing  e f f i c i e n c y ,  the  varia- 

t i o n  was decreased and a c e r t a i n  amount of gross s t r u c t u r o  

could be aeon i n  t h e  data. For i n s t ance ,  t he  1958 Alaska 

v a l u e s  cou ld  be d i s t i n g u i s h e d  easily from t h e  o the r  numbera. 

In fact, t h e  1958 counts  for a l l  areas sampled were consider- 

a b l y  higher than  those of t h e  prev ious  yea r s .  

Tho raw beta coun t s  exhibited so much 

The to ta l  beta count ,  together r l t h  t h e  SrW data, were 

ueed in a n  a t t empt  t o  cons ider  t h e  r epea ted ly  raised quoation 

of the  r e l a t i v e  importance of Srm versus s h o r t - l i v e d  bone 

seekers i n  d e l i v e r i n g  radiation dose t o  t h e  bone. In doing 

t h i s ,  t h e  count  due t o  SrWNm was s u b t r a c t e d  from t h e  cor- 

rected to ta l  beta count.  In many ins t ances ,  as can  be seen 

from Table  1, the  Srm/Yrn count accounted fo r  a l l  t h e  beta 

a c t i v i t y .  In these cases, t h e  r a d i a t i o n  dose a t t r i bu tab le  

t o  the Srrn/Ym equ i l ib r ium mixture  was considered 100 per 

c e n t .  In other specimens, there was a s u r p l u s  of beta 

counts .  These were a r b i t r a r i l y  a t t r i b u t e d  t o  Srs9. By 

.... 
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comoctlag tho count fo r  docay be t r eon  t h e  t i m e  of count ing 

and tlm of c o l l e c t i o n  of the specimen, the  number of micro- 

curl.. of w8' as compared t o  microcuries of ~r~ presen t  

could bs determined. From there it was possible t o  campare 

Y 

h 

* 

r- 

- 

;a 90 the dome c o n t r i b u t i o n  of the  2 isotopes, s i n c e  1 pc of Sr 

o r o n t u a l l y  d e l i v e r s  100 times t h e  r a d i a t i o n  dose of 1 pc of -' 

Sr8'. 

It can be seen  even in t h e  a n t l e r  s i t u a t i o n ,  which 

favor6 r e l a t i v e l y  high depos i t i on  of shor t - l i ved  emitters, 

the r a d i a t i o n  dose t o  bone w a s  overwhelmingly associated 

with Sr  . I f  t h e  assumption that t h e  s u r p l u s  beta a c t i v i t y  

i 8  due t o  Sr8' is wrong, then even more of the dose must 

come from SrW, since the o t h e r  sho r t - l i ved  bone-seeking 

fission products  d e l i v e r  less r a d i a t i o n  dose than  does Sr 

90 

89 

microcurie f o r  microcur ie .  Thus It can be seen, even from 

rough c a l c u l a t i o n s  as  these, tho dose from isotopes o t h e r  

than Srm i n  bone is r e l a t i v e l y  unimportant.  

I t  is fe l t  t h a t  SrW measurements on a n t l e r s  are worth- 

while and can provide I n t e r p r e t a b l e  and meaningful lnforma- 

t i o n .  Strontiumm assays by the procedure i n d i c a t e d  above 

are r e l a t i v e l y  simple and easy  t o  do (as  compared t o  other 

methods) and because of t h e  propens i ty  of deer for SrM, i n  

areas where a n t l e r s  are a v a i l a b l e  t h e i r  c o l l e c t i o n  and assay 

are probably one of t h e  m o s t  s e n s i t i v e ,  convenient ,  and 

-75- 



c o a i t a n t  rise of Srm i n  a n t l e r s  w i t h  SrS f a l l o u t  over the 

y e a r s  sugges t s  that periodic a s s a y s  of SrS i n  a n t l e r s  from 

captive herds,  such  as  the ca r ibou  herd i n  Alaska or t h e  elk 

herd on t h e  PedOr.1 Reservat ion i n  Missouri, could  be used 

t o  measure the rate of stratospheric f a l l o u t .  With the C6888- 

t i o n  of large-scale a i r  b u r s t s  i n  late 1958, one could expect, 

on t h e  basis of Libby's p r e d i c t i o n s  (6), that Srm l e v e l s  in 

a n t l e r s  would peak in 1960, and show a d e c l i n e  i n  subsequent 

y e a r s  a t  a pace i n d i c a t i v e  of t h e  SrgO f a l l o u t  rate. I t  

night be f r u i t f u l  t o  do such  a s t u d y  t o  supplement the data 

on f a l l o u t  rate being obta ined  by other methods. 

There are, of course,  s i t u a t i o n s  other than  those involv- 

i n g  f a l l o u t  from bomb tests i n  which it is necessary  and 

desirable t o  know l e v e l s  of environmental  contamination 

(i.e.,  t h e  envi rons  of reactors or i n  areas i n  and about  

r a d i o a c t i v e  dumps). In such areas, it could be very  u s e f u l  

t o  foster deer herds so that a n t l e r s  could be added t o  the  

specimens that are u s u a l l y  collected t o  monitor biospheric 

contaminat ion.  An t l e r s  and probably sheep s k e l e t o n s  could 

provide t h e  most s e n s i t i v e  i n d i c a t o r s  of Srm contamination 

t h a t  are a v a i l a b l e .  

Again from t h e  exper ience  of t h i s  s tudy ,  i t  appears  that 

t o t a l  beta counts  are of l i m i t e d  va lue  and un le s s  a very 
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urge sori08 of samples is to  be te8ted mrely for the  

pramoacc, or 8baenca of radiorrctivity, they are probrblp 
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- (3) P .  N.  Jbyes, B. S .  Rogers, and PI. II. Inngham, 
Nucleonics 14(3), 48 (1950). .. 

(4) V. Schulte,  unpublished r e s u l t s  on deer boner. 
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Dotarmination of Tritiur Bota A c t i v i t y  i n  HiCr0gr.m Amounts 
of Mucloic Acid. fram Barn Cella Cul tured  i n  Agitated F l u i d  
Medium @. F. Pe te r sen ,  L. B. Cole, and P. C. Sanders) 

INTRODUCTION 

Tha u8e of t r i t i a t e d  thymidine as a precursor in the 

s tudy  of H e l a  cell growth i n  agitated f l u i d  medium necess i ta ted  

t h e  development of a count ing technique which could be appl ied  

t o  large numbers of replicate samples on a r o u t i n e  basis. 

W i n  and Walwick (1) have r e c e n t l y  described such  a procedure 

f o r  l i q u i d  s c i n t i l l a t i o n  count ing of t r i t i a t e d  thymidine in- 

corporated i n t o  deoxyribonucleic  acid (DNA). The basis of 

their technique  invo lves  formate hydro lys i s  of DNA, r e s u l t i n g  

i n  f i n a l  s o l u t f o n  of labeled thymine i n  an  alcoholic s o l v e n t  

compatible w i t h  a nonaqueous s c i n t i l l a t o r  s o l u t i o n  of high 

e f f i c i e n c y .  In our  experiments,  s p e c i f i c  a c t i v i t i e s  were 

s u f f i c i e n t l y  high t o  permit less complicated chemical manipula- 

t i o n s ,  and we have therefore developed a s i m p l i f i e d  procedure 

f o r  r o u t i n e l y  count ing tritium be ta  a c t i v i t y ,  which can be 

a p p l i e d  t o  a v a r i e t y  of b i o l o g i c a l  materials i n  s t u d i e s  employ- 

ing both  o b l i g a t e  (thymidine) and  ambiguous (deoxycytidine) 

p r e c u r s o r s  involved i n  t h e  s y n t h e s i s  of deoxyribonucleic  ac id .  

The procedure is based i n  p r i n c i p l e  on t h e  c lass ical  d i f f e r e n t i a l  

i so l a t ion  methods of Schmidt and Thannhauser (2) and Schneider (3) 

modified t o  y i e l d  aqueous s o l u t i o n s  der ived  from DNA, RNA, and 
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the acid-uoluble  f r a c t i o n .  The f r a c t i o n s  were counted i n  a 

mcintillator corptible wi th  aqueous s o l u t i o n s  (4) . Although 

l i p i d  and protein f r a c t i o n s  have been omitted from the  pre- 

aont  rtudy, minor modif ica t ions  of the procedure would per- 

m i t  their inclusion. The method is s e n s i t i v e  and r ep roduc ib le  

and appear8 t o  prec lude  use of the  more l abor ious  hydro ly t i c  

procedures owing t o  the  less r i g o r o u s  cond i t ions  for hydrol- 

ysis and con6equently g r e a t e r  s t a b i l i t y  of t h e  r e l a t ive ly  

l8b i le  9 at tachments  of t r i t ia ted deoxycyt idine.  

YETHODS 

H e l p  53 cel ls  grown i n  agitated f l u i d  medium were 

8urpled vo lumet r i ca l ly  a t  d a i l y  i n t e r v a l s  following introduc-  

t i o n  of t he  labeled precursor. For these experiments,  t r i t iated 

thymidine and deoxycytidine of h igh  specific a c t i v i t y  were 

used. Four-ml a l i q u o t s  from the c u l t u r e s  con ta in ing  from 

1.2 x lo4 t o  1.2 x lo5 cells/ml (determined w i t h  an e l e c t r o n i c  

particle counter)  were d i l u t e d  w i t h  5 volumes of Hanks' 

balanced sa l t  s o l u t i o n .  C e l l s  were isolated by c e n t r i f u g a t i o n  

in t he  cold, and washed twice wi th  5 volumes of the  s a l t  solu-  

t i o n .  Washings were discarded and t h e  pellet con ta in ing  a 

known number of cel ls  was immediately frozen by immersion of 

t he  tube  in an acetone-Dry Ice f r e e z i n g  mixture.  The f rozen  

pellets were s t o r e d  in a freezing c h e s t  u n t i l  a11 samples had 

been accumulated. 
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Detail. of the f r a c t i o n a t i o n  scheme are summarized in 

Fig. 1. fn  a l l  ateps involving t h e  r e a o v r l  of perchloric 

acid, s o l u t i o n 8  of KOH and perchloric acid which had been 

previoumly t i t ra ted and p r e c i s e l y  adjusted were used t o  en- 

sure that t h e  r e s u l t a n t  s o l u t i o n s  were between pH 6.5 and 6 .6 .  

Four cc of ice-cold 0.3 N perchloric acid (PCA) w a s  added 

and the  pellets extracted in t h e  cold room a t  4OC for 20 min- 

ute# .  After  c e n t r i f u g a t i o n  f o r  10 minutes a t  2OOO tlms 

g r a v i t y ,  2 . 0  m l  of t h e  supe rna tan t  was removed and t h e  PCA 

p r e c i p i t a t e d  as t h e  I n s o l u b l e  potassium s a l t  by the  a d d i t i o n  

of 0 .6  m l  of 1 N KOH and 2 .4  m l  of abso lu te  e t h a n o l .  The re- 

mainder of the cold PCA supe rna tan t  and an equa l  volume of PCA 

wash were discarded and t h e  cen t r i fuged  pellet c o n t a i n i n g  DHA, 

- 

- 

i 

RNA, and p r o t e i n  was hydrolyzed fo r  60 minutes a t  37OC in 0 .2  nl 

of 1 N KOH. Under these Conditions, RNA was hydrolyzed b u t  DNA 

w a s  not (21, and t h e  DNA was reprecipitated upon addi t ion of 

4 . 0  11 of 0.3 N PCA. After c e n t r i f u g a t i o n  of t h e  precipitate 

a t  room temperature ,  a 2.1-nl a l i q u o t  was removed, 0 . 5  m l  of 

1 N KOH and 2.4 m l  of a b s o l u t e  e t h a n o l  were added t o  remove 

t h e  PCA, and t h e  tube  was c h i l l e d  in an ice bath.  F i n a l  dis- 

s o l u t i o n  of t h e  DNA p r e c i p i t a t e  was achieved by a d d i t i o n  of 

4 . 0  cc of 0.3 N PCA and hea t ing  a t  90°C for 20 minutes in a 

stoppered t u b e .  The tube  was c h i l l e d  in an ice ba th ,  and 

perchlorate removed from t h e  DNA s o l u t i o n  by a d d i t i o n  of 

- 

- 

- 

- 
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1.2 rl of 1.0 N $OH, 4.8 rl ab8o lu te  e t b o l ,  and chil l ing in 

an  ice hath. Contents  of the c h i l l e d  tube8 from e8ch fr8a- 
- 

' i' 

. .  

t i o n a t i o n  atep were cent r i fuged ,  and 1.O-ml a l i q u o t 8  of tho 

. .  ' 
. .  

' ! !  

supe rna tan t8  were added t o  15 n l  of PPO-POPOP-naphthalene- 

dioxane s c i n t i l l a t o r  (4). An automat ic  2-channel l i q u i d  

s c i n t i l l a t i o n  spectrometer was used t o  determine r a d i o a c t i v i t y  

in the v a r i o u s  f r a c t i o n s .  

RESULTS AND DISCUSSION 

Because of t h e  effect of pH on s c i n t i l l a t i o n  counting, 

it was necessary  t o  determine its i n f l u e n c e  on e f f i c i e n c y  of 

the s c i n t i l l a t o r  system. Figure 2 demonstrates that f i n a l  

c o n c e n t r a t i o n s  of perchloric acid ranging  from 0.015 N t o  

0.120 N decreased e f f i c i e n c y  of the count ing  system by a max- 

imum of 30 per c e n t ,  n e c e s s i t a t i n g  removal of the  excess  acid 

from the  system. Removal of perchloric acid was i n v e s t i g a t e d  

both i n  t h e  presence and absence of e thano l .  Data shown i n  

Table 1 i n d i c a t e  that counting e f f i c i e n c y  was e s s e n t i a l l y  t h e  

same i n  t h e  aqueous system and in t h e  alcoholic system. How- 

eve r ,  alcohol materially shortened t h e  t i m e  necessary t o  com- 

plete the p r e c i p i t a t i o n  and was, t h e r e f o r e ,  incorporated i n  

t he  s tandard procedure.  Recoveries ranging from 94.8 t o  

96.8 per c e n t  w e r e  obtained i n  t h e  absence of a l c o h o l  and 

96.1 t o  97.1 per cent i n  t h e  presence of a l coho l .  

- 
- 
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Fig. 2 .  The inf luence of perchloric ac id  concentration on 
counting efficiency. 
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T A B U  1. RBPB~UCIBILITP OF COUNTING MTA OBTAINED FROM 

MUTRALIZED =-IC ACID EXTRACTS CONTAINING 

'ISXTUT'Q TEYYIDI#g 

2 4.0 1.2 4.8 0.- 0.10 2828 95.9 

3 4.0 1.2 4.8 0.0 0.10 2800 94.8 

4 4.0 1.2 4.8 0.0 0.10 2859 96.8 

5 4.0 1.2 4.8 o-- 0.10 2820 95.5 
* 

-0- --o 0.10 3381 -- 6 -0- --- 
4.8 0.10 3284 97.1 7 4 .O 1.2 --- 

8 4 .O 1.2 --- 4.8 0.10 3250 96.2 

4.8 0.10 3248 96.1 9 4 .O 1.2 -0- 

10 4.0 1.2 --- 4.0 0.10 3267 96.8 

* Water and water/ethanol standards. 

-84- 



Additlorn1 @ , u r i n a t i o n  of the method ind ica t ed  tha t  t h e  

ocedum3 poe8emaed cons ide rab le  l a t i t u d e  w i t h  respect t o  

uourrt  of material which could be analyzed. 

f cella ranging  from approximately 2 x lo5 t o  

T o t a l  numbers 

$Ea f r a c t i o n a t e d  by the  procedure o u t l i n e d  w i t h  

o m a t a n t  p r t l t i o n l n g  of a c t i v i t y  when labeled 

.ItUd am precursor. These data, shown i n  Tab18 
<.; 

5 5 x 10 could 

s s s e n t  i a  l l y  

thymidine was 

2, demonstrate 

$ h t  &Le calls during exponen t i a l  growth accumulate thymidine 

%arg@ly I n  the deoxyribonucleic  acid f r a c t i o n  w i t h  negl ig ib le  

m o u n t s  appea r ing  i n  t h e  RNA and acid-soluble f r a c t i o n s .  

U t i t u d e  i n  a n a l y t i c a l  capacity was of importance i n  maintain- 

ing a s t a n d a r d  technique for a n a l y s i s  of cells in exponen t i a l  

growth Where 2 t o  4 fold i n c r e a s e s  i n  t h e  concent ra t ion  of 

cella p e r  m l  were expected during t h e  course  of an experiment. 

It would t h u s  appear that t h e  procedure ou t l ined  in t h i s  r e p o r t  

i8 s u i t a b l e  for r o u t i n e  examination of the e x t e n t  of t r i t i a ted  

thymidine Inco rpora t ion .  

l b i n  and Walwick (1) have poin ted  out  t ha t  high temperature  

formate h y d r o l y s i s  tends  t o  c l e a v e  t h e  tritium attachments  t o  

ring carbons  of deoxycyt idine,  w h i l e  me thy l  attachments of 

thymidine are stable.  In t he  p r e s e n t  s tudy ,  r e l a t i v e  i n -  

a t a b i l i t y  of t h e  labeled compounds w a s  i nves t iga t ed  by two 

Procedures. 

c y t i d i n e  were counted d i r e c t l y ,  after charcoa l  adsorp t ion  

Extracts c o n t a i n i n g  t r i t i a t ed  thymid ine  o r  deoxy- 

-85- 
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2.3 x lo5 3073 7.8 2806 7.1 33,705 05.2 

3.9 x 10 840 1.2 6133 9.0  61,324 90.0 - I  

4.3 x lo5 1622 3.3 3701 5 . 0  68,381 92.8 : :  

5.0 x lo5 2216 3.6 4978 5.9  77,222 91.5 

Average 3 . 5 6.8 89.8 

I 
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ai t o r  hydroly8i8 and charcoal adsorption The increase 

tho fraction n o t  &&orbed by charcoPrl thu8 8erV.d a8 a 

w e  of tho e x t e n t  of hjdro ly8iS .  Sir i lar  proparratioom 

8 hydrolyzed and v o l a t i l e  material warn trapped by low 

Bemult6 of atW0 vacuum d i 8 t l l l a t i o n  and counted. 

me expcsriment8, ehorn in Table 3 ,  damonatrate that le86 

a t b n  2 .0  JMIT c e n t  of the label was lost as  judged by both 

paocadure8. However, since we have s u b s t i t u t e d  a chemical 

p n c i p i t a t i o n  step far t h e  vacuum d i a t i l l a t l o n  recommended 

by Hain and Ialwick (1) for removal of excess acid, label 

eleaved from t h e  t r i t i a t ed  pyrimidine precursors io largely 

re t a ined  and consistent r ecove r i e s  of deoxycyt idine label 

Thus it is ev iden t  that the cond i t ions  of 

.syi (* 

C 

\ .4. << 

:--re obtainad. 
” 
# .  .. 

hydrolysis were no t  s u f f i c i e n t l y  r igo rous  t o  cause 1-8 of 
I r b l l e  tritium groupb, and the absence of quenching material8 

% 8ugge8ts the procedure for a v a r i e t y  of q u a n t i t a t i v e  biochemical 

~nvem t i g a t i o n s  employing tr f t fum-labeled precursors. 
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Dmorypolynuclootide Syntbsmis in Phomphorylating R a t  Thymus 
H u c l 8 A  0. F. Potarson, L. B. Cole, and V.  E. Mitchell)  .- 

ImooucTIoN 
*:' 

Prolirilurrp a x p 6 r f r e n t s  employing phosphorylat ing ra t  

_thymua n u c l e i  (1) sugge8ted that amall but c o n s i s t e n t  1 n c r e a i . e ~  

noted i n  deoxyribonucleic  acid phosphorus were t h e  r e s u l t  of 

8 r o a r r e n g e m n t  of t h e  t o t a l  bound nuc leo t ide  and phosphorus 

mmpleaaents of the  nucleus in s u c r o s e  medium. 

deal8 w i t h  the  r e s u l t s  of label ing s t u d i e s  designed t o  examine 

t h i s  r e a c t i o n  i n  greater de t a i l .  

T h i s  report 

MATERIALS AND YGTEODS 

Male Sprague-Dawley rats were used for  these s t u d i e s .  

Thymus n u c l e i  were rap id ly  prepared i n  0 .25  Y sucrose contain-  

ing 0.0133 Y CaClz by t he  method described previous ly  (1) 

and suspended i n  a f i n a l  volume of 2 ml of sucrose-CaCIZ. 

Bxrrmlnation of the f i n a l  suspens ions  by phase microscopy and 

by means of an electronic particle counter  equipped w i t h  a 

100-channel pu lse  height a n a l y z e r  i nd ica t ed  that less than 

5 per c e n t  of t h e  particles were either whole cells  or frag- 

ments appreciably smaller t h a n  thymus n u c l e i .  Nuclei  suspen- 

slons were incubated a e r o b i c a l l y  fo r  20 minutes a t  3OoC in the 

presence of P32, t r i t i a t ed  thymidine, or t r i t i a ted  deoxp- 

Cy t id ine .  Aliquots  were removed a t  0 ,  5, 10, 15, and 

-89- 
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I 
and t& dfmt r lbu t ion  of the  label in t h e  organic  acid-soluble ,  

RNA, and DMA f r a c t i o n s  was determined. In exmr imen t s  cnploy- 

i n g  P32 as  the tracer, the  f r a c t i o n s  were s e l e c t i v e l y  adrorbed 

on acid-mshed Norit and counted. Trit iated pyrimidine dia- 

t r i b u t i o n  warn determined by t h e  l i q u i d  s c i n t i l l a t i o n  count ing 

procedure described elsewhere i n  t h i s  report (2). I d e n t i f l c a -  

t i o n  of deoxynucleot ide polyphosphates on paper chromatograms 

was accomplished by the  periodate ox ida t ion  method r e c e n t l y  

described by Saslaw and Waravdekar, (3). 

RESULTS AND DISCUSSION 

32 I Data shown i n  Fig. 1 i n d i c a t e  t h a t  tracer amounts of P 

orthophosphate are r a p i d l y  i nco rpora t ed  i n t o  t he  organic  acid- 

s o l u b l e  f r a c t i o n  and a t  a slower rate into t h e  DNA f r a c t i o n .  
.? 
a 

The lag period before  appreciable label appeared i n  t he  DNA 

was c o n s i s t e n t  w i t h  our pre l iminary  observa t ions  based on 
4 

chemical a n a l y s i s  for deoxyribose i n  perchloric acid- 

precfpitable material. V i r t u a l l y  none of the P32 a c t i v i t y  

was incorpora ted  i n t o  the  RNA f ract ion.  

Inco rpora t ion  of labeled pyrimidines  i n t o  t h e  DNA frac- 

t i o n  is shown i n  Fig. 2. These data demonstrate that thymidine 

was incorpora ted  i n t o  DNA a t  approximately 4 times the  rate 

of deoxycyt idine,  a l though the t o t a l  amount of precursor  i n t ro -  

duced i n  the r e a c t i o n  mixtures  was the same. Neither  thymidine 

1 0 4 b 9 3 5  
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nar deoxycyt idine waa incarpora ted  i n t o  RM t o  an appreciable 

u t e n t  

P8-r chrfm8ttography of the nuc leo t ides  in t h e  acid-soluble  

f r r c t i o n  i n d i c a t e d  that t h e  masor u l t r a v i o l e t  absorbing spots 

e o n k i n e d  daorrstrable amounts of deoxyribose. Thurr, a l though 

q@'qu .n t ik t iva  data a r e ' n o t  as yet  cmplete, both purine and 

-: pyrimidine deoxpriboside polyphosphates are preeent ,  and it 

'i "1. premursd that theme campound8 are the  direct precursors of 

thm labeled acid-precipitable material formed during the  course 

of the react ion- .  . - f  

.. MaPrmr,lian systems capable of  8ynthe8izing DNA-like p o l y m r 8  

hoe been declcribed by s e v e r a l  i n v e s t i g a t o r 8  (4-6). Bo1OvBr, 

in the  systems here tofore  described, suff i c i e n t  deoxynucleotide 

polpphosphate t o  account for the e x t e n t  of s y n t h e s i s  hae been 

added t o  the r e a c t i o n  mixture.  The present s t u d i e s  describe 

a special case which, owing t o  the absence of precursors, raise8 

t h e  ques t ion  of the or igin of the  bu i ld ing  blocks for deoxy- 

polynucleot ide syn thes i s .  The r e s u l t s  imply that in a d d i t i o n  

t o  the  capac i ty  of thymus n u c l e i  t o  synthes ize  ATP (l), k inases  

capable of forming deoxynucleoside polyphosphates as w e l l  as 

DNA polymerase must  be presen t .  A t  present It is n o t  possible 

t o  state w h a t  t he  na tu re  of the material formed is, and s t u d i e s  

a r e  now in progress to determine whether the labeled precursors 

are p a r t i c i p a t i n g  in a "l imited r eac t ion"  or whether  a c t u a l  
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8potheml8 u t i l i z i n g  na t ive  prlnr 

exporiwnt8 I n d i c a t e  breakdwn of 

takas p lace .  Prel iminary 

n u c l e o l a r  RNA and suggest 

a p m i b l a  #OuTCO of ba8e8. Other  U % p e r h W l t 8  b V 8  S h m  

tht t h o  a d d i t i o n  of 10 pH of thymldyl ic  acid doubles t h e  n e t  

lncrnao in WU pho8phorum. Add i t iona l  studlea have also 

bemu I n i t i a t e d  t o  a s c e r t a i n  whether s u f f i c i e n t  reduced pyridiae 

nucleotide is p resen t  i n  t h e  p r e p a r a t i o n s  t o  permit r educ t ive  

coavermion of r ibonuc leo t ides  t o  deoxyribonucleot ides .  Demon- 

s t r a t i o n  of r e d u c t i v e  conversion would make t h i s  system an 

extremely valuable  too l  f o r  f u r t h e r  i n v e s t i g a t i o n s  on the path- 

way8 of purine and pyrimidine deoxyribonucleot ide b iosynthes is .  , 

i 

I 
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F 
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3 t  

jine 

’e 

In- 

th- 

i a  . 

b- 

7s . 

1-1OH 

lbma (1) h.8 r e c e n t l y  de6cribed a mi ld ly  a l k a l i n e  aqueous 

m a t  ryrtom conmimting of 85 per cen t  saturated ammonium 

ona te  for the chramatographic s e p a r a t i o n  of pu r ine  and 

i r idin.  analog8. Thla s o l v e n t  system ha8 proven extremely 

o f u l  i n  t h i s  l n b o r a t o r y  and p r m p t e d  the i n v e s t i g a t i o n  o f  a 

I variety of aqueous s o l v e n t  systems c o n s i s t i n g  of v a r i o u s  

8 l i p b r t i c  amines a d j u s t e d  t o  approximately pH 8 .  

tho80 s o l v e n t s  appear t o  y i e l d  good r e s o l u t i o n  and as a clase 

p088ess t h e  advantage of rap id  development in cdrnprrrfson with 

aonvent ional  alcohol-water systems. 

7 .  
Severa l  of 

. L  

MATERIALS AND bWI’EODS 

The aliphatic amines used i n  these experiments were 

either reagent-grade o r  were pur i f ied  p r i o r  t o  use.  

bubbled through aqueous amine s o l u t i o n s  u n t i l  pH was 8 ,  and 

C02 was 

f i n a l  volume adjus tments  were made t o  a t t a i n  10 per c e n t  

8OlUtiOn6. Formic acid w a s  added t o  y i e l d  a similar series 

Of eo lven t s  a t  a f i n a l  concent ra t ion  of 10 per c e n t  a t  pH 8 .  

The pur ine  and pyr imidine  bases and t h e i r  corresponding deoxy- 

r ibonucleos ides  and deoxyribonucleot ides  were s p o t t e d  on 

‘Products of t h e  California Corporation f o r  Biochemical Research, 
Los Aageles, C a l i f o r n i a  . 

* 
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whatman #o. 1 mtrip. in amount. ranging f r a  10 t o  30 w. 
A f t e r  equilibration for 2 houri, t h e  chr-togruu were 

dove1op.d i n  the a8cending d i r e c t i o n  f a r  4 t o  7 h0-8, dried 

in a i r  a t  room temperature, and the  l o c a t i o n  of the  i n d i v i d m  

#pot8 vi8ualiz.d in u l t r a v i o l e t  l i g h t  (2). Rf mluem were 

d e t e r p i n e d  and tha separations @valua ted  w i t h  regard t o  trail- 

ing,  paper background, and r e s o l u t i o n .  

RESULTS AND DISCUSSIa 

A s y r t e m a t i c  I n v e s t i g a t i o n  of homologou8 series of prhq,  

8econdary, and tertiary amine carbonate8 and formates yielded 

r e m u l t s  8uxuarized In Table8 1 and 2. Tho80 data I n d i c a t e d  

that none of the s o l v e n t s  possessed t h e  capac i ty  t o  r e s o l v e  

completely complex mixtures  of pu r ine  and pyrimidine bases, 

deoxynucleosides,  and deoxynucleot ides .  However, s a t i s f a c t o r y  

re l ro lu t ion  could be obtained f o r  any base and its corrempond- 

ing  deoxynucleoside and deoxynucleotide.  In genera l ,  the 

formates appeared t o  be s u p e r i o r  t o  t h e  carbonates ,  and the  

best i n d i v i d u a l  s o l v e n t s  of t h e  series tested were judged t o  

be t he  formates of e t h y l  and d i e t h y l  amine. 

In add i t ion ,  similar nuc leo t ide  series were separated 

In s o l v e n t s  conta in ing  trimethylamine, n-amylamine, 2-amino-2- 

methylpropanol, and ethylenediamine. Resul t s  shown in Table 3 

i n d i c a t e  that i n  most cases good s e p a r a t i o n  of m e m b e r s  of a 

- 
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f mixture. could  not  be re8olved  adequate ly  in one dimension. 

i It  should be 0mph88iZed that these s o l v e n t s  are most 

w e f u l  far qualitative I d e n t i f i c a t i o n  of small amounts of the 

vWiow nucleo t ides ,  s i n c e  in each case the  r e s i d u e  of amine 

salts in t he  paper makes f u r t h e r  manipulation d f f f i c u l t .  

! 
i 

Howo 

e v e r ,  t h e  rapid development of these aqueous systems and the* 

p a r t i c u l a r l y  good remolut ion of pyrimidine ana logs  suggest 

tbir a p p l i c a t i o n  t o  a v a r i e t y  of biochemical problmw 

n e c e s s i t a t i n g  rapid separation and i d e n t f f l c a t l o n  of pyrimidine 
! 
I 

1 !. 
i '  * .  

metabolites. 
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A Convenient F l a a h  Drying Apparatud f o r  Small Volumes (D. F. 
Patormen and Y. Magee) 

INT'RODUCTION 

Rotary f i l m  evapora t ion  a t  room temperature6 and under 

reduced pressure provides  a convenient method for concent ra t -  

lng a v a r i e t y  of labile b i o l o g i c a l  materials. Desc r ip t ions  

of a e v e r a l  d i f f e r e n t  t y p e s  of appara tus  have appeared i n  t h e  

literature (1-3). However, none of these could be readi ly  

8drpted t o  81llall volumes and w e  have, therefore, cons t ruc t ed  

an a l l - g l a s s  device  from s tandard  laboratory equipment which 

. ir 8 u i t a b l e  fo r  evapora t ion  of volumes up t o  5 m l .  

&. MATERIALS AND METBODS 

The d r i v e  mechanism was adapted from a cone d r i v e  lab- 

'' .._ Omtory stirrer simply by enlarging the  diameter of t h e  d r i v e  

.- pul ley  from 1 t o  2 i n . ,  as  shown i n  F i g .  1. The r o t a t i n g  

# 
rurface of the  a l l - g l a s s  assembly w a s  cons t ruc t ed  from a 

12/3 semiball j o i n t .  The female member was bent  t o  clear t h e  

rotor and held s t a t i o n a r y  whi le  t h e  r o t a t i n g  male member was 

held f i r m l y  i n  t h e  collet  chuck of t h e  o r i g i n a l  s t i r r i n g  motzr 

a88embly. S i l i c o n e  vacuum grease w a s  used t o  l u b r i c a t e  t h e  

r o t a t i n g  j o i n t ,  and t h e  speed was var i ed  by changing the  location 

Of the pu l l ey  on the  d r i v e  cone. Since our a p p l i c a t i o n  of t h e  

? device n e c e s s i t a t e d  the  removal of an  aqueous phase conta in ing  
t b  - 
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tolatila mdio8ct i t t i tyJ  a frooring trap wau also included 

and tho d i o t l l l a t e  could thurr bo quant i tat ive ly  recovered 

for further 8Irrrlysio or for control led  disposal .  

riaor modlficationn of the s t i r r i n g  apparatus are required, 

i t  1s entirmly fealrlble to construct  several  uni ts  without 

d08froplng thm u t i l i t y  of the s t i r r i n g  motors for  the ir  con- 

vontio~rrrl laboratory appl icat ion.  

Since only 
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WU-IgvgL COUMTING SECTION 

i . .  

i: 

C%m1m137 fRp.18 i n  People (E. C. Anderson and B. E. Clinton)  

INTRODUCTION 

curves  fo r  Cs 137 in t he  U. S. populat ion for  t h e  yea r s  1956 

and 1957 were normal w i t h  s t anda rd  d e v i a t i o n s  of 36 per cent. 

Because of possible sampling errors introduced by averaging 

together rrubjects fron areas of d i f f e r e n t  f a l l o u t  l e v e l s ,  a 

more accurate check of the  normality of t h e  d i s t r i b u t i o n  can 

be obta ined  by us ing  only data from a s ing le  area. S u f f i c i e n t  

data are a v a i l a b l e  fo r  New Mexico s u b j e c t s  for t h e  poet 5 years  

t o  p e r m i t  t h i s  a n a l y s i s .  

WTHODS AND RESULTS 

Cesium137 was determined us ing  Bumco I ,  the LASL 4 n  

l i q u i d  s c i n t i l l a t i o n  counter  (3). Energy d i sc r imina t ion  

-106- 
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wparafion and s h u l t a m o r u  de termina t ion  of both 

KM, and the  r e s u l t s  are reported in term6 of t h e  

ratio which permits convenient  coaprr i8on  of widely 

type. of samples. 

Table 18ttnariZe8 t h e  frequency d i s t r i b u t i o n  of t he  

lt8 for New Mexico s u b j e c t s  for tbo pears 1956 t o  1960, 

lurrfr8. "Adult" s u b J e c t s  only (a rb i t ra r i ly  def ined  aa 

11 8ubJOCto weighing more than 40 kg) a r e  included t o  

llminrte the p o e 8 i b i l i t y  of any error due t o  a s y 8 t e r ~ t i c  

r ia t ion  of coun te r  e f f i c i e n c y  in a weight  range where I n  

ot  been possible. (Actual ly ,  no d i f -  

ference waa observed between the y e a r l y  averages f o r  the 

Rmported in the table are the  number of s u b j e c t s  ob8erved t o  

f r l l  within s u c c e s s i v e  increments of the Cs 13' l e v e l ,  the 
137 cumulative number of s u b j e c t s  having less t han  a given Cs 

l e v e l ,  and the corresponding cumulat ive f ract ion of t he  popula- 

t i o n  sample. The number of s u b j e c t s  v a r i e d  from 215 (1958) t o  

81 (1959). (The 1960 summary w a s  made in November and does not 

include a l l  s u b j e c t s  f o r  t h e  e n t i r e  year.) These da t a  a r e  p lo t ted  

i n  Fig. 1 on l i n e a r  p r o b a b i l i t y  paper. (On t h i s  Paper, a nOnna1 

frequency d i s t r i b u t i o n  curve plots as a s t ra ight  lfne w i t h  

-107- 
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slope p ropor t iona l  t o  tha s t a n d a r d  dev ia t ion ;  t h e  steapr tk 

slow, t he  larger the  s t a n d a r d  dev ia t ion . )  The cu rves  for 19% 

and 1959 aro normal, and 1957 is not s i g n i f i c a n t l y  a b n o r r r l .  

Both 1958 and 1960 appear. to show a non-normal t r e n d  a t  high 

cmium l e v e l .  The number of s u b j e c t s  whose Cs 13' lev018 ex- 

ceed 100 pc/g E were 5 and 4, r e s p e c t i v e l y ,  compared w i t h  

expec ta t ions  of 0 . 4  and 0.25 from normal curves .  

Table  2 and Fig.  2 g i v e  the same data f o r  a l l  a d u l t  sub- 

jects measured dur ing  t h i s  period. In  t h i s  case, a devta t ion  

is detectable in a l l  y e a r s  except  1956, and is e s p e c i a l l y  

pronounced in 1959. The more pronounced abnormali ty  may re- 

s u l t  from t h e  inc lus ion  of s u b j e c t s  from areas of higher 

f a l l o u t .  

The l a t t e r  data are rep lo t ted  i n  Fig.  3 on logarithmic 

probabi l i ty  paper; here a log-normal d i s t r i b u t i o n  would g ive  

a st raight  l i n e .  The f i t  of t he  data t o  s t ra ight  l i n e s  is 

only s l i g h t l y  better. The y e a r  1959 still  shows a n  upward 

d e v i a t i o n  a t  high cesium l e v e l s ,  and a l l  curves  now show a 

s i g n i f i c a n t  drop  a t  low cesium va lues  (i.e., too many sub jec t s  

show very  low cesium va lues ) .  Neither t h e  normal nor  the log- 

normal curve is, t h e r e f o r e ,  completely s u c c e s s f u l  in describ- 

ing t he  data.  

For t h e  purposes of p r e d i c t i n g  maximum probable radia- 

t i o n  doses t o  i n d i v i d u a l s ,  t h e  reg ion  of t h e  f requency curve 

I l O C b 9 5 5  -110- 
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kyond  99.8 par c a n t  map bo of importance. HOWvOr ,  s ince  

t h e m .  porcrona are encountorad a t  tho rate of only 2 p.r I-, 

a b r g u  body of dsta is requfrod.  

tho Army Medical Rerearch Unit  lurop. (4), and t h e  Walter 

Pooling tho Loll Alar#, 

RO8d Army f M t i t U t 0  of Ro8a8rch ( 5 )  &*a would give a tot81 

approaching 10,OOO crubJoct8 in which one might expect t o  

f i n d  20 examples. 

S u f f l c f e n t  d8ta are now a v 8 i l a b l e  t o  e8tiaute t h e  r8l- 

a t i v e  concen t r a t ions  of Cs 137 i n  va r ious  parts of the Uni ted  

States f o r  t h e  populat ion sample represented .  Since t h i s  

sample is dram froa v i s i t o r s  t o  Lo8 A l a m o s  and hence rep- 

r e s e n t s  an unusually mobile subgroup, the88 ra t ios  may not 

correspond t o  t h e  population-weighted average for t h e  varioulr 

regions. Because of possible  v a r i a t i o n s  of the  source 

(geographic) and composition of d i e t  wi th  family income, t h e  

e x t e n t  t o  which local f a l l o u t  cond i t ions  are reflected i n  

man may vary w i t h  economic s ta tus .  

For purposes of t h i s  ccmparison, the  U. S. was divided 

i n t o  10 reg ions ,  as shown in Fig. 4. The method of dlvilrlon 

was determined by climatic and geographic uniformity,  modlfied 

by number of s u b j e c t s  a v a i l a b l e .  C e r t a i n  states, such as N e w  

Mexico and Colorado, are so w e l l  r epresented  that they can be 

-114- 
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troatod am s t a t i m t i c a l l y  s i g n i f i c a n t  u n i t s .  The "Mountain" 

aroa io 00 poor ly  ropre8ontod that no y e a r l y  average  ca1- 

c u l a t i o t m  are pocraible. Tho **Worthwoat" io of ques t ionable  

h o r o g o w l t y  b.c.we of t he  o x t r e w  d i f f o r e n c e o  in r a i n f a l l  

011 o p p ~ I t 0  aid- of tho CI8Cade Rango. SUilar  ob3ection8 

apply  t o  o t h e r  ares., i n  soma caaes moderated by s e l e c t i v i t y  

in tho a c t u a l  source8 of s u b j e c t s  (e.g., t he  C a l i f o r n i a n s  

are l a r g e l y  from t h e  sou the rn ,  dry part of the  a t a t e ) .  

data are presented  w i t h  the80 r e e e r v a t i o n s .  

Thr, 

Table 3 summarizes t h e  r e s u l t s  fo r  t he  past 5 years. 

To eliminate effects of a s e c u l a r  change, t h e  New Mexico 

average ( the best defined s t a t i s t i c a l l y )  I s  t aken  as un i ty  

for  each year  and t h e  averages  fo r  o t h e r  r e g i o n s  referred t o  

it. For r e fe rence ,  t h e  a c t u a l  New Mexico averages  ( In  pc/g K) 

are given in t h e  l a s t  l i n e .  The number of subjects is given 

i n  parentheam b e l o w  each average.  

The cons i s t ency  of t h e  ratios fo r  a given area over t h e  

5-year period adds confidence that  t h e  d i f f e r e n c e s  are real. 

In a d d i t i o n ,  t he  gene ra l  agreement of t he  pattern of t h e  

r a t i o s  w i t h  that of r a i n f a l l  and primary fallout is as ex- 

pected. New Mexico I s  one of t h e  lowest a r e a s ,  but Cal i forn ia-  

Arizona is t h e  lowest. The highest  areas are t h e  Northeast 

and Northwest, In agreement w i t h  mi lk  r e s u l t s .  The narrow range 

of v a r i a t i o n  I s  noteworthy, 
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3.  COUPARISOM OF C J J S I U Y ~ ~ ~  ~ L S  IN SIBJECTS FROM 

VdaIOUS PARTS OF TEE UNITED STATES 

(Units Relrt ive t o  N o w  Yexico Averages*) 
1956 1957 1958 1959 1960 Aver8ge 

t 

It 

1.10** 1.05 
(23) (21) 

1.33 
(19) 

~thcontrrrl 0 .81  
!. (14) 

m a t  1.01 
(45) 

Colorado 0.81 
(6) 

Hartbrast 1.10 
( 5 )  

Too fer subjects  

1.46 
(13) 

1.52 
(13) 

0 .93  
(13) 

1.14 
(47 )  

1.19 
(15) 

0.99 
(16) 

1.05 
(6 1 

1.30 
(9) 

44.8 58.1 72.3 61.6 
(103) (223) (81) (143) 

New Yexico average - 1 .00  for each year. ’? 

‘$- Nunber of subjects given In parentheses below ratio. 
*+ 

I 

. 
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pared w i t h  tha avoragem r e c o n t l y  roported by Bundo (6) for 
1 England. Tho beet U. S.  a r e a  for cmprrimon i8 pre8um8bljr 

tho M % d r . 8 t ,  on t he  basis of the good a g r e o n n t  reported 

between Ruado and the Argonno Nation81 Labor8tory ( 7 ) .  Cor- 

recting our a b a o l u t e  numbers by t he  factor 0.935 bamed oa 

8tandard  recalibration ( 8 ) ,  we o b t a i n  t h e  r e s u l t e  sumrrited 

i n  Table 4. The Los A l a m o a  r e s u l t s  appear t o  be conoia t . r r t ly  

higher than the Harwell measuromenta by 8010 20 t o  30 p ~ r  

c e n t .  The s e c u l a r  pat tern of t h e  two sets of data is, how- 

ever, in very good agreement as ahom i n  Table 5 in which 

the  1959 level is taken aa unity. The came of the  dicrcrapmcy 

on t h e  abBolute l e v e l  is not known. A detailed r e c a l i b r a t i o n  

of Humco I ,  which is planned a t  t h e  time Hupco I1 i 8  calibrated, 

may shed more light on the problem. 
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source of Daw 1956 1957 1958 1969 1960 

-11, B.rk.. m d  Oris. 32 30 40 60 55 

IASL, Midwe8t 46 47 62 73 64 

Ratio, LASLrnrwell 1.44 1.24 1.29 1.22 1.16 

137 TABU 5 .  COHPARIsolQ OF LASL AND EARWELL RESULTS - CESIUM 

LEVELS RELATXVE TO 1959 

Source of Data 1956 1957 1958 1959 1960 4 
,& t 
3: 
.t 

:i ERrrell, Berks. and Oxfa. 0.53 0.63 0.80 (1.00) 0.92 
4 

LASL, Midwest 0.63 0.64 0.85 (1.00) 0.88 
5 

b 
i 
i 

.: 
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(E. C. 

I ~ O D U C T 1 ~  

Previou8 studio. of hup.n potas8ium (1,2) have shorn 

intoro8ting c o r r e l r t i o n a  w i t h  sex and age, as w e l l  as w i t h  

other phyaio logica l  parameters including body water, l ean  

body weight, and basal metabolic rate. The age effect has 

bomn confixmad by w a ~ u r e m e n t s  on large populat ion samples 

w i t h  l i q u i d  s c i n t i l l a t i o n  counters  i n  Washington, D. C. (3) 

and in Lmdstuhl ,  Germany (4). Because t h e  f i n e  s t r u c t u r e  

preViOu8ly reported (1) in t he  age v a r i a t i o n  involves  small 

changes in potammiur concent ra t ion  (as l i t t l e  as 5 per c e n t ) ,  

It 8eemed worthwhile t o  check t h e  r e p r o d u c i b i l i t y  of t h e  

details us ing  a completely new population sample. 

WIIIIDS AND RESULTS 

During 1959-1960, an a d d i t i o n a l  1128 measurements were 

msde (as of November 2, 1960) of t h e  gamma a c t i v i t y  (both 

ICa and C8 ) of human s u b j e c t s  u s i n g  Humco I ,  t h e  large 

4~ l i q u i d  s c i n t i l l a t i o n  whole body counter  ( 5 ) .  Of these, 

802 were s u i t 8 b l e  for c a l c u l a t i n g  t h e  potassium concentra- 

t i o n  a8 a func t ion  of age. (The remainder of t h e  measure- 

w n t s  were on contaminated 8ub jec t s  o r  repeated determina- 

t i o n s  on a small group of con t ro l s . )  

137 

Both t h i s  group and the  
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one prev ious ly  reported con6 i s t ed  of v i s i t o r s  t o  t h e  Health 

Rese8rch Laboratory,  t h e  first group covering t h e  period 1956- 

1958 and tho second group 1959-1960. Sub jec t s  were measured 

w a r i n g  surgeon's s c r u b  s u i t s  prev ious ly  monitored and shom 

t o  be free of r r d i o a c t i v i t y .  Shwers  were not r equ i r ed .  

The p o i n t s  p l o t t e d  i n  Fig. 1 (circles f o r  males, t r i a n g l e s  

for females) are the  r e s u l t s  of the  new de termina t ions .  Each 

p o i n t  is t h e  average of a number of i n d i v i d u a l s  in the approp- 

riate age group, t h e  number ranging  from 11 t o  60  except  for 

the 2 oldest female groups,  which con ta in  8 and 2 s u b j e c t s ,  

r e s p e c t i v e l y .  The ind ica ted  u n c e r t a i n t y  is t h e  s t a n d a r d  

error of t h e  mean c a l c u l a t e d  from t h e  observed s t anda rd  devia- 

t i o n  of t h e  i n d i v i d u a l  va luea  w i t h i n  each group from t h e  group 

mean and t h e  number of determina t ions  per group. 

The cu rves  dram in t h e  f i g u r e  are i d e n t i c a l  w i t h  those 

r e p r e s e n t i n g  t h e  best f i t  t o  t h e  previous de t e rmina t ions  

except  that they  have been displaced downward by 2 per cent 

t o  optimize t h e  f i t  t o  t h e  new data. 

the  measurements and of the 2 populat ion samples is t h u s  

coaaparable w i t h  t h e  s t anda rd  errors of the  means, which range 

from 1 t o  3 per c e n t .  

The r e p r o d u c i b i l i t y  of 

DISCUSSION 

The p r i n c i p a l  d i screpancy  between t h e  2 sets of da ta  is 
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for  the  mala 8 u b j e c t s  i n  the age range 15 through 18 Ymr8. 

Here tbn 8-p paak previourrly ob8erved d i d  no t  appear .  I n  

tha 1956-1958 data, 55 Subjec t8  i n  t h i 8  age range  gave an  

average of 3.303 + 0.028 g K/kg, whi le  i n  tha 1959-1960 data, 

66 s u b j a c t .  gave a n  average of 2.160 + 0.022. Increaa ing  

the  la t ter  remult by 2 per c e n t  for t he  apparent  aystem8tic 

d i f f e r e n c e  between the  2 periods g i v e s  2.204 f o r  t he  second 

group. The d i f f e r e n c e  between t h e  2 is, therefore, 0.099 + 
0.036 so tho d i f f e r e n c e  is 2.8 time9 its s t a n d a r d  devia t ion .  

Appl ica t ion  of the  t test (6) w i t h  120' of freedom indicate8 

that the  probabi l i ty  is less than 0.01 t h a t  t he  2 groups have 

t h e  same average  p o t a s a i m  con ten t .  

- 
- 

- 

There I s  no i n t e r n a l  evidence of a non-normal d i s t r i b u -  

tion in either group. Figure 2 is a graph of t he  cumulative 

frequency d i s t r i b u t i o n  of the  potassium concen t r a t ions  f o r  

s u b j e c t s  of ages 15 through 17 years I n c l u s i v e .  

range is narrowed here t o  concen t r a t e  on s u b j e c t s  f a l l i n g  in 

the  peak region.) 

t ype  of graph, t h e  steeper t h e  slope t h e  larger t h e  standard 

d e v i a t i o n  of the  d i s t r i b u t i o n .  The graphs i n d i c a t e  average 

potassium va lues  of 2.30 and 2.15 g/kg f o r  the  2 populat ion 

(The age 

Normal curves  g i v e  a s t ra ight  l i n e  on t h i s  

groups w i t h  s t a n d a r d  d e v i a t i o n s  of 0.20 and 0.17, r e spec t ive ly .  

There w e r e  45 s u b j e c t s  in t h i s  age range i n  t h e  earlier group 

and 52 Subjec t8  in t h e  later group. The subjects of both 
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group8 ware .H8SUC@d over c o n s i d e r a b l e  period8 of t i m e  well 

i n t o r s p e r r e d  among aub jec t8  of other ages, and no unusual  

c o n d i t i o n 8  of background, c a l i b r a t i o n ,  o r  counter  i n s t a b i l i t y  

occurred dur ing  any of t h e  measurements. 

The di8appoarance of t h e  peak may, therefore, represent 

a marpling v a r i a t i o n .  A s l i g h t  exces8 of s u b j e c t s  who w e r e  

aore active phys ica l ly  t h a n  average  could have produced t h e  

peak. 

w i t h  a t t e n t i o n  t o  their p a r t i c i p a t i o n  i n  athletics would be 

of i n t e r e s t .  Var i a t ions  of **physical" as  opposed t o  

* 'chronoIogicr lg* age could a l so  produce s i g n i f i c a n t  v a r i a t i o n s  

during a period when potassium is changing r a p i d l y  w i t h  age. 

A more detailed s tudy  of i n d i v i d w l s  i n  t h i s  age range 

The p o i n t  for females of age 9 t o  11 (14 s u b j e c t s )  is 

a l so  a b e r r a n t ,  f a l l i n g  s i g n i f i c a n t l y  below the  expected v a l u e ,  

T h i s  is a p p a r e n t l y  due t o  a sampling acc iden t  which l e d  t o  

t h e  select ion of a group of unusual gross weights .  

shows t h e  observed gross weight i n  kilogram a s  a f u n c t i o n  

of age fo r  the  populat ion samples; t h e  po in t s  are the 1959- 

1960 data and t h e  l i n e s  represent t h e  1956-1958 data. The 

female group in ques t ion  has an  average gross body weight of 

42 kg compared w i t h  34 kg expected on the basis of t h e  o t h e r  

age groups.  Assuming the  same to t a l  potassium, r e c a l c u l a t i o n  

F i g u r e  3 

t o  '*uormal*' weight g i v e s  a potassium concen t r a t ion  of 2.11 g/kg, 

which is very  close t o  t h e  expected va lue .  

I 

-126- 



0 0 0 0 0 0 
0 QD CD d - 
SIryWtl9011)t NI lH913M S S O W  

-127- 

w 
r" 
6 
9 
3 
0 
L 



of diragreement should n o t  obscure t h e  

agreement of - + 1 per c e n t  between t h e  

This agreement c o n f i r m  both t h e  s t a b i l i t y  2 met8 of data. 

of the counter calibration and t h e  r e l i a b i l i t y  of t h e  popula- 

t i o n  sampling and averaging in gene ra l .  

sampling of s u b j e c t s  i n  or near puberty is i n d i c a t e d .  

Closer a t t e n t i o n  t o  
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Survey of L o c a l  Coaditiom a t  Each Major S t a t i o n  i n  t h e  LASL 
r t l k  Sampling Network (G. Y. Ward*) 

I#"RODUCTION 

Woaklp sup108  of d r i e d  skir milk or dried b u t t e r m i l k  

.fr# p l a n t 8  in the  United States and Canada have been ami- 

red f o r  Cs 13' and K40 s i n c e  1957 (1,2) .  This  network reached 

a maximum of 55 sampling p o i n t s  i n  1959 and was reduced t o  

16 on J u l y  1, 1960. The mass of information collected pro- 

vide. a rather complete picture of t h i s  specific aspect of 

the f a l l o u t  problem dur ing  t h e  past 5 years. The p r i n c i p a l  

de f i c i ency  i n  t h e  data has been lack of in format ion  on local 

c o n d i t i o n s  at the  i n d i v i d u a l  product ion po in t s .  A survey  of 

the remaining 16 s t a t i o n s  was, therefore, undertaken. 

il 

YETBODS AND RESULTS 

Each of the  p l a n t s  shown i n  Fig.  1** w i l l  be v i s i t e d  i n  

the cour88 of t h e  program. As of January 1, 1961, 12 of t h e  

v i s i t s  have been completed. Information is obta ined  on t h e  

area of t h e  milkshed and on the  number of herds and number of 

cows supply ing  the  p l a n t .  Feeding practices are noted w i t h  

* 
On l e a v e  of absence from Colorado State Univers i ty ,  Fort  

C o l l i n s ,  Colorado. 
** 

T u r t l e  Lake, Kisconsin,  has r e c e n t l y  been s u b s t i t u t e d  f o r  
Sti l lwater,  Minnesota. 
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p U t i C u l a r  a t t e n t i o n  t o  t h e  date a t  which s p r i n g  pas tu r ing  

bogins. The type8 and amounts of feed are determined, and an 

eatinate is made of the  number of acres r e q u i r e d  t o  produce 

fosrrge for  1 cow. Soil types ,  s o i l  a c i d i t y ,  and fertilizer 

8nd i r r i g a t i o n  practices are a l s o  i n v e s t i g a t e d .  The above 

information is obta ined  from p l a n t  managers, d a i r y  fieldmen, 

county ex tens ion  a g e n t s ,  t h e  d a i r y  s ta f f s  of a g r i c u l t u r a l  

collegss, and from a fer farmers in the  areas. 

DISCUSSION 

&vera1 i n t e r e s t i n g  conclusions have already been drawn 

from the data so fa r  obta ined .  One u n i v e r s a l  fact  is that 

the high peak6 fo r  Cs 13' i n  milk, which were found in 1959, 

co inc ide  very closely ( w i t h i n  1 or 2 weeks) with the s ta r t  

of the  p a s t u r e  season. Furthermore, the  d e c l i n e  in t h e  cesium 

l a v e l s  observed in the  s p r i n g  of 1960 a180 follow the  begin- 

ning of p a s t u r e ,  p resuaably  because t h e  cows change from 

winter  feed contaminated with 1959 f a l l o u t  t o  p a s t u r e  con- 

taminated by t h e  lower 1960 f a l l o u t  rate.  

Another g e n e r a l  conclusion is t h a t  there is a close relsr- 

t i o n  between t h e  m i l k  l e v e l  of Cs 137 and the  number of acres 

used t o  provide a cow's forage .  Thus one might  propose that 

there w i l l  be a n  i n v e r s e  r e l a t i o n  between t h e  price of land 

and t h e  f a l l o u t  concen t r a t ion  in milk. The i d e s  is n o t  

I O t r b 9 l b  
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e n t i r e l y  facetious because the  price of l and  w i l l  u s u a l l y  be 

d i r e c t l y  related t o  the size of t h e  herd i t  w i l l  suppor t .  

The extreme. i n  f a l l o u t  (exemplified by Bismarck, North 

Dakota, and Tipton ,  C a l i f o r n i a )  almost c e r t a i n l y  r e p r e s e n t  

extremo. i n  land  va lues  ($40 and 81,OOO per acre, r e spec t ive ly ) .  

Birnrlirck, Xorth Dakota, had a n  average  1959 l e v e l  of 

71 pc C8137/g K and 10 t o  15 acres per cow, whi le  Tip ton  had 

only 18 pc/g K and about I acre per cow. Average p r e c i p i t a t i o n  

is 4 in. per year a t  Tip ton  and 12 in. per year a t  Bismarck. 

In 1958, however, p r e c i p i t a t i o n  was the  same (12 in.) a t  t h e  

2 p o i n t s ,  but t h e  difference in m i l k  Cs 13' was s i m i l a r  t o  the  

1959 r e s u l t s  . 
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mm Roport OD LASL fhlrlrn Counter (Emco XI) (E. C 
00, B. L. Schuch, and V. N. Kerr) 

I~ODU%TIO(N 

With th. replacement of t o l u e n e  by a comparative1 

toUfile s o l v e n t  and t h e  improvement of the  phototube 

. Ander- 

,y non- 

Cm- 

p l o w a t ,  Humco If has reached its final state and it ham been 

p a u i b l e  t o  begin i n t e n s i v e  performance tests. 

far the de8ign of f u t u r e  coun te r s ,  a n  attempt is being  made t o  

grtber baaic information on the  mechanism of energy deposi- 

tion in t h e  system w i t h  p a r t i c u l a r  r e f e r e n c e  t o  m u l t i p l e  

C a p t o n  s c a t t e r i n g  and "sum peaks." Because of t h e  r a p i d l y  

ri8ing cost of t h e  d e t e c t o r  as size inc reases  and because of 

the ba8ic need f o r  cheaper and simpler d e t e c t o r 8  for g e n e r a l  

As a gu ide  

we, it is important t o  es tab l i sh  optimum detector size, keep- 

ing i n  mind t h e  requirements  and l i m i t a t i o n s  of possible 

a p p l i c a t i o n s .  A s  the largest 4~ gapmu counter  now e x t a n t ,  

hmco I1 w i l l  provide va luab le  experipoental data. F u r t h e r  

e x t r a p o l a t i o n  t o  larger sizes w i l l  be accomplished more 

.Conomicallp through the use  of IBY 704 computations rather 

than by a d d i t i o n a l  c o n s t r u c t i o n .  

Energy r e s o l u t i o n  is an important parameter, s i n c e  mix- 

tures of gamma-emitting n u c l i d e s  are encountered i n  many applica- 

t i o n s .  Humco I has adequate  r e s o l u t i o n  t o  d i s t i n g u i s h  K40 and 

1 0 4 b 4 1 8  
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Cs13', permitting monitor ing of f o o d . t u f f 8  and t h e  g e n e r a l  

popula t ion .  Hamco I1 w i l l  be capable of much f i n e r  dlscrimiaa- 

t i o n ,  such  a9 t h e  addi t iona l  s imultuneous de te rmina t ion  of 

Coco, Zne5 , X l 3 l  , and bremsstrahlung. Mul t ip l e  low-level tracmr 

s t u d i o 8  rill a180 be feasible w i t h  up t o  a maximum of 8 radio- 

isotope.. Prement i n v e s t i g a t i o n s  are directed toward quan- 

t i i i c a t i o n  of the  r e s o l v i n g  po re r  w i t h  p a r t i c u l a r  r e f e r e n c e  

t o  t he  very  u s e f u l  "sum peaks," which s i g n i f i c a n t l y  enhance I 
t h e  c a p a b l l i t y  of high e f f i c i e n c y  systems.  

METHODS AND RESULTS 

New Solvent  

I 

i 

! B O C 8 U e  of the  a e r i o u s  f ire hazard of to luene ,  a search 

was made by the  Organic Chemistry Section for  a n  economical, 

n o n v o l a t i l e  s o l v e n t  w i t h  pu l se  h e i g h t  and t ransparency  com- I 
parable t o  that of to luene .  The hydrogenated naphthalenes i 

( t e t r a l in  and deca l in )  were i n v e s t i g a t e d  but  found t o  g i v e  i 
i n f e r i o r  p u l s e  heights (for deca l in ,  64 per c e n t  of t h e  

s t a n d a r d  3 g/l .  P#) i n  to luene  s c i n t i l l a t o r ) .  TS-28 (11, a I 

I 
i 
1 

i p a i n t  s o l v e n t  obtained from the  Shel l  O i l  Company, is t h e  

best practical material so far located. 

imate ly  62 per cent aromatic hydrocarbons, 25 per  cent 

'naphthenea ( d e r i v a t i v e s  of cyclopentane and cyclohexane) , 
12 per c e n t  pa ra f f in  hydrocarbons, and 1 per cent o l e f i n s .  

I t  consists of approx- I 
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I t  i r r  o rs l ly  purified by parsing tbrough an  actfvated alumin8 

colurn and ir a8 t r an8pa r sn t  o p t i c a l l y  ad reagent-grade to luene  

d a m  t o  390 w. Placrh po in t  i 8  1moF (49OC); b o i l i n g  range 

i. 161 t o  203OC. 

S o l u t i o n s  of v a r i o u s  s c i n t i l l a t i o n  r o l u t e s  i n  TS-28 were 

*prepared and te8t8d bo th  i n  small volumes and i n  t he  450 gallon 

lburco 11. Because of t h e  high concen t r a t ion  of a l ipha t ic  and 

81iCyCliC hydrocarbons in TS-28, the s o l u b i l i t y  of t e rphenyl  

& 

4 
. .  

1, 

k 

1. limited t o  about  3 g / l .  a t  room temperature .  A s o l u t i o n  

of 3 g/l. t e rpheny l  and 0.04 g/l .  POPOP gave a pu l se  height 

of 0.53 r e l a t i v e  t o  t h e  PPO-toluene s t anda rd  (2), compared 

with 1.16 for the best terphenyl-POPOP-toluene s o l u t i o n  when 

tested air-saturated i n  small volumes. The r a t i o  of t h e  

pu l se  he igh t  of the  TS-28 s o l u t i o n  t o  t h e  beat to luene  solu- 

t i o n  was, therefore, 0.46 under t h e s e  fvsmall-volumefv cond i t ions .  

men t h i s  pair of s o l u t i o n s  wa8 coa~prrred in Humco 11, an air- 

saturated pulse he igh t  r a t i o  of 0.47 was observed, proving 

that the  2 s o l u t i o n s  were equa l ly  t r a n s p a r e n t  and t h a t  there 

wae no d i f f e r e n t i a l  lose of l i g h t  on going t o  large V O l u p l e S .  

The pu l se  height  of t h i s  TS-28 s o l u t i o n  rose by a factor of 

1.50 on p - a g i n g  w i t h  argon, compared with  a rise of 1.30 on 

deoxygenating the  to luene  s o l u t i o n ,  so that t h e  oxygen-free 

pu l se  he ight  r a t i o  was 0 . 5 5  in large volumes. The compar- 

a t i v e l y  low va lue  is due t o  a n  inadequate  amount of primary 
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s o l u t e  even a t  s a t u r a t i o n ,  evidenced by the  fact that the  pulse 

h e i g h t  warn still r i s i n g  w i t h  i n c r e a s i n g  t e rpheny l  concentra- 

tion. Addit ion of 3 g/l .  PPO raised the air-saturated, small- 

volume puli- b i g h t  of the  TS-28 s o l u t i o n  t o  0.98 of PPO- 

t o l u e n e  (equiva len t  t o  0.85  of terphenyl-POPOP-toluene) . In  

the large tank, the  la t ter  r a t i o  -8 0.80 (argon-saturated),  in 

agreement w i t h  the  8 O O a l l - ~ O l u m e ,  a i r - s a t u r a t e d  r e s u l t  i f  

e q u i v a l e n t  oxygen quenching occur8 i n  both s o l u t i o n s .  Small- 

v o l u m  teets i n d i c a t e d  t ha t  there i s ' n o  s i g n i f i c a n t  g a i n  from 

t h e  a d d i t i o n  of more PPO (a l though t h e  s o l u t i o n  is far below 

8 a t u r a t i o n ) .  

 solution, the  f i n a l  s c i n t i l l a t o r  was 3 g/1. t e r p h e n y l ,  3 g i l .  PR 

and 0.04 g/1. PopOP. Small-volume tests i n d i c a t e d  t h a t  t h e  

t e rpheny l  was c o n t r i b u t i n g  l i t t le t o  t h e  t o t a l  pu l se  he igh t  

S ince  t h e  PPO was added t o  the  e x i s t i n g  te rphenyl  

i and could  probably be omitted wi thout  l o s s .  

! 

I !  
!:I, 

New Phototube Comlement 

The above comparison of s o l v e n t s  was carried out  w i t h  a 

poor set of m u l t i p l i e r  phototubes.  One of the 24 t ubes  was 

missing completely and 4 tubes had no i se  l e v e l s  of 100 kev o r  

higher,  the worst being 190 kev. The apparent  energy of tube  

n o i s e  of t h e  s y s t e m  was 120 kev w i t h  t h e  to luene  f i l l i n g  and 

170 kev w i t h  TS-28. Replacing t h e  poorer tubes  w i t h  tubes of 

lower n o i s e  (see fo l lowing  r e p o r t .  page 151) r e s u l t e d  i n  signif- 

i c a n t  improvement. The e n e r g y  of no i se  dropped t o  50 kev w i t h  
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0 28 ( c a l c u l a t e d  40 kev wi th  to luene)  compared w i t h  70 kev 

tained w i t h  the  Geneva Counter (3). 

9-10 Gama Peaks. Using t h e  TS-28 f i l l i n g  and t h e  new 

hototubo complement, t h e  energy calibration of t he  system 

determined. Contrary t o  our prev ious ly  publ ished observa- 

00 (4), it now appears that there is d e f i n i t e  evidence of 

l t l p l e  Compton scat ter ing i n  Humco 11. Figure 1 g i v e s  the 

rO8ult8 Of c a r e f u l  energy c a l i b r a t i o n  of Humco I1 (with the 

to luene  f f l l i n g )  in which the observed pulse  h e i g h t  of t h e  

Q.mM r a y  peak is plot ted a g a i n s t  3 d i f f e r e n t  ene rg ie s :  t h e  

. f u l l  energy of t h e  gamma ray  ( t o t a l  absorp t ion)  and the  max- 

'W 

t 

/ i  4 
fa 

bum e n e r g i e s  depos i ted  in t h e  s o l u t i o n  by s i n g l e  and double  

Compton scatter, r e s p e c t i v e l y .  The s l i g h t l y  p o s i t i v e  i n t e r -  

cept of t h e  e x t r a p o l a t e d  line of t h e  "double" Compton approx- 

h a t i o n  is In best agreement w i t h  expec ta t ion .  

orous examination of t h e  energy depos i t i on  mechanism is under- 

m y  us ing  a Monte Carlo c a l c u l a t i o n  for t he  abso rp t ion  process 

baed on a program w r i t t e n  by Zerby and Moran ( 5 ) .  

Calcu la t ed  from t h i s  program rill be compared w i t h  experiments  

for l i q u i d  s c i n t i l l a t i o n  volumes ranging  from a f e w  c u b i c  

c e n t i m e t e r s  t o  " t o t a l  abso rp t ion .  '' 

A more rig- 

Spectra 

The 'de te rmina t ion  of t h e  average degree of m u l t i p l i c i t y  
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of Cmptorr 8 c a t t e r i n g  is rather d i f f i c u l t  on t h e  ba8ie of t h e  

onorgy c a l i b r a t i o n  w i t h  i n d i v i d u a l  gama l i n e s ,  s i n c e  the  

f f w t  of m u l t i p l e  s c a t t e r i n g  is merely t o  s h i f t  t h e  calibra- 

The e x t e n t  of t h e  tion l i n e  nore or 1088 parallel t o  itself. 

8 h i f t  18 of t b  order of 100 kev or less, and it m u s t  be 

judged on the  br8is of the  extrapolated energy corre8pondlng 

t o  zero p u l s e  height.  

unce r t a in ,  s i n c e  the degree of n o n l i n e a r i t y  of t he  s c i n t i l l a t o r  

i8 not w e l l  e8tablished. 

the observa t ion  of lesum peaks" from gamma rays emitted in 

cascade. 

obrerved p u l s e  height of these sum peaks from the energy cal- 

ibration cu rve  established w i t h  s i n g l e  gamma ray  peaks, often 

by i n t e r p o l a t i o n  r a t h e r  t h a n  by e x t r a p o l a t i o n .  

The expected va lue  of t h i s  energy is 

A more s e n s i t i v e  test is based on 

It is easy  t o  measure small d e v i a t i o n s  of the  

4t I. 

c 
Sum Peaks. Sum peaks r e s u l t  from t h e  d e t e c t i o n  of 2 or  

more gam r a y s  emitted s imultaneously t o  y i e l d  a s i n g l e  pu l se  5 
i 

x, 
' 

whose energy depends on t h e  t o t a l  energy absorbed. 

8 i t y  of t h e  sum peak w i l l  vary as t h e  product of t h e  i n d i v i d u a l  

The i n t e n -  

d e t e c t i o n  e f f i c i e n c i e s  when these efficiencies are larr, so 

that rather th ick  o rgan ic  s c i n t i l l a t o r s  (20 c m  or more) are re= 

qui red  t o  make them important  r e l a t i v e  t o  the  l l s ing le s l '  peaks. 

In a d d i t i o n ,  d i r e c t i o n a l  c o r r e l a t i o n s  o f t e n  e x i s t  (e.g., f o r  

a n n i h i l a t i o n  gammas which are always emitted i n  oppos i t e  direc- 

t i o n s ) ,  which great ly  reduce  o r  e n t i r e l y  e l i m i n a t e  these peaks 

.. . 

when 2n geometry is used. 
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The ratio of poak he igh t8  I8 0.86. A more complicated cas. 

18 s h o m  i n  Pig. 3, which i m  the spectrum of bk2'. 

1.276 Mav QIL~. ray is e m i t t e d  immediately f o l l o r i n g  pos i t ron  

decay. 

of 0.51 Mev e8ch. T h i s  pair of gapla rays rill give  a sum 

perk a t  0.68 Ysv i f  bo th  undergo s i n g l e  Compton scatter, and 

a t  0.80 Wv i f  bo th  undergo double s c a t t e r i n g .  A peak is 

observed between t h e s e  ene rg ie s ,  perhaps closer t o  t h e  double 

Ikre a 

The p o s i t r o n  a n n i h i l a t e s  g i v i n g  a pair of gamma ray8 

sum. If t h e  1.276 MeV gamma r a y  were d e t e c t e d  a lone ,  it would 

produce a peak a t  1.05 or 1.16 Hev, depending on m u l t i p l i c i t y  

of s c a t t e r i n g .  The la t ter  is observed. A double sum of t h e  

1.276 Mev gamma w i t h  only 1 of t h e  a n n i h i l a t i o n  g a m e  does 

n o t  seem t o  occur, s i n c e  there is no peak near 1.56 Mev. 

T r i p l e  sup38 would give peaks a t  between 1.73 and 1.96 Yev. 

The s t r u c t u r e  sugges t s  m u l t i p l e  peaks i n  t h i s  region. Further  

a n a l y s i s  of i n t e n s i t y  r a t i o s  may g i v e  more q u a n t i t a t i v e  

information on t h e  average m u l t i p l i c i t y  of s c a t t e r i n g .  

Energy Resolut ion 

F igures  4, 5 ,  and 6 are s p e c t r a  of i n t e r e s t i n g  groups 

of nuc l ides  determined wi th  t h e  TS-28 f i l l i n g .  The source8 
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-11 8tmdrrd8 w i t h  n e g l i g i b l e  se l f - abaorp t ion  and 

t t u i n g .  

D r f t h  2 or 3 80urcas i n  t h e  detector s imul taneous ly .  

F igu re  4 

Spectra were determined w i t h  s i n g l e  n u c l i d e s  and 

ound h8 bean 8ubtracted i n  a l l  cases.) 

m th4 sep.rrrt1on attainable w i t h  Km and Cs137. Because 

tb great energy d i f f e r e n c e  (1.34 and 0 .55  Mev double 

oupton, r e s p e c t i v e l y ) ,  t h e  s e p a r a t i o n  is very c l e a n .  A closer 

ir, Mns4 and Zne5 (1.00 and 0.73 MeV, r e s p e c t i v e l y ) ,  are 

ham i n  Fig. 5. "be peaks are n o t  completely r e so lved  bu t  

tho presence of 2 gama r a y s  is clear from t h e  mixed spectrum. 

Q u r n t i t a t i o n  of both components by s o l u t i o n  of simultaneous 

@ q U 8 t i O M  fo r  the coun t ing  rates i n  2 channels  would be feasible 

fop: t h i s  p a i r  or other pairs of comparable energy s e p a r a t i o n  

(30 per cent energy d i f f e r e n c e ) .  Figure 6 shows a t e rna ry  

mixture: K 4 0 ,  Zn65, and Csi3'. I d e n t i f i c a t i o n  of the  compo- 

nentrs, whi le  p o s s i b l e ,  would be much more d i f f i c u l t  than w i t h  

8 Sodium iodide c r y s t a l  spec t rometer .  Q u a n t i t a t i o n  of a mix- 

. ture of q u a l i t a t i v e l y  known components would, however, be 

.amy. The r e s o l u t i o n  ob ta ined  is comparable t o  t h a t  found i n  
' 8  

,u mpectrophotometry of aqueous s o l u t i o n s .  The spectrum of 

another  nuc l ide  of conunon i n t e r e s t ,  1131, is given  i n  F ig .  7 ,  

rhfch shove the  r e s o l u t i o n  of the  small secondary peak given 

by t he  higher energy g a m  r a y  of lower abundance. 

F igu re  8 shows t h e  spectrum of a normal unexposed s u b j e c t  

I 0 4 b 9 8 8  
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urd w i t h  Hmco 11. Natural ICa and fission product 

' u e  clearly r0801ved. 

8ma significant v a r i a t i o n 8  in peak-t-vlrlley ratios 

bean notod which are appa ren t ly  amsociatod with pulse- 

variations as a func t ion  of preampl i f ie r  ga in .  Typica 

ult8 are sumarized In Table I. The effect is almost 

tiroly on the lower s i d e  of t h e  peak; the  upper half-  

The spectra repor t ed  in olutioff im not chmged g r e a t l y .  

. 4 through 7 were taken w i t h  p reampl i f i e r  gain 10 and 

therefore, s u b j e c t  t o  improvement. The effects may be 

a t o  a s e n 8 i t i v f t y  t o  rate in t h e  overload characteristic 

f the preamplifier. An attempt is being made by t h e  E l e c -  

ronlcs Group of the Physics Divis ion t o  e l i m i n a t e  t h i s .  

Sum peaks offer both advantages and disadvantages in 

term8 of their e f f e c t  on a t t a i n a b l e  energy r e so lu t ion .  The 

'1 

8dditional complexity they  in t roduce  I n t o  the  spectra I s ,  of 

course, undes i rab le .  (A somewhat analogous s i t u a t i o n  exists 

in  spectrmetry with small sodium iod ide  crystals when Compton 

edges and "escape peaks" mult iply s i n g l e  peaks. "Sum peaks" 

of t h e  type  under discussion are not observed i n  ordinary 

Sodim iodide spectrometry of large samples because of t h e  

very 1- geometry.) However, t he  e x i s t e n c e  of sum peaks can 

8 U W t h W  be q u i t e  usefu l  i n  improving the  d i sc r imina t ion  of 

a large organic  s c i n t i l l a t o r .  Table 2 summarizes the reso lv-  

ing power of Humco I1 f o r  some nucl ides  of interest for medical 

-145- 1 0 4 b 9 9 0  I-' 



TAB= 1. OF PREAYPLIFXEB GAIN OQS PEM c8ABbcTEILISTICS 

Resolution 
UDD- Lower 

Preupllfier HPlZ~Width H.lf -Width 
Nuclide Gain ~n Ratio (per cent) (per cent) 

K 4 0  2 2.8 14 18 
10 1.9 15 -- 

d3' 2 2.9 20 28 
10 1.6 22 -- 
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1 

2 

3 

JI 

4b 

5 

60 

6b 

7 

8 

Na-34 4.12 (S*) 3.93 

T1-208 (ThC") 3.12  (S) 2.95 

T W  2. SOYg BIOWGSCAUY INTBRlCSTIHG RADIOMUCLIDE GROUPS 

CAPABLE W BISOLUTION WITH HUMCO I1 

Full Energy of Doublo Carpton 
Nuclide G a u  Rap(6) Bnorgy 

~ 

CO-60 
~ 

2.50 (S) 2.25 

~~ ~ 

Fa-59 1.20 (Ave. of 1.10 and 1-08 
Zn-65 1 .12  1.29) 1 .oo 
Rb-86 1.08 0.96 
cu-54 1 .02  (g+ annihi lat ion S) 0.80 

Mn-54 0.84 0 .73  
CS-137 0.66 0 . 5 5  
Sr-85 0 .51  0.40 
Au-198 0 . 4 1  0 . 3 1  
1-131 0.36 0.27 
cr-51 0.32 0 . 2 3  
Hg-203 0.28 0.19 

0 .16  Pb-214 (RrrB) 0 .24 

~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ o ~ ~ o ~ o ~ ~ ~ ~ . o ~ . ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ o o ~ ~ ~ - ~  

P-32 
Sr-90 

bremsstrahlung ( C 0.15) C 0 . 0 8  

* 
** 
S indicates  a sum peak. 

Observed center of a broad, complex peak including s i n g l e  
8nd double Compton scatter, t r i p l e  sum. 

N m :  Groups separated by a s o l i d  l i n e  can be determined 
Bimultaneously. Groups separated by a broken l i n e  are  d l f -  
f i c u l t  to  resolve. 
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trace 8tudi.8 and far contaminat ion monitoring. [ A previow 

rormion of t h i s  Wblo (6) applicable t o  arg8nic  s c i n t i l l a t o r 8  

in geo.ra1, including t h i n  dotoctora and 2rsys tcwl l ,  d id  not 

i n c l u d o  tho effoct of SUI pub.] 

deturrinod 8irult.noou8ly w i t h  any other n u c l i d e  l i8ted in a 

group separated f r a  the first by a sol id  l i n e .  Nucl ides  in 

a d j a c e n t  groups separated by a broken l i n e  are d i f f i c u l t  t o  

re801ve. 

a8 8 important  tracerr cou ld  be followed s lmul taneous ly .  

A given n u c l i d e  can be 

The table  sugge8ts that, i n  thoory a t  least, as amny 

Of more practical i n t e r e s t  is t h e  fact that many i n t e r e s t -  
60 

ing pairs f a l l  i n  d i f f e r e n t  groups.  

a n o t o r i o u s l y  d i f f i c u l t  pair t o  separate even with a sodium 

iodide spectrometer, are eamily r e so lved .  

e n e r g i e s  are nea r ly  i d e n t i c a l ,  1.17 and 1.33 Yev for Co 

compared wi th  1.10 and 1.29 fo r  Pes’, t h e  former pair  is in 

camcade and g i v e s  a sum peak, whereas t h e  latter pair  is in 

parallel and does no t .  

Na24, which is located w e l l  above possible i n t e r f e r e n c e s  by 

its high energy (3.9 Mev). This fact  should greatly i n c r e a s e  

the s e a s i t i v i t y  of the  sodium a c t i v a t i o n  method of determin- 

ing whole body neutron exposures  ( 7 )  by reducing p o s s i b l e  

i n t e r f e r e n c e  due t o  s u r f a c e  contamination of the  s u b j e c t  w i t h  

s h o r t - l i v e d  f i s s i o n  products  such as L a  14* (2.52 M e V ) .  Im- 

proved s e n s i t i v i t y  w i l l  a l s o  increase t h e  use fu lness  of t h e  

Note that Fe5’ and Co 

Although the gammm 
60 

Another u s e f u l  sum peak is that of 
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'r mthod in dirgrraiog chronic naut ron  exporure. The short  life .. 
Of 19*24 PrwOnt8 determixmtion of i n t e g r r t e d  dose by a Sing18 

wuuremont. 
L 

Routine meaaurementa of personnel from a given 

, ar.0 011- a parfod of t i m e  could ,  i f  s u f f i c i e n t l y  s e n s i t i v e ,  

r 

p o u i b i l i t y  of a quadrupIe r i m u l a n e o ~  tracer experiment w i t h  

tb 4 alkalimetals: sodium, potassium, rubidium, and cesium. 

Another i n t e r e r t i n g  p o t e n t i a l  u s e  of sum peaks is the  

pOm8ibility of determining t h e  a b s o l u t e  count ing e f f i c i e n c y  

( inc luding  self-rbmorptfon effects) from t he  r a t i o s  of the 

h a t e n s i t i e 8  of rum peak. t o  t h e  i n t e n s i t i e s  of t h e  correspond- 

h g  8Angle8 p88k8, in a m n n e r  analogous t o  the w e l l  known 

betr/gamau coinc idence  method ( 8 ) .  T h i s  poss ib i l i t y  w i l l  be 

investigated as an Independent check on e f f i c i e n c y  c a l i b r a t i o n 8  

bared on convent iona l  phantom methods and as a "self- 

calibrrting'' technique  for nuc l ides  such  as Co . 60 

DISCUSSION 

The prominence of sum peaks and t h e i r  usefu lness  in 

8 e p U S t i n g  important  nuc l ide  pairs probably c o n s t i t u t e  the  

p r i n c i p 8 1  adv8ntages of t h e  4 r  over the  2~ l i q u i d  s c i n t i l l a -  

tion counter. (The o the r  advantage is the  smaller v a r i a t i o n  

of coun t ing  e f f i c i e n c y  with sample size,) For simpler meas- 

urements n o t  r e q u i r i n g  the a d d i t i o n a l  resolution, t h e  2n 
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8yst . i  18 prob8blp t h e  method of choice  bcaurro of i t8 1- 

C # t  . 
Qmntitativo calculrtlonm of t b  amount8 of t h e  capo- 

nent8 of a m i x t u r e  present  in a 8 u b j e c t  Will, of C O U r 8 e ,  

have to ba b u e d  on the s o l u t i o n  of t h e  appropr i a t e  numbor 

of aiPultaaoow equations,  i nc lud ing  s u b j e c t  weight as a 

prranmter. A program for t h e  IBY 704 computer is being 

wr i t ten  by E. Iarael of Group E-6 for t h i s  purpoae. 

t i on  and wrmurewnt of c a l i b r a t i o n  phantomm w i l l  be a r jar  

problem occupying t h e  counter during t h e  coming year. 

Pre- 
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*%ng of Ylltipli.1? Phototubom for -0 I1 (E. c. And=.od 

I-CTION 

Tb u t i l i t y  of a large l i q u i d  m c i n t i l l r t i o n  coun te r  Can 
4 
g. 

k . g m 8 t l y  onhanced by extending d m v a r d  the  lowr enorgy 

.firit of e f f i c i e n t  ray dofaation. Of principrl 1ntOr-t 

un the  8oft X ray8 or bremastrahlumg produced when beta my8 

;.m mtoppod In matter. Y . 8 8 u r e ~ a t  of b r n m m t n h l u n g  pO2mit8 i 
f 

# t ~  in  v i v o  count ing of pure beta edtters such as srso and * 32 
ri P . B e ~ a U 8 0  the b r e m 6 ~ t r a h l u n q  c o n t i n u o w  spectrum rimem 

rapidly w i t h  dacreas ing  energy, the s e n s i t i v i t y  of a coun te r  

*dOWndo 8 e O n g l y  on t he  luwer energy l i m i t .  The Gonevr 
t 

Counter (1) wi th  8 lwer energy limit of 70 kev had a Ben- 
*. 

' 8 i t i v i t y  of 0.03 pc Sr90 i n  a 70 kg s u b j e c t  w i t h  a 100 second 

count ing t i m e .  

The lirit of the  useful enerm range I 8  set by the am- 

p l i t u d e  of the noism pulse. frol tha mult ip l iOr  phototubes.  

The apparent energy t o  be amcribeel t o  the no i se  is determined 

by the average cathode phOto8en6i t iv i ty ,  the l i gh t  ou tpu t  Of 

the m c i n t i l l a t o r ,  and t he  l i g h t  c o l l e c t i o n  e f f i c i e n c y  of the 

8y8tem, i n  a d d i t i o n  to the basic pulse height  of t he  noise it- 

Self . 
in apparent  energy u n i t s ,  rill therefore vary wi th  the  s c l n t l l -  

lator u88d for the energy c a l i b r a t i o n .  The no188 energy W i l l  

be much lower (perhaps by a factor of 4) w i t h  a sodium iodide 

The "noise l e v e l "  of a given  phototube, if erprerraed 
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C r y 8 - l  f&8n with a large a r g a n i c  . c i n t i l l a t m ,  

tha no&.@ ia tm of oqu iv r lon t  numbor of electron8 omitted 

from tha photocrthodo (2) w o u l d  make the q u a n t i t y  indopendent 

of tho m e i n t i l l a t o r .  Bar.rc#r, thi. conv.rsion t o  obao lu to  

u n i t 8  ia -0 d i f f i c u l t  and, furthomore, it I 8  de8irable from 

tho prrcticrl 8t.ndpoint t o  i n c l u d e  t h e  effect of averaged 

cathode phOtO8On8itivitp in the parameter. 

b p r O a 8 i a g  

In order t o  dotormine t h e  e q u i v a l e n t  noise energJr of 

DuMont No. K-1328 phototube8 for ube in Humco 11, i n d i v i d u a l  

tube8 wero mounted on a test t a n k  of 40 1. volume, as shorn 

in Fig. 1. The steel tank is 16 i n .  in diameter and 12 in. 

in depth and I8 f i l l e d  wi th  a s o l u t i o n  of t e rphenyl  and PopOP 

in t o l u e n e .  F igu re  2 is a view of the system wi th  the mul- 

t i p l i e r  p h o t o t u k  t ipped back 8 h w i n g  the r e f l e c t i n g  liner of 

Tef lon  aheet (1/4 in. t h i ck ) .  Also v i s i b l e  is t he  method of 

mounting the phototube t o  provide a l i q u l d - t i g h t  seal.  The 

tube  is clampod between 2 heavy aluminum rings, t h e  seal 

between tho rings and t h e  tube  envelope being made by a 

special molded s i l i c o n e  rubber  gasket. The lower ring seals 

t o  the t a n k  w i t h  a r i l i c o n e  rubber  "0" ring and is held down 

by 16 s tud8 .  A torque wrench set a t  20 inch-pounds is used 

t o  e n s u r e  uniform, minlmum pressure. After the tube  is in 

LANL 1/53 



Fig. 1. Test tank €or 16 in. multiplier phototubes (K-1328). 
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F i g .  2.  Test tank open showing Teflon reflective l i n e r .  
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placo, t h e  e n t i r e  system is i n v e r t e d  about a p i v o t  system 

not shorn In t h e  figure. 

athod.  window in the  s c i n t i l l a t o r ,  providing optimum optical  

This operation immerses t h e  

ouplirrg and also provid ing  LL check on t h e  l i q u i d - t i g h t n e s s  

.of the  seal. Tubes which have been sealed t o  i r o n  mounting 

ringtr w i t h  epoxide cement ( the  o t h e r  mounting system tested 

for Genco and Humco 11) can a lso be mounted on t h e  test t a n k .  

Tk Counter w a s  shielded by 7 in. of steel dur ing  measure- 

Energy c a l i b r a t i o n  can be accomplished by de termining  

t&e p U l 6 9  he ight  of t he  Campton peak from a gamma r a y  of 

known energy. F igure  3 shows t h e  spectrum ( inc luding  back- 

ground) obtained using 5 pounds of potassium c h l o r i d e  as  a 

source. One poin t  is s u f f i c i e n t  t o  es tab l i sh  t h e  calibra- 

tion accurately enough f o r  present  purposes. 

anergy c a l i b r a t i o n  of t h i s  d e t e c t o r  is given in Fig. 4. Her8 

the  measured r e l a t i v e  p u l s e  he igh t s  from 6 d i f f e r e n t  gama 

r a p s  are p l o t t e d  a g a i n s t  f u l l  gamma energy and a g a i n s t  max- 

imum Cauptoa energy. The lat ter quan t i ty  is related t o  the  

g8ma energy by t h e  equa t ion  (3): 

* 
A complete 

Tlnax - Eo [I + WW] 

* 
This i 8  a convenient s t a n d a r d ,  since it  is readily avail- 

able and of low enough specific a c t i v i t y  t o  be comparat ively 
harmless t o  m n  and t o  s e n s i t i v e  counters. 
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w h e r e  T,, i8 tho m8xirum energy which can be t r a n 8 f e r r e d  t o  

a recoil e l o c t r o n  by Campton s c a t t e r i n g ,  E, is t h e  i n i t i a l  

gam8 r a y  energy, and a is t hu  earn grama ray energy ex- 

pres8ed in u n i t 8  of rn0c2 (0.511 Mev) . 
atomic number of organic s c i n t i l l a t o r s ,  Compton s c a t t e r i n g  

is the only colpIon procearu by which gama energy i8 absorbed. 

Transfer of full gam energy I s ,  t h e r e f o r e ,  u n l i k e l y  in 

such  a srrr11 detector. T h i s  I s  evidenced by t h e  fact that 

i n  Fig. 4 the p lo t  a g a i n s t  Campton energy extrapolates close 

t o  zero, while the  p l o t  a g a i n s t  f u l l  gamma energy is widely 

d ive rgen t .  

Beclruae of the low 

On t h e  basis of the energy c a l i b r a t i o n ,  a r e s i s t a n c e  in 

series w i t h  the m u l t i p l i e r  phototube bleeder s t r i n g  is ad- 

j u s t e d  so that a l l  t u b e s  have t h e  same gain w i t h  a high vol tage  

supply of 1500. This permite t h e  tubes t o  be used interchange-  

a b l y  on Huaco I f  wi thout  f u r t h e r  balancing. 

In order t o  quantify t he  energy of tube  noise, u se  is 

made of the  p e c u l i a r  shape of the  background spectrum of the 

system. When the logarithm of t h e  d i f fe ren t ia l  count ing  rate 

(e.g., in counts  per second per Mev) is p l o t t e d  a g a i n s t  t h e  

logarithm of t he  r e l a t i v e  pu l se  height or  of energy,  t h e  

r e s u l t i n g  spectrum has 3 l inear s e c t i o n s  w i t h  2 well def ined  

i n f l e c t i o n  p o i n t s ,  as shown in Fig. 5. Above 1.1 mv for 

t he  test tank, the  rate drops sharply as one passes from the 

I O 4 7 0 0 3  
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rogion in which tho bckground  i m  due t o  more e n o r g ~ t i c  

cocllric rai mmcoaadarios. 

tion v u i m  marpri8Ingly l i t t l o  w i t h  coun te r  size, b i n g  

about  1.25 y.tr in the 280 1. Genova Counter and 1.40 I k v  in 

tho 1700 1. HUDCO 11. (Om. t h i s  enorgy im mtabli8h.d, 

t h i 8  point c8n bm w e d  fo r  energy c a l i b r r t i o n ,  i f  dealred.) 

The second p o i n t  of i n f l e c t i o n  r e p r e a e n t s  the  onse t  of 

Th. onorgy 02 thia point of inf1.c- 

t u b  noir8. Bel- t h i s  p o i n t ,  t h e  r8te rise8 e X t r s r S l Y  

rapidly. If a wacurownt is made w i t h  no s c i n t i l l a t o r  

p r e m n t ,  only t h i s  po r t ion  of t he  8pectrum is ob8erved, 

i n d i c a t i n g  noime i n  the  m u l t i p l i e r  phototube t o  be the  

mource. The energy of the i n t e r s e c t i o n  of the  tube noime 

l i n e  w i t h  the  n a t u r a l  r a d i o a c t i v i t y  l i n e  is taken t o  rep- 

r e s e n t  the lowest gamma energy which can be e f f i c i e n t l y  

wed. Thim n o i s e  can, of course, be e l imina ted  through the 

u m  of a 2 channel  coincidence system so that it is poorniblo 

t o  work a t  lower ene rg ie s .  However, the much greater com- 

p l e x i t y  of the e l e c t r o n i c s  and t he  concurren t  loss i n  energy 

r e s o l u t i o n  nmke it desirable t o  avoid t h i s  system except ab 

a last  remort. 

The 2 tubem rhoae characterimtics are  shown in Fig. 5 

r e p r e s e n t  extreme cases. 

t h e  loreat encountered,  and very few t ubes  run higher than  

200 kev. The observed d i s t r i b u t i o n  of noise l e v e l s  in a 

group of t u b e s  is shown i n  t h e  histogram of Fig. 6. 

The noise level of 4 0  kev is among 

1 0 4 1 0 0 5  - 160- 
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DISCUSSION 

If a lower energy l i m i t  of less than  7 0  Lev is desired, 

it appears that one can expec t  t o  reject about  1 t ube  in 3. 

The d i s c o n t i n u i t y  i n  t he  d i s t r i b u t i o n  a t  150 kev sugges t s  

that some uncon t ro l l ed  factor i n  tube  manufacture may be 

r e s p o n s i b l e  for t he  poorest tubes .  

r e l a t i o n  of t u b e  q u a l i t y  w i t h  ser ia l  number, and 2 batches 

of t ubes  purchased more than  a y e a r  apart  showed similar 

d i s t r i b u t i o n  p a t t e r n s .  

There is no obvious cor- 

While t h e i r  high noise leve l  r e n d e r s  the  rejected tubes 

u n s u i t a b l e  f o r  l o w  energy count ing w i t h  l i q u i d  s c i n t i l l a t o r s ,  

there is no evidence t h a t  these tubes  are i n f e r i o r  in other  

ways (e.g., cathode uniformity and energy r e s o l u t i o n ) .  

A complete set of 24 good tubes  has now been selected 

for Humco XI w i t h  n o i s e  l e v e l s  ranging from 32 t o  84 kev an 

t h e  test tank.  One of these has small cracks i n  t h e  glass- 

metal seal of the  faceplate, and probably has a l i m i t e d  l i f e  

expectancy. 

60 t o  95 kev. 

tested w i t h  the hope of providing a set whose maximum 

i n d i v i d u a l  no i se  l e v e l  does not exceed 70 kev. 

Four spares are on hand w i t h  n o i s e  l e v e l s  from 

Six more t ubes  are on order and w i l l  be 
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Cutmooam A b  t ion  by R u u a  Subjoctm. I. Studio8 w i t h  
Sodim" and Iodin. 
J. E. Purchnor) 

(M. A. Van Dill., C. B. Richmond, a a  

X ~ ~ O M  

T b  f o u i b i l i t y  of u t i l i z i n g  a whole-body --ray 

spectrowtor t o  8tudy cutaneous ab8orp t ion  of radionucl idea 

by huaPrn s u b j e c t s  was reported p m v i o u a l y  (1). R e s u l t s  ob- 

t a i n e d  since t han  shared t h a t  abso rp t ion  of Na24 through tk 

pa- skin, i f  any, must be less t han  0.1 per c e n t ;  d e f i n i t e  

amount being 0.1 per c e n t  of t h e  applied dose. 

YETHODS 

abso rp t ion  of I 13' through the  palmar skin was observed, t he  

The technique  used t o  apply the r ad ionuc l ides  was esmen- 

t l a l l y  the  sa- as the patch technique  used by Tas and 

Feige (2) . 
c o n t a i n i n g  200 1 of t h e  i s o t o n i c  s o l u t i o n ,  w a s  a p p l i e d  f i r m l y  

t o  t h e  palmar surface of t h e  left hand. The 2.5 x 4.5 c m  

gauze p o r t i o n  of the bandage, con ta in ing  the  s o l u t i o n ,  -8 

in direct c o n t a c t  w i t h  t he  i n t a c t  s k i n .  Two i n .  gauze ban&- 

was t h e n  used t o  ensure  proper p o s i t i o n i n g  of t h e  E l a s t o p l a s t  

and t o  prevent  the  poss ib l e  e x t e r n a l  contamination t o  o t h e r  

parts of the  body. Prior t o  a p p l i c a t i o n  of t h e  E l a s t o p l a s t ,  

t h e  s u b j e c t  was measured w h i l e  h i s  lef t  hand, holding a 

A 5 x 7 . 5  c m  rubber-backed E l a s t o p l a s t  bandage, 

-164- 
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arm a v o .  

brr l o f t  b n d  in tho a r m  cave. 

-8-1 i 8  crrprble of d o t w t i n g  axtrow17 8mll urOuat8 Of 

gama aittm which traverao tho .kin burlor 8nd o n t o r  tho 

8 y m t n I c  c i r c u l ~ t i o n ,  b u t  is very inmezmltive t o  tho material 

f 8 i l i n g  t o  e n t e r  the c i r c u l a t i o n .  

?- 1 .horn 8 8ubjoat prior t o  m r r r - a t  w i t h  

The 9 x 8 in .  8obium Iodide 

The exper-ntal plan  consisted of the f o l l m h g :  

(a) I n i t i a l  m a a u r o n n t  on t he  subject holding the  

roplfcate proprratlon i n  h i s  hand in the arm cave.  

Ikrmurerent  Immediately after p repa ra t ion  was applied (b) 

t o  s u b j e c t ' s  band. 

(c) 

(d) 

(49) R e m o v a l  of the  Elr8toplast and Immediate 1c8a8ure- 

Severa l  moarrurerentr during t h e  next f e w  hours. 

A msaaureaant a t  24 hours after a g p l l c a t i o n .  

mat of s u b j e c t .  

(f) 

(e) 

8.d waahed and s u b j e c t  remeuured. 

mrsurement  of s u b j e c t  a t  48 hour8 po8t appllca- 

t i o n .  Dura t ion  of each measurement -8 10 minutes.  

About 10 pc Na24 as the chloride w a s  a p p l i e d  t o  the palm 

of 1 subdect ,  and 51 pc 1131 as NaI was applied t o  the  palm 

of ano the r .  A t  a subsequent t i m e ,  each s u b j e c t  i nges t ed  a 

tracer dose of either 0.18 pc o r  0.14 pc I 131 so that 

proper calibration f a c t o r s  could be obtained far t he  e f f i c i e n c y  

of t h e  d e t e c t i n g  system. 

\ O t l ? O ~ ~  -165- 



Fig. 1. Subject i n  pos l t ion  under 9 x 6 i n .  Naf crystal w i t h  
l e f t  hand i n  l e a d  arm cave.  

\ o m \  I -166- 0 
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p Figure 2 8harr spectra obtained f a r  t h e  s u b j e c t  given 

‘out tho op.n ond of t h o  arm cave,  is s h a m  c l e a r l y  aa a back- I *mesttor peak a t  0.15 Ibr. Tho p r m i n e n t  0.36 Mev peak 

pb.=n channel8 27 and 40 shows the  presence  of I 13’ in the  

- 8 U l t 8  of theme O X p O r i m n t 8  i n d i c a t e d  that l i t t l e ,  

ff any, r a d i ~ l u m  was absorbed through the palm8r skin, 

13’ d e f i n i t e l y  t r a v e r s e d  the  skin barrier and m r u .  I 

I-- 
v 
?- 

8ntered the  8yatemic c i r c u l a t i o n .  F igu re  3 show the absorp- t 
i t i o n  of I 13’ as a f u n c t i o n  of t i m e ;  about 0.1 per cen t  of 
p! 
i t he  applied I 13’ was absorbed w i t h  t he  majority of the  absorp- 

t i o n  occur r ing  in t h e  first 10 hour8 of the  48 hour exper- 

iwmtal period. About 10 per c e n t  of t h e  applied dose of 

1131 remained in the s u p e r f i c i a l  l a y e r s  of t he  s k i n  f o r  a 

poriod of a t  least 48 hours, in a p i t e  of thorough hand waah- 

ing . 
Taa and F e i g e  (2) shored that abso rp t ion  of I 13’ from 

the  palmar skin of 12 s u b j e c t s  ranged from 0.06 t o  0.94 per 

cen t  of t h e  adminis te red  dose when measured a t  48 hours after 

a p p l i c a t i o n .  

i8tered dose. Other  workers were no t  able t o  demonstrate the  

The mean va lue  was 0 .4  per cen t  of t h e  admin- 

cutaneous a b s o r p t i o n  of I 131 (3,4).  

The one experiment w i t h  Na24 fai led t o  show p o s i t i v e  

1 0 4 1 0 1 2  -16.i- 
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HOURS AFTER I"' APPLICATION 
TO PALMAR SKIN 

Fig. 3 .  Cutaneous absorption of 1131 fo l lor ing  palmsir 
application. 

1 0 4 1 0 1 4  
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skin obmarption. 

tion of 0.1 per cant of the  applied dose. 

thorefore, only t o  say that abso rp t ion ,  if any, W ~ B  less than  

0.1 par cent. In t h i s  case, 32 per cent of the  radioact ivi ty  

rn8 lnad  in the s u p e r f i c i a l  layers of t h e  s k i n  for a t  lerst 

48 hours de8pfte thorough washing. 

The method was capable of detecting ab8orp- 

I t  is possible,  

Johnston and Lee (5) reported that radiosodium penetrated 

the i n t a c t  skin. R o t W n  (6), however, suggested tht  the  

mechanical effect of pres s ing  ointments containing the  rodio- 

sodium into t h e  skin might have been responsible for  the 

absorption. 

Even though the above r e s u l t s  r e p r e s e n t  s i n g l e  case. only, 

they do i n d i c a t e  the feasibility of the method of s tudying  

cutaneous a b s o r p t i o n  of r a d i o i s o t o p e s  by man. 

isotopes should be h e l p f u l  in clarifying cutaneous absorption 
phenomna, and s t u d i e s  with Sr85, d5, and Cs 134 are being 

planned. 

Longer-lived 

I O 4 1 0  1 5  -170- 



Y. A. Van D i l U  and Y. W. Born, Loa A b n o m  S c i o n t i f i c  
Lmbarrrtory Report LAMS4455 ( ISeO) ,  p. 113. 

J. -8 8nd Y. POlge, J .  fn~08t. D8IPP.t. - 30, 193 (1958). 

0. B, Miller and W. A. 98110, J .  Invost. D s r r t .  - 12, 
19 (1949). 

J .  1. E. lhli and Y. G .  Woldring, Iknutologic8 - 111, 
45 (1957). 

G. W .  Johnston and C. 0 .  bo, J. Am. Ph8rm. Aasoc. - 32, 
278 (1943). 

S. Bothrrn, Physiology and BlochaI8try  of the ab, 
Univerrity o'I (=hi cago mess, CEI 

-171- 



Thl.8 report is a con t inua t ion  of the  work described In 

t he  previous two semiannual reports (1,2). The L u c i t e  space 

ion chaabers described t h e r e i n  have been flown in 4 high 

a l t i t u d e  ba l loons ,  i n  2 A t l a s  XCBH's, and i n  the  first rocket 

of the Blue Scout a e r i e s .  In a d d i t i o n ,  we have campleted a 

new design which inco rpora t e s  t h e  ion chamber section, 

amplifier, high and low vo l t age  power s u p p l i e s  i n  1 self- 

conta ined  u n i t ;  t h e  ion chamber section is molded of ti88uo- 

equ iva len t  plastic by Dr. Francis R. Shonlrs of S t .  ProcopiuS 

College, L i s l e ,  Illinois. Its response t o  gamma rays and 

neut rons  has been moa~lured and its a b i l i t y  t o  wi ths tand  

mechanical v i b r a t i o n  and shock demonstrated. T h i s  u n i t  is 

now ready for u s e  by the  A i r  Force Special Weapons Center a t  

K i r t l a n d  A i r  Force Base as a proto type  for product ion by a 

commercial c o n t r a c t o r .  

YgTRODS AND RESULTS 

The Luci te  u n i t s  have rece ived  rides t o  date in 4 high 

a l t i t u d e  balloon f l i g h t s  from Bemfd j i ,  Yinnesota (summer 1960) 

1 0 4 1 0 1 1  -172- 
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At-8 f l i gh t s  f r a  Cape Caruveral  d o m  tho A t l a n t i c  Missile 

mgm (Augu8t 12 and N o r o m b e r  9, I=), and in Blue Scout 1, 

l8rg-t s o l i d - f u o l  roclot eva r  flam fra C 8 p  C 8 n a V e r a l  

thm first of a series of 12 rosurch and dovelopgent ahof. 

(January 7 ,  1Hl) . 
pod (the pod is a m u l l ,  s e l f - con ta ined  package which sep- 

mate8 frw the main v e h i c l e  after burnout)  and in the  609A 

mlue Scout) program t o  probe both  Van Allen  belts t o  very 

high alt i tudea.  Two chambers have been d e l i v e r e d  t o  Convair 

for the A t l a 6  pod experiment,  and a t o t a l  of 7 chambers with 

-11 thickno88 up t o  4 in. are scheduled for Blue Scouts. 

Scheduled far 1901 are ride8 in an  A t l a s  

The 8tatu8 of f l i g h t s  made t o  date is given  in Table 1. 

Tha news of t h e  succelrsful  Blue Scout 1 arrived a t  the  pre- 

.ant w r i t i n g .  According t o  the AP release, a l l  e x p e r l m n t s  

aboard ( inc lud ing  a Lucl te  ion cbamber) radioed back clear 

8 i -b ;  a l t f t u d e  reached waa about  3800 hr and the  d i s t a n c e  

d o m  the  A t l a n t i c  Missile Range wss about  1900 km. The data 

have n o t  p e t  been r ece ived  from Cap Canaverr l .  

The most s i g n i f i c a n t  data rece ived  and analyzed so fa r  

have coma from the second Atlas f l i g h t ;  a pre l iminary  reduc- 

tion of the  data on dose rate verlruu t r a j e c t o r y  I s  plotted 

b Fig. 1. Cosmic  r a y s  w i l l  produce a dose rate of about 

0.5  mr/hr above the  atmosphere (3), so that  t he  ion chamber 

readings are due e n t i r e l y  t o  the  Van Allen radiation. The 
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f a c t  tht  the done rat08 a r e  h igher  on t h e  descending leg of 

tbe f l i gh t  I 8  due to  tbe  fact tht  Van Allen  radir t ioo is 

synetrical about the georrrgnetic equator, which d i p .  about  

15' klw the geographic equator i n  t h e  reg ion  of the  A t l a n t i c  

Usmile Range. An i n t e r e e t i n g  feature of the doee rate- 

l a t i t u d e  cu rve  is a -11 but  real v a l l e y  s h o r t l y  .iter apogee, 

a p p a r e n t l y  due t o  a slow r o t a t i o n  of the v e h i c l e  i n  t h e  non- 

isotropic pro ton  f lux  of t he  inne r  Van Allen b e l t .  If t h e  

amount of material around t h e  ion chamber were uniform in a l l  

d i r e c t i o n s ,  there would be no such  effect. HoWeVer ,  the 

actual s h i e l d i n g  of t h e  ion chamber by o t h e r  nose cone equip- 

ment was n o t  on ly  cons iderable  but  a l so  nonuniform, as s h a m  

in Table 2. T h i s  s h i e l d i n g  w i l l  e n t i r e l y  eliminate t h e  elec- 

t r o n s  and s o f t  pro tons  and allow o n l y  protons above 80 t o  

100 Mew (p lus  secondar ies )  t o  a c t u a t e  t h e  ion  chamber. C a l -  

c u l a t i o n s  by S. to. Leeper and J. F. Tinney a t  Ki r t l and  A i r  

Force Baae us ing  t h e  proton spectrum measured by Freden and 

White (4) i n  similar A t l a s  f l i g h t s  show that a t  a depth of 

14 g/cm 

700 mrads/hr; t h i s  is i n  s u r p r i s i n g l y  good agreement with the  

measured v a l u e  of 340 mrads/hr. 

2 t he  maximum expected dose rate should be about  500 t o  

The newly designed t i s sue -equ iva len t  (TE) space ion  

chamber is shown in Figs .  2,  3, and 4.  The new u n i t  incor-  

p o r a t e s  the  fo l lowing  improvements: (a) u n i t i z e d  c o n s t r u c t i o n ;  

t he  only power d r a i n  on t h e  space v e h i c l e  I s  due t o  2 relays 
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Fig. 3.. Construction d e t a i l s ,  LASL tissue-equivalent space 
Ion chamber (prototype), 

1 0 4 1 0 2 4  -179- 



ii 

I 0 4 1 0 2 5  

I I 

-is& 



34 V, 0.1 A), which turn on t h e  u p l i f i o r  rhan  O D a f g i Z O d ;  

@) r a d i a t i o a - 8 e n a l t i v e  s e c t i o n  (now s p h e r i c a l )  made of 

S 8 8 u o 4 q u i r r l e n t  (ruclcle) p l a s t i c  ; (c) r a d i a t i o n - a a n s l t i v e  

t i o n  18 removable and can  be rep laced  by other d e s i g n s  

t h  d i f f o r e n t  nll t h i c k n e s s ,  s e n 8 i t i v o  volume, etc.; 

(d) p o l a r i z i n g  v o l t a g e  s u p p l i e d  by new, light-weight solid- 

a t e  batteries (380 V, 1.67 02.); (e) bulk of material dia- 

irilar from tismuo (metal, batteries, etc.) is about 10 in. 

f r a  the  c e n t e r  of t he  t i s sue -equ iva len t  sphere so that t h e  

fractional so l id  ang le  subtended is only 0.04. T o t a l  weight 

A 8  1.0 kg (2.2 lb ) .  The t i s sue -equ iva len t  s p h e r i c a l  s e c t i o n  

-a sub jec t ed  t o  a c c e l e r a t i o n  (100 G) and v i b r a t i o n  (1 G, 

t o  200 C h ,  u t ia1  and t r ansve r se )  a t  Ki r t l and  A i r  Force 

8.80 wi th  n e g l i g i b l e  effect. The neutron response was mea8- 

ured using 2, 8 ,  and 20 Yev monoenergetic neutron beams a t  

the v e r t i c a l  Van de Graaff gene ra to r ;  t h i s  was a repeat of 

aimilar measurements made previous ly  w i t h  t h e  Luc i t e  ion 

chamber and reported earlier (2). The "E ion chamber pro- 

duceo the  stme output  v o l t a g e  ( t o  - + 20 per cen t )  for equal 

dose rate8 from Co6* gamma raps and 2, 8 ,  and 20 Mev neutrons.  

Thus, it is an  improvement over the Luci te  des ign  which per- 

formed w e l l  a t  8 and 20 Mev but  read low by a factor of 3 a t  

2 Ysv. 

given in Fig. 5 .  

The Co60 cal ibrat ion curve  of the TE ion  chamber is 
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DISCUSSION 

T b  fact th8t rea8oa8ble data were rece ived  on the  

pound from tho A t l a m  f l i g h t s  means t h a t  the ion  chamber 

W i g n  i8 mech8aica1ly and electrlcally sound, and that i t8  

r88ponso t o  t h e  high energy pro tons  of t h e  inne r  Van Allen 

belt is about  as expected. 

Only i n t o  t h e  lower f r i n g e s  of the  trapped r a d i a t i o n  belts 

Since t h e  Atlas f l i g h t s  reach 

( m i n l p  t h e  i n n e r  be l t )  and are of shor t  d u r a t i o n  (about 

30 min) t he  more revea l ing  f l i g h t s  are those p e n e t r a t i n g  

deeply i n t o  t he  Van A l l e n  belts snd  orbi ta l  shots  (which 

h v e  t h e  bes t  chance of picking up solar f la re  radiation 

when it occurs). In these cases, w e  would be taking advantage 

f 
6 of the  wide raage logarithmic response of t he  ion  chamber 

e l e c t r o n i c s ,  which w a s  designed w i t h  t h i s  i n  mind specificsklly. 

The i n i t i a l  f l i g h t s  i n  t h e  Blue Scout series, which are 

scheduled t o  c a r r y  ion chambers, w i l l  improve t h e  first situa- 

t i o n  considerably;  expected a l t i t u d e s  are 1800 km (2 shot81 

and 3400 km (1 shot ) .  The first of t he  1800 Ism shots has 

J u s t  been made s u c c e s s f u l l y  (January 7 ,  1961); our hope is 

that s u c c e s s  crowns the  3400 km s h o t ,  s i n c e  t h i s  w i l l  pen- 

etrate i n t o  t h e  heart of t h e  i nne r  belt .  Satellites w i t h  

extremely e l l i p t i ca l  orb i t s  (apogees about  20,000 km) t o  pen- 

etrate t h e  o u t e r  b e l t  and t o  be i n  a posi t ion t o  respond t o  

solar f l a r e s  would be most va luab le  v e h i c l e s  f o r  the  ion 

chamber. 
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The new TE ion chamber r e p r e s e n t s  a n  improvement in 

fundamental des ign  and f l e x i b i l i t y .  

t h i s  i nc reased  f l e x i b i l i t y  can be rerlized are: (a) if only 

low dose rates are expected, a l i n e a r  amplif ier  c i r c u i t  board 

can be designed and s u b s t i t u t e d  f o r  t he  p r e s e n t  one, and a 

larger volume TE s e c t i o n  fabricated and screwed on. 

should make possible a much more s e n s i t i v e  scale (about 0 t o  

10 mrhr). Probably only 1 (rather than  2 at present)  h i g h  

vo l t age  b a t t e r y  would be needed. (b) If only high dose 

rates are expected,  a smaller s e n s i t i v e  volume w i t h  closer 

electrode spac ing  would be preferable; t h i s  would aga in  allow 

lower p o l a r i z i n g  v o l t a g e  t o  be used. (c )  If i t  becomes 

desirable t o  isolate the  TE ion chamber s e c t i o n  from materials 

dissimilar to t i s s u e ,  it would be feasible t o  remove t h e  

b a t t e r y  s e c t i o n ,  t r a n s i s t o r i z e d  amplifier,  and even t h e  elec- 

Several m y 6  i n  which 

This  

trometer tube and 10l2 ohm load resistor to SL separate u n i t  

s e v e r a l  feet away. 

r e l a t i v e l y  uninf luenced by t h e  presence of the  v e h i c l e  (at 

T h i s  would be necessary i f  measurements 

t h e  end of a boom) were requi red .  

There are s e v e r a l  mechanical detai ls  which should be 

a t tended  t o  i n  a production run by a c o n t r a c t o r :  

board clamp and low v o l t a g e  ba t te ry  mount should be more 

rugged; (b) electrostatic s h i e l d i n 5  of TE and c i r c u i t  board 

s e c t i o n s  is necessary (it must be remembered t h a t  t h e  TE 

(a) c i r c u i t  
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mtor s h e l l  i 8  380 V aboveground); (c) TB sect ion hub d im-  

8t.r should be fncrearred to  2-1/8 i n .  to f i t  2 i n .  i m i d e  

d i 8 w t e r  Lucite tubing which houses the circuit board); and 

(d) over-all length could be decrer8ed 2 i n .  by reloc8ting 

010ctraetor tub. and I d 2  o b  l o a d  remi8tor. 
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Yoon8p.C: 
activity of Lumr Stdace (Y. A. Van Dlll r r j  R. L. Schuch, 

D..ign of Iktactor for Mmuurauat of R8dio- 

and E. C. Andor8aa) 

Thfm p r o j e c t  b a  no1 progressed from the i n i t i a l  stages 

da8cribed in the  2 prev ious  semiannual reports (1,s) i n t o  

the hardware pbase. The major o b j e c t i v e s  hove been t h e  

detailed deafgn of t h e  complete phosrich detector packuge 

and the f a b r i c a t i o n  of t h e  proof test u n i t .  These o b j e c t i v e s  

have been met, and the  proof test d e t e c t o r  package will be 

d e l i v e r e d  t o  the  Jet Propulsion Laboratory,  the NASA c o n t r a c t -  

ing agency in over-a l l  charge, du r ing  t h e  week of January 16, 

1961 

YgTHoDS AND RESULTS 

After s e t t l i n g  on t he  g e n e r a l  des ign  of t h e  detector (2) , 
t h e  main problem involved t h e  ques t ion  of what components and 

fabrication technique t o  use so as t o  ensure  t h a t  t h e  f i n a l  

u n i t  would wi ths tand  JPL environmental  t e s t i n g  specifications 

and be biologically sterile. That is, t h e  d e t e c t o r  must be 

rugged enough t o  wi ths tand  launch, the  long (about SG hour) 

exposure t o  space cond i t ions ,  and must not contaminate t h e  

luna r  surface b i o l o g i c a l l y  af ter  impact. T h i s  l a t t e r  r equ i r e -  

ment has 'been establ ished by i n t e r n a t i o n a l  agreement; a l l  

-186- 
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rpacocrrft which Impact or land on the  moon or p u n e t s  must 

not i n t e r f e r e  wi th  later i n v e s t i g a t i o n  of possible l i f e  on 

thome a s t r o n a i c a l  bodies. 

The JPL environmental  s p e c i f i c a t i o n s  are set f o r t h  i n  

0 JPL S-. 3020lA (my 28, 1959) ; the m o 8 t  dralrtic i n s u l t  the  

6.tOctor m u a t  withstand is v i b r a t i o n  (s imulat ing launch) 

mace, w e  have tested the  c r i t i ca l  components, m a i n l y  photo- 

m u l t i p l i e r  and cesium iodide-plastic sc in t i l l a tor  phoswich , 
QII the large GYX-Division shake table dr iven between 20 and 

#KK) cpcles/sec a t  a c c e l e r a t i o n s  up t o  15 G. For tuna te ly ,  

Opera t ion  of these components has been found satisfactory 

aftor these tests. T h i s  hae alluwed u s e  of t h e  CBS No. CL- 

1029 pho tomul t ip l i e r ,  a ruggedized vers ion  of the  s t anda rd  

3 i n .  CBS tube ,  t he  manufacturing procedure of which has 

been modified t o  ensu re  i n t e r n a l  s t e r i l i t y .  

The schedule  established by JPL f o r  the fabrication Of 

th. detector packages is shown i n  Table 1. €23, R4, and R5 

refer t o  Rangers 3, 4, and 5, which are the t h i r d ,  f o u r t h ,  

8Bd f i f t h  spacecrafts i n  t h e  Ranger series. 

bunched  w i t h  Atlas-Agena B rockets, t h e  name Ranger referring 

t o  t h e  spacecraft which separates from t h e  launching rocket 

and goes i n t o  o r b i t .  Rangers 1 and 2 are scheduled f o r  1901 

for  other purposes;  Rangers 3, 4, and 5 are impact v e h i c l e s  

8 W C i f i C a l l y  f o r  lunar  research and are scheduled for 1962. 

They are t o  be 

\ O h 1 0 3 2  -187- 
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T b  f i r a t  of tho ga- r a y  detector Package8 is called 

"proof toat u n i t ; "  it rill be s u b j e c t e d  t o  m o r e  severe 

8trr than tho subsequant u n i t s .  It  rill n o t  f l y  bu t  is 

ted t o  demonmtrate the i n t e g r i t y  of the des ign .  The 

b e q u e n t  7 wit8 ( f l i gh t  and spare) rill be sterile and 

t -815 less s t r i n g e n t  environmental  t e s t i n g .  The des ign  

the proof test u n i t  is shown in Figs.  1, 2, and 3. The 

luminua can con ta in8  t h e  pho8rich, pho tomul t ip l i e r ,  and 

c i r c u i t r y  necessary  t o  develop s i g n a l  and r e j e c t i o n  ( a n t i -  

coincidence)  p u l s e s .  Polyurethane f o a m  is used t o  fix a l l  

parts f i r m l y  i n  place. The CsI (Tl)  c r y s t a l  surfaces are 

roughened t o  improve energy r e s o l u t i o n .  The c r y s t a l  is 

maled in 20 c e n t i s t o k e  DC-200 s i l i c o n e  o i l  in t h e  plastic 

r c i n t i l l a t o r  cup; f n  the  proof test u n i t ,  t h e  lid is cemented 

on, but  in subsequent u n i t s  i t  w i l l  be heat-sealed w i t h  an  

induct ion  heater by Group CMB-7. Teflon is used both a8 an 

o p t i c a l  reflector and t o  hold t h e  phoswich-photomultiplier 

r i g i d l y  together. The aluminum can is herme t i ca l ly  sealed, 

SO that t h e  i n t e r i o r  w i l l  remnin a t  a pressure of about  

1 atmosphere dur ing  f l i g h t  t o  e l i m i n a t e  the  p o s s i b i l i t y  of 

Corona discharge and arc-over  in space. 

* 

other c i r c u i t s  necessary t o  make a complete spectrometer 
are the high v o l t a g e  supply,  now completed by JPL, and the 
R I D L  p u l s e  a m p l ~ f i e r  and 32 channel  f l i g h t  ana lyze r  which 
are nearing completion. 

1 0 4 1 0 3 4  
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\ PY BLEEDER CIRCUIT 

! 

E STAYFOAM 112 --I 

4.t23 00- 

YOUWINO FRAME 

PLASTIC SClNTILLAm* 

OIL FILLER HOLE- 

RE3ECTlOW 
CIRCUIT 

- THERMISTOR 

CYQ TUBE ClAMP 

‘Cs I CRYSTAL 

T 
9.010 

LENGTH 

\ 

y -RAY IN-FLIGHT 
CALI BRAT ION PLUG 

MOONSPEC yo RAY DETECTOR 
PROOF TEST UNIT, S.N. 1 

Fig. 2. Gamma ray detector for Yoonspec showing construction 
d e t a i l s .  
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Th4 f l a t  end of t b  can ad j8cen t  t o  tho cry8tal i8 

arranged eo a8 t o  allow t h d r e j e c t i o n  c i r c u i t  t o  be te8ted 

kforo f l i gh t  wi th  a SrsolYso 8ource, and t o  provide priodic 

in-flight gam ray c a l i b r a t i o n s .  

only beta rays, Emx 

proviaion ha8 been made t o  i n s e r t  such a source very cl-e 

t o  the plastic s c i n t i l l a t o r ,  where the beta rays will 

i rrrd i8 te  th8 pla8tfc.  Sf t h e  r e j e c t i o n  c i r c u i t  i u  0p.r.t- 

Strontium= and Y90 emit 

2.2 Yev, and 8018 brea88trahlung;  

properly, an t i co inc idence  pu l ses  should be genera ted  

when l i g h t  f l a s h e s  i n  t h e  plamtic produce electrical pulses 

of energy equal t o  that due t o  the abso rp t ion  of 300 kev 

gurpap rays i n  t h e  cesium iodide. In a d d i t i o n ,  the  r e j e c t i o n  

c i r c u i t  must not  be tripmd by large mmma ray p u l s e s  i n  the 

ceeium iodide; t h i s  is checked us ing  t h e  2.61 Mev gamma r a y s  

of ThC". Theme checks of the  rejection c i r c u i t  are made on 

the  ground. 

Since  t h e  f l i g h t  t o  the moon take6 about  66 hours,  there 

is the  d i s t i n c t  p o s s i b i l i t y  that d r i f t  of energy c a l i b r a t i o n  

rill occur.  We w i l l  be a b l e  t o  keep track of t h i s  by mean8 

of a small c e l 4 ' / ~  203 gama rag source cemented i n t o  the 

8e r~ -o f f  screw head near  t h e  crystal (see Fig. 2). T h i s  

source  remains f i x e d  in f l i g h t ,  e m i t t i n g  parma rays of energy 

73, 142, and 279 kev. The pu l se  amplif ier  between the  photo- 

m u l t i p l i e r  (dynode 8 )  and t h e  analyzer has a gain switch 

al lowing 2 energy ranges ,  0 t o  0.6 MeV and  0 t o  3 Mev. The 

-193- 
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f i r a t  of thome rangom 18 for  energy c a l i b r a t i o n ;  t h e  second 

range ia de84n.d 80 tht t h e  most impor tan t  Si-1 (K 

fall8 a t  rid-range and t h e  m o m t  e n e r g e t i c  n a t u r a l  g m  ray8 

(thorium, 2.61 Yev) f a l l  a t  t he  upper end of t h e  range .  

aatlcip8te a large amount of 0.51 uev r a d i a t i o n  (@+ a n n i h i l a -  

t i o n )  from t b  moon’s surface, s i n c e  cosmic ray s p r r l l a t i o n  

products  are neut ron-def ic ien t  and s i n c e  h igh  energy gamma 

ray i n t e r a c t i o n s  rill also  produce a n n i h i l a t i o n  radiatioa. 

This makes the  pO88 ib i l l t y  of u s e f u l  l u n a r  s i g n a l  a t  and 

below 0.51 ylev very slim, which is t h e  reason for the  choice  

of ce 14’ and Eg 203 a8 c a l i b r a t i o n  s o u r c e s .  The c e n t r a l  com- 

p u t e r  in the spacecraft is preprogrannned t o  f l i p  t h e  spec- 

trometer from one range t o  t h e  other by a c t u a t i n g  t h e  gain 

switch every  10 minutes,  after which readout  occurs  and the  

data are telemetered back t o  earth. After terminal maneuver 

(about 1 hour before  i m p a c t ) ,  t he  spectrometer is locked on 

the  3 Hew range t o  pick up t h e  l u n a r  s i g n a l .  

accurate energy c a l i b r a t i o n  is achieved i n  f l i g h t .  

40 

W e  

I n  t h i s  way, 

DISCUSSION 

The phoswich gamma ray d e t e c t o r  described above has per- 

formed very w e l l  in l abo ra to ry  tests t o  date. I n  t h e  proof 

test u n i t  (SNl), 12 per cent r e s o l u t i o n  for CS 13’ g a m  r a y s  

was a t ta ined;  i n i t i a l  tests on SN2 y i e l d e d  10 per  cent w i t h  

-194- 
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careful tuning oi t he  focus ing  electrode p o t e n t i a l  and 

kr dynode 1 p o t e n t i a l .  This  is almoat as good 8s NaI (T1) 

i. a ploamrnt surprise. The l a r g e  number of gamma raya  

ated in the lunar surface by cosmic ray6 and n a t u r a l  

d i m c t i v i t y  make good energy r e s o l u t i o n  important.  

jor worry has been that the  pho tomul t ip l i e r - c rys t a l  

a n b l p  would f a l l  under v i b r a t i o n ;  i t  turns out that  these 

A 

be made m o r e  rugged t b n  one might expect. A l l  teste 

l ied  80 far t o  t h e  r e j e c t i o n  c i r c u i t  I n d i c a t e  t h a t  it is 

forming as desired. W e  have planned for the f u t u r e  exper- 

nt8 us ing  an alpha r a y  source  or posnibly a series of 

beta r a y  sources  of E,, < 2 . 2  MeV in order t o  determine 

h. r e j e c t i o n  threshold more a c c u r a t e l y .  
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IMTRODUCTION 

In t h e  courae of t e e t i n g  t h e  phoswich detectors t o  be 

ed fo r  the  measurement of t h e  r a d i o a c t i v i t y  of the  l u n a r  

urf8ce (1-3), we  noticed a peak i n  the background gam ray 

trur of a cesium iodide-plastic sc in t l l l r t o r -CBS No. CL- 

pho tomul t ip l i e r  combin8tion thrt seemed t o  be due t o  

. Closer examination shored t h e  presence of both 

13' In a group of three 2-3/4 x 2-3/4 In. pol i sh  

ancanned Harshar cesium iodide (thallium) c r y s t a l s .  The 

amount of t h i s  r a d i o a c t i v i t y  was too e ~ l l  t o  a f f e c t  t h e  luna r  I. 
3 experiment, bu t  would c e r t a i n l y  cause some d i f f i c u l t y  In low 
i 

l e v e l  count ing a p p l i c a t i o n s .  The o r i g i n  of the r a d i o a c t i v i t y  

i a  unce r t a in ,  bu t  the Cs 13' may be due t o  f a l l o u t  and t h e  

C*134 m y  be produced by cap tu re  of cosmic ray neutrons by 

cesium . 
YETHODS AND RESULTS 

Three Ilarshar C s I  (Tl) crystals were placed in a group 

(as a r a d i o a c t i v e  sample) on an 8 x 4 in. NaI (Tl) spec- 

trometer. Each c rys t a l  was c y l i n d r i c a l ,  2-3/4 x 2-3/4 in., 

untanned, and w i t h  a l l  s u r f a c e s  pol ished.  The grrama ray 

spectrum is shown i n  Fig. 1. Note that peaks occur a t  0.61, 

1 0 4 1 0 4 2  -197- 
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f r 

1 

0.86, and 0.80 Mev, matching the  energy of the gamma r a y s  of 
z 
:2$-pmrr Cs13' and 2.2-year Cs134. 
?. 
ahmod no detectable K . 

A spectrum ou t  t o  2 MeV 

40 
t 

DISCUSSION 
r 
I. 
1, While t h e  i d e n t i f i c a t i o n  of the  observed r a d i o a c t i v i t y  

.8-= q u i t e  c e r t a i n ,  w e  can only s p e c u l a t e  abouz IFS 

:It  8ee.l~ l i k e l y  t h a t  t h e  Cs13' comes from r a d i o a c t i v e  f a l l o u t  

tbrt h8s somehow go t t en  i n t o  t h e  cesium compounds from which 

the  c r y s t a l s  are grown. 

orig in .  

I 

I f  cap tu re  by Cs133 of cosmic r a y  

' neutrons IS r e spons ib l e  f o r  t h e  Cs134, then  one is prompted 

I. 

t o  rmk about  the possible a c t i v a t i o n  of i o d i n e  and a l s o  

8odiuaP in NaI (Tl) crystals.  Table 1 lists the  p e r t i n e n t  

properties of these e l e m e n t s  f o r  thermal neutron cap tu re .  

Prom this it is c l e a r  t h a t  if thermal neutron c a p t u r e  pre- 

dominates, then  t h e  gamma r a y  e m i s s i o n  from w i l l  be by 

far t h e  most prominent a t  equi l ibr ium,  overshadowing I 128 by 

a f a c t o r  of 34 and Na24 by a f a c t o r  of 60.  

Unfortunately,  t h e  c a l c u l a t i o n  of Cs 134 productfon from 

It is known that  cosmic ray-produced neutrons is d i f f i c u l t .  

t h e  o r i g i n a l  source  is mostly nuc lear  d i s r u p t i o n s .  (stars) 

y i e l d i n g  high energy  neutrons,  which are slowed d0w.n by 

c o l l i s i o n s  w i t h  n i t rogen  and oxygen t o  low energies .  

f e w  reach thermal energ ies  (4) because of t h e  n , p  r e a c t i o n  i n  

Very 
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frogen. 

utrone near 88 .  l e v e l  are poorly knom, am ia the c8pture 

o m  section of cesium as a function of energy. 

Th. flux and energy spectrum of atnoo8pheric 

REF'ERBNCES 

1) Y. A .  V8n D i l l a  and E .  C .  Ander80n, Loo A l a m o a  
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Radioactivity of Toktite8 (Y. W. R o w ,  Y. A. V8n D i l l a ,  and 
E. C. Andermm) 

IwTBorDucTION 

Toktit.8 arm r8th.r mtrange looking  silica glass obJect8 

Big. 11, which are found i n  ex tens ive  b u t  l imi t ed  areas of 

t h e  earth. 

of known o r i g i n  (1.e. , obsidlan and other  v o l c a n i c  glasses) 

Soore have v e r y  r e g u l a r  r o t a t i o n a l  forms (dumbbells, e l l ipso ida l  

shapes, etc.), some show i n t e r e s t i n g  surface e t c h i n g  and mark- 

ing ,  and many of the forms are t h e  r e s u l t  of f ragmentat ion.  

Thei r  o r i g i n  i o  c o n t r o v e r s i a l ;  some s t u d e n t s  of t h e  s u b j e c t  

f avor  a terrestrial and some a l una r ,  meteoritic, or cometary 

o r i g i n .  T h i s  ques t ion  of o r i g i n  would be so lved  i f  cosmic 

ray-produced r ad ionuc l ides  (as A126) could be detected in them. 

Such r a d i o n u c l i d e s  can only be produced by exposure t o  cosmic 

r a y  bombardment o u t s i d e  the  earth's atmosphere. I n  t h e  case of 

s t o n e  meteorites, A126 concent ra t ions  have been found w h i l e  

previous reports of A126 i n  tektites (1) are now questioned 

by one of t he  a u t h o r s  (2). Hence, three groups of tektites 

from va r ious  parts of the  w o r l d  ( p h i l i p p i n i t e s  from t h e  

P h i l i p p i n e  I s l a n d s ,  bediasites from Texas, and a u s t r a l i t e s  

They are d i s t i n c t l y  d i f f e r e n t  from n a t u r a l  glasses 

* 

* Loaned by E. P. Henderson, Smithsonian I n s t i t u t i o n ,  U. S. 
National  Museum, Washington, I). C.  
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Fig. 1. Tektites from Australia (australites) f Philippine Is lands (phi1 ippinites 1 . 
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from A u r r t r a l i . )  wore wr8ur.d for g8- rad ioac t iv i ty .  I t  

warn found that the uranium, thorium, and pota8miur preuent  

swamped observation of any pua8ible 61% and sugg08t8 tb t  

the tekt i te8 ru8able tarreatrial rock much m o r e  t h a n  a tone  

I l l . tO- i t .8 .  

A l l  samplos were meamred on an 8 x 4 in. NaI (TI) Spec- 

trometer (3). Counting t i m e s  were only a few hours,  s i n c e  

t he  r a d i o a c t i v i t y  l e v e l s  are r e l a t i v e l y  high ( l i ke  terrestrial 

rocku). 

in Pig. 2, along r L t h  the upec t r a  of a stone meteorite and 

terrestrial rock aample. In order t o  make s e m i q u a n t i t a t i v e  

comparisons, t h e  areas under characteristic photopeaks were 

mea8ured; these corresponded t o  potassium (1.46 Mev), thorium 

(0.935 and 2.61 Yev), uranium (1.76 Mev), and thorium-uranium 

(0.58 Hov) . 

The g a m  ray spectrum of t he  a u a t r a l i t e s  is p l o t t e d  

Tab10 1 shorn the remul ts ,  t he  numbera under t h e  va r ious  

energy band8 being a p p r o x i r r t e l y  proportional t o  the  concentra- 

t i o n  of t h e  nuc l ide  p re sen t .  

that t h e  tekti tes from Texas, A u s t r a l i a ,  and t h e  Phi l ippine 

I t  can be seen from t h i s  table 

I I s l a n d s  a l l  have similar concen t r a t ions  of gamma-emitting 

r a d i o n u c l i d e s  and are q u a n t i t a t i v e l y  close t o  some terreatrial  

rocks . 

-m4- 
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Stone meteorites, on t h e  other hand, are seen t o  con ta in  

0 2 orders of magnitude snaller amount8 of uranium, thor im,  

potasalum than are p resen t  in tektite8 and terre8trial 

b. Th. tektite8 b o o  about 20 t o  30 time8 the pota88lm 

d In chondrite.. The chondr i t e s  have so l i t t l e  Wanfupr 

thorium tha t  it is n o t  seen by the crystal apectroaster, 

mas tektite8 and terrestrial rocks show easily neaaurable  

nium and thorium. 

DISCUSSION 

or o ther  comic ray-induced radio- 26 The premence of A 1  

t i v i t y  would prove the e x t r a t e r r e s t r i a l  o r i g i n  theory.  Un- 

fo r tuna te ly ,  any possible A126 is completely masked by 

urmlum, thorium, and potassium i n  our measurements, and the  

r e s u l t s  of o t h e r s  are c o n f l i c t i n g .  Ehmann and Kohman (1) re- 

ported A126 i n  a u s t r a l i t e s  i n  amounts similar t o  that of the  

8tOne meteor i tes  (i .e., - 50 d/m/kg meteorite). No a c t i v i t y  
* 

ma8 seen i n  the b e d i a 8 i t e s  or another  group, the moldavites,  
20 that they  i n v e s t i g a t e d .  However, Anders (4) reported no A 1  

a c t i v i t y  in t he  a u s t r a l i t e s  w i t h  a gamma/gamma coincidence 

rpectrometer, which is more specific and r e q u i r e s  less chemical 

processing of t he  sample than Ehmann and Kohman's Geiger 

counter .  Kohman (2) has r e c e n t l y  s t a t e d  that  he now feels 

'Tektites are named a f t e r  the  region i n  which they  are found 
(i.e.,  moldavites a f te r  the  Moldau River in Czechoslovakia,  
bediasites a f t e r  t h e  Bed ias  Indian country in Texas, etc . ) .  

t 0 4 1 8 5 2  
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f 

that a check on hi.  and Bhwnn'a A126 work on the  ru8trrrlit.r 

i8 h igh ly  dwfrablo, and thoro are plana t o  do that  a t  th8ir 

labor8tor7 a t  tb. Caraogio I x m t i t u t o  of Technology. 

Tho r m u l t a  of uranium, thorium, and potalrmi\u meaaure- 

men- in toktit.8 by othor warkora are given i n  Tablo 2, 

along: w i t h  remulta on torreatr ia l  rock8, natural si l ica glaaac#, 

and a t yp ica l  s t o n e  meteorite. 

ah- tht tektitom are sirilar t o  terrestri.1 rock8 i n  uraniua, 

thorium, and potasrium c o n c e n t r r t i o n r  and that the  8 tone  

mteoo.ite8 hre much luwer concen t r a t ions .  Th i s  evidence 

aupports the terrestrial o r i g i n  theory,  but  c e r t a i n l y  does 

n o t  prove it. In fact ,  r e c e n t  anmlyses of tekti tes from Indo- 

China and tho Philippines by Pinson and Schnetzler (13) show 

uniformr trace element compositionm; t h e  specific g r a v i t i e s  

of these two groups were very uniform (2.43 t o  2.46) for 

35 saaple8. 

If  the  theory of l una r  o r i g i n  of tektites (14) were upheld, 

the high potaasiun, uranium, and thorium l e v e l s  would have 

impor tan t  conaequences for our l una r  gamma r a y  experiment. 

Both these r e s u l t s  and ours 

The88 re r ru l t s  favor an extraterrestrial o r i g i n .  

It may be concluded that  tektites are still very much a 

my8tOx-y and that the  ques t ion  of t h e i r  origin is still un- 

answered. 

1 0 4 1 0 5 3  
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ORGANIC CmYISTRY SECTION 

Radlatloa Dao Rate Y.aaurnents f r a n  the  K i w i - A  Series of 
Nucle8r Reactors (D. L. Williams) 

A p a r t  of t h e  desirable information which has been ob- 

t a i n e d  during t e n t  of t h e  K i w i - A  series of proto type  rocket 

propuls ion  nuc lear  power u n i t s  has been concerned w i t h  t h e  

r a d i a t i o n  environnrsnt of the  reactors during and f ollowiag 

ope ra t ion .  

personnel were the  masuroments  of gamma r a y  and fast neutron 

dose rates. 

Included i n  the experiments performed by E-Division 

YPTBODS AND RTSULTS 

A system of "paired" l i q u i d  s c i n t i l l a t o r  photodetec tors  

has been developed (1-3), which is capable of measuring the 

dose ratas of t h e  gamma r a y  and fas t  neutron components i n  a 

mixed r a d i a t i o n  field. These d e t e c t o r s  have an extremely 

1 0 4 1 0 5 9  
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do dynam&c r a w  (10" t o  10' r/rin) but  are subject t o  
l i r i k t i o n  which ha8 been noted in an errlier report (3)* 

i f i cant  f88t aoutroll do60 rate mu8urONnt8 8ro not Ob- 

ad whon tho r a t io  of g u - t o - i s s t  neutron enerqy de-1- 

Ion r8te I8 groator than  about 4. 

In conjunct ion wi th  the Kiwi -A 8erAe8 of IPO8CtOr8, dwe 

rate rmsamurersnts were made a t  3 locations r e l a t i v e  t o  t h e  

centers of tho80 devices. 

temt opara t ions ,  pairs of high dome rate detectors WON 

placed a t  d i8 t rnce8  of 12.5 feet (teat cell f r o n t  face) rad 

m.5 feet (free air) ;  1 pair of low dose rate detectors w m  

pI8ced a t  17.5 feet i n s i d e  t h e  test cell. During t he  Kiwi-A 

Three test opera t ion ,  the s t a t i o n  a t  12.5 feet  was moved t o  

8 d i s t a n c e  of 71.5 feet. Dose rate data were obtained 

During X i r i - A  and Kiwi-A Prime 

' during a l l  the  experimental  runs of t he  3 Kiwi-A reactors. 

T 1 . . n e s i o n  of l o w  c u r r e n t  signals over approximately 3 n i l a  

of coaxial cable, without  ampl i f i ca t ion ,  was q u i t e  aucce8mIul. 

Typica l  gamma ray  dose rate data from the  K i w i - A  Prime 

tor t  opera t ion  have been reported (4). A similar preseata- 

t i o n  of Kiwi -A Three r e a u l t a  is being prepared c u r r e n t l y .  

DISCUSSION 

Good gamma dose rate measurements were realized during 

t e s t i n g  of t h e  3 Kiwi-A type reactors. Fast neutron dose  
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rate maaaurnont. were of marginal s i g n i f i c a n c e  and reli- 

ab i l i t y ,  8 I m m  tho famt noutroa doao rate is obta ined  a8 a 

calculatmd d i f fo ronca  va lue  and the fast  neutron s e n 8 i t i v i t y  

of tho g a m - n o u t r o n  detectors is lowor than t h e i r  

m m ~ i t i v i t y .  Thim r o a u l t  is also a func t ion  of the ~11~111)- 

to-fast noutrorr d-0 rate rat io .  

Because of the r e l a t i v e l y  lor fast  noutron s e n s i t i v i t y  

of the  d ~ t o c t i o n  8ystm umed, it appm8rs q u i t e  feasible t o  

u8e tho hydrocarbon l i q u i d  s c i n t i l l a t o r  of t h e  pair t o  moa80 

ure gama doae rates in t h e  presence of fast neutrons when 

the  gamm doe. rate t o  be measured is known t o  be more t han  

4 t o  5 time8 t h e  fast  neutron do- rate. 

c o n t r i b u t i o n  t o  the  t o t a l  response of t h e  g a m - n e u t r o n  

detector would be less than t h e  inherent error in t h e  system, 

which may be 5 t o  10 per cen t  depending upon environmental  

c o n d i t i o n s .  This p o s s i b i l i t y  allows t h e  u s e  of easily ob- 

t a i n e d  hydrocarbon l i q u i d  s c i n t i l l a t o r  s o l v e n t s  Instead of 

hexafluorobenzene s o l v e n t ,  which is rare and d i f f i c u l t  t o  

prepare. 

The fatit neut ron  
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De L. W l l l U m m ,  F. 1. Hapea, 8nd Be L. Schuch, Lolr 
A l u r o m  S c l o n t i f i c  Laboratory Ropart LAYS-3445 (1980) , 
p. 319. 

D. L. lllliau, Lo8 Alamor; S c i e n t i f i c  Laboratory Report 
LA-3466 (lwo) (Cla8aif ied)  . 
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Il.utron R08parw of Trichlor~thylone-5.turated Wator and 
T e t r a c h l o r w t h y l o m  Chric.1 Doaiwters (D. G. O t t ,  J. A .  

ay.gJ and Po 8 .  fbrri8) 

Tho chemical docrhotor o f f e r s  a p o s s i b i l i t y  for measure- 

ment of t h e  i n d i v i d u a l  c o n t r i b u t i o n s  of d i f f e r e n t  r a d i a t i o n s  

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

been uaed i n  a t t a p t s  t o  accomplish t h i s  purpose (1,2) .  

Various doslxneter systems have 

Host 

such  8y8teau are made t o  respond t o  a greater or lesser e x t e n t  

t o  t h e  components of t he  mixed r a d i a t i o n  by a d j u s t i n g  t h e  

system for maxislum or minimum s e n s i t i v i t y .  A s u b t r a c t i v e  

method may be used fo r  the  eva lua t ion  of i n d i v i d w l  r a d i a t i o n s .  

I d e a l l y ,  one would l i k e  t o  have domiPeters which respond 

only t o  a s ing le  radiation i n  a mixed f i e l d  and f o r  which the 

rosponse i n  terms of energy depos i ted  would be e q u i v a l e n t  t o  

that of a t i s s u e  mass of t h e  same volume. In these exper- 

iments,  two system have been compared in t h e i r  response t o  

fast  neut rons .  

YBTEDDS AHD RESULTS 

The two systems used were chlorinated e thy lenes ,  which 

conta ined  vary ing  amounts of water. The f a s t  neutron response 

v a r l e d  w i t h  t h e  water content of the s y s t e m  because of the  

preponderant n ,p  r e a c t i o n  with hydrogen by fast  neut rons .  ID 
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C.8U, t b  tho-1 noutron roaponrro n a  mininizod by 

olding w i t h  LIB Nkl .  

Tha re8poruo of both types  of doa imtor  t o  noutranrr of 

rioulr onergierer -8 determined by expoeuroo t o  knom dwem 

aautron8 of 1, 2, 4, 6, 8 ,  and 14 Mov. T b  neutron 8OII8- 

i t y ,  i n  term of roaponma por rad of aoutrono divided by 

ro r rpo~e  per rad of gamma rays, I8 8ham i n  Fig. 1. It 

1 k notod that the one-phsse or t r i c h l a r o ~ t h y l e n o  saturated 

or Spatem 8-d a much wider response over th ie  energy 

ion.  Over t h i s  energy region, the response inc reased  by a 

8ctor of about 3-1/2. 

DISCUSSION 

If one checked t h e  s i n g l e  collision curves  f o r  fas t  

neutrons and s o f t  t i s s u e ,  it was found that  t h i s  r e s u l t  w a s  

rfrllrr t o  the t i 8 8 U e  response. Thus a rea8onrble approxima- 

t ion  of neutron dose, in terms of rads i n  soft t i s s u e ,  can be 

u d e  by the system i n  t h i s  energy reg ion .  The error was i n -  

craased by t h e  neutron response  of tho two-phase system, 

Which must be s u b t r a c t e d  fran t h e  one-phase r e s u l t .  S ince  

t h i s  response is n o t  f l a t  a t  a l l  e n e r g i e s  and since t h e  neutron 

8poctrum is preaumably unknown, t h e  exac t  assignment of neutron 

response t o  t he  two-phase system is unknown, t h u s  in t roduc ing  

t h i s  complicat ion.  The systems have not been pursued f u r t h e r ,  

l O 4 l O b t l  -219- 
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NEUTRON ENERGY, MEV 

F i g .  1. Relative responses of chemical dosimeters to mono- 
energetic neutrons, 
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houfh it i m  felt tht  much inve8t&gatiom could k profi 

-8 

1) D. G. O t t ,  A m o m  Sciontlffc Labor8t- -port 
LA-2349 (lDS9). 

) D. L. W i l l i a m  8nd F. N. B.ju, Lom A l u m  Scientific 
Laboratory Ekport La-2375 (1960). 

, t- 

-221- 



(E. Eanrrbury, V. N. 

-0 thrr 2 t-8 h.V@ 018p8.d 8-Ca C8888tiOn Of t M t  

u p l # i o n m  of magaton n u c l u r  devices .  

~ f ( i ~ 1 1 ~  injected i n t o  the  s t r a t o 8 p h e r e  har had ample time 

t o  becars c h a i c a l l y  f r a c t i o n a t e d  and, with in  the saull group 

having s u 2 f l c i o n t  BuClids longevi ty  t o  allow more tban a few 

Radioac t ive  dobris 

137 month. Of Ob8OrV8ti011, biompheric ma8UIWmllt8 Of CS 

8nd Sr90 8 h a  d.cra8ning l e v e l 8  of r a d i o a c t i v i t y ,  whi le  C14 

activity con t inues  t o  ria., 

g8ve ri80 t o  C. 13' and SrW, which ware carpletely 18cking 

before t e e t i n g ,  the C14 produced has irrcre8aed an already 

o x i 8 t o n t  l e v e l  of cosmic r a y  induced a c t i v i t y  for t h i s  

imotope. Up t o  the  c l o s i n g  02 t h e  n ine teenth  c e n t u r y ,  there 

exfrrtod a cons tan t  atmospheric and bioclpheric l eve l  of C 

a c t i v i t y ,  the basis for radiocarbon d a t i n g .  S ince  that time, 

the  l e v e l  of C14 has been changing: 

damward due t o  ever - increas ing  in t roduc t ion  (parallel t o  

i n d u s t r i a l i z a t i o n )  of i n a c t i v e  CI2 from f o s s i l  f u e l  combus- 

t i o n  and Second, since 1954, upward due t o  nuc lear  weapon 

Whereas nuclear  weapon t e n t s  

14 

first, up u n t i l  1954, 

tecrting. 

The atmosphere and biosphere are-such e f f e c t i v e  d i l u t e r s  

-222- 
B 

LAN& 



tho ocaan I 8  8uch an e f f e c t i v e  absorber of dynamic carbon 

: tht in t b  carbon dioxide cycle, i n  r e s p i r a t i o n ,  etc.) 

maaul.'rl.nt of biospheric C14 is a l o r - l eve l  d e t e c t i o n  

lor. Although chamical s y n t h e s i s  problem8 h8ve i n t e r -  

rod w i t h  t b  goner81 r p p l i c r b l l i t y  of l i q u i d  s c i n t i l l a t i o n  

oolrting t o  the raaray of l o r - l e v e l  radiocarbon, special proce- 

\If08 have been found and emplOy8d in t h i s  project t o  u s e  

plant-derfved e e s e n t i a l  o i l s  of co-erce as sources of 

l qu id  s c i n t i l l a t o r  r o l v e n t s  t o  give  very s e n s i t i v e  count ing  

h8apS  on p l a n t  chemicals bear importance i n  t h e  r e l a -  

t i o n s h i p  of p l a n t s  t o  the atmosphere, v i a  photosynthesis ,  

8nd t o  animals  and people through the  e c o l o g i c a l  carbon cha in .  

A fast  growing promptly harves ted  p l a n t  may be an e f f e c t i v e  

a i r  carbon dioxide sampler, but  d i f f e r e n t  k inds  of p l a n t  l i f e  

m y  inCOrpOr8te and Eet8bolIZe carbon q u i t e  d i f f e r e n t l y  iron! 

each other. 

a tmospheric  carbon d ioxide  dur ing  t h e  las t  6 y e a r s  offer a 

t r a c e r  approach t o  p l a n t  physiology on a grandiose scale. 

The r a p i d l y  changing r a d i o a c t i v i t y  l e v e l s  in 

A v a r i e t y  of sampling and, therefore, of data and con- 

c l u s i o n s  rill be presented in this report. 

YETHODS 

The e s s e n t i a l  o i l s ,  as r ece ived ,  are t o  a varying degree 
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crude and/or unmuitable for  direct -0 am l i q u i d  s c i n t i l l a -  

t i o n  s o l v e n t s .  Theref ore , chnfca l  procmasing is pario-d 

t o  c o a v a r t  these o i l r  t o  p - c m n e  or a 3:l mixture  of - p- 
c y w n e  and - p-nrrtbae by procodure8 a l ro8dy damcrfbed (1). 

The c o n o n  8 c i n t i l l a t l o n  s o l u t e 8  PFO and POFOP are than  dA8- 

8olved i n  the oi l -der ived  s o l v e n t 8  in concen t r a t ions  Of 

S and 0 . 2  g / l . ,  r e s p e c t i v e l y .  The count ing  is done in 

triplicate, ga the r ing  s u f f i c i e n t  s ta t is t ics  for 0.3 per c e n t  

s t a n d a r d  d e v i a t i o n  in t h e  averaged r e s u l t .  

levels are e8tabliahed by the use of an  i n t e r n a l  s t anda rd  

wi th  each count ing  s o l u t i o n .  

d /a in /g  of carbon, corrected for  a l l  chemical f r a c t i o n a t i o n  

of C14 from C12 from the tima that the sample carbon was in 

the form of atmospheric carbon d iox ide ,  t o  Include photo- 

synthesis, p l a n t  b iosyn thes i s ,  and l a b o r a t o r y  processing.  

Absolute a c t i v i t y  

Re8u l t s  are reported as A, 

Small samples of p-cymene or the  p-cymene and p-nsqthane - - 
mixture de r ived  from a large number of a l l  t h e  essential o i l  

type8 were q u a n t i t a t i v e l y  burned t o  carbon d ioxide  and the  

r e s u l t i n g  gas samples were shipped t o  the  Lamont Geological 

Observatory for determinat ion o t  C13. f r a c t i o n a t i o n  r e l a t i v e  

t o  C1'. 

s t anda rd  average f r a c t i o n a t i o n  corrections ( f )  t o  be a p p l i e d  

t o  the  coun t ing  d a t a .  The equat ion  f = 1 - 0 .002  (d3 + 7 )  

was used, where d3 is in per m i 1  r e l a t i v e  t o  a Lamont 

The r e s u l t s  from these assays were converted i n t o  

-224- 

LAN% 



.. 

8t.ad.rd rhow C13 f r r c t ion r r t i on  1. 7 par ril m o r 0  nOfFtiV8 

th8n averago 8koapher ic  carbon d i o x i b . .  

8:- t o  k an indicator f o r  C14 fnctioortioa wi th  the 

P ' e f f a c t  trim that o f  t h e  C13. 

Clrbon'' i 8  con- 

Valuam for f 8-r in Tabla 1. From tho fact that a l l  

the valuem are greater t h a n  1, it can b. inferred that t he  

n e t  mmult of the sequence of r e a c t i o n s  from photomynthesis 

through laboratory processing is t o  deplote the .C14 content .  

RESULTS AHD DISCUSSIOW 

Old O i l 6  (pro-1854) 

Twelve C14 8maarya far pro-1954 a o r t w n  hani8phere 

088en t l a l  o i l s  and 2 southorn hemlaphere c.888 are limted 

In Table 2 and p l o t t e d  in Fig. 1 a6 pO8rly avoragem a t  the  

r idd le  of emch p a r .  The point,  A - 14.00 at  1954, which 

I 8  t he  a c t i v i t y  a t  the beginning of the r lae  I n  lsrongr88s 

oil and t u r p e n t i n e ,  I s  included in the  plot  s i n c e  it rep- 

resents the  transition point between the old era of d i lu -  

tion (2) and the new era of i n j e c t i o n  of CZ4 a c t i v i t y .  Tho 

shape of the roughly f i t t e d  curve In Fig. 1 become8 f l a t  a t  

early years, correspondfng t o  the end of t h e  long era of 

cons tan t  C14 a c t i v i t y .  The ex t r apo la t ed  c o n s t a n t  value, 

A = 14.46, will be referred t o  in Sect ion  3. 

hemisphere p o i n t s  are i n  good agreement w i t h  t he  nor thern  

hemisphere data 

The 2 southern 

1 0 4 1 0 1 0  
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TABU 1. 8TAMDARD A- CARBOH'' FRACTIONATION VALUgS FOR 

m s m T I A L  OILS 

f 1Cuoati.l Oil Source 

Camphor 

Euccrlpptw Oil 

Grapmfruit O i l  

ramon O i l  

aOXlm888 011 

LIB. O i l  

Orange O i l ,  sour 

Orange O i l ,  maat 

O i l  of Tarconanthus crrphoratus 

Turpentine, gwr and 8tump 

Turpentine, wood and 8ul f8te  

1.0376 

1.0372 

1.0400 

1.0370 

1.0058 

1.04w 

1.0400 

1.0370 

1.0334 

1.0380 

1.0400 

1 0 4 1 0 1 1  
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A p r ~ v l o t u  .tu* (3) of C14 r c t l v i t p  durlnq t h i8  88- 

80.n Of y-8 w i t h  d8tod wood umplm rn8lfced by g U  COuntinq 

of cabamt ion-dor ived  carbon d ioxide  8howod an o v e r 4 1 1  drop 

in 8 C t i V i t y  of 2.03 + 0.15 per can t .  

mat8 (4) 8h0nd 4 par c a n t  t o  be tho drop. In t h i r  s tudy ,  

tb. Corre8porrdlng va lua  l a  3.2 per cent .  

Another 8et of m088UfO- - 

IAlosrgru8 Oil in tho Northorn E a i 8 p b r e  

Therm are only 2 n w  nor thern  heml8phore lemngr888 011 

C1* a c t i v i t y  vrluem t o  r e p o r t .  Theme are Guatemala, 15'N 

and 91'1, March 1960, A - 18.55 + - 0.10 and India ,  8.1 and 

77OE, November 1959, A - 17.96 - + 0.04. 

p l o t t e d  on Fig. 2, which inc ludes  the  previously publlahed (5)  

3 80CtiOn l i n o a r  f i t  t o  lemongra88 data through June 1959. 

I t  was recognized that t h e  linear f i t  in l i n e  1 of Fig. 2 

-8 a f o r t u i t o u s  occurrence aa a r e s u l t  of discreet injec-  

t i ona  of C14 i n t o  the stratosphere followed by slow c o n t i n u o w  

t r a n s f e r  i n t o  the  troposphere and t h e  b iosphere .  A n  equat ion 

ba8ed on a simple m o d e l  was preaented (5) aa an  PiltOr!mtiVti 

t o  the l i n e a r  f i t  s h o m  in l i n e  2 of Fig. 2. The curve 3 of 

Fig. 2 i a  a newly c a l c u l a t e d  fit  t o  a l l  the  p o i n t s  af ter  m l d -  

1958. The new equation carrien the  previous assumptions that 

the  mean r e s idence  t i m e s  of a carbon d ioxide  molecule in t h e  

ntratosphere and the  t roposphere are 5 and 7 years, r e s p e c t i v e l y .  

 hes so point. are 

t 0 4 1 0 1 4  -229- 
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Tho v 8 r i r b l u  in tho equat ion  arm A in a c t i v i t y  abov. 

14.00 d/min/q of carbon a n d - t '  in yaars w o a d  J8nurrp 1954. 

Th. equation shwm a peak a t  Jup. 1963 and A - 19.78, which 

i 8  41.3 per conf greater than  the C14 a c t i v i t y  jut before 

int~nmlvo k8t ing of largo-scale nucloar  reapona. 

The lemongr88s phase of t h i s  esment ia l  o i l  program rill 

bo cont inued  for a f e w  years a t  the  rate of only a few 

.cup108 pur y e a r ,  j u s t  enough t o  evaluate the simp. of t h e  

curve and recognize  its peak. 

of t h e  5-year moan stratompheric r e s idence  t i m e  aseuraption 

rill be 6everely tested and re -eva lua t ion  of it rill becolae 

p0681ble. 

A8 tirs gws on, t b  v a l i d i t y  

Caparison of A i r  S u p l i n g  with Lamoograss O i l  Annay 

E s s e n t i a l  o i l  a n a l y s i s  i o  by no means a s e l f - j u s t i f i e d  

ma8 of e m t l n t i n g  tropospheric C14 a c t i v i t y .  

o rgan ic  carbon of t h e  o i l  is very  r e c e n t l y  photosynthesized 

and v i r t u a l l y  undi lu ted  by older carbon of either s t o r e d  or 

moil-derived origin can one be reasonably sure that the  ana l -  

ysis of the oil w i l l  be the  same as that of the  carbon dioxide 

f r a  which it was synthe8ized.  Of t h e  var ious  e e 6 e n t i a l  o i l s  

used i n  t h i s  s tudy ,  lemongrass o i l  would seem t o  be t h e  best 

a i r  sampler, s i n c e  ha rves t ing  occurs  ( 0 )  t y p i c a l l y  after 3 t o  

4 nonths of growth of t h e  p l a n t  from t h e  ground up. 

Only when the 

Xn t h e  
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fo l lowing  aoctioaa of t h i a  r e p o r t ,  it can be soon that lemon- 

gram o i l  b a  the h ighea t  a c t i v i t y  of any e s s e n t i a l  o i l  for 

a given hrrvemt time dur ing  the  fas t  r i a i n g  (8ince early 

lSS4) por t ion8  of t h e  C14 analysea.  

A8 an a t t n p t  t o  correlate d i r e c t  air  carbon dioxide 

aaa lyaea  wi th  lmoagraas o i l  ana lyses ,  no r the rn  hemitsphere 

data by Broecker et a l .  (7,8) fram June 1956 t o  March 1960 

have h e n  e x m i n e d  (Table 3) in conjunct ion  w i t h  lemongrass 

A va lues  a t  t h e  air sampling time. If w e  had had an A value  

fo r  t h e  h m o n t  1890 rood s tandard ,  then a l l  t h e  a i r  va lues  

could have been converted d i r e c t l y  i n t o  A va lues .  Not having 

t h i o ,  the  correlation method chosen was, as shown i n  Table 3 ,  

t o  amsume that lemongrass o i l  and a i r  assays are i n t e r -  

c o n v e r t i b l e  and t o  express the  a i r  assays as a f a c t o r  d i r e c t l y  

related t o  t h e  Lamont 1890 wood s tandard:  

The a i r  u n i t s ,  AC14, are expressed in per mil d i f f e r e n c e  from 

the  a c t i v i t y  of the  s tandard  1890 wood. When each lemongrass 

o i l  a c t i v i t y  was div ided  by t h e  corresponding f a c t o r ,  a set 

of v a l u e s  in d/min/g of carbon for A of 1890 rood was obtained. 

With the f u r t h e r  assumption t h a t  the  5 numbers in t h i s  set 

w i t h  va lues  either less t h a n  14.00 or greater t h a n  15.00 were 

unrep resen ta t ive ,  t h e  remaining 9 were averaged t o  g i v e  

A = 14.44, a va lue  alnost equal t o  that (A - 14.46) from t h e  

e x t r a p o l a t i o n  of o l d  o i l  assays  i n  Section 1. FinalZy, 

1+ (AC14)1003. 
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m u l t i p l i c r r t i m  of 14.44 by .och of t he  a i r  a c t i v i t y  factors 

gave air valuea in A wits. Them were plot ted ver8U. the  

in Fig. 3, a long  w i t h  t h e  lemongrass reference curve  such  

tbt  tlu f i t  a r ranged  for above could be v i m e d .  The un- 

f i l l e d  circlrs r e p r e s e n t  t h e  a i r  assay value8 unused i n  de- 

r i v i n g  tho  C14 a c t i v i t y  for pro-1900 rood. 

A much more direct method than t h i s  t o  intercmpare the 

A and AC14 u n i t e  wm attempted when a c a r e f u l l y  assayed - p- 

c y w n e  sample of e s s e n t i a l  o i l  o r i g i n  was s e n t  t o  Broecker 

i n  New York and t o  Rafter i n  New Zealand for C14 a n a l y s i s  in 

t h e i r  gas count ing  systems. As of t h i s  time, neither worker 

has y e t  had complete s u c c e s s  t o  report. 

C i t r u s  O i l s  from t h e  Northern Hemisphere 

Northern hemisphere c i t r u s  oils (from t h e  peels) har- 

v e s t e d  s i n c e  0 8 r l y  1954, 34 of which are orange, 4 l i m e ,  and 

1 g r a p e f r u i t ,  have been analyzed for C14 a c t i v i t y  and t h e  

r e s u l t s  are listed In Table 4 and plotted i n  F ig .  4. For 

comparison, the lemongrass r e f e r e n c e  curve is given  along 

w i t h  a p o r t i o n  of a mathematically der ived curve  r ep resen t -  

ing a mean storage time, T , of 0 . 2  yea r  r e l a t i v e  t o  the  

lemongrass curve.  The method of d e r i v a t i o n  of expres s ions  

involv ing  t w i l l  be mentioned in Sect ion 5. 

The l i m e  o i l  va lues  agree w i t h  t he  lemongrass and 
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TABIS 4 *  N m  BICYISPEBRB CITRUS OIL ASSAYS FOR CARBON1' 

ACTIVSTP 

~ o g r 8 p h i c a l  
Coordinate. A -  

Location Ut.  Long. r&te of Earvest d/min/g of carbon 

B r i t i s h  Hondurra 17ON 88.1 

Guinea 
India  
Iorael 

l l o N  12.U 
21°N 78.8 
32'N 35.E 

I t a l y  3 8 O N  l6OE 

Jam ica 18 'N 77OW 

Japan 

mxico 

34'N 131°E 
34.N 136.E 
23'N 99OW 

Spain 3 9 O N  O0 

USA, Ca l i fo rn ia  3 4 O N  1 1 8 O W  

36.N 119OW 

USA, Flor ida  28ON 82OW 

January 1958 
January 1959 
January 1960 
Janu8ry 1959 
March 1959 
YIrcb 1958 
March 1959 
March 1960 
Januriry 1958 
January 1959 
January 1958 
Janua ry  1959 
January 1960 
March 1958 
lovarbew 1958 
Augwt 1954 
Augwt 1957 
August 1958 

Janurry 1958 
January 1959 
June 1957 
Apr i l  1958 
August 1958 
February 1959 
yay 1959 
J u l y  1959 
October 1959 
March 1960 
January 1958 
January 1959 
May 1959 
January 1960 
Yay 1958 
December 1958 
December 1958 
May 1959 
December 1959 
May 1960 

4ugu.t 1959 

15.41 + 0.04a 
16.17 7: 0.079 
17.84 T o.os? 
16.48 7: 0.071 
16.63 7: 0.04, 
15.74 7 0 . a a  
16.60 7 0.04, 
18.38 0.Wa 
15.72 7 O . l S ,  
16.37 5 0.06, 
15.41 7: 0.08, 
16.27 7 0.12 
17.71 0.15 
15.56 0.04, 

14.30 'i 0.18b 
15.42 'i 0.10, 
16.00 7 0.Wb 
18.10 7 0.09, 
15.75 0.05, 
16.59 0.05, 
14.62 7 0.10, 
15.42 7 0.09, 
15.29 T 0.04, 
15.59 'i 0.04, 
16.24 T 0.04, 
16.19 7 0.05, 
16.47 7 0.09, 
17.67 T 0.13, 
15.74 T 0.08- 

16.54 5: 0.041, 

16.37 i 0.16; 
17.38 7 0.06, 
18.14 T 0.16: 
i5.73 T 0.04; 
16.14 7 0.08,. 
16.26 T 0.08: 
16.33 7 0.06: 
17.53 0.17, 
17.69 'i - 0.09 - 

Orange o i l .  bLlme o i l .  'Grapefruit o i l .  a 
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I' 

8uggmt th8t 1- oil a t  harve8t i8 a materhl a8 f r e s h l y  

photwyntho8iz.d as  laongr888 o i l .  

With tho excoption of the apocial set of noar Lou 

Angolea orang0 o i l  p o i n t r ,  g r a p e f r u i t  and orange o i l  soem 

at  nomt t o  be about  3 month8 later t h a n  t h e  lemongra88 in 

uhowing tho same aauay. 

l o c a t i o n s  In t h i s  group of orange o i l s ,  which have cone i s t -  

e n t l y  lowr than avorage A valuem, are the Caribbean group: 

B r i t i 8 h  Hoaduram, Flor ida,  and J8uica.  The effect, al though 

s l i g h t ,  seema 2-081 and begs for an explana t ion .  

One geographically related set of 

Tho 8 C14 ana lyaea  of orange o i l  from groves  nea r  Los 

Angeles, where appreciable mm-made concen t r a t ions  of non- 

r a d i o a c t i v e  carbon dioxide may be a v a i l a b l e  d u r i n g  photo- 

synthe818, show large depres s ions  from t h e  lemongrass curve,  

averaging  6.1  + 0.8 per c e n t  w i t h  no obvious i n t e r n a l  t r e n d  

about  the average. 
- 

Baving used citrua oils t o  show that they are  a t  most 

only a few months physiological ly  older than  lemongrass o i l  

and that an i n d u s t r i a l  effect of C14 d i l u t i o n  is readi ly  

wa8urable wi th  them, it is planned t o  d i s c o n t i n u e  citrurr 

o i l  measurements . 
Turpent ine from t h e  Northern Eemi8phers 

Most of the  t u r p e n t i n e  samples used in t h i s  s tudy  have 
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k . n  obt8in.d with t h e  aid of D r .  N .  T .  Yirov, Pacific South- 

w8t Pororrt rad Range E x p o r u n t  S t a t i o n ,  U .  s.  l k p r r t m n t  

of Agriculture, Berkolep, C a l i f o r n i a .  

coarsrcial orlgln from Florida and Georgia. 

A far have k e n  of 

On fk8t ex8mimtion of the coun t ing  r e s u l t s ,  it was 

evident that t u r p e n t i n e s  were a c t i n g  n o t  a t  a l l  like lemon- 

grass or c i t ru ta  o i l 8  but  were on t h e  average  lower i n  C 

a c t i v i t y  and had a large scatter. 

2 mochanisma far low a c t i v i t y  du r ing  a time of inc reas ing  

a c t i v i t y .  One is a c t i v i t y  d i l u t i o n  by old or dead carbon 

d iox ide  a t  the  time of photosynthes is  and t h e  o the r ,  d i l u t i o n  

after photoeynthesl. may be thought of as storage of photo- 

8ynthOtic  p roduc t s  which, after some mean re s idence  time, r , 
bcome conver ted  t o  t h e  essential o i l .  

14 

In gene ra l ,  there lllap be 

A mathematical model f o r  t h e  lat ter s i t u a t i o n  has been 

developed by Walter G o a d  of Group T-4, and -his equat ions,  

which in part are der ived  fram t he  lemongrass r e f e r e n c e  

curve,  have been evalua ted  f o r  T v a l u e s  of 0 . 2 ,  1, 2, and 

4 yea r s .  The r e s u l t s  of t h e  0 . 2  c a l c u l a t i o n  were s h m  in 

Fig. 4 and t h e  1, 2, and 4 year curves  appear in Figs. 5 and 6. 

In Table 5 are presented t u r p e n t i n e  C14 a c t i v i t y  data 

for  comnrercial samples con ta in ing  bicycl ic  terpenes, for 

those w i t h  the  monocyclic terpenes, - 1-limonene and 1-g-phel- 

landreno,  and for 4 bicyclic t e r p e n e s  harvested in 1954, 
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TABLE 5. NOR- BBYISPHLRE n m  ASSAYS POW CARBON1' 

ACTIVITY 

Gougrrrphica 1 
Coordin8t.8 A -  

Location Ut. Long. Date of Harvest d/min/g of carbon 

Cuba 23'N 8 2 O W  1954 14.05 + 0.01'; 
France 43'N 2*E August 1959 15.28 f o.0gb 
Greece 41°N 23OB August 1959 15.97 T O.mc 

June 1959 15.85 T 0.07b 
I t a l y  43ON l l o E  June 1959 14.44 0.Wd 

Port uga 1 38ON 9OW J u l y  1959 15.24 '5: 0.17b 
Spain 4 1 ° N  4 O W  August 1958 14.71 0.09, 
Turkey 34'N 28OE March 1959 16.19 T 0.17h 

USA, California 38ON 122OW June 1959 14.80 T O . l l b  
J u l y  1959 14.77 0.Wf 

3D0N 1 2 0 ' W  J u l y  1956 14.27 0.13f 
J u l y  1959 15.37 0.W1 

October 1958 15.51 i 0.18 
May 1959 14.63 T 0.06; 
October 1959 16.67 T 0.07h 

USA, Georgia 31°N 83OW J u l y  1955 14.22 O.lOh 
Apr i l  1959 15.94 T 0.08h 

32ON 0 2 O W  J u l y  1955 14.12 o.osh 
Mississippi 3 1 ° N  89'N J u l y  1955 14.18 7: O.lOh 
Southeas tern -- -- July 1955 

'P. t r o p i c a l i s .  b ~ .  pines. 'P. h a l e p e n s i s .  d ~ .  p r i n g l e i .  
'P. arizonicus. f ~ .  con to r t a .  g ~ .  serotina. commercial 
or i g l n  . 

Israel 33'N 35OE 1954 1 4 . 0 l T  0.Wb 

Mexico 19'N 102OW 1954 13.96 T 0.we 
2 8 O N  1WoW 1954 13.97 T 0.Mb 

USA, Alabama 31°N 8 8 O W  J u l y  1955 14.23 0.061, 

USA, Colorado 4 0 ° N  106OW August 1958 14.72 0.66h 
USA, Florida 30°N 8 3 O W  J u l y  1955 14.32 7 0010h 

30°N 8 4 O W  J u l y  1955 14.13 T 0.041, 

December 1959 16.68 i 0010h 

14.23 ?: 0.10 - 

4 1 0 8 1  -242- 
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f i t  which t i n  t lw  storago w c h a n i n  could have had Only a 

-11 offeet on the wwurod activities. 

Tb 1054 8md corwrci.1 V.1- -0 p10tt.d i n  Fag. 5 

along wi th  the losongrass reference curve  8nd i t8 mhtod 

8 t W 8 g O  curve. w i t h  t = 1 and 2 years. 

cumercial b i c y c l i c  t u rpen t ine  appears  after a moan res- 

idence time of SOCII precursor(8) in t he  tree of about 

1.2 years.  This  is actually an upper lirit, implying no 

prompt i aco rpor s t ion  of o l d  or dead carbon dioxide a t  photo- 

s y n t h e s i s .  

e x t e n t  that there may be nearby sources of dead carbon 

dioxide from petrochemical combustion or ‘that dense foresta- 

t i o n  may be accompanied by s i g n i f i c a n t  concent ra t ion  a t  

photosynthe t ic  sites of carbon d ioxide  of humic o r i g i n .  

It  i8 evident that 

The latter mechanism becomes important to  the 

The assays on monocyclic terpene-containing t u r p e n t i n e s  

are plotted in Fig. 6, along w i t h  the Islollgross r e f e r e n c e  

curve and its related storage curve8 w i t h  r =  1, 2, and 

4 years .  

heterogeneous set of r e s u l t s ,  but for now a few genera l iza-  

t i o n e  w i l l  be stated.  

It  may be impossible eve r  t o  explain t h i s  amazingly 

The 3 U. S. assays for P. con to r t a ,  p lus  the  France,  

Por tuga l ,  and Spain values  for P. pinea,  f a l l  on t h e  storage 

curve f 4 years. Three e a s t e r n  Alediterranean (ralue8 for  

P. pinea  are cons iderably  more r ad ioac t ive ,  ranging from 
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r = 0.8 t o  1.9 yoarm. An I t a l i a n  and 2 U. S. a88aya for 

P. pin68 and 1 Flo r ida  va lue  for P. oorotina corre8pond t o  

t > 4 you. .  A t  pre8ant  one cannot e v a l u a t e  the geograph- 

ical, b i o r y n t h e t i c ,  or sampling cond i t ions  which may be 

rupoamibla for t h i s  + 6 por c e n t  spread in mid-1959 tur- - 
P n t h O  a888y8. 

Many naro b i c y c l i c  t u rpen t ine8  m u s t  be reported later, 

and it is now evident  that t h e i r  i n t e r p r e t a t i o n  w i l l  be dif- 

ficult. Further acquisition of t u r p e n t i n e  samples I S  not 

contemplated. 

(1) F. N. Bayor, E. B.n8bury, and V. N. Kerr, Anal. Chem. 

(2) E. E. Suess, Science 122, 415 (1955). 
- 32, 617 (1960). 

- 
(3) G .  J. Fergusson, Proc. Roy. SOC. A243, 561 (1958). - a *  

(4) X. 0. H&nich and J. C. Vogel, Naturwissenschaftea 45, 
327 (1958). 

- 
(5) F. N. Elrycn, E. Hamburp, V. N. Kerr, and b. L. 

W l l l l a p e ,  2. Phyaik 158, 374 (1960). - 
(6 )  E. Guenther, The E.8ontial O i l s ,  Vol. IV, D. Van 

Nostrand Co., Inc. ,  Hew York a 950). 
( 7 )  1. S. Broecker and A.  Walton, Science 130, 309 (1959). 

(8) W. 3. Broecker and E. A .  Olson, Science 132, 712 (1960). 
- 
- P v 
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(A. Hurray, E. E. L i l l y ,  and L. B 

~ W w c T X a N  

Tho lmplicat&on of n u c l a l c  acids i n  basic re6earch in 

iobioloqg, gen.t%cm, ca rc inogenes i s ,  and cell  biology has 

i r u l a t e d  i n t e r e s t  in methods of separating specific macro- 

1 0 ~ u l 8 r  8 ~ I a 1  of these complex polynucleot ide mix tu res .  

though the  a p p l i c a t i o n  of column chrosrrrtography t o  these 

oblomm ha8 evolved 7 d i f f e r e n t  media of varying use fu lness ,  

he b86t of these, an anion exchanger (SnSOLA) ,  does no t  

atiafp the n w d  fo r  greater f r a c t i o n a t i o n  r e s o l u t i o n .  

S ince  t h e  electroetatic a t t r a c t i o n  between acidic pbosph 

. 

lorus 

of n u c l e i c  acid and a n  an ion  exchange r e s i n  depends upon n e t  

clmrge of the polyelectrolyte (molecular size) and secondar i ly  

upon the d i 8 t r i b u t l o n  of that charge (molecular composition) 

it should be concep tua l ly  poesible t o  fractionate species of 

d i f f e r e n t  size and sa- composition, or of d i f f e r e n t  cop3p08i- 

t i o n  and same size. 

and ECFEOLA differ fundamentally only in t h e  presence of 

hydroxyl groups, y e t  give q u i t e  d i f f e r e n t  e l u t i o n  p ro f i l e s  

with calf thymus DNA. 

The s t r u c t u r e  of the  2 exchangers DEAE 

The s ign i f i can t  factor of s e l e c t i v i t y  i n  i on  exchange 

makes it reasonable  t o  expec t  that some d i f f i c u l t i e s  a t t e n d -  

i n g  f r a c t i o n a t i o n  of nucleic acids could be amel iora ted  by 

10410CiO -245- 



dor01opin.g 8pacirl rdao rban t s .  

-8 t o  devalop and ch.r8cterize such new anion  exchange modla. 

For a n  earlier report, t h e  reader is referred t o  Chapter 4 

of the previous semiannual report (1). 

The o b j e c t i v e  of t h i s  8tudy 

Celluloee provide8 an i n s o l u b l e  cation-immobilizing 

m8trix having s e v e r a l  advantagem, despite t h e  fact  that i t a  

r e a c t i v i t y ,  far purposes of s y n t h e s i z i n g  anion exchangers,  

i8 l imited t o  t h e  formation of a n  ether, ester, or replace- 

ment group. The ether is m o a t  g e n e r a l l y  satisfactory.  

Amine base s t r e n g t h  (pgb) i8 a func t ion  of n i t r o g e n  elec- 

t r o n  den8 i ty  as governed by t h e  character of t h e  e l e c t r o n  

r e l e a s i n g  groups attached t o  N. 

exchangers (weak base type) on a rat ional  basis, a broad 

v a r i e t y  of amine s u b s t i t u t e d  c e l l u l o s e 8  has been prepared,  

in homologow series wherever feasible. Every n i t rogenous  

compound conta in ing  a c t i v e  hydrogen that is a v a i l a b l e  i n  t he  

Eastman Organic Chemical8 ca t a logue  has been submi t ted  t o  

r e a c t i o n  wi th  a lkal i  c e l l u l o s e  and ep ich lorohydr in  after the 

method of Peterson and Sober (2). 

I n  order t o  place des ign  of 

Of a t o t a l  of 143 p r e p a r a t i o n s  made and characterized by 

de te rmina t ion  of (a) c h l o r i d e  ion  exchange capacity, and 

(b) nitrogen (Kjeldahl)  c o n t e n t ,  55 are u n s a t i s f a c t o r y  as 
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ion O X 6 3 k l n r r r 8  and 41 are no t  f u l l y  evaluated. Aromatic 

aa8 have prwod t o  be too wak t o  be 8atl8f8ctory In t h i 8  

ction, 8nd i n d i r e c t  method. are requirod In such prepma- 

DISCUS81ON 

Th. exchangorir are being fu r the r  charactsrieed by 

in n u c l e i c  rcid ch rau togr rphy  may be found in m u l t i p l e  

column s e p a r a t i o n s  employing 2 or more specializmd r e s i n s .  

Tho80 e%ch.agerE rill be 8creened for selectivity w i t h  s tmd-  

ard preparation8 of n a t i v e  DNA, RNA, and nucleoprotein,  and 

wi th  pa r t i a l ly  dograded p r e p a r a t i o n s  of each. If prmiSinglY 

E e l e C t i V e  exchangers a r e  found, fu r the r  reteolutlon may be 

group d i s t a n c e  from t h e  matrix, and altering the matrix. 

(1) A. Hurray, Loa Alamor; S c i e n t i f i c  Laboratory Report 
LAMS-2455 (1960), p.  138. 

(2) B. A .  Peterson  and 8. A .  Sober, J. Am. Chem. SOC. 78 -’ 
751 (1956). 
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Ukl of B l o l  1-11 In o r t a u t  Capounb. with RPdioimatagll rn 
Tbo pr0gr.r of tho Ckgaolc Ch.ri8try S .c t ion  ha8 b..a 

8upport.d by propara t ion  of the following lrboled corpound., 

th8 f igrUrU in parentheues king 8 p . C l f l C  act iv i ty  Of t he  

radiochsricrrlly pure coapouad in m d g :  

1. $-Thymine (5,000) 

3. $-Thymidino (1,370) 

A coapariroa oi prepara t ive-sca le  chromatogram, 

developed (demcending) oa Whatman No. 17 paper in the 2 801- 

vent  egste~; (a) 86 per cen t  n-butanol-EZO/NE40H ( O W  v/v) 

and (b) aqueous NH4Etco3 [ 16 g/lW nl (I)] I shored a r e v e r u l  

of requence and a 3 fold advantage i n  s e p a r a t i n g  thymine and 

thymidfne by the butaaol  system a t  maximum migrat ion of the 

leading band. 

Aa these prepara t ions  were achieved through catalyt ic  

exchange over 5 and 6 times recovered (degraded) liT0, which 

o r i g i n a l l y  assayed 1300 curies/4 ml, t h e  realized specific 

a c t i v i t y  is l o w  f o r  some contemplated experiments w i t h  

thyaidlne. 

2700 curlea/b ml. 

Fresh €IT0 has been procured with  an a c t i v i t y  of 

REFERENCE 

(1) G. Hems, Arch. Biochem. Biophys. 82, 485 (1959) .  - 
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RADIOBIOLOGP SBCTION 

LOthrlf ty  Studio8 wi th  Fl8mion Neutroaa: B u r 8 t  ver8u8 
S a t e  Expwurem (J.  F. Sp. ld lng ,  J. A. Sapeg, and T. T 
TruJ i l l o )  

Steady 

30 The LDW of mice expaaed t o  degraded f i 8 8 l o n  neutron8 

(average energy of 1.4 Mev) from the  LASL Godiva cri t ical  

a8serably was reported t o  be 460 rads by earlier workers a t  

t h i s  Laboratory (1). The above report a l so  placed the  rel- 

a t i v e  biological e f f e c t i v e n e s s  (RBE) of neutron8 r e l a t i v e  t o  

X r a y e  a t  1.77 - + 0.28 and when normalized t o  a radium base 

line, the  RBE was given as 2.3. 

In e s t a b l i s h i n g  a base l i n e  for biological repair s t u d i e s  

w i t h  fission neut rons ,  it w a s  observed that t h e  LDZ repor t ed  

earlier was more than a f a c t o r  of 2 higher  t h a n  that obtained 

i n  t h i s  more recent s t u d y .  As a r e s u l t  of t h i s  discrepancy,  

the RBI3 for  f i s s i o n  neutrons r e l a t i v e  t o  radium gamma r a y s  (2.3) 
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-8 8lao nmarly a factor of 2 lwmr. The earlier observa- 

t i o n  (1) -8 made wi th  the Godiva a 8 8 a b l y  operated under 

bur8t conditionrr,  whi le  t h e  more r e c e n t  LDg wa8 observed 

wi th  the 888embly o p e r a t i n g  a t  a 8te8dy s ta te  over a period 

of 8ovmral minutets. Bec8uae of t he  rather large d i s p a r i t y  

b0-n the r 8 8 u l t s  of the80 2 s t u d i e s ,  it w a s  f e l t  that 

l e t h a l i t y  ob8erva t ions  should be compared on t h e  same random- 

iZod popula t ion  of mice under bu r s t  and s t eady  s ta te  exposure 

cond i t ions .  

One thousand and f i f t y - a i x  RF s t r a i n  female mice (4 months 

- + 10 &ye of age) were used. 

i n t o  33 groups w i t h  32 mice i n  each group. 

were given  whole body fission neutron exposures of from 183 t o  

475 rad. w i t h  the  Godiva cr i t ical  aasembly be ing  operated 

under b u r s t  cond i t ions .  The 12 doses were d e l i v e r e d  i n  2 bursts 

w i t h  6 dose groups per bur s t  (Table 1). Twelve a d d i t i o n a l  

group8 were given  whole body f i s s i o n  neutron exposures of from 

180 t o  526 rads w i t h  Godiva operated under s t e a d y  s ta te  condi- 

t i o n s .  These 12 doses were de l ive red  i n  2 s t eady  state r u n s  

w i t h  6 dose groups per run (Table 2). Six more groups were 

given whole body f i s s i o n  neutron exposures of from 158 t o  

242 rads w i t h  Godiva operated under  s t e a d y  s t a t e  cond i t ions  as 

The mice were randomly d iv ided  

Twelve groups 
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TABU 2.  THIRTY M Y  LgTBALITY IN YICB EXPOSBO To FISSION 

NEUTRONS FROM STgArm STATE OPERATION (2 exposures 

with 6 doee group8 per expoerure and dose rate 

varied between 10 and 14 r a d s h i n  with total dose 

delivered) 
* 

Run No.  of Source-to-Specimen m e  (rads) 3O-mp b t h l i t y  
N o .  yice Distance (cm) Neutron Gamma (per cent) 

I 32 
32 
32 
32 
32 
32 

2 32 
32 
32 
32 
32 
32 
32 

(controls)  

90 
96 
99 

101 
105 
110 

13 1 
137 
142 
147 
153 
160 --- 

526 
465 
437 
416 
391 
360 

26 1 
235 
221 
206 
200 
180 --- 

63.1 
55.8 
52.4 
49.9 
46 .9  
43 .2  

31.3 
28 .2  
26.5 
24.7 
24 .O 
21.6 ---- 

100 per cent in 
5 day. 

78 
81 
63 
44 
66 
25 
0 

30 *LD30 - 202 rads.  
confidence limits - 188 to  212 rads .  

Standard error (LDsO) = 5 . 5  rads; 95 per cent so 

1 0 4 1 0 9 9  
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at  t h e  b a n  8OUrC0-tO-8peCismn distance and a t  a conatant 

rate (T8ble 3). The 3 remining groups 7ere re t a ined  a8 

d controls, 1 for each 3f the S tymr 3f exp~rruro. 

ing expomure, the mice were hsused ia polystyrene tubom and 

ngod in arc9 around the  Godiva o r s a b l y  as illustrated in 

Neutron exposures f o r  t h i s  stxdy .;era 3k:tained from the  

Oodiva 111 C r i t i c a l  assembly. 

r i t h  the Rurst propor t iona l  counter (2) cmaeaser-typ8 

beryl l ium-shel led tissue-equivo l e n t  aza graphirs-C02 ioniza- 

Dose zmsurezcfr were made 

t i o n  chambers (3) ,  and threshold detectors  >J2"J ~p 237 , $30 3 

and S32 (4). * Exposure doses were xsnir3red 57 a f i s s i o n  

counter  mounted in the  assembly kausizg appr sxha te ly  20 in. 

hlor  t h e  cri t ical  ~ B S .  Neutrm doses a r e  ;resented t o  an 

y 

accuracy of 15 per cent. 

douimetry f o r  t he  Godiva c r i t i c a l  assezbly t a s  Seen presented 

i n  earlier reports (5 ,6) .  The r e l a r i 7 e  =eutrx dose8 and 

g a m  r a y  contamination (12 per c m z  :f zeufrz: dose) are 

given in Tables  1, 2, and 3. Tbe 30 ;cr ce=: l e t h a l  dose 

de termina t ions  for 30-day obserrarigzs -;ere zalcttlated by 

a tandard  methods, accordfng t3 ?i=zey :3! z z :  3s grogrammed 

b more 5etailed description of 

1 0 4 1 1 0 0  
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TABLE 3 .  TBItBTI MY UTBaLITX IN MICE E m  TO F I S S I a  

FROM STXADX STATB OPEEATIOSS (6 expomure8 

with 1 do8o group per expwure and dome rate con- 

atant a t  12 r a ~ / m i n ) *  

Bun lo .  of Sourco-to-Spociwn Do80 (=-) 30-Day lathalltf 
Mo. Mica Di8t.n- (a) #matron (per cent) 

1 32 140 242 29.0 75 

2 32 140 221 26.5 75 

3 32 140 211 25.3 63 

4 32 140 200 24.0  47 

5 32 140 179 21.5 16 

6 32 140 158 19.0 3 

. 32 0.0 

(controls)  
0 

30 *LD30 = 206 rada. 
confidence limit8 = 199 to 213 rada. 

Standard error (LD50) - 3 .4  rads; 95 per cent 50 
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by Group T-1 of t h e  Theore t i ca l  Divisioti  on t h e  IBM 704 c o w  

p u t e r  . 
RESULTS AND DXSCUSSXON 

1 

The LDZ f o r  f i s s i o n  i leutrons de l ive red  a t  a n  average 

dose rate of approximately 2 x lo8 rolds/min (Godiva b u r s t )  

was 193 rads (Table 1). In the first s teady  sta te  exposure, 

dose rate varied from 10 t o  14 r a d s h i n  w i t h  varying sourcc- 
"0 

to-specimen d i s t a n c e .  Under  these cond i t ions ,  t h e  LDus F ~ L E  

202 rads (Table 2) .  Six  s t e a d y  s ta te  exposures w i t h  a con- 

s t a n t  dose ra te  of 12 r a d s h i n  gave an LD$ of 206 rads 

(Table 3). 

or method of exposure,  were t h e  same w i t h i n  t h e  95 per ce3t 

conf idence  l i m i t s .  Therefore ,  t h e  exposure data were pooled 

and the resu l tan t  .DE was 204 rads w i t h  a standard e r r o r  of 

2.7 rads and 95 per  cent confidence l i m i t s  between 209 and 

All 3 LDgE o b s e r v a t i o z s ,  r ega rd le s s  of dose ra te  

198 rads. 

The LDZ for gamma r a y s  w i t h  female mice of the same 

s t ra in  and age [presented i n  a n  earlier report ( 8 ) ]  w a s  

782 rads, t h e  s tandard  error was 8 . 0  rads, and the 95 per 

c e n t  confidence l i m i t s  were from 767 t o  799 rads. 

From these most recent data, the RBE of f i s s i o n  neutrons 

w i t h  respect t o  Co6* g a m a  r a y s  f o r  production of l e t h a l i t y  

i n  mice w a s  found t o  be 3.84 + - 0 .06 .  This value is 1.1 good 

1 0 4 1 1 0 3  -258- 



esreut wi th  t h e  RBI4 of 3.6 repor ted  by Henshnw (9) and 
30 Vwel reported t h e  1J)50 bat of 4.4 r e p o r t e d  by Vogel (10). 

or f i s s i o n  neut rons  t o  be 197 rads,  which is i n  e x c e l l e n t  

greement with t h e  204 rads observed i n  t h i s  s t u d y .  H e  a l so  
"0 

served the LD4= for  f i s s i o n  neutrons w a s  independent of 

o8e rate w i t h i n  a range  of from approximately 0.09 t o  

.OO radslmin (exposure de l ive red  in 1-1/2 or 24 hours) .  

$8 s tudy  shows the  LDE f o r  f i s s i o n  neut rons  w a s  no t  dose 

rate dependent between dose ra tes  of 12 and 2 x lo8 radslmin.  

The RBE (3.8) reported here is somewhat h igher  than 

that of 2.3 reported by Storer (1) and t h e  va lue  of 2.0  ob- 

8erved by Upton (11). There is no obvious exp lana t ion  for 

t h e  discrepancy be tween these r e s u l t s  and those r e p o r t e d  

earlier from the same laboratory u s i n g  e s s e n t i a l l y  t he  same 

neutron source .  The earlier work was done us ing  commercially 

suppl ied  CF1 female mice. It is doubt fu l ,  however, that d i f -  

fe rence  i n  mouse s t r a i n  could provide completely an adequate 

explana t ion .  Xmprovement in neutron and gamma r a y  dosimetry 

has  been cons ide rab le  during t h e  7 year period between the 

2 sets of experiments .  

explana t ion  of t h e  discrepancy may be associated w i t h  t h e  

improvement i n  r a d i a t i o n  dose measurements. 

There is a good p o s s i b i l i t y  t h a t  

The r e l a t i v e  biological e f f e c t i v e n e s s  of f i s s i o n  neutrons 

r e l a t i v e  t o  Co'' gamma rays f o r  production of l e t h a l i t y  i n  

mice was 3.84 - + 0.06. 

I041104 -259- 

L. 



RGPERENCES 

(1) J. B. Storor, P. S. Harris, J. E. Furchner,  and W. E. 
fnngbr ,  Rad. Res. - 6, 188 (1957). 

(2) G. S. Hurst, B r i t .  J. Radiol.  - 27, 353 (1954). 

(3) J.  A .  Sayeg, J. II. Larkina, and P. S. Harris, Los 
A l a m o s  S c i e n t i f i c  Laboratory Report LA-2174 (1958). 

(4) G. S. H u r s t ,  J. A .  Harter, P. N. Hensley, V. A .  fills, 
Y. S l a t e r ,  and P. W. Reinhardt,  Rev. S c i .  I n s t r .  - 27, 
153 (19%). 

( 5 )  J. A .  Sayeg, E. R. Bal l inger ,  and P. S. mFFi8, LO6 
Alamos S c i e n t i f i c  Laboratory Report LA-2310 (1959) 

(6) J. A. Sayeg, Los Alamos S c i e n t i f i c  Laboratory Repart 
LA-2432 (1960). 

( 7 )  D. J. Finney, P rob i t  A n a l y s i s ,  Second e d i t i o n ,  Cambridge 
Universi ty  Press, London, England (1952) . 

(8)  J. F. Spalding, T. T. T r u j i l l o ,  and W. L. LeStourgeon, 
Rad. R e s .  ( i n  p r e s s ) .  

(9) P. S. Henshaw, E. F. R i l e y ,  and G .  E. Staple ton ,  
Radiol. - 49, 349 (1947). 

R e s .  - 6, 460 (1957). 

Rad. R e s .  - 4, 117 (1956). 

(10) E. B. V o g e l ,  Jr. ,  J. W. Clark,  and D. L. Jordan,  Rad. 

(11) A .  C. Upton, F. P. Conte, G .  S. Hurst,  and W. A .  H i l U ,  

- 260- 



D8p.ndoace of Recovery 8.lf-Timet on Magnitude of Gamma Ray 
lcltp~uro (J. F. Spalding, T. T. T r u j i l l o ,  and W .  L. 
U S  twrgeon) 

I ~ O D U C T I O N  
~ ~ 

Tho recovery half-time (RTS0) from X and gamma r a y  exPo- 

sure8 has been r epor t ed  t o  be dependent on t h e  size of the  

fir8t or cond i t ion ing  exposure dose (1-3). The e x t e n t  of 

dependence of RTgo on the condi t ion ing  dose is a crit ical  fac- 

t o r  i n  t h e  developmemt of a workable biological repair formula. 

A s tudy  was designed t o  determine t h e  RTS f o r  gamma ray  

exposures between 200 and 700 r a d s .  

YETHODS 

Four thouoand, s i x  hundred and 

The 16 + 2 w e b  of age were urred. - 
f i f t y - e i g h t  RF female mice 

experiment was done i n  

3 part8 us ing  2 approaches.  I n  Part I ,  a f ixed  dose of 

205 rads was given the  mice, and a t  var ied  t i m e  i n t e r v a l s  

following t h e  f i r a t  exposure,  groups of mice were subjec ted  

The condftlon- t o  gamma i r r a d i a t i o n  t o  de te rmine  t h e  LDs0. 30 
lag dose, tfms i n t e r v a l s  t o  the LDm 30 exposure, and number of 

mice used are t abu la t ed  i n  Table 1. 

P a r t  I1 wa8 carried o u t  by the same methods as Part 1. 

However, the  first dose was increased t o  GOO rads .  Condi- 

t i o n i n g  dose, t i m e  i n t e r v a l s  t o  LD~! determinat ions,  and 

1 0 4 1 I O b  -261- 



TABU 1. DATA FROM 205 RAD CONI)fTIONING DOSE WITH SAW= 

SIZE,  LDEE9s SUBSEQUENT TO APPROPRIATE REPAIR 

IHTEItVALS, AND RESIDUAL DAMAGE 

959 Confidence Res idur r l  D a m g e  
L i m i t s =  

Repair 30 b No. of* T i r e  ID50 S. E. Mice (hr) (rads) (rads) (rads) (rads) ($1 

360 24 

177 52 

360 73 

179 100 

360 144 

iao 189 

178 216 

360 -9- 

(cont ro ls )  

559 

580 

600 

572 

640 

649 

706 

764 

8 574 
542 

27 660d 
510 

15 656 
563 

9 589 
550 

7 6 54 
627 

9 686 
630 

17 748 
667 

6 776 
753 

206 

184 

156 

192 

124 

116 

59 

--- 

loo 

90 

76 

94 

61 

56 

29 

-0 

females, 16 - + 2 weeks of age. 

bStandard error. 

'Per Finney (Section 4.19, pp. 61-64). If b is not sig?rif- 
i c a n t l y  d i f f e r e n t  from zero, t h e  l i m i t s  are t h e  an t i l ogs  of 

dThe liarits are t he  an t i l ogs  of m - + t sn. 
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number of mice w e d  are t abu la t ed  in Table  2. 

I n  Part 111, the  approach was reversed. The mice were 

div ided  i n t o  7 groups and given cond i t ion ing  exposures of 

from 0 t o  602 rad6. A l l  groups were allowed a fixed repair 

i n t e r v a l  of 144 hours and were then  g iven  exposures.  

This method is described i n  Table 3. 

RgSULTS AND DISCUSSION 

The results of these s t u d i e s  are  t a b u l a t e d  in TJbles  1, 

2, and 3. The time r e q u i r e d  f o r  mice given a condi t ion ing  

dose of 205 rads t o  repair 50 per c e n t  of the  effect was 

181.3 + 17.6 hours ,  and t h e  recovery r a t e  was f i t  best by a 

l i n e a r  express ion .  

600 rads of g a m  rays atas 168.0 + 26.9 hours .  and the  ce- 

covery rate was f i t  best by an exponen t i a l  p l u s  a c o n s t a n t .  

The times r e q u i r e d  t o  repair t h e  first 50 per c e n t  of t h e  

damage were n o t  s i g n i f i c a n t l y  d i f f e r e n t  for the 2 cond i t ion ing  

doses. 

The RTs0 for mice condi t ioned  w i t h  

- 

Six groups of mice given gamma r a y  exposures  ranging 

from 205 t o  692 rads showed an  average r e s i d u a l  damage of 

48 per cent of t h e i r  i n i t i a l  exposure after 144 hours of re= 

p a i r .  There were no  s i g n i f i c a n t  va r i ances  i n  t he  per  c e n t  

r e s i d u a l  damage regardless of the size of the  condi t ion ing  

dose. I t  was concluded t h a t  t h e  t i m e  r e q u i r e d  f.or RF female 

mice t o  repair one-half of the r ad ia t ion  damage from acu te  

1 0 4 1 1 0 8  -263- 



TABLE 2. MTA PBOY 600 RAD -1TIWING DOSE WITH SAYPIS 

SIZE, LDE's SUBSEQUEN" To APPROPRIATE REPAIR 

INTBBVALS, AND RESIDUAL DAMAGE 

95% Confidence Residual Damage 
N o .  of T h e  S .  E. L i m i t 8  R.wir 

(rads) (rads) (96) Mice (hr) (rads) (rads) 

192 

173 

179 

178 

179 

174 

171 

21 201 22 308 56 5 94 
142 

69 364 20 414 402 67 
330 

172 411 14 437 355 59 
381 

237 525 11 548 240 40 
504 

312 670 24 733 96 16 
631 

547 722 32 818 44 7 
671 

(controls) 746 

-264- 
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TdBfg 3. DATA PBW VARXED C O N D I T I ~ I I ? G  DOSES (205 TO 692 RADS) 

AND FIXED REPAIB INTERVAL (144 BOmS) WITH SAYPLE 

SIZE, LDm 30*s, AND RESIDUAL DAMAGE 

95% C o n i  idence R o s i d w l  I k n g e  
s. E. L a i t 8  

Coadition- 
Hoe of ing Dome 
Mice (rad.) (rads) (rads) (rad81 (Nd.1 (%I 

180 205 676 13 

182 302 692 18 

180 408 586 9 

181 512 520 8 

177 603 475 18 

177 692 382 35 

180 --- 782 8 
(controls)  

709 105 51 
655 

743 90 30  
662 

605 195 48 
569 

537 262 51 
504 

555 307 51 
420 

494 399 58 
296 
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Coeo g a w  ray expomure wa8 7 . 3  days and that  the RTSO was 

not influoneed by the magnitude of the conditioning dose 

between the doae leve ls  of 205 and 692 rads. 
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1 

INTRODUCTION 

There i 8  s o m  evidence  that irradiated male mice m w t a i n  

g e n e t i c  daaage which is t r a n s m i t t e d  t o  subsequent g e n e r a t i o n s  

a8 a d e c r e m n t  i n  t h e  mean l i fe  span (1). 

Of **stres8" phenauena (2) , it may be p o s t u l a t e d  that t h e  mean 

l i fe  span of a mouse popula t ion  is a n  i n d i c a t i o n  of t h e  relatlon- 

s h i p  betwoelr t h e  popu la t ion ' s  i n h e r i t e d  l ife p o t e n t i a l  or 

"adapta t ion  energy** and t h e  nonspecif ic i n t r i n s i c  and e x t r i n s i c  

rrtress factors encountered dur ing  the l i f e  span .  I f ,  indeed, 

t h i s  broad g e n e r a l i z a t i o n  is blesmed w i t h  an  element  of t r u t h  

and a decrement in l i f e  s p a n  is i n h e r i t e d  by t h e  o f f s p r i n g  of 

irradiated p a r e n t s ,  It should be possible t o  demonstrate  a 

similar decrement in t h e  a b i l i t y  of such o f f s p r i n g  t o  resist 

other stresses of a s o m e w h a t  gene ra l  or nonspec i f i c  nature. 

Among thoee '*stressors*9 l i s t e d  by Selye (2) as  being somewhat 

g e n e r a l  or nonspec i f i c  are trauma, hemorrhage, extremes of 

temperature ,  e x c e s s i v e  muscular e x e r c i s e ,  anoxia, and i o n i z i n g  

r a d i a t i o n .  

From Solye ' s  s t u d i e s  

The purpose of t h e  present  s tudy  w a s  t o  determine whether 

u n i r r a d i a t e d  o f f s p r i n g  from 10 gene ra t ions  of irradiated nuale 

mice showed a decrement i n  t h e i r  a b i l i t y  t o  wi ths t and  protracted 

lO4ll 1 2  - 26 70. 
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coco g a u  r8di8tion used t o  airnilate a nonspec i f ic  chronic  

8 fro88 . 

A a l n l m  and Exprr imontal Design 

The mice u8ed in t h i s  s tudy  o r ig ina t ed  from a s i n g l e  

p~ir  of the BFY s t r a i n ,  brother-sister mated for  over 40 gen- 

eratiom. 

of tha parent  generat ion were paired t o  begin the experimental  

and c o n t r o l  l i n e s .  The male of the  experlmental  l i n e  received 

200 rad8 of whole body X i r radiat ion a t  28 days of age and 

a t  ma tu r i ty  mated t o  h i s  u n i r r a d i a t e d  sister. The sires of 

'ho male. and 2 females (F,) fram a Single litter 

each genera t ion  thereafter, through FlO, were given e x a c t l y  

t h e  same exposure and eub8equently sibmated also t o  their un- 

exposed sisters. Progeny f o r  cont inuing  t h e  i r radiated l i n e  

were 8-ed as e a r l y  a8 25 days and as  late as  120 days after 

exposure of t h e  sire.  The un i r r ad ia t ed  c o n t r o l  l i n e  was 

carried v i a  sibmating i n  e x a c t l y  the  same manner and in the  

same environment a6 the experimental  l i n e .  I r r a d i a t i o n  of 

the experimental  l i n e  was stopped af ter  the  FI0 generation 

and Fll w e d  t o  produce t h e  observed population (F12). 

Although not  d i r e c t l y  i r r a d i a t e d  themselves, t h e  observed 

animals were descendants of a germ l i n e  that had accumulated 

2000 rads per s i b  pa i r  (Fig. 1). 
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When 42 daym of age, 85 nice (37 female8 and 48 males) 

from t h e  B12 g e n e r a t i o n  of the experimntal l i n e  and 58 mice 

(23 female8 and 35 malee) from the FI2 gene ra t ion  of the con- 

t ro l  l i n e  ware placed i n  a cont inuous Cow gamma r a d i a t i o n  

f i e l d  of 4.17 rrd./hr, where they remained u n t i l  death. The 

animalm ware expomod 24 hr/day ( d a i l y  dose rate 100 rads) in 

Luc i t e  cages w i t h  approximately 10 animals  per  cage. During 

exposure,  t h e y  were allowed W i n o  laboratory chow and water 

ad l ibi tum rad given a supplement of oatmetal twice weekly.  

The gamna r a y  do80 (up t o  t h e  t i m e  of death)  absorbed by 

each animal  was recorded, the  H e m  Accumulated Dose (MAD) 

for  each group determined, and the  data sub jec t ed  t o  a n  anal-  

ysis of v a r i a n c e  (3). 

Radia t ion  Exposureer and Dos ime t ry  

The uirea of the experimental  line were exposed t o  X r a y s  

from a Maxftron 250 w i t h  a be ry l l i um window tube .  

c o n d i t i o n s  were as fol lows:  vo l t age  250 KVP; f i lament  c u r r e n t  

30 ma; f i l t r a t i o n  Thoraeus XI; HVL 2.6 mm Cu; t a rge t - to -  

rpeclmen d i s t a n c e  60 c m ;  and dose rate 50 F a d s h i n .  The dose 

measurements were made w i t h  a Victoreen 100-r chamber a t  t h e  

midl ine  of a L u c i t e  mouse phantom. The chamber readings were 

corrected for barometric pressure and temperature  and con- 

ver t ed  t o  t i s s u e  dose by t h e  conversion f a c t o r  1 r - 0.96  rad. 

Exposure 
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RESULTS AND DISCUSSION 

im 

T b  Moan Accurulrted D o s e s  of protracted 

, d i a t i o n  8U8t8h.d by =le8 and fem8les of 

cow gamma 

the  exper- 

imantal and c o n t r o l  l i n e s  are shorn in Table  1. 

8hw that male and female descendants of a germ l i n e  that 

had accumulated g e n e t i c a l l y  2000 rads of X-ray exposure were 

able t o  sumtain Mean Accumulated Domes of protracted g a m  

ray expwure that were r e s p e c t i v e l y  less by 908 and 1097 rads 

t b r n  those s u s t r f n e d  by male and female controls .  

Since there was no cage and sex  i n t e r a c t i o n  w i t h i n  

These data 

e i t h e r  t h e  c o n t r o l  or exper imenta l  groups,  the data from both 

80x88 were pooled f o r  a n a l y s i s  of variance.  The r e s u l t s  of 

the  pooled a n a l y s i s  are t a b u l a t e d  in Table 2. 

8hWed that t h e  Mean Accumulated Dose of t h e  c o n t r o l  l i n e  

(3963 rads) was s t a t i s t i c a l l y  greater than that of t h e  exper- 

imental '  l i n e  (2994 rads) a t  t h e  0.01 l e v e l  of s i g n i f i c a n c e .  

These r e 8 u l t s  s t r o n g l y  sugges t  t h e  presence of a g e n e t i c  

burden (nonspecif ic  g e n e t i c  daaaage) produced by a n  accumula- 

t i o n  of r e c e s s i v e  and/or s u b l e t h a l  mutants in t h e  descendants 

Of 10 gene ra t ions  of irradiated male mice. It may be presump- 

tuous t o  i n t e r p r e t  these data as conclusive;  however, these 

* The F test 

* 
The a u t h o r s  are g r a t e f u l  t o  1. L. LeStourgeon of Group T-1 
of t h e  T h e o r e t i c a l  Divis ion for a n a l y s i s  of t h e  data. 
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TABU 1. POOIgD MTA: MEAN ACCUMULATED DOSE (TO DEATH) OF 

Coco GAYYA RADIATION FOR CONTBOL MICE AND MICE THAT 

WERE DESCENDANTS FROM 10 GENERATIONS OF IRRADIATED 

Sex 

Female Ma le 

Control 
XI* = 3919 

* it2 = 3991 

SX - 90.1502 x lo3 
SX2 = 402.42965 x lo6 

SX = 139.6856 x lo3 

SX2 = 598.63001 x lo6 
n = 23 n - 35 

Exper inrenta 1 

xl* = 2883 
* 2, = 3080 

SX = 106.6529 x IO3 

SX2 = 326.76036 x lo6 

SX - 147.8570 x lo3 

SX2 - 475.70916 x lo6 

n - 37 n - 48 

* 2 
sum of squares of X values; n - number of mice. 

Mean Accumulated Dose i n  rads. SX - sum of X values;  SX = 
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TABLE 2. ANALYSIS OF VARIAMCE OF FOOISD DATA IN TABU 1 

I 

a! c 

- ~~ 

1 31.96687 31.90687 34.37* 

1 0.77540 0.77540 c 1  

Rasiduol** 140 129.94439 0.92817 1-1 

* N = 6.83. Fo . 01,1/140 
*+ Residual include8 Interaction term, 811x0 value for F for 
Interaction = 0.14.  
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prelirinuy obauv8tionm appear worthy of further inveotiga- 

t i o n .  A t  prement, t h i s  ~abor8tory  is continuing these 

studle8 and OXtmding them to  include other forms of noa- 

SPCif iC 8t-8.. 

(1) W .  L. ~uir8el1, Proc. N a t .  Acad. S c i .  - 43, 324 (1957). 

(2) H. Selyo, Stroma: A Treatise Baaed on the Concept8 of 

htmptatlon. Acta, Inc., Montreal, Canada Urn). tho G 8 m I - A d . p t  atioa-Syndrome 818d th 8 Dl888800 Of 

(3) G. W .  Sncrdecor, Statistical Methods, The Iowa State 
COllS- -888, p-m on , p .  284-293. 
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P r o t e c t i o n  of CFU Swiso Mice from Post  I r r a d i a t i o n  Trans- 
p l a n t a b l e  AX Iaukemia by P r s i r r a d i a t i o n  Xnmunization (I. U. 
Boone, L. Y. Conklln, and L. T .  Rivera) 

XNTRODUCTXON 

CFI Swiss mice are normally r e s i s t a n t  t o  t r a n o p l a n t a b l e  

AICR mouse leukemia b u t  are made s u s c e p t i b l e  by whole body 

I r r a d i a t i o n  (1). Werder e t  al. (2) supp l i ed  i n d i r e c t  evidence 

that an  imune response  is involved in r e s i s t a n c e  t o  t rans-  

p l a n t a b l e  leukemia,  since they were able t o  r e n d e r  X-irradiated 

and c o r t i s o n e - t r e a t e d  mice r e s i s t a n t  t o  Line Ib leukemia by 

Previously Immunizing t h e  mice w i t h  leukemic cells. 

ina ry  experiments i n  t h i s  Laboratory have shown t h a t  C57B1, 

Strong A ,  and CPW Swiss  mice may be protected from post 

i r r a d i a t i o n  t r a n s p l a n t a b l e  AK leukemia by p r e i r r a d i a t i o n  

immunization w i t h  AK leukemic sp leen  homogenates. Whether 

t h i s  p r e i r r e d i a t i o n  immunization is a specific immunity t o  

t h e  leukemic cells or a nonspecific one w i t h  a gene ra l  i n -  

crease i n  c i r c u l a t i n g  ant ibodies  I s  unknown. A series of 

experiments has been designed t o  determine i f  t h e  p r o t e c t i o n  

is due t o  a s p e c i f i c  o r  nonspecif ic  immunity. 

P r e l i m -  

METHODS 

The C F W  S w i s s  female mice used were -16 weeks of age.  

One group of m i c e  was immunized with leukemic AICR sp leen  

IO81 I20 -275- 
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hmOg8nlrt8, while another  group was imnunized w i t h  normal 

Am s p l e e n  homogenate. 

of 1 i n t r a m r i t o n e a l  i n j e c t i o n  of 5 t o  10 x IO6 spleen homog- 

enate cells per reek for  3 weeks. 

i n j e c t i o n ,  the animals  were exposed t o  whole body a c u t e  radia-  

t i o n  doses of 250 kv X r a y s  r ang ing  from 260 t o  550 rads. 

Twenty-four hours after i r r a d i a t i o n ,  t h e  animals were chal- 

lenged w i t h  AX leukemia. 

immunized irradiated mice, some of which were and some of which 

were n o t  chal lenged with  leukemia. 

The immunization schedule  con8 i s t ed  

One week af te r  t h e  las t  

Cont ro l  groups c o n s i s t e d  of non- 

RESULTS AND DISCUSSION 

Tab le  1 i n d i c a t e s  the v a r i o u s  immunization and exposure 

groups and the number of animals  per group. 

t he  l e t h a l i t y  data a t  12 and  30 days after i r r a d i a t i o n .  The 

I t  a l so  summarizes 

nonimmunized irradiated group challenged w i t h  leukemia (Group 111) 

had t h e  highest  percentage of deaths .  P r e i r r a d i a t i o n  immuniza- 

t i o n  w i t h  AX leukemia protected the m a j o r i t y  of mice from post 

i r r a d i a t i o n  t r a n s p l a n t a b l e  leukemia. Immunization w i t h  non- 

leukemia sp leens  protected i r rad ia ted  mice from t r a n s p l a n t a b l e  

leukemia a t  all dose l e v e l s  except 550 rads.  S i n c e  t h e  AK 

leukemia which  occurs spontaneously i n  AKR mice ha8  been a t t r i b -  

u t e d  t o  a v i r u s  (31, it is conceivable  t h a t  t h e  n o r m a l  AIOR spleens 

may possess a l a ten t  v i r u s  which may be r e spons ib l e  for the 

immunity seen h e r e .  Therefore ,  another  s tudy is in progress 

- 276- 
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12-Day 30-mp 
xperimeatal DO80 Animals Le tha l i t y  Le tha l i t y  
Condltiom (=a) (NO 1 (per c e n t )  (per cent)  

Spleen, I r r ad ia t ed ,  and 

TABLE 1. PROTZCTION OF C F W  SWISS MICE FROM POST IRRADIATION 

TRANSPLANTABLE AK I g U K E M I A  BY PREIRRADIATION 

1-IZATION 

Group I - Immunized with AK Leukemic 
'Ehsillenged W i t h  Le ukemia 

Group 11 - Immunized with Normal AK 
Fhrllenged W i t h  Le ukemia 

550 19 15.7 26.3 
500 20 0 0 
450 20 5.0 10.0 
400 20 0 0 
350 20 0 0 
300 19 0 0 
200 20 0 0 

Cont ro l  10 0 0 r 

Spleen, I r r ad ia t ed ,  and 

550 19 68.4 
so0 19 0 
450 20 0 
400 20 5 .0  
350 20 5.0 
300 20 0 
200 20 0 

Contro l  10 0 

Group I11 - I r r a d i a t e d  and Challenged with Leukemia 
550 24 70.3 
500 19 84.2 
450 23 39.1 
400 19 21.0 

300 20 0 
200 20 0 

C o n t r o l  10 0 

3 50 20 5.0 

Group I V  - I r r a d i a t e d  only 
500 20 20.0 
4 50 20 0 
400 20 0 

79.0 
5 . 0  

0 
15.0 
5.0 

0 
0 
0 

07.5 
80.5 
58.0 
26.3 

5 . 0  
5 . 0  
5.0 

0 

30.0 
5 . 0  

0 
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which include8, In addi t ion t o  the  groups as immunized i n  

this study, group6 of mice which are being nonspeci f ica l ly  

l n u n i z a d  w i t h  spleens frcm an unrelated s t r a i n  of mice (RF) 

and with k i l l e d  Proteurr vulgaris  (OX-19) vaccine.  This 

additional i n f o r u t i o n  should help  c l a r i f y  the degree of 

immunological s p e c i f i c i t y  afforded by the  AK leukemic spleen 

homogenate8 . 

REFERENCES 

(1) I .  U. Boone, Rad. Res. - 5, 450 (1956). 

(2) A .  A .  Werder, J .  Friedman, E .  C.  UacDowell, and J .  T .  
Syverton, Cancer Res. - 13, 158 (1953). 

(3) L. G r o s s ,  Acta Haematologlca, Separatum - 13, 13 (1955).  
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E f f e c t  of Chronic Gaama Irradiation on L i f e  Span of RF Mice 
(I. U. BOone, L. T. Rivera,  and T. T. T r u j i l l o )  

INTRODUCTION 

Over the past f e w  yea r s ,  an ef for t  has been made in t h i s  

Laboratory t o  accumulate data on t h e  delayed effects of irradia- 

t i o n  i n  va r ious  s t r a i n s  of mice under v a r i o u s  rad ia t ion  condi- 

t i on8 .  Th i s  s tudy  reports l i fe  span data obta ined  from 2 sep- 

arate groups of RF female mice exposed t o  chronic whole body 

gamma i r r a d i a t i o n .  

METHODS 

Rro d i f f e r e n t  exposure cond i t ions  were used i n  t h i s  s tudy ,  

one involv ing  f r a c t i o n a t e d  a c u t e  doses and t h e  other  continuous 

low l e v e l  exposure.  

In t h e  first experiment, 57 RF female mice (12 weeks of 

age) were exposed t o  400 rads of Co60 gamma r a d i a t i o n  a t  a dose 

rate of 13 r a d s h i n .  They were given 2 a d d i t i o n a l  exposures 

of 200 rads each a t  ages 16 and 20 weeks, making a t o t a l  exposure 

of 800 rads i n  3 div ided  doses, Th i r ty - two  a n i m a l s  from t h e  

same random popula t ion  were kept a s  c o n t r o l s .  

In  the second experiment, RF female mice (16 weeks of age) 

were randomly d iv ided  i n t o  3 exposure groups of approximately 

100 animals each and 215 were retained a s  c o n t r o l s .  The 3 ex- 

perimental  groups were exposed cont inuously (22 hr /day)  t o  CoG0 
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gamma r a d i a t i o n  a t  a dose rate of 70.5 r r d d d o y  u n t i l  t hey  had 

accumulated t o t a l  doses of 494, 987, and 1480 rads. A l l  ani-  

were placed in holding cages, given Purina l a b o r a t o r y  chow 

and water ad libitum, and followed for l i fe  span. Autops ies  

were performed a t  death and t i s s u e s  taken  f o r  t h e  determina- 

t i o n  of tumor  incidence.  

RESULTS AND DISCUSSION 

The mean s u r v i v a l  and l i f e  shor ten ing  d a t a  c o l l e c t e d  i n  

both experiments  are g iven  i n  Table 1. 

of 800 rads de l ive red  I n  3 a c u t e  d iv ided  doses had approx- 

ima te ly  t h e  same l i f e  shor t en ing  effect as a t o t a l  dose of 

1480 rads delivered cont inuous ly  a t  7 0 . 5  rads/day. In the 

second experiment ,  a s i g n i f i c a n t  l i f e  shor ten ing  was produced 

a t  a l l  dose l e v e l s .  

pPogres8) may i n d i c a t e  whether life shor ten ing  was l i n e a r l y  

related t o  dose. 

An accumulated dose 

Fur the r  a n a l y s e s  of the data (now i n  

Age-specific log rates of m o r t a l i t y  w i l l  

be c a l c u l a t e d ,  and the  inc idence  of tumors  w i l l  be reported. 
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Total Morn L i f e  L i f e  

Condition8 (r8d#) (NO. ) (days) (per cent)  p-Values 
Expooure Doae Animals sprn Shortening 

Acute D1vid.d Domen 

800 57 466 31.3 <0.01 
I O  -- Contr o l  32 679 

Continuou Lor Level Exposure 

494 93 513 15.6 c O . 0 1  

987 82 443 27.1 C O . 0 1  
1480 86 395 35 .0  <0.01 

-0 -- Control 215 608 

* 
p-Value8 S 0 . 0 5 ,  a s  determined by '*t" t e s t ing ,  were considered 

to indicate  a s i g n i f i c a n t  difference from the  control  animals. 
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Effect of Single ~ 0 . 4 ~  of x;bole ~ d p  x I r r a d i a t i o n  on t h e  
L i f O  Spra and Tumor Incidence of C57B1.ck Mice (I. U. Boone, 
L. Y. Conklin, and L. T. Rivera) 

INTRODUCTION 

In pmviwrr seri.nnua1 reports (1,2) data on the delayed 

effect8 of s i n g l e  s u b l e t h a l  doses  of whole body i r radiat ion 

have been reported for and CFW Swiss mice. This report  

deals with similar effects on C57Black mice. 

data, per  Cent l i fe  shortenfng, and tumor inc idence  (Par t icu lar ly  

leukemia) w i l l  be reported.  

The mean Survival 

Pr ior  t o  r a d i a t i o n  exposure, a populat ion of CS7Black 

female mice (approximately 12 weeks of age) was randomized, 

d iv ided  i n t o  4 groups of 100 animals each, and earmarked for 

WOUP i d e n t i f i c a t i o n .  The groups were given a c u t e  whole body 

exposure dosee of 0 ,  100, 200, and 400 rads d e l i v e r e d  by a 

250 gvP W x i t r o n  X-ray machine. 

w i t h  a t i s s u e  dose rate of about 50 rads/min. 

The a i r  d-8 rate w a s  52 r i m i n  

After irradia- 

t i o n ,  t h e  mice were again rerandomized, housed 10 animals  Per 

cage, and observed throughout t h e i r  l i f e  span .  ApproximatelY 

40 per c e n t  of the animals  were autopsied a t  dea th ,  and tissue 

samples were taken fo r  h i s t o l o g i c a l  observa t ion .  
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RESULTS AND DISCUSSIOllO 

The maan s u r r l v r l  tine and per cent l i fe  s h o r t e n i n g  as 

rod t o  n o n i r m d i a t e d  c o n t r o l  anlmals  are b m i z e d  i n  

blo 1. The 24 per c e n t  l i fe  shor t en ing  in C57Black mice 

atlaring 400 rad. of s i n g l e  whole body expomure was i n t e r -  

d i r t0  ktwoon tht  obtained for CF1 and CFW Swiss female 

Wm, for which the l i fe  shor t en ing  effect w a s  30 t o  40 and 

14 per cen t ,  r e s p e c t i v e l y  (1,3,4). 

There was a surprising lack of tumors in this Strain Of 

m o u s e .  

t r o l  animals ,  and only a f e w  ovarian tumors were observed. 

The majority of deaths appeared t o  be due t o  pneumonia. 

8 l n g l e  whole body exposures  produced 803118 increase in t h e  

leukemia inc idence  a s  Ind ica t ed  in Table 2. T h i s  incidence 

was lowetr than  that r e p o r t e d  w i t h  f r a c t i o n a t e d  exposures  (5) 

i n  t h i s  s t r s l a  of mouse. 

No lung  tumors were seen  i n  either irradiated or con- 

Age-specific 1o.g rates of m o r t a l i t y  (Compertz func t ion)  

w i l l  be c a l c u l a t e d  for a l l  groups of animals .  
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TABU 1. StlDBvIVAL TIm Am LIFB SBDI1TKNIRG OF WEOLE 

BODV X IBBADIATED C57BLACK FEMALE MICE 

100 98 614 5.5 0.1 

572 11.9 < 0.01 200 90 

24.3 < 0.01 400 . 102 493 

-- 649 -- Controls 90 

aHice that died In the  first 30 days after exposure were 
not included in the data. 

bThs standard error from the mean ranged from - + 15 t o  - + 19. 

cp-Valuss 
s idered t o  indicate  a s i g n i f i c a n t  difference from t h e  control 
animals. 

0.05, as  determined by "t** t e s t ing ,  wre con- 

t 011 1 2 9  -284- 



TABLE 2. ISUI[BMXA AMI) LYMPBoya IHCXDEMCE IN W B D f g  BODY 

X IrwAaIATgD C57BLACK FEUIS MICE 

Dome Ar l im818  Leukemia and Lymph- 
(rads) (NO.) (per cent)  

_ _  

100 

200 

400 

Control 

42 

40 

42 

39 

19.1 

22.5 

31.0 

15.4 
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Correlation of VUbi l i t p  P l a t e  Count. and O p t i c a l  Density 
Ho8aurewnk with B8ctui.l (B.rophilu8) C e l l  Count8 U 8 i n g  
t h e  Cou1t.r Countor (1. If. Boone, L. T. Rivera, and C. C. 
W h b a u g h )  

INTRODUCTION 

"hi. ertp .rWnt  was designed t o  determine the f e a 8 i b i l l t y  

of count ing Hemophilus inf  luenzae organisms wi th  t h e  Coul te r  

counter  in order t o  faci l i ta te  certain procedures t o  be ~ 8 e d  

i a  g e n e t i c  tranefornkation s t u d i e s .  

been made t o  correlate Coul te r  counter  bacterial counts  w i th  

the  plate d i l u t i o n  method and o p t i c a l  d e n s i t y  measurements 

dur ing  the growth of competent cells. 

A pre l iminary  a t t empt  has 

F i f t y  m 1  of Elev broth (1 part Eugon and 1 p a r t  L8Vinth81 

broth), t o  which diphosphopyridine nucleot ide (DPN) had been 

added, wa8 i nocu la t ed  w i t h  Hemophilus influenzae (Rd) t o  g i v e  

a f i n a l  cell concen t r a t ion  of 1 x 10 cells/ml of medium. The 7 

cell aixture was shaken cont inuously dur ing  growth a t  37OC. 

Since  t h e  cell gene ra t ion  t i m e  is - 2 0  t o  30 minutes dur ing  

the logarithmic g r w t h  phase, the  o p t i c a l  d e n s i t y ,  v i a b i l i t y  

cell p l a t e  counts ,  and Coul te r  counter  c e l l  counts  were meaa- 

ured every 30 minutes.  

The v i a b i l i t y  counts  were made by the s t anda rd  d i l u t i o n  

I041132 -287- 



method. O p t i c a l  density measurements were made asept ical ly  

us ing  the Yodel 14 Coleman spectrophotometer. Cou l t e r  counter  

cell coun t s  were made w i t h  both the 50  and 100 p orifice t u b e s ,  

Cella were d i l u t e d  i n  Eugoa bro th  f o r  the p l a t e  counts  and in 

s a l i n e  for  the Cou l t e r  counter  de te rmina t ions .  The 100 p 

o r i f i c e  w a s  calibrated w i t h  puff balls (spores of 2 ~1 size) 

The machine aperture was on s e t t i n g  8 w i t h  a threshold of 2. 

RESULTS AND DXSCUSSION 

A summary of t h e  type  of results obtained is shown i n  

Table 1. 

ob ta ined  only w i t h  t h e  100 p o r i f i c e  tube .  

tube  gave r e s u l t s  which were not r ep roduc ib le  due t o  elec- 

t r o n i c  noise l e v e l  i n t e r f e r e n c e .  Although t h e  r e s u l t s  obtained 

w i t h  the 100 p orifice tube  were i n  t h e  proper o r d e r s  of mag- 

n i t u d e  a s  t h e  v i a b i l i t y  measurementa, accuracy was l a c k i n g .  

The Cou l t e r  coun te r  a l so  counts  dead cells as w e l l  as v i a b l e  

cells, which may account  f o r  the higher  va lues  near t h e  end 

of t h e  logarithmic growth phase. 

The Coul t e r  counter  r e s u l t s  are given for the  counts  

The 50 1 orifice 

Accuracy of the bacterial counts  by t he  Coul te r  counter  

method could probably be improved by using a small orifice 

tube ,  f i l t e r i n g  t h e  sa l ine  used f o r  d i l u t i o n s  through a f i n e  

s i n t e r e d  g l a s s  f i l t e r  to decrease t h e  background "debris  ," 
and ca l ibra t ing  t h e  counter  u s i n g  p o l y s t y r e n e  balls that have 

a maximum diameter of 1.17 which  is more nearly t h e  size of 

H. i n f luenzae ,  
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'. TABU 1. OPTICAL DSNSITY, VIABILITY PUTe cov#TS, AND COULlSR 

COURTZR CSLL m S m S  OF HBYQPHILUS I~LUQWWE 

DURING THg IDGARITEUIC GBOIFIg PHASE 

T i m  aft- 
Inoculation Plate Count Optical -11 Count 

(how.) ( c e l l 8  /ml) Dmmity (ce118/ml) 

Cou 1 tar Counter 

0 

1.0 

1 . 5  

2.0 

2.5 

3 .O 

3.5 

3.7 

6 x lo6 
1 . 9  lo7 
5.0 lo7 
6 . 0  10' 

1 . 4  x 10' 

3.2 x lo8 
4 . 0  x 10' 

7 . 7  x lo8 

0.005 

0.01 

0.01 

0.014 

0.026 

0 . 0 5 5  

0.089 

0.109 

1.0 x lo7 
2.6 x lo7 

7 2.5 x 10 

2.8 x 10' 

7 . 1  x lo8 
1.2 x lo9 

I-- 

1 . 4  % lo9 

-289- 

(L 

LANL 



B8ctarial .par08 and Iargor virua particles have been 

counted and mea8ured 8ucces8fully using the  Coulter counter (1). 

I t  I 8  felt that perfect ing the Coulter counting techniques 

In bcterlal coll  counting w i l l  facil itate and replace same 

of the todlou8 mthods of cell counting Involved i n  bacter ia l  

transforralrtlon studis. .  

REFERENCE 

(1) If. E .  Kubitachek, Research - 13, 128 (1960). 
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M~t8boli8r of Tritium-Labeled Pyridoxine i n  Rat8 (I. U. BOone, 
S. Cox, and A. Murray 111) 

In v i t r o  and i n  v i v o  s t u d i e s  (1-3) h8ve i n d i c a t e d  a pos- 

8ible  antj,metabolic re la t ionship between i s o n i a z i d  and 

pyr idoxine  (Vitamin Bs). Some of t h e  p r i n c i p a l  side effects 

of i 8on iae ld  have been prevented by simultaneous a d r i n i s t r a -  

t ion of pyridoxine (2). 

t u b e r c u l a r  and nontubercular  p a t i e n t s  was t h e  subject of a 

previoue s tudy  (4). No s i g n i f i c a n t  change i n  the  p a t t e r n  of 

urinary metabolites could  be induced by t h e  o ra l  adminis t ra -  

t i o n  of nonlabeled pyridoxine. The p o s s i b i l i t y  of w i n g  the 

a l t e r n a t e  approach and of s tudying  t h e  in f luence  of non- 

labeled ironiazid on t h e  metabolism of l abe led  pyridoxine is 

immediately apparent .  

The metabolism of C'4-isoniazid i n  

Technical  d i f f i c u l t i e s  have prevented l a b e l i n g  of 

pyr idoxine  w i t h  C14, b u t  r e c e n t  techniques w i t h  t r i t i u m ,  using 

t h e  exchange method over platinum catalyst ,  have provided 

pyr idoxine  labeled w i t h  tritium. 

blood turnover  times and u r ina ry  exc re t ion  of €?-pyridoxine 

in rats was undertaken t o  explore t h e  f e a s i b i l i t y  of us ing  

it in more specific metabol ic  i nves t iga t ions .  

A preliminary study of the  
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=HODS AND RESULTS 

Tho specif IC a c t i v i t y  of t h e  $-pyridoxine hydrochlor ide 
3 (E -Be) -8 308 pC/w. Th4 s o l u t i o n  U e e d  for  i n j e c t i o n  COU- 

3 t a i n e d  2 mg (816 pc) of E -B6 and 18 mg of unlabeled pyridoxine 

hydrochlor ide per m l .  A l l  i n j e c t i o n s  were intravenoum v ia  

the jugular  8 inua  r o u t e .  The r a t s  weighed be tween 250 and 

350 g .  

369.6 pc, while rats D t o  G rece ived  616 pc  $OB,. 

i n j e c t i o n  of t h e  drug, the ra t s  were placed i n d i v i d u a l l y  i n  

s t anda rd  metabolic cages. 

R a t  A r ece ived  184.8 pc I?-B,. Rats B and C r ece ived  

Following 

Rats A t o  C had blood and u r i n e  

sample6 taken a t  va r ious  t i m e  i n t e r v a l s  post I n j e c t i o n .  Urine 

samples were collected from rats D t o  G for d e t a i l e d  u r i n a r y  

e x c r e t i o n  and chromatographic s t u d i e s .  

Blood and u r i n e  spec imens  were measured f o r  tritium using 

t h e  l i q u i d  s c i n t i l l a t i o n - d i o x a n e  system as  described previous ly  

in t h i s  Laboratory by Richmond et a l .  (5) and by T r u j i l l o  ( 6 ) .  

Concentrat ions of €? a c t i v i t y  i n  blood a s  a func t ion  of t i m e  

after admin i s t r a t ion  of labeled pyridoxine a re  shown in Fig. 1. 

The log of t h e  pe r  c e n t  i n j e c t e d  dose is plo t tod  a g a i n s t  time 

i n  hours .  Excluding t h e  ea r ly  component of t h e  blood clearance 

curve  ( i .e. ,  t h e  first 15 minutes a f te r  i n j e c t i o n ) ,  t he  t u r n -  

over half-t ime of t h e  a c t i v i t y  in t h e  blood was approximately 

45 minutes dur ing  t h e  first 3 hours a f t e r  drug i n j e c t i o n .  

A c t i v i t y  i n  t h e  r e d  blood cells was less than 1 per  cent of 

the  t o t a l  a c t i v i t y  i n  t h e  blood. 

1 0 4 1 1 3 1  -292- w LA MI- 
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Fig .  1 .  Tri t ium a c t i v i t y  ln,blood following intravenous 
administration of $-pyridoxine hydrochloride i n  rats. 
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The data In Table 1 rhor the accumulated u r ina ry  excre-  

tion of 4 rata.  Seventy-five t o  80 per c e n t  of the  a c t i v i t y  

-8 excreted i n  t h e  first 24 hours. F igure  2 shown t h e  aver'- 

age r e t e n t i o n  of pyridoxine as a func t ion  of t i m e  after i n j e c -  

t ion,  amsuming exc re t ion  w a ~  e s e e n t i a l l y  a l l  v i a  the u r i n e .  

The r e t e n t i o n  curve  was f i t  by t he  following 2 component ra te  

equation: 

-0.876 t Rt = 28.2 e -0*0017 + '71.8 e 

in which Rt is r e t e n t i o n  i n  pe r  c e n t  of i n j e c t e d  dose, and t 

l e  t h e  af ter  i n j e c t i o n  in hours. Approximately 28 per cent 

VZLS r e t a i n e d  w i t h  B half-time of 17 days and 72 per c e n t  w i t h  

a half-time of only 47 minutes,  corresponding t o  t h e  blood 

c l e a r a n c e  half-time of 45 minutes shorn in Fig. 1. 

A l l  u r i n e  specimens obtained up t o  5-1/2 hours  a f t e r  injec-  

t i o n  were chromatographed. One- ten th  m l  of u r i n e  w a s  placed 

d i r e c t l y  on No. 1 Whatman f i l ter  paper s t r i p s .  I n  a11 ins tances ,  

this was a t  least 5 x 10 d/m of H a c t i v i t y .  Eighty per  cent 6 3 

propanol w a s  the s o l v e n t  system used. I t  was necessary t o  expose 

t h e  chromatogram s t r i p s  t o  X-ray f i l m  fo r  - 4  weeks t o  get 

s a t i s f a c t o r y  exposure of t h e  f i l m .  One predominant band with 

Rf va lue  of 0.65 - + 0.03 was a l w a y s  p r e s e n t .  

corresponded t o  tha t  of unchanged pyridoxine.  These results: 

T h i s  Rf va lue  

are i n  agreement w i t h  an earlier s tudy (7) i n  which it was 
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TABLE 1. CVIIULILTIVg UBINdaY EXCRETION OF TRITIUY ACTIVITY 
FOLWWIE I m v E # O U S  ADHIlISTBATIah' QF $0 

PPIIIDOXI~ RC1 IN RATS 

T i m  after 
Injection 

Rat Number and Cumu 

(hours) D 

tlatlve Excretim (per cent) 
- Average F G B 

1.5 

2.5 

3.5 

4.5 

5.5 

12 

24 

31  

96 

122 

144 

64.3 

69.3 

-0 

-0 

'71.0 

'73.3 

:5.6 

'76.3 

79.8 

80.2 

80.4 

54.5 

62.4 

68 .1  

-- 
-- 

73.5 

75.7 

76.2 

78 .1  

78.1 

78.2 

58 .O 

65 .1  

I O  

68.4 

-- 
69.7 

71.5 

i'l. I 

78.3 

78.4 

78.4 

.* 

57.2 

62.3 

67.5 

0- 

00 

69.1 

70.5 

70.8 

73.8 

73.9 

75 .0  

58.5 

64.8 

67.8 

-- 
-0 

71.4 

73.3 

73.7 

77.5 

77.7 

78.0 
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reported that 50 t o  70 per cent of pyr idoxine  was excreted 

unchanged by rats. 

A very f a i n t  trace of 1 other band was presen t  on a l l  

8 t r ips .  

0.53 - + 0.03. 

f a r  found in animals is 4-pyridoxic acid. Th i s  band may 

reproeeat t h i s  product .  

The Ri v a l u e  of t h i s  u n i d e n t i f i e d  band w a s  

The only degradat ion product of Vitamin B6 so 

3 Although t h e  use  of H -B6 may be applicable t o  more de- 

t a i l e d  s t u d i e s  of the metabolism of Vitamin B6 i n  t h e  ra t ,  

some of t h e  t e c h n i c a l  problems encountered may l i m i t  i t a  as8 

i n  human s u b j e c t s .  No f u r t h e r  s t u d i e s  are planned a t  t h i s .  

tlw. 
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Es tab l iohaen t  and Maintenance of C e l l s  Grown i n  Agitated 
F l u i d  Medium (P. C. Sanders  and D. C. White) 

INTRODUCTION 

In a n t i c i p a t i o n  of i nc reased  emphasis on c e l l u l a r  radio- 

biology, a arethod whereby cells  can be grown i n  large volumes 

of agitated c u l t u r e  media is being  s t u d i e d  i n  cons ide rab le  

d e t a i l .  The advantages of such  a method invo lve  t h e  large 

number of cells that can  be produced and the p o s s i b i l i t y  of 

replicate sampling wi thout  t h e  n e c e s s i t y  of t e rmina t ing  

t h e  c u l t u r e .  A modified technique  involv ing  a combination 

of s e v e r a l  methods (1 ,Z)  has been tried and found t o  g i v e  

promising r e s u l t s .  

METHODS AND MATERIALS 

HeLp cells that have been grown attached t o  glass i n  

T-60 f l a s h  for approximately 1 yea r  were used t o  i n i t i a t e  

t h e  sp inne r  c u l t u r e  technique .  To s ta r t  t h e  s p i n n e r  c u l t u r e :  

several T-60's were observed us ing  an  i n v e r t e d  phase-contrast  

microscope t o  a s c e r t a i n  which f lasks conta ined  h e a l t h y  cu l -  

t u r e s  i n  a n  act ive m i t o t i c  s ta te ,  Those chosen were treated 

i n  t h e  fo l lowing  manner: media were removed by asp i ra t ions ,  

3 m l  of 0.035 per cent t r y p s i n  w a s  added t o  each f l a s k  and 

these incubated zit 37OC u n t i l  t h e  ce l l s  were freed from t h e  

glass s u r f a c e .  The a c t i o n  of t h e  t r y p s i n  vias s topped by the  

t 0 4 l l 4 3  -298- ... 



a d d i t i o n  of 5 m l  of E a g l e ' s  basic medim con ta in ing  10 per 

coat inactivated horae serum, 0.25  u g h 1  p e n i c i l l i n ,  and 

0.25 pg/a l  of atreptomycin.  

wero cumbined by p i p e t t i n g  t h e  cel l  clumps broken up. 

a l i q u o t  wa8 taken a t  t h i s  poin t  f o r  de te rmlna t ion  of t o t a l  

cell populat ion.  

t o t a l  cell  count  determined by using a Coul te r  cell  counter .  

The cel l  suspension was d i l u t e d  and a t o t a l  of 3.5 x 10 

celle/nl added t o  sp inne r  flasks conta in ing  E a g l e ' s  c u l t u r e  

-dim plus 10 per c e n t  horse serum and an t ib io t i c s .  Each 

sp inne r  flask conta ined  a f i n a l  volume of 300 ml of cel l  

suspension.  The f lasks  were placed on magnetic stirrers 

w i t h  s u f f i c i e n t  a g i t a t i o n  t o  create a small vor t ex  in the 

l i q u i d .  

C02 i n  a i r ,  s e a l e d  w i t h  s i l icone s toppe r s ,  and the  entire 

stirrer appa ra tus  placed i n  an incubator  set a t  37'C. 

The con ten t s  of t h e  flaSlc8 

An 

A 1 m l  a l i q u o t  was d i l u t e d  1:50 and the 

4 

Each f l a s k  was gassed f o r  5 minutes w i t h  5 per c e n t  

Aliquot8 were taken  d a i l y  for  t o t a l  c e l l  popula t ion  

de te rmina t ions  and ce l l  v i a b i l i t y  tests. 

t i o n s  were determined as described above. C e l l  v i a b i l i t y  

tests were performed by t h e  method of McLimans et a l .  (1) 

using 0 . 5  per c e n t  t r y p a n  blue water s o l u t i o n .  

Tota l  c e l l  popula- 

Media were r o u t i n e l y  changed 48 hours af ter  the  o r i g i n a l  

Inocu la t ion  and every  4 t o  5 days thereafter, as  ind ica t ed  by 

pH changes, t o t a l  cell  populat ion numbers, o r  v i a b i l i t y  

de te rmina t ions .  New sp inne r s  were s ta r ted  by removing an  

IO41144 -299- 
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aliquot frop tho stock spinners and adding it t o  fresh 

wdlum. 

Media change. were made by p lac ing  a sterile cofton-  

plugged a i r r r rp  stoppar i n  one side-arm and a t t a c h i n g  t h e  

tramfor mpparatum t o  the other side-arm, t h e  t r a n s f e r  

apparrtw boing connected t o  a vacuum l i n e  and a 200 m l  

c e n t r i f u g e  bottle. 

g e n t l e  vacuum, the bot t les  capped wi th  steri le aluminum 

f o i l ,  and cen t r i fuged  a t  lo00 RPM for 10 m i n u t e s .  The old 

medium -8 removed by asp i ra t ion ,  being careful not  t o  dis- 

t u r b  the  cells, and 20 m l  of f r e s h  medium was added t o  each 

bot t le .  

a 8 s u r e  a homogenous mixture  and t r a n s f e r r e d  by p i p e t t e  t o  

a s p i n n e r  f l a s k  con ta in ing  260 m l  of new medium. 

suspension was gassed a s  described above and placed in a n  

incubator .  

The ce l l  suspension was removed by 

The cell  suspension was p i p e t t e d  s e v e r a l  t i m e s  t o  

The ce l l  

DISCUSSION 

The above method of e s t a b l i s h i n g  and maintaining s t o c k  

c u l t u r e s  of cells growing i n  agitated f l u i d  medium has been 

in use  i c  t h i s  Laboratory d u r i n g  t h e  past year and  is prov- 

i n g  t o  be m o a t  s a t i s f a c t o r y .  

cel ls  fo r  experimental use ,  it is superior t o  glass-grown 

ce l l s  fo r  s e v e r a l  reasons .  One of these is t h e  ease oi 

As a m e t h o d  of mainta in ing  
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r e p l i c a t e  88mpling from the  same cell popula t ion  without  

tb necoarrity of resorting t o  chemical or mechanical means 

of freeing the cell8 from glass, thereby  des t roy ing  t h e  

complete cell c u l t u r e .  Another advantage is the  fact that 

arch c u l l  ia  -parate and completely surrounded by medium; 

thua theme cell8 a r e  lesa susceptible t o  local concentra- 

tions of metrbolites which l i m i t  growth in glass-grown 

c u l t u r e s .  Experiment8 are underway t o  determine the max- 

imum and minimum number of cells and other important condi- 

t i o n s  necessary  t o  i n i t i a t e  a healthy, a c t i v e l y  growing 

c u l t u r e  . 
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Dotern ina t ion  of the  Hydrolysis  Rate of Hafnium T r i t i d e  
(T. T. T r u j i l l o  and W .  E. Langham) 

INTRODUCTION 

The p o t e n t i a l  hazards of handling tritium i n  the  f o r m  

of gas and rater bave been inves t iga t ed  i n  c o n s i d e r a b l e  

d e t a i l .  R e l a t i v e l y  i n s o l u b l e  s o l i d  compounds of tritium 

have not been invest igated a t  a l l .  Such compounds would 

o f f e r  two obvious p o t e n t i a l  hazards: i r r a d i a t i o n  of the  

r e s p i r a t o r y  system ( inc lud ing  pulmonary lymph nodes) by in- 

haled d u s t ,  and i r r a d i a t i o n  of t h e  t o t a l  body by tritium 

water produced from h y d r o l y s i s .  Diagnosis of exposure v i a  

t h e  convenient measurement of u r i n a r y  tritium a c t i v i t y  may 

be possible f o r  r e a d i l y  hydrolyzed compounds. 

Hafnium t r i t ide w a s  selected because it o f f e r s  a 

r e l a t i v e l y  high concen t r a t ion  of tritium i n  a r e l a t i v e l y  

r e f r a c t o r y  material. 

METHODS AND RESULTS 

A minute amount (1 t o  2 mg) of HfTZ was s u p p l i e d  by t h e  

H e a l t h  Phys ics  Group. 

r ep resen ted  were unlcnown; the re fo re ,  i t  could n o t  be manip- 

u l a t e d  in a q u a n t i t a t i v e  manner i n  t h e  a b s o l u t e  sense .  

Consequently, t h e  specimen as suppl ied was placed wi thout  

The weight and tritium a c t i v i t y  i t  
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i 
t 
:. weighing or any provious measuremnt of specific a c t i v i t y  

l a to  2 a1 of phy8iological s a l i n e  and incubated a t  37OC. 

On. hundred 1-d. (0.1 nl) a l i q u o t s  of the s a l i n e  s o l u t i o n  
I 

t. 

F woro withdrawn a t  1, S-1/2, 8 ,  24, 72 ,  and 144 hour8 and 

theme d l l u t o d  t o  10 rl w i t h  d i s t i l l e d  water. A 0 . 5  rl 
i 

a l i q u o t  o f . t h e  d i l u t e d  sample was vacuum d i s t i l l e d  a t  room 

temperature and counted for tritium a c t i v i t y  i n  t he  l i q u i d  

s c i n t i l l a t i o n  counter .  Since t h e  sample was d i s t i l l e d  pr ior  

t o  count ing,  any a c t i v i t y  obrerved could be assumed t o  be 

due t o  tritium water formed by hydro lys is  of t h e  HiT2 a t  

body temperature. The counts  observed were cor rec ted  f o r  

count ing e f f i c i e n c y  and background and converted t o  t o t a l  

microcuries of tritium a c t i v i t y  per 2 m l  of t h e  o r i g i n a l  

s a l i n e  s o l u t i o n .  Data showing t h e  r e l a t i v e  rate of hydro lys is  

are g iven  i n  Table 1 and are shown graph ica l ly  i n  F ig .  1. 

TABLE 1. RATE OF HYDROLYSIS OF HiTZ IN NCEWAL SALIrJE AT 37OC 
~ 

Time T r i t i u m  A c t i v i t y  as KTO 
(hours) (vc/2 ml) 

1 
2 

3 

4 
5 
6 

7 

1 0.522 

5-1/2 1.154 
8 1.266 

24 2.100 
48 3.200 
72 4.540 

144 7.450 
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Sine0 tb Orlglarl specific activity and t h e  q w n t i t y  

of material placod in t h e  2 m 1  of saline voro not kn-n, the  

a k o l u k  rat .  of hydrolys is  could no t  bo do tominod  and the 

v8luom aro rolativo only .  Q u a l l t a t i v o l y ,  holll)vor, it l a  

8pp.roat tbat tho r a t e  ia slw. Evan aftor 6 -78, only 

7.43 pc of tritium had been converted t o  tritium WAtOr,  

which undoubtedly r e p r e r e n t e d  a very su l l  f r a c t i o n  of the 

tritium a c t i v i t y  p r e s e n t  in the  original 8ample. A6 shown 

i n  Fig. 1, hydrolys is  appeared t o  bo l i n e a r  with t i m e .  

F a i l u r e  of t h e  e x t r a p o l a t e d  line t o  pass through t h e  origin 

can  ba exp la ined  by atmospheric hydrolysis of the sample 

Prior t o  being placed in the  saline or by the presence  of 

adsorbed tritium water formed dur ing  production of t h e  MT2. 
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Inf luence  of E x t r a t e r r e s t r i a l  G r a v i t a t i o n a  
Growth (E. R. B a l l i n g e r  and E. F. liontoya) 

INTRODUCTION 

F i e l d s  upon P lan t  

To t he  e x t e n t  that  we have been involved w i t h  biological 

problem8 of man in space, c e r t a i n  h ighly  i n t e r e s t i n g  b u t  non- 

radiobiological c o n s i d e r a t i o n s  have r ece ived  casual a t t e n t i o n  

from t h e  t o  t i m e  by m e m b e r s  of t h i s  Group. 

s i d e r a t i o n s ,  which r ece ived  a t t e n t i o n  dur ing  the  past report- 

ing per iod ,  involved the ques t ion  of ed ib le  p l a n t  growth t o  

suppor t  man's e x i s t e n c e  under s u c h  g r a v i t a t i o n a l  f i e l d s  as 

would be encountered in space  and on p l a n e t s  other t h a n  the  

p l a n e t  earth. 

One of these con- 

I t  is a matter of experience that the  shoot of a seed l ing  

grows a l l  over t h e  world in a n  outward d i r ec t ion  from t h e  earth 

and tha t  the root grows downward i n  a d i r e c t i o n  toward the  

earth's c e n t e r .  U n t i l  Knight ' s  experiments  i n  1806 (11, 
l i g h t ,  heat, mois ture ,  g r a v i t y ,  and mechanical i n f l u e n c e s  

were both i n d i v i d u a l l y  and j o i n t l y  assumed r e s p o n s i b l e  for 

t h i s  obse rva t ion  of p o s i t i v e  and nega t ive  geotropism. 

ing p l a n t s  on 8 r o t a t i n g  wheel wi th  a h o r i z o n t a l  ax i s ,  Knight 

By grow- 

excluded t h e  one-sided a c t i o n  of g r a v i t y  and r ep laced  it  by a 

c e n t r i f u g a l  f i e l d .  

u n a b l e  t o  d i s t i n g u i s h  from g r a v i t a t i o n a l ,  caused t h e  root  

The r e s u l t a n t  force, which the  p l a n t  was 

system t o  grow r a d i a l l y  away from and t h e  shoots r a d i a l l y  toward 

the  center of t h e  wheel. 

I O r r l l S I  -306- 

LANL 
cr 

r 
L ^ ^ ^  



In  1874 Sach (2) , us ing  a s lowly  r o t a t i n g  horizontal 

axis wheel, eliminated the  one-aided a c t i o n  of g r a v i t y  wfth- 

ou t  i m p a r t i n g  a s i g n i f i c a n t  centrifugal fo rce .  The r e s u l t  

-8 tbat the roots and s h o o t s  were i n d i f f e r e n t  t o  o r l e n t a -  

t ioa  and grew in whatever d i r e c t i o n  they had a t  t h e  beginning 

of the experiment. 

d i rect ional  dependence i n  a g r a v i t a t i o n a l  f i e l d  and are un- 

able t o  d i s t i n g u i s h  between g r a v i t a t i o n a l  and c e n t r i f u g a l  

forces in t h i s  regard. C a r r y i n g  t h i s  conclusion one s t e p  

f u r t h e r ,  one might question whether the in f luence  of g r r v i t a -  

t i o n  ex tends  not only t o  p l a n t  stem o r i e n t a t i o n  b u t  a l s o  t o  

8tea development or s t r e n g t h  e x h i b i t e d  perhaps as a change 

i n  diameter, ster l e n g t h ,  or growing or  maturat ion t i m e .  

Thus we can s a y  that p l a n t s  exhib i t  

If such a n  In f luence  e x i s t e d ,  one might  a n t i c i p a t e  cer- 

t a i n  d i f f i c u l t i e s  t o  be experienced i n  a t tempt ing  t o  grow 

c e r t a i n  vege tab le s  or p l a n t s  in g r a v i t a t i o n a l  f i e l d e  s i g n l f -  

i c a n t l y  d i f f e r e n t  from that of t he  earth. 

should stem growth be independent of g r a v i t y ,  it is possible 

that certain r e l a t i v e l y  heavy or long-stemmed or cl imbing 

p l a n t s  might no t  be the  best candida tes  f o r  growth, whether 

t he  technique  be hydroponic or otherwise on p l a n e t s  w i t h  

g r a v i t a t i o n a l  f i e l d s  i n  excess  of that on ear th.  

On t h e  other  hand, 

Sachs (3), t h e  famous German b o t a n i s t ,  in t h e  l a t t e r  

part of the 19th century  pos tu l a t ed  a theory of organ-forming 
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substance8 whoso ~ ~ p e c l f l c  action and localized d i s t r i b u t i o n  

were affected by g r a v i t y .  Present day ob8ervers  have g iven  

t h e  name of phytohormones t o  tbeso organ-forming subs t ances  

and hrvo i n o l a t e d  s e v e r a l  causing extenerion of cellular growth 

and i n h i b i t i o n  of budding and matura t ion .  P l a n t  hormones of 

t h i s  t ype  are called auxins  and are be l i eved  t o  be chemical ly  

related t o  be t a - indo leace t i c  acid. Auxin precursor  is, accord- 

ing t o  Audua (4), formed in t he  r o o t  and through g r a v i t a t i o n a l  

i n f luences  paase~# upward t o  the  ap ica l  t i p  of the  p l a n t ,  where 

in t h e  presence  of s u n l i g h t  auxin is formed. Auxin, apparent ly  

being 8 h e a v i e r  material than  its precu r so r ,  descends the  stem 

caus ing  c e l l u l a r  ex tens ion  and i n h i b i t i o n  of budding and matura- 

t i o n .  I n  a similar manner a t  a l a t e r  t i m e  in t he  growth of t h e  

p l a n t ,  a n  an t i - aux in  precursor  formed by t h e  roots t r a v e l s  t o  

t h e  apical t i p  and i n  the  presence of l i g h t  becomes an auxin- 

des t roy ing  subs t ance ,  which a l s o  under t h e  in f luence  of g r s v i t y  

passes downward in t he  s t e m .  F i s h e r  (S), by weighting t h e  

a p i c a l  t i p  of soybean p l a n t s ,  was able t o  cause apparent  pool- 

ing  of auxin  i n  t h e  dependent  po r t ion  w i t h  early f lowering a t  

t h e  basal nodes. However, because a casual review of b o t a n i c a l  

l i t e r a t u r e  a v a i l a b l e  t o  t h i s  Laboratory f a i l e d  t o  t u r n  up any 

p o s i t i v e  answer t o  the  quest ion of g r a v i t a t i o n a l  r e l a t i o n  t o  

stem development, a 3 foot d iame te r  c e n t r i f u z e  (Fig. 1) was 

designed and assembled t o  opera te  i n  such a manner that p l a n t  
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growth a t  2, 4, and 6 G could  be observed photographica l ly  

Or under a strobe l i g h t  geared t o  the wheel r e v o l u t i o n s  

during cont inuous  r o t a t i o n .  

The c e n t r i f u g e  frame was c o m t r u c t e d  of a n g l e  iron as 

shown i n  F i g .  1, A 1/12 hp electric motor, through approp- 

riate p u l l e y  b e l t  r e d u c t i o n ,  tu rned  the 3 f o o t  diameter P lex i -  

glae wheel a t  - 115 RPY. 

middle, and a n  o u t e r  ring w i t h  P l e x i g l a s  d i v i d e r s  was f i l l e d  

t o  - 3  in. with a mixture of sand ,  l o a m ,  and p l a n t  n u t r i e n t .  

The i n n e r ,  middle, and o u t e r  r i n g s  were loca ted  so that the  

seeds or bu lbs  i n  each ring would be exposed t o  2, 4,  and 6 

c e n t r i f u g a l  **G,** r e s p e c t i v e l y .  The t a n g e n t i a l  effect of t h e  

1 G earth gravity was not taken i n t o  account in t h e  c a l c u l a -  

t ions of the  des i r ed  r i n g  diameter  due t o  t h e  r e l a t i v e l y  

c rude  i n i t i a l  assembly and t h e  rough approximation of t h e  

r a d i i  of t he  seed-to-wheel c e n t e r  measurement after packing 

and s h i f t i n g  of t h e  d i r t  had taken  place d u r i n g  t h e  first 

f e w  days of r o t a t i o n .  

The wheel  con ta in ing  an i n n e r ,  a 

The t o p  of the  P l e x i g l a s  drum or wheel was c e n t r a l l y  

supported and held in place by p e r i p h e r a l  pins i n t o  t he  r i b s  

of t h e  o u t e r  r i n g .  Vlater and n u t r i e n t  were suppl ied  t o  each 

r i n g  by means of 3 f l e x i b l e  pe r fo ra t ed  tubes passin,  around 
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t h e  r ings  t o  t h e  c e n t e r  pole and upward through t h e  top ,  end- 

ing  i n  glamm funnels  which could be f i l l e d  d u r i n g  r o t a t i o n .  

SOW of corn and marigold and bulb8 of onion and g l a d i o l u s  

were planted i n  each r i n g ,  covered wi th  -1 i n .  of d i r t ,  

watered, and allowed t o  s t and  overnight  before beginning rota- 

t i o n  * 

RESULTS AND CONCLUSIONS 

Rosu l t s  were many and l a r g e l y  unexpected and unre la ted  

t o  the  purpose of t he  experiment.  Yater leakage between t h e  

i n n e r  and middle r i n g  d i v i d e r  caused pooling i n  t h e  ou te r  

r i n g  and r o t t i n g  of the seeds and bulbs  placed i n  t h i s  r i n g .  

The "hot house" effect created moisture  t o  c o l l e c t  on t h e  

otherwise t r anspa ren t  P l e x i g l a s  top, t h u s  e f f e c t i v e l y  pre- 

c lud ing  photogriiphic observat ions except  a t  n i g h t ,  when c lear -  

ing occurred. Because of the short  summer seaaon, runs  were 

concluded i n  the e a r l y  f a l l  w i th  o n l y  meager but  p o s s i b l y  

Pilotage observa t ions  made on one %week growth of corn. 

Observation of corn grown f o r  a period of -3 w e e k s  a t  

2, 4, and 6 G revea led  no macroscopic morphologic difference 

i n  stem diameter, s t a l k  length,  s t r eng th ,  or growing t i m e  as 

a func t ion  of c e n t r i f u g a l  g r a v i t y .  A l l  p l a n t s ,  w i t h  t h e  excep- 

t i o n  of a f e w  f l a t t e n e d  out corn stems i n  t h e  6 G r i n g ,  were 

growing toward the  center of t h e  wheel i n  a t a n g e n t i a l  manner 
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as one would expect as  a r e s u l t  of t h e  90' a n g l e  between t h e  

1 G earth g r a v i t y  and t h e  2, 4,  and 6 G c e n t r i f u g a l l y  obtained 

(Fig. 2) . 
The authors f e e l  t h i s  e x p e r i m n t  should be r e f i n e d  and 

repea ted  by a conpeten t  research o rgan iza t ion  u e i w  a l a r g e r  

c e n t r i f u g e  so that the v a r i a t i o n  i n  g r a v i t y  f i e l d  ve r sus  rad i i  

w i l l  p e r m i t  long-stemmed p l a n t s  t o  remain fo r  more of t h e i r  

l e n g t h  in o reasonably  high g r a v i t y  f i e l d .  Although g r a v i t y  

f ie lds  a8 high as 6 G would probably pose more s e r i o u s  prob- 

lems than that of p l a n t  growth, i t  was fe l t  t h a t  any change 

observed between 6 and 4 o r  2 G, f o r  i n s t a n c e ,  might i n d i c a t e  

t h e  possible manner or d i r e c t i o n  of change t o  be expected 

under f i e l d s  of lese than  1 G, which are not  r e a d i l y  obtained 

by such s imple  t e c h n i q u e s  as  a c e n t r i f u g e .  
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Fig. 2 .  Corn growth a t  6 centrifugal "G." 
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Silver Phmphate and C o b a l t  G-6. SJ8t@M for G m u  -8imetry 
iu M i r e d  B.dl8tloa Fimld8 (E. R. B81llwer, D. G. O t t ,  and 
J. W. Endor.) 

Four lllpjor problems are i n h e r e n t  in gamma ray douimetry 

in a Mixed r a d i a t i o n  f i e l d  of unknown energy and spectra. 

These problem are enumerated below and have ?men conuidered 

criteria t o  be rat l8f led in t h e  design and development of an 

adequate do8imetry System fo r  measurements a t  K i w i  

nuc lea r  reactor f i e ld  tests. 

1. The effect of neutrons upon a gamma dosimeter. Most 

gamma d08beterS respond i n  some dew00 t o  neut rons  and hence 

r e q u i r e  e i t h e r  t h a t  t h e  degree of response and neut ron  f lux  

and spectra be known, or t h a t  the dosimeter be sh ie lded  i n  

sme manner from e f f e c t i v e  neutrons.  

2. The effect of t h e  dosimeter upon the sample. Where 

the size of t h e  dosimeter is large in terms of t h e  sample, 

t h e  two cannot be s imultaneously exposed a t  the same p o s i t i o n .  

3. The effect of t h e  conta iner  upon the  dosimeter .  If 

t h e  dosimeter need be contained for neutron s h i e l d i n g  o r  o the r  

purposes,  the  con ta ine r  may con t r ibu te  t o  or detract from the 

g a m  flux as seen  by t he  contained dosimeter.  

4 .  The effect of one dosimeter upon another .  Where 

depth dose studies are a t t enp ted  3r i n  o the r  exposure s i t u a t i o n s  

I-' 
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whore 8evoral domimotor8 aro placed in clome p r a x b l t y ,  the  

ma88 and capoai t ion  of one 9.1 a lgn i f l c r rn t ly  al ter t h e  f l u x  

t o  which ano the r  i m  expomod. 

In tho pa8t =porting period, t h i 8  group ha8 corp1et.d 

t h e  do.*, d o r o l o p w n t ,  and t08tIng of a gama d o 8 l U t r p  

aymtem coooriag t b  range fror 10 t o  10 rads in gamma-neutron 

f ie ld8 of unknown energy and spectra. In m o a t  respectsD t h i s  

7 

i 

F system rep re8en to  a r r ign i f lcant  improvemmt i n  each of t he  

p rev ious ly  l i s t e d  criteria over other systems used by t h i s  

group in t he  paat. 

i 

i 

MATERIALS AND HBTRODS 

The components making up t h e  gamma dorrioaetry system are 

as f O l l 0 ~ 8 :  

1. Bausch and Loab Agm3 glass rods measuring 1 mm in 

diameter by 6 mm in l e n g t h  (Fig. 1). 

2. much and Lomb n i c r o p h o t o f l u o r o w t e r D  as modified 

by t h i s  group (Fig. 2).  

3. C o b a l t  glass plate8 as  supp l i ed  by Bausch and Lomb, 

reduced in size t o  I x 4 x 6 mm (Fig. 1). 

4.  LASL Model I1 chemical dosimeter reader, modified 

(Fig. 3) . 
6 5. LASL Li lead c y l i n d r i c a l  dosimeter c o n t a i n e r ,  meas- 

uring 8 mm i n  diameter by 11 mm i n  height (Fig. 1). 
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Bmcaume of t he  inhe ren t  neutron response of a l l  g a m  

dtmiaeter syaterur covering a ride range, w e  have become re- 

8igned t o  tho w e  of a neutron sh ie ld ing  containar. 

illuatratem the chronologicrrl development8 in sh ie ld ing  con- 

tainers for dcwlmters umed in t h e  past 5 years  a t  this Lab- 

oratory. 

(AgP03 and cobalt glass) and the LASL powdered metallurgy 

techa iques  made possible the latest  m i l l i m e t e r  sized con ta ine r  

e h m  a t  the left .  

covered in 2 steps by t h e  Agm3 rod range of 10 t o  10 

and t he  cobalt  glass range of lo4 t o  10 

Figure 4 

The advent of t he  Bausch and Lomb microdosimetsr 

The t o t a l  range of 10 to lo7 rads is 
4 rads 

7 rads. 

The advantages of the millimeter sized glass rode (10 t o  

rad range) are t o  a certain e x t e n t  depreciated by g a m  
4 10 

energy dependence below several k i l o v o l t s  and by therm1 

neutron s e n s i t i v i t y  whether i n c i d e n t ,  reflected, or degraded 

in t y p e .  

observed by t h i s  group i n  the f i e l d  examination of the  m i l i t a r y  

version of the AgPOQ dosimeter. The energy dependence observed 

i a  be l ieved  t o  be related t o  photoelectric effect a t  lwer 

e n e r g i e s .  The thermal neutron response is bel ieved t o  be due 

to a c t i v a t i o n  and subsequent gamma decay of t he  glass-contained 

silver phosphate, c r e a t i n g  an i n t e r n a l  source of the  type 

These undesirable features have been previous ly  

t1,2 2.3 min _CdlO* + 7 108 
-.--c A e  

107 (51%) n + Ag 

and 
n + Ag 109 (49%)-Ag 110 t 112 24 S ~ C  C d l l O  + 

i 
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The problem of combining heavy m e t a l  s h i e l d i n g  t o  reduce 

lar energy gam8 dependence w i t h  high cross s e c t i o n  thermal 

neutron sh ie ld ing  that would not  involve gap.  de-7 was re- 

8olved  through tb mixture  of Li% w i t h  lead in powdered 

meta l lurgy  combination t o  produce t h e  8 x 11 p1 c o n t a i n e r  

(Fig. 1). 

plus 0.75 mm of lead was experimental ly  determined adequate  

by exposure t o  thermal .neutrons in the  Los A l a m o s  Water 

Boiler measuring i n t e r n a l  f l u x  by gold a c t i v a t i o n  and by 

comparison of t h e  response of the rods t o  t h e  known gamma 

dose. Tho r e a u l t  was a 1.75 ma wall th i ckness  c o n t a i n e r  

c o n s i s t i n g  of 21 per c e n t  Li'F and 79 per c e n t  lead by 

weight. 

d e l i v e r e d  needed ad jus tments  f o r  our purpoee. E l imina t ion  

of l i g h t  lealts, s u b s t i t u t i o n  f o r  n u l l  meter.. and r e l o c a t i o n  

of dia ls  as shom in Fig. 2 r e s u l t e d  i n  satisfactory opera- 

t ion. 

The coab iaa t ion  of 1 mm equ iva len t  of Lie  metal 

The Bausch and Lomb AgP03 microdosimeter reader as 

4 The cobalt glass plates suppl ied  by Bausch and Lomb (10 

t o  lo7 rad range) respond t o  r a d i a t i o n  by change i n  l i g h t  

a b s o r p t i o n .  S tudiea  of t h e  absorp t ion  s-ctra using t h e  Beck- 

man DK-1 Spectrophotometer i nd ica t ed  that a 2 band f i l t e r  

photometer measuring l i g h t  t r ansmi t t ance  a t  430 and 570 mv 

would be s u i t a b l e .  The t ransmission of t h e  2 bands w a s  elec- 

t r o n i c a l l y  set equal  for unexposed plates such that R - 
T570/T430 - 1. C a l i b r a t i o n  curves were prepared by p l o t t i n g  
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Rf - Ro v e r 8 w  do80 (log-log). 

ceived f r i  Baurrch and Loprb measuring 6 x 15 x 1.5 mm were cut 

t o  3 X 7 . 5  x 1.5 n in order t o  f i t  t h e  Lf 6 F-Pb c o n t a i n e r .  

T b  reader ( U S L  Model XI chenical dosimetry reader, s l i g h t l y  

modified t o  the t r r m u l s s i o n  spectra above) proved adequate  

except for mechanical and op t i ca l  alignment problema which 

are now being re8olved. 

Theae glass plates as re- 

Curve8 of the roaponoe of the AgP03  and c o b a l t  glass 

dosimeters appear in Fig. 5 .  I t  w i l l  be noted that  the AgPO, 
J 

response above 4 x 10 3 rads begins t o  lose l i n e a r i t y  w i t h  

a negat ive  slope beginning a t  - 4 x 10 4 rads. 

dose. F l a t t e n i n g  of the curve  occurs a t  - 2 x lo4 rads w i t h  

It  is bel ieved  

that the curve characteristic beyond 4 x lo3 rad8 is due t o  

r a d i a t i o n  darkening of the  g l a s s  competing with the fluorescence 

effect which i t s e l f  may be l i n e a r  considerably beyond. Although 

t h e  cobalt glass p l a t e s  show a beginning response a t  lo4 rads, 

t h e  r e p r o d u c i b i l i t y  between p l a t e s  and between readings  is 

n o t  completely s a t i s f a c t o r y  below 5 x 10 4 r ads .  Above 2 x 10 G rads. 

no t  approach a zero slope u n t i l  doses in excess of 2 x 10 7 rads 

the  cobalt glass response l o s e s  its l i n e a r i t y ;  however, it does 

a r e  de l ivered .  

DISCUSSION 

This new dosimeter system has proved s a t i s f a c t o r y  and is 
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no1 i n  r o u t i l u  u8a i n  both  l abora to ry  and f i e l d  measurements 

Of 0.- doma. 

cbrricrl domintor owing t o  its greater s t a b i l i t y ,  SPoller 

8iz0, ready a v a i l a b i l i t y ,  less cost ,  greater p r e c i s i o n ,  lower 

~ m 8 p o ~ e  t o  faat neutrons, and inc reased  convenience. Using 

4 rod8 rad 1 plate  per c o n t r l n e r ,  r e p r o d u c i b i I l t y  over t he  

ranga of 10 t o  10 rads is approximately - + 5 per c e n t  except  
4 4 i n  tho region of 1 x 10 t o  5 x 10 rads. The fast neutron 

remponse of the system is less than  1 per c e n t  on a per rad 

b.Sis, while the thermal neutron t r ansmiss ion  through the  

c o a t r l n e r  wall is - 5 per c e n t .  

- 4 8  h0-8 t o  r e a c h  s t a b i l i t y  and i f  r ead ings  are r e q u i r e d  a t  

earlier times, s t a n d a r d s  must be exposed s imultaneously t o  a 

known g a m  source. The BPusch and Lomb reader is a precision 

device  o p t i c a l l y .  The WISL Model I1 chemical dosimeter 

reader was n o t  de8lgned p a r t i c u l a r l y  f o r  t h e  purpose of read- 

ing c o b a l t  glass and thu8 could be Improved in its mechanical 

and o p t i c a l  des ign ;  however, it has proven stable and usable  

provided t h e  ope ra to r  is experienced and mechanically i n c l i n e d .  

A new des ign  f o r  the cobalt glass reader is p r e s e n t l y  under 

c o n s i d e r a t i o n .  

I t  ha8 replrced tho t e t r a c h l o r o e t h y l e n e  

7 

The AgP03 r o d s  r e q u i r e  

I 
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Body Sodirn24 Mo&8uremnt for Peraonnel Monitoring and Cas- 
ualty b8mo8r~wnt (E. R. Ballinger and P. S. Harris) 

INTRODUCTION 

Thh I8 a con t inu ing  r tudy  t o  i n v e 6 t i g a t e  tho f e m i b i l -  

i t y  and techniques  of us ing  neutronyinduced body Na 24 a c t i v -  

i t y  au a measure of personnel  neutron dose f o r  ca8ua l ty  

a86esmment purpomea. The technique presupposes that per- 

sonnel  t o  be monitored can r ece ive  surface decontamination 

and are ambulatory o r  can otherwise be removed t o  a rel- 

a t i v e l y  uncontaminated area fo r  gamma measurements of body 

Na2' a c t i v i t y  Work accomplished and p rev ious ly  reported (1) 

cons i s t ed  of the des ign ,  cons t ruc t ion ,  and c a l i b r a t i o n  of 

the  Yodel I ,  110 v o l t  sodium a c t i v i t y  meter and prel iminary 

work on a Yodel XI, bat te ry  operated, p o r t a b l e  hand-carried 

amtor and probe. The probe, a sodium iod ide  s c i n t i l l a t o r -  

photomul t ip l ie r  tube  assembly, when he ld  over the lumbar 

area of the back, w i l l  cause t h e  meter t o  read in rads of 

1.5 x 10 

produce the body Na2* a c t i v i t y  observed a t  t + n d a y s  and 

hours. 

6 8v neut rons  a t  t - 0 ,  which would be r equ i r ed  t o  

- 

Work accomplished during t h e  present r e p o r t i n g  period 

involved (a) measurements of Na2* a c t i v i t y  produced i n  

p l a s t i c  phantoms under va r i ed  inc iden t  neutron spectra using 

f 0 4 7 1 1 0  -325- 



l a b o r a t o r y  and f i e l d  sources ;  (b) comparison and e v a l u a t i o n  

of body Na24 a c t i v i t y  per neutron versw average neu t ron  

energy w i t h  tboretial p r e d i c t i o n s ;  (c) i n v e s t i g a t i o n  of 

the r a t i o  of body 

a c t i v i t y  of an e x t e r n a l l y  worn f o i l  as  a means of e s t i m t i n g  

the average i n c i d e n t  neutron energy; and (d) attempts a t  

c o n s t r u c t i o n  of a curve of average  neutron energy v e r s u s  

c o r r e c t i o n  v a l u e  t o  be applied t o  the meter r ead ing  when t h e  

average i n c i d e n t  energy s i g n i f i c a n t l y  d i f f e r e d  from t h e  

1.5 x 10 

a c t i v i t y  t o  the neutron-induced 

6 ev  energy a t  which t h e  meter c a l i b r a t i o n  was made. 
24 In theory ,  i f  one can measure t h e  amount of body Na 

a c t i v i t y  produced by neut rons  of known energy, one c a n  deter- 

mine t h e  neutron dens i ty  and thus ,  w i t h  values  for energy 

and d e n s i t y ,  c a l c u l a t e  t he  dose in rads.  If such a sodium 

a c t i v i t y  meter, f o r  the purpose of func t iona l  u t i l i t y ,  is 

calibrated t o  read d i r e c t l y  in rads of i nc iden t  neut rons  of 

a specific o r  average energy which would be r e q u i r e d  t o  pro- 

duce t h e  amount of Na24 gamma a c t i v i t y  observed, then  t h e  

meter w i l l  not n e c e s s a r i l y  correct ly  measure t h e  dose from 

neut rons  of ano the r  specific or average energy. If a rel- 

a t i v e l y  s imple means of e s t ima t ing  average neutron energy 

could  be devised,  c o r r e c t i o n  va lues  c o u l d  be developed and 

appl ied  t o  t h e  meter reading  t o  approximate more c lose ly  the 

a c t u a l  neutron dose r ece ived .  An a t tempt  t o  des ign  such  a 

method is t h e  present  basis of 3;1r s t u d y .  

f 0 4 1 1 1 1  -326- 
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Th. Sodium A c t i v i t y  Meter (SAY) i 8  made up of 2 u n i t s :  

a lead-8mlo8.d ~ o d i ~ p a  iodide scintillator-photomultipller 

t ube  probe connected by sh i e lded  cable t o  a power Supply, 

amplifier, and rate meter u n i t  w i t h  c o n t r o l s  (pig. 1) The 

power supply and a m p l i f i e r  use mercury cell batteries and 

transistorized c i r c u i t r y .  The meter is scaled in rads of 

1.5 MeV neut rons  r equ i r ed  t o  produce t h e  NaZ4 a c t i v i t y  ob- 

served when the  probe is app l i ed  t o  t h e  lumbar area of t h e  

back of t h e  i n d i v i d u a l  being monitored. The c o n t r o l s  per= 

m i t  8 2-8CrlO range (1 t o  100 rads and 1 t o  lo00 rads), a 

zero a d j u s t  t o  compensate for background a c t i v i t y  up t o  

- 5  m r h ,  and a decay c o r r e c t i o n  in d a y s  and hours p o r t  

exposure t o  o b t a i n  t - 0 r ead ings .  The meter w i l l  read 

d i r e c t l y  and correctly in rads of i n c i d e n t  neut rons  of 

1.5 MeV average  energy and was so calibrated from exposures 

of p l a s t i c  phantoms t o  the  LASL Godiva I1 cr i t ica l  assembly.  

From t h a o r e t i c a l  curves  ad jus t ed  t o  experimentally deter- 

mined p o i n t s ,  it has been shown that when t h e  average neutron 

energy is greater than  1.5 MeV,  the  meter reading  w i l l  tend 

t o  be low ( i .e . ,  t h e  Na24 a c t i v i t y  produced per neutron does 

not  i n c r e a s e  as the  rads per  neutron a t  these ene rg ie s )  and 

that when t h e  average neutron energy is less than 1.5 M e V ,  

t h e  meter read ing  will t end  t o  b e ' h i g h  ( i . e . , .  the  Na24  a c t i v i t y  

-327- .r - 
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per aou t ron  doos not  decrease am r a p i d l y  as t h e  rads per 

noutron a t  thme enorg iea ) .  

Although t h e  Ha23 + n -Na24 r e a c t i o n  is higher for 

noutron8 o f  t h o n u l  energy, t h e  r e v e r s e  is seen  when plastfc 

p h r n t m  c o n t a i n i n g  1.5 g Na23 per k i l o  of water are exposed. 

In t h i s  ~180, tho high albedo of thermal  neut rons  i n c i d e n t  

upon the body and t h e  high degree of moderation of f a s t  

neut ron8  t o  thermal l e v e l s  w i t h i n  t h e  body r e s u l t s  i n  a n  

appa ren t  high croals s e c t i o n  of N P ~ ~  i n  t he  body for  fast 

neut rons .  

i n c r e a s e  roughly w i t h  increased  neutron energy on a per 

neut ron  baeim and s i n c e  many a a t e r l a l a  capable of induced 

neut ron  a c t i v a t i o n  vary i n v e r s e l y  w i t h  neutron energy, it 

was conaidered that perhaps t h e  r a t i o  of t h e  above might be 

related t o  and used t o  g i v e  a rough i n d i c a t i o n  of t h e  average 

neut ron  energy of unknown spectra (Fig. 2) .  If the  average  

energy could  be t h u s  obtained,  a curve  of En ver sus  meter 

c o r r e c t i o n  va lue  could be cons t ruc t ed .  Because t h e  elec- 

t r o n i c  decay c o r r e c t i o n s  were set for  the  15 hour half-life 

of copper (a material of slmilar ha l f - l i f e )  was chosen 

as t h e  c o u n t e r p a r t  i n  t h e  r a t i o  referred t o  above. 

Thus, s i n c e  t h e  body N a 2 4  a c t i v i t y  was found t o  

The metal copper is - 7 0  per c e n t  Cu63 w i t h  a 4.4  barn 

cross s e c t i o n  f o r  thermal neutrons and a 12.8 hour half-life 

involv ing  a 1.34 Mev ganxna decay. The - 30 per c e n t  Cu 65 
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! 
, w i t h  m n l l m r  cr0.8 e e c t i o n  and 5 minute h a l f - l i f e  can  be dis- 

regarded. The cr-8 a e c t i o n  of CuG3 is l / v  in t ype  and 

Wp.8r8 t o  hvm no s i g n i f i c a n t  c r p t u r e  r0SOn.aIIC98 above 

t 

\ 
I 

I. thermal en.rgi.8. 

The p r e s e n t l y  proposed manner of opera t ion  of t h i 8  
I 

8y8t(M, which admi t ted ly  has no t  y e t  reached t h e  desired 

degree of ref inement ,  I s  t i e d  i n  w i t h  t h e  AgP03  g a d  dosim- 

eter when considered f o r  use i n  c a s u a l t y  assessment procedure. 

Tb expo8.d peraonnel a r e  removed t o  a r e l a t i v e l y  uncontam- 

inated area after showering. A n  Ideal loca t ion  would be t h e  

lead shielded X-ray room of a local h o s p i t a l .  

dosirmeters are first read for gamma dose.  In the  e v e n t  that 

the gamma dose is i n s i g n i f i c a n t  i n  c a s u a l t y  terminology, it 

can be assumed that any associated neutron exposure is a180 

i n c o m e q u e n t i a l  and in t he  event  l a r g e  numbers of persons  

The AgPO3 

are involved,  the  procedure of screening  can end a t  t h i s  

p o i n t .  In the event  t h a t  the gamma dose is in excess  of 10 

t o  25 rads, the  i n d i v i d u a l  is t hen  probed over the  lumbar a r e a  

of the  back with the  S A M  fo r  induced NaZ4 a c t i v i t y .  

meter read ing  is In excems of -50 t o  100 rads, It would be- 

come de8irable t o  c o r r e c t  t h i s  reading  for t h e  average 

I n c i d e n t  neutron energy. T h i s  I s  accomplished by p l a c i n g  h i s  

copper foil (3/4 x 3/4 i n . )  on t h e  probe and o b t a i n i n g  t h e  

r a t i o  of body Na24 t o  copper foil a c t i v i t y .  

If the 

By e n t e r i n g  the  
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graph (Fig. 3) a t  t h e  N a 2 4 / C ~ 6 4  va lue ,  one come8 out  w i t h  a 

c o r r e c t i o n  v a l u 8  or m u l t i p l i e r  which, when a p p l i e d  t o  the  

body sodium r ead ing ,  w i l l  more c losely a p p r o x i m t e  t h e  actual 

neutron dome rece ived .  

DISCUSSION 

I t  should  be s t a t e d  a t  t h e  o u t s e t  that t h i s  t y p e  of body 

8 o d i u ~  mO88~rement can probably more correctly be termed 

monitor ing t h a n  dos imet ry .  The accuracy involved i n  t h e  case 

of unknown spectra cannot be expected t o  be much better than  

- + 50 per c e n t  us ing  t h e  admi t ted ly  unref ined  c o r r e c t i o n  va lue  

curve,  which is now based upon - 4  d i f f e r e n t  spectral p o i n t s ,  

wi th  t h e o r e t i c a l  guest imates  as t o  t h e  curve  conf igu ra t ion  

between these p o i n t s ,  H k e v e r ,  despi te  t h e  p re sen t  s t a t e  of 

development, t h e  a u t h o r s  be l i eve  t ha t  it h a s  cons ide rab le  

merit i n  terms of f u t u r e  p o t e n t i a l i t y .  As I t  s t a n d s  a t  pre- 

s e n t ,  t he  SAM can  scan  for t h e  presence of induced body 

sodium a c t i v i t y  for  doses above 10 r out  t o  s e v e r a l  days post 

exposure a t  a rate of 2 t o  3 persons per minute and r e q u i r e s  

only minimal t r a i n i n g  and a r e l a t i v e l y  low background area 

w i t h  shower fac i l i t i es .  To correct the readings  by use of 

t h e  copper f o i l  could probably be done a t  t h e  ra te  of 1 per- 

son per minute w i t h  a n  accuracy of - +  50 per c e n t .  Future  

plan8 invo lve  cont inuing p las t ic  phantom and copper foil expo- 

sures t o  d i f f e r e n t  neutron s p e c t r a  t o  obta in  as many a d d i t t o n a i  

- 

-332- r' 

LANL + z r  . .. 



0. I I IO 

CORRECTION VALUE ( MULTI PLlER 1 

F i g .  3 .  Meter correction factors a s  a function of the ratio 
of body Na24/Cu64 determined from meter reading. 

-333- 



O % P O r h ~ n t a l  p o i n t s  am porraible i n  order t o  r e f i n e  the corrsc- 

t i o n  vrrlue curve, t o  modify t he  c i r c u i t r y  in such a way as t o  

introduce a lonr gats a t  - 1.5 MeV and in SO doing enable 

I(ru g8prsarr re8ding. t o  be mads in r e l a t i v e l y  high background 

afoa8, and t o  invemtigate t h e  we of copper f o i l s  included 

in a n  item of c l o t h i n g  p a r t i c u l a r l y  for  the  m i l i t a r y  i n  con- 

junc t ion  w i t h  AgP03 microdosimeter rods by Bausch and Lomb. 

(1) E. R. Balliager, P. S. Harris, and J .  Ii. Larkins ,  &s 
A ~ M W  S c i e n t i f i c  Laboratory Report LAMS-2455 (1960), 
p. 206. 
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Since the latter part of 1950, it ha8 been collllon prac- 

tice t o  sample tho f i s s i o n  products  of nuc lea r  d e t o n a t i o n s  

and f i e l d  reactor e f f l u e n t  by means of aircraft .  Crem 

w m b o r s  have r o u t i n e l y  worn gamma f i l m  dosimetry. Due t o  

tho fact that a t  t h e  t i m e  of n u c l e a r  detonations t h e  air-  

craft were cons iderably  beyond t h e  mean free pa th  of 

neu t rons  and t h a t  t h e  neutron hazard post de tona t ion  w a s  

i n c o n s e q u e n t i a l ,  no. s e r i o u s  attempts were made t o  monitor 

aircrews for  neutron dose. 

Kiwi-A and Kiwi-A Pr ime dur ing  f u l l  power runs was s i m i l a r l y  

monitored p r i m a r i l y  for gamma dose. 

The sampling of t h e  e f f l u e n t  of 

Certain f i lm  badge d i s c r e p a n c i e s  r e s u l t a n t  of these 

I r u n s  suggested t h e  p o s s i b i l i t y  that thermal neutrons might 

be c o n t r i b u t i n g  i n  some cases t o  t h e  gamma f i l m  badge read- 

ing .  I f ,  in fact, such a cond i t ion  existed, then t h e  prob- 

a b i l i t y  that fas t  neutrons might be c o n t r i b u t i n g  a s i g n i f -  

i c a n t  portion of the  body dose could  n o t  be neglected. 

Consequently,  a l l  -a i rcraf t  and crew members on K i w i - A  

Three o p e r a t i o n  were equipped w i t h  gamma and neutron 

dosimetry.  
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yITH61)S AND UTERIALS 

A l l  aircrew members of t h e  aircraf t wore gamma- 

neutron f i l m  packet8 from WISL and -CO p l u s  gamma packets  

from Wr igh t -mt t e r son  A i r  Force Base, Ohio. 

members wore special lithium-shielded gamma f i l m  badges and 

swallowed g8mm8 f i l m  capsu le s  -3 hours p r i o r  t o  t h e  sampling 

A l lma i rc rew 

nis8ion. m o f m  crew members had base l i n e  Human Counter 

measurements -1 week p r i o r  t o  t h e  mission.  

A l l  a i rcraf t  were equipped w i t h  20-kilo p o l y e t h y l e n e  jugs  

conta in ing  10 t i m e s  normal p h y s i o l o g i c a l  s a l i n e  s o l u t i o n  

(15 g Na/kllo azo). A l l  a i r c r a f t  were equipped w i t h  a gamma 

f i l m  packet hung in air i n  t h e  after-compartment, a l i thium- 

shielded gamma f i l m  packet a t  a s imi l a r  p o s i t i o n ,  as w e l l  as 

a neutron f i l m  packet. Following t h e  miss ion ,  a l l  f i l m s  were 

re tu rned  t o  their o r i g i n a l  sources  f o r  reading .  

m e m b e r s  who r e c e i v e d  Human Counter base l i n e  s t u d i e s  were 

The mcrew 

returned t o  WISL and counted - 2 0  hours post mission. 

RESULTS AND DISCUSSION 

Highest gamma readings  i n  a l l  cases were found on t h e  

unshielded gamma f i l m  packet hung i n  a i r  i n  t h e  a f te r -  

compartment of t h e m  a i r c r a f t .  

a l l  cases were on t h e  l i thium-shielded gamma f i l m  packet 

s i m i l a r l y  placed and on t h e  u n s h i e l d e d  gamma packet  on t h e  

Lowest gamma readings  i n  
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). copilot .  The lithium-shielded crew member badge8 were 

1 
I 

damaged t o  the p rec lus ion  of r ead ing  by packing proc~dures. 

Thus, for the p s r t i c u l a r  configuration of the sampling 

p.8808 and d i s t a n c e  fraa the r e a c t o r ,  it would app0.r th8t 

the  therm1 neut ron  effect anouted t o  a 20 t o  30 per c e n t  

exaggera t ion  on a n  unshielded gama f i l m  packet and that  

the shielding b u i l t  in around t h e  c o p i l o t  reduced h i s  gamma 

exposure over that of t h e  p i l o t  by -10 per c e n t  and over 

tht of t he  in-air dose in t h e  after-compartment by - 20 t o  

30 per cent. 

Neutron dosimetry iron f i l m  packets in t h e  after- 

compartment of the aircraft, when uncorrected f o r  RBIS, was 

i n  reasonable agreement w i t h  Human Counter measurements, 

when corrected for i n c i d e n t  neutron energy. Neutron badges 

worn by crew members gave un re l i ab ly  low numbers. 

neutron exposure, as measured i n  the after-compartment, 

The 

amounted t o  - 1/3 t o  1/4 of the  gama dose uncorrec ted  fo r  

RBE. 

omit ted for classlf icat ion purposes.  

A c t u a l  dose and distance and v e l o c i t y  va lues  are 

DISCUSSION 

Thermal neutron effect on gama f i l m  badges cannot be 

disregarded on aircraf t  sampling missions when sampling 

a c t i v i t i e s  are being carried out  before  reactor shutdown. 

1 0 4 1 1 8 2  
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A pair of l i th iun-8hle lded  and unshielded f i l m  badges i n  

the  af tor -compar tmnt  of the  aircraft  probably g i v e s  t h e  

root rep roduc ib le  gam va lue ,  is t h e  simplest way t o  deter- 

mine the premence of thermal neutrons us ing  only gamm8 f i l m ,  

and probably r e p r e s e n t s  t h e  maximum p o s s i b l e  exposure t o  a 

crew member. A neutron f i l m  packet in t h e  after-compartment 

of t h e  a i rcraf t  s i m i l a r l y  g i v e s  t h e  most reproducible and 

reliable va lue  and a g a i n  probably r e p r e s e n t s  the maximum 

pos8ible exposure t o  a crew member. 

swallowed -3 hours p r i o r  t o  t h e  miss ion ,mwere  recovered 

and undamaged by g a s t r i c  c o n t e n t s .  

2/3 of t h e  e x t e r n a l l y  worn f i l m  badge. 

f i l l e d  w i t h  10 times normal phys io log ica l  s a l i n e  were in -  

stalled i n  t he  a i rcraf t  in a n t i c i p a t i o n  of t h e  p o s s i b i l i t y  

that t h e  n e u t r o n  dose t o  crew members would be below t h e  

measurable l i m i t s  of t h e  LASL Human Counter. T h i s ,  however, 

was n o t  t he  case, and t h e  a c t u a l  body counts  of t h e  crew 

members themselves were used t o  ind ica te  t h e i r  thermal 

neutron dose. 

Of t h e m f i l m  capsu le s  

Readings were roughly 

The polye thylene  j u g s  

1 0 4 1 1 8 3  -338- 



Tho U80 of Graphite-CO, I o n i z a t i o n  Chambers  f o r  t h e  Deter- 
minat ion  of G a m  Flux and the E f f e c t i v e  Transmisoion of the 
F r o n t  Peathoume Pace of T e s t  C e l l  "Ce* during K i w i - A  Prime 
and Kiwi-A Three (F. C. V. Worman) 

INTRODUCTXON 

During t h e  planning of Project Rover, a reques t  was made 

for the f a b r i c a t i o n  of a high i n t e n s i t y  gamma rate meter t o  

be used for the measurement of gamma f l u x  from t h e  K i w i  

reactors. 

a 6-decade range -8 b u i l t  and is described i n  Los Alamos 

S c i ~ n t i f i c  U b o r a t o r y  Report LA-2361 (1) This  instrumenta- 

t i o n  was used on K l w i - A  P r i m e  and K i w i - A  Three f o r  t h e  pur- 

pose of measuring gamma f l u x  i n  t h e  presence of neut rons  and 

t o  determine  t h e  t ransmission of t h e  front test  ce l l  w a l l  f o r  

gamma r a d i a t i o n .  

A graphite-C02 i o n i z a t i o n  chamber inst rument  w i t h  

YeTHODS 

Two ins t ruments  were used du r ing  t h e  high power runs of 

the K i w i  series. One chamber w a s  placed in t h e  penthouse 

of T e s t  C e l l  "Ce* a t  a d i s t a n c e  of -20 f t  from t h e  c e n t e r  of 

t h e  reactor, This  chamber had t h e  same loca t ion  f o r  

Plans 1168 of Kiwi-A Prime and 2168 of K i w i - A  Three, Read- 

ings a t  t h i s  s t a t i o n  expressed a dose ra te  w i t h  4.75 f t  of 

c o n c r e t e  in te rvened  between t h e  s t a t i o n  and t h e  r e a c t o r .  

-339- 



During Klvi-A Primu, a second i n s t r u n e n t  was placed on 

th0 co rne r  of tb. test cell roof a t  a d i s t a n c e  of 

where a free a i r  do88 warn obta ined .  During Kiwi-A Three, 

I t  -8 necessary  t o  move t h e  o u t s i d e  chamber t o  t h e  pent- 

h o w  roof a t  a d i s t a n c e  of - 2 5  it. 

c m b i n g  of the f r o n t  face of t h e  test ce l l  in t roduced  1.5 f t  

Of conc re t e  between inst rument  and r e a c t o r .  

-30 f t ,  

A t  t h i s  p o s i t i o n ,  t h e  

SoVO-1 C h m n g e s  were made in the  in s t rumen ta t ion  s i n c e  

It8 d e s c r i p t i o n  i n  a r e c e n t  r e p o r t  (1). 

h8Ve been s impl i f ied ,  and t h e  logar i thmic  r ead ing  a b i l i t y  of 

the instrument  has been improved. 

the log a m p l i f i e r  (pig.  1) may be compared with t h a t  shown i n  

the previous  r e p o r t .  

and r ead ings  aade on wide chart Brown r e c o r d e r s  t o  f ac i l i t a t e  

a n a l y s i s  of data and e l i m i n a t e  t h e  n e c e s s i t y  of changing 

graph paper when t h e  r e a c t o r  running schedules  were i n t e r r u p t e d  

for some reason .  

The e l e c t r o n i c s  

The schematic diagram of 

The Saaborn recorders were e l imina ted  

' 

RESULTS AND DISCUSSION 

During Plan 116B of K i w i - A  m t - i m e ,  peak gamma r a d i a t i o n  

l e v e l s  a t  f u l l  reactor power were obtained a t  both i n s i d e  and 

o u t s i d e  s t a t i o n s .  

a t  a d i s t a n c e  of - 30 f t  was 990,OOO r/hr. 

s i d e  the  test ce l l  through 4 .75  ft of conc re t e  was -100 rlhr- 

The reading  in a i r  a t  t h e  o u t s i d e  s t a t i o n  

The r ead ing  in- 
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A 8  the power cable t o  t h e  g r a p h i t e  chambers was burned du r ing  

the  peak of the pa re r  run ,  it was not  possible t o  determine 

an i n t e g r a t e d  dose fo r  t h i s  p l an .  

On Plan 216B of K i w i - A  Three, t h e  i n a i d e  in s t rumen ta t ion  

The average reading over  t h e  f u l l  operated very  e f f i c i e n t l y .  

power p o r t i o n  of t he  reactor run i nd ica t ed  a gamma f l u x  of 

- 4 0 0  r/hr i n s i d e  the test  cel l .  The i n t e g r a t e d  dose over  t h e  

e n t i r e  power run  showed a t o t a l  of greater than 50 r .  cam- 

parison of the  i n s i d e  r e a d i n g s  w i t h  those measured by t h e  

s c i n t i l l a t i o n  method in free a i r  a t  approximately t h e  same 

d i e t a n c e  (2) i n d i c a t e d  a t ransmiss ion  factor f o r  t h e  f r o n t  

face of t h e  penthouse on T e s t  C e l l  "Ctt of 2.11 x This 

factor  shows the  e f f e c t i v e  t ransmiss ion  of t h e  penthouse w i t h  

no s e p a r a t i o n  of sky s h i n e  (scatter) o r  of induced gamma radia- 

t i o n  in the  conc re t e  penthouse w a l l .  

Fur ther  analysis  of t h e  data and specific d i s t a n c e s ,  

doses, and dose rates w i l l  be reported as  an LA-document. 

REFERENCES 

(1) F. C.  V. Worman and P. S. Harris, Los Alamoa S c i e n t i f i c  
Laboratory Report LA-2361 (1959). 

(2) D. L .  Williams, Personal  communication. 
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Intagr8l Noutrorr and Gam Doam Y.r8urownt8 on KIWI-A Prime 
and K I W I 4  Thrw (P. S. Earria, F. C. V .  Woman, E. F. Hontoya, 
and D. G. O t t )  

I 

Con8lberable t i m e  was spen t  du r ing  t h i s  r e p o r t i n g  period 

On i n t e g r a l  dose and f l u x  measurements on t h e  Kiwi-A P r i m e  and 

K i a i - A  Three reactors of the Rover series, Yeasurenents were 

amdo t o  determine t h e  r a d i a t i o n  output  of these reactors dur- 

ing o p e r a t i o n  t o  assess them as r a d i a t i o n  sources for e x t r a p o u -  

t i o n  t o  f l y a b l e  systems. 

insofar a s  launch c o n t r o l  personnel  and manning personnel  are 

coacerned. 

minat ion of s h i e l d i n g  efficiencies and f o r  related r a d i a t i o n  

e f f e c t s  work. The information can be compared w i t h  that ob- 

These ou tpu t s  are important both 

They are a l s o  important fo r  c a l c u l a t i o n  and deter- 

t a i n e d  from weapons and o the r  high i n t e n s i t y  nuc lear  sourC98. 

This  work i a  a con t inua t ion  of a t tempts  t o  determine t h e  radia- 

t i o n  problems which e x i s t  i n  any u s e  of a Rover sys t em.  

MATERIALS AND LIETHODS 

I n t e g r a l  gamma r a y  doses a t  selected p o s i t i o n s  were deter- 

mined us ing  glass rod dosimeters. 

more f u l l y  d iscussed  elsewhere. In t h i s  u s e ,  t h e  rods  were 

conta ined  i n  s p e c i a l l y  made Li6 cans which e l imina ted  the  

thermal neutron po r t ion  of the  t o t a l  response. By the  j u d i c i o u s  

The glass rod s y s t e m  is 
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1 
use of cobalt glass p l a t e s ,  as  w e l l  a s  r o d s ,  t h e  dose range 

extended w e l l  i n t o  t he  m i l l i o n s  of rads r eg ion .  Neutron 

f l u x e s  and doses were determined us ing  t h e  f i s s i o n  f o i l  

system. In a d d i t i o n ,  gold f o i l s  and s u l f u r  p e l l e t s  were 

u t i l i z e d  t o  extend i n t o  the  thermal and high energy r eg ions .  

For t h i s  work, t h e  modified B1' con ta ine r  w a s  used through- 

o u t .  T h i s  system is more f u l l y  d iscussed  elsewhere. 

RESULTS 

For c l a s s i f i c a t i o n  reasons ,  r e s u l t s  are not  given i n  

detail  b u t  complete data for t h e  K i w i - A  P r i m e  series w i l l  be 

found i n  Los A l a m o s  S c i e n t i f i c  Laboratory Report LA-2456 (1). 

S p e c i f i c  r e s u l t s  on o t h e r  tests w i l l  be i ssued  a s  LA-documents. 

Both neutron and gamma r a y  measurements were made as a funct ion 

Of d i s t a n c e  from t h e  r e a c t o r  and under a v a r i e t y  of s h i e l d e d  

and unshielded cond i t  i ons .  

The i n t e g r a l  gaxuna doses dur ing  t h e  K i w i 4  Prime h igh  

power run  va r i ed  i n  a predictable  manner from a maximum of 

2.4  x 10 rads a t  close p o s i t i o n s  t o  17 rads a t  w e l l  over 

lo00 f t .  The ove r -a l l  t ransmiss ion  of t h e  penthouse on t o p  

of t he  tes t  cel l  was found t o  be 5 x loo4 f o r  gamma rays .  

T h i s  was p r i m a r i l y  due  t o  t h e  4-1/2 f t  conc re t e  w a l l  i n  Line 

w i t h  t he  reactor.  Gamma doses i n s i d e  t h e  test ce l l  d u r i n f :  

maximum run  were small but  would not permit occupancy rlurillff 

t h e  run .  The s c a t t e r e d  gamma rav dose a t  range d i s t ances  

7 
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fram a n  opaque s h i e l d  was found t o  be 35 per  c e n t .  

f a s t  neutron doses var i ed  from a maximum of 2 x 10' t o  5 rads 

over the  d i s t a n c e  of a f e w  feet t o  over 1000 f t  from t h e  

reactor. 

house w a s  1.3 x lo'*. 
was i n s i g n i f i c a n t .  

d i s t a n c e s  were found t o  be 60 per c e n t  of t h e  t o t a l .  

would be expected,  t h e  scattered neutron dose decrease w a s  

e s s e n t i a l l y  due t o  energy degradat ion of fas t  neut rons  i n  a i r  

rather than  a i r  abso rp t ion ,  if t h e  unshielded cond i t ion  is 

I n t e g r a l  

Fast neutron dose t ransmiss ion  through t h e  pent- 

Fas t  n e u t r o n  dose i n s i d e  t h e  t es t  cel l  

Scattered f a s t  neutron doses over range 

AS 

compared w i t h  the  shadow s h i e l d .  

DISCUSSION 

I n t e g r a l  neutron and gamma r a y  measuring sys t ems  

func t ioned  s a t i s f a c t o r i l y .  

methods w i l l  be expected t o  g ive  better information on spec- 

trum, some extens ion  of t h e  range of c o l l e c t i o n ,  and a con- 

t inued  eva lua t ion  of t h e  r a d i a t i o n  environment of nuc lea r  

F u r t h e r  ref inements  of t h e  

powered rocket s y s t e m s .  

REFERENCE 

(1) P. S. Harris, Los Alamos S c i e n t i f i c  Laboratory Report 
W-2456 (1960) , (C las s i f i ed )  . 
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Characteristics of t h e  Large H-4 F i s s i o n  Gama Counter 
(J. A .  Sayeg, J. H. Larkins ,  3nd E. L. Carr) 

INTRODUCTION 

The f i s s i o n  thiWsho1d d e t e c t o r  technique as proposed by  

Hurs t  and co-workers (1) has been used e x t e n s i v e l y  a t  t h i s  

Laboratory f o r  t h e  measurement of neut ron  f l u x ,  spectrum, 

and t i s s u e  dose (2). I t  h a s  been our  aim t o  improve t h e  

ins t rumenta t ion  of this method i n  accordance w i t h  c u r r e n t  

needs.  The p resen t  paper describes t h e  characterist ics of 

t h e  large H-4 f i s s i o n  gamma coun te r  c h r i s t e n e d  "Jumbo No. 1" 

(J-1) because of its size compared t o  o t h e r  coun te r s  pre-  

v i o u s l y  des izned .  

SIETHODS AND RESULTS 

Desc r in t ion  

Th i s  u n i t  c o n s i s t s  of 2 opposing 4 i n ,  diameter, 2 i n .  

t h i c k ,  sodium iociide c rys t a l s  s h i e l d e d  by a t runca ted  518 in. 

t h i c k  lead absorber  t o  reduce  t h e  n a t u r a l  background of t h e  

f o i l s  used (see Fig. 1). E a c h  c r y s t a l  is connected t o  a 

DulUont No. 5363 2 i n .  pho tomul t ip l i e r  tube .  The e n t i r e  

a s s e m b l y  is s h i e l d e d  by approximately 4 in. of lead. The 

ou tpu t  of each pho tomul t ip l i e r  is connected t:, il common 

Node1 250N l reampl i f ie i - ,  t hence  t o  a Yodel 250 a m p l i f i e r ,  a 
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Model 120 dua l  channel  analyzer, and f i n a l l y  t o  2 Model 775 

scalers. 

ing  s imultaneously a t  2 d i f f e r e n t  th reshold  count ing  bias 

values, thus permi t t i ng  twice the  data t o  be obta ined  in t he  

same count ing t i m e .  

These e l e c t r o n i c  components provide a means of count -  

Characteristics of the  Counter 

The counter  biaa ve r sus  gamma ray energy r e l a t i o n  was 

obtained by us ing  samples of Cs 137 (0.66 Mev), Na22 (0.51 and 

1.28 Mev) , and Np 237 (0.31 M e V )  . These samples were counted 

i n  1 v o l t  channel  w i d t h s .  The gamma r a y  energy ve r sus  i n t e g r a l  

bias r e l a t i o n  is shown in Fig. 2.  Counter bias va lues  of 

0.51 and 1.2 LIev were chosen t o  eva lua te  t h e  f a s t  neutron 

counter  c a l i b r a t i o n s  from a thermal neutron f o i l  exposure.  

Thermal Neutron C a l i b r a t i o n  
~ ~ ~~ 

238 (1,~) were 

i r rad ia ted  w i t h  thermal neutrons from p o r t  S-1 of t h e  LOS 

Alamos Yater Boi le r ,  The f o i l s  were placed a t  a d i s t a n c e  of 

40-1/8 i n .  from t h e  bismuth wall and each  was given a sep- 

a ra t e  exposure of 1 Im for 2 m i n u t e s .  Each exposure was 

monitored by a 10 m i l  gold f o i l  placed 50-1/8 i n .  from t h e  

bismuth wall. The gold  f o i l  monitor i n d i c a t e d  an i n t eg ra l  

239 Np22i, and Equivalent  f o i l s  of Pu , 
* 

* P o r t  No. 1 of t h e  sou th  thermal column ( 2 ) .  

I O 4 1 1 9 3  -548- 
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flux of 1.89 x lolo thermal  neutrons/cm2.* 

t h e n  counted for a per iod  of 8 hours.  The 3-hour p o s t  expo- 

s u r e  p o i n t  was a r b i t r a r i l y  chosen as our c a l i b r a t i o n  time. 

Tab le  1 shows the decay r e l a t i o n s  ob ta ined ,  normalized t o  

3 hours post i r r a d i a t i o n  time. Also shown are the  calibra- 

t i o n  c o n s t a n t s  for t he  2 coun te r  bias va lues .  The param- 

eters used i n  these e v a l u a t i o n s  are d iscussed  in de ta i l  i n  

Ref. 2.  

The f o i l s  wore 

** 

Foi l  Background 

Table 2 shows t h e  background v a l u e s  f o r  t h e  f o i l s  used 

a t  the 2 d i f f e r e n t  bias l e v e l s .  These f o i l  backgrounds are 

dependent upon t h e  amount of absorber used between t h e  f o i l  

and c r y s t a l  and can be v a r i e d  by us ing  a d i f f e r e n t  absorber 

t h i c k n e s s  and geometry. The background a t  1 . 2  bIev for NP 

appea r s  high, i n  view of the f ac t  that n a t u r a l  Np has no  

2 :: 'I 

2:: : 

gamma r a y s  above 0 . 3  B!ev. T h i s  high va lue  of backgroucd is 

believed t o  be due t o  pu l se  p i l e - u p  as a r e s u l t  of the large 

count ing  rates a t  t h e  lower e n e r g i e s .  

* 
T h i s  v a l u e  is approximately 10 per c e n t  h i g h e r  than  v a l u e s  

p rev ious ly  obta ined .  Th i s  discrepancy is being i n v e s t i g a t e d .  

competing Np 53; ( n , y )  YJp s5s r e a c t i o n  v:hich g ives  rise t o  rt 
gamma r a y  energy of 1.0 Yev. 

** Np23 -' The data a Q.51 Llev f * are n o t  used because 9% the 
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TABU 2. FOIL BACIGROmoD OF THE FISSION NEUTRON D m -  

P u ~ ~ ' ,  Np 237 , AND s3* FOR TEE LARGE GAMMA FXSSIO 

COUNTER (J-1) 
- 

Foil Background (c/m/g) 

pu239 Np237 P8 Counter Bias 
( b v )  

0.51 (natural counter 
background = 385 c/m) 0230 22,560 1!546 

1.2 (natural counter  
background = 140 c/m) 1012 190 95 

'h , 
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Neutron Flux, Spectrum, and T i s s u e  Dose Evalua t ions  for the 
Sandia Port of tha Omega West Reactor F a c i l i t y  (J .  A .  Sayeg) 

INTRODUCTION 

Becaws of t h e  increased  need for calibrated reactor 

SOuccepI t o  be u88d by the Biomedical Research Group, i t  was 

cons idered  important  t o  i n v e s t i g a t e  t he  d i f f e r e n t  Los Alamos 

facilities for p o s s i b l e  a p p l i c a t i o n s  as r a d i a t i o n  sources .  

In addi t ion,  o t h e r  groups w i t h i n  the Laboratory have expressed 

i n t e r e s t  i n  these i n v e s t i g a t i o n s .  Since the Biomed ica l  Re-  

search Group had acqui red  techniques of neutron flux, spec- 

trum, and t i s s u e  dose e v a l u a t i o n s  (l), i t  was decided t o  make 

a survey  of the  Sandia p o r t  of t h e  Omega 

p r e s e n t  r e p o r t  describes t h e  pre l iminary  

West Reactor. The 

neutron data obtained.  

METHODS AND RESULTS 

The Sandia p o r t  of t h e  Omega West Reactor f a c i l i t y  ex tends  

from the t o p  of t h e  reactor t o  t h e  approximate h o r i z o n t a l  m i d -  

plane of t he  core. 

The t h r e s h o l d  detector technique as  proposed by Hurst  and co- 

worker8 (2) was used i n  t h i s  i n v e s t i g a t i o n .  This  method has 

been used e x t e n s i v e l y  by t h i s  Laboratory i n  making neutron 

flux, spectrum, and t i s s u e  dose e v a l u a t i o n s  (3 ,4) .  B r i e f l y ,  

t h i s  method c o n s i s t s  of i r rad ia t ing  f o i l s  of Pu 239 (surrounded 

by BIOI, Np 237 To f a c i l i t a t e  ease of handl ing  

A schematic diagram is shown in Fig. 1. 

$38, and S3'. 
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F i g .  1. Sandia port schematic diagram. 
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t h e  f i s s i o n  f o i l s  of Pu 239 , ~ p ~ ~ ~ ,  and u238 were enclosed i n  

20 m i l  cadmium cans  and placed i n s i d e  the  B lo sphere The 

cadmium is used t o  absorb  any thermal  neutrons produced by 

the  slowing down i n  t h e  B l O .  By s u i t a b l e  c a l i b r a t i o n  of the  

count ing  equipment with  thermal neut rons ,  fas t  neutron flu, 

spectrum, and first c o l l i s i o n  tissue dose can be eva lua ted  

for a fast neutron f a c i l i t y .  

t h e  count ing  equipment and c a l i b r a t i o n s  used in these evalua- 

t i o n s .  

t i o n  of ' t h 0  specific measurements. 

The previous a r t i c l e  described 

References 3 and 4 present  a m,ore detailed descrip- 

The reactor was operated a t  10 KW for  t h i s  inves t iga-  

Each BIO bal l  was placed i n  a f i x e d  p o s i t i o n  by the t i o n .  

holder  a s sembly  shown in Fig. 2.  The assembly c o n s i s t e d  of 

apprO%bate lp  1/16 in. t h i c k ,  3 i n .  diameter, aluminum cups 

a t t a c h e d  t o  a f l e x i b l e  aluminum rod. The assembly w a s  

lowered i n t o  the  p o r t  w i t h  piano wire. 

i n v e s t i g a t e d :  1, 7 ,  16, 31, and 46 in. from t h e  bottom of 

t h e  p o r t .  The s u l f u r  pellets (1-1/2 i n .  in diameter and 

3/8 in. i n  th ickness)  were placed in separate aluminum 

holders.  These were i r radiated separately from t h e  f i s s i o n  

f o i l s .  Both t h e  fission foils and s u l f u r  pellets rece ived  

an  i n t e g r a t e d  exposure of 30 KIT-min (10 KW f o r  3 min) . 

Five  d i s t a n c e s  were 

Table 1 shows t h e  prel iminary neutron f l u x  data obtained.  

The data are normalized t o  a working base of 5 SW. s i n c e  t h i s  

I 0 4 1 2 0 2  -357- 
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is the usual pwer a t  which t h e  reactor is operated. 

shon  the  neutron f lux  and tisaw dose spectra, and Table 3 

ah- t he  neutron t i s s u e  dose versus d i s t ance  r e l a t i o n s .  No 

data are reported oa t he  46 in. position because of the ex- 

tremely lor counting ratea. The uncer ta in ty  of the  reported 

mrmurernents is approximately 18 per cent. 

t h i 8  i n v e s t i g a t i o n  r e q u i r e 6  t h e  determination of the  gamma 

contaminant,  and it is hoped t h i s  phase w i l l  be completed 

during t h e  next report perfod. 

Table 2 

A completion of 

REPERENCES 
~- ~ 

J. A D  Sayeg, J. E. Larkins, and P. S. Barris, Los Alamos 
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G. S. H u r s t  snd R. E. R i t c h i e ,  Oak Ridge Nat iona l  Lab- 
Oratory Report  aRNL-2748, P a r t  A (November 1959). 

J .  A. Sayeg, E. R. Bal l inge r ,  and P. S. Harris, Los 
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TABLE 2. N E m O N  FLUX AND TISSUE DOSE SPECTRA FOR THE SAN’DXA 

PORT OF THE OYEGA WEST REACTOR FACILITY 

Energy Range Neutron Spectrum Tissue Do8e Spectrum 
( W V )  (per cent  neutrons) (per cent  dose) 

0.001 - 0.75 
0.75 - 1.5 
1.5 - 2.5 

> 2 . 5  

39.9 

19.8 

23.0 

17.6 

21.7 
20.6  
29.0 

28.7 

TABIS 3. TISSUE DOSE VERSUS DISTANCE FOR TIIE SANDIA PORT 

OF THE OMEGA WEST REACTOR FACILITY 

Tissue Dose (rads) 
5 MW-sec 

1 
7 
16 
31 

6026 

3856 

749 

21.3 
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CHAPTER 6 

RADIOPA- SECTION 

I C l h i c r l  Appliclrtionm of Whole Body Sc in t l l l ome t ry .  IV. Turn- 
0-r mte of Protein-Bound Iodide (C. C. Lushbaugh, D. B. Hale, 

~~ - 

and C.  R. Richmond) 

INTRODUCTION 

This Laboratory reported previous ly  (1,Z) that whole 

body r e t e n t i o n  of I 13' after oral  inges t ion  reflected the  

f u n c t i o n a l  s t a t u s  of t h e  thy ro id .  A technique for determina- 

t i o n  of t h i s  r e t e n t i o n  i n  man and i n  animals was described, 

and the possible meanings of t h e  two exponent ia l  r e g r e s s i o n  

lines were discussed .  Because of erratic and i r r e g u l a r  co l -  

lection of humon data a f te r  t h e  first week of obse rva t ion  i n  

t h i s  s tudy ,  i t  was n o t  possible t o  d e t e r m i n e  a c c u r a t e l y  t h e  

half- t ime of t h e  second component of t h e  r e t e n t i o n  curve,  

which appears  t o  r e p r e s e n t  the turnover  of bound iodide .  

Th i s  half- t ime seemed t o  be longer than 50 days.  More recent 

data are r e p o r t e d  here which seem t o  e s t a b l i s h  t h e  s l o p e  of 

IO41209 
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t h i s  l i n e  a c c u r a t e l y ,  while f i x i n g  t h e  s ta t i s t ica l  l i m i t s  of 

t h e  l eve l  of norm81 iodide binding i n  man. 

M4TERIALS AND YETIloDS 

The method of whole body count ing previous ly  described (I) 

was used. "wenty-six normal persons (17 women, 3 men, 3 g i r l s ,  

and 3 boys) were s t u d i e d .  Of these 26 s u b j e c t s ,  9 d i d  n o t  

complete the r ig id  count ing schedule ,  which demanded whole 

body r a d i o a c t i v i t y  measurements immediately on t he  day of 

i n g e s t i o n  of t h e  r8dioiodide and on t h e  first,  second, t h i r d ,  

f o u r t h ,  aeventh,  t e n t h ,  four teenth ,  and e i g h t e e n t h  days 

fol lowing.  These incomplete s t u d i e s  were not used in t h e  

first 2 methods of s ta t i s t ica l  eva lua t ion ,  so each of the  

9 data poin ts  c o n s i s t e d  of 17 determinat ions (or s u b j e c t s ) .  

E i g h t  microcur ies  of I 13' aa sodium iod ide  was given o r a l l y  

1 hour before t h e  i n i t i a l  whole body count .  

The stat is t ical  a n a l y s i s  was done by 3 d i f f e r e n t  methods. 

The first method cons i s t ed  of drawing an e y e - f i t t e d  curve  

through the  determined means f o r  I 13' r e t e n t i o n  on each day 

p lo t ted  on a semilogarithmic p l o t .  The data comprising 

6 p o i n t s  f a l l i n g  on a s t r a i g h t  l i n e  were then analyzed by 

the  method of least  squa res .  They were a l s o  analyzed by a 

s i m p l i f i e d  IBM 704 computer l i n e  f i t t i n g  program. The t h i r d  
* 

* 
This a n a l y s i s  was done by €I. Israel  of Group H-6. 
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method con8 i s t ed  of a m o r e  complex l i n e  f i t t i n g  IBY 704 can- 

p u t e r  program, which took i n t o  c o n s i d e r a t i o n  t h e  data from 

t h e  f i r a t  3 day8 which were ignored i n  the  o ther  2 analyses 

and, in a d d i t i o n ,  a l so  comidered t h e  data from t h e  9 sub- 

jects e l i m i n a t e d  because of i r r e g u l a r i t i e s  i n  t h e  t i m e  

* 

8chodule of data c o l l e c t i o n .  

RESULTS 

The r e s u l t s  of these analyses are t a b u l a t e d  i n  Tab le  1 

and in F i g .  1. The data i n  F i g .  1 are those determined by 

t h e  t h i r d  method, i .e.,  t he  complete l i n e  f i t t i n g  704 com- 

p u t e r  program. The f i g u r e  a l s o  i l l u s t r a t e s  t he  parameters 

enumerated i n  t h e  table .  The 3 methods showed e x c e l l e n t  

agreelaent i n  the  slope and half-t ime of the  second component. 

The r e g r e s s i o n  formula which r e p r e s e n t s  t h e  r e t e n t i o n  of 

1131 in normal human s u b j e c t s  appears t o  be: 

-2 .OS760 t + 18 .47 e -0.00754 t Rt  - 81.48 e 

The f i d u c i a l  l i m i t s  of these data are i l l u s t r a t e d  in Fig.  1 

by 2 t h i n  l i n e s  above and below t h e  best f i t  l i n e  (heavy), 

r e p r e s e n t i n g  68 per c e n t  (+ - 1 s tanda rd  dev ia t ion )  and 95 per 

c e n t  (+ 2 s t anda rd  dev ia t ions )  confidence a r e a s  about  the mean. - 

* T h i s  a n a l y s i s  was performed by W .  LeStourgeon of Group 7-1 
and C .  R. Richmond of H-4. 
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Fig. 1. 

TIME (DAYS) 

Whole body re tent ion  curve of 1131 i n  normal human 
Subject8 and the 2 component exponential regression 
l i n e a ,  as  determined by the IBM 704 line f i t t i n g  
Program 2. 
component represent the 68 and 95 per  cent f iduc ia l  
lirnits of the fitted (heavy) line. 

The thin l i n e s  para l l e l  t o  the second 
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DISCUSSION 

I -80 4.t. appa r  t o  determine the  r e l a t i v e  p a r t i t i o n i n g  

of ab8orkd iodide botreen the t h y r o i d  and the kidneys in 

norm81 hunn s u b j e c t s .  

c l i n i c a l l y  in n o n u 1  and diseased persona is also i n d i c a t e d .  

On t h e  b88i8 of t h i s  and previous  s t u d i e s  (1-3), about  

18.5 per c e n t  of orally inge8ted iod ide  is bound by the thyroid,  

The v a r i a t i o n  that can be expected 

k 

while  81.5 psr c e n t  is excreted by the kidneys. Var i a t ion  

in thyroid f u n c t i o n  in our normal persons and a l so  in t h e  

method of s tudy  by whole body count ing produces a wide range 

of normal uptake as def ined by the  95 per c e n t  confidence 

limits of the r e s u l t i n g  data. Persons w i t h  a bound iodide 

r e t e n t i o n  l i n e  f a l l i n g  between 27.0  and 10.3 per c e n t  can be 

considered,  therefore, as having normal thy ro id  metabolism. 

Even w i t h  such a wide range,  3 of t h e  "normal" i n d i v i d u a l s  

used in t h i s  a n a l y s i s  were excluded by t h i s  method a s  having 

a higher than  normal t h y r o i d  iod ide  binding capac i ty .  

none of these 3 women seemed c l i n i c a l l y  h y p e r t h y r o i d  t o  us ,  

1 s u f f e r e d  from tonervousness and periodic a t t a c k s  of trembling," 

1 three y e a r s  prev ious ly  had had a s u b t o t a l  thyroidectomy f o r  

Graves disease, and t h e  other had been m a i n t a i n i n g  her  s l ende r -  

nes s  by s e v e r e  d i e t a r y  r e s t r i c t i o n  al though s h e  denied d i e t i n g  

du r ing  t h e  s t u d y .  We have previous ly  shown that overn ight  

Although 

s t a r v a t i o n  of l abora to ry  r a t s  (3) causes a 3 f o l d  increase in 

1 0 4 1 2 1 4  
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t h e  average t h y r o i d  binding of 1l3l. 

that s t u d y  aad o t h e r s  (4) that  increased thy ro id  (or whole 

body) r e t e n t i o n  of iod ide  does n o t  n e c e s s a r l l y  man "hyper- 

thyro1di8dt any m o r e  t han  decreased r e t e n t i o n  i n  the presence  

of high  i o d i d e  i n g e s t i o n  means "hypothyroidism. '' Pseudo- 

hyperthyroidism can obviously r e s u l t  from or  be secondary t o  

a low l e v e l  of i od ide  consumption. Th i s  cond i t ion  might be 

cons idered  c l i n i c a l l y  as hyperthyroidism induced p h y s i o l o g i c a l l y  

by hypolodinfsm. Before such a diagnosis could be made w i t h  

c e r t a i n t y ,  however, a n  iodine lack would have t o  be proven. 

This  r a t h e r  d i f f i c u l t  task might be unnecessary if t h e  pa t i en t  

being s t u d i e d  could be placed beforehand on a d i e t  i n  which h i s  

d a i l y  i o d i n e  consumption w a s  known. S ince  t h i s  procedure 

would be cumbersome r o u t i n e l y  i n  a l l  pa t i en t s ,  w e  propose t o  

r e s tudy  those p a t i e n t s  who appear t o  be hyperthyroid by t h e  

whole body r e t e n t i o n  method, a f t e r  a controlled per iod  ( l w e e k )  

of normal d i e t a r y  iod ide  i n t a k e  (about 300 pg of i o d i n e ) .  

X t  is apparent  from 

The bes t  information (4) a v a i l a b l e  indicates tha t  57 t o  

87 pg of hormonal iodine from t h e  8000 pg of organic  iod ine  i n  

t h e  thyroid is expended per  day by normal persons, or t h a t  a 

l i t t l e  less than  1 per  c e n t  of t h e  a v a i l a b l e  iod ine  stores 

m u s t  be replaced each day, O u r  half- t ime of 91.9 days for 

t h e  s l o p e  of t h e  second exponent ia l  component (thought t o  be 

the b i o l o g i c  decay rate of organically-bound iod ide  i n  t h e  

-370- 



thyroid) rostrltm in a computed turnovor rate of 0.755 per 

coat prr d8y or a d a i l y  loas of 61 w of iodide from t h e  

hormonal iodide pool. This seem8 t o  be r e n r k r b l y  p rec i se  

agremnnt r1t.h the88 repor ted  figures. 

tiabe (82.7 days) for conponent 11, obtained by our second 

a m l y t i c a l  method, r e a u l t s  a i r i l a r l y  in a d a i l y  loss of 

The s h o r t e s t  half- 

67 pg of iodide.  Theme re8ultm beem t o  support  s t rong ly  our 

conjecture that t h e  second component of whole body iodide  

r e t e n t i o n  dw8 r ep resen t  t h e  d a i l y  ur inary  loas of iodine f r a  

t h e  thyroid hormonal-bound iodide  pool. 

(1) C. C. Lumhbrugh and P. S. New, Lo8 A l a n -  S c l e n t i f f c  Iib- 

(2) C. C. Lurrhbaugh and D. B. Hale, Loe Alamoa S c i e n t i f i c  

(3) C. C. Lushbeugh and D .  B.  Eale, Loa A l a m o s  S c i e n t i f i c  

(4) S. C. Werner, ed., The Thyroid: A Fundamental and 

ora tory  R e p o r t  LbMS-2445 ( l S e O ) ,  p. 348. 

Laboratory Report LAMS-2445 (1960), p.  361. 

Laboratory Report LAMS-2445 (19eo), p. 375.  
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E l e c t r o n i c  Mmasurnont of Collulrr  Val-8. I. - l i b r a t i o n  
of tho ApprJ?i tu8 (C. C. Lurrhbough, J. A. Yddy, and W .  J .  
Baonnn) 

D U g n # i .  8nd treatmeat of aaem%a are bmed i n  mt on 
the number and maan c e l l u l a r  volume (WCV) of c i r c u l a t i n g  

e r y t h r o c y t e s .  Rout inely there data are no t  obtained ac- 

curately becaum of i n h e r e n t  d i f f i c u l t i e s  in the  i n d i r e c t  

hematocrit method wed i n  determining the  YCV. F i f t y  y e a r s  

ago, Price-Jone. (1) shored that t h e  frequency d i s t r i b u t i o n  

of e r y t h r o c y t e  diameters v a r i e d  in a d i a g n o s t i c a l l y  useful 

manner i n  some diseases, bu t  t h i s  technique proved too labo- 

rioua for r o u t i n e  use. 

particle count ing  ha8 enabled r o u t i n e  red and whi te  blood 

cell coun t ing  t o  be done r ap id ly  w i t h  less t h a n  1 per c e n t  

error by unskilled persons (2). Because the amount of change 

Recent ly  the  developPasnt of e l e c t r o n i c  

in electrical r e s i s t a n c e  occurr ing  duriw the passage of a 

ce l l  through the count ing a p e r t u r e  I s  proportional t o  the 

volume of s o l u t i o n  d i s p l a c e d ,  t h i s  method can a l s o  be used 

for determining the  volume of a cell  d i r e c t l y .  

describes t h e  progress made i n  combining the  Coul te r  elec- 

t r o n i c  particle counter  w i t h  a LASL pulse  he igh t  analyzing 

system a f f o r d i n g  an  immediate visual d i sp lay  of t h e  frequency 

distribution of e r y t h r o c y t e  volumes. 

This report 
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A c a a r c i a l l y  a v a i l a b l e  (Coulter)  e l e c t r o n i c  p a r t i c l e  
a 1 
6 
[ coun to r  rad gla88nr8 with a 100-ricron aperture wera med 

in thim s tudy .  

f O l l o w r  circuit of the dev ice  and fed i n t o  a s i n g l e - c b n n e l  

The m i g n a l  warn obta lned  f r a  the cathode 

alulyz0r with up- and lower gate discripPin8tors that 

allowed s e l e c t i o n  of pule0 height6 of from 4 t o  104 v o l t s .  

The chosen p U l 8 0 8  were s o r t e d  in a 100-channel ana lyze r  and 

t h e i r  numbers collected i n  its mremory s t o r a g e  u n i t  whose 

capaci ty  warn limited by moa- of a scaler and count c o n t r o l  

u n i t  which stopped the a n a l y s i s  when 100,ooO cell  passages 

were analyzed and s t o r e d .  

conmtant v i s u a l i z a t i o n  of the d i s t r i b u t i o n  of the  collected 

cell volume8, enabl ing  rapid c a l i b r a t l o n  of a Moeeley au to-  

A cathode d isp lay  u n i t  al lowed 

graph p l o t t e r  t o  f i t  the  frequency d i s t r i b u t i o n  curve  being 

obta ined .  The data were graphed au tomat i ca l ly  a s  W e l l  as 

p r i n t e d  out  on a computing tape reco rde r  (pig. 1). 

The ery throcyte  number per cerrtlamter (RBC) of hep- 

a r i n i z e d  blood was determined w i t h  the  Coulter  counter  in 

the  accepted manner (2). Human, rabbi t ,  and guinea pig 

blood were d i l u t e d  1:8OO,OOO; mouse, horse,  and goa t  blood 

1:1,600,000; r e p t i l i a n  and fowl blood 1:400,000 i n  o r d e r  

that a concen t r a t ion  of about 6000 RBC per  m l  of s a l i n e  re- 

s u l t e d .  These high d i l u t i o n s  obviated correct ion of t h e  

-373- 
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C u m 0 6  for coincidence error and analyzer  "dead t i m e "  loss .  

MlcrohePr toc r i t s  (Ehct) were done s imultaneously w i t h  t h e  

RBC and the aman carpumcular volume (HCV) determined fo r  

The a n r l y z e r  channel in which the mean cel l  volume appeared 

t o  f a l l  e l e c t r o n i c a l l y  was found by determining mathematical ly  

tho weighted wan of t h e  frequency d i s t r i b u t i o n  cu rve  (Fig. 2) 

Thi6 mean channel  number p l u s  4* equalled t h e  mean p u l s e  

height In vo l t8  (mean p u l s e  v o l t a g e  - MPv). 

sample was t hen  plotted a g a i n s t  the  MPv t o  o b t a i n  best fi t  

l i n e 8  that could be used t o  conver t  pu lse  height v o l t a g e  

reading8 i n t o  c u b i c  microns. In t h i s  part of t h e  s t u d y ,  the 

blood of 8 mice, 6 r abb i t s ,  4 guinea p igs ,  25 men, 10 chickens,  

and 5 ducka was used because t h e  means of the MCY of the cells 

The MCV of each 

of these species were widely spaced when plot ted a g a i n s t  their 

r e s p e c t i v e  ypv (Fig. 3). 

By al ter ing the aperture current s e t t i n g s  (ACS) of the  

Cou l t e r  coun te r ,  the amount of cur ren t  pass ing  through the 

count ing aperture can be v a r i e d ,  so t ha t  pu l ses  caused by 

* No pu l ses  lees than  4 v o l t s  in hetight were measured. The 
first ana lyze r  channel  counted pu l ses  of 4 v o l t  s t r e n g t h ,  
t he  second channel  5 v o l t  p u l s e s ,  and 80 on. 

1 0 4 1 2 2 0  -375- 
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F i g .  3. Best f f t  lines showing re lat ionship  of MCV t o  MPv 
for ACS4 and ACSS. 

-377- 



popula t ions  of large cells are decre88ed and by PoPulat ions 

of small cello are increased .  In t h i s  manner, most C e l l  

p o p u l a t i o w  can be made t o  produce pulsem vary ing  from 4 t o  

104 v o l t 8  80 tbat the  e n t i r e  frequency d i s t r i b u t i o n  p r o f i l e  

c8n be con ta ined  w i t h i n  t he  lippits of the  100 ana lyze r  

channels .  In t h i s  c 8 l i b r a t i o n  s tudy ,  a p e r t u r e  c u r r e n t  set- 

t i n g s  of 4 and 5 were used r o u t i n e l y  t o  ana lyze  each sample. 

When a v a i l a b l e ,  popula t ions  with very small cells b e g .  

horses, goats, and cats) were re-analyzed a t  ACSG, ACS7, and 

ACS8, and those w i t h  very large cells (e.g. ,  b i r d s  and 

reptiles) were rl9-aMlyzed w i t h  ACS1, ACS2, and ACS3. Thi8 

procedure was followed t o  determine t h e  a l t e r a t i o n  of appar- 

e n t  size caused by changes i n  a p e r t u r e  v o l t a g e  and thereby  

relate the 8 ACS’s of t h e  C o u l t e r  coun te r  t o  one ano the r .  

By means of t h e  effect of ACS on pu l se  h e i g h t s  of cells of 

cons t an t  volume, mathematical factors were determined f o r  

conve r t ing  p u l s e  he ight  voltage t o  c u b i c  microns for ACSl 

through ACS8. 

RESULTS 

Typica l  f requency d i s t r i b u t i o n  p r o f i l e s  for  t h e  RBC of 

mouse, monkey, and normal man are shown in Fig. 2. The popula- 

tions were found t o  be asymmetrical so that t h e  mean cell  

volume and t h e  most f r e q u e n t  ce l l  volume (mode) were not  

i d e n t i c a l ,  making i t  necessary t o  determine the MCV or MPv 

mathematically.  
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In Table 1, th. o x p o r i u n t a l  data h.ve been t a b u l a t e d  i n  

order t o  rhw t h o  differences I n  the K V  of the RBC of t h e  

6 8pecie8 sfudiod and the mean YPV obtained f o r  the80 volume8 

wi th  ACS4 and ACSS. Tho r e l a t i o n s h i p s  of t h e m  data are 

lrh-n I n  Flg. 3. 

mny of the amllor moume RBC'8 did not produce pullres greater 

than  4 v o l t s  eo that an er roneous ly  high MPv w a s  ob ta ined .  

While that mow8 point was still skewed s l i g h t l y  t o  t h e  r i g h t  

of tbs l i n e  a t  ACSS, t h e  duck and chicken points were skewed 

t o  t h e  lef t  of the  l i n e  a t  ACSS because a t  t h i s  aperture 

c u r r a n t  the largest RBC of these specie8 created p u l s e s  

greater than 104 v o l t s  and were, therefore, n o t  analyzed.  

f The ana lyze r  1088 of t h e m  large cells caused an appa ren t  

8 

Tho mowe po in t  -8 omitted a t  ACS4 bacau8e 

decrease i n  t he  mean of these populat ions.  The modi f i ca t ion  

i n  t he  r e l a t i o n s h i p  of ce l l  volume t o  pulse  h e i g h t  v o l t a g e  

affected by aperture c u r r e n t  is shom i n  Fig. 4. The data 

i l l u s t r a t e d  i n  thelre 2 figures and in Table 1 enabled t h e  

de te rmina t ion  of the conversion f a c t o r s  t a b u l a t e d  i n  Table  2. 

It  was found tha t  t h e  apparent  volume i n d i c a t e d  by the  channel  

w id th  of the ana lyze r  v a r i e d  w i t h  amount of a p e r t u r e  c u r r e n t  

so that, fo r  example, a t  A C S l  a single channel i n d i c a t e d  a 

volume of 17.33 whi le  a t  ACS6 t h e  ind ica t ed  volume was 1 (r 

These voluprss have been designated a t  Factor  1 in Table  2, 

and can be u88d a8 factors t o  convert  the ana lyze r  Channel 

li 
4 

3 3 
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TABU 1. RSWTIOHBHIP OF AVBMGE Ycp OP RBC aP SIX SPECIES 

WITH TBI A-GE YPI O? TEE= FBIpQtRblQcy DISTBIBVTIW 

CURVES AT ACS4 AND ACS5 

HCV* HPv (ACS4) YPV (ACSS) 
smCiO8 N o .  (r3) (vo 1 ts ) (volts) 

Yome 8 

R8bblt 6 

Man 25 

Guinea p i g  4 

Chicken 10 

Duck 5 

46.9 + 1.3** 

66.9 + 2.0 

81.1 + 1 . 2  

88.6 + 6 . 4  

120.3 + 3 .2  

142.5 + 3.7 

- 
- 
- 
- 

16.0 + 0 . 8  

19.3 + 0 . 6  

20.7 + 1 . 2  

25.8 + 1 . 3  

33.2 - + 1 . 4  

- 
- 
- 
- 

24.9 + 0.6 - 
31.5 + 1.4 - 
40.0 + 1.3 

40.6 + 0 .9  

I 

- 
53.3 + 0 . 5  - 
63.1 + 2 . 7  - 

* 
bet x 10 I m. 

RBC 
** Standard error. 
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MEAN PULSE HEIGHT VOLTAGE (MPv) 
F i g .  4 .  The effect of aperture current s e t t i n g  (ACS) upon 

the  relat ionship of par t i c l e  volume t o  pulse height 
voltage. 
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number or v o l t a g e  I n t o  volume and t o  c o n s t r u c t  scales fo r  

the v i s u a l  coareraion of channel number (or voltage) t o  

volume, a8 8 h m  in Table  3 for ACSS. Factor 2 in Table  2 

dOSigMte8 the p u l s e  height vo l t age  e q u i v a l e n t  t o  1 p 3 a t  

the 8 aperture c u r r e n t  s e t t i n g s  and can be used t o  compute 

t h e  effect of volumetr ic  change upon p u l s e  h e i g h t  and sub- 

sequent  a n a l y s e s ,  Fac to r  3 in Table 3 can be used t o  con- 

ve r t  the  v o l u ~ r e t r l c  scale f o r  ACSS (Table 3) t o  a scale for 

any o t b r  ACS s e t t i n g  and thua  t o  approximate cell  volumes 

r e l a t i v e  t o  t h e  human e r y t h r o c y t e .  S imi l a r ly ,  Fac to r  4 

enables  t he  use  of t h e  aperture c u r r e n t  s e t t i n g s  as ml- 

croscope o b j e c t i v e s  and shows the  magnlf l c a t i o n  produced by 

t h e  apparatus i n  r e l a t i o n  t o  human e r y t h r o c y t e s  a t  ACSS. 

For example, an  object measured a t  ACSS appear ing  on t h e  

viewer in channel  32 is magnified 11 t i m e s  r e l a t i v e  t o  a 

human e r y t h r o c y t e  in that channel and, therefore, has a volume 
of about 7 p3 i n s t e a d  of 77 p 3 (channel 32 + 4 - 36 v o l t s ;  

36 x 2.14 = 77 p3, or 36 x 0.19 = 6 . 8 ,  or 77/11 - 7 ) .  

DISCUSSION 

Var ia t ion  in r e s i s t a n c e s  and i n t e r n a l  gain adjustments  

produce s u f f i c i e n t  differences in pu l se  heights t o  make it 

necessary t o  calibrate each instrument in t h e  manner described 

here. C a l i b r a t i o n  of a second instrument  could be g r e a t l y  

t o 4 1 2 2 8  
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a l m p l l f i o d ,  howwar, by refarring it t o  tho first by si- 

rolt.noowly dotormined measursrcmtm of the same sample i n  

both IrutrrPwnk. It would also not be naceasary t o  cappue 

Ycp with MPv, 8inca tho capariaon of the YPIt of of the 

m o d a l  Pv l m  both machinem would enable the couvers loa  of th, 

variour c a l i b r a t i o n  f a c t o r s .  

The r e s u l t s  of t h i s  c a l i b r a t i o n  s tudy  i n d i c a t e  that a 

m p i d ,  aimple c r l i b r a t l o n  could be done using only human 

erythrocytes and t r e a t i n g  each case separately. Far atand- 

a r d i z a t i o n  purpoee8, human red blood cells from normal young 

a d u l t s  are more uniform and have a wore cons tan t  volume dia- 

t r i b u t l o a  than  any commercially a v a i l a b l e  particles of t h i8  

size range .  Most commercially a v a i l a b l e  particles are e i t h e r  

too small, a8 i n  the  case of Latex, or too 8-11 and var- 

i a b l e ,  as  i n  t h e  case of puff bal ls ,  t o  be used as a s t anda rd  

for either f i n i t e  c a l i b r a t i o n  o r  the  d a i l y  c o n t r o l  of anal- 

yzer d r i f t .  

q u i t e  adequate for t h i s  purpose. 

The human red cell proved i n  t h i s  s tudy  t o  be 

A pre l iminary  s tudy  of t he  frequency d i s t r i b u t i o n  curves  

of red blood cell populat ions using these calibrations and 

techniques  is t o  be r epor t ed  later ( 5 ) .  

-385- 



REFERENCES 

(1) C. Price-Jonea, Brit. Med. J. 2, 1418 (1910). 

(2) G. Brecher, Y. Schnelderman, and G. Z. Williams, Am. J. 
Cl ln .  Path. 26, 1439 (1956). 

(3) C. F. Yattem, F. S. Brockett, and B. J. Olsen,  J. Appl. 
Physiol. 10, 56 (1957). 

(4) A. C. P e ~ c o c k ,  G. 2. lilliaars, and H. F. Ueagoli, 
J. Nat. Cancer Ins t .  25, 63 (1960). 

(5) C. C. Lushbaugh, N. J. Basmann, and B. Glascoclt, this 
report (1961), p. 387. 

- 

- 
- 

- 

1 O b 1 2 3  t -386- 
LANL *. r * ,”.\ 



i 

blETHODS 

Blood samples were obtafned in dry, hepar in ized  cap- 

i l l a r y  tubes.  F i v e  lambda of t h e  sample 'ms d i l u t e d  w i t h  

10 m1 of s a l i n e .  One-half m l  Of t h i s  suspension was then 

d i l u t e d  w i t h  200 ml of S a l i n e ,  agitated thoroughly, and then 

counted in the u s u a l  manner i n  the Coulter  counter .  The 

second d i l u t i o n  was changed if t h e  r e s u l t i n g  count d i d  not 

f a l l  between 3000 and 4000 C e l l s  per  0 . 5  m l  i n  1:: seconds, 

::'hen t h e  s t anda rd  count ing  ra te  was obtained, t h e  frcr4ucncl./ 

d i s t r i b u t i o n  of the  volumes Of t h e  C e l l s  was determir,r:rj ll:51z,g 

t h e  100-channel p u l s e  height ana lyzer  n i t  p r e v i m s l  ./ 

described (1) . The r e s u l t i n g  curves '$ere c9mpared */i:;llalL:; 

I 0 4 1 2 3 2  -387- 



1 
and then  analyzed as  a s p e c t r a l  curve  and as a composite of 

2 popula t ione  of normally d i s t r i b u t e d  (GlW8ian) particles. 

ANALYTICAL PROCEDmS 
~ ~- 

In Fig. 1, a 8 ty l i zed  popu la t ion  profile (frequency d18- 

t r i b u t i o n  of volumes) for c i r c u l a t i n g  mamamlian e r y t h r o c y t e s  

has been drawn. I t  d e f i n e s  t he  term used In the  first type  

of a n a l y s i s  done i n  t h i s  s t u d y .  In t h i s  a n a l y s i s ,  t h e  cu rve  

was considered a spectral peak whose reso11srnce or r s 8 o l u t l o n  

could  bo expreu6ed mathematical ly  by its modal frequency, 

mode, mean, width a t  ha l f -he igh t ,  and f r a c t i o n a l  width.  The 

term "fractional wid th i f  w a s  used because t h i s  seemed t o  be 

less confusing than the  spectrographic one of ' * reso lu t ion i i  

and w a s  determined by d iv id fng  width  by mode. 

were used as channel v o l t s  wi thout  conversion t o  cub ic  microns. 

These numbers 

I n  t h e  second mathematical a n a l y s i s ,  a 704 IBY computer 
* 

was used;  after proper programming, the  computer a t tempted  t o  

f i t  2 (or sometimes 3) normal Gaussian curves t o  t h e  popula- 

t i o n  p r o f i l e  curve  as it was obtained by t h e  100-channel ana l -  

yzer. The data obtained were then  expressed graphica l ly  as 

i n  Figs. 2 and 3, and mathematical ly  as p ropor t iona l  areas 

under t h e  t o t a l  curve w i t h  s t anda rd  dev ia t ions  of t he  Gaussian 

curves  e n c l o s i n g  these a r e a s .  

* 
T h i s  computer program w a s  a r ranged  and operated f o r  us by 
H. I s r a e l  of Group H-6. 

-308- 0 4 1 2 3 3  
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RESULTS 

The r e s u l t s  of t h e  spectral a n a l y s i s  of these popula- 

t i o n  p r o f i l e s  are tabulated i n  Table  1. T h e i r  f r a c t i o n a l  

wid th  was found t o  vary between 0.40  and 0.60 i n  hea l thy  man, 

mouse, monkey, chicken,  frog, and toad .  I n  several Wes- 

t i o n a b l y  s i c k  horses, as  w e l l  as i n  12 p a t i e n t s  s u f f e r i n g  

from v a r i o u s  anemias, t h e  w i d t h  of t h e  RBC popula t ion  p r o f i l e  

was i nc reased  by a skewing  of t h e  curve t o  t h e  l a r g e  side of 

t h e  mode so t h a t  a large increase i n  f r a c t i o n a l  w i d t h  occur red .  

I n  man, i f  anemia was p r e s e n t ,  t h i s  measurement w a s  always 

found to  be greater than  0 . 6 ;  t h e  mean W/U was 0.80.  

I t  w a s  a l s o  found t h a t  as t h e  mode became smaller its 

frequency increased, t h e  w i d t h  of t h e  peak became narrower,  

and t h e  mean moved closer t o  t h e  mode. The mean never  co- 

i nc ided  w i t h  t h e  mode because of t h e  skew t o  t h e  larger 

volume. I n  b i r d s  and r e p t i l e s  especially b u t  i n  occas iona l  

ill humon beings,  t h i s  skew could be seen v i s u a l l y  t o  be t h e  

r e s u l t  of a n  over lapping  large-volume populat ion of cel ls .  

Examination of Wright-stained blood f i l m s  of such specimens 

proved t h a t  i f  such ;1 l a r g e r  populat ion d i d  e x i s t ,  i t  was ilot 

poss ib le  t o  de t e rmine  it microscopica l ly ,  a l though it  was 

p o s s i b l e  to  determitie t h a t  t h e  bulge t o  t h e  r i g h t  was :lot 

caused by leukocytes .  

I t  was q u i t e  g r a t i f y i n g ,  t h e r e f o r e ,  t o  have t h e  IBU 704 
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computer a n a l y s i s  produce d e  novo perfect 2 Gaussian PoPula- 

t i o n  f i t s  t o  t h e  cu rves ,  a s  shown i n  Figs. 2 and 3. Figure  2 

shows t h e  2 over lapping  populat ions of RBC i n  a normal youug 

g i r l ,  a picture which  h a s  become the r u l e  as t b e s e  704 com- 

pu te r  ana lyses  have cont inued,  wRith populat ion A Comprising 

45.6 per c e n t  and populat ion B 54.4 per  c e n t  of t h e  t o t a l  

a r e a  o r  number of RBC a n a l y z e d .  

eters of these 2 norma l  human RBC popula t ions  are l is ted.  

They show that popula t ion  A is more uniform and vo lumet r i ca l ly  

Smaller than popula t ion  B, al though comprising about  h a l f  of 

the t o t a l  c i r c u l a t i n g  red blood cel ls .  

I n  Table 2, t h e  o t h e r  param- 

In  Fig. 3, a similar a n a l y s i s  is depicted for t h e  blood 

of a c h i c k e n .  Populat ion B is so f a r  t o  the r i g h t  of popula- 

t i o n  A t h a t  it is rather w e l l  d e f i n e d  by t h e  t o t a l  curve .  

O n e  can see t h a t  t h e  2 populat ions of chicken RBC have fewer 

cells with ident ica l  volumes t h a n  is t h e  case w i t h  human blood. 

DXSCUSSION 

The f a c t  t ha t  there a r e  2 d i s t i n c t  popula t ions  of RBC 

c i r c u l a t i n g  a t  1 t i m e  i n  t h e  same i n d i v i d u a l  has been surmised 

before on the  grounds of d i f f e r e n t  s e n s i t i v i t i e s  t o  va r ious  

hemolysias (2) but  h a s  never obtained good morphologic support  

b e l o r e .  

If the 2 popula t ions  of red blood ce l l s ,  demonstrated h e r e  
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TAB= 2. AVERAGE PARAYBTERS OF ERYTHROCYTE POPULATIONS IN 

WORYAL HUYAWS 

a (Width) Modo 

Population (per cent) ( P 3 )  (r3) 

A 

B 

72.8 + 11.6 45.6 11.7 - + 2.4 - 
28.5 + 5.4 95.0 + 14.8 - 54.4 

B/A = 1.36 + 0.07 .  - 

1 0 4 7 2 4 0  -395- 



mathemat ica l ly ,  correspond p h y s i o l o g i c a l l y  w i t h  the  2 k i n d s  

of ce l l s  that can be d i f f e r e n t i a t e d  by hemolysins ,  one would 

expect popula t ion  A t o  c o n s i s t  of  older ,  more f ragi le  cells 

than  popula t ion  B, s i n c e  it is w e l l  known that r e t i c u l o c y t e s  

and r e l a t i v e l y  new red cells are la rger  t h a n  s e n i l e  cel ls  which 

are a l so  hemolysin-sensi t ive.  If s o ,  t h i s  method should  show 

i n  a hemolyt ic  anemia a s h i f t  in favor  of populat ion B. I n  

F igs .  4 and 5 t h i s  c o n j e c t u r e  appea r s  t o  be s u b s t a n t i a t e d .  

It  depicts  2 cases of t h e  hemolyt ic  anemia, e r y t h r o b l a s t o s i s  

f e t a l i s ,  t h a t  were t r ans fused  w i t h  normal a d u l t  blood. The 

preponderance of populat ion B can be seen before t r a n s f u s i o n  

i n  bo th  cases, and its diminut ion afterwards. I n  t h e  more 

s e v e r e l y  affected case (Fig. 4 ) ,  on ly  populat ion B appea r s  t o  

have been p r e s e n t  be fo re  t h e  exchange t r a n s f u s i o n  was done. 

T h i s  hypothes is  t h a t  young, newly formed cel ls  comprise 

popula t ion  B would seem t o  be s u s c e p t i b l e  t o  exper imenta l  

v e r i f i c a t i o n .  Such experiments are  contemplated. If they  

suppor t  t h i s  hypothes is ,  t h e  s ize  of populat ion B could be 

i n t e r p r e t e d  a s  t h e  an ima l ' s  response  t o  h i s  disease and would 

e x p l a i n  t h e  i n c r e a s e  i n  f r a c t i o n a l  w i d t h  seen by us so f a r  

i n  a l l  anemic disease s t a t e s .  

These p r e l i m i n a r y  s t u d i e s  of t h e  v a r i a t i o n  and char- 

ac te r i s t ics  of RBC populat ion p r o f i l e s ,  as measured and  ana l -  

yzed e l e c t r o n i c a l l y ,  have been s u f f i c i e n t l y  f r u i t f u l  and  t h e  

1 0 4 1 2 4  I 
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re8ults provocative enough t o  warrant the ir  continuation.  

Studies  are i n  progress now that promise t o  explain a s  w e l l  

a s  de f ine  the changes i n  RBC populations that commonly 

accorp.ny v8rIou8 hematologic diseases. 
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VE"SRIMl2Y SERVICES SgCTION 

A goner81 d e e c r i p t i o n  of t h e  v o t e r i m y  p r o g r m  and the 

animal  ho ld ing  f a c i l i t i e s  of t h e  l a b o r a t o r y  has been given 

in t h e  2 previous semiannual r e p o r t s  (1,2).  

Mochaniz8tion of Cage Washing F a c i l i t y  

During t h i s  r e p o r t  period, cons ide rab le  e f f o r t  has been 

expended on mechanizing the mouse cage washing opera t ion  t o  

inc rease  e f f i c i e n c y ,  decrease l a b o r  costs, and improve s a n i t a -  

tion. 

feed cage washing unit with tandem washing, rinsing, and dry- 

ing cycles. 

front of the washer t o  f a c i l i t a t e  d i s p o s a l  of d i r t y  rood 

shavings p r i o r  t o  i n s e r t i n g  the cages i n t o  the washer (Fig. 1). 

The cages ace tu rned  upside down and t h e  s o i l e d  bedding knocked 

out a g a i n s t  7 mechanized Neoprene rollers geared t o  the sp.ed 

of the conveyor belt of t h e  washing machine. The con ten t s  of 

the  cages drop into a funnel-shaped hopper a t  the  bottom of 

The basic unit is a n  I n d u s t r i a l  System8 continuous- 

A mechanical disposal c y c l e  has been added t o  the 
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which I 8  a hlgh-8peed fan in series wi th  an exhaust duc t ,  

terminating in 8 Dmp8ter-Durpoter on the o u t s i d e  of the  

bu i ld ing  (Fig.  2). There is a n  adJustable baffleplate a t  

the bottom of the hopper t o  minimize t h ranbck  fram the  fan, 

which oporrrtem a t  3600 RPY and is powered by a 3-mJ 4&vo1t0 

3-phm electric motor. 

trash i n  garbage cans  and t r a n s p o r t  t o  t h e  o u t s i d e  d i s p o s a l  

u n i t .  After a cage washing operation, t he  hopper is washed 

d a m  with a hore. Imediate d i sposa l  of the trash t o  the 

outside provides a much cleaner and neater washing operation 

and deCre8888 t h e  poss ib i l i t y  of flies and other i n s e c t s .  

A t  the ex i t  end of t he  washer, a " f l ip"  bar  has been 

The u n i t  eliminates accumulation of 

added, which au tomat ica l ly  t u r n s  the cages r i g h t  side up on 

a 8et of mechan ica l ly  dr iven  r o l l e r s  (Pig. 3 ) J  which traas- 

ports them i n t o  the ad jo in ing  clean cage, bedding, and stor8g0 

room. A n  automatic shavings dispenser ,  activated by a photo- 

cel l  which w i l l  mechanically dispense the  proper amount of 

shavings i n t o  each cage, is now under cons t ruc t ion  and w i l l  

be described i n  t h e  next  r e p o r t .  Once the c l e a n  cages are 

f i l l e d  wi th  shavings, they a r e  s t o r e d  i n  batches of 100 on 

t r a n s p o r t  carts ready t o  be taken t o  the  mouse room. 

I n s t a l l a t i o n  of v*QuIckt* Di6conaects in Animal Q u a r t e r s  

To save  time and labor  of t h e  animal caretakers during 
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t he  process of washing down c o r r i d o r s  and dog runs, "quick" 

d i sconnec t s  or "EaBy-On" connectors  were i n s t a l l e d  on water 

and steam l i n e s .  Much t i m e  i8 saved by not having t o  rrcrew 

h06498 onto hose bibs. It is necessary now only t o  walk d o m  

the  corridor8 and snap aster and steam hoses onto t h e  hose 

bibs .  

I n f a n t i l e  Diarrhea in Mice 

During the past year t h e  mouse breeding progru, e8Pe- 

c i a l l y  f o r  t he  RF s t ra in ,  has been t roubled  w i t h  t h e  appearance 

of diarrhea in young mice p r i o r  t o  weaning age. 

ranged up t o  25 t o  30 per c e n t .  

and a l so  from t h e  a f f e c t e d  young were cu l tu red ,  bu t  no bacte- 

riological reason f o r  t he  c o n d i t i o n  could be found. A review 

of t h e  l i t e r a t u r e  on t h e  s u b j e c t  was undertaken and r evea led  

t h e  following . 

Losses 

Stools from the breeding  mice 

The disease syndroae  appears  t o  be copp8 t ib l e  w i t h  t h e  

symptoms of i n f a n t i l e  diarrhea in suck l ing  mice described in 

d e t a i l  by Cheever and Huel le r  (3). The e t i o l o g i c a l  agen t  f o r  

t h i s  disease is unknown, a l though there is evidence t o  suppor t  

a v i r a l  e t i o l o g y .  Numerous o t h e r  factors have been incrim- 

i n a t e d  such as seasons,  bedding, diet ,  etc. There is some 

feeling t h a t  more t h a n  one e t i o l o g i c a l  f a c t o r  may be involved. 

There is also some s p e c u l a t i o n  that man may be t h e  Vector 
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carrier, although there i o  no t  enough evidence t o  s u p p o r t  

t h i 8  h y p o t h U i 8  a t  tho pre8ont  time. 

C o n t r o l  of t h e  dimeas. is d i f f i c u l t ,  a inco  n o i t h e r  tho 

modo of 8-d nor the mource of i n f e c t i o n  i8 knam. 

gonerlrl  fooling i a  that f i r a t  litter8 are the romt rev-oly 

affoctod k t w o n  10 t o  15 day8 of age (later l i t t o r 8  8o.I t o  

build up -unity), bu t  once m a n e d  the  an-1s are he8l thy .  

Therefore, it does n o t  seem w i s e  a t  t h i s  time t o  d e s t r o y  a l l  

the a n i n n l a  ( p a r t i c u l a r l y  t h e  p a r e n t s ) .  Cheevox? and Muellor 

fe l t  that bu i ld ing  up a colony of mult iparous females would 

c u t  dom the incidence.  In t h e i r  s t u d i e s ,  the  dlsea8e -6 

8 e l f - l l m i t f n g  and ended a b r u p t l y .  

g e n e r a l  r u l e ,  and the  disease seems t o  be disappear ing  frl- 

our colony. 

Th. 

This seems t o  be t he  

Other p e r t i n e n t  information on the  cond i t ion  I s  given 

in R e f .  4 through 9. 

Handling of Monkeys and Dog. in Metabolic E x p e r l m n t s  

One of the p r i n c i p a l  prodects of the B i o c h e m i s t r y  SeC- 

t i o n  is the s tudy  of interspecies c o r r e l a t i o n s  in the metab- 

olism of r a d i o i s o t o p e s  using i n  v ivo  whole body coun t ing  

procedures. The species being s t u d i e d  are mice, ra ts ,  dogm, 

monkeys, and man. The f r equen t  whole body count ing  bas 

necessitated adoption of r o u t i n e  procedures for handl ing  

monkeys and dogs. 

t 0 4 1 2 S Z  -407- 
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A f t e r  a d m i n i s t r a t i o n  of t h e  isotopes, the  animals  are 

placed in nmtaboliu cage8 for c o l l e c t i o n  of fecea and urine.  

Periodically, t hey  are removed frm tho metabolim a g e 8  and 

tramported t o  t h a  whole body counter  for mm88uWmOnt of 

r e t a i n e d  r a d i o a c t i v i t y .  

d a i l y  and c o u n k d  i n  the same counter  t o  provide material 

balance observa t ions .  S t a i n l e s s  steel monkey (Fig. 4) and 

dog (Fig. 5 )  mtabolism cages supp l i ed  by the  A c m e  Sheet 

Metal Work8 are used. 

Feces and urine suplm are collected 

During t r a n s p o r t a t i o n  and count ing,  animals  are placed 

i n  ILeverpak paper drums 26 in. in l eng th  and 16 in. In dlam- 

eter. P e r f o r a t i o n s  in t h e  ends of the  drum8 provide ample 

a i r  c i r c u l a t i o n .  The arrangement shown i n  F ig .  4 is used 

for loading  monkeys from t h e  metaboll8n cages i n t o  the Lever- 

pak c o n t a i n e r s .  The drum is pUc6d on a cart a t  s u f f i c i e n t  

height t o  match t h e  panel in t h e  door of the metabolism cage 

and the cart f a s t ened  t o  t h e  metabolism cage rack. A long 

cha in  is f a s t e n e d  t o  a short  cha in  permanently attached t o  

t h e  monkey's c o l l a r .  The long cha in  is fed through a hole  i n  

the bottom of the drum, the  panel in the  metabolism cage 

e l e v a t e d ,  and t h e  monkey pul led  i n t o  the con ta ine r .  Before 

backing the cart away from the  metabolism cage, t h e  l i d  t o  

the  Leverpak is lowered i n t o  p lace  and secured. The drum is 

then  detached from t h e  cart and taken t o  the count ing room. 

1 0 4 1 2 5 3  
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Tho procaduro l a  reversed  when r e t u r n i n g  the monkey t o  t h e  

n t a b o l i a  caga 

Boaglea create no t r a n s f e r  and count ing  problems. 

are merely l i f ted  i n t o  t he  Uverpak drums, placed on Urd= 

table8, and purhed t o  the  count ing  room. I t  is n o t  even 

necemmary t o  put  l i d 8  i n  p l a c e  (Pig.  6) u n t i l  time t o  pu t  

t h e  c o n t a i n e r 8  i n t o  the coun te r .  The dogs seem t o  enjoy 

baing  couated and look forward t o  i t  as a n  oppor tuni ty  t o  

get 8014 a t t e n t i o n .  The same cannot be said of t he  monkey8. 

TMy 

Receip t  of Wards' C i t a t i o n  

A c i t a t i o n  f o r  humane animal quarters was awarded t o  

the Laboratory by Wards, a n a t i o n a l  o rgan iza t ion  for t he  

welfare of aninals used f o r  re8earch In drug8 and surgery. 

Ogden S. Johnson, Alternate E-4 Group Leader f o r  Administra- 

t i o n ,  accepted t h e  award f o r  t h e  Health Research Laboratory 

a t  a banquet in S t .  Louis,  Missouri, on October 27,  1960. 

The c i t a t ion  read, "The humane c i t i z e n s  on Wards s a l u t e  

p ionee r ing  achievement toward stress-free research animal  

handl ing  and housing. Through i n t e l l i g e n t  suppor t  of t h i s  

k ind  toward a high s tandard  of l a b o r a t o r y  animal care, 

e f f i c i e n c y  and accuracy of r e s e a r c h  are served."  

t 0 4 1 2 5 b  
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Animal Production and Inventory 

B l H  Strain 

T o t a l  number of bablem born 
Total number of wornlings 
Weaning percentage 
Number of breeding females 

RF S t r a i n  

Total numbor of female weanling. 
N- of fea8le8 del ivered  far experiments- 

N u m b e r  of females in stock 
Number of females being h e l d  fo r  ag ing  

Number of breeding females 

t f o n  

s t u d i e s  

AKB S t r a i n  

T o t a l  number of babies born 
T o t a l  number of weanlings 
Weaning percentage 
Number of females de l ivered  fo r  expemimenta- 

Number of breeding females 
t l o n  

CFU Strain 

T o t a l  number of female weanling8 
Number of females de l ivered  f o r  experimenta- 

N u m b e r  of breeding females 
t ion 

Sprsgue-Darley Rats 

T o t a l  number received 
Number del ivered  for experimentatfon 
Number of male rats i n  stock 
Number of rats being he ldfor  aging studies 

* 
*t 

Plus those  sacrificed because of i n f a n t i l e  diarrhea, 

Plus females saved t o  enlarge the breeding colony. 

2077 
2468 

85.78 
192 

i o 4 1 2 5 8  -413- 
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5136 
2318 

1030 
1026 

3002 
1837 
61.19 

1174 
162 

1718 

1174** 
153 

1300 
1029 

725 
383 
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Beagles 

N u m b e r  of =le bemgles 
N u m b e r  of female beagles 
Number of above females bred 

Monkeys (rhesus) 

Number in r e s e a r c h  (males) 

Rabbits (New Zealand Whitel 

Number of r a b b i t s  r ece ived  
Number in s t o c k  

Guinea Pigs (English Short-haired) 

N u m b e r  of guinea pigs rece ived  
Number i n  s t o c k  

REFERENCES 

32 
11 

2 

3 

0 
10 

6 
3 

Lo8 Alamos S c i e n t i f i c  Laboratory Report LAMS-2445 (1960) , 
p. 403. 
Lo8 Alamos S c i e n t i f i c  Laboratory Report LAYS-2455 (1960) , 
p.  239. 

F. S. Cheever and J. H. Mueller, J .  Exp. Med. - 85,  405 
(1947) . 

A .  Y. Worden and W. Lane-Petter, eds. ,  The UFAW Band- 
book on t h e  Care and Management of Laboratory Animalh, 
Second edi t i  on (1- I 9 PP. 134 9 243 J z66* 

G. D. Sne l l ,  Biology of Laboratory Mouse, Second p r i n t -  
ing, Dover Pub l i ca t ions ,  I n c . ,  New Yorlc (1956). 
tI. AI. Rabste in ,  Proc. Animal Care Panel - 8 ,  67 (1958). 
J S. Cass, Proc. Animal  Care Panel 8 ,  13 (1958). 
S. M. Polley,  Proc.  3 rd  Annual Meeting of Animal Care 
Panel  (1952), p .  92. 

H. A.  Schneider, Proc. 6 t h  Annual Meeting of A n i m a l  
Care Panel (1955), p. 33. 

- 

t o c 1 2 5 9  -414- 
.C 


	Low-Uvel Countfng Section Publications
	Ylnwcrlpt8 Submitted
	CHAPTEB 4 - OllCbNIC CHEMISTRY SECTION
	Kiwi-A Series of Nuclear Reactors
	Chemical Dosimeters
	Contemporary Carbon14 in the Biosphere
	4 Nucleic Acid Chromatography
	with Radioi8otopeS
	Organic Chemistry Section Publications
	Manuscripts Submitted

	CBAPTBR 5 - RADIOBI0MW;Y SECTION
	Burst versus Steady State Exposures
	Gamma Ray Exposure

	lO4b852
	Volumes

