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ABSTRACT 

The n a t u r e  of t h e  p o t e n t i a l  hazards produced by atmo- 

s p h e r i c  r e e n t r y  and d e s t r u c t i o n  of space  nuc lea r  power 

s y s t e m s  w i l l  be in f luenced  by t h e  size of p a r t i c l e s  r e t u r n i n g  

t o  t h e  ea r th ' s  s u r f a c e .  F ine  par t ic les  (less than  -10 p) 

w i l l  be more w i d e l y  dispersed but w i l l  be i n  t h e  respirable  

size range,  w i t h  t h e  p o s s i b i l i t y  of e n t e r i n g  t h e  exchange 

s p a c e  of t h e  lung where  b i o l o g i c a l  e l i m i n a t i o n  is r e l a t i v e l y  

q u i t e  slow. Larger  p a r t i c l e s  w i l l  be less widely d i spe r sed  

but  w i l l  c o n s t i t u t e  more i n t e n s e  discrete r a d i a t i o n  sources .  

The  s i ze  of p a r t i c l e s  reaching  t h e  e a r t h ' s  s u r f a c e  w i l l  de- 

pend on :he method of s y s t e m  d e s t r u c t i o n .  As r ega rds  poten- 

t i a l  hazard c o n t r o l ,  t h e  method of choice w i l l  depend on a 

number of fac tors ,  among which are t h e  b i o l o g i c a l  effects 

which ma:. be produced by radioactive par t ic les  too large t o  

be inha led .  This  report  covers  some p re l imina ry  obse rva t ions  

b e l i e v e d  p e r t i n e n t  t o  a s s e s s i n g  t h e  b i o l o g i c a l  effects of 

p a r t i c u l a t e  r a d i a t i o n  sources ,  p a r t i c u l a r l y  f i s s i o n e d  23%c2 

microspheres  i n  t h e  s i ze  range of about 100 t o  a f e w  hun- 

dred p.  
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A l l  pyrocarbon-coated 235UC2 part ic les  and about 85 per- 

c e n t  of uncoated ones appeared t o  maintain t h e i r  i n t e g r i t y  

f o r  24 hours  i n  g a s t r i c  j u i c e .  

spheres through t h e  g a s t r o i n t e s t i n a l  t rac t  of 57 normal a d u l t s  

w a s  34.5 - + 16.6 hours.  

seem t o  be a factor i n  r a t e  of passage. 

uncoated particles underwent d i s i n t e g r a t i o n  and s o l u b i l i z a t i o n  

i n  4 t o  6 weeks; coa ted  ones were st i l l  p a r t i a l l y  i n t a c t  a t  8 

t o  12 weeks. The d i s i n t e g r a t i o n  process involved encapsula- 

t i o n ,  f i b r o b l a s t i c  i n f i l t r a t i o n  of t h e  pa r t i c l e  mass and, i n  

c a s e  of t h e  coated p a r t i c l e s ,  vigorous macrophage i n g e s t i o n  

of carbon. 

Mean t r a n s i t  t i m e  of uncoated 

T h e i r  h i g h  d e n s i t y  (-10.8) does not  

When p laced  i n  s i t u ,  

Emergent beta-ray spectra of f i s s i o n e d  spheres were meas- 

ured  and dose as a func t ion  of depth i n  t h e  s k i n  c a l c u l a t e d  

and compared w i t h  measured dose us ing  photographic  emulsion 

dosimetry. Ca lcu la t ed  va lues  (based on exponen t i a l  absorp- 

t i o n )  qere spproxima:elv 20 percent  h i g h e r  t han  measured 

,s. t - -  

Lesions produced on t h e  s k i n  of t h e  backs of monkeys by 

c a l c u l a t e d  beta-ray doses  (of 1300 t o  52,000 rads) from f i s -  

s ioned  epheres  were examined grossly and microscopica l ly .  

Doses above about 10,OOO rads produced small areas of e r y -  

thema which persisted fo r  3 weeks. Microscopica l ly ,  these 

l e s i o n s  a t  6 weeks pos t  exposure appeared of l i t t l e  medical 

importance,  r l though both dermal and epidermal  changes were 

d i s c e r n i b l e .  
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CHAPTER I 

INTRODUCTION 

Assessment of t h e  p o t e n t i a l  hazards of i n s p i r e d  radio- 

a c t i v e  a e r o s o l s  poses  perhaps  t h e  most complex and d i f f i c u l t  

h e a l t h  p r o t e c t i o n  problem f a c i n g  t h e  n u c l e a r  energy i n d u s t r y .  

Atmospheric r e e n t r y  and burnup of n u c l e a r  rocket p ropu l s ion  

reactors and a u x i l i a r y  power s u p p l i e s  w i l l  c reate  p o t e n t i a l  

r a d i o a c t i v e  p a r t i c l e  i n h a l a t i o n  hazards s p e c i f i c a l l y  affect-  

i n g  t h e  u s e  of n u c l e a r  energy i n  space  miss ions .  One pos- 

s i b i l i t y  of a l l e v i a t i n g  t h e  p o t e n t i a l  I n h a l a t i o n  hazard I= 

t o  c o n t r o l  t h e  s i ze  of t h e  r a d i o a c t i v e  p a r t i c l e s  r e t u r n i n g  t o  

t h e  e a r t h ' s  s u r f a c e  such t h a t  t h e y  w i l l  n o t  be i n  t h e  r e s p i r -  

able s ize  range  or a t  least  above t h e  s ize  range  t h a t  may 

e n t e r  t h e  exchange s p a c e  of t h e  lungs  (larger t h a n  - 10 p ) ,  

w h e r e  t h e  removal ra te  is r e l a t i v e l y  q u i t e  slow. I n  t o t o  

t h e  problem is, of c o u r s e ,  not  t h a t  s imple.  The larger t h e  

p a r t i c l e  size,  t h e  fewer w i l l  be t h e i r  number and t h e  lower 

w i l l  be t h e  p robab i l i t y  t h a t  a s p e c i f i c  i n d i v i d u a l  or group 

- 

-11- LANL 



w i l l  be exposed t o  one o r  more p a r t i c l e s .  

p a r t i c l e s ,  however, t h e  more confined w i l l  be t h e i r  d i s t r i b u -  

t i o n ,  t h e  h ighe r  t h e  g r o s s  r a d i a t i o n  i n t e n s i t y  p e r  u n i t  area, 

and t h e  g r e a t e r  t h e  r a d i o a c t i v i t y  per p a r t i c l e  because of 

both s ize  and s h o r t e r  decay time as a consequence of t h e i r  

more r a p i d  ra te  of f a l l .  Whether c o n t r o l  of r e e n t r y  p a r t i c l e  

size l e s s e n s  t h e  p o t e n t i a l  hazards of space a p p l i c a t i o n s  Of 

nuc lea r  energy depends on eva lua t ion  of a l l  of these param- 

eters i n  r e l a t i o n  t o  t h e  b io logica l  e f f e c t s  produced by rad io-  

a c t i v e  p a r t i c l e s  too l a r g e  t o  e n t e r  t h e  r e s p i r a t o r y  t r ac t .  

If i n s o l u b l e ,  such  p a r t i c l e s  may c o n s t i t u t e  discrete  sources 

of a lpha ,  beta, or gamma r a d i a t i o n  o r  mixed sources  of these 

r a d i a t i o n  types.  Discrete sources depos i t ed  on t h e  s k i n  

s u r f a c e  may produce s i g n i f i c a n t  r a d i a t i o n  l e s i o n s  and i f  

swallowed w i l l  r e s u l t  i n  i r r a d i a t i o n  of the g a s t r o i n t e s t i n a l  

mucosa. If soluble ,  t h e  r a d i o i s o t o p e s  p re sen t  may be ab- 

sorbed d i r e c t l y  i n t o  t h e  body or e n t e r  ti .-  s o l o g i c , . T  Z y c l e  

and c o n s t i t u t e  a p o t e n t i a l  i n t e r n a l  r a d i a t i o n  source. The 

l a t t e r  problem may be circumvented by employing o n l y  h i g h l y  

i n s o l u b l e  m a t e r i a l s  for space  a p p l i c a t i o n s .  T h i s  report  

covers  some pre l iminary  obse rva t ions  be l i eved  p e r t i n e n t  t o  

a s s e s s i n g  t h e  b i o l o g i c a l  e f fec ts  of discrete r a d i a t i o n  

sources ,  p a r t i c u l a r l y  a c t i v a t e d  or f i s s i o n e d  2 3 5 ~ ~ 2  micro- 

sphe res  i n  t h e  size range  of about 100 t o  a f e w  hundred p .  

The l a r g e r  t h e  

-12- 
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CHAPTER 11 

INTEGRIn OF 235UC2 MICROSPHERES I N  GASTRIC FLUIDS 

(C. R. Richmond and J .  E. London) 

Cons idera t ion  of r a d i a t i o n  dose from discrete radio- 

a c t i v e  par t ic les  temporar i ly  r e s i d i n g  wi th in  t h e  lumen of 

t h e  g a s t r o i n t e s t i n a l  t r ac t  requires knowledge of p a r t i c l e  

i n t e g r i t y ,  s o l u b i l i z a t i o n ,  and a s s i m i l a t i o n  by  t h e  body. If 

par t ic le  i n t e g r i t y  is not  maintained in body f l u i d s ,  then  

s o l u b i l i z a t i o n  and a s s i m i l a t i o n  may assume primary importance. 

T h e  fo l lowing  tests were performed t o  a s s e s s  t h e  degree of 

235UC2 p a r t i c l e  i n t e g r i t y  dur ing  c o n t r o l l e d  exposure t o  

gas t r i c  j u i c e .  

I n t e g r i t y  of Carbon-Coated 2 3 5 ~ ~ 2  Part ic les  

I n t e g r i t y  of 

k e r n e l  surrounded 
uc2 

235 UHTREX* particles,  c o n s i s t i n g  of a 

by a duplex layer of laminar and columnar 

4 Acronym for Ultra - High - Temperature - Reactor - Experiment. - 

LANL - 13- 
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pyrocarbon (Fig. 11-1), i n  monkey gas t r i c  j u i c e  w a s  inves-  

t iga ted .  The d e n s i t y  of t h e  p a r t i c l e s  was 2.6,  and t h e  ura- 

nium content  was about 30.36 percen t .  Each of 12 p a r t i c l e s  

w a s  c a r e f u l l y  weighed and measured (diameter) before and 

after being placed i n t o  monkey g a s t r i c  j u i c e  fo r  24 hours.  

This t i m e  pe r iod  was selected as it would almost c e r t a i n l y  

exceed t h e  maximum time a p a r t i c l e  would remain  i n  t h e  ac id  

environment of t h e  rtomrch, I t  w a s  assumed a l s o  t h a t  t h e  

a c i d i c  cond i t ions  of t h e  stomach would be t h e  most d e t r i m e n t a l  

t o  t h e  particle.. The g a s t r i c  f l u i d  was ob ta ined  from anes- 

thetized monkeys (Yacaca apcc iosa)  some 30 minutes a f t e r  t h e  

first meal fol lowing an overn ight  fas t .  P a r t i c u l a t e  mate- 

r i a l s  were removed from t h e  j u i c e  by f i l t r a t i o n  through a 

very c o a r s e  f r i t t e d  glass f i l t e r .  I f  necessary ,  t h e  f i l tered 

j u i c e  was a d j u s t e d  t o  pH 3.5 w i t h  HC1.  

placed i n  3 t o  5 m l  of t h e  f i l t e r ed  g a s t r i c  f l u i d  conta ined  

i n  a p l a s t i c  receptacle. The c o n t e n t s  of t h e  r e c e p t a c l e  were 

maintained a t  37OC w i t h  continuous a g i t a t i o n  throughout t h e  

24-hour test per iod .  

Each par t ic le  was 

Par t ic le  diameter measurements were made w i t h  a Vickers- 

A.E. I. image-sp l i t t ing  dev ice  attached t o  a s t a n d a r d  b inocu la r  

l i g h t  microscope. 

achieved by us ing  a stage-mounted 100-p  g r a t i c u l e  marked a t  

244 i n t e r v a l s .  Each p a r t i c l e  was measured f i v e  consecu t ive  

C a l i b r a t i o n  of t h e  o p t i c a l  system was 

-14- 
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F i g .  11-1. Sect ioned  UHTREX p a r t i c l e  showing 235UC2 kerne l  
and duplex c o a t i n g  of laminar and columnar pyro- 
carbon. 
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times, removed from t h e  o l i d e ,  and then  remeasured f i v e  addi- 

t i o n a l  times. Mass measurements were made w i t h  a Cahn micro- 

ba lance  w i t h  a known accuracy and p r e c i s i o n  of about 2 pg. 

Table  11-1 ehows part ic le  w e i g h t s  and diameters be fo re  

No real  and after immersion f o r  24 h o u r s  in gas t r ic  j u i c e .  

diameter and mass changes were apparent ,  and a l l  d i f f e r e n c e s  

were wi th in  t h e  known measurement errors. The maximum d i f -  

f e r e n c e s  observed were in diameter and were on t h e  order of 

2 t o  4 percent  of t h e  i n i t i a l l y  observed value.  Very  prob- 

a b l y  t h e  d i f f e r e n c e s  are not real but m e r e l y  a r e f l e c t i o n  of 

t h e  r e l a t i v e  p o s i t i o n  of t h e  par t ic le  dur ing  each se t  of 

measurements before and af ter  immersion. Thus, as a f irst  

approximation, clad UBTREX particles maintain t h e i r  i n t e g r i t y  

when ag i ta ted  In warmed primate gas t r i c  j u i c e  f o r  24 hours .  

No f r a c t u r i n g ,  p i t t i n g ,  or e ros ion  was observed. 

I n t e g r i t y  of Uncoated 23%2 P a r t i c l e s  
-~ ~ 

The i n t e g r i t y  of uncoated 235UC2 p a r t i c l e s  i n  g a s t r i c  

f l u i d  w a s  i n v e s t i g a t e d  also, s i n c e  r u p t u r e  of t h e  pyrocarbon 

c o a t i n g  conceivably could  r e s u l t  in exposure t o  t h e  ba re  

235UC2 kerne l .  Because of t h e  low mass (20  t o  50 pg) and 

a t t e n d a n t  problems i n  handl ing uncoated 235UC2 part ic les ,  

on ly  diameter measurements were made r o u t i n e l y .  Otherwise ,  

the experimental  protocol g iven  i n  t h e  p rev ious  s e c t i o n  w a s  

-16- LLNL 
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235 
TABLE 11-1. WEIGHT AND DIAMETER OF CARBON-COATED UCz 

MICROSPHERES BEFORE AND AFTER 24-HOUR IMMERSION 
IN PRIMATE GASTRIC J U I C E  

1 70 71 

2 61 60 

3 83 82 

4 86 86 

5 90 91 

377.9 380.4 

370.5 362.6 

383.6 389.7 

391.8 393.7 

392.8 402.3 

6 62 61 359.8 367.0 

7 62 62 359.0 354.8 

8 60 58 360.8 362.7 

9 120 118 433.6 438.3 

10 105 105 408.2 414.2 

11 83 82 390.1 389.9 

12 87 87 401.4 397.9 

-17- 
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dupl ica ted ,  except  p a r t i c l e  d e n s i t y  in t h i s  case was about 

10.8. Prel iminary obse rva t ions  i n d i c a t e d  t h a t  uncoated 

23%c2 particles were cons ide rab ly  less spherical  than  were 

coated ones. 

measurements in t roduced  a t o t a l  error of about 5 percen t  f o r  

Reposi t ioning a p a r t i c l e  between s u c c e s s i v e  

t h e  diameter value.  Table  11-2 lists t h e  measured diameters 

obta ined  from 26 p a r t i c l e s  be fo re  and af ter  immersion i n  

primate gas t r ic  j u i c e  f o r  24 hours.  D i f f e rences  exceeding 

5 percent  are shown i n  column 4. I n  t r i a l  No. 2 0 ,  t h e  par- 

t i c l e  was completely f r a c t u r e d  i n t o  t w o  roughly equal  ha lves  

which were still  mutually connected. I n  three o t h e r  t r i a l s ,  

t h e  diameters a f te r  immersion were from 10 t o  20 percen t  

smaller than t h e  o r i g i n a l l y  observed va lues .  Because of 

diameter-volume r e l a t i o n s ,  a d i f f e r e n c e  of -20 percen t  

( t r ia l  No. 14)  i n  diameter measurement r e p r e s e n t s  a dec rease  

by a factor  of 2 in t h e  volume and hence cannot be ignored.  

A 5 percent  decrease in diameter r e p r e s e n t s  a r educ t ion  i n  

volume of -10 percent .  Observation of uncoated 2 3 5 ~ ~ 2  par- 

ticles not  used i n  t h i s  s tudy  showed t h e  presence  of numerous 

surface imperfect ions.  It is not unreasonable  t o  assume t h a t  - 

similar par t ic les  might  have i n a d v e r t e n t l y  been used i n  t h i s  

s tudy ,  as it is extremely d i f f i c u l t  t o  observe t h e  e n t i r e  

surface of a m a l l  p a r t i c l e  of t h i s  na tu re .  Regardless of 

t h e  cause,  It appears  tha t  uncoated 235UC2 p a r t i c l e s  are 

- 18- 
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TABLE 11-2. PARTICLE DIAMETER OF UNCOATED 2 3 5 ~ ~ 2  MICRO- 
SPHERES B m R E  AND AFTER 24-HOUR IWERSION I N  
PRIMATE GASTRIC JUICE ' 

Di &me t er ( p  ) T r i a l  Differenct 
No. Pre Post  (percent  1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6  
17 
18 
19 

203.1 
178.0 
211.8 
166.9 
211.4 
200.3 
215.1 
175.0 
160.2 
164.5 
186.1 
165.3 
164.2 
173.5 
159.3 
165.5 
186.0 
177.3 
154.9 

212.2 
179.3 
214.0 
167.1 
171.7 
203.7 
216.0 
175.2 
163.6 
164.1 
167.3 
159.2 
166.5 
136.3 
158.6 
165.5 
185.3 
175.2 
154.5 

20 155.9 Frac tured  
2 1  152.1 151.1 
22 171.5 167.7 
23 168.3 171.4 
24 137.9 138.5 
25 162.5 162.1 

-10.8 

-10.1 

-21 4 

F rac tu red  

26 137.6 138.6 

* I f  g r e a t e r  t h a n  5 percent  of t h e  i n i t i a l  value.  
-19- 
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less able to  maintain their in tegr i ty  f o r  24 hours i n  g a s t r i c  

j u i c e .  S t i l l ,  in 85 percent of the cases ,  the small changes 

i n  p a r t i c l e  diameter were judged to f a l l  within experimental 

error 

-20- 
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CHAPTER I11 

GROSS GASTROINTESTINAL TRANSIT TIME OF 

LOW- AND HIGH-DENSITY MICROSPHERES IN MAN 

(C. R. Richmond and J .  E. Furchner) 

E s t i m a t e s  of t h e  r a d i a t i o n  dose incu r red  from t h e  pass- 

age of small r a d i o a c t i v e  par t ic les  through t h e  g a s t r o i n t e s -  

t i n a l  t r a c t  depend on a number of p h y s i c a l  and biological  

factors .  

p a r t i c l e  dur ing  passage through t h e  g a s t r o i n t e s t i n a l  t rac t  

(referred t o  hereafter as gross  t r a n s i t  time). 

g r o s s  t r a n s i t  t i m e  f o r  small (100- t o  200-p) high-densi ty  

par t ic les  have been pure ly  mpeculative.  P o s s i b l e  d e n s i t y  

effects on entrapment between v i l l i  or movement a g a i n s t  grav- 

i t y  (e.g. ,  up t h e  ascending colon o r  o u t  from t h e  gas t r i c  

fundus j  have been sugges ted  as mechanisms t h a t  might  r e s u l t  

i n  long r e t e n t i o n  times. 

i n  d e f e c a t i o n  h a b i t s  among people  augments t h e  lack of agree- 

ment on t h e  average t i m e  r equ i r ed  for  any m a t e r i a l  t o  pass 

through t h e  g a s t r o i n t e s t i n a l  t ract .  

Included among t h e  l a t te r  is t h e  t i m e  s p e n t  by t h e  

Estimates fo r  

In  a d d i t i o n ,  t h e  great v a r i a b i l i t y  

The purpose of t h i s  s tudy  



was t o  measure gromo t r a n s i t  times of low- and high-densi ty  

microsphereu ( -100 t o  200 p in diameter) in a small sample 

of normal 8 d u l t e .  

Methods 

n o  k inds  of p a r t l c l e s  were used: ceramic microspheres 

149 2 11 (r in diameter having 8 d e n s i t y  of 3.0 g/cm3* and 

con ta in ing  approximately 150 p i c o c u r i e s  (pCi) 54Mn per  s p h e r e ,  

and uncoated 235UC2 sphe res  173 - + 39 p i n  diameter having a 

d e n s i t y  of -10.8 g/cm . One ceramic sphere and t w o  

spheres were e a s i l y  detectable and d i f f e r e n t i a t e d  in a f e c a l  

sample when me8sured for 30 minutes in a thin-window, NaI ( T l ) ,  

tw in -c rys t a l  coun te r  opera ted  w i t h  a 400-channel pulse-height  

ana lyzer  (1). Because of t h e  very amall  amounts of material, 

t h e  low specific mc t iv l ty  of 235U and t h e  gamma-ray p o s i t r o n  

 mission decay of "Yn, t h e  calculated r a d i a t i o n  dose d e l i v e r e d  

235 
ucZ 

3 

t h e  segments of t h e  g a e t r o i n t e s t i n a l  t r a c t  were extremely 

l o w ,  even for very long r e8 idence  times i n  t h e  lower large 

i n t e s t i n e ,  8nd far  below ( 235U - loo4, 54Mn - log6) accepted  

maximum pe rmis s ib l e  level.  f o r  t h e s e  materials (2 ) .  

Expet.Imenta1 p r o t o c o l  was 8s follows. A g e l a t i n  capsu le  

c o n t a i n i n g  two 235UC2 sphere@ and one S4Mn-labeled s p h e r e  was 

Obtained from 3 4  Company, S t .  Paul ,  Minn. 
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measured for  30 minutes i n  t h e  tw in -c rys t a l  mpectrometer. 

T h i s  was done t o  v e r i f y  t h e  premence of peak6 a t  .bout 180 

and 840 kev i n  t h e  gamma-ray spectrum. 

labeled or very  weakly labeled 54Mn sphe res  were encountered 

and were n o t  w e d .  Each person  was given a capsu le  contain-  

i n g  a set of measured sphe res  and i n s t r u c t e d  t o  collect  each 

succeeding fecal sample u n t i l  t h e  p a r t i c l e s  were recovered.  

Times of i n g e s t i o n  and sample voiding were recorded. One 

person r e p e a t e d  t h e  test 10 d i f f e r e n t  times t o  provide  an 

estimate ?f v a r i a t i o n  wi th in  t h e  same ind iv idua l .  Seve ra l  

o thers  r e p e a t e d  t h e  i n g e s t i o n  a t  d i f f e r e n t  times of t h e  day 

t o  provide  an e s t i m a t e  of t h e  time-of-day v a r i a b l e .  Informa- 

t i o n  was o b t a i n e d  on 57 i n d i v i d u a l s  and r e p r e s e n t s  t h e  h i s t o r y  

of some 156 s e p a r a t e  particles (114 235UC2- and 42 54Yn- 

labeled ceramic s p h e r e s ) .  

Occasional ly  non- 

 result^ and Discussion 

Figure  111-1 shows t h e  gamma-ray spectrum obta ined  from 

a measurement of a fecal  sample voided by one s u b j e c t  about  

24 hours  a f te r  swallowing t h e  p a r t i c l e s .  Both peaks are 

e a s i l y  h i s  t i n g u i s h a b l e  . 
Table  111-1 g i v e s  d e t a i l s  of g a s t r o i n t e s t i n a l  passage 

f o r  each of t h e  52 s u b j e c t s  who passed p a r t i c l e s  of both 

d e n s i t i e s  i n  t h e  same sample. Mean g r o s s  t r a n s i t  t i m e  was 
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F i g .  111-1. Gamma-ray spectrum of human fecal  sample show- 
ing photopeaks a t  -180 kev (235U) and at  - 840 kev (54M.n) from i n g e s t e d  microspheres .  
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TABLE 111-1. GROSS GASTROINTESTINAL TRANSIT TIMES FOR SMALL 
PARTICLES OF DIFFERENT DENSITIES IN MAN 

* * G.T.T. Sample G.T.T. Sample 
Subject  (hours) No. Subject (hours) No. 

1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20  
21  
22 
23  
24 
25 
26 

3 1 . 4  
1 5 . 5  
2 7 . 6  
2 2 . 3  
39.5 
1 4 . 0  
29.3 
26.1  
61.3 
5 8 . 0  
55 .1  
35 .3  
2 3 . 3  
2 7 . 4  
4 1 . 0  
1 ? . 4  
3 3 . 3  
2 4 . 5  
3 8 . 0  
4 8 . 0  
3 4 . 3  
4 1 . 3  
7 2 . 0  
2 2 . 4  
2 2 . 5  
2 0 . 4  

2 
1 
2 
1 
2 
3 
2 
1 
3 
3 
3 
3 
1 
3 
2 
1 
2 
1 
2 
1 
2 
2 
4 
2 
1 
2 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 

5 3 . 3  
4 5 . 3  
71 .5  
2 3 . 0  
7 1 . 3  
31 .2  
46 .0  
43 .4  
1 7 . 2  
4 9 . 3  
22 .2  
6 8 . 2  
16 .2  
2 2 . 5  
2 8 . 1  
2 0 . 3  
5 6 . 3  
1 8 . 4  
1 8 . 5  
3 5 . 0  
17 .5  
2 7 . 3  
4 1 . 0  
2 4 . 6  
2 5 . 8  
2 4 . 3  

1 
2 
3 
1 
3 
4 
3 
1 
1 
3 
2 
3 
1 
2 
2 
1 
2 
1 
1 
2 
1 
2 
2 
2 
2 
2 

* Gross t r a n s i t  t i m e .  
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34.5 hours, with a s t a n d a r d  error of 16.6 hours. 

IS i n  good agreement w i t h  t h e  va lue  of 31 hours  recommended 

for t h e  s t anda rd  man by Committee If of t h e  I n t e r n a t i o n a l  

Commission on Radio logica l  P r o t e c t i o n  (2) .  LeRoy and co- 

workers (3) r e c e n t l y  sugges ted  a r e v i s i o n  t o  49 hours;  t h i s  

va lue  appears  t o  be large f o r  a r e p r e s e n t a t i v e  average f o r  

discrete particles,  Ind iv idua l  va lues  ranged from 14 .0  t o  

95.6 hours, o r  about 7 f o l d .  

for a normal s too l  sample and d i d  not r e p r e s e n t  a diarrheal  

condi t ion .  Most probably t h e  g r o s s  t r a n s i t  t i m e  va lues  do 

not  correspond t o  a normal d i s t r i b u t i o n .  

Th i s  va lue  

The minimum v a l u e  was obta ined  

On t h e  average, p a r t i c l e s  were passed i n  t h e  second 

feca l  sample fol lowing i n g e s t i o n ;  t h e  range  was from 1 t o  5.  

An occas iona l  i n d i v i d u a l  forgot  t o  c o l l e c t  one o r  more feca l  

samples after i n g e s t i n g  t h e  spheres ,  In  these cases t h e  

r e s u l t s  were discarded from t h e  s tudy .  
. .. . 

I11 -1.7 5 57 t r i a l s  were t h e  two t y p e s  of par- 

t ic les  separated and passed i n  d i f f e r e n t  s t o o l s ;  3 s u b j e c t s  

passed t h e  lower d e n s i t y  ceramic spheres flrst, and 2 sub- 

j ec t s  passed t h e  h i g h e r  d e n s i t y  235UC2 spheres  first. 

b le  111-2 shows data f o r  t h e  5 t r i a l s ,  r e p r e s e n t i n g  about 

9 percen t  of t h e  sample. Gross t r a n s i t  time may be expected 

t o  depend on t i m e  of p a r t i c l e  i n g e s t i o n  w i t h  r e s p e c t  t o  t h e  

Ta- 

next  r e g u l a r  bowel 

r e g u l a r  habits.  

movement, e s p e c i a l l y  i n  i n d i v i d u a l s  w i t h  

-26- LANL 
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TABLE 111-2. GROSS GASTROINTESTINAL TRANSIT TIMES FOR SMALL 
PARTICLES OF DIFFERENT DENSITIES IN U N  

54Mn Ceramic Spheres 235UC2 Spheres 

G.T.T. * Sample G.T.T.* Sample 
Subject (hours) No. (hours) No. 

53 28.5 

54 21.5 

55 70.9 

56 74.5 

57 32.0 

3 51.8 4 

2 51.5 3 

3 47.1 2 

4 95.6 5 

2 23.5 1 

t * Cross t r a n s i t  t i m e .  
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Figure  111-2 shows t r i a l s  in 3 i n d i v i d u a l s  r e l a t i n g  g ross  

t r a n s i t  t i m e  and time of day t h e  pa r t i c l e s  were inges ted .  In 

each p a r e n t h e s i s  is shown t h e  i n g e s t i o n  t i m e  and sample number 

of t h e  stool con ta in ing  t h e  r a d i o a c t i v i t y .  The s t eady  de- 

crease in gross t r a n s i t  t i m e  no ted  in t h e  first 4 t r i a l s  for  

ind iv idua l  A r e p r e s e n t s  decreas ing  times between p a r t i c l e  

inges t ion  and early morning bowel emptying. However, t r i a l  5 

shows t h a t  when par t ic les  were inges t ed  a t  1700 hours  t h e y  

were not passed t h e  fol lowing morning but  rather on t h e  second 

morning fol lowing inges t ion .  Ind iv idua l  B shows a similar 

p a t t e r n  for three t r i a l s  spaced a t  6-hour i n t e r v a l s .  Individ-  

u a l  C, r ep resen t ing  10 t r i a l s ,  is t y p i c a l  of a person w i t h  

non-regular bowel h a b i t s .  However, i n  most cases t h e  a c t i v i t y  

w a s  i d e n t i f i e d  in t h e  second sample and most v a l u e s  f e l l  

w i th in  a f a c t o r  of 2 .  

Experiments designed t L  e a s u r e  d i f f e r e n t i a l  t r a n s i t  

t i m e s  of small p- ;+-.-.x t h ro  gh t h e  gas t ro in t e s t ina l  t r ac t  

of rodents  and dogs are in progress. Hopefully,  these data  

may be used t o  der ive  v a l u e s  appl icable  t o  man th rough  c o r r e l a -  

tions of d i f f e r e n t i a l  and gross  t r a n s i t  times and anatomical 

characteristics of t h e  g a s t r o i n t e s t i n a l  t r ac t .  
- 

Although on ly  gross t r a n s i t  times were observed i n  t h i s  

s tudy  and t h e  sample size was r e l a t i v e l y  small ,  d e n s i t y  of 

inges t ed  par t ic les  does no t  seem t o  i n f l u e n c e  ra te  of passage 

0 0 0 5 3 0 3  
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through t h e  g a s t r o i n t e s t i n a l  t ract  of normal h e a l t h y  a d u l t s .  

There was no i n d i c a t i o n  of greater than  expected holdup of 

microspheres in t he  d i g e s t i v e  s y s t e m .  

counted for in 96 hours  af ter  inges t ion .  

t i m e  w a s  34.5 hours ,  w i t h  a s t anda rd  error of 16.6 hours.  

Most probably gross t r a n s i t  time va lues  do not  correspond t o  

a normal d i s t r i b u t i o n  and t h e  bowel movement h a b i t s  of t h e  

i n d i v i d u a l  are t h e  dominant factor. 

A l l  spheres  were ac- 

Mean gross t r a n s i t  
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CHAPTER I V  

REACTION AND FATE OF INTERSTITIALLY PIACED 

GRAPHITE-COATED AND UNCOATED 235UC, MICROSPHERES 

(J. C .  Hensley) 

The r e a c t i o n  and f a t e  of i n t e r s t i t i a l l y  located carbon- 
235 coated and uncoated  

t h e  p u b l i c  h e a l t h  hazard imposed by such  par t ic les  in t h e  

even t  of n u c l e a r  reactor r e e n t r y  and d e s t r u c t i o n .  

t e r m i n a l  v e l o c i t y  c a l c u l a t i o n s  i n d i c a t e  t h a t  p a r t i c l e s  in t h e  

UC2 microspheres may have b e a r i n g  on 

Atmospheric 

100- t o  2 0 0 - p  diameter r ange  would n o t  p e n e t r a t e  t h e  squamous 

e p i t h e l i a l  t i s s u e .  

s k i n  areas, i n  t h e  medial o r  l a t e r a l  can thus  of t h e  eye,  t h e  

i n t e r n a l  a u d i t o r y  meatus, or even t h e  mouth w i t h  poss ib le  tis- 

s u e  r e a c t i o n  t o  t h e  r a d i o a c t i v i t y  m i g h t  u l t i m a t e l y  resul t  I n  

However, par t ic le  depc. i t i o n  i n  broken 

i n t e r s t i t i a l  i nco rpora t ion .  

t i s s u e  t o  t h e  microspheres  and effect of t i s s u e  and t i s s u e  

An i n d i c a t i o n  of r e sponse  of 
- 

f l u i d s  on t h e  par t ic les  may be of I n t e r e s t .  
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Methods and Resu l t s  

Three types of spheres were used: graphi te -coa ted  and 

uncoated 235UC2 spheres and spheres of 23QP~02.  The l a t te r  

were used t o  try t o  d i f f e r e n t i a t e  normal t i s s u e  r e a c t i o n  t o  

r e l a t i v e l y  nonradioac t ive  par t ic les  from r e a c t i o n  t o  h i g h l y  

r a d i o a c t i v e  p a r t i c l e s  ( i n  t h i s  case, i n t e n s e  a lpha  radisr t ion)  . 
Microspheres of about 100- t o  300-p diameter  were implanted 

subcutaneously or In t radermal ly ,  i n t r a p e r i t o n e a l l y ,  and i n t r a -  

po r t a l ly .  

Subcutaneous o r  Intradermal  Implants 

F i v e  par t ic les  of each t y p e  were implanted i n t r a d e r m a l l y  

on t h e  backs of each of  4 Macaca s p e c i o s a  monkeys (prev ious ly  

prepared w i t h  1 -cm t a tooed  g r i d s ) .  

were p laced  by means of a prope r ly  s ized hypodermic need le  

I n  a l l  cases t h e  particles 

and s t y l e t .  Then t h e  needle  ( w i t h  - w a l  vp) 'Y prope r ly  

pos i t i oned  i n  t h e  desired s k i n  l aye i  ..le bead was c a r e f u l l y  

pushed from and about 5 mm ahead of t h e  need le  t i p  ( p a r a l l e l  

t o  t h e  skin s u r f a c e )  wi th  t h e  s t y l e t .  

Gross obse rva t ions  of degree of inflammation were made 

r o u t i n e l y  for 90 days. Other  t han  t h e  i n i t i a l  inflammation 

a long  t h e  implant tract, no r e a c t i o n  t o  t h e  Coated and un- 

coated 235UC2 sphe res  could  be observed g r o s s l y  a t  6 days 

post implant.  

- 

The 239Pu02 sphe res ,  however e l ic i ted g r o s s l y  
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prominent r e a c t i o n s  for 6 t o  8 weeks. After t h i s  period t h e  

m a j o r i t y  of uncoated beads ( inc lud ing  239Pu02) were no longer  

v i s i b l e .  Dispersed carbon from t h e  coated beads,  however, 

was r e a d i l y  v i s i b l e  a t  t h i s  t i m e .  Detailed informat ion  on 

t h e  fate and r e a c t i o n  of these materials p laced  in t r ade rma l ly  

on t h e  backs of monkeys w i l l  r e q u i r e  his tological  examination 

of biopsy samples. 

Graphite-coated and uncoated 235UC2 spheres were a l so  

p laced  subcutaneously i n  i n t e r m i t t e n t  ha i r less  mice. The  

ha i r less  s t r a i n  (developed in t h i s  Laboratory) was used t o  

f a c i l i t a t e  g r o s s  obse rva t ions  of t i s s u e  response.  

shows one of these mice w i t h  two subcutaneously implanted 

F igu re  I V - 1  

beads (graphite-coated) 26 days  a f t e r  implant .  Some d isper -  

s i o n  of t h e  g r a p h i t e  from t h e  par t ic le  can be seen  a t  t h i s  

t i m e .  

235UC2 spheres was more r a p i d  than  f o r  coa ted  spheres. 

i n t e g r a t i o n  of t h e  uncoated spheres was w e l l  underwa:r by 4 t o  

5 weeks and w a s  complete by about 8 weeks. D i s i n t e g r a t i o n  of 

As would be expected,  t h e  r a t e  of d i s s o l u t i o n  of bare 

D i s -  

t h e  graphi te -coa ted  particles seemed i n i t i a l l y  t o  be q u i t e  

s e l e c t i v e  (i.e., only an occas iona l  p a r t i c l e  seemed s u b j e c t  

t o  t h e  t i s s u e  effect) .  After about 12 weeks, however, l i t t l e  
- 

evidence  of t h e  sphe res  could be seen  g r o s s l y .  S e r i a l  h i s t o -  

sect i o n s  through a coated microsphere implanted subcutaneously 

f o r  8 weeks are shown i n  F ig .  IV-2. This  f i g u r e  shows f ibro-  

b l a s t i c  i n f i l t r a t i o n  i n t o  t h e  mass of t h e  microsphere 

-33- 
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Fig. IV-1 .  Hairless mouse with t w o  carbon-coated 235UC2 
beads as placed subcutaneously 26 days p r i o r  to  
photograph. Beginning d i s p e r s i o n  of t h e  carbon 
coat shows t h e  microspheres as d i f f u s e  r a t h e r  
than d i s c r e t e  p a r t i c l e s .  
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(F ig .  IV-2A) and vigorous macrophage i n g e s t i o n  of carbon 

(Fig. XV-2B). Histological ly ,  t o t a l  breakdown of t h e  coated 

spheres had not  occur red  a t  12 weeks, b u t  a l l  were in var ious  

stages of d i s i n t e g r a t i o n  a t  t h i s  t i m e .  

T i s sue  sections from animals sacrificed a t  i n t e r v a l s  

showed his tological  damage t o  t h e  kidneys,  undoubtedly r e s u l t -  

i n g  from s o l u b i l i z a t i o n  of t h e  uranium c a r b i d e  as t h e  d i s -  

i n t e g r a t i o n  proccsr proceeds. 

Using  a s u i t 8 b l y  812ed hypodermic need le  and s t y l e t ,  5 

t o  10 carbon-co8ted 235UC2 sphe res  of uniform s ize  ( -150-p 

diameter) were placed i n  t h e  per i toneal  c a v i t y  of each of 

18 rats. Animals were necrops ied  a t  4, 8 ,  12, and 14 weeks. 

A t  4 weeks all microspheres were recovered  e s s e n t i a l l y  i n t a c t .  

Some s l i g h t  f i b r o u s  encapsula t ion  had occurred.  A t  8 weeks 

approximately 50 percent  of t h e  spheres had d i s i n t e g r a t e d ,  

r e s u l t i n g  i n  numerous carbon fragments scattered over  serosal 

s u r f a c e s  and s e l e c t i v e l y  encapsula ted .  The i n t a c t  s p h e r e s  

rere found encapsula ted  and adhered t o  mesenter ies  and per- 
- 

itoneum (Pig. 

particles but  

s u l e s  g ross ly  

t h e  per iphery  

IV-3A) .  The c a p s u l e s  were t i g h t l y  f ixed t o  t h e  

could  be fo rc ib ly  removed. On removal, cap- 

conta ined  carbon fragments.  Microscopica l ly ,  

of the  capsu le s  was f i b r o u s  connec t ive  t i s s u e ,  

-36- 
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and many small i n t r a c e l l u l a r  carbon fragments could be seen 

in hist iocytes  and macrophages (Fig. IV-3B).  A l l  spheres 

placed i n  t h e  p e r i t o n e a l  c a v i t y  had e s s e n t i a l l y  d i s i n t e g r a t e d  

by 12 t o  14 weeks. 

I n t r a p o r t a l  Implants 

Although i n t r a p o r t a l  implanta t ion  h a s  no direct r e l a t i o n  

t o  t h e  practical problem, t h i s  s i t e  was selected as a means 

of a s s u r i n g  con tac t  between t h e  par t ic les  and t h e  c i r c u l a t i o n  

and t o  observe gene ra l  f o r e i g n  body response  of another  organ. 

Under nembutal sodium a n e s t h e s i a ,  t h e  p o r t a l  ve in  of r a t s  was 

s u r g i c a l l y  exposed. Four t o  8 selected small graphi te -coa ted  

235UC2 par t ic les  were depos i ted  i n  t h e  p o r t a l  ve in  us ing  a 

proper ly  sized hypodermic need le  and s t y l e t .  

proper  technique  r e s u l t e d  i n  minimal b leeding  and complete 

recovery of t h e  major i ty  of animals.  Surv iv ing  anima15 were 

necrops ied  at  8 and 12 weeks p o s t  implant and the l i v e r  radio- 

graphed f o r  bead l o c a t i o n .  

h i s t o l o g i c a l  observa t ions .  

Development of 

The l i v e r  was t hen  sectioned f o r  

A f t e r  8 weeks, p a r t i c l e s  were found lodged in venules  i n  
2 

t h e  hepat ic  mass. S l i g h t  f i b r o u s  c a p s u l e s  were ev iden t  

(Fig. IV-4A) w i t h  obvious adhesion of f ib rob la s t s  t o  t h e  outer 

s u r f a c e  of the p a r t i c l e .  

found t o  c o n t a i n  many i n t r a c e l l u l a r  carbon p a r t i c l e s .  After 

H i s t i o c y t e s  and macrophages were 
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12 weeks (Fig. IV-4B),  f i b r o u s  capsu le s  were obviously 2 t o  

3 t i m e s  t h e  th i ckness  of t h e  8-week specimens. Fibrous in-  

growths i n t o  t h e  mass of t h e  particle were q u i t e  pronounced. 

Some i n t r a c e l l u l a r  carbon was seen  wi th in  ce l l s  of t h e  

hepatic parenchyma. 

Discuss  ion  

Although these obse rva t ions  were s t r i c t l y  of an explor-  

a t o r y  na tu re ,  t h e y  suppor t  t h e  conclus ion  t h a t  both carbon- 

coated and uncoated 235UC2 mlcrospheres  are indeed d i s i n -  

tegrated o r  are even s o l u b i l i z e d  If  placed i n  c o n t a c t  w i t h  

i n t e r s t i t i a l  f l u i d s  and t i s s u e  a c t i v i t y  for  periods of 8 t o  

12 weeks. The process of d i s i n t e g r a t i o n  of t h e  " inso luble"  

carbon c o a t  by t h e  f o r e i g n  body r e a c t i o n  is of i n t e r e s t ,  

whereas t h e  r e l a t i v e  i n s t a b i l i t y  of 235UC2 in water leads 

one t o  expect ra ther  r a p i d  d i s i n t e g r a t i o n  of t h e  uncoated 

spheres and of t h e  coated ones once t h e  i n t e g r i t y  of t h e  coat- 

i ng  is destroyed.  

H i s t o l o g i c a l l y ,  t h e  kidneys of animals  w i t h  Implanted 

p a r t i c l e s  show inc reas ing  damage, pyknosis  of t h e  t u b u l a r  

cells, and: s e v e r e l y  inc reased  th i cken ing  of glomerular  ep i -  

thel ium as t h e  pe r iod  pos t  implant  Inc reases .  T h i s  is e a s i l y  

related h i s t o l o g i c a l l y  t o  t h e  degree of d i s i n t e g r a t i o n  of t h e  

implanted microsphere.  
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Continued s t u d i e s  are expected t o  e l u c i d a t e  c e l l u l a r  

mechanisms r e s p o n s i b l e  f o r  p a r t i c l e  d e s t r u c t i o n .  One could  

conclude a t  t h i s  p o i n t  t h a t  d i s i n t e g r a t i o n  is by "piecemeal" 

d e s t r u c t i o n  and removal of t h e  carbon coa t  w i t h  s o l u b i l i z a -  

t i o n  of t h e  235UC2 c e n t r a l  mass. The ra te  a t  which t h i s  

o c c u r s  seems now t o  be related t o  t h e  p o r o s i t y  of t h e  sphere  

or ,  i n  t h e  case of t h e  coa ted  ones ,  t o  t h e  i n t e g r i t y  of t h e  

p r o t e c t i v e  carbon c o a t i n g  which may still  be seen  8s i n -  

s o l u b l e  m a t e r i a l  i n  ce l l s  and i n t e r s t i t i a l  t i s s u e  f l u i d s .  
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CHAPTER V 

EMERGENT BETA-RAY SPECTRUM OF FISSIONED 2 3 5 ~ ~ 2  MICROSPHERES 

AND CALCULATION OF BETA RADIATION DEPTH-DOSE I N  TISSUE 

(P. N. Dean) 

A method h88 been dcvi8ed t o  measure t h e  emergent beta- 
235 r a y  spectrum of muall 6pheres of f i s s i o n e d  UC2. From t h i s  

spectrum t h e  bet.-ray depth-dose i n  t i s s u e  may be approx- 

imated without  having t o  sum t h e  s p e c t r a  of each f i s s i o n  

product or make c o r r e c t i o n s  f o r  s e l f - a b s o r p t i o n  i n  t h e  sphere .  

The gamma response of t h e  d e t e c t o r  has  been measured and t h e  

beta-ray spectrum c o r r e c t e d  accordingly.  

measured a t  post f i s s i o n  times from 15 minutes t o  24 hours  

us ing  sphe res  of approximately 150-p diameter c o n t a i n i n g  

about 26 pg of 235U. The i n t e g r a t e d  beta dose t o  a 1O-c( 

t h i ck  l a y e r  - of t i s s u e  100 p below t h e  s u r f a c e  of t h e  s k i n  

(assumed t o  be t h e  average depth  of t h e  basal layer )  has  been 

c a l c u l a t e d  f o r  s e v e r a l  sphe res  w i t h  diameters ranging  from 

130 t o  160 p. 

Spec t r a  have been 
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Methods and R e s u l t s  

The detector used was P i l o t  B p las t ic  s c i n t i l l a t o r  con- 

s t r u c t e d  i n  such a way t h a t  t h e  sphere  is completely sur- 

rounded by t h e  p l a s t i c  (Fig.  V-1) .  The detector was coupled 

t o  a DuMont 6292 m u l t i p l i e r  phototube and a 400-channel pulse-  

h e i g h t  ana lyze r .  Response of t h e  detector t o  13'Cs beta rays  

is shown i n  Fig.  V-2. 

f i s s i o n e d  spheres  both w i t h  and without  g r a p h i t e  c o a t i n g  have 

been measured. 

t o  permit i n t e g r a t i o n  of dose ra te  t o  o b t a i n  t o t a l  dose f o r  

a g iven  t i m e  i n t e r v a l .  The primary interest of t h i s  exper- 

i m e n t  was i n  t i m e s  from a f e w  minutes t o  a few hours  a f t e r  - 

f i s s i o n .  

uncoated microsphere a t  fou r  times af ter  f i s s i o n :  26, 85 ,  

140,  and 2 4 0  minutes. Spectral shape seems q u i t e  s t ab le  f o r  

t h i s  t i m e  per iod.  

t i o n  f o r  t h e  first 2 4  hours:  

Be ta - r ay  spectra of s e v e r a l  sizes of 

The r a t e  of decay had t o  be determined first 

F i g u r e  V-3 shows t h e  beta-ray spectrum of an 18-pg 

Decay was found t o  obey t h e  fo l lowing  equa- 

-1.115 y - c t  9 

where y is t h e  count ra te  a t  time t minutes ,  and c is a con- 

s t a n t  which depends on t h e  i n i t i a l  a c t i v i t y .  The neut ron  

f l u x  was approximately 2 . 0  x 10 neut rons  p e r  c m  -sec, and 

t h e  i r r a d i a t i o n  t i m e  w a s  600 seconds. The open circles 

p l o t t e d  i n  Fig.  V-3 r e p r e s e n t  t h e  t h e o r e t i c a l  shape of t h e  

9 2 
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6mm 

F i g .  V-1 .  Four-pi beta-ray spectrometer.  
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Fig. V - 2 .  Beta-ray spectrum of 137Cs source  a s  measured 
wi th  a 4n beta-ray spectrometer.  
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235U fission product  beta decay s p e c t r a  a t  two d i f f e r e n t  

t i m e s ,  as c a l c u l a t e d  by Nelms 8nd Cooper (1). 

Two separate c a l c u l a t i o n s  of t h e  dose t o  a 10-p th i ck  

l a y e r  of t i s s u e  100 (r below t h e  s u r f a c e  were made Using t h e  

energy d i s s i p a t i o n  d i s t r i b u t i o n s  of Spencer (2) .  F i r s t ,  t h e  

dose a t  t h e  s u r f a c e  of  t h e  microsphere was c a l c u l a t e d  us ing  

t h e  dE/dx values of Spencer f o r  100-kev i n t e r v a l s  and 

i n t e g r a t i n g  over t h e  spectrum. Dose a t  t h e  10-(r layer was 

then  determined cons ide r ing  a s imple  exponen t i a l  abso rp t ion .  

T h i s  approximation is u s e f u l  f o r  d i s t a n c e s  which are not  too 

la rge  a f r a c t i o n  of the average beta range. The second tal-- 

c u l a t i o n  was made us ing  t h e  s p a t i a l  d i s t r i b u t i o n s  of e n e r g y -  

t r a n s f e r r e d  t o  t h e  surrounding material, as c a l c u l a t e d  by 

Spencer (2 ) .  T h i s  c a l c u l a t i o n  takes i n t o  account s c a t t e r i n g  

of t h e  e l e c t r o n s  and is more r i g o r o u s  than  t h e  exponen t i a l  

absorp t i ;n  method. A comparison of t h e  two methods of cal-  

c u l a t i o n  is shown i n  Table  V - l .  The pe rpend icu la r  beta-ray 

depth-dose p r o f i l e  (assuming exponent ia l  absorp t ion)  was 

c a l c u l a t e d  also.  F igu re  V-4 shows t h e  peak dose as a f u n c t i o n  

of depth  r e l a t i v e  t o  t h e  dose a t  100 p.  

The v a l u e s  given i n  Table  V - 1  were p a r t  of an experiment 

t o  compare dose c a l c u l a t i o n  w i t h  measurement us ing  photo- 

g r a p h i c  emulsion dosimetry,  as described elsewhere i n  t h i s  

report .  F i v e  c a r e f u l l y  sized 235UC2 microspheres (coa ted  
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TABLE V-1.  CAXULATED BETA RADIATION DOSES FROM FISSIONED 
3 5 ~ ~ 2  MICROSPHERES 

Dose (rads)*  
Ylcro- Average 
sphere Diameter Weight Exponential  S p a t i a l  
No. (P 1 (la) Absorption D i s  t r i b u  t i o n  

1 137 14.0 55 
2 132 14.0 56 
3 146 19.5 7 1  
4 156 20.0 70 

5 160 21.0 74 

66 

66 

83 
83 

86 

* Calcu la ted  peak dose a t  100 p depth in t i s s u e .  

TABLE V-2. CALCULATED BETA RADIATION DOSES FROM FISSIONED 
2 3 5 ~ ~ 2  MICROSPHERES USED IN SKIN EXPOSURE STUDIES 

Micro- 
sphere  
No. 

Time I n t e r v a l  
after F i s s i o n  Dose 

(mlnu tes) (rads )*  

22 - 268 
27 - 274 

32 - 278 
39 - 279 

51  - 283 
55 - 284 
64 - 286 
79 - 287 
96 - 288 

45 , 800 

52 ,100  
31,400 
29,500 
23,800 

29,300 
21,500 

19,500 
15,800 

Peak d o s e  at  I depth of 100 p In t i s s u e .  

LANL 
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DEPTH BELOW SURFACE (MICRONS) 
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0 
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F i g .  V-4. Calcu la ted  b e t a  r a d i a t i o n  depth-dose p r o f i l e  i n  
percent  of t h e  dose  at a depth of 100 p ,  assuming 
exponent ia l  absorpt ion .  
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w i t h  a 2-p t h i c k  layer  of g r a p h i t e )  were exposed i n  t h e  

thermal  column of t h e  Omega E a s t  r e a c t o r  t o  a f l u x  of about 

2 . 0  x 10 

spectrum of each microsphere was then  measured and peak 

9 neut rons  p e r  cm2-sec for 600 seconds. The b e t a  

doses a t  a depth of 100 p c a l c u l a t e d  by t h e  two methods 

descr ibed  above. The la te ra l  dose p r o f i l e  i n  t h e  10-p l a y e r  

of t i s s u e  100 p below t h e  s u r f a c e  was c a l c u l a t e d  a l s o ,  and  

a comparison of c a l c u l a t i o n  and measurement is shown i n  

Fig.  VI-2 of t h e  fol lowing chapter. 

Another se t  of spectral measurements and dose ca l cu la -  

t ions  was made on a c t i v a t e d  microspheres used i n  t h e  s k i n  

exposure s t u d i e s  reported i n  Chapter VII. 

second experiment were exposed i n  t h e  Omega West reactor t o  

a thermal neutron f l u x  of approximately 2 .5  x lo1' neut rons  

per cm2-sec for 384 seconds. The microspheres were placed 

on t h e  s k i n  f o r  d i f f e r e n t  t i m e  i n t e r v a l s  t o  v a r y  t h e  dose. 

-9ble :,' -13ts t t e  .; i n t e r v a l s  and doses  c a l c u l a t e d  by 

t h e  exponen t i a l  absorp t ion  method. 

Those used i n  t h e  

No attempt has  as y e t  been made t o  c o r r e l a t e  t h e  beta  o r  

gamma a c t i v i t y  w i t h  t h e  number of f i s s i o n s  i n  t h e  uranium. 

- 
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CHAPTER VI 

MEASUREMENT OF BETA-RAY DOSE AT THE AVERAGE DEPTH OF THE 

BASAL LAYER OF THE SKIN FROM FISSIONED 235UC2 MICROSPHERES 

I N  CONTACT WITH THE S K I N  SURFACE 

(M. A .  Van D i l l a )  

Be ta - r ay  dose d i s t r i b u t i o n  t o  t h e  b a s a l  layer  ( s t r a tum . 

- germinativum) of t h e  s k i n  from f i s s i o n e d  235UC2 microspheres  

i n  c o n t a c t  w i t h  t h e  s k i n  s u r f a c e  w a s  measured exper imenta l ly  

us ing  a mockup. The purpose was t o  provide  dose va lues  

independent of t h e  theoretic31 c a l c u i a t i o n s  described in t h e  

prev ious  chap te r .  S ince  both methods invo lve  a number of 

s i m p l i f i c a t i o n s  and approximations,  i t  was f e l t  t h a t  n e i t h e r  

could  be relied on alone.  The experimental  p ro toco l  was t o  

expose a set of 235UC2 microspheres t o  a thermal  neut ron  f l u x  
9 of about 2 . 0  x 10 neut rons  per cm2-sec for 10 minutes and 

then  t o  measure t h e  dose d e l i v e r e d  over  a 5-hour pe r iod  

beginning 30 minutes a f te r  removal from t h e  r e a c t o r .  A f t e r  

dose measurement, t h e  e l e c t r o n  emission of t h e  microspheres  

was determined i n  a s c i n t i l l a t i o n  spec t rometer  t o  y i e l d  d a t a  
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for dose computations. 

spheres were obta ined  by t h e  two methods. 

Thus, dose va lues  on t h e  same micro- 

Methods 

The method of dosimetry chosen was photographic  emulsion. 

The emulsion used was Kodak Type N I B ,  10 p t h i c k ,  on glass 

slides 1 x 3 x 0.060 i n , ,  w i t h  p r o t e c t i v e  g e l a t i n  Coating 0 . 5  

t o  1.0 p t h i ck .  

acteristics for beta-ray dos imet ry  of those i n v e s t i g a t e d  by 

Dudley (1). Although a cel lulose a c e t a t e  f i l m  base would 

hove been more t i s sue -equ iva len t ,  t h i s  was no t  a v a i l a b l e .  

C a l c u l a t i o n s  of t h e  i n c r e a s e  of backscatter due t o  t h e  h i g h e r  

atomic number glass showed t h e  e f f e c t  t o  be sma l l  (about 

This  t ype  of emulsion had t h e  best char- 

4 percen t ) ;  it was, therefore, ignored and t h e  ea s i ly  a v a i l -  

able glass plalSes were used. 

The method of k.1ozking up ' h  3kin and making t h e  expo- 

sures is i l l u s t r a t e d  11, 'fig. VI-1. 

t h e  c o r n i f i e d  layer  of t h e  s k i n  was assumed t o  be 100 p ,  

which in t h e  mockup was made up of a 50-p l a y e r  of Mylar f i l m  

and a 50-p- th ickness  - of double-coated scotch tape .  The 

scotch t a p e  he ld  t h e  microspheres s e c u r e l y  and provided good 

c o n t a c t  w i t b  t h e  Mylar f i l m .  Good c o n t a c t  between t h e  Mylar 

The average t h i c k n e s s  of 

f i l m  and t h e  emulsion is very important  and was accomplished 

by maintainfng a s l i g h t  n e g a t i v e  p r e s s u r e  i n  t h e  s p a c e  de f ined  

i ANL 
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GASKET 
/NTB QLATE 

NOT TOSCALE 

F i g .  VI-1. Skin mockup for f i l m  dosimetry of 235UC2 micro- 
spheres.  The sphere is s tuck to a small  square 
of double-coated s c o t c h  tape (50  p th ick)  which, 
i n  turn,  is s tuck t o  Mylar f i l m  s u r f a c e ,  provid- 
ing  a s imulated 100-p t h i c k  "corni f ied" layer .  
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by t h e  L u c i t e  block, neoprene gasket ,  and Mylar  f i l m .  The 

L u c i t e  block s imula ted  t h e  deeper underlying tissues. 

Half of t h e  NTB p l a t e  was used f o r  microsphere exposure; 

5 t o  6 microspheres a t  approximately 0.5-in. i n t e r v a l s  were 

u s u a l l y  used. 

'OS, beta-ray s t a n d a r d i z a t i o n  a t r i p  similar t o  t h a t  proposed 

by Dudley (l), t h e  maximum specific a c t i v i t y  being about 

640 pc  p e r  gram. A l l  p l a t e s  were exposed t o  t h e  '*Sr s tand-  

a r d i z a t i o n  source  for 15 minutes,  p rovid ing  a c o n s t a n t  expo- 

s u r e  t o  check rep roduc ib i l i t y  of development procedures  and 

emulsion c h a r a c t e r i s t i c s .  The development procedure was 

2 minutes i n  Kodak developer  D-19 a t  68OF, 10 minutes i n  acid 

f i x e r ,  5 minutes i n  hypo t o  clear, and 10 minutes wash. 

The other h a l f  of t h e  p l a t e  was used as a 

Measurement of emulsion d e n s i t y  was done w i t h  an Eastman 

microdensitometer;  t h e  : !ze of t h e  scanning spot was about 

25 x 25 p. Conversion of d e n s i t y  t o  dpL 'as accomplished by 

c a l i b r a t i o n  exposures in a 6Lc ;wna-ray . i e ld  a c c u r a t e l y  

calibrated for a i r  dose; 0.90 rad per  roentgen was u s e d  t o  

conver t  from air dose t o  absorbed dose in t h e  emulsion. 

R e s u l t s  

F igu re  VI-2 shows a comparison of measured and c a l c u l a t e d  

l a te ra l  dose d i s t r i b u t i o n  a t  100 p beneath t h e  s u r f a c e  from 

one of t h e  microspheres.  The dose  d i s t r i b u t i o n  is very narrow, 

t h e  width a t  half-maximum being 400 p ,  o r  2-1/2 times t h e  
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F i g .  VI-2. Measured and c a l c u l a t e d  l a t e r a l  beta-ray dose 
d i s t r i b u t i  
a c t i v a t e d  555LJC2 microsphere (160 p in diameter) .  

a t  100 p below t h e  s u r f a c e  from an 
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microsphere diameter. 

1 very small area of basal l a y e r  (about 1 mm ) .  

d i s t r i b u t i o n  was n o t  q u i t e  symmetrical  fo r  3 of t h e  5 micro- 

s p h e r e s  measured (as t h e  data f o r  No. 6 i n  Fig. VI-2 show) 

but  was symmetrical  for t h e  remaining 2 beads. Asymmetry 

may be exper imenta l  error in t h e  f i l m  dosimetry method or 

m y  p o s s i b l y  be due t o  d e p a r t u r e s  of t h e  microspheres  from 

Thus, t h e  dose  is conf ined  mainly to 
2 The dose  

s p h e r i c i t y .  

Table  V I - 1  shows a comparison of c a l c u l a t e d  and  exper- 

imen ta l ly  measured peak dose v a l u e s  f o r  5 a c t i v a t e d  sphe res .  

The s i m p l e r  of t h e  theoret ical  approaches (assuming exponen- 

t i a l  abso rp t ion )  y i e l d s  peak doses  which a re  20 p e r c e n t  

larger t h a n  t h e  measured v a l u e s  on t h e  average ,  w h i l e  t h e  

second theoret ical  approach y i e l d s  r e s u l t s  about 20 p e r c e n t  

l a r g e r  t han  t h e  first. Consider ing t h e  many approximations 

and s o u r c e s  of error i n h e r e n t  i n  t h e s e  methods, & -  d i s c  rep- 

a n c i e s  are n o t  s u r p r i s i n g .  Compared w i t - ,  i h e  v a r i ? . b i l i t y  of 

t h e  biological  response ,  however, these d i s c r e p a n c i e s  are  

probably  small and of l i t t l e  s i g n i f i c a n c e .  
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TABLE V I - 1 .  CAIXULATED AM) MEASURED BETA RADIATION DOSE 
FROM ACTIVATED %c M IC ROSPHERES a 

Peak Dose (rads) 
100 p beneath Sur face  Micro- 

s p h e r e  Diameter Weight 
No. (P 1 (w) Film Theoreticalb Theoret ical '  

1 137 14 .0  43 55 

2 132 14.0 44 56 

4 146 19.5 52 71 

5 156 20.0 60 70 

6 160 21.0 62 74 

66 

66 

83 

83 - 

86 

~ 

Exposed t o  a thermal neut ron  f l u x  of 1 .99 x lo9 neut.*ons a 

p e r  em2-sec f o r  10 minutes and measured over a 5-hour > = r i o d ,  
beginning 32 minutes a f t e r  removal from the r e a c t o r .  

bAssurnes exponen t i a l  abso rp t ion .  

'Uses energy d e p o s i t i o n  d a t a  of Spencer ( 2 ) .  
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CHAPTER V I 1  

OBSERVATIONS OF ACUTE RADIATION EFFECTS FROM FISSIONED 

235UC2 MICROSPHERES IN CONTACT WITH THE SKIN SURFACE 

(J. C. Hensley, W. H. Langham, and P. N. Dean) 

Whether c o n t r o l  of r e e n t r y  p a r t i c l e  s ize  can provide  a 

w o r t h w h i l e  means of reducing  t h e  p o t e n t i a l  hazards from 

space a p p l i c a t i o n s  of nuclear  power sources  may depend on 

t h e  s e r i o u s n e s s  of t h e  l e s i o n s  r e s u l t i n g  from c o n t a c t  of 

such p a r t i c l e s  w i t h  t h e  s k i n  s u r f a c e .  Simulated exposures 

which mag be i n c u r r e d  upon r e e n t r y  of f i s s i o n e d  235UC2 inicro- 

spheres (size range  of 100 t o  200 p) L i q e  been 

on the  backs of monkeys t o  observe t h e  magnitude and e x t e n t  

of t h e  a c u t e  effect i n  r e l a t i o n  t o  t h e  c a l c u l a t e d  beta radia- 

.=ried o u t  

t i o n  dose a t  t h e  average depth  of t h e  basal layer  of t h e  

s k i n .  
- 

Methods 

H i s t o l o g i c a l  examination of t h e  s k i n  of t h e  back of t h e  

Macaca s p e c i o s a  monkey showed s i m i l a r i t y  i n  t h i c k n e s s  and 

L x 7d t 
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s t r u c t u r e  t o  t h a t  of man, e s p e c i a l l y  t h e  skin of the p l a n t a r  

or dorsal forearm mufface. S ince  pronounced cutaneous s t r u c -  

t u r a l  d i f f e r e n c e s  e x i o t  among human s u b j e c t s ,  both among 

I n d i v i d u a l s  and between d i f f e r e n t  areas on t h e  orme lnd iv ld -  

u a l ,  i t  was f e l t  t h a t  t h e  s k i n  on t h e  back of t h e  monkey 

s imula t ed  human skin 8dequr t e ly  for  p re l imina ry  obse rva t ions .  

The 235UC2 microspheres  used were t h e  e8me as those on 

which spectral  measurements were made for t h e  dose c r l c u l a -  

t i o n s  reported i n  Table  V-2 (Chapter V) .  They were uncoated 

and i n  t h e  size range of 140 to  160 p in diameter. As soon 

as possible a f te r  a c t i v a t i o n  In t h e  Omega West reactor (see 

Chapter V), t h e  microspheres were placed on t h e  skin s u r f a c e  

in t h e  g r i d  areas on t h e  backs of t h e  animals .  

f i x e d  i d  place w i t h  a l i g h t  coat (15- t o  18-p th i ckness )  of 

p r o t e c t i v e  sp ray  bandage (Mycodex) by first apply ing  t h e  

sp ray  and f i r m l y  p r e s s i n g  t h e  bead i n t o  t h e  coat ing before 

i t  had completely set .  After placement t h e  spheres  were 

They were - 

covered by l - c m  hemispher ica l  lead cups for  p r o t e c t i o n  of 

t h e  operator du r ing  subsequent placements. 

Dose was c a l c u l a t e d  from spectral measurements, t i m e  of 
- 

placement, and i n t e r v a l  of c o n t a c t  as described i n  Chapter V. 

Two experiments were carried ou t :  t h e  first covered 

t h e  dose r ange  of from 1300 t o  10,OOO rads,  and t h e  second 

covered t h e  dose range of from 16,000 t o  52,000 rads (ca l -  

c u l a t e d ) .  S p e c i f i c  dose Information and g r i d  i d e n t i f i c a t i o n  
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numbers are given i n  Table  V I I - 1 .  

t he  tatooed g r i d  s y s t e m  used t o  d e l i n e a t e  and t o  i d e n t i f y  

t h e  Ind iv idua l  exposure areas are i l l u s t r a t e d  in Fig.  VII-1. 

A f t e r  exposure t h e  animals  were observed d a i l y  and t h e  

i n d i v i d u a l  implant s i tes  inspec ted  for gross characteristics 

and time of appearance of l e s i o n s .  A weekly photographic  

record (both c o l o r  and black and whi te )  of t h e  more prom- 

i n e n t  lesions (second experiment) w a s  made th rough  t h e  

f o u r t h  week. A t  5 weeks f u l l - t h i c k n e s s  s k i n  b i o p s i e s  were 

taken of r e p r e s e n t a t i v e  high- and low-dose exposure a r e a s .  

Observation of t h e  remaining exposed a r e a s  is con t inu ing .  

Microsphere placement and 

R e s u l t s  

Gross Observat ions ( F i r s t  Experiment)--Immediately 

a f t e r  exposure a l l  s i t es  (1270 t o  9600 r a d s )  seemed to show 

a s l i g h t  erythema which, a t  t h e  h i g h e s t  doses ,  was about 2- 

t o  3-mm in diameter. Twenty-four hours p o s t  exposure,  

erythema was d i s c e r n i b l e  only a t  t h e  three h i g h e s t  doses  

(Table V I I - 1 ) .  A t  48 hours  on ly  t h e  h i g h e s t  dose l e s i o n  w a s  

v i s i b l e  grossly, showing a s l i g h t  erythema 1- t o  2-mm i n  
i 

d iamet er . 
F i v e  days p o s t  exposure s l i g h t  erythema was v i s i b l e  a t  

t h e  sites exposed t o  9600 and 8900 r ads .  

m d  a t  14 days no evidence of exposure was v i s i b l e  g r o s s l y .  

Th i s  was t r a n s i e n t ,  
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TABLE V I I - 1 .  ESTIMATED BETA RADIATION DOSES TO BASAL LAYER 
OF THE SKIN (100 p IN DEPTH) FROM FISSIONED 

'UC2 YIC ROSPEERES 

Dose Derived f 6 om 
Grid  Ca lcu la t ed  Dose' Measurement 

N o .  (rads) ( r ads )  

F i r s t  Experiment 

2-2 
2-6 
2-14 
2-17 
4-2 
4- 6 
4-10 
4-14 
4- 17 
6- 2 
6- 6 
6- 10 
6- 14  

Second Experiment 

1-6 
1-1 
1-12 
1-16 
3-13 
3- 3 
5- 1 
5-5 
5-16 

- 

9600 
8900 
7500 
7040 
5900 
5400 
4860 
4520 
4080 
3380 
2760 
2020 
1270 

52,100 
45,800 
31,400 
29,500 
29,300 
23,800 
21,500 
19,500 
15,800 

7680 
7120 
6000 
5630 
4720 
4320 
3890 
3620 
3260 
2700 
2210 
1620 
1020 

41,700 
36,600 
25,100 
23,600 
23,400 
19,000 
17,200 
15,600 
12,600 

a 

bEighty percent  of c a l c u l a t e d  peak dose (see Chapter  V I ) .  

Peak dose c a l c u l a t e d  assuming exponen t i a l  absorp t ion .  
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A p a l p a b l e  i n d u r a t i o n  2- t o  3-mm in diameter was noted  a t  

t h e  h ighes t  dose s i te .  

ev idence  of exposure was n e g a t i v e  t o  gross examination. 

A t  26 days all v i s i b l e  or  p a l p a b l e  

Gross Observa t ions  (Second Experiment)--The second 

experiment involved exposures  t o  c a l c u l a t e d  doses  of from 

15,800 t o  52,100 rads. 

showed a d i f f u s e  erythema, which may have been augmented by 

backscatter from t h e  hemispherical l ead  s h i e l d  placed ove r  

each microsphere t o  protect t h e  ope ra to r .  

erythema was v i s i b l e  a t  all s i tes  but  was much more discrete 

t h a n  was t h e  case immediately post exposure. 

Immediately after exposure a l l  Sites 

A t  48 hours  

A t  72  hours  e l e v a t i o n  of t h e  s t r a t u m  corneum was appar- 

e n t  a t  t h e  s i tes  of t h e  t w o  h i g h e s t  doses. A t  t h i s  t i m e  

l i q u e f a c t i o n  of t h e  s t r a t u m  lucidum and Malphigian s t r a t u m  

w a s  suspec ted ,  and t h e  format ion  of a t i n y ,  shallow v e s i c l e  

was apparent  a t  t h e  h i g h e s t  dose. 

Beyond about 7 2  hours  it was not  p o s s i b l e  t o  d i s t i n g u i s h  

d e f i n i t i v e  gross q u a l i t a t i v e  d i f f e r e n c e s  in t h e  l e s i o n s  as a 

f u n c t i o n  of exposure dose ( p a r t i c u l a r l y  those above about 

25 ,006  rads) .  T h i s  could be due l a r g e l y  t o  microscopic  var- 

i a t i o n s  i n  s k i n  s t r u c t u r e  even w i t h i n  a g r o s s l y  uniform area 

such as t h e  back. F i g u r e  V I I - 1 8  shows t h e  whole back of t h e  

animal  7 days post exposure.  Arrows p o i n t  t o  t h e  exposure 

sites. Only a f e w  of t h e  l e s i o n s  are  b a r e l y  v i s i b l e  a t  t h i s  
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magnif ica t ion  i n  black and w h i t e  reproduct ion .  Color photo- 

graphs, however, showed small a r e a s  of erythema (3- t o  5-mm 

in diameter) a t  a l l  dose l e v e l s ,  which persisted through t h e  

21st day. 

Only t h e  l e s i o n  produced by t h e  h i g h e s t  dose is used t o  

describe t h e  s e q u e n t i a l  epidermal r e a c t i o n ,  s i n c e  gross dose- 

effect d i f f e r e n c e s  ( p a r t i c u l a r l y  a t  t h e  h i g h e r  doses)  were 

not  d i s t i n g u i s h a b l e .  F igu re  VII -2  shows t h e  52,100-rad 

l e s i o n  a t  7 ,  14, 21, and 28 days p o s t  exposure i n s o f a r  as  it 

can be shown by b h c k  and w h i t e  reproduct ion .  The c o l o r  

photographic record 8fforded much better d e l i n e a t i o n  and 

detail .  Seve ra l  other l e s i o n s  appeared q u i t e  similar t o  t h i s  

one, p a r t i c u l a r l y  those r e s u l t i n g  from exposures  above about 

25,000 rads. Seven days p o s t  exposure,  v e s i c u l a t i o n  was 

reduced, and r u p t u r e  of t h e  s t r a t u m  corneum produced t h e  

-micro-lesion seen  i n  F ig .  VII-2A. 'Lkro weeks pos t  exposure 

t h e  r e a c t i o n  (Fig.  VII-2B) was reduced t o  a moderate hyper- 

emia w i t h  cons ide rab le  subsurface i n d u r a t i o n .  Twenty-one 

days a f te r  exposure (Fig.  VII-2C) t h e  gross l e s i o n  had re- 

gressed t o  a diameter of about 3 mm w i t h  i n c r e a s e d  indura- 

t i o n .  

(Fig.  VII-2D) which r e g r e s s e d  t o  v i r t u a l l y  v i s i b l e  normalcy 

by 36 days af ter  exposure. A t  t h i s  time, however, discrete 

i n d u r a t i o n  w a s  palpable at  t h e  f i v e  h i g h e s t  dose si tes.  

A t  28 days shallow, d r y  desquamation had r e s u l t e d  
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F i g .  VII-2. P i c t o r i a l  record of t h e  52,100-rad l e s i o n  a t  
(A) 7 days,  (B) 14 days,  (C) 21 days,  and 
(D) 28 days post  exposure. 

,' 
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Consequently, biopsy material w a s  taken a t  t h i s  t i m e  f o r  

h i s t o p a t h o l o g i c a l  s tudy .  Ninety days  p o s t  exposure no le- 

sions were v i s i b l e  or pa lpab le  a t  any of t h e  remaining s i tes .  

Microscopic Observations--Microscopically, t h e  52,100- 

rad l e s i o n  (6 weeks p o s t  exposure) appears  c h i e f l y  as  an 

e p i t h e l i a l  l e s i o n  c o n s i s t i n g  of a decreased number of epi-  

t h e l i a l  n u c l e i  s e p a r a t e d  by v a r i a b l e  b u t  larger than normal 

amounts of e o s i n o p h i l i c  k e r a t i n i z e d  cytoplasm. Some of t h e  

basal ce l l s  show nuc lea r  pyknosis and vacuola t ion ,  b u t  t h e  

ma jo r i ty  have become me tap la s t i c  squamous c e l l s  w i t h  w e l l  

developed i n t e r c e l l u l a r  br idges.  M i t o t i c  a c t i v i t y  is absen t .  

Other  areas but a f e w  microns away show pronounced basal 

ce l l  h y p e r p l a s i a  w i t h o u t  cytoplasmic change. Acanthosis ,  

dyskera tos i s ,  and p a r a k e r a t o s i s  are t h e  predominant features  

of t h e  s t r a t u m  corneum which is t h i n n e r  t h a n  normal. The 

s i t e  of t h e  29,300-rad exposure a t  6 weeks shows s i m i l a r  

f e a t u r e s .  Lesions a t  both doses  show edema of t h e  l o o s e  

p e r i v a s c u l a r  a r e o l a r  t i s s u e s  of t h e  o u t e r  dermis. Lympho- 

c y t i c  i n f i l t r a t i o n  of t h i s  a r e o l a r  t i s s u e  is presen t  as in 

chronic  fnflammation. Hair f o l l i c l e s  and dermal g l ands  show 

s l i g h t  a t rophy and inc reased  pigmentation. Nec ro t i c  lympho- 

c y t i c  nuclear  d e b r i s  is p resen t  among t h e  inflammatory c e l l  

exudates.  These dermal changes a r e  not  i n c o n s i s t e n t  w i t h  

t h e  depth-dose d i s t r i b u t i o n ,  since t h e  beta  dose a t  500 p 
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is rbou t  6 percen t  of t h e  dose a t  t h e  depth of t h e  b a s a l  

layer  (Fig. V-4). 

Biopsy material from t h e  9600-rad s i te ,  taken a t  

90 days p o s t  exposure,  microscopically shows basal c e l l  

h y p e r p l a s i a  and p e r s i s t e n c e  of squamous n u c l e a r  gigant ism,  

dyskera tos i s ,  and d y s p l a s i a  in t h e  epidermis .  In t h e  der- 

m i s ,  complete f o l l i c u l a r  a t rophy  has  t r a n s p i r e d ,  w i t h  loss 

of a l l  accessory  s t r u c t u r e s  except  t h e  r a d i o r e s i s t a n t  smooth 

muscle bundles  of t h e  a r r e c t o r e s  pilorum. The c h r o n i c  

inflammation and edema have disappeared. Ulce ra t ion  and 

dermal n e c r o s i s  were never  seen.  Dermal repa i r  by f i b r o -  

p l a s i a  was, t h e r e f o r e ,  absent .  - 

The conclus ion  t h a t  these l e s i o n s  are of inconsequen- 

t i a l  medical n a t u r e  would seem t o  be suppor ted  f i r m l y  by: 

(a) t h e  f a i l u r e  of e p i t h e l i a l  u l c e r a t i o n  and dermal n e c r o s i s  

t o . o c c u r ;  (b) t h e  absence of repair  by f i b r o s i s ;  (c) t h e  

absence of degene ra t ive  sc le ro t ic  changes in t h e  dermal col- 

lagen;  and (d) t h e  r a p i d  replacement of t h e  i r r a d i a t e d  dys-  

p l a s t i c  ep i the l ium by a d j a c e n t  normal basal ce l l s  and t h e i r  

squamous progeny. 

Discuss ion  

S t u d i e s  t h u s  f a r  i n d i c a t e  too great a v a r i a t i o n  in 

local t i s s u e  r e a c t i o n  t o  permit  any q u a n t i t a t i v e  e v a l u a t i o n  
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of a gromo d o e e r e s p o n s e  r e l a t ionmhip  for p inpo in t  exposures  

of the epidermis .  It is expected t h a t  h i s t o l o g i c a l  s t u d i e s  

rill show t h i s  v a r i a t i o n  t o  be due t o  t h e  v a r i e t y  of micro- 

s c o p i c  s t r u c t u r a l  f e a t u r e s  over which a microsphere may be 

placed. 

hair fol l ic les ,  c i r c u l a t o r y  elements ,  etc. ,  may i n f l u e n c e  

response t o  a given exposure dose. 

s t u d i e s  rill probably have t o  be r e s o r t e d  t o  for r e f i n e d  

q u a n t i t a t i v e  dose-response d e f i n i t i o n .  F u r t h e r  histo- 

pa tho log ica l  s t u d i e s  should a l s o  q u a l i f y  t h e  n a t u r e  of t h e  

gross r e a c t i o n s  seen  t o  date. 

Proximity of sebaceous g l ands ,  s u d o r i f e r o u s  g lands ,  

Serial  h i s t o l o g i c a l  

Due t o  t h e  emall (100- t o  200-p) size  of t h e  exposure 

Boucces, l e s i o n s  produced b y  h igh  t o t a l - d o s e  exposures were 

remarkably m a l l .  A t  no t i m e  was any l e s i o n ,  whether hyper -  

emia or s w e l l i n g  of  inflammation, i n  excess  of about 5 mm i n  

diameter. 

the beta r a y s ,  g r o s s l y  t h e  l e s i o n s  appeared q u i t e  shal low.  

H i s t o l o g i c a l  examination of biopsy m a t e r i a l ,  however, showed 

r 8 d i a t i o n  changes in dermal structures. 

these p re l imina ry  o b 8 e r v r t i o n s  tha t  repair of t h e  epidermis  

i8  complete and t h a t  t h e  m a l l  lesions are s e l f - l i m i t i n g .  

With doses below about 10,OOO r a d s  t h e  e f fec ts  should  be 

n e g l i g i b l e  as concerns t h e  g e n e r a l  h e a l t h  of man or b e a s t  

when confined t o  a few much expoclure~ on cutaneous s u r f a c e s .  

As would be expected from t h e  l i m i t e d  range of 

f t  appears  from 
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