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PREFACE 

The 1977 Annual Repor t  f rom P a c i f i c  Northwest Labora to ry  (PNL) t o  t h e  DOE A s s i s t a n t  Secre- 

t a r y  f o r  Environment i n t r o d u c e s  a new cover. The ear th- green  c o l o r  used on p a s t  annual r e p o r t s  

has been r e p l a c e d  by t h e  "envi ronmenta l  co lo rs , "  b l u e  and green. The c o v e r ' s  a b s t r a c t  des ign  

i s  n o t  in tended  t o  r e p r e s e n t  a n y t h i n g  s p e c i f i c ,  b u t  we would n o t  be unhappy i f  i t  suggests 

something envi ronmenta l  o r  b i o l o g i c a l  t o  t h e  reader .  The b l u e  and green c o l o r  p a t t e r n  on t h e  

cover  i s  d i f f e r e n t  f o r  each p a r t  o f  t h i s  r e p o r t  t o  h e l p  d i s t i n g u i s h  t h e  f i v e  p a r t s .  

The f i v e  p a r t s  o f  t h e  Repor t  a r e  o r i e n t e d  t o  p a r t i c u l a r  segments o f  ou r  program. P a r t s  1-4 

r e p o r t  research  performed f o r  t h e  DOE O f f i c e  o f  Biomedical and Environmental Research. P a r t  5 

r e p o r t s  progress on a l l  o t h e r  research  performed f o r  t h e  A s s i s t a n t  Secre ta ry  f o r  Environment, 

i n c l u d i n g  t h e  O f f i c e  o f  Environmental Con t ro l  Technology, O f f i c e  o f  Technology Impact, and 

O f f i c e  o f  Opera t iona l  and Environmental Sa fe ty .  

Each p a r t  c o n s i s t s  o f  p r o j e c t  r e p o r t s  au thored  by s c i e n t i s t s  f rom severa l  PNL research  

departments, r e f  1 e c t i n g  t h e  i n t e r d i s c i p l i n a r y  n a t u r e  o f  t h e  research  e f f o r t .  P a r t s  1-4 a r e  

o rgan ized  p r i m a r i l y  by energy technology,  a l though  i t  i s  recogn ized  t h a t  much o f  t h e  research  

performed a t  PNL i s  a p p l i c a b l e  t o  more than  one energy technology.  

The p a r t s  o f  t h e  1977 Annual Repor t  a re :  

P a r t  1 : Biomedical Sciences 

Program Manager - W .  R. W i  l e y  R. C. Thompson, Repor t  Coord ina to r  
D. L. Fe l ton ,  E d i t o r  

P a r t  2: E c o l o g i c a l  Sciences 

Program Manager - B. E. Vaughan B. E. Vaughan, Repor t  Coord ina to r  
J .  L. H e l b l i n g ,  E d i t o r  

P a r t  3: Atmospheric Sciences 

Program Manager - C. L. Simpson R. L. Drake, Repor t  Coord ina to r  
C. M. G i l c h r i s t ,  E d i t o r  

P a r t  4: Phys ica l  Sciences 

Program Manager - J. M. N i e l s e n  J. M. N ie lsen ,  Repor t  Coord ina to r  
G. M. Garnant IL .  Carson, E d i t o r s  



P a r t  5: C o n t r o l  Technology, Overview, Hea l th ,  Safety ,  
and P o l i c y  A n a l y s i s  

Program Managers - N. E. C a r t e r  
D. B. Cear lock 
J. C.  Fox 
D. L. Hessel 
H. V.  Larson W. J. B a i r ,  Repor t  Coord ina to r  
S. Marks R. W. Baalman, E d i t o r  

A c t i v i t i e s  o f  t h e  s c i e n t i s t s  whose work i s  descr ibed  i n  t h i s  Annual Repor t  a r e  b roader  i n  

scope than  t h e  a r t i c l e s  i n d i c a t e .  Knowledge and exper ience ob ta ined  by  PNL s t a f f  i n  c a r r y i n g  

o u t  research  i n  t h e  Environment, Heal th ,  and S a f e t y  Research program have c o n t r i b u t e d  t o  many 

o t h e r  DOE i n t e r e s t s .  These i n c l u d e  ass is tance  i n  t h e  p r e p a r a t i o n  o f  severa l  Envi ronmenta l  

Development Plans f o r  t h e  A s s i s t a n t  Secre ta ry  f o r  Environment, p r e p a r a t i o n  o f  env i ronmenta l  

s ta tements f o r  wh ich  t h e  Labora to ry  i s  respons ib le ,  key membersh-ip i n  severa l  n a t i o n a l  and 

i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  and numerous responses t o  t h e  media on research  p r o j e c t s  o f  p u b l i c  

i n t e r e s t  

W. J. B a i r ,  Manager 
S. Marks, Assoc ia te  Manager 
Environment, Hea l th ,  and S a f e t y  Research 
Program 

Prev ious  Repor ts  i n  t h i s  Ser ies :  

Annual Repor t  f o r  

W-25021, HW-25709 
HW-27814, HW-28636 
HW-30437, HW-30464 
HW-30306, HW-33128, HW-35905, HW-35917 
HW-39558, HW-41315, HW-41500 
HW-47500 
HW-53500 
HW-59500 
HW-63824, HW-65500 
HW-69500, HW-70050 
HW-72500, HW-73337 
HW-76000, HW-77609 
HW-80500, HW-81746 
BNWL-122 
BNWL-280, BNWL-235, Vol .  1-4, BNWL-361 
BNWL-480, Vol .  1, BNWL-481, Vol .  2, P t  1-4 
BNWL-714, Vo l .  1, BNWL-715, Vol .  2, P t  1- 4 
BNWL-1050, Vol.  1, P t .  1-2, BNWL-1051, Vol .  2, Pt.  1-3 
BNWL-1306, Vol .  1, Pt .  1-2, BNWL-1307, Vol .  2, Pt .  1-3 
BNWL-1550, Vol .  1, Pt .  1-2, BNWL-1551, Vol .  2, Pt .  1-2 
BNWL-1650, Vol.  1, P t .  1-2, BNWL-1651, Vol .  2, P t .  1-2 
BNWL-1750, Vol .  1, P t .  1-2, BNWL-1751, Val. 2, Pt .  1-2 
BNWL-1850, P t .  1-4 
BNWL-1950, P t .  1- 4 
BNWL-2000, P t .  1- 4  
BNWL-2100, P t .  1-5 



T h i s  vo lu~ i ie  descr ibes  p rogress  on b iomedica l  and h e a l t h  e f f e c t s  research  conducted a t  PNL 

i n  1977. The con ten ts  o f  t h e  volume a r e  a  r e f l e c t i o n  o f  o u r  c o n t i n u i n g  emphasis on t h e  evalua-  

t i o n  o f  r i s k  t o  man f rom e x i s t i n g  and/or  deve lop ing  energy- re1 a t e d  techno log ies .  The emphasis 

o f  t h e  PNL program i s  c o n s i s t e n t  w i t h  t h e  DOE goal o f  i n c r e a s i n g  and d i v e r s i f y i n g  n a t i o n a l  

energy resources w i t h o u t  i n c r e a s i n g  r i s k s  t o  human h e a l t h .  

Most o f  t h e  s t u d i e s  descr ibed  i n  t h i s  r e p o r t  r e l a t e  t o  p r o c e s s- s p e c i f i c  a c t i v i t i e s  f o r  f o u r  

ma jo r  energy techno log ies :  n u c l e a r  f u e l  c y c l e ;  f o s s i l  f u e l  c y c l e  ( o i l ,  gas, and coa l  proces-  

s i n g ,  min ing,  and u t i l i z a t i o n ) ;  sha le  o i l  process ing;  and f u s i o n  (b iomagnet ic  e f f e c t s ) .  The 

r e p o r t  i s  o rgan ized  under these techno log ies .  I n  a d d i t i o n ,  research  r e p o r t s  a r e  i n c l u d e d  on 

t h e  appl  i c a t i o n  o f  n u c l e a r  energy t o  b iomedica l  problems. 

T e c h n i c a l l y ,  t h e  e n e r g y- r e l a t e d  p r o j e c t s  p resen ted  here a l l  c e n t e r  around a  common research  

fo rmat  i n v o l v i n g  m u l t i t i e r e d  t o x i c o l o g i c  e v a l u a t i o n  o f  p o t e n t i a l l y  hazardous by- products ,  f u g i -  

t i v e  gases and e f f l u e n t s  f rom p r o c e s s- s p e c i f i c  energy a c t i v i t i e s .  The sha le  o i  1  p r o j e c t s ,  f o r  

example, a r e  i l l u s t r a t i v e  o f  t h e  m u l t i t i e r e d  t o x i c o l o g i c  concept.  By-products and f u g i t i v e  

e f f l u e n t s  a r e  examined by an inexpens ive  n i i c r o b i a l  mutagenesis assay. The r e s u l t s  o f  these 

i n v e s t i g a t i o n s  a r e  used t o  s e t  p r i o r i t i e s  f o r  m a t e r i a l s  t o  be used i n  t h e  more expensive a n i -  

mal c a r c i n o g e n i c i t y  and t e r a t o g e n i c i t y  t e s t  systems. The i n i t i a l  acu te  animal s t u d i e s ,  i n  

t u r n ,  a r e  used t o  i d e n t i f y  t h e  need f o r  examining noncarc inogen ic  e f f e c t s ,  such as damage t o  

r e s p i r a t o r y ,  n e u r o l o g i c ,  and immunologic systems. 

The v a l i d i t y  o f  a p p l y i n g  r e s u l t s  f rom animal exper imenta t ion  t o  man i s  f i r m l y  based on 

err~pi r i  c a l  observa t ions .  However, as i n d i c a t e d  i n  r e p o r t s  on animal 1  i f e - s p a n  s t u d i e s  assoc i  - 
a t e d  w i t h  n u c l e a r  f u e l  cyc les ,  some progress i s  be ing  made i n  o b t a i n i n g  data which w i l l  p ro-  

v i d e  a  more q u a n t i t a t i v e  b a s i s  f o r  t h e  e x t r a p o l a t i o n  o f  animal da ta  t o  man. 

Major  progress was made i n  g a s t r o i n t e s t i n a l  s t u d i e s  i n v o l v i n g  t h e  q u a n t i t a t i v e  a b s o r p t i o n  o f  

a c t i n i d e s  f rom t h e  a d u l t  and j u v e n i l e  g u t  i n  v a r i o u s  animal species.  

The b iomedica l  and h e a l t h  e f f e c t s  program a t  PNL i s  an i n t e r d i s c i p l i n a r y  e f f o r t  r e q u i r i n g  

s c i e n t i f i c  c o n t r i b u t i o n s  f rom p r a c t i c a l l y  a l l  research  departments a t  PNL. The personnel  i n  t h e  

B i o l o g y  Department, t h e  p r i n c i p a l  c o n t r i b u t o r s  t o  t h e  volume, a r e  l i s t e d  on page 8.5. Requests 

f o r  r e p r i n t s  f rom t h e  l i s t  o f  p u b l i c a t i o n s  and p r e s e n t a t i o n s  f o r  1977 on pages 7.1 t o  7.7 w i l l  

be honored, excep t  as noted. 
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1.0 COAL 

Studies in the area of coal energy technology encompass research relevant 
to occupational hazards, efforts dealing with potential effects of combustion pro- 
ducts, and basic studies analyzing processes and pathologies that may be opera- 
tionally affected upon exposure to aerosols generated by combustion or coal/ 
synthetic fuel processing. 

Toxicologic studies deal with the potential hazard to miners of elements 
found in mine atmospheres, and with effects of inhaled heavy metals that may 
be present in fly ash. More basic studies consider the effect of the anemic state 
upon the translocation of heavy metals that may be released by coal combustion/ 
processing, pharmacologic analyses of effects of aerosolized sulfuric acid and 
potential blockers of such effects. In addition, analysis of a basic lung process 
(phagocytosis of inhaled particulates) is  being pursued. 





COAL 

Inhalation Hazard to Coal Miners 

A c c e l e r a t i o n  i n  coa l  m i n i n g  a c t i v i t i e s  t o  s a t i s f y  p r e s e n t  and f u t u r e  energy needs i s  l i n k e d  

w i t h  p o t e n t i a l l y  severe h e a l t h  hazards. Coal workers pneumoconiosis (CWP) i s  a c h r o n i c  d e b i l  i- 

t a t i n g  d isease assoc ia ted  w i t h  p resen t  coa l  mine dus ts .  A d d i t i o n a l  i n h a l a t i o n  hazards may be 

a s s o c i a t e d  w i t h  f u t u r e  e x t e n s i v e  use o f  d i e s e l  engines i n  coal  mines. 

The o b j e c t i v e s  o f  t h i s  p r o j e c t  a r e  t o  s tudy  t h e  development o f  pneumonconiosis and i t s  p ro-  

g r e s s i o n  t o  massive pulmonary f i b r o s i s  and/or  emphysema i n  exper imenta l  animals, t o  c l a r i f y  t h e  

mechanisms o f  i n d u c t i o n  o f  these d iseases and t h e  l e v e l s  o f  s p e c i f i c  mine a i r  contaminants t h a t  

a r e  necessary t o  induce them. 

BIOLOGICAL EFFECTS OF CHRONIC INHALATION OF COAL MINE DUST AND/OR 

DIESEL ENGINE EXHAUST I N  RODENTS 

I n v e s t i g a t o r s :  

B. 0. S t u a r t ,  R. F. Palmer, R. E. F i l i p y  

Techn ica l  Ass is tance:  

K. Mapstead, D. Teats  

3 Rats a r e  be ing  exposed d a i l y ,  t o  i n h a l e d  high-CWP bi tuminous coal  mine d u s t  (6 mg/m and 
3 14 mg/m ),  s e p a r a t e l y  o r  combined w i t h  unscrubbed exhaust f rom a  d i e s e l  engine opera ted  under 

load- rpni c y c l i n g .  These s t u d i e s  a r e  designed t o  determine whether t h e r e  w i l l  be inc reased  

r i s k  o f  long-ten11 pulmonary d isease f rom t h e  proposed use o f  d i e s e l  engines i n  coa l  m in ing  

opera t ion .  

The goal o f  t h i s  research  i s  t o  determine 
t h e  b i o l o g i c a l  behav io r  and e f f e c t s  o f  i n h a l -  
ed coa l  mine a i r  contaminants, w i t h  p a r t i c u -  
l a r  emphasis on deve lop ing  pa tho logy  r e l a t e d  
t o  t h e  c h r o n i c  r e s p i r a t o r y  d isease known i n  
man as " coa l  workers '  pneumoconiosis" (CWP). 
Th is  s tudy w i l l  show whether o r  n o t  t h e r e  i s  
l i k e l y  t o  be an inc reased  r i s k  o f  c h r o n i c  
r e s p i r a t o r y  d isease ( i n c l u d i n g  pneumoconi- 
o s i s ,  f i b r o s i s ,  b r o n c h i t i s ,  and emphysema) 
f r o m  t h e  proposed use o f  d i e s e l  engines i n  
coa l  mines. 

We have developed, t e s t e d  and p laced  i n  
o p e r a t i o n  a  con ip le te ly  automated d i e s e l  en- 
g i n e  exhaust exposure system f o r  use w i t h  
e i t h e r  e f f i c i e n t  o r  i n e f f i c i e n t  engine opera-  
t i o n ,  i n c o r p o r a t i n g  c y c l i n g  th rough  p e r i o d s  
o f  h igh / low rpm and programmed engine load .  
It i s  d u r i n g  p e r i o d s  o f  a c c e l e r a t i o n  and 
d e c e l e r a t i o n  t h a t  t h e  h i g h e s t  q u a n t i t i e s  o f  
c a r c i n o g e n i c  p o l y c y c l i c  a romat i c  hydrocarbons 
a r e  produced i n  an i n e f f i c i e n t  engine ( f a c-  
t o r s  o f  l O O X  more than  f o r  w e l l - t u n e d  d i e s e l  



engines) .  T h i s  system i s  i n t e g r a t e d  w i t h  
t h e  ch ron ic ,  whole-body r o d e n t  coal  d u s t  ex- 
posure system. 

The pathogenesis  o f  pneumoconiosis and 
p r o g r e s s i v e  f i b r o s i s  i s  b e i n g  i n v e s t i g a t e d  
i n i t i a l l y  i n  male, s p e c i f i c - p a t h o g e n- f r e e  
(SPF) r a t s .  The exper imenta l  p r o t o c o l  i s  
desc r ibed  i n  Tab le  1.1. Chamber concentra-  
t i o n s  f o r  ae roso l  p a r t i c u l a t e s  by w e i g h t  a r e  
g i v e n  i n  Tab le  1.2. Chemical analyses f o r  
s p e c i f i c  gas-aerosol c o n s t i t u e n t s  ( i n o r g a n i c  
and o r g a n i c  composi t ion,  p a r t i c l e  s i z e  spec- 
t r a ,  ae roso l  behav io r )  a r e  c a r r i e d  o u t  t o  
c o r r e l a t e  d a i l y  exposures w i t h  t h e  deve lop ing  
path01 ogy observed i n  an imals  s a c r i f i c e d  a t  
4-month i n t e r v a l s  d u r i n g  t h e  course o f  t h e  
exposure. A l l  an imals  a r e  weighed weekly, 
and q u a r t e r l y  hemato log ica l  sampl ing i s  used 
t o  assess genera l  h e a l t h  s t a t u s  and s p e c i f i c  

TABLE 1.1. Experimental Protocol 

Exposure ~ e ~ i m e n ( ~ )  

1 High CWP bituminous coal at 6 mg/m3 

2 Inefficient diesel engine exhaust (50 ppm 
CO, 10 mg/m3 soot) 

3 High CWP bituminous coal at 6 mg/m3 
plus inefficient diesel engine exhaust at 
10 mg/m3 soot = 16 mg/rn3 total particulate 

4 High CWP bituminous coal at 16 mg/m3 
total particulate 

5 Controls (identical exposure times and 
handling, with chamber air only) 

(a)48 male SPF rats per group; groups of 6 are 
sacrificed periodically to observe progression of 
possible chronic pulmonary disease 

( b ) ~ i x  hours/day; 5 days/week. 

Chamber parameters being measured are: 

1. CO (continuous monitoring) 
2. Respirable and total coal or soot mass 

concentrations 
3. Aerosol particle size distributions 
4. NO, NO2 and SO2 in diesel exhaust chambers 
5. Temperature and humidity in all chambers 
6. Inorganic and organic analysis of aerosolized 

coal dusts and soot particulates 

b lood  c e l l  response o f  t h e  animals .  Carboxy- 
hemoblogin l e v e l s  i n  r a t s  exposed t o  d i e s e l  
engine exhaust  a r e  g i v e n  i n  Table 1.3. 

TABLE 1.2. Average Coal Dust and/or Exhaust 
Particulate Weights as mg/m3 (Mean f SD) During the 
First 8 M o  of Daily Exposure(a) 

Chamber 1 Coal dust 6.5 5 2.2 

Chamber 2 Diesel exhaust only 8.3 + 1.9 

Chamber 3 Diesel exhaust + coal dust 14.8 5 3.8 (b) 

Chamber 4 Coal dust 15.3 +_ 5.3 

( a ) ~ h e  NO levels in Chambers 1 and 2 have ranged between 
8 and 12 ppm; NO2 levels between 1.5 and 0.5 ppm 

(b)~ota l  particulate 

TABLE 1.3. Carboxyhemoglobin Levels in Rats Exposed 
to Diesel Exhaust (% COHb k SD) 

4 mo of Daily 8 rno of Daily 
Group Exposure Exposure Exposure 

2 Diesel exhaust 7.14 5 0.31 6.00 5 0.32 

3 Diesel exhaust 7.53 5 0.42 7.25 + 0.63 
+ coal dust 

5 Control 3.43 + 0.21 2.90 + 0.17 

H i s t o p a t h o l  o g i c a l  examinat ion o f  t h e  lungs 
o f  s i x  r a t s  per  group a f t e r  4  mo o f  d a i l y  ex- 
posures showed aggrega t ions  o f  p a r t i c u l a t e -  
b e a r i n g  macrophages, w i t h  v e r y  s l i g h t  emphy- 
sema and f o c a l  e p i t h e l i a l  h y p e r p l a s i a  asso- 
c i a t e d  w i t h  t h e  p a r t i c u l a t e  accumulat ions.  
A f t e r  8 mo o f  d a i l y  exposures t h e r e  were 
more e x t e n s i v e  f o c i  o f  accumulat ions o f  s o o t  
o r  coa l  d u s t  p a r t i c u l a t e s ,  w i t h  more advanced 
v e s i c u l a r  emphysema, beg inn ing  i n t e r s t i t i a l  
f i b r o s i s  ( F i g u r e  I . ] ) ,  and p r o l i f e r a t i o n  o f  
bronchi01 a r  e p i  t h e 1  ium ( F i g u r e  1.2) .  These 
changes were most pronounced i n  Groups 2 and 
3. Group 4 r a t s  showed f o c a l  i n f lammat ion ,  
w i t h  s l i g h t l y  more d i f f u s e  l u n g  d i s c o l o r a -  
t i o n  ( F i g u r e  1.3).  Group 1 r a t s  a l s o  showed 
foca l  r e a c t i o n  t o  accumulated coa l  dust ,  b u t  
t o  a l e s s e r  degree than  Group 4 r a t s  ( F i g-  
u r e  1.4).  D a i l y  exposures a r e  c o n t i n u i n g  i n  
these  s t u d i e s  o f  coa l  mine i n h a l a t i o n  hazards. 



FIGURE 1.1. Focal Emphysema and Fibrosis in Lungs 
of a Rat that Received 8 Mo  of Daily Exposure to Diesel 
Engine Exhaust (H&E 64X) 

FIGURE 1.2. Bronchiolar Epithelial Proliferation and 
Inflammatory Reaction to Inhaled Particles in Lung of 
a Rat that Received 8 Mo of Daily Exposure to Coal Min 
Dust and Diesel Engine Exhaust (H&E 320X) 



FIGURE 1.3. Focal Inflammation of Alveolar Epithelium 
in Lungs of a Rat that Received 8 M o  of Daily Exposures 
to Aerosols of 5 mg/m3 on Coal Mine Dust (H&E 320X) 

FIGURE 1.4. Inflammatory Reaction to Pigment in 
Lungs of a Rat that Received 8 M o  of Daily Exposures to 
Aerosols of 6 mg/m3 of Coal Mine Dust (H&E 320X) 



Lung Toxicity of Sulfure Pollutants 

S e n s i t i v e  humans develop r e s p i r a t o r y  and ca rd i ovascu la r  d i f f i c u l t y  du r i ng  episodes o f  h i g h  

s u l f u r  po l  1  u t i o n  due t o  t he  i n h a l a t i o n  and subsequent e f f e c t s  o f  atmospheric s u l f u r  compounds. 

Th is  p r o j e c t  w i l l  determine ( us i ng  animal models) whether i n h i b i t i n g  b ronchocons t r i c t i on  caused 

by exposure t o  s u l f u r  p o l l u t a n t s  w i l l  p r o t e c t  s e n s i t i v e  animals f rom compl i ca t ions  assoc ia ted  

w i t h  p o l l u t a n t  exposure. I f  p r o t e c t i o n  i s  found us i ng  animal models, a  means o f  p r o t e c t i n g  

s e n s i t i v e  humans may be suggested. 

PULMONARY DISEASE MODELS I N  THE GUINEA PIG: ASTHMA, BRONCHITIS 

AND EMPHYSEMA 

I n v e s t i g a t o r s :  

S. M. Loscu to f f  and G. M. Zwicker 

Technical  Assis tance:  

A. J. C la r y  and B. W. K i l l a n d  

Guinea p i g s  were developed as animal models f o r  asthma and emphysema by s e n s i t i z a t i o n  t o  

horserad ish  perox idase and i n t r a t r a c h e a l  i n s t i l l a t i o n  o f  e las tase .  These models w i l l  be used 

i n  f u t u r e  s t ud i es  t o  determine methods f o r  p r o t e c t i n g  s e n s i t i v e  animals f rom s u l f u r i c  a c i d  

aeroso l  exposures. 

Humans w i t h  l ung  diseases a re  known t o  be 
more s e n s i t i v e  t o  h i g h  l e v e l s  o f  s u l f u r  po l -  
l u t a n t s  than  "normal" i n d i v i d u a l s .  The pur-  
pose o f  these experiments was t o  develop 
guinea p i g s  as models f o r  asthma, b r o n c h i t i s  
and emphysema, w i t h  c h a r a c t e r i s t i c s  s i m i l a r  
t o  those o f  t he  human diseases. Means o f  
p r o t e c t i n g  these s e n s i t i z e d  animals f rom ex- 
posures t o  s u l f u r  p o l  1  u t a n t s  can then be 
evaluated.  The guinea p i g  was chosen because 
o f  i t s  g r e a t e r  s e n s i t i v i t y  t o  s u l f u r  p o l l u -  
tan t s ,  compared w i t h  o t h e r  exper imenta l  
animals. 

Exposure regimens f o r  producing t h e  v a r i -  
ous d isease cond i t i ons  a re  shown i n  Table 1.4. 
The e x t e n t  o f  t he  d isease produced was eva l-  
ua ted  by bo th  p h y s i o l o g i c  and h i s t o p a t h o l o g i c  

/"4 c r i t e r i a .  

Experimental asthma was induced by sensi  - 
ti z i n g  guinea p i g s  t o  horserad ish  perox idase 
(HRP) 1  mglml s a l i n e ,  admin is te red  i n t r a p e r i -  
t o n e a l l y .  S e n s i t i v i t y  was eva lua ted  2, 3 and 
4 wk p o s t i n j e c t i o n  by exposing t h e  animals t o  
ae roso l i zed  HRP (1  mg/ml s a l i n e ) ,  us i ng  a  
Lovelace nebu l i ze r .  Resul ts  o f  these expe r i -  
ments a r e  shown i n  Table 1.5. T i da l  volume 
decreased d u r i n g  HRP aerosol  exposure a t  each 
t ime  p o s t i n j e c t i o n .  

The p h y s i o l o g i c  and h i s t o p a t h o l o g i c  e f f e c t s  
o f  e l as tase  exposure a re  shown i n  Table 1.6. 
The f i v e  c o n t r o l  an imals k i l l e d  2 wk postex-  
posure had no h i s t o l o g i c  o r  p h y s i o l o g i c  i n d i -  
c a t i o n s  o f  emphysema. Two o f  t h e  animals 
dosed w i t h  10 u n i t s  e l a s t a s e l  100 g  body 
we igh t  d i e d  approximate ly  112-hour p o s t i n s t i  l- 
l a t i o n  and had vascu la r  damage and a l v e o l a r  



hemorrhage. I n  the  th ree animals k i l l e d  2 wk in tercept ,  and dynamic pulmonary compliance 
p o s t i n s t i l l a t i o n ,  s e v e r i t y  o f  les ions  ranged and decrease i n  pulmonary f l o w  resistance,  
from moderate foca l  (++) t o  panlobular  (+++) compared w i t h  cont ro ls .  These r e s u l t s  i n d i -  
emphysema. This degree of emphysema was asso- ca te  t h a t  guinea p igs  can be used as animal 
c i a t e d  w i t h  an increased mean l i n e a r  a l veo la r  models of asthma and emphysema. 

TABLE 1.4. Exposure Regimen for Producing Lung Diseases in Guinea Pigs 

Asthma Emphysema Bronchitis 

Control Exposed Control Exposed Control Exposed 
-- 

No. of Animals 5 10 5 12 5 18 

Material Saline H R P ( ~ )  Saline Elastase Air SO2 

Dose 1 ml 1 mg HRP/ 0.5 ml/ 5-10 Unils/100 g - 100 PPm 
ml Saline 100 g in 0.5 ml Saline 300 PPm 

500 ppm 

Route lntraper~toneal lntratracheal Instillation Inhalation 

Exposure 0, 2 ~ k , ( ~ )  3 0 0 
Frequency 

3 hr/day, 2 day/wk 
for 6 wk 

(a)~orseradish peroxidase 
(b) l  mg HRP/ml saline; aerosolized for 20-min exposure 
( d l  mg HRP/ml saline; aerosolized for 10-min exposure 

TABLE 1.5. Tidal Volume in Sensitized Guinea Pigs Before, During and 
After Exposure to Aerosolized Horseradish Peroxidase 

During Exposure 

Time 
Postsensitization Pre-Exposure +5 min 

1.90 1.66 
0.18 0.23 

+10 min +20 min 
-- 

1.59 1.39 
0.20 0.13 

5 min 
Postexposure 

TABLE 1.6. Physiologic and Histopathologic Effects 
of Elastase Exposure in Guinea Pigs 

Elastase, 100 mg 

Control 
N = 5 5 Units 10 Units 
--- 

Died/Killed Time Postexposure K 2 wk K 2 wk D 1/2 hr 

Emphysema - ++to +++ - 
Vascular Damage - - tl 

Pulmonary Resistance 
(cm HzO/ml/sec) Ti 

SD 

Dynamic Pulmonary 
Compliance (ml/cm/H20) 0.59 0.77 

SD 0.25 0.06 

(a)Mean Linear Alveolar Intercept 



INHIBITION OF BRONCHOCONSTRICTION CAUSED BY EXPOSURE OF 

GUINEA PIGS TO SULFURIC ACID AEROSOLS 

Investigator: 
Susan M .  Loscutoff 

Technical Assistance: 
B. W. Killand 

The degree of bronchoconstriction in guinea pigs exposed t o  sulfur ic  acid aerosols was 
assessed from measurements of pulmonary resistance and dynamic pulmonary compliance during ex- 

posure. Pretreatment of animals with the antihistamine, chlorpheniramine, prevented broncho- 
constriction usually caused by sulfur ic  acid aerosol exposure. Parasympathetic blockade with 
atropine decreased but did not eliminate bronchoconstriction. Propanolol, a 8-adrenergic 

blocker, did not affect  and may have potentiated the response to  H2S04. 

Humans with lung disease are  particularly 
sensitive t o  high sulfur pollution. The pur- 
pose of these experiments i s  to  determine i f  
animal models mimicking human lung diseases 
can be protected from harmful effects  of sul-  
fur ic  acid aerosol inhalation by inhibiting 
bronchoconstriction produced by these 
aerosols. 

Pulmonary flow resistance and dynamic pul- 
monary compl i ance were measured in awake 
guinea pigs t o  assess the degree of broncho- 
constriction. Methods fo r  making these mea- 
surements were described in the 1976 Annual 
Report. Resistance and compliance were re- 
corded on each guinea pig during a half-hour 
control period breathing room a i r ,  and during 
a 1-hr exposure period breathing H2SO4 aero- 
sol.  Aerosol mass concentration was approxi- 
mately 20 mg/m3 with a mass median aerodyna- 
mic diameter (MMAD) of less  than 2 pm. Bron- 
choconstriction was inhibited by injecting 
pharmacologic blocking agents before exposure 
t o  acid according to the schedule and dosage 
shown in Table 1.7. 

Results of pulmonary function measurements 
in controls and pharmacologically blocked 
animals are  shown in Table 1.8, as percent- 
age of control values measured during the 

30-min period of room a i r  breathing before 
acid exposures. These data indicate tha t  
exposure t o  20 mg/m3 sulfur ic  acid aerosols 
increases resistance t o  3 times normal, and 
decreases compliance to  one-third normal. 
The antihistamine, chlorpheniramine, prevents 
these changes in resistance and compliance, 
while parasympathetic blockade with atropine 
decreases but does not abolish the response. 
8-adrenergi c blockade wi t h  propranolol does 
not inhibi t  and may potentiate bronchocon- 
s t r i c t i ve  effects  of aerosol exposure. These 
resul ts  indicate that  antihistamines are ef-  
fective in preventing changes in pulmonary 
resistance and dynamic pulmonary compliance 
caused by sulfur ic  acid aerosol exposure in 
guinea pigs. 

TABLE 1.7. Drug Protocol for Pharmacologic Blockade 

Time Affected 
Dose, Preinjection, Endogenous 

Drug mg/kg min Compound 

Atropine 5 45 Acetylcholine 

Propanolol 10 60 Catecholamines 
(5-receptors) 

Chlorpheniramine 10 15 Histamine 



TABLE 1.8. Pulmonary Resistance and Dynamic Compliance in Guinea Pigs Exposed to Sulfuric Acid Aerosols 
and Treated with Pharmacologic Blocking ~ ~ e n t s ( a )  

Pulmonary Resistance Pulmonary Resistance 
(% of control breathing room air) (% of control breathing room air) 

Time Exposed 
to H2S04 Aerosols, Con- Chlorpheni- Con- Chlorpheni- 

min trol(b) ramine Atropine Propanolol trol(b) ramine Atropine Propanolol I-' 

( a ) ~ e a n  values for 10 animals per group 
(~)H,so, Aerosol-Exposed, no pharrnacologic blockage -- 



Malnutrition and Metal Toxicity 

Nutritional deficiencies are comnon in both industrialized and underdeveloped countries. 

Several heavy metal pollutants from energy conversion sources are  known t o  be detrimental t o  

t o  the hematopoietic and immune systems, and some are carcinogenic. However, there i s  a pau- 

c i t y  of information concerning potential synergistic effects  of nutrit ional deficiencies com- 

bined with heavy metal exposure. This project will examine the interactions of specif ic  nutr i-  

tional deficiencies and heavy metal exposures with particular emphasis on gastrointestinal 

absorption of the metals and subsequent effect  on the hematopoietic and immune system. 

EFFECTS OF IRON DEFICIENCY ON ABSORPTION OF NICKEL 

Investigator: 
H .  A. Ragan 

Technical Assistance: 
E. T. Edmerson, S. L. English, M. C. Perkins 
and M. J .  Pipes 

Moderately anemic, iron-deficient ra t s  absorbed % 2.5 times as much 63Ni, administered via 

gavage, as did those on a control diet .  

Previous Annual Reports have described the 
absorption of various pollutant metals in 
iron-deficient animals. In br ief ,  iron- 
deficient mice, b u t  not ra t s ,  absorbed more 
plutonium than control animals. Enhanced ab- 
sorption in iron-deficient ra t s  was found for  
lead, cadmium, zinc, and mercury, but not 
arsenic. Control ra t s  absorbed more vanadium 
than iron-deficient ra t s .  The present study, 
on nickel, continues to  evaluate effects  of 
energy-related pollutant metals in iron- 
deficient animals. 

w Weanling ra t s  were fed an iron-deficient 
or  control d ie t  until  63 days of age when 
they were gavaged with % 20 uCi of 63Pli ci- 
t ra te .  Forty-eight hours a f t e r  the gavage 
blood samples were obtained, ra t s  were ki l led,  
skin and gastrointestinal t r a c t  removed, and 

f i  organs and remaining carcass saved for  
radioanalyses. 

A t  the time of necropsy the iron-deficient 
ra t s  were moderately anemic with microcytic 
erythrocytes and reduced body iron stores 
(Table 1.9) ;  there was no significant differ-  
ence in mean body weight between the two groups. 

Iron-deficient rats  had significantly high- 
e r  body burdens of 63Ni than the control group 
(Table 1 . l o ) .  As i s  common in absorption 
studies,  there was considerable individual 
variation among animals in both groups, but 
a 2.5-fold difference in mean total  body 63Ni. 
Serum, l i ve r  and kidney retained the largest  
fractions of administered 63Ni (Table 1.10). 
63Ni in other organs was usually below detec- 
tion limits of the sc in t i l l a t ion  counter. 

Since nickel i s  a known carcinogen, future 
studies will examine tha t  aspect by chronic 
feeding of s table  nickel t o  iron-deficient and 
control ra t s .  



TABLE 1.9. Hematologic and Body-Iron Status of 
Iron-Deficient Control Rats (Mean f SD; n=lO/group) 

Iron- 
Deficient 

Body weight (g) 349 + 28 
VPRC(~) (m1/100 ml) 31.0 f 5.2 

MCV'~ '  (p3)  43.1 f 2.1 

Serum iron (/@dl) 73 f 42 

TIBC(~) ~ g / d ~ )  720 f 112 

Spleen iron(d) 1.2 f 1.0 

Marrow iron(d) 1.1 f 0.3 

Control 

(a)volume of packed red cells 
( b ) ~ e a n  corpuscular volume 
(c)~otal iron binding capacity 
(d)~istochemical iron graded progressively from 0-4+ 

TABLE 1.10. Percent of Administered 63Ni Dose Present A 

48 hr After Gavage (Mean + 1 SD; n=lO/group) 6 
i 

% Dose x lo3  

Iron- . 
Deficient Control P< 

- 
Total body burden 161 * 91 64 ? 47 0.02 

Liver 4.4k1.8 1.0k1.3 0.01 

Kidney 23.3 + 15.2 9.4 * 5.7 0.02 

(a)~ased on estimated blood volume of 7.5% 



HEMATOLOGIC EFFECTS OF CHRONIC LEAD AND CADMIUM INGESTION I N  IRON-DEFICI ENT RATS 

Inves t i ga to r :  

H. A. Ragan 

Technical Assistance: 

M. J. Pipes, E. T. Edmerson, S. L. English, 

M. C. Perkins, K. H. Debban, and J. Sweeny 

Ne i ther  lead nor  cadmium markedly a1 te red  the  hematologic e f f e c t s  o f  i r o n  de f i c i ency  i n  male 

r a t s ;  i n  the slower-growing female ra t s ,  lead tended t o  exacerbate the  hematologic e f f e c t s  o f  

the  i r o n- d e f i c i e n t  d i e t .  

I r o n - d e f i c i e n t  r a t s  administered t r a c e r  was unaf fec ted by add i t i on  o f  lead. Serum 
amounts o f  rad ioac t i ve  l ead  and cadmium by i r o n  values were decreased i n  a l l  i r o n -  
gavage absorbed and re ta ined  more o f  these d e f i c i e n t  groups. Histochemical s t a i n i n g  
elements than d i d  age- related con t ro l  r a t s  f o r  i r o n  confirmed the  presence o f  an i r o n  
(Kagan, H. A., J Lab C l i n  Med 90: 700-706, d e f i c i t  i n  r a t s  on the i r o n- d e f i c i e n t  d i e t .  
1977). It was the re fo re  considered impor- However, i t  appears t h a t  l ead  a l so  s ta ins  
t a n t  t o  evaluate the chronic e f f e c t s  o f  these i n  the Prussian b lue  react ion,  causing a 
elements on the  hematopoietic system i n  i r on-  f a l s e- p o s i t i v e  reac t i on  when used f o r  evalu- 
d e f i c i e n t  ra t s .  a t i o n  o f  t i s s u e  i r o n  stores.  Chemical analy- 

ses revealed a h i g h l y  s i g n i f i c a n t  increase i n  
Male and female Wistar  r a t s  were fed  lead concentrat ions i n  the  i r o n - d e f i c i e n t  + 

e i t h e r  an i r o n - d e f i c i e n t  (% 4 ppm i r o n )  o r  l ead  as compared t o  the  con t ro l  + l ead  group. 
con t ro l  (% 150 ppm i r o n )  d i e t  f o r  30 days, 
s t a r t i n g  a t  about 21 days o f  age. A f t e r  t h i s  E f fec t s  i n  female ra t s ,  a f t e r  60 days, 
30-day period, h a l f  o f  each group received were s i m i l a r ,  though l ess  marked than i n  male 
1100 ppm lead (as the  c i t r a t e )  f o r  an addi- r a t s  (Table 1.12), even though the females 
t i o n a l  30 days (males) o r  60 days (females). were on the  d i e t  a longer time. The slower 
A concurrent study was performed w i t h  male growth r a t e  o f  females may have resu l t ed  i n  
r a t s  only, using 50 ppm cadmium (as the  chlo-  a l ess  severe and slower-developing i r o n  
r i d e )  i n  p lace o f  lead, f o r  60 days. d e f i c i t .  This i n t e r p r e t a t i o n  i s  supported 

by the  moderate decrease i n  VPRC, MCV, serum 
Results o f  the lead s tud ies  w i t h  male r a t s  i r on ,  and histochemical grading o f  spleen- iron 

are shown i n  Table 1.11. There was a s i g n i -  i n  the i r o n - d e f i c i e n t  d i e t  group. Chemical 
f i c a n t  weight reduct ion  i n  r a t s  on the  i r o n -  analyses f o r  t i s s u e  lead are  n o t  complete 
d e f i c i e n t  + lead d i e t .  Though food consump- f o r  the  female groups. 
t i o n  appeared comparable i n  a l l  groups 
(a 25 g/day), more food appeared t o  be wasted I n  the  cadmium study (Table 1.13) body 
by r a t s  on lead-contain ing d ie t s .  The ery th-  weights were reduced i n  both groups fed  cad- 
r o i d  ser ies  was severely a f f e c t e d  by both the  mium. Cadmium i s  known t o  i n t e r f e r e  w i t h  
i ron- de f i c i en t  and lead-contain ing d ie ts ,  as i r o n  metabolism, and t h i s  i s  r e f l e c t e d  by 
i nd i ca ted  by e f f e c t s  on the  volume o f  packed e f f e c t s  on VPRC, MCV, and r e t i c u l o c y t e  con- 
red  c e l l s  (VPRC) and mean corpuscular  volume cent ra t ions .  The i n te r fe rence  o f  cadmium w i t h  
(MCV). Ret icu locy te  concentrat ions i n  both i r o n  u t i l i z a t i o n  i s  a l so  ev ident  when serum 
groups on i r o n - d e f i c i e n t  d i e t s  were increased i r o n  values are  compared. Histochemical i r o n  
over both con t ro l  and con t ro l  + lead d ie t s .  s ta ins  and chemical analyses f o r  t i s s u e  cad- 
The res is tance o f  red  c e l l s  t o  osmotic l y s i s  mi um are n o t  complete. 
was increased i n  i ron-def i c i e n t  groups but  

1 .ll 



TABLE 1.11. Hematologic Effects of Iron-Deficient and Lead-Containing Diets Fed Male Rats for 30 Days 
(Mean f SD) 

Iron- Iron-Deficient 
Control Deficient Control + Lead + Lead 

P. (a) p< (b) - 
Weight, g 382 f 24 328 f 32 376 f 44 NS 260 f 44 0.001 

Reticulocytes, x 103/mm3 176 f 74 389 f 194 211 f 41 NS 413 f 146 NS 

MCF,@) % Saline 0.42 f 0.01 0.34 f 0.03 0.41 f 0.02 NS 0.34 f0.02 0.001 

Marrow Cellularity, x 103 73.8 f 20.4 72.2 f 14.1 100.0 f 15.8 0.01 94.1 f 12.6 NS 

Serum Iron, 1.1g/dl . 311f115 77f49 145f13 0.01 171 f 26 0.01 

Histochemical Spleen Iron 1.8 f 1.0 0.2 f 0.4 4.0 f 0 0.001 2.9 f 1.6 0.05 

Lead, 1.1gIg 
Liver 
Femur 
Kidney 

(din relation to control group 
( b ) ~ n  relation to control + lead group 
(c)~olurne of packed red cells 
(@Mean corpuscular volume 
(e)Mean corpuscular fragility 

TABLE 1.12. Hematologic Effects of Iron-Deficient and Lead-Containing Diets Fed Female Rats for 
60 Days (Mean + SD) 

Weight, g 

Iron- Iron-Deficient 
Control Deficient Control + Lead + Lead 

P< (a) P< (b) 

278 f 16 265 f 26 237f 28 0.01 213 f 26 N S 

Reticulocytes, x 103/mm' 97 f 21 129 f 58 151 f 61 0.02 320 f 140 0.01 

MU,@) % Saline 0.46f0.01 0.40f0.04 0.44f0.01 NS 0.38f0.03 0.001 

Marrow Cellularity, x 103 82.9 f 5.1 68.8 f 19.0 79.0 f 10.8 NS 81.7 f 7.3 NS 

Serum Iron, pg/dl 270 f 58 245 f 88 304 f 60 NS 266 f 55 NS 

Histochemical Spleen Iron 4.0 f 0 1.lf 1.8 4.0f 0 NS 4.0 f 0 NS 

(a)ln relation to control group 
(b) In relation to control + lead group 
 volume of packed red cells 
( d ) ~ e a n  corpuscular volume 
( e ) ~ e a n  corpuscular fragility 



TABLE 1.13. Hematologic Effects of Iron-Deficient and Cadmium-Containing Diets Fed Male Rats 
for 60 Days (Mean f SD) 

Iron- Iron-Deficient + 
Control Deficient Control + Cadmium Cadmium 

P< (a) P< (b) 

Weight, g 452 f 51 400 f 36 310 f 20 0.001 244 f 25 0.001 

VPRC,(C) m1/100 ml 43.8 f 0.9 24.1 f 8.7 41.4f 2.8 0.02 26.9 f 4.4 0.001 

MCV,(~) p3 55.8 f 2.3 40.3 f 4.6 50.7 f 1.4 0.001 39.8 f 1.5 0.001 

Reticulocytes, x 103/mm3 175 f 35 222 f 81 129 f 41 0.02 127 f 49 NS 

MU,@) % Saline - - 0.44 f 0.02 - 0.39 f 0.02 0.001 

Marrow Cellularity, x 103 65.5 f 11.8 76.6 f 6.8 62.0 f 7.7 NS 63.4 f 7.5 NS 

Serum Iron, pg/dl 148 f 33 56 f 24 392 f 105 0.001 96 f 46 0.001 

(a) In relation to control group 
relation to control + cadmium group 

 volume of packed red cells 
( d ) ~ e a n  corpuscular volume 
( e ) ~ e a n  corpuscular fragility 





Alveolar Clearance of Metal Oxides 

Metal oxides produced during the combustion of fossi l  fuels constitute a potential hazard 
t o  man. The purpose of th i s  project i s  t o  determine the role of pulmonary ce l l s  in influencing 

the f a t e  of inhaled metal oxides and the acute and chronic toxicity of inhaled metal oxides in 

the lungs of rodents. 

TOXICITY OF INHALED CADMIUM OXIDE 

Investigators : 
J .  G.  Hadley, C.  L. Sanders, 

A. Conklin, and R. R.  Adee 

Pretreatment of ra t s  with WR2721 was found to  protect par t ia l ly  against the edematogenic 

effects  of inhaled cadmium oxide. Using transmission electron microscopy, disruption of Type I 

epi thel ia l  c e l l s  was shown to  be the probable cause for  the increased permeability of lung t i s -  

sue following cadmium inhalation. 

In a previous Annual Report (1976) we 
showed that  inhalation of cadmium oxide (CdO) 
by ra t s  produces a severe and frequently fa- 
t a l  pulmonary toxicity characterized by mas- 
s i  ve pulmonary edema. Additionally, i t  was 
found that  pretreatment of r a t s  with compound 
WR2721 (S-2-[3-aminopropylaminoethyl phosphor- 
oxthioic acid hydrate]) offered partial pro- 
tection against the acute toxici ty  of inhaled 
CdO . 

To investigate further the e f fec t  of WR2721 
pretreatment on CdO toxici ty ,  25 female Wistar 
SPF ra t s  were injected intraperitoneal ly with 
80 m WR2721 and exposed (with 25 nontreated 
rats7 t o  an aerosol of CdO for  50 min. Ini- 
t i a l  lung burden was 33.0 + 12.7 pg/Cd. 
Groups of s ix  animals were sacrificed a t  3-hr 
intervals following exposure. Bronchopulmon- 
ary. lavage was performed and the protein 
content of the lavaged f luid determined as an 
index of pulmonary edema. 

Animals pretreated with WR2721 had a de- 
creased rate  of edema formation (as judged by 
lavage protein content) (Figure 1.5).  Al- 
though the mechanism by which WR2721 decreases 
CdO-induced pulmonary edema i s  unknown, i t  
does n o t  appear t o  resul t  from an increased 
clearance o f  CdO from the lung (Annual Report, 
1976). 

In an attempt t o  correlate the specific 
structural a l terat ions in the lung resulting 
from CdO inhalation with the observed f luid 
translocation and resultant edema formation, 
68 female ra t s  were exposed t o  an aerosol 
of CdO. Groups of three animals were sacr i-  
ficed a t  hourly intervals and lung t issue 
prepared fo r  electron microscopy. The resul ts  
indicate tha t  inhaled CdO appears to  ini-  
t l a l l y  disrupt Type I alveolar epithelium 
(Figures 1.6 to  1.9). This a l terat ion i s  
seen 14 hr postexposure (Figure 1.7) and be- 
gins as a "bubbling" of Type I epi thel ia l  cel l  
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FIGURE 1.5. Influence of WR2721 Pretreatment on CdO-Induced Protein 
Accumulation. Lines are least squares analysis of data from 
three animals of each group, sacrificed at indicated time points. 

FIGURE 1.6. Normal Blood-Air Barrier, Showing FIGURE 1.7. "Bubbling" of Type I Alveolar 
(from right to left): Air Space, Type I Alveolar Epithelium, Exposing Basement Membrane; 14 hr 
Epithelium, Basement Membrane and Interstitium, After Inhalation of CdO (50,000X) 
Endothelium, and Capillary Space (50,000X) 
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A SCANNING ELECTRON MICROSCOPIC STUDY OF AGRAPOD-MEDIATED PHAGOCYTOSIS 

Inves t i ga to rs  : 

J. G. Hadley, R. R. Adee, and J. Coleman 

Scanning e lec t ron  microscopy was u t i l i z e d  t o  e luc ida te  the  mechanism o f  agropod-mediated 

phagocytosi s by a1 veol a r  macrophages. 

A1 veol a r  macrophages have recen t l y  been 
observed t o  u t i  1 i z e  a prev ious ly  unreported 
form o f  phagocytosis f o r  the  ingest ion  o f  f o r -  
e ign  p a r t i c l e s  (Hadley, J. G., 1977. Ph.D. 
Thesis, Duke Un ive rs i t y ,  NC. This process 
involves the  p r o j e c t i o n  o f  l a rge  tubu la r  ex- 
tensions o f  macrophage membrane which i nges t  
p a r t i c l e s  l y i n g  w i t h i n  a 50- t o  60-urn rad ius  
about the  macrophage c e l l  body. Through the 
use o f  these t u b u l a r  s t ruc tures ,  which have 
been designated ' agrapods ' , the macrophage ex- 
tends i t s  e f f e c t i v e  phagocytic range 30- t o  
40- fold.  

the  p a r t i c l e  (Figure 1.12). The p a r t i c l e  
i s  drawn completely i n t o  the agrapod and mem- 
brane c losure occurs (Figure 1.13). As the  
agrapod conta in ing  the  p a r t i c l e  i s  withdrawn 
toward the c e l l  body, the  agrapod membrane 
loses i t s  wr ink led  appearance and becomes 
q u i t e  smooth (Figure 1.14). 

Studies are i n  progress t o  asce r ta in  the  
in f luence o f  cadmium and o ther  heavy metals 
on agrapod-mediated phagocytosis by a l veo la r  
macrophages. 

The bas ic  morphology o f  agrapod-mediated 
phagocytosis has been s tud ied by t ime- lapse 
microcinamatographi c techniques i n  conjunc- 
t i o n  w i t h  l i g h t  microscopic examinations. 

A four- stage model o f  the process has been 
described and cons is ts  o f  1 )  attachment, 2 )  
e longat ion,  3) engulfment, and 4) withdrawal 
(Figure 1.10). 

I n  an attempt t o  understand more f u l l y  the 
membrane events occur r ing  dur ing  agropod f o r -  
mation, r a b b i t  a l v e o l a r  macrophages were cu l -  
tu red  w i t h  yeast  p a r t i c l e s  (Saccharomyces 
cerev is iae)  as descr ibed i n  the reference 
c i t e d  above. Cover s l i p s  were f i x e d  i n  g lu -  
taraldehyde, dehydrated, and c r i t i c a l  p o i n t  
d r ied .  Fixed c e l l s  were sput tered w i t h  go ld  
and examined i n  a scanning e lec t ron  microscope. 

Figures 1.11 through 1.14 i l l u s t r a t e  the  
appearance o f  a l veo la r  macrophages a t  various 
stages o f  agrapod-mediated phagocytosis. Dur- 
i n g  the e longat ion  phase the agrapod maintains 
the  surface i r r e g u l a r i t i e s  c h a r a c t e r i s t i c  o f  
macrophages. The p a r t i c l e s  are  attached t o  
d i s c r e t e  processes a t  the  t i p  o f  the growing 
agrapod (Figure 1.11). Invag inat ion  o f  the 
p a r t i c l e  i n t o  the  t i p  o f  the  agrapods occurs 
by an i n f o l d i n g  o f  the  membrane attached t o  

1.18 

ELONGATION 

ENGULFMENT 

WITHDRAWAL 

FIGURE 1.10. Schematic Representation of 
Agrapod-Mediated Phagocytosis. The attachment 
phase begins with contact of the small filipodia of 
the macrophage with the particle. Filipodia rapidly 
increase in diameter to approximate particle size. 
Elongation occurs at rates up to 15 pm/min. The 
engulfment phase occurs rapidly ( ~ 1 . 0  min) and 
constitutes stage three. After engulfment the 
particle-containing macrophage withdraws into 
the cell body. 



FIGURE 1.11. Alveolar Macrophage Utilizing FIGURE 1.13. Alveolar Macrophage with Agrapod 
Agrapod for Ingestion of Yeast Cell. Probably Containing a Fully Engulfed Yeast Cell, Represent- 
elongation phase. Note discrete attachment sites ing the End of the Engulfment Phase (3200X) 
on yeast cell (t) (2400X). 

FIGURE 1.14. Withdrawal Phase of Agrapod- 
FIGURE 1.12. Yeast Cell Entering Agrapod, mediated Phagocytosis is Characterized by Loss of 
Apparently by Enfolding of the Agrapod Membrane Surface Irregularities as Agrapod Containing a 
(400X) Yeast Cell is Withdrawn into the Macrophage Cell 

Body (4000X) 





Cross-Placental Transfer of Metals (EPA) 

This p r o j e c t  seeks t o  def ine  the s p e c i f i c  in f luences o f  f ac to rs  a f f e c t i n g  the cross-placental  

t r a n s f e r  o f  heavy metals and t h e i r  d i s t r i b u t i o n  throughout the  fe top lacenta l  u n i t  as a  f unc t i on  

o f  t ime a f t e r  exposure. These data w i l l  de f ine  the  t i ssues a t  r i s k  and provide a  q u a n t i t a t i v e  

est imate o f  dose. As such, they w i l l  provide a  r a t i o n a l  basis on which t o  i n t e r p r e t  and 

i n t e r r e l a t e  the r e s u l t s  o f  t e r a t o l o g i c  studies.  

DISTRIBUTION OF INHALED LEAD NITRATE IN PREGNANT RATS 

Inves t i ga to rs :  

P. L. Hackett, J. 0. Hess, M. R. Sikov, W. C. Cannon, 

E. F. Blanton, J. 0. Herring, and A. C. Case 

Technical Assistance: ,  

M. J. Conger, A. C. Crosby, L. F. Hensley 

and K. A. Poston 

Lead d i s t r i b u t i o n  i n  maternal t i s s u e  and fe top lacenta l  u n i t s  was s tud ied a t  var ious stages 

o f  ges ta t ion  f o l l o w i n g  i n h a l a t i o n  exposure o f  r a t s  t o  two l eve l s  o f  lead n i t r a t e  w i t h  210Pb 

t racer .  Maternal depos i t ion  and d i s t r i b u t i o n  were dose-dependent. Lead n i t r a t e  was r a p i d l y  

absorbed and t rans fe r red  t o  major organ systems and t o  the  fe top lacenta l  u n i t  where depos i t ion  

depended on the  stage o f  gestat ion.  

Intravenous admin is t ra t ion  o f  lead n i t r a t e  
t o  pregnant r a t s  a t  s p e c i f i c  ges ta t ion  times 
has been shown t o  cause prenata l  death and 
resorp t ion ,  as we l l  as c h a r a c t e r i s t i c  devel-  
opmental abnormal i t ies.  It was a l so  found 
t h a t  the  k i n e t i c s  o f  l ead  d i s t r i b u t i o n  w i t h i n  
the  maternal and fe top lacenta l  u n i t s  were 
dose-dependent (Annual Report, 1976). Since 
the  most probable rou te  o f  exposure o f  the  
general popu la t ion  i s  by i nha la t i on ,  studies 
were i n i t i a t e d  t o  determine the  d i s t r i b u t i o n  
and cross-placental  t r a n s f e r  o f  two l e v e l s  
o f  inha led so lub le  lead n i t r a t e  i n  pregnant 
animals f o r  comparison w i t h  our  previous s tu-  
dies o f  in t ravenous ly  administered 1  ead 
n i t r a t e .  

Aerosols were generated from 0.2 N HNO 
so lu t i ons  conta in ing  f reshly- separated 2 1 a ~ b  
( t r a c e r  exposure) o r  s tab le  Pb(N03)2 w i t h  
210Pb ( c a r r i e r  exposure), employing a  Love- 
lace nebul i z e r .  Charac ter is t i cs  o f  these 
so lu t i ons  and aerosols are  shown i n  Table 1.14. 

T h i r t y - s i x  r a t s  were exposed f o r  1  hr, 
nose-only, t o  each aerosol a t  8, 9, 14, 15, 
o r  19 days gesta t ion  (dg). Groups o f  s i x  t o  
twelve animals were k i l l e d  immediately a f t e r  
exposure and a t  1, 2, 5, 6, and 11 days. 
Radiolead a c t i v i t i e s  were determined i n  ma- 
te rna l  and f e t a l  t i ssues and excreta by mea- 
sur ing  the  47-KeV gamma emission o f  210Pb 
w i t h  a  s c i n t i l l a t i o n  counter, a f t e r  decay o f  
b i o l o g i c a l l y  t rans located 210Bi. 



The distribution of *lOPb in animals sac- 
r i f iced during the f i r s t  6 hr a f t e r  exposure 
i s  shown in Figure 1.15. Fractions of the 
body burden in the gastrointestinal (GI) 
t r a c t  and lung appeared t o  bear a reciprocal 
relationship, since the GI t r a c t  values fo r  
the car r ie r  group were 10% higher and the 
lung values were 10% lower than comparable 
t issues in the t racer  group. A high percen- 
tage of the body burden was noted in the GI 
t r a c t  a t  the i n i t i a l  sampling period, reflec-  
ting particles cleared from the upper respir-  
atory t r ac t .  Figure 1.16 demonstrates very 
rapid t r ans i t  ra te  through the GI t r a c t  since 
most of the 210Pb  was in the jejunum and 
ileum by 0.5 t o  3 hr a f t e r  inhalation expo- 
sure and peak act ivi ty  was in the cecum by 
3 t o  6 hr. A t  24 hr, fecal values were equal 
t o  the original GI t r ac t  values. 

TABLE 1.14. Characteristics of Generating 
Solutions and Aerosols for 210Pb Inhalation Exposure 
of Rats 

Tracer Carrier 
Generating Solution Exposure Exposure 

pCi 210Pb/ml 772 745 

ng Pb/pCi 0.0167 28 

Aerosol 

pCi 2'0Pb/P 

Mass Median Aero- 1.85 2.45 
dynamic Diameter 

Geometric Standard 2.30 2.33 
Deviation 

Count Median Diameter 0.11 0.14 The very high skeletal burdens in the in i-  
t i a l  samples (Figure 1.15) implied rapid 
absorption and deposition of the inhaled 
lead n i t ra te .  Blood values were higher in 
t racer  than in car r ie r  animals and, within 
dose groups, were similar to  hepatic and 
renal values. 

The average deposition value ( total  body 
burden plus excreta minus head and skin) for  
the t racer  group amounted t o  9.42 i 0.29 pCi 
(0.157 + 0.005 ng Pb), and a value of 
8.16 + 0.29 pCi (228 + 8 ng Pb) was found 
in the carrier-exposed ra t s .  Because of 
the small sample s izes  in th i s  i n i t i a l  
study, no differences in distribution could 
be attributed t o  the period of gestation; 
a1 1 maternal values were therefore pooled. 

The percentage of the maternal body bur- 
den transferred to  the fetoplacental unit  
(FPU) a t  different  stages of gestation i s  
shown in Figure 1.17. FPU values f o r  carr ier-  
exposed ra t s  tended t o  be lower than those 

PERCENT OF BODY BURDEN 

K l DNEY 

L l VER 

HEAD (-NASAL BONES &SKIN) 

NASAL BONES I 
TRACHEA 

TRACER 

CARRIER 

ESOPHAGUS 

!a) TRACER AND CARRIER VALUES ARE SIGNIFICANTLY DIFFERENT (P < 0.051 

FIGURE 1.15. Distribution of 2lOPb in Female Rats Following Inhalation Exposure to 
Lead Nitrate 
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f o r  tracer-exposed r a t s  a t  e a r l i e r  ges ta t ion  
per iods and probably r e f 1  ected maternal 
b lood values. FPU values f o r  animals exposed 
a t  14 o r  15 dg were equal and about 10 t imes 
h igher  than values f o r  the  9-dg FPU. Th is  
r e l a t i o n s h i p  was s i m i l a r  t o  the  r e s u l t s  ob- 
ta ined  i n  the intravenous study. Concentra- 
t i o n  ( %  dose/g) re la t i onsh ips  between mater- 
nal  b lood and these FPUs were a l so  s i m i l a r  
f o l  lowing e i t h e r  intravenous o r  i n h a l a t i o n  
exposure. The h igher  values f o r  t he  19-dg 
FPUs on the  day o f  exposure as w e l l  as on 

1 day postexposure (F igure  1.17) demonstrated 
the  i n f l uence  o f  r a p i d  s k e l e t a l  growth and r9 
c a l c i f i c a t i o n  on f e t a l  lead uptake. 

Data obtained from t h i s  i n i t i a l  i n h a l a t i o n  
exposure suggest t h a t  depos i t ion  and d i s t r i -  
bu t i on  o f  l ead  n i t r a t e  are dose-dependent, 
and t h a t  lead absorpt ion i s  very rap id .  Once 
absorpt ion has occurred, metal depos i t ion  i n  
the fe top lacenta l  u n i t  i s  s i m i l a r  t o  t h a t  
seen f o l l o w i n g  intravenous admin is t ra t ion .  







CONSERVATION 

Mutagenic Effects of Electric Fields (EPA) 

This project was in i t i a ted  in FY 1976 to examine the possibi l i ty  that  e l ec t r i c  f ie lds  
induce changes in the genetic mechanism of ce l l s .  The project i s  i n i t i a l l y  directed toward 
evaluation of genetic changes induced by DC f i e ld s ,  then moves t o  a similar evaluation of 

effects  from AC f ie lds .  Data for  mutation frequencies are obtained in several bacterial 

s t ra ins  and in the f r u i t  f l y ,  Drosophila. 

MUTAGENIC EFFECTS OF STATIC ELECTRIC FIELDS 

Investigator: 
F. P. Hungate 

S ta t ic  DC f i e lds  are being evaluated for  the i r  ab i l i t y  t o  induce mutations in bacteria 
and Drosophila. Present data suggest tha t  mutations are produced in the Ames TA-100 s t ra in  of 

Salmonel l a ,  Photobacterium f isheri  (tetracycline resistance) and Drosophi l a  (recessive sex- 
linked le tha ls ) .  No increased mutation frequency was observed in the Ames TA-98 s t ra in .  

With the exception of special purpose 
studies,  such as the Navy's Project Sanguine, 
l i t t l e  attention has been given t o  the pos- 
s i b i l i t y  that  e lec t r ic  f ie lds  might cause 
subtle changes i n  biological systems due to  
factors other than current flow. Literature 
on e lec t r ic  f i e ld  effects  generally indicates 
lack of effects ,  but in most studies,  f i e lds  
tested were similar in strength t o  those t o  
which organisms (including humans) have been 
typically exposed. 

Assuming tha t  stronger e l ec t r i c  f ie lds  
might produce a relat ively greater effect ,  
we chose f i r s t  t o  determine i f  mutational 
effects  could be detected in f ie lds  approach- 
ing those in which corona would be expected, 
i .e . ,  voltage approaching 10 kV/cm. 

The exposure system ut i l ized parallel 
copper plates separated by a ring of luc i te ,  

as described in the 1976 Annual Report. 
S te r i le  humidified a i r  flows into the cham- 
ber during exposures minimizing buildup of 
possible secondary factors such as ozone. 
Voltage i s  supplied ei ther  by a high-vol tage 
DC power supply or  by a ser ies  stack of bat- 
te r ies .  A t  f i e l d  strengths used t o  date we 
have been unable t o  detect corona, e i ther  
photographically or  by monitoring current. 
Control subjects are  maintained concomitantly 
under identical conditions except f o r  the 
e lec t r ic  f ie ld .  Air flow for  exposed and con- 
t ro l  subjects i s  in paral le l ,  from a common 
source. 

Salmonel l a  s t ra ins  TA-98 and TA-100, 
developed by and obtained from Dr. Bruce 
Ames, are used as primary bacterial t e s t  
systems. Since both s t ra ins  require h i s t i -  
dine for  growth, mutants are identified as 
colonies able t o  grow in the absence of 



h i s t i d i n e .  I n  add i t ion ,  we use the  lumines- 3.0 
cent  bacterium, Photobacterium f i s h e r i ,  s t r a i n  
MAV, and evaluate the  frequency o f  genet i-  
c a l l y  undefined mutations p e r m i t t i n  growth 
on a  concentrat ion o f  t e t r a c y c l  i n e  q2.5 pg1m1) 2.5 
t h a t  prevents growth o f  nonmutant c e l l s .  
Bacter ia  are usua l l y  exposed overn ight  > U 

(16-24 h r )  a t  ambient temperature (20-24OC). 6 3 a - 
Y 

To avoid chain format ion w i t h  r e s u l t a n t  g 2.0 
spark discharge, observed w i t h  a d u l t  f 1  ies ,  Z 

0 
day-old Drysophi la pupae were exposed t o  a  + 
1850-V,cm- ba t te ry- d r i ven  f i e l d  f o r  3  days. 5 

F l i e s  were then tes ted  by the  Mul ler- 5 2 
u 1.5 

technique f o r  the  presence o f  sex- l inked 1 + 
recessive l e t h a l s .  4, Id 

E 

Figures 2.1, 2.2, and 2.3 show data 
acquired from exposures o f  bac te r i a  t o  
f i e l d s .  Mutat ion frequencies are shown as 
r a t i o  o f  frequency i n  exposed cu l t u res  
d i v i ded  by t h a t  i n  con t ro l  cu l t u res  simul-  
taneously exposed, each represent ing 10 
r e p l i c a t e  p la tes .  Points above 1  i n d i c a t e  
a  p o s i t i v e  e f f e c t  from the f i e l d ;  those 
below 1  i n d i c a t e  fewer mutations i n  exposed 
than i n  con t ro l  cu l tu res .  Su i t ab l y  t rans-  
formed mutat ion counts f o r  each s t r a i n  o f  
bac te r i a  were analyzed by m u l t i p l e  regres- 
s ion  t o  reduce the  e f f e c t  o f  d i f fe rences i n  
c e l l  counts t h a t  a l so  assumed a  l i n e a r  dose- 
e f f e c t  re la t i onsh ip .  

There was no cons is tent  i nduc t i on  o f  muta- 
t i o n  i n  s t r a i n  TA-98 by the  f i e l d s  used 
(Figure 2.1). This observat ion was born ou t  
by analysis,  which showed a  nons ign i f i can t  
( a  > 0.05) l i n e a r l y  increas ing r e l a t i o n s h i p  

0.5 
2 4 6 8 

DC FIELD ( k v  c m - l )  

FIGURE 2.1. Relative Mutation Frequency of 
Salmonella TA-98 Exposed to Static DC Fields 

a5 
2 4 6 8 

DC FIELD ( k ~  ern-') 
FIGURE 2.2. Relative Mutation Frequency of 
Salmonella TA-100 Exposed to Static DC Fields 

DC FIELD (kv cm-l) 
FIGURE 2.3. Relative Mutation Frequency (Exposed/ 
Control) of Photobacterium fisheri Strain MAV, 
Mutation to Tetracycline Resistance . 

between f i e l d  s t rength  and mutat ion count. 
S t r a i n  TA-100, which mutates p r i m a r i l y  by 
base exchange, showed a  s i g n i f i c a n t  ( a  < 0.01) 
1  i n e a r l y  increas ing r e l a t i o n s h i p  between 
f i e l d  s t rength  and mutat ion count 
w i t h  79% o f  t he  v a r i a b i l i t y  accounted f o r  by 4 

the  model (Figure 2.2). MAV data (F igure  2.3), 
produced a  s i m i l a r  r e s u l t ,  w i t h  94% o f  t he  
v a r i a b i l i t y  accounted f o r  by the  model. The 



r e l a t i o n s h i p  between f i e l d  s t rength  and muta- 
t i o n  count f o r  TA-100 and MAV may o r  may n o t  
be l i n e a r .  The pauc i ty  o f  data does n o t  
permi t  a  v a l i d  assessment o f  the dose-ef fect  
re la t i onsh ip .  

Table 2.1 shows the r e s u l t s  o f  f o u r  ex- 
periments w i t h  Drosophi l a .  When analyzed by 
Chi-square, the s ign i f i cance  l e v e l  (a) o f  a  
d i f f e rence  between exposed and con t ro l  pupae 
l i e s  between 0.1 and 0.2 f o r  males, and be- 
tween 0.8 and 0.9 f o r  female groups. C lear ly  
more data are needed t o  conf i rm t h a t  such 
f i e l d s  produce mutations and t o  i d e n t i f y  
whether such e f f e c t s  are dependent on c e l l  
environment, i .e. , whether the mutat ion i n -  
crease i s  r e s t r i c t e d  t o  events i n  male f l i e s  
o r  a l so  occurs i n  bo th  X chromosomes o f  
females. 

TABLE 2.1. Mutation Frequencies from 0.25-Hr 
Drosophila Pupae Exposed 3 Days in an 1850-V/cm 
DC Field 

Male Female 

Expt. Exposed Control Exposed Control -- -- 
1 3 1 1 0 -- -- 

901 495 517 525 

Combined 22 11 9 6 
Data - - -- 5762 5015 9138 6555 

(0.38%) (0.22%) (0.098%) (0.092%) 

( a ) ~ w o  mutants from one parent of the P, generation 









FISSION 

Biomedical studies in the fission energy technology area are mostly concerned 
with the evaluation of long-term effects from low-level exposure to radioactive 
pollutants. These include studies in progress for many years in dogs that have 
inhaled various plutonium compounds. The inhalation toxicity of a wider variety 
of actinide compounds is  being studied in rodents. Both dogs and rodents are 
employed in continuing studies of the effects of chronic exposure to simulated 
uranium mine atmospheres. 

Recently instituted studies are concerned with specific reactor technology 
problems, such as the toxicity of sodium that might be accidentally released from 
an LMFBR (liquid metal fast breeder reactor), or the toxicity of mixed aerosols of 
plutonium and sodium. The toxicity of chronically inhaled krypton-85, released 
in small amounts from nuclear reactors, is  also being studied. Because of recent 
interest in nonproliferative fuel cycles, special hazards that might be associated 
with reactors employing a thorium fuel cycle are being investigated. 

More basic studies are concerned with the effects of age on the toxicity 
of incorporated radionuclides, and the effect of age, and other factors, on the 
gastrointestinal absorption of radionuclides. Viral and biochemical factors that may 
be involved in radiation carcinogenesis are also under study. 

In the more strictly medical areas, procedures are being developed that 
may reduce the probability of radiation effects by hastening removal from the 
body of internally deposited radionuclides. In other studies, advantage is  taken 
of radionuclides incorporated in a device designed to irradiate the blood, which 
may be a useful treatment for leukemia or for the prevention of tranplant rejectior 





FISSION 

Aerosol and Analytical Technology 

One ob jec t i ve  o f  t h i s  program i s  t o  improve aerosol exposure techniques: the generation 

and cha rac te r i za t i on  o f  i n h a l a t i o n  atmospheres, r e l a t i o n  o f  aerosol p roper t ies  t o  r e s p i r a t o r y  

depos i t ion  and clearance, and accuracy o f  aerosol exposure dose con t ro l .  The o ther  ob jec t i ve  

i s  t o  improve sample ana lys is  and handl ing techniques, i nc lud ing  improvement o f  sample manage- 

ment and q u a l i t y  con t ro l  t o  reduce sample backlog and storage problems, improvement o f  t he  

s e n s i t i v i t y  o f  Pu ana lys is  procedures, and development o f  new and l e s s  c o s t l y  techniques f o r  

low- level  assay o f  radio isotopes.  

INITIAL DEPOSITION OF INHALED Pu02 AEROSOLS IN PIGS 

Invest iga tors :  

D. K. Craig, M. T. Karagianes, J. L. Beamer, W .  C. Cannon, 

J. R. Decker, J. P. Herr ing,  and R. L. Buschbom 

Technical Assistance: 

A. J. Clary, J. S. Barnett,  and E. F. Blanton 

Techniques developed f o r  determining the  depos i t ion  o f  aerosols as a f unc t i on  o f  p a r t i c l e  

s i z e  i n  dogs were app l ied  t o  data obtained from the nose-only i n h a l a t i o n  exposure o f  f ou r  

p igs.  The r e s u l t s  i n d i c a t e  t h a t  desp i te  the depos i t ion  o f  a considerable f r a c t i o n  o f  t he  

inha led a c t i v i t y  i n  the  exposure mask, depos i t ion  o f  aerosols i n  p igs  i s  probably q u i t e  

representa t ive  o f  t h a t  i n  humans. 

As p a r t  o f  the study t o  determine the  
f e a s i b i l i t y  o f  using p igs  f o r  nose-only inha- 
l a t i o n  tox ico logy  studies,  the  exposure 
system developed f o r  beagles was modi f ied  t o  
accommodate Hanford m in ia tu re  swine. The 
concentrat ion and volume o f  inha led aerosol - and the  r e s p i r a t i o n  parameters o f  f o u r  p igs  
were measured dur ing  t h e i r  exposure t o  
2 3 9 P ~ 0 2  aerosols having AMADs o f  2 t o  3 um 
and GSDs o f  2.0 t o  2.4. The expired aerosol 
was separated from t h a t  i n s p i r e d  and the  - aerodynamic s i z e  d i s t r i b u t i o n  o f  both were 

f i  determined (Table 3.1 ). Tota l  i n i t i a l  
depos i t ion  i n  the  p i g  and i n  t he  plumbing as 

a f unc t i on  o f  p a r t i c l e  s i z e  was determined 
from these measurements. This c a l c u l a t i o n  
o f  t he  f r a c t i o n a l  depos i t ion  o f  aerosols i n  
each o f  t he  e i g h t  s i z e  ranges o f  the  cascade 
impactors was c a r r i e d  o u t  as fo l lows:  

I f  fi = f r a c t i o n  o f  a c t i v i t y  SA on the  
i t h  stage o f  the  cascai! impac- 
t o r  sampling inha led a i r ,  

gi = f r a c t i o n  o f  a c t i v i t y  SAOUT on 
the i t h  stage o f  the  cascade 
impactor sampling exhaled a i r ,  

and ti = f r a c t i o n  o f  aerosols i n  the  i t h  
stage s i z e  range t h a t  i s  " l o s t " ,  



TABLE 3.1. Particle Size Distribution of Inhaled and 
Exhaled 239P~102 Aerosols 

Inhaled Aerosols Exhaled Aerosols 

Pig AM AD,^) S A ~ ~ , ( C )  AMAD, SAOU~, 
No. - um C S D ( ~ )  nCi pm GSD nCi ----- 

(a)~ctivity Median Aerodynamic Diameter 
(b)~eometric Standard Deviation 
(C)~um of 239pu activity on 8 stages of cascade impactors 

for a fixed sample volume 

then ti = 1 - gi S A ~ ~ ~  considerable f r a c t i o n  was deposi ted i n  t he  
fi S A ~ ~  ' exposure masks, most ly  i n  the  narrow tubes 

t h a t  were i nse r ted  i n  the  n o s t r i l s  o f  t he  
Since some o f  t he  inha led and exhaled anesthetized pigs.  P re fe ren t i a l  depos i t ion  

a c t i v i t y  i s  deposited i n  t he  exposure system of the  l a r g e r  p a r t i c l e s  undoubtedly modi f ied  
plumbing between the  p i g ' s  nose and the  both the  s i z e  d i s t r i b u t i o n  and the  t o t a l  
respect ive  samplers, these ti values repre- q u a l i t y  of Pu02 aerosol a c t u a l l y  inha led by 
sent  the  t o t a l  f r a c t i o n a l  depos i t ion  i n  t he  each p ig .  
p i g  and the exposure system o f  aerosols i n  
t he  i t h  s i z e  range. A crude co r rec t i on  can 
be made f o r  t he  ma te r i a l  deposited i n  the  
exposure system by m u l t i p l y i n g  the  SA values 
by a f a c t o r  based upon the  measured a c t i v i t y  
i n  the  plumbing i n  r e l a t i o n  t o  these SAs. 
This procedure makes the  s i m p l i f y i n g  assump- 
t i o n  t h a t  such depos i t ion  does n o t  modify 
t he  aerosol s i ze  d i s t r i b u t i o n s ;  obviously 
n o t  cor rec t ,  b u t  the  best  we can do u n t i l  a 
complete cha rac te r i za t i on  o f  losses i n  t h e  
exposure system as a func t i on  o f  p a r t i c l e  
s i z e  can be c a r r i e d  out. 

The i n i t i a l  body burden o f  each p i g  was 
obtained by adding the  a c t i v i t y  excreted i n  
feces and u r i n e  t o  t h a t  l e f t  i n  the  p i g  a t  
s a c r i f i c e .  This was from 5 t o  10% o f  inha led 
a c t i v i t y  (Table 3.2). The aerosol concentra- 
t i o n  i n  t he  expired a i r  was about o n e - f i f t h  
o f  t h a t  i n  the  i n s p i r e d  a i r .  However, a 

The l a s t  row o f  Table 3.2 g ives QLOST, 
t h a t  p o r t i o n  o f  t he  ca lcu la ted inha led 
a c t i v i t y  no t  accounted f o r  a f t e r  adding a l l  
the  a c t i v i t y  found i n  each p i g  and i t s  
excreta and exhaled a i r ,  p lus  t h a t  recovered 
from the exposure system, i nc lud ing  the  p i g  
exposure mask. Besides ma te r i a l  t h a t  re-  
s i s t e d  being washed from the  Pu-contaminated 
system, most o f  t h i s  was probably snorted up 
by the  p i g  and deposited on the  w a l l s  o f  the  
metabolism cages i n  which they were housed. 

More than 95% o f  p a r t i c l e s  greater  than 
4 vm were deposited i n  these tubes and i n  
the  r e s p i r a t o r y  t r a c t  of t he  pig,  decreasing 
t o  about 15% i n  the  range 0.6 t o  1 pm and 
about 25% f o r  0.1-vm p a r t i c l e s  (F igure  3.1). 
These depos i t ion  f r a c t i o n s  are  q u i t e  s i m i l a r  
t o  those t h a t  have been observed f o r  dogs, 
and may a l so  be compared w i t h  t he  ICRP Task 
Group curves f o r  man. 



TABLE 3.2. Distribution of 239Pu in Pig Tissues and Excreta, Inhaled 
and Exhaled Air, and Deposited on Plumbing (a) 

Pig No. 

Item 1 2 3 4 Mean f SD 
---- 

Calculated Inhaled 
Activity = Ain 52,200 167,400 38,600 50,900 

Plumbing + Mask Deposi- 
tion - % of Ain 32 33 37 40 35.5 f 3.7 

Corrected Ain = Qin 35,600 113,100 24,500 30,700 

Final Body Burden = 
FBB 1,385 3,490 457 87 

Total Excreta = C Ex 469 3,173 2,064 2,784 

Initial Body Burden = 
FBB + X Ex = IBB 1,854 6,663 2,521 2,871 

IBB as % of Qin 5.2 5.9 10.3 9.4 7.7 f 2.5 

First Week's Fecal 
Excreta - % of IBB 16.6 34.3 53.6 64.5 

Initial Lung Burden = 
IBB - 1st week's feces = 
ILB 1,546 4,378 1,171 1,019 

ILB as % of Qin 4.3 3.9 4.8 3.3 4.1 f 0.6 

Activity Exhaled = Qout 12,400 41,900 13,570 23,300 

Ain - (IBB + Plurnbing + 
Qout) = Qlost 21,350 64,540 8,400 4,530 

( a ) ~ l l  activity values given in nCi 
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FIGURE 3.1. Total Initial Deposition as a Function of 
Aerosol Particle Size (corrected for deposition in plumbing) 
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DEPOSITION OF 2 3 9 ~ u ( ~ 0 3 ) 4  AEROSOLS IN BEAGLE DOGS 

Invest iga tors :  

W. C. Cannon, J. P. Herring, G. E. Dagle 

Technical Assistance: 

E. F. Blanton and B. F. G a r r i t y  

Deposit ion cha rac te r i s t i cs  o f  inhaled 2 3 9 ~ u ( ~ 0 3 ) 4  aerosols are being studied i n  beagle 

dogs. No s i g n i f i c a n t  co r re la t i ons  between percentage deposi t ion and measured aerosol 

concentrations were observed. 

Deposit ion o f  239P~(N03)b  aerosols i s  
being studied i n  beagle dogs exposed f o r  the  
p r o j e c t  " Inhaled Plutonium N i t r a t e  i n  Dogs. " 
The dogs were i n d i v i d u a l l y  exposed, "nose 
only", t o  aerosols ranging i n  concentrat ion 
from 1 nCi/R t o  600 nCi/R t o  a t t a i n  i n i t i a l  
a l veo la r  deposi t ions varying from 2 nCi t o  
2000 uCi. To achieve t h e  desired deposit ion, 
aerosol concentrations were var ied by vary- 
i n g  the s p e c i f i c  a c t i v i t y  o f  the  generator 
s o l u t i o n  (SSA). A l l  animals i n  an exposure 
group inha led the  same amount o f  a c t i v i t y ,  
as determined by the  product o f  chamber aero- 
so l  concentrat ion (measured j u s t  p r i o r  t o  ex- 
posure o f  each dog) and the inha led volume 
(measured dur ing exposure o f  each dog). 

The thorax o f  the  dogs was counted 
14 days postexposure, and excreta were co l -  
lec ted  and analyzed over t h i s  period. From 
these data and animal body weights, t o t a l  
i n i t i a l  depos i t ion  (TID) and . i n i t i a l  a l veo la r  

deposi t ion (IAD) were estimated. These e s t i -  
mates, together w i t h  pe r t i nen t  aerosol data, 
such as concentrat ion and p a r t i c l e  size, are 
shown i n  Table 3.3. There i s  a s t rong cor- 
r e l a t i o n  between SSA and aerosol concentra- 
t ion ,  bu t  TID and IAD percentages are not  
s i g n i f i c a n t l y  cor re la ted w i t h  SSA o r  aerosol 
concentration, and on ly  s l i g h t l y  co r re la ted  
w i t h  AMAD and GSD. This i s  due, i n  par t ,  t o  
the narrow ranges i n  both AMAD and GSD. 
P a r t i c l e  s i ze  i s  not  cor re la ted t o  SSA o r  
aerosol concentration. Comparison o f  data 
from these exposures t o  data from previous 
exposures o f  r a t s  t o  239P~(N03) ,  i n  which 
there  were some exposures w i t h  higher SSAs, 
suggests t h a t  p a r t i c l e  s i ze  i s  on l y  a f fec ted  
i f  SSA i s  above 100 pCi/ml. These data show 
t h a t  varying the generator s o l u t i o n  concen- 
t r a t i o n  has very l i t t l e  e f f e c t  upon 
percentage deposi t ion i n  dogs. 



TABLE 3.3. Deposition of Inhaled ~ ~ ~ P u ( N C ~ ) ~  

Aerosol Data Exposure Data 

TID as % IAD as % 
Concentration nCi/P Total Activity Total Activity 

S S A ( ~ )  AMAD@) NO. of 
pCi/ml Mean SD pm GSD(C) Dogs Mean SD Mean SD - - -  ------ 

0.08 0.38 0.09 0.51 5.8 3 24 12 21 10 

(a)~olution Specific Activity 
(b)~ctivity Median Aerodynamic Diameter 
(C)~eometric Standard Deviation, assuming a Log Normal distribution 



CHARACTERIZATION OF A MONODISPERSED AEROSOL EXPOSURE 
SYSTEM FOR BEAGLE DOGS 

Investigators: 
W .  C. Cannon, J .  P. Herring, and D. K. Craig 

Technical Assistance: 
E.  F. Blanton and B. F.  Garrity 

A monodispersed aerosol exposure system for dogs i s  described and data are  presented on 

aerosol depositions in the exposure system which could affect  the aerosol presented t o  the 

animals by reducing the concentration and changing the part ic le  s ize  dis t r ibut ion.  

A May spinning top aerosol generator, 
located inside an aerosol chamber, generates 
a labeled, monodispersed aerosol of iron 
oxide part ic les  into t h i s  chamber (Figure 
3.2) .  This procedure eliminates the neces- 
s i t y  for  transporting the part ic les  between 
a generator containment vessel and the aero- 
sol chamber, which would be d i f f i cu l t  because 
of the strong pumping action of the generator 
designed to sweep away unwanted s a t e l l i t e  
par t ic les .  

Aerosols used in th i s  experiment were 
generated from a mixture of a hydrated iron 
colloid and a gold colloid labeled with 
l g 8 A u .  The geometric standard deviations 
were, fo r  the most par t ,  close t o  1.3, as 
determined from Mercer impactor data. Dogs 
inhaled these aerosols from the chamber for  
inhaled part ic le  deposition studies. Par- 
t i c l e s  which deposited in valves and plumb- 
ing of the exposure system were washed out 
and analyzed to measure exposure system 
losses as a function of par t ic le  size. Since 
the valves and plumbing of t h i s  system are 
similar t o  those in polydispersed aerosol 
exposure systems used a t  PNL, th i s  charac- 

terization should help in predicting losses 
of polydispersed aerosols in those exposure 
systems. n 

In Table 3 .4 ,  depositions i n  the parts of 
the exposure system are  expressed as percent 
of total  act ivi ty  drawn from the aerosol 
chamber. Total ac t iv i ty  includes tha t  col- 
lected on the nose or  muzzle of the dog 
during exposure. The correlation coeffi- 
cient i s  0.98 between part ic le  s ize  and 
ac t iv i ty  collected from the dog's nose. The 
correlation coefficient between aerosol par- 
t i c l e  s ize and alveolar deposition i s  0.84; 
between part ic le  s ize  and total  exhaled 
ac t iv i ty  i t  i s  0.72. I t  i s  c lear  from the 
data that  depositions in the venturi, mask, 
valve, and exhalation system plumbing are  
not strongly particle-size-dependent. 

We have not considered effects  of dead 
space in the system. For example, dead space 
in the valve causes uninhaled aerosol to  be 
expelled into the exhalation system, in- 
creasing the act ivi ty  measured in these 
compartments. 



FIGURE 3.2. Monodispersed Aerosol Exposure System 

TABLE 3.4. Effect of Particle Size on Exposure System Depositions 
(Percent of Total Activity) 

Total 
Total Exhaled Exhaled 

AED Venturi Valve Mask Nose Alveolar Dog Plumbing Activity 
- - - - - - - 



AN AEROSOL GENERATOR OUTPUT MONITOR AND CONTROL SYSTEM 

Investigators: 

J. R. Decker, E. G. Kuffel, 
W .  C. Cannon, and D. K. Craig 

A scattered-light photometer system has been constructed and tested that monitors output 
of a nebulizer-type aerosol generator and controls nebulizing air pressure to maintain a 

constant generator output. 

The Lovelace nebul izer aerosol generator 
has been extensively used for polydispersed 
aerosol exposure experiments at Battel le, 
Pacific Northwest Laboratories. This air 
pressure-operated device generates an aero- 
sol of nearly log normal, respirable-sized 
particles, but is prone to erratic output. 
To minimize this problem, a feedback system 
was designed and constructed to control air 
pressure and maintain a nearly constant 
output. 

The block diagram of this photo-controlled 
aerosol generator is shown in Figure 3.3 .  
The aerosol output monitor, positioned at 
the output of the generator, is a forward- 
scattering photosensor, consisting of an 
infrared light-emitting diode and a matched 
infrared photodetecting transistor. The 
output of the photosensor, which is linearly 
related to the droplet mass concentration, 
is fed to a multiplier circuit through a 
variable gain amplifier and damping circuit. 

Droplet mass output can be held constant 
if multiplier output is constant, accom- 
pl ished by comparing mu1 tip1 ier output with 
a manually set reference level. Comparison 

error vol tage resul ting from generator out- 
put drift appropriately adjusts generator 
operating pressure by means of a voltage- 
control 1 ed pressure regulator. 

The detector system was tested by collect- 
ing, on absolute filters, generator output 

/I 

of nonradioactive uranine dye aerosols. A 
typical curve of detector systems output 
versus generator output (as determined by 
colorimetric analysis of the dye) is shown 
in Figure 3 .4 .  The feedback system was 
tested by manually changing generator nebu- 
lizer level with respect to reservoir fluid 
level in order to affect the efficiency of 
generation. The system then automatically 
increased or decreased the operating air 
pressure in attempt to maintain constant 
generator output. Figure 3 . 5  is a typical 
plot of generator output (col orimetri call y 
determined from f i 1 ter samples of uranine 
dye aerosols) versus operating pressure. 
In Figure 3 . 4  this is compared with the 
expected generator output without feedback. 

This system is now being tested under 
animal exposure conditions. 



FIGURE 3.3. Block Diagram of Photo-Controlled Aerosol Generator (PHOCAG) Systems 
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(Circles) Under Feedback Control and Expected 
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FIGURE 3.4. Generator Aerosol Output (Normalized 
at 20 PSI Generator Operating Pressure) Versus 
Detector System Output as Observed by the Meter 



TRACE ANALYSIS OF ACTINIDES I N  BIOLOGICAL SAMPLES 

I n v e s t i g a t o r s :  

R. E. Schi rmer and D. W. Phelps 

Technica l  Ass is tance :  

K. D. Wiemers and K. R. Hanson 

Methods o f  improv ing  procedures f o r  t h e  a n a l y s i s  o f  t r a c e  a c t i n i d e s  i n  b i o l o g i c a l  samples 

a r e  be ing  i n v e s t i g a t e d ,  i n c l u d i n g  use of f r e e z e  d r y i n g  p r i o r  t o  ashing, s e p a r a t i o n  o f  t h e  

a c t i n i d e s  b y  h i g h  p ressure  l i q u i d  chromatography (HPLC), and s e p a r a t i o n  and measurement o f  

a c t i n i d e s  by gas chromatography. 

P r e p a r a t i o n  o f  b i o l o g i c a l  m a t e r i a l s  f o r  
a c t i n i d e  a n a l y s i s  beg ins  w i t h  oven d r y i n g  
and ash ing  o f  t h e  samples. Freeze d r y i n g  
has been eva lua ted  as an a l t e r n a t e  t o  oven 
d r y i n g  i n  an e f f o r t  t o  i n c r e a s e  t h e  number 
of samples t h a t  can be processed th rough  t h e  
ash ing  s tep.  We found t h a t  f r e e z e  d r y i n g  i s  
s lower  t h a n  oven d r y i n g ,  b u t  t h a t  f reeze-  
d r i e d  samples ash t w i c e  as f a s t  as oven- dr ied  
ones. Use o f  a  f r e e z e  d r y e r  would a l s o  f r e e  
hood and oven space f o r  ashing. The n e t  
e f f e c t  o f  changing f r o m  oven t o  f r e e z e  d r y i n g  
would be t o  approx imate ly  double t h e  c a p a c i t y  
o f  o u r  l a b o r a t o r y  f o r  c a r r y i n g  samples 
th rough  t h e  d r y i n g  and ash ing  s teps.  S tud ies  
o f  sp iked  dog feces  show no l o s s  o f  uranium 
o r  p lu ton iun i  i n  e i t h e r  d r y i n g  process. 

A f t e r  ashing, t h e  a c t i n i d e s  a r e  separated 
f rom o t h e r  components o f  t h e  ash u s i n g  column 
chromatography. H o r w i t z  and coworkers a t  
Argonne N a t i o n a l  L a b o r a t o r i e s  have shown t h a t  
separa t ions  o f  t h i s  t y p e  can be c a r r i e d  o u t  
i n  minutes, i n s t e a d  o f  hours, by u s i n g  h i g h  
p ressure  1  i q u i d  chromatography. S ince t h e  
e l u t i n g  s o l  ven ts  a r e  t y p i c a l l y  s t r o n g  ac ids ,  
a  s p e c i a l  chromatograph i s  r e q u i r e d  t o  do 
t h i s  work. Dur ing  FY 1977 we completed con- 
s t r u c t i o n  o f  a  s u i t a b l e  h i g h  p ressure  chro-  
matograph ( F i g u r e  3.6) based on t h e  
~ h e m i n e r t R  CMP-2VK m e t e r i n g  pump and 
~ h e m i n e r t R  va lves.  Dur ing  FY 1978, methods 
w i l l  be developed f o r  s e p a r a t i n g  thor ium, 
uranium, p lu tonium, and americium u s i n g  t h i s  
i n s t r u m e n t  and t h e  p o t e n t i a l  o f  HPLC f o r  

i n c r e a s i n g  t h e  c a p a c i t y  o f  o u r  l a b o r a t o r y  
f o r  r o u t i n e  a c t i n i d e  separa t ions  w i l l  be 
evaluated.  

We have a l s o  begun work t o  develop gas 
chromatographic procedures f o r  t h e  a n a l y s i s  
of t r a c e  l e v e l s  of a c t i n i d e s .  The procedure 
c o n s i s t s  o f  complexing t h e  meta l  i o n  w i t h  a  
f l u o r i n a t e d  d e r i v a t i v e  o f  a c e t y l  acetone and 
measuring t h e  complex by gas chromatography 
(GLC) w i t h  an e l e c t r o n  c a p t u r e  d e t e c t o r .  
The l i g a n d s  used t o  d a t e  a r e  l i s t e d  i n  
Table 3.5. I n  p r e l i m i n a r y  work we p repared  
Cr(HFA), , Fe(HFA) and A1 (HFA), and found 
t h a t  1 0 - l 2  t o  10-?3 g  o f  each o f  these  meta ls  
can be q u a n t i t a t e d  by  t h e  GLC procedure.  
ThL4 and U02L2 complexes have a l s o  been p re-  
pared where L  i s  TFA, HFA o r  FOD, and work 
i s  i n  progress t o  f i n d  s u i t a b l e  c o n d i t i o n s  
f o r  t h e i r  chromatography. The a c t i n i d e  
complexes a r e  harder  t o  chromatograph than  
t h e  complexes of Cr, Fe and A1 because they  
a r e  l e s s  s t a b l e  t h e r m a l l y .  I f  s e n s i t i v i t i e s  
on t h e  o r d e r  o f  1 0 - l 2  g  a r e  ach ieved  f o r  t h e  
a c t i n i d e s ,  t h e  GLC method w i l l  be more sen- 
s i t i v e  than t h e  usual  c o u n t i n g  procedures 
f o r  i so topes  w i t h  h a l f - 1  i v e s  g r e a t e r  than  
l o 3  y r .  I n  a d d i t i o n  t o  b e i n g  f a s t ,  GLC 
o f f e r s  t h e  advantages o f  combining t h e  sepa- 
r a t i o n  and d e t e c t i o n  o f  t h e  meta l  i n t o  a  
s i n g l e  s tep.  Dur ing  FY 1978 o u r  e f f o r t s  
w i l l  be concen t ra ted  on f i n d i n g  t h e  b e s t  
combinat ion o f  1  igand  and chromatographic  
c o n d i t i o n s  t o  maximize s e n s i t i v i t y  and 
r e p r o d u c i  b i  1  i ty i n  t h e  a n a l y s i s ,  and t o  
ex tend  t h e  work t o  p lu toniuni .  
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TABLE 3.5. List of Ligands 

TFA l,l,l-Trifluoro-2,4-pentanedione 

HFA 1,1,1,5,5,5-Hexafluoro-2,4-pentanedione 

FOD 1,1,1,2,2,3,3-Heptalluoro-7,7-dimethyl-4,6-octanedione 





Inhaled Plutonium Oxide in Dogs 

Th is  ~ r o j e c t  i s  concerned w i t h :  a) l onq- te rm exper iments t o  determine t h e  1  i f e - s p a n  dose- . - - 
e f f e c t  r e 1  a t i o n s h i p s  o f  i n h a l e d  239~u0,, i n  beagles, b) long- te rm exper iments t o  determine t h e  

l i f e - s p a n  d o s e- e f f e c t  r e l a t i o n s h i p  o f  i n h a l e d  2 3 8 ~ u 0 2  i n  beagles, c )  c o n t i n u i n g  s t u d i e s  on t h e  

l a t e  e f f e c t s  o f  i n h a l e d  238~u0, i n  beagles, d )  c o n t i n u i n g  s t u d i e s  on t h e  l a t e  e f f e c t s  o f  

s i n g l e  l a r g e  2 3 8 ~ u ~ 2  microsphe;es i n  t h e  lungs  o f  beagles, e )  c o n t i n u i n g  s t u d i e s  on t h e  l a t e  

e f f e c t s  o f  i n h a l e d  l a r g e  2 3 8 ~ u 0 2  microspheres i n  beagles, and f )  s h o r t e r - t e r m  exper iments i n  

beagles t o  s tudy  t h e  r e t e n t i o n  and t r a n s l o c a t i o n  o f  t r a n s p l u t o n i u m  elements, such as 2 4 1 ~ m ~ 2 ,  

and 244~m02 t h a t  a r e  prominent  components o f  n u c l e a r  f u e l s .  

DOSE-EFFECT STUDIES WITH INHALED PLUTONIUM OXIDE I N  BEAGLES 
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Beagle dogs g iven  a  s i n g l e  exposure t o  2 3 9 ~ u 0 2  and 2 3 8 ~ u 0 2  aeroso ls  a r e  be ing  observed f o r  

l i f e - s p a n  d o s e- e f f e c t  r e l a t i o n s h i p s .  The 2 3 9 ~ u  body burden o f  t h e  n i n e  dogs t h a t  d i e d  o f  

pulmonary f i b r o s i s - i n d u c e d  r e s p i r a t o r y  i n s u f f i c i e n c y  d u r i n g  t h e  f i r s t  3  y r  a f t e r  exposure was 

1 t o  12 pCi.  One o f  these  dogs had a  pulmonary tumor; n i n e  a d d i t i o n a l  dogs w i t h  body burdens 

o f  0.6 t o  1.8 uCi d i e d  due t o  pulmonary neop las ia  3 t o  6  yr a f t e r  exposure. Two o f  t h e  dogs 

exposed t o  2 3 8 ~ u  have d i e d  d u r i n g  t h e  f i r s t  4 y r  postexposure, due t o  bone and l u n g  tumors, 

w i t h  body burdens a t  dea th  o f  10 pCi. Lymphocytopenia was t h e  e a r l i e s t  observed e f f e c t  a f t e r  

i n h a l a t i o n  of 2 3 9 ~ u 0 2  o r  2 3 8 ~ u 0 2 ,  o c c u r r i n g  0.5 t o  2  y r  a f t e r  d e p o s i t i o n  o f  280 nCi  p l u t o n i u m  

i n  t h e  lungs.  



To determine t h e  l i f e - s p a n  d o s e- e f f e c t  
r e l a t i o n s h i p s  o f  i n h a l e d  p lutonium, 
18-month-old beag le  dogs were exposed t o  
a e r o s o l s  o f  239Pu02 (mean AMAD 2.3 pm, mean 
GSD 1.9),  prepared by c a l c i n i n g  t h e  o x a l a t e  
a t  750°C f o r  2  h r ;  o r  t o  238Pu02 (mean AMAD 
1.8 pm, mean GSD 1.9) ,  prepared by c a l c i n i n g  
t h e  o x a l a t e  a t  700°C and s u b j e c t i n g  t h e  p r o-  
d u c t  t o  H2160 steam i n  argon exchange a t  
800°C f o r  96 h r .  T h i s  m a t e r i a l ,  r e f e r r e d  t o  
as pure  p l u t o n i u m  ox ide ,  i s  used as f u e l  i n  
space-nuclear  power systems. 

One hundred t h - i r t y  dogs exposed t o  239Pu02 
i n  1973 and 1974 were s e l e c t e d  f o r  long- te rm 
s t u d i e s ;  22 w i l l  be s a c r i f i c e d  t o  o b t a i n  
p lu ton iun i  d i s t r i b u t i o n  and pa tho logy  data, 
and 108 were ass igned t o  l i f e - s p a n  dose- 
e f f e c t  s t u d i e s  (Tab le  3 .6 ) .  One hundred 
t h i r t e e n  dogs exposed t o  2 3 8 P ~ 0 2  i n  1972 
and 1973 were s e l e c t e d  f o r  l i f e - s p a n  dose- 
e f f e c t  s t u d i e s  (Table 3.7) .  Twenty- four  
a d d i t i o n a l  dogs were exposed f o r  p e r i o d i c  
s a c r i f i c e .  The appendix ( f o l l o w i n g  t h e  
e n t i r e  Annual Repor t )  shows t h e  s t a t u s  o f  
t h e  dogs on these exper iments.  

Dur ing  t h e  f i r s t  6  y r  f o l l o w i n g  exposure 
t o  2 3 9 P ~ 0 2 ,  e i g h t  dogs i n  t h e  h i g h e s t - l e v e l  
dose group and t e n  dogs i n  Dose Level  Group 5  
were eu than ized  when death was imminent. 
Four teen dogs were s a c r i f i c e d  f o r  comparison 
of p lu ton ium t i s s u e  d i s t r i b u t i o n .  Table 3.8 
and F i g u r e  3.7 show t h e  p r i m a r y  causes o f  
dea th  and t h e  d i s t r i b u t i o n  o f  2 3 9 P ~  i n  t h e  
t i s s u e s  o f  these animals .  One 80-month-old 
c o n t r o l  dog was eu than ized  because o f  an 
o r a l  tumor. 

As s u r v i v a l  t i m e  increased,  t h e  f r a c t i o n  
o f  p l u t o n i u m  i n  t h e  l u n g  decreased t o  40% o f  
t h e  f i n a l  body burden by  5-6 y r  postexposure. 
Dur ing  t h e  f i r s t  postexposure year ,  p l u t o n i u m  
was t r a n s l o c a t e d  p r i m a r i l y  t o  t h e  t h o r a c i c  
lymph nodes, w i t h  l i t t l e  p l u t o n i u m  t r a n s l o -  
ca ted  t o  o t h e r  t i s s u e s .  P lu ton ium c o n t e n t  
o f  t h e  t h o r a c i c  lymph nodes was about  30% o f  
t h e  f i n a l  body burden 5-6 y r  a f t e r  exposure. 
P lu ton ium was a l s o  found i n  abdominal lymph 
nodes, p r i n c i p a l l y  t h e  h e p a t i c  lymph nodes. 
The f r a c t i o n  o f  p l u t o n i u m  i n  l i v e r  increased,  
accoun t ing  f o r  15 t o  29% o f  f i n a l  body burden 
4  t o  6  yr a f t e r  exposure. The organ d i s t r i -  
b u t i o n  o f  p lu ton ium i n  t h e  p e r i o d i c a l l y  
s a c r i f i c e d  dogs was g e n e r a l l y  s i m i l a r  t o  
t h a t  o f  t h e  h igh- dose- leve l  dogs euthanized 
when death was imminent d u r i n g  t h e  f i r s t  
2  y r  a f t e r  exposure. The low-dose- level  dog 
s a c r i f i c e d  d u r i n g  t h e  4 t h  and 6 t h  postexpo- 
s u r e  y e a r  had a  much s m a l l e r  f r a c t i o n  o f  t h e  
f i n a l  body burden i n  t h e  l i v e r  w i t h  a  l a r g e r  
f r a c t i o n  r e t a i n e d  i n  t h e  lungs  and t h o r a c i c  
lymph nodes. 

The dogs eu than ized  because o f  r e s p i r a t o r y  
i n s u f f i c i e n c y  d u r i n g  t h e  3- y r  postexposure 
p e r i o d  had inc reased  r e s p i r a t i o n  r a t e s ,  hyper- 
capnia and hypoxemia assoc ia ted  w i t h  l e s i o n s  
i n  t h e  lungs. I n t e r m i t t e n t  anorex ia  and body 
we igh t  l o s s  accompanied t h e  r e s p i r a t o r y  i n s u f -  
f i c i e n c y .  H i s t o p a t h o l o g i c  examinat ion o f  
t h e  lungs showed r a d i a t i o n  pneumoni t is  char-  
a c t e r i z e d  by f o c a l  i n t e r s t i t i a l  and s u b p l e u r a l  
f i b r o s i s ,  i nc reased  numbers o f  a l v e o l a r  macro- 
phages, a l v e o l a r  e p i t h e l i a l  hyperp las ia ,  and 
f o c i  o f  squamous metaplas ia.  Autoradiographs 

TABLE 3.6. Life-Span Dose Effect Studies with Inhaled 239Pu02 
in  ~ e a ~ l e s ( ~ )  

Dose Level Group 

Number of Dogs 

Male Female -- 
10 10 

10 10 

10 10 
10 10 

10 10 
10 10 

3 5 
- - 

63 65 

Initial Alveolar ~ e ~ o s i t i o n ( ~ )  
- 

n ~ i ( c )  nCi/g L U ~ ~ ( C )  

0 0 

(a)Exposed in 1970 and 1971 
(bl~stimated from external thorax counts at 14 and 30 days post- 

exposure and estimated lung weights (0.011 x body weight) 
( c ) ~ e a n  2 95% confidence intervals around the means 



TABLE 3.7. Life-Span Dose-Effect Studies with Inhaled 238Pu02 
in ~ e a ~ l e s ( ~ )  

Number of Dogs Initial Alveolar ~ e ~ o s i t i o n ( ~ )  

Dose Level Group Male Female n ~ i ( ~ )  nCi/g L U ~ ~ ( C )  

( a ) ~ x ~ o s e d  in 1973 and 1974 
(b)~stimated from external thorax counts at 14 and 30 days post- 

exposure and estimated lung weights (0.11 x body weight) 
( = ) ~ e a n  ~ 9 5 %  confidence intervals around the means 

showed a c t i v i t y  p r i m a r i l y  composed o f  l a r g e  
s t a r s ,  more numerous i n  areas o f  i n t e r s t i t i a l  
and subp leura l  f i b r o s i s .  Dog 804 M a l s o  had 
a  pulmonary tumor c l a s s i f i e d  as a  b r o n c h i o l a r -  
a l v e o l a r  carcinoma. 

The n i n e  dogs euthanized 3  t o  6  yr a f t e r  
exposure showed r a d i o g r a p h i c  ev idence o f  p u l -  
monary neop las ia  b e f o r e  r e s p i r a t o r y  i n s u f f i -  
c i e n c y  was observed. I n  seven o f  t h e  dogs 
t h e  l u n g  tumors were c l a s s i f i e d  as b r o n c h i o l a r -  
a l v e o l a r  carcinoma; i n  one dog as adenosqua- 
mous carcinoma; and i n  t h e  o t h e r  dog as e p i -  
dermoid carcinoma. The epidermoid carcinoma 
metas tas ized  t o  t h e  ske le ton ;  t h e  b r o n c h i o l a r -  
a l v e o l a r  carcinomas metas tas ized  t o  t h e  tho-  
r a c i c  lymph nodes i n  two dogs, and t o  severa l  
organs i n c l u d i n g  t h e  t h o r a c i c  lymph nodes, 
mediastinum, k idney,  ske le ton ,  adrena l ,  a o r t a ,  
and a x i l l a r y ,  p rescapu la r  and h e p a t i c  lymph 
nodes i n  two o t h e r  dogs. Two o f  t h e  dogs had 
l e s i o n s  o f  secondary h y p e r t r o p h i c  o s t e o a r t h r o -  
pathy. S c l e r o s i n g  l ymphaden i t i s  was assoc i-  
a t e d  w i t h  t h e  h i g h  c o n c e n t r a t i o n  o f  p lu ton ium 
i n  t h e  t h o r a c i c  and h e p a t i c  lymph nodes. 
There was a l s o  a  g e n e r a l i z e d  lymphoid a t r o p h y  
which may be r e l a t e d  t o  t h e  d e b i l i t a t i o n  i n  
t h e  dogs w i t h  r e s p i r a t o r y  i n s u f f i c i e n c y ,  o r  
t o  lymphocytopenia. The l i v e r  o f  t h e  dogs 
euthanized d u r i n g  t h e  4- t o  6- y r  postexposure 
p e r i o d  showed moderate d i f f u s e  c e n t r i l o b u l a r  
congest ion.  L i v e r  c e l l s  i n  these areas con- 
t a i n e d  f i n e  g r a n u l a r  ye1 low pigment rese~ i ib l  i n g  
l i p o f u s c i n  and were f r e q u e n t l y  vacuolated.  
Focal aggrega t ion  o f  vacuo la ted  l i p o f u s c i n -  
c o n t a i n i n g  c e l l s  i n  t h e  s i n u s o i d s  was asso- 
c i a t e d  w i t h  a lpha  s t a r s  on autoradiographs.  

L mphocytopenia developed a f t e r  i n h a l a t i o n  -4: o f  * 9 P ~ 0 2  i n  t h e  dose l e v e l  groups w i t h  mean 
i n i t i a l  a l v e o l a r  d e p o s i t i o n s  o f  79 nCi and 
g r e a t e r  ( F i g u r e  3.8).  Through 71 mo postex-  
posure mean lymphocyte va lues  were s i g n i f i -  
c a n t l y  lower  (P < 0.02 - 0.001) than  t h e  con- 
t r o l  group. The r e d u c t i o n  i n  lymphocytes 
was dose- re la ted ,  b o t h  i n  t i m e  o f  appearance 
and magnitude. A t  mean a l v e o l a r  d e p o s i t i o n s  
o f  3.5 and 22 nCi,  lymphocyte va lues were 
w i t h i n  ranges observed i n  c o n t r o l  dogs. A 
r e d u c t i o n  i n  t o t a l  l eukocy tes  was e v i d e n t  i n  
t h e  h i g h e r  dose groups t h a t  were a l s o  
lyniphocytopenic. T h i s  decrease, w i t h  t h e  
excep t ion  o f  t h e  h i g h e s t - l e v e l  groups, was 
due t o  t h e  r e d u c t i o n  i n  lymphocytes, s i n c e  
no r e d u c t i o n  was e v i d e n t  i n  n e u t r o p h i l s ,  
e o s i n o p h i l s ,  o r  monocytes. No e f f e c t s  have 
been observed on r e d  c e l l  parameters f o l l o w -  
i n g  239Pu02 i n h a l a t i o n .  

Dur ing  t h e  f i r s t  4  yr f o l l o w i n g  exposure 
t o  2 3 8 P ~ ~ 2 ,  t h r e e  dogs i n  t h e  h ighes t- 1  eve1 
dose group and one dog i n  dose l e v e l  Group 5  
were eu than ized  when death was imminent. 
E ighteen dogs were s a c r i f i c e d  f o r  comparison 
o f  p lu ton ium t i s s u e  d i s t r i b u t i o n .  Table 3.9 
and F i g u r e  3.7 show t h e  causes o f  dea th  and 
t h e  d i s t r i b u t i o n  o f  2 3 9 P ~  i n  t h e  t i s s u e s  o f  
these animals .  

One dog (1025 M) was euthanized due t o  a  
f r a c t u r e d  femur, however, t h e r e  was r a d i o -  
graph ic  ev idence o f  a  l u n g  tumor f o r  2  mo 
p r i o r  t o  necropsy. The l u n g  tumor was c l a s -  
s i f i e d  as a  b r o n c h i o l a r - a l v e o l a r  carcinoma. 
Dog 1064 M was eu than ized  due t o  a  bone tumor 
(osteosarcoma) i n  t h e  p e l v i s .  T h i s  dog a l s o  



DOG 
NUMBER 

TABLE 3.8. T i s s u e  D i s t r i b u t i o n  o f  P l u t o n i u m  in B e a g l e s  a f t e r  
I n h a l a t i o n  o f  P u 0 2  

TIME AFTER 
EXPOSURE, 

MONTHS 

F l  NAL BODY 
BURDEN, 

MCi 

PERCENT OF FINAL BODY BURDEN 

THORACIC ABDOMINAL 
LYRlPH LYMPH 

LUNGS N O D E S ~ ~ )  NODE$ LI VER SKELETON -- CAUSE OF DEATH 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

RADIATION PNEUMONITIS 

RADIATION PNEUMONITIS 

RADIATION PNEUMONITIS 

SACRIFICE 

R A D I A T I O N  PNEUMON!TIS 

R A D I A T I O N  PNEUMONITIS 

SACR l F l  CE 

RADIATION PNEUMONITIS 

RADIATION PNEUMONITIS 

R A D I A T I O N  PNEUMONITIS 

RADIATION PNEUMONITIS & LUNG TUMOR 

SACR l  F l  CE 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LUNG TUMOR 

LLlNG TUMOR 

SACRIFICE 

LUNG TUMOR 

la' INCLUDES TRACHEOBRONCHIAL, RlEDIASTINAL AND STERNAL LYhlPH NODES 

''I INCLUDES HEPATIC. SPLENIC AND RlESENTERIC LYRlPH NODES 

had r a d i o g r a p h i c  evidence o f  a  l u n g  tumor 
f o r  3 mo p r i o r  t o  necropsy. The tumors d i d  
n o t  metastas ize.  Dog 994 F d i e d  f o l l o w i n g  
c h r o n i c  i 11 ness diagnosed as Addison 's  
d isease  and dog 1191 F d i e d  due t o  c h r o n i c  
r e s p i r a t o r y  i n s u f f i c i e n c y ,  which d i d  n o t  
improve w i t h  a n t i b i o t i c  therapy,  and l e s i o n s  
o f  a t y p i c a l  i n t e r s t i t i a l  pneumonia w i t h  chron-  
i c  pass ive  congest ion.  The lungs d i d  n o t  
have t h e  c l a s s i c a l  l e s i o n s  o f  severe f i b r o s i s ,  
a l v e o l a r  e p i t h e l i a l  h y p e r p l a s i a  and metap las ia  

assoc ia ted  w i t h  death due t o  r a d i a t i o n  
pneumoni t is .  

I n  a d d i t i o n  t o  t h e  l e s i o n s  assoc ia ted  w i t h  
t h e  cause o f  death, l e s i o n s  i n  t h e  lungs o f  
t h e  h i g h  dose- leve l  dogs i n c l u d e d  f o c a l  a l veo-  
l a r  h i s t i o c  t o s i s ,  a l v e o l i t i s ,  a l v e o l a r  e p i -  
the1 l a 1  c e l f  hyperp las ia ,  a l v e o l a r  emphysema, 
p l e u r a l  f i b r o s i s ,  and i n t e r s t i t i a l  f i b r o s i s .  
Numerous a lpha  s t a r s  were m a i n l y  i n  f o c i  o f  
f i b r o s i s  and s i n g l e  a1 pha t r a c k s  were 
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s c a t t e r e d  throughout  s e c t i o n s  i n  f o c i  o f  
a l v e o l a r  h i s t i o c y t o s i s  and a l v e o l a r  septa.  
The t racheobronch ia l  and m e d i a s t i n a l  lymph 
nodes were comple te ly  o b l i t e r a t e d  w i t h  necro-  
s i s  and s c a r r i n g  assoc ia ted  w i t h  h i g h  concen- 
t r a t i o n s  o f  p lu ton ium as a lpha  s t a r s .  S imi-  
l a r  b u t  l e s s  severe l e s i o n s  were seen i n  t h e  
h e p a t i c  lymph nodes. There were e x t e n s i v e  
a1 t e r a t i o n s  i n  bone i n c l u d i n g  mu1 t i p l e  areas 
o f  f o c a l  a t rophy  o f  bone; endosteal ,  t rabecu-  
l a r  and p e r i t r a b e c u l a r  bone f i b r o s i s ;  and 
o s t e o l y s i s  o f  c o r t i c a l ,  endosteal ,  and t rabe-  
c u l a r  bone. R a d i o a c t i v i t y  i n  t h e  bone was 
p r e s e n t  as s i n g l e  t r a c k s  g e n e r a l l y  s c a t t e r e d  
th roughou t  t h e  bone, c a r t i l a g e  and bone mar- 
row. The l i v e r  con ta ined  f o c i  o f  hepatocel  l u -  
l a r  f a t t y  change where smal l  c l u s t e r s  o f  s i n -  
g l e  t r a c k s  were seen. There was a l s o  m i l d  
foca l  nodu la r  h y p e r p l a s i a  o f  hepatocytes. 

Dose- re lated lymphocytopenia was observed 
i n  groups w i t h  mean a l v e o l a r  d e p o s i t i o n  o f  
77 t o  5200 nCi,  s i m i l a r l y  t o  t h e  dogs exposed 
t o  2 3 9 P ~ 0 2  ( F i g u r e  3.8) .  The lymphocyte de- 
p ress ion  was, however, more pronounced b o t h  as 
t o  magnitude and t i m e  o f  appearance, than 
observed i n  dogs exposed t o  s i m i l a r  doses o f  
2 3 9 P ~ 0 2 .  T h i s  e f f e c t  was p a r t i c u l a r l y  e v i -  
den t  i n  t h e  3-, 4-, and 5-dose l e v e l  groups. 
As was found w i t h  2 3 9 P ~ ,  lymphocyte va lues 
i n  t h e  two lowes t  exposure groups, i .e.,  2.3 
and 18  nCi,  were n o t  d i f f e r e n t  f rom c o n t r o l  
va lues.  A  dose- re la ted  r e d u c t i o n  i n  t o t a l  
l eukocy tes  was ev iden t ,  p r i m a r i l y  due t o  t h e  
l y m ~ h o c y t o p e n i a  excep t  i n  Groups 5 and 6 i n  
wh ich  neu t ropen ia  was observed. No d i f f e r e n c e  
i n  monocyte va lues  was seen i n  r e l a t i o n  t o  
dose l e v e l s .  A  s i g n i f i c a n t  and p r o g r e s s i v e  
r e d u c t i o n  i n  e o s i n o p h i l s  was e v i d e n t  o n l y  i n  
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TABLE 3.9. T i s s u e  D i s t r i b u t i o n  o f  P l u t o n i u m  in B e a g l e s  a f t e r  I n h a l a t i o n  o f  2 3 8 P u 0 2  

PERCENT OF F INAL  BODY BURDEN 

THORACIC ABDOMINAL T IME AFTER 
UPOSURE,  

MONTHS 

FINAL BODY 
BURDEN, 

p C i  
DOG 

NUMBER 
LYMPH L Y M P H  

LUNGS NODE+) N O D E S ( ~ )  LIVER -- SKELETON 

0.16 

2.1 

0.35 

0.03 

0.58 

0.35 

0.44 

0. % 

1.1 

0.93 

15 

20 

16 

28 

CAUSE OF D E A M  

SACRIFICE 

SACR l F l  CE 

SACRl  F l  CE 
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SACRl FlCE 

SACRIFICE 

SACRIFICE 

SACRl  FlCE 

SACRIFICE 

SACRIFICE 

SACRIFICE 

SACRl F l  CE 

SACRl  F l  CE 

SACRIFICE 

SACRI FI CE 

PNEUMON l A 

SACRIFICE 

ADD1 SON'S D l  SEASE 

SACRIFICE 

LUNG TUMOR 

LUNG TUMOR 
AND BONE TUMOR 

(a' INCLUDES TRACHEOBRONCHIAL, STERNAL AND MEDl  ASTINAL LYMPH NODES 

(b) INCLUDES HEPATIC, SPLENIC AND MESENTERIC LYMPH NODES 

Group 6 dogs f o l l o w i n g  2 3 8 P ~  i n h a l a t i o n .  No 
c h r o n i c  e f f e c t s  have been observed i n  t h e  
r e d  c e l l  parameters. 

p e r i o d  t h e r e  were no obvious d i f f e r e n c e s  i n  
t h e  p lu ton ium t i s s u e  d i s t r i b u t i o n  i n  low-dose- 
l e v e l  s a c r i f i c e  dogs compared t o  t h e  high-dose-  
l e v e l  dogs exposed t o  238Pu. 

The f r a c t i o n  o f  t h e  f i n a l  body burden i n  
t h e  lungs  o f  t h e  238Pu-exposed dogs 4 y r  pos t -  
exposure was about  20% compared t o  50% i n  t h e  
239Pu-exposed dogs ( F i g u r e  3 . 7 ) .  About 30% o f  
t h e  p lu ton ium was found i n  t h e  t h o r a c i c  lymph 
nodes and 20% i n  t h e  l i v e r  4 y r  a f t e r  expo- 
s u r e  f o r  b o t h  2 3 9 P ~  and 2 3 8 P ~ .  About 20% o f  
t h e  f i n a l  bod burden was found i n  t h e  ske le -  i t o n  o f  t h e  2 3  Pu-exposed dogs 4 y r  postexpo- 
sure, compared t o  l e s s  than  1% i n  t h e  2 3 9 P ~ -  
exposed dogs. Dur ing  t h e  4 y r  postexposure 

A f t e r  i n h a l a t i o n  o f  2 3 9 P ~ 0 2  o r  2 3 8 P ~ 0 2 ,  
lymphocytopenia was t h e  e a r l i e s t  observed 
e f f e c t ,  o c c u r r i n g  a f t e r  d e p o s i t i o n  o f  2 80 nCi 
p l u t o n i u m  i n  t h e  lungs.  On a c o n c e n t r a t i o n  
bas is ,  t h e  80-nCi dose l e v e l  i s  about  40 t imes  
t h e  16-nCi maximum p e r m i s s i b l e  human l u n g  
d e p o s i t i o n ,  based on 0.3 rem/wk t o  t h e  lung .  
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DISPOSITION OF 2 4 1 ~ m ~ 2  FOLLOWING 

INHALATION BY BEAGLE DOGS 

I n v e s t i g a t o r s :  

D. K. Cra ig,  J. F. Park, G. J. Powers, 

D. L. Ca t t ,  and A. C. Case 

Techn ica l  Ass is tance:  

A. J. C la ry ,  L. R. Peters,  A. L .  Webb, 

P. J. Raney, and J. S. B a r n e t t  

T r a n s l o c a t i o n  o f  241~m f r o m  t h e  lungs  o f  beagles f o l l o w i n g  i n h a l a t i o n  o f  Am02 was f a i r l y  

r a p i d ,  r o u g h l y  equal q u a n t i t i e s  be ing  found i n  t h e  l i v e r  and s k e l e t o n  a t  a l l  postexposure 

t imes  t o  810 days. Less than  16% o f  t h e  i n i t i a l  body burden was excreted,  more than  t w o- t h i r d s  

o f  t h i s  i n  t h e  feces.  

The d i s p o s i t i o n  o f  americium-241 i n  bea- 
g l e s  was f o l l o w e d  f o r  up t o  810 days a f t e r  
t h e i r  i n h a l a t i o n  exposure t o  241Am02 aero-  
s o l s  hav ing  an AMAD o f  about  1.3 um and a 
geometr ic  s tandard  d e v i a t i o n  (GSD) o f  1.8 
f o r  medium (40 n C i l R )  and h i g h  (340 nC i lR)  
concen t ra t ions .  A t  low c o n c e n t r a t i o n s  
( < I  nCi/R), t h e  aeroso ls  were s m a l l e r  (AMAD 
%0.6 um) and t h e  d i s t r i b u t i o n  broader  (GSD 
%2.6). A c t i v i t y  i n  t h e  dogs was es t imated  
f rom t h o r a x  counts a t  7  days; e x c r e t a  were 
analyzed f o r  up t o  90 days postexposure and, 
where appropr ia te ,  d u r i n g  t h e  l a s t  week 
b e f o r e  s a c r i f i c e .  Cornplete t i s s u e  analyses 
f o r  241Am were conducted on groups o f  t h r e e  
dogs s a c r i f i c e d  a t  10, 30, 90, 270, and 810 
days postexposure. 

F o r t y  percen t  o f  t h e  f i n a l  body burden 
(FBB) o f  241Am was l o c a t e d  i n  t i s s u e s  o t h e r  
that ]  t h e  l u n g  parenchyma by 10 days p o s t -  
exposure and o n l y  6% remained i n  t h e  l u n g  by 
81 0 days postexposure. Trans1 o c a t i o n  was 
p r i m a r i l y  t o  t h e  l i v e r  and ske le ton ,  w i t h  
r o u g h l y  equal f r a c t i o n s  o f  t h e  f i n a l  body 
burden i n  each a t  a l l  postexposure s a c r i f i c e  
t imes (Table 3.10). These da ta  d i f f e r  s i g -  
n i f i c a n t l y  from those  o b t a i n e d  i n  r o d e n t  
s t u d i e s ,  which show c o n c e n t r a t i o n  i n  t h e  

l i v e r  peaking somewhere between 7 and 28 days 
postexposure and then  decreasing r e l a t i v e  t o  
t h e  s k e l e t a l  burden. A f t e r  t h e  f i r s t  week, 
two t o  e i g h t  t imes  as niuch 241An1 was exc re ted  
i n  feces as i n  u r i n e .  There i s  some ev idence 
f o r  t h e  t r a n s l o c a t i o n  and e x c r e t i o n  r a t e  
be ing  h i g h e r  f o r  t h e  l o w- l e v e l  dogs, b u t  t h i s  
c o u l d  be due t o  t h e  s m a l l e r  p a r t i c l e  s i z e  o f  
t h e  aeroso ls  t o  which these dogs were exposed. 
For t h e  medium- and h i g h - l e v e l  dogs, a  maxi-  
mum o f  16% o f  t h e  i n i t i a l  l u n g  burden was 
excreted.  There was very  l i t t l e  r e t e n t i o n  
i n  t h o r a c i c  lymph nodes ( < I % )  and v i r t u a l l y  
no 241Am was found i n  t h e  gonads (<0.05%). 
F i  u r e  3.10 shows t h e  mean d i s t r i b u t i o n  o f  ? 2 4  Am, expressed as a percentage o f  i n i t i a l  
l u n g  burden as a f u n c t i o n  o f  t i m e  postexpo- 
sure, f o r  lung,  l i v e r ,  ske le ton ,  muscle and 
cun iu la t i ve  exc re ta .  

T r a n s i e n t  1  ymphocytopeni a  was observed i n  
o n l y  two o f  t h e  f i f t e e n  dogs w i t h i n  t h e  f i r s t  
10 days postexposure. S ince t h i s  was n o t  r e -  
l a t e d  t o  l e v e l  o f  exposure, i t  was p robab ly  
c o i n c i d e n t a l .  For  an i n i t i a l  l u n g  burden o f  
1  uCi ,  approx imate mean r a d i a t i o n  doses o v e r  
800 days t o  lungs,  l i v e r ,  and s k e l e t o n  o f  
these dogs were 500, 300, and 60 rad,  
r e s p e c t i v e 1  y .  



TABLE 3.10. 241Am Distribution in Tissue, as Percent 
of Final Body Burden 

Dog Final Body All 
No. Burden, ~ C I  Lung Liver Skeleton Muscle Other 

p p p p p -  - 

10 L 4.36 30 3 8 3 42 
10 M 142.7 76 4 8 8 5 
10 H 1151 79 8 7 3 3 

Mean 62 5 7 4 16 

Mean 48 20 19 8 5 

Mean 30 27 26 9 7 

Mean 21 42 26 3 8 

Mean 6 45 39 6 4 

Both r a t e  o f  t r a n s l o c a t i o n  and organ d i s -  
t r i b u t i o n  as a f u n c t i o n  o f  t i m e  a r e  d i f f e r -  
e n t  f rom those found i n  dogs t h a t  i n h a l e d  
238Pu02, 2 3 9 P ~ 0 2 ,  o r  244Cm02. There fo re  i t  
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FIGURE 3.10. ls1Am Distribution as a Function of Time 
(mean of Three Dogs at Each Sacrifice Time) 

i s  p robab ly  n o t  a p p r o p r i a t e  t o  use da ta  
d e r i v e d  f r o m  2 3 9  Pu02 exper iments o r  observa-  
t i o n s  t o  p r e d i c t  t h e  behav io r  o f  o t h e r  
t r a n s u r a n i c  i so topes  and elements. 



DISPOSITION OF 2 4 4 ~ m ~ 2  FOLLOWING 

INHALATION BY BEAGLE DOGS 

I n v e s t i g a t o r s :  

D. K. Cra ig,  J. F. Park, G. J. Powers, 

D. L. Cat t ,  and A. C. Case 

Techn ica l  Ass is tance:  

A. J. Clary ,  L. R. Peters,  G. L. Webb, 

P. J. Raney, and J. S.  B a r n e t t  

T r a n s l o c a t i o n  o f  2 4 4 ~ m  f rom t h e  lungs  o f  beagles f o l l o w i n g  i n h a l a t i o n  o f  2 4 4 ~ m ~ 2  was r a p i d  

compared w i t h  o t h e r  t r a n s u r a n i c  ox ides,  60% o f  t h e  f i n a l  body burden b e i n g  i n  t i s s u e s  o t h e r  

than  l u n g  by  10 days postexposure. Less than  one- quar ter  o f  t h e  i n i t i a l  body burden o f  2 4 4 ~ m  

was e l i m i n a t e d  by  these  dogs o v e r  810 postexposure days, more i n  feces than  i n  u r i n e .  

The d i s p o s i t i o n  o f  244Cm i n  beagle dogs 
was f o l l o w e d  f o r  up t o  810 days a f t e r  t h e i r  
i n h a l a t i o n  exposure t o  244Cm02 aeroso ls  
(AMAD 0.4 um, geoniet r ic  s tandard  d e v i a t i o n  
2.3). A c t i v i t y  i n  t h e  dogs was es t imated  
f r o m  t h o r a x  counts a t  7 days; e x c r e t a  were 
analyzed f o r  up t o  90 days postexposure and, 
where appropr ia te ,  f o r . t h e  l a s t  week p r i o r  
t o  s a c r i f i c e .  Complete analyses f o r  244Cm 
were conducted on groups o f  t h r e e  dogs 
s a c r i f i c e d  a t  10, 30, 90, 270 and 810 days, 
postexposure. 

The 2 4 4 ~ m  was r a p i d l y  r e d i s t r i b u t e d  f rom 
t h e  l u n g  parenchyma t o  o t h e r  t i s s u e s ,  p r i -  
m a r i l y  l i v e r  (25 t o  45% o f  f i n a l  body burden) 
and s k e l e t o n  (25 t o  35%), w i t h  5 t o  10% i n  
muscle (Table 3.11). T h i s  m a t e r i a l  was a v i d l y  
r e t a i n e d ,  w i t h  two o f  t h e  t h r e e  810-day dogs 
e x c r e t i n g  l e s s  t h a n  25% o f  t h e i r  i n i t i a l  
l u n g  burden. S l i g h t l y  more (1  1/2 t o  3 t imes  
as much) 244Cm was e x c r e t e d  i n  feces than  i n  
t h e  u r i n e  o f  these dogs. There was l i t t l e  
r e t e n t i o n  o f  244Cm i n  t h o r a c i c  lyniph nodes 
( 4 % )  and v i r t u a l l y  none i n  gonads (<0.01%). 
F i g u r e  3.11 shows t h e  r e t e n t i o n  o f  2 4 4 ~ m  i n  
severa l  organs expressed as a f u n c t i o n  o f  
i n i t i a l  l u n g  burden ( i n i t i a l  body burden 
minus f i r s t  week's f e c a l  e x c r e t i o n ) .  

TABLE 3-11. ZMCm Distribution in Tissue as % of Final 
Body Burden 

Dog Final Body All 

No. Burden, ~ C I  Lung Liver Skeleton Muscle Other ----- - 
10 L 8.68 35 17 30 5 13 
10 M 90.97 41 29 24 2 5 
10 H 482.1 40 30 18 9 3 

Mean 39 25 24 5 7 

30 L 6.84 25 27 32 11 5 
30 M 56.47 15 7 29 24 25 
30 H 412.4 27 24 36 8 4 

Mean 27 25 31 12 6 

Mean 16 45 27 7 5 

Mean 12 36 37 11 5 

Mean 5 42 36 12 5 



Clearance f rom t h e  l u n g  occurs  i n i t i a l l y  
w i t h  a h a l f - t i m e  o f  l e s s  than  10 days, de- 
c r e a s i n g  t h e r e a f t e r  t o  around 350 days over  
t h e  l a s t  700 days o f  t h i s  s tudy .  For an 
i n i t i a l  l u n g  burden o f  1 pCi,  approximate 
mean r a d i a t i o n  doses over  800 days t o  lungs,  
l i v e r ,  and s k e l e t o n  o f  these dogs would be 
250, 250, and 55 rad, r e s p e c t i v e l y .  These 
va lues  d i f f e r  s i g n i f i c a n t l y  f rom those ob- 
t a i n e d  under s i m i l a r  c o n d i t i o n s  f o r  241Am02 
i n  beagles (comparable lung,  l i v e r ,  and 
s k e l e t o n  doses were 500, 300, and 60 rad,  
r e s p e c t i v e l y ) ;  and f o r  t h e  h i g h l y  i n s o l u b l e  
239Pu02, where about  65% o f  t h e  a c t i v i t y  
remained i n  t h e  l u n g  a t  800 days postexpo- 
sure, p roduc ing  a l u n g  dose o f  about  2400 rad .  

....................... .-..-.* 
- . . - . . -A 

- 0  LUNG --- 0 LIVER 

C A SKELETON 
MUSCLE 

I EXCRETA (CUMULATIVE) ........ 

DAYS POST EXPOSURE (LINEAR SCALE) 

FIGURE 3.11. 244Crn Distribution as a Function of 
Initial Lung Burden (Mean of Three Dogs at Each 
Sacrifice Time) 



COMPARISON OF METHODS FOR SEPARATING BONE MARROW FROM BONE 

I n v e s t i g a t o r :  

B. J . McCl anahan 

Bones f rom a  doq whose s k e l e t a l  burden r e s u l t e d  f rom l u n q  t r a n s l o c a t i o n  f o l l o w i n q  i n h a l a-  

t i o n  o f  2 3 8 ~ u 0 2  were sub jec ted  t o  u l t r a s o n i c  c e l l  d i s r u p t i o n  o r  washing t o  remove t h e  c e l l s  

f r o m  marrow c a v i t i e s .  U l t r a s o n i c  v i b r a t i o n s  appeared t o  e f f e c t i v e l y  d i s l o d g e  marrow c e l l s ,  

w h i l e  f l u s h i n g  t h e  bones achieved o n l y  a  p a r t i a l  separa t ion .  

A  s i g n i f i c a n t  component o f  t h e  r i s k  f rom 
p l u t o n i u m  depos i ted  i n  bone may be due t o  TABLE 3.12. 2 3 8 ~ ~  Content of Bone and Bone Marrow 

t h e  p l u t o n i u m  i n  marrow. An e f f e c t i v e  method in Canine Rib 

f o r  s e p a r a t i o n  o f  marrow f rom bone would per-  
m i t  separate c a l c u l a t i o n  o f  doses t o  bone Percent of Total 238~u(a) 

and bone marrow, and p o s s i b l y  improve t h e  
p r e d i c t i o n  o f  e f f e c t s .  Treatment Bone Marrow 

A  s tudy  was under taken t o  develop such Sonication 92.7 2 0.5 (5) 7.3 + 0.5 (5) 

a  method. One r e s t r i c t i o n  imposed was t h a t  
t h e  method be as c h e m i c a l l y  innocuous as pos- Wash + Sonication 92.6 (1) 4.2 w ( ~ )  (1) 

s i b l e .  A1 1  chemical and b iochemical  means 3.2 s ( ~ )  (I) 
o f  removing marrow c e l l s  p r e s e n t  t h e  r i s k  o f  
a l s o  removing measurable q u a n t i t i e s  o f  p l  u- 
ton ium f rom bone. I n  o u r  f i r s t  experiments, 
1- t o  3-cm-long, c r o s s- s e c t i o n s  o f  r i b  f rom 
a  dog t h a t  had i n h a l e d  2 3 8 P ~ 0 2  were s u b j e c t -  
ed t o  c e l l  d i s r u p t i o n  by  s o n i c a t i o n ,  i n  
e i t h e r  a  s l i g h t l y  hypo ton ic  (0.12 M) sodium 
c h l o r i d e  s o l u t i o n  o r  "Hemosol" ( a  s y n t h e t i c  
de te rgen t ) ,  o r  were f l u s h e d  w i t h  t h e  d e t e r -  
gen t  s o l u t i o n  t o  remove t h e  marrow. The 
r e s u l t s  o f  t h i s  exper iment  a r e  summarized i n  
Table 3.12. Washing w i t h  d e t e r g e n t  d i d  n o t  
remove a l l  o f  t h e  c e l l u l a r  elements f r o m  t h e  
marrow c a v i t y ;  i t  was p o s s i b l e  t o  v i s u a l l y  
d e t e c t  c e l l s  rema in ing  a f t e r  v igo rous  f l u s h -  
i n g .  A f t e r  washing, t h e  bone was s u b j e c t e d  
t o  s o n i c a t i o n  t o  complete c e l l  removal. It 
can be seen t h a t  f l u s h i n g  removed s l i g h t l y  
more than  h a l f  o f  t h e  t o t a l  amount removed 
by f l u s h i n g  and s o n i c a t i o n  combined, o r  by 

( a ) ~ e a n  + SE, number of determinations in 
parentheses 

( b ) ~  = wash solution; S = sonication solution 

s o n i c a t i o n  a lone.  The wash s o l u t i o n  appeared 
t o  s t ream th rough  t h e  l a r g e r  spaces i n  t h e  
marrow c a v i t y  and d i d  n o t  b u i l d  up enough 
p ressure  w i t h  t h e  equipment employed t o  
e j e c t  c e l l s  occupying t h e  s m a l l e r  spaces. 

S o n i c a t i o n  appears t o  be an e f f e c t i v e  
means o f  removing t h e  c e l l u l a r  elements f rom 
bones. However, i t  must be determined 
whether t h e r e  i s  measurable r e l e a s e  o f  p l u -  
tonium bound t o  t h e  o r g a n i c  o r  m inera l  f r a c -  
t i o n s  o f  bone, the reby  e l e v a t i n g  t h e  p l u t o -  
nium c o n t e n t  o f  t h e  f r a c t i o n  des igna ted  as 
marrow. A d d i t i o n a l  exper iments have been 
i n i t i a t e d  t o  answer t h i s  ques t ion .  





Inhaled Plutonium Nitrate in Dogs 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  determine t h e  d o s e- e f f e c t  r e l a t i o n s h i p s  o f  i n h a l e d  

p l u t o n i u m  n i t r a t e  i n  l i f e - s p a n  s t u d i e s  i n  beagle dogs. The c r i t i c a l  t i s s u e  a f t e r  i n h a l a t i o n  

o f  " s o l u b l e "  p l u t o n i u m  (such as p l u t o n i u m  n i t r a t e )  i s  g e n e r a l l y  considered t o  be t h e  s k e l e t o n  

o r  l i v e r ,  on t h e  assumption t h a t  such p l u t o n i u m  w i l l  be r a p i d l y  t r a n s l o c a t e d  f rom t h e  l u n g  t o  

s k e l e t o n  and 1  i v e r .  I n  severa l  r o d e n t  s t u d i e s ,  however, i n h a l a t i o n  o f  " s o l u b l e "  p l  u ton iuni  has 

r e s u l t e d  i n  l u n g  tumors as w e l l  as s k e l e t a l  tumors. 

INHALED PLUTONIUM NITRATE I N  DOGS 

I n v e s t i g a t o r s  : 

G. E. Dagle, W. C. Cannon, H. A. Ragan, 

C. R. Watson, D. L. Stevens, F. T. Cross, 

P. J. Dionne, and T. P. H a r r i n g t o n  

Techn ica l  Ass is tance:  

J. F. McShane, S. L.  Owzarski, G. L. Webb, 

S. L. Eng l i sh ,  and M. C. Perk ins  

Beagle dogs g i v e n  a  s i n g l e  i n h a l a t i o n  exposure t o  2 3 9 ~ u ( ~ 0 3 ) 4  a r e  be ing  observed f o r  l i f e -  

span d o s e- e f f e c t  r e l a t i o n s h i p s .  Lymphopenia occur red  a t  t h e  two h i g h e s t  dosage l e v e l s  as e a r l y  

as 1  mo f o l l o w i n g  exposure and was assoc ia ted  w i t h  neu t ropen ia  and r e d u c t i o n  i n  numbers o f  c i r -  

c u l a t o r y  monocytes by 4  mo postexposure. R a d i a t i o n  pneumoni t is  developed i n  one dog a t  t h e  

h i g h e s t  dosage l e v e l  a t  14 mo postexposure. More r a p i d  t r a n s l o c a t i o n  t o  s k e l e t o n  and l i v e r  

occur red  f o l l o w i n g  i n h a l a t i o n  o f  2 3 8 ~ u ( ~ 0 3 ) 4  than  a f t e r  2 3 9 ~ u ( ~ 0 3 ) 4  i n h a l a t i o n .  

S i x  dosage groups o f  105 dogs have been 
exposed t o  aeroso ls  o f  2 3 9 P ~ ( N 0 3 ) 4  f o r  l i f e -  
span observa t ions  (Tab le  3.13). S ix ty- one  
of these dogs were exposed i n  1976 and 44 
dogs i n  1977. I n  a d d i t i o n ,  20 dogs were ex- 
posed t o  n i t r i c  a c i d  aeroso ls  as v e h i c l e  con- 
t r o l s ,  20 dogs were s e l e c t e d  as u n t r e a t e d  
c o n t r o l s  f o r  l i f e - s p a n  observa t ion ,  25 dogs 
were exposed t o  a e r o s o l s  o f  2 3 9 P ~ ( N 0 3 ) 4  f o r  
p e r i o d i c  s a c r i f i c e  t o  s tudy  p lu ton ium metabol-  
i sm and t h e  pathogenesis  o f  deve lop ing  l e -  
s ions ,  and 7 dogs were s e l e c t e d  as c o n t r o l s  

f o r  p e r i o d i c  s a c r i f i c e .  Twelve dogs were ex- 
posed t o  aeroso ls  o f  2 3 8 P ~ ( N 0 3 ) 4  f o r  p e r i o d i c  
s a c r i f i c e  t o  s tudy  d e p o s i t i o n  and t r a n s l o c a-  
t i o n  up t o  1  y r .  The dogs were exposed i n  
aeroso l  chambers u s i n g  techniques descr ibed  
i n  p rev ious  Annual Reports. 

A d i g i t a l  computer system was used t o  
model t h e  e a r l y  t r a n s l o c a t i o n  o f  i n h a l e d  
2 3 9 P ~ ( N 0 3 ) k  i n  dogs. F r a c t i o n a l  uptake con- 
s t a n t s  and b i o l o g i c a l  h a l f - 1  i v e s  f o r  t h e  r e l a -  
t i v e l y  s o l u b l e  t r a n s u r a n i c  n u c l i d e  i n  v a r i o u s  



TABLE 3.13. Inhaled Plutonium Nitrate in Dogs: 
Exposures in 1976 for Life-Span Observations 

Number of Dogs Aerosol Parameters 

lnlrlal Alveolar 
O n  Deposltlon(a) AM AD(^) Concentrat~on 

Planned Study ~ C I  (vm) G S D ( ~ )  ~ C I / V  
-- -. - 

10 5 5445 f 1841 0 8 5  2 37 534 f 118 

20 20 Control - - - 

ia'lnltlal alveolar deporltion estimated from thoracic count 2 wk post 
exposure 

i b t ~ c t ~ v ~ t ~  Mean Aerodynamlr Diameter 
Ic~Geomerrlc Standard Devlatlon 

organs o r  compartments were es t imated  u s i n g  
a c t i v i t y  l e v e l s  measured i n  u r i n e  and f e c a l  
samples, i n  t i s s u e s  o b t a i n e d  a t  necropsy, 
and e x t e r n a l  17-keV X- ray body counts. The 
model p r e d i c t i o n  f o r  each o f  t h e  compartments 
i s  compared w i t h  t h e  co r respond ing  data and 
t h e  model parameters a r e  a d j u s t e d  u n t i l  a  
" b e s t  f i t "  i s  o b t a i n e d  f o r  a l l  compartments. 

The model f i t t i n g  process i s ,  by n e c e s s i t y  , 
an i n t e r a c t i v e  procedure s i n c e  adjustments 
t o  one o f  t h e  compartments w i l l  a f f e c t  o t h e r s .  
Pre l -in i inary da ta  suggests t h a t  0.046 o f  t h e  
i n i t i a l  a l v e o l a r  d e p o s i t i o n  i s  e x c r e t e d  i n  
feces f rom day 4 t o  day 28; t h i s  c o r r e l a t i o n  
i s  u s e f u l  f o r  comparison t o  dogs i n h a l i n g  
i n s o l u b l e  t r a n s u r a n i c s .  Body counts f o r  e s t i -  
mat ing  i n i t i a l  a l v e o l a r  d e p o s i t i o n  improve 
u s i n g  t h e  cube r o o t  o f  t h e  w e i g h t  o f  t h e  dog. 
The model ing da ta  i s  p r e s e n t l y  used f o r  e s t i -  
mat ing  dose ( r a d )  t o  organs i n  dogs on l i f e -  
span s t u d i e s .  

P r e l i n i i n a r  da ta  comparing t h e  t i s s u e  d i s -  
t r i b u t i o n  o f  138Pu(N03)4 and 239Pu(N03), 
i n d i c a t e  t h a t  2 3 8 P ~ ( N 0 3 ) 4  i s  more r a p i d l y  
t r a n s l o c a t e d  t o  bone and l i v e r  than  2 3 9 P ~ ( N 0 3 ) 4  
(Tab le  3.14). A d d i t i o n a l  t i s s u e  d i s t r i b u t i o n  
analyses w i l l  be made on dogs k i l l e d  3 mo and 
1 y r  postexposure t o  f u r t h e r  s t u d y  t h e  compar- 
a t i v e  d i s t r i b u t i o n  o f  238Pu(N03)b and 
239P~(N03) , .  It i s  i n t e r e s t i n g  t o  n o t e  t h e  
low accumulat ion o f  b o t h  i s o t o p e s  i n  t h e  
t racheobronch ia l  lymph nodes. 

Lymphopenia was p r e s e n t  a t  t h e  two h i g h e s t  
dosage l e v e l s  a t  4 wk postexposure; by 4 mo 
postexposure t h e r e  was lymphopeni a, n e u t r o -  
penia, and reduced numbers o f  c i r c u l a t i n g  
monocytes a t  t h e  two h i g h e s t  dosage l e v e l s  
( F i g u r e  3.12). No e f f e c t s  were observed on 
e r y t h r o i  d  parameters. 

TABLE 3.14. Inhaled Plutonium Nitrate in Dogs 

Distribution, Percent 

Time 
Post Animal Total Tracheal 

Nuclide Exposure Number Body, nCi Lung Skeleton Liver Lymph Nodes 
--- 

239Pu(N03)4 3 days 1359 78 92 3 2 0.1 
1375 72 92 5 1 0.0 
1407 84 52 19 11 0.2 

4 weeks 1336 32 71 20 6 0.2 
1341 22 65 19 13 0.1 
1344 52 59 16 22 0.1 
1329 484 70 19 8 0.1 
1346 901 77 10 10 0.2 
1347 694 72 14 9 0.3 

3 months 1522 58 55 28 12 0.4 
1529 49 52 24 18 0.3 
1539 71 53 25 19 0.2 

238Pu(N03)4 3 days 1544 126 41 22 12 0.1 
1549 54 50 15 12 0.2 
1554 86 58 16 9 0.1 

4 weeks 1545 90 17 44 31 0.2 
1552 93 18 34 41 0.1 
1553 58 26 43 23 0.2 



R a d i a t i o n  pneumoni t i s  developed i n  one 
high-dosage dog a t  1 4  mo postexposure. 

5 T h i s  dog had dyspnea, hypoxia,  hypercapnea, 
8 GROUP3 8 4 !  2 4  

0 GROUP4 461 i 1 2 9  
and we igh t  l o s s  before eu thanas ia  was 

v GROUP 5 2 0 8 7 1  8 3 2  performed. ? 4 
0 GROUP6 7 1 1 9 + 2 3 1 3  a 0 GROUPC 

U) * GROUPV 

0 
E 
5 2  

1 

MONTHS AFTER EXPOSURE 

FIGURE 3.12. Mean Lymphocyte, Leukocyte, Monocyte 
and Neutrophil Values from Dogs after Inhalation of 
239Pu(N0,), 





Inhaled Transuranics in Rodents 

The purpose o f  t h i s  p r o j e c t  i s  t o  examine i n  smal l  mammals, t h e  f a t e ,  e f f e c t s  and pathogene- 

s i s  i n  t h e  l u n g  and elsewhere f o l l o w i n g  i n h a l a t i o n  o f  t r a n s u r a n i c  compounds. T h i s  p r o j e c t  

shou ld  p r o v i d e  da ta  r e q u i r e d  f o r  hazard e v a l u a t i o n  and es tab l i shment  o f  p e r m i s s i b l e  exposure 

l i m i t s  t o  man f o r  i n h a l e d  t r a n s u r a n i c s ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  r a d i a t i o n  dose and dose- 

d i s t r i b u t i o n .  

EFFECTS OF REPEATED EXPOSURES TO 2 3 9 ~ u 0 2  

I n v e s t i g a t o r :  

C. L. Sanders 

Techn ica l  Ass is tance:  

S. I. Baker and A. W. Conk l in  

P r e l i m i n a r y  ev idence i n d i c a t e s  t h a t  p r o t r a c t i o n  o f  2 3 9 ~ u 0 2  exposure may i n f l u e n c e  t h e  deve l-  

opment o f  l u n g  tumors i n  t h e  r a t .  

I n d i v i d u a l s  may be exposed t o  t r a n s u r a n i c  
aeroso ls  i n  a  s i n g l e ,  f r a c t i o n a t e d  o r  c o n t i n -  
uous manner. Prev ious s t u d i e s  i n  roden ts  w i t h  
i n h a l e d  p l u t o n i u m  have considered o n l y  t h e  
s i n g l e ,  acu te  exposure. T h i s  s tudy  w i l l  
a t tempt  t o  d e f i n e  t h e  i n f l u e n c e  o f  2 3 9 P ~ 0 2  
d o s e - f r a c t i o n a t i o n  exposure i n  r a t s  on t h e  
a u t o r a d i o g r a p h i c  d i s t r i b u t i o n  o f  Pu02 i n  t h e  
l u n g  and upon t h e  i n c i d e n c e  o f  l u n g  tumors. 

Female, Wistar ,  SPF r a t s  were f i r s t  expos- 
ed t o  2 3 9 P ~ 0 2  aeroso l  a t  about  70 days o f  
age. The f o l l o w i n g  exposure groups o f  r a t s  
a r e  be ing  s t u d i e d :  (1 )  one exposure t o  Pu02; 
(2 )  t h r e e  exposures t o  Pu02 a t  consecu t i ve  
month ly  i n t e r v a l s ;  (3 )  n i n e  exposures t o  Pu02 
a t  consecu t i ve  weekly i n t e r v a l s ;  ( 4 )  25 expo- 
sures t o  PuO a t  consecu t i ve  weekly i n t e r -  
v a l s ;  and (5y sham exposure o f  c o n t r o l s  f o r  
25 consecu t i ve  weeks. Est imated a1 v e o l a r  
2 3 9 P ~ 0 2  d e p o s i t i o n s  a r e  shown i n  Table 3.15. 

Data d iscussed  i n  l a s t  y e a r ' s  Annual Re- 
p o r t  were i n t e r p r e t e d  t o  i n d i c a t e  a  decreased 
a l v e o l a r  c lea rance  o f  2 3 9 P ~  w i t h  i n c r e a s i n g  
f r a c t i o n a t i o n .  Subsequent s t a t i s t i c a l  ana ly-  
s i s  suggested t h a t  a l v e o l a r  c lea rance  r a t e s  
among t h e  exposure groups 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  f rom each o t h e r .  P l o t t i n g  
i n d i v i d u a l  animal da ta  f o r  2 3 9 P ~  c o n t e n t  o f  
l u n g  as a  f u n c t i o n  o f  t i m e  and dose f r a c t i o n -  
a t i o n  i n d i c a t e s  no d i f f e r e n c e  i n  r a t e s  o f  Pu 
l u n g  c learance  a f t e r  t h e  l a s t  Pu exposure 
( F i g u r e  3.13). 

Q u a l i t a t i v e l y ,  autoradiograms o f  exposed 
lungs  i n d i c a t e  an i n f l u e n c e  o f  dose f r a c t i o n -  
a t i o n  on 2 3 9 P ~ 0 2  p a r t i c l e  d i s t r i b u t i o n  i n  
lung .  I n  r a t s  g i v e n  n i n e  exposures, t h e r e  
appears t o  be a  g r e a t e r  c o n c e n t r a t i o n  o f  
Pu02 i n  subp leura l  reg ions  o f  t h e  l u n g  than  
i s  seen w i t h  a  s i n g l e  exposure. At tempts a r e  
c u r r e n t l y  be ing  made t o  q u a n t i t a t e  t h i s  
observa t ion .  



TABLE 3.15. Early Pulmonary Lesions and Total Alveolar Deposition Following 
Fractionated 239Pu02 Exposure. 

Exposures 

Monthly Weekly Weekly 
Single for 3 mo for 9 wk for 40 wk --- 

Total Alveolar Depo- 352 29.4 139 -2 nCi/Exposure 
sition, nci(a) 

Total Alveolar Depo- 322 21.2 135 In Progress 
sition, nci(b) 

Days After Exposure 432 459 431 - 

to Last Death 

Number of Life-Span 65 65 65 70 
Animals 

Number Dead 19 7 15 - 

Number with Lung 8 1 3 - 
Metaplasia 

Number with Lung 4 1 5 - 

Tumors 

(a)£stimated depositton based on 239Pu contents + body burden 
(bl~stimated deposition based on derived lung clearance curves for single 

exposure to 239Pu02 (Annual Report, 1976): Y = 41.9 E-O-0886T + 58.1 E-0.00398T 

TIME AFTER FIRST EXPOSURE. DAYS 

FIGURE 3.13. Amount of 239P~ Present in the Lung as a Function of Dose 
Fractionation and Time After the First Exposure. The form of the first part of 
each curve was constructed from excretion data presented in last year's 
Annual Report. Each point represents an individual animal. 



Over 40 o f  the exposed r a t s  d ied  and have 
been necropsied a t  t ime periods o f  up t o  
500 days a f t e r  the f i r s t  exposure t o  239P~02.  
No lung tumors were seen i n  con t ro l s  and on ly  
one lung tumor has been found i n  r a t s  rece iv-  
i n g  th ree exposures. I n  r a t s  rece i v ing  a 
s ing le  exposure, 4/19 r a t s  developed lung 
tumors, none o f  which were squamous c e l l  car-  
cinomas. However, several r a t s  i n  t h i s  group 
d i d  d i sp lay  squamous c e l l  metaplasia. Rats 

rece i v ing  n ine  2 3 9 P ~  exposures, amounting t o  
on ly  40% o f  2 3 9 P ~  depos i t ion  seen i n  r a t s  
given on ly  one exposure, developed lung tumors 
i n  5/15 ra t s ,  t o  date (Table 3.12). Of these 
tumors, th ree were squamous c e l l  carcinomas. 
E a r l i e r  s tud ies  w i t h  inha led 2 3 9 P ~ 0 2  i n  r a t s  
demonstrated t h a t  concentrat ion o f  Pu02 i n  
subpleural regions o f  t he  l ung  a t  h igh  deposi- 
t i o n s  o f  Pu02 resu l t ed  i n  a preponderance o f  
squamous c e l l  carcinomas. 



TOXICITY OF INHALED 241~m02 

I n v e s t i g a t o r s  : 

C. L. Sanders, W. C. Cannon, and J. G. Powers 

Techn ica l  Ass is tance:  

S. I .  Baker 

The metabol ism and mic roscop ic  d i s t r i b u t i o n  o f  i n h a l e d  h i g h - f i r e d  2 4 1 ~ m ~ 2  i s  more s i m i l a r  

t o  t h a t  o f  i n h a l e d  244~m02 than  t o  2 3 8 ~ u 0 2  o r  2 3 9 ~ u 0 2 .  

Prev ious s t u d i e s  have demonstrated t h e  
i n f l u e n c e  o f  p a r t i c l e  s i z e  and s o l u b i l i t y  
upon t h e  c a r c i n o g e n i c i t y  o f  i n h a l e d  p l u t o n-  
ium and cur ium ox ides  (Annual Reports, 1975, 
1976). I n  t h i s  r e p o r t ,  we w i l l  cons ider  t h e  
metabol ism o f  americium o x i d e  and compare i t s  
d i s t r i b u t i o n  and t r a n s l o c a t i o n  t o  o t h e r  
t r a n s u r a n i c s .  

Americium-241 was o b t a i n e d  f r o m  b e t a  decay 
o f  2 4 1 P ~ ,  conver ted  t o  t h e  o x a l a t e  and heated 
a t  700°C f o r  4  h r  t o  produce 241Am02. The 
m a t e r i a l  was k e p t  i n  a  d r y  s t a t e  u n t i l  sus- 
pended i n  w a t e r  n o t  more than  24 h r  p r i o r  t o  
a e r o s o l i z a t i o n  f o r  animal exposure. The 
241Am02 had an a c t i v i t y  median aerodynamic 
d iamete r  (ANAD) o f  0.92 + 0.29 pm, w i t h  a  
geometr ic  s tandard  d e v i a t i o n  (GSD) o f  0.02 t 
0.04 vm. The p a r t i c l e  s i z e  d i s t r i b u t i o n  was 
n o t  l o g  normal.  

Groups o f  female Wistar ,  SPF r a t s  were ex- 
posed, nose-only, as summarized i n  Table 3.16. 
An a d d i t i o n a l  30 animals  were exposed a t  a  
l u n g  d e p o s i t i o n  l e v e l  o f  130 nCi f o r  metabol-  
i sm s t u d i e s .  

Autoradiograms o f  l u n g  taken  a t  1  t o  100 
days a f t e r  i n h a l a t i o n  showed a  r a t h e r  u n i f o r m  
d i s t r i b u t i o n  o f  a lpha  t r a c k s  th roughou t  t h e  
l u n g  parenchyma. A  few l a r g e  p a r t i c l e s  were 
seen as dense s t a r s ,  randomly i n t e r s p e r s e d  
among s i n g l e  t r a c k s  ( F i g u r e  3.16). Th is  b a s i c  

TABLE3.16. Distribution of 241Am i n  Tissues at 1 Day 
After Exposure for the Various Life-Span Groups (a) 

Number of Amount 24lAm in  Tissue, nCi 
Life-Span 

Group Rats Lung Liver Bone 

1 70 <0.1 n ~ i ( ~ )  <0.1 n ~ i ( b ) < 0 . 1  n ~ i ( ~ )  

2 70 1.3 f 1.0 (c) (c) 

3 35 6.6 f 3.7 3.6 f 0.7 (c) 

4 35 13 f 8.5 5.2 f 1.7 3.9 f 2.9 

5 35 26 f 24 4.4 f 3.5 (c) 

6 35 31 f 18 4.1 f 5.8 (c) 

7 35 650 f 220 30 f 14 31 f 18 

(a l~a lues are means k standard deviation from 5 
rats in  each group 

(b)~ess than twice background 
( ~ ) ~ a t a  not yet available 

d i s t r i b u t i o n  p a t t e r n  d i d  n o t  appear t o  change 
d u r i n g  t h e  f i r s t  few months f o l l o w i n g  exposure. 

I n h a l e d  241Am02 was c l e a r e d  more r a p i d l y  
f rom t h e  l u n  (Table 3.17) than  was e i t h e r  9 238Pu02 o r  9 P ~ 0 2 ,  b u t  more s l o w l y  than  
244Cm02. A  s u b s t a n t i a l  amount o f  t h e  i n h a l e d  
241Am was t r a n s l o c a t e d  t o  l i v e r  and bone 



(Table 3.16 and 3.17). The amount of 241Am days postexposure. No other delayed e f f e c t s  
in bone appears unchan ed a f t e r  14 days post- were seen during the  f i r s t  year  postexposure. 
exposure, while l i v e r  q41Rm content decreased 
from 14 days t o  70 days postexposure. Light and e lec t ron microscopic autoradio- 

graphy of 241Am d i s t r ibu t ion  in lung, l i v e r ,  
Radiation pneumonitis was observed a t  t he  bone, and bone marrow i s  being investigated 

650-nCi dose level  within several  hundred in  a group of r a t s  which received an e s t i -  
mated a lveolar  lung deposit ion of 2 uCi 241Am. 

FIGURE 3.14. Autoradiogram of Lung Taken at 28 Days 
After Inhalation of 241Am0,; 33 nCi 24lAm in Lung; 4-Wk 
Exposure of Autoradiogram (52%) 

TABLE 3.17. Alveolar Clearance of Inhaled 

241Am0~ in Rats. 

Amount 241Am in Tissue, n ~ i ( ~ )  
Time After 

Exposure (days) Lung Liver Bone --- 

- - 
(a)~alues are means 2 standard deviation from 

5 rats in each group 



INHALATION TOXICOLOGY OF 241 A ~ ( N o ~ ) ~  

Investigators : 
J .  E. Ballou and R. A.  Gies 

Technical Assistance: 
R. L. Music 

Inhaled 2 4 1 ~ m ( ~ 0 3 ) 3  i s  cleared rapidly from the lung and translocated principally t o  skel e- 
ton. The rate  of lung clearance exceeds that  seen with similar Pu compounds, however accumu- 

lation and retention in bone i s  similar.  Translocation to l iver  i s  i n i t i a l l y  higher than for  

P u ,  but the loss from l iver  i s  rapid in the f i r s t  few weeks a f t e r  exposure. 

Male Wistar r a t s  60 days of age were ad- 
ministered a single, nose-only exposure to  
241Am(N03)3 aerosols generated from 0.27 N 
n i t r i c  acid solutions with a Lovelace nebuli- 
zer. Animals were sacrificed imediately 
a f t e r  exposure t o  determine i n i t i a l  lung 
burden, and a f t e r  7 ,  30, 60, 100, 150 and 
200 days t o  determine retention kinetics for  
dosimetric purposes. Additional animals 
were held fo r  life-span study of delayed bio- 
logical effects .  The experimental protocol 
and estimated cumulative radiation dose t o  
the long-term animals i s  shown in Table 3.18. 

Inhaled 241Am(N03)3 i s  cleared more rapid- 
ly from the lung than an equivalent lung bur- 
den of 2 3 9 P ~  or  2 3 8 P ~  n i t ra te .  Accumulation 
and retention in skeleton, as well as the q 
pattern of urinary excretion, are similar for  
a1 1 three. Americium-241 i s  i n i t i a l l y  accum- 
ulated t o  a greater extent in l iver  than the 
plutonium isotopes; however, due t o  more 
rapid clearance, the differences are not sig- 
nificant a f t e r  100 days. 

Estimates of accumulated radiation dose 
t o  major t issues for  the two groups of 

TABLE3.18. Experimental Protocol and Dose Estimates Following 24lAm(NO,), Iqhalation 

Aerosol 
Number of Rats Characteristics 500-Day Accumulated Dose (rad) 

- - . - . - - 
Initial Lung Serially Life-Span 

Burden (nCi) Sacrificed Study AMAD GSD Lung Skeleton Liver Kidney 
-- ---- 

(a)~hese rats were used in preliminary range setting and metabolism studies prior to initiating 
long-term biological effects study 



long- term animals were based on r e t e n t i o n  lung burden. Dose estimates w i l l  be made 
parameters der ived from the clearance curves f o r  i n d i v i d u a l  long- term animals a t  the t ime 
shown i n  Figure 3.1 5. Retention i n  lung, o f  death, based on analyses o f  t i ssues and 
kidney and l i v e r  cou ld  be descr ibed as the  the  t i s s u e  r e t e n t i  on model. Late e f f e c t s  
sum o f  two exponential funct ions.  Skeleta l  have no t  been observed dur ing  the  b r i e f  
data were fit w i t h  a l i n e a r  f unc t i on  w i t h  (%I00 days) course o f  t h i s  study. 
s lope = 0, accounting f o r  20% o f  the  i n i t i a l  

FIGURE 3.15. Retention of Inhaled 241Am(N0,), in Rat Tissues 



BONE AND LUNG TUMOR RESPONSE FOLLOWING INHALATION 

OF TRANSURANIC NITRATES 

I n v e s t i g a t o r s :  

J. E. Ba l lou ,  G. E. Dagle, R. A. Gies, 

K. E. McDonald, L. G. Smith, P. G. Doctor ,  

and G. J. Powers 

Techn ica l  Ass is tance :  

R. L. Music 

Eight- hundred f i v e  r a t s  exposed t o  t r a n s u r a n i c  n i t r a t e  aeroso ls  developed 111 l u n g  tumors 

and 24 bone tumors. Resu l t s  f o r  2 3 9 ~ u ( ~ 0 3 ) 4 ,  2 3 8 ~ u ( ~ 0 3 ) 4 ,  and 2 5 3 ~ s ( ~ 0 3 ) 3  were s i m i l a r ,  and 

comparable t o  what has been shown f o r  t h e  more r e f r a c t o r y  t r a n s u r a n i c  ox ides.  

Male W i s t a r  r a t s  60 days o f  age were ex- 
posed nose- only  t o  graded doses o f  238Pu(N03)4, 
2 3 9 P ~ ( N 0 3 ) 4 ,  and 253Es(N03)3 t o  determine 
dose- re la ted ,  long- te rm b i o l o g i c a l  e f f e c t s .  
I n t e r i m  r e p o r t s  i n  p r e v i o u s  Annual Reports 
have descr ibed  t h e  exper imenta l  p r o t o c o l ,  
n ie tabo l i c ,  and p a t h o l o g i c  aspects  o f  t h i s  
s tudy.  T h i s  r e p o r t  p resen ts  t h e  r e l a t i o n -  
s h i p  between cumula t i ve  r a d i a t i o n  dose and 
i n c i d e n c e  o f  l u n g  and bone tumors. 

A t o t a l  o f  805 r a t s  (14 d i f f e r e n t  exposure 
groups) were a d m i n i s t e r e d  t r a n s u r a n i c  n i t r a t e  
aeroso ls  and h e l d  f o r  l i f e - s p a n  study.  An i-  
mals were examined a t  dea th  o r  s a c r i f i c e  ( i f  
moribund) and a l l  m a j o r  t i s s u e s  and susp ic ious  
l e s i o n s  were sampled f o r  h i  s t o p a t h o l o g i c  ex- 
aminat ion.  I n  100 n o n t r e a t e d  c o n t r o l s  and 
125 v e h i c l e  c o n t r o l s  (0.27 N n i t r i c  a c i d )  
t h a t  completed t h e  s tudy,  111 l u n g  tumors and 
31 bone tumors were diagnosed; 7  o f  t h e  31 
bone tumors developed i n  t h e  HN03 v e h i c l e  
c o n t r o l  group. 

determined f o r  each exposure group. Repre- 
s e n t a t i v e  r e t e n t i o n  curves f o r  an imals  expos- 
ed t o  Pu a r e  shown f o r  one exposure group 
i n  F igures  3.16 and 3.17. H a l f - l i v e s  and 
corresponding a c t i v i t i e s  used i n  t h e  dose 
c a l c u l a t i o n  a r e  i n d i c a t e d  on t h e  f i g u r e s .  
R a d i a t i o n  dose was c a l c u l a t e d  assuming a 
two-exponent ia l  c lea rance  f ron i  l u n g  and a 
s i n g l e  exponen t ia l  f i t  f o r  r e t e n t i o n  i n  
bone. S i m i l a r  r e t e n t i o n  curves were ob- 
t a i n e d  f o r  r a t s  exposed t o  253Es; however, 
t h e  l u n g  burden o f  each r a t  was determined 
f r o m  an e x t e r n a l  body coun t  taken  7 days 
a f t e r  exposure and an e x p e r i m e n t a l l y  d e t e r -  
mined r e l a t i o n s h i p  between t o t a l  body coun t  
and t h e  7-day l u n g  burden. The i n i t i a l  l u n g  
burden was determined by e x t r a p o l a t i o n ,  
u s i n g  t h e  l u n g  r e t e n t i o n  curve, and r a d i a t i o n  
dose was c a l c u l a t e d  u s i n g  l u n g  r e t e n t i o n  para-  
meters. T h i s  procedure was necessary because 
t h e  s h o r t  p h y s i c a l  h a l f - l i f e  o f  253Es (20  days) 
prec ludes t h e  r e c o n s t r u c t i o n  o f  t h e  cumula- 
t i v e  dose curve  f rom t h e  t i m e  o f  death.  

T issues were ana lyzed  f o r  r a d i o a c t i v i t y  Animal s  were grouped by cumu la t i ve  r a d i a -  
( lung ,  l i v e r ,  ske le ton ,  . p e l t ,  t racheobronch ia l  t i o n  dose and t h e  dose was r e l a t e d  t o  t h e  
lymph nodes, and rema in ing  s o f t  t i s s u e )  t o  tumor i n c i d e n c e  determined f o r  each dose 
enable e s t i m a t i o n  o f  t h e  r a d i a t i o n  dose accru-  group-  Usua l l y ,  order-of-magnitude s teps  
ed d u r i n g  t h e  l i f e  span study.  The c u n ~ u l a t i v e  i n  dose Were used (e. g. 0.01 t o  0.1 
r a d i a t i o n  dose t o  l u n g  and bone was es t imated  0 - 1  t o  1, e t c . ) ,  except  a t  t h e  two h i g h e s t  
f o r  i n d i v i d u a l  r a t s  u s i n g  r e t e n t i o n  k i n e t i c s  l u n g  doses, where a s m a l l e r  dose i n t e r v a l  was 

more appropr ia te .  
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Tumor i n c i d e n c e  f i g u r e s  a r e  i n d i c a t e d  on t o  animals  exposed t o  239Pu(N03), and t h e  sec- 
F igures  3.18 (bone) and F i g u r e  3.19 ( l u n g )  as ond t o  2 3 8 P ~ ( N 0 3 ) 4  animals .  The t h r e e - d i g i t  
f r a c t i o n s ,  w i t h  t h e  numerator  equal t o  t h e  numbers r e p r e s e n t  t h e  average s u r v i v a l  t i m e  
number o f  r a t s  w i t h  tumors, and t h e  denomina- o f  t h e  2 3 9 P ~  and 2 3 8 ~ ~  r a t s  t h a t  f a l l  i n  t h e  
t o r  equal t o  t h e  number o f  r a t s  i n  t h a t  cumu- i n d i c a t e d  dose range. Tumor i n c i d e n c e  w i t h  
l a t i v e d o s e r a n g e .  T h e f i r s t f r a c t i o n a p p l i e s  2 5 3 E s i ~ i n d i c a t e d b y a n a s t e r i s k .  
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The mean s u r v i v a l  t i m e  o f  bone tumor- 
bcar ing ,  was n o t  s i g n i f i c a n t l y  shortened, as 
shown i n  F i g u r e  3.20. The Pu-exposed r a t s  
w i t h  l u n g  tumors d i d ,  however, have a  s i g n i f i -  
c a n t l y  s h o r t e r  mean s u r v i v a l  t i m e  when com- 
pared w i t h  e i t h e r  HN03-t reated o r  non t rea ted  
c o n t r o l  groups (P = 5 X l o - =  and P  = 0.017, 
r e s p e c t i v e l y ) .  The r e s u l t s  w i t h  253Es were 
c o n s i s t e n t  w i t h  those f o r  Pu excep t  t h a t  
s u r v i v a l  o f  t h e  animals  w i t h  l u n g  tumors d i d  
n o t  d i f f e r  s i g n i f i c a n t l y  (P = 0.23) f r o m  t h e  
non t rea ted  c o n t r o l s .  A lso,  as observed i n  
t h e  Pu-exposed r a t s ,  t h e  253Es r a t s  d y i n g  
f r o m  a l l  o t h e r  causes had s i g n i f i c a n t l y  
s h o r t e r  mean s u r v i v a l  t imes  than  e i t h e r  o f  
t h e  c o n t r o l  groups. Dose r a t e  o r  t h e  poten-  
t i a l  f o r  recovery  f rom a lpha  r a d i a t i o n  
damage had l i t t l e  e f f e c t  on mean s u r v i v a l ,  

w i t h  t h e  p o s s i b l e  e x c e p t i o n  o f  those  animals  
d y i n g  w i t h  l u n g  tumors. 

Resu l t s  o f  l u n g  tumor i n d u c t i o n  w i t h  t r a n s-  
u r a n i c  n i t r a t e s  a r e  i n  agreement w i t h  r e s u l t s  
f rom s t u d i e s  w i t h  t h e  more r e f r a c t o r y  t r a n s-  
u r a n i c  ox ides.  Four tumors were observed i n  
349 r a t s  w i t h  es t imated  cumula t i ve  l u n g  dose 
o f  10 r a d  o r  l e s s .  The peak i n c i d e n c e  (%605) 
was observed a t  a  dose range o f  1000-5000 rad.  
Bone tumors were much l e s s  abundant than  lung  
tumors, a l though  t h e  t r a n s u r a n i c  n i t r a t e s  a r e  
t r a n s l o c a t e d  r e a d i l y  t o  bone. T h i s  i s  par-  
t i c u l a r l y  appl  i c a b l  e  t o  2 5 3  Es, where e a r l  i e r  
s t u d i e s  u s i n g  i n t r a t r a c h e a l  i n s t i l l a t i o n  have 
shown a  preponderance o f  bone tumors. A  s i m i-  
l a r  i n h a l e d  dose o f  253Es(N03)3 was a c u t e l y  
l e t h a l ,  a p p a r e n t l y  due t o  a  Inore g e n e r a l i z e d  
r a d i a t i o n  pneumoni t is  n o t  seen w i t h  t h e  l e s s  
un i fo rm ly  d i s t r i b u t e d  i n t r a t r a c h e a l  dose. 

0 100 200 300 400 500 600 700 800 

( DAYS ) 

FIGURE 3.20. Average Survival Time 



STATISTICAL EVALUATION OF LUNG, BONE, AND LIVER TUMORS I N  RATS 

EXPOSED TO AEROSOLS OF 238~uo2,  2 3 g ~ u ~ 2 ,  AND 2 4 4 ~ m ~ 2  

I n v e s t i g a t o r s  : 

J. A. Mahaffey and C. L. Sanders 

The Mantel-Haenszel procedure was a p p l i e d  t o  t h e  e v a l u a t i o n  o f  tumor d a t a  f r o m  exposures t o  

aeroso ls  o f  238~u02,  2 3 9 ~ u ~ 2 ,  and 2 4 4 ~ m ~ 2 .  S i g n i f i c a n c e  was e v i d e n t  f o r  l u n g  tumors f o r  a l l  

t h r e e  t r a n s u r a n i c s ,  f o r  osteosarcomas i n  an imals  exposed t o  244~m02,  and was suggested f o r  

l i v e r  tumors i n  an imals  exposed t o  244~ni02. 

The Mantel-Haenszel procedure i n c o r p o r a t e s  
adjustments t o  e q u a l i z e  d i f f e r e n c e s  anlong 
groups f o r  f a c t o r s  o t h e r  than  tumor inc idence .  
D i f f e r e n c e s  i n  s u r v i v a l  were equa l i zed  by 
s t r a t i f y i n g  t h e  da ta  i n t o  30-day i n t e r v a l s ,  
based on t i m e  a f t e r  exposure t o  death. The 
t e s t  s t a t i s t i c  i s  ch i - square  w i t h  k-1 degrees 
o f  freedom ( f o r  comparing k groups) .  A c h i -  
square w i t h  a s i n g l e  degree o f  freedom was 
a l s o  c a l c u l a t e d  t o  t e s t  f o r  a l i n e a r  t r e n d  
i n  t h e  data.  

Table 3.19 shows t h e  observed and expected 
number o f  tumors, (summed o v e r  t h e  t i m e  i n -  
t e r v a l s ) ,  by exposure group, f o r  each t r a n s -  
u r a n i c .  Expec ta t ions  a r e  based on t h e  n u l l  
hypo thes is  o f  no d i f f e r e n c e s  i n  tumor i n c i -  
dence f o r  t h e  d i f f e r e n t  l e v e l s  o f  exposure. 
A l l  tumors were assumed t o  be f a t a l  and a n i -  
mals s a c r i f i c e d  l a t e  i n  t h e  exper iment  were 
t r e a t e d  as i f  t h e y  had d ied .  There was no 
reasonable doubt  as t o  t h e  s i g n i f i c a n t  c o r r e-  
l a t i o n  o f  exposure w i t h  l u n g  tumor inc idence  
( P  <0.000005) Table 3.20) .  The ch i- square  
va lues o b t a i n e d  f rom t h e  analyses o f  osteo-  
sarcomas and h e p a t o c e l l u l a r  carcinomas were 

n o t  v a l i d ,  however, because t h e y  were based 
on smal l  expected va lues i n  every  c e l l .  

For  t h e  238Pu02 bone and t h e  244Cm02 l i v e r  
tumors, t h e  e x a c t  p r o b a b i l i t y  o f  t h e  observed 
tumor p a t t e r n  was c a l c u l a t e d .  F i r s t ,  t h e  
p r o b a b i l i t y  o f  a tumor i n  each group was found 
( a d j u s t e d  expected v a l u e / t o t a l  number o f  t u -  
mors).  The exac t  p r o b a b i l i t y  was then  c a l c u-  
l a t e d  t o  be t h e  p r o b a b i l i t y  o f  t h e  observed 
tumor p a t t e r n  p l u s  t h e  probabi  1 i t y  o f  any more 
extreme c o n f i g u r a t i o n s .  Based on two groups 
(Table 3.19) t h e  238Pu02 osteosarcomas occur-  
r e d  w i t h  p r o b a b i l i t y  P = (0 .51)2 = 0.26, n o t  
a s i g n i f i c a n t  r e s u l t .  Wi th  244Cm02, two he- 
p a t o c e l l u l a r  carcinomas were observed, and 
P = 2(0.292)(0.044)  + (0.044)2 = 0.028. T h i s  
i s  g e n e r a l l y  c l a s s i f i e d  as s i g n i f i c a n t ,  but- 
s i n c e  i t  i s  based on o n l y  two tumors, f u r t h e r  
i n v e s t i g a t i o n  i s  necessary. To evalu.ate t h e  
244Cm02-exposed animals  t h a t  developed os teo-  
sarcomas, i t  was necessary t o  combine t h e  
0.54- and 4.4-nCi exposure groups and t h e  48- 
and 450-nCi groups, then  r e c a l c u l a t e  t h e  c h i -  
square va lue .  T h i s  was found t o  be X2 = 8.82 
w i t h  a s i n g l e  degree o f  freedom, wh ich  was 
s i g n i f i c a n t  (P < 0.005). 



TABLE3.19. Observed and ~x~ec ted (a )  Tumors by Exposure 
Group 

Exposure 

238Pu02 239PuOz 2uCm02 

Tumors 0.14(~) 11 220 890 0.18 5.0 45 180 0.54 4.4 48 450 1800 

~un~s( ' )  
0 bserved 0 9 16 4 0 6 30 14 1 1 7 13 0 
Expected 13.1 13.6 2.3 0.1 23.9 10.9 13.1 2 6.3 7.4 6.2 2.1 0(d) 

Osteosarcoma 
Observed 0 2 0 0 0 0 0 0 0  2 5 5 0 
Expected 0.98 1.02 OM 0@) 3.4 4 3.1 1.1 0(d) 

Hepatocellular 
Carcinoma 

Observed 0 0 0 0 0 0 0 0 0  0 1 1 0 
Expected 0.6 0.7 0.6 0.1 0(d) 

Number of 134 140 34 31 135 71 71 69 67 70 65 48 23 
Animals 
- 

(a) Expected under the null hypothesis of no differences between exposure groups 
(b) Estimated initial alveolar deposition in nCi 
(c) Includes adenocarcinoma, hernangiosarcoma, squamous carcinoma, and fibrosarcoma 
( d ) ~ l l  animals in these groups were dead when tumors in other groups were observed. Degrees of freedom must 

be reduced appropriately 

TABLE 3.20. Values of Chi-Square from Testing 
Differences in Exposure Croups for Lung Tumor 
Incidence 

Mantel- 
Haenszel Linear Trend 

Exposure (3 D F ) ( ~ )  (1 DF) 

2 3 8 ~ ~ 0 2  297.6(a) 104.9(~) 

-- 

(al~ i~n i f i can t  with p < 0.000005 
( b ) ~ e ~ r e e s  of freedom 



I n v e s t i g a t o r s  : 

J. A. Mahaffey, J. A. M e r r i l l ,  

and C. L. Sanders 

Data on 2 4 4 ~ m  c o n t e n t  o f  W i s t a r  r a t  organs were modeled by a  weighted n o n l i n e a r  l e a s t  

squares method. R a d i a t i o n  doses were es t imated  f rom these models and es t imates  o f  t h e  v a r i a -  

t i o n  o f  dose were m a t h e m a t i c a l l y  propagated. Conclusions drawn f rom t h e  dose es t imates  must 

t a k e  i n t o  account t h e  i m p r e c i s i o n  o f  t h e  es t imate .  

Because o u r  purpose i n  metabo l i c  model ing 
o f  rad iochemica l  da ta  f r o m  aeroso l  exposures 
i s  t h e  e s t i m a t i o n  o f  r a d i a t i o n  dose t o  an 
organ, i t  i s  i m p o r t a n t  t o  have a  measure o f  
t h e  p r e c i s i o n  o f  t h e  model. A  s e t  o f  d i f f e r -  
e n t i a l  equa t ions  d e s c r i b i n g  t h e  e n t i  r e  meta- 
b o l i c  process i s  u s u a l l y  t o o  comp l i ca ted  t o  
p e r m i t  an a c c u r a t e  e s t i m a t e  o f  p r e c i s i o n .  
Data f r o m  animals  exposed t o  aeroso ls  have 
a t  l e a s t  two ma jo r  sources o f  v a r i a b i l i t y :  
(1  ) n a t u r a l  b i o l o g i c a l  v a r i a t i o n  i n  t h e  a n i -  
mals, and ( 2 )  v a r i a t i o n  based on u n c o n t r o l -  
l a b l e  d i f f e r e n c e s  i n  i n i t i a l  exposure. A  
comp l i ca ted  model ing system w i t h  feedback i s  
beyond t h e  d i s c r i m i n a t i o n  p o t e n t i a l  i n  most 
mass exposure da ta  s e t s  where t h e  second 
source o f  v a r i a t i o n  i s  l a r g e .  Thus, s i m p l i -  
f y i n g  y e t  r e a l i s t i c  assumptions must be im- 
posed on t h e  system, c o n s i s t e n t  w i t h  t h e  ob- 
served v a r i a t i o n  i n  t h e  data. 

I n  t h e  model ing o f  244Cm02, i t  was found 
t h a t  a  three-component model was t h e  s i m p l e s t  
t h a t  adequate ly  d e s c r i b e d  t h e  l u n g  data.  
Feedback f rom o t h e r  organs and w i t h i n - l u n g  
t r a n s f e r  was assumed n e g l i g i b l e ,  s i n c e  such 
phenomena c o u l d  n o t  be d e t e c t e d  due t o  t h e  
v a r i a t i o n  and t h e  t i m e  d i s t r i b u t i o n  o f  t h e  
observed d a t a  ( F i g u r e  3.21). The equa t ion  i s  

Y = 76.5e + 21.8e -0.060t 

+ 7.7e -0.001 7 t  
9 

where Y i s  t h e  p e r c e n t  o f  i n i t i a l  a l v e o l a r  
d e p o s i t i o n  (IAD) p r e d i c t e d  a t  t i m e  t ( i n  

days) postexposure. The h a l f - t i m e s  o f  t h e  
t h r e e  compartments (+ s tandard  d e v i a t i o n )  a r e  
0.5 - + 0.3, 12 + 9, and 410 + 440 days. 

To model t h e  o t h e r  organs o f  i n t e r e s t ,  a  
d i f f e r e n t i a l  equa t ion  was so lved,  t h e  d e r i v a -  
t i o n  o f  which assumed t h e  above l u n g  c l e a r -  
ance curve.  It was f u r t h e r  assumed t h a t  
( 1 )  once t h e  Cm reached t h e  organ, e l i m i n a t i o n  
was s i m i l a r  r e g a r d l e s s  o f  which o f  t h e  t h r e e  
l u n g  compartments was i d e n t i f i e d  as t h e  source, 
and ( 2 )  t h e  Cm which reaches t h e  organ c o u l d  
do so i n d i r e c t l y  and r e p e a t e d l y ,  j u s t  as l o n g  
as t h e  u l t i m a t e  percentage f rom each l u n g  
compartment d i d  n o t  exceed 100%. For  t h e  
ske le ton ,  14% ( f  ,) o f  t h e  f i r s t  component and 
36% each ( f 2 = f 3 )  o f  t h e  o t h e r  two l u n g  com- 
partments were es t imated  t o  be t r a n s f e r r e d .  
T h i s  i s  shown s c h e m a t i c a l l y  i n  F i g u r e  3.22 and 
can be represen ted  by t h e  equa t ion :  

where Z i s  t h e  p r e d i c t e d  percen t  o f  IAD i n  
t h e  s k e l e t o n  a t  day t a f t e r  exposure. S in i i -  
l a r  f u n c t i o n s  were used t o  model t h e  d a t a  
f rom t h e  l i v e r  and t h e  t h o r a c i c  lymph nodes. 
A l l  o f  t h e  es t imated  t r a n s f e r  cons tan ts  have 
a  s tandard  d e v i a t i o n  s i m i l a r  i n  magnitude t o  
t h e  es t imate .  The h a l f - t i m e s  were e s t i m a t e d  
t o  be about 14 y r  f o r  s k e l e t o n ,  7  days f o r  
l i v e r  and 14 days f o r  tho rac i ' c  lymph nodes. 
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FIGURE 3.21. Lung Clearance Curve for 244Cm02 
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FIGURE 3.22. Transfer of 244Cm02 from Lung to 
Skeleton 

To use these models t o  e s t i m a t e  r a d i a t i o n  
dose i t  was assumed t h a t  t h e  d i f f e r e n c e  be- 
tween t h e  observed and p r e d i c t e d  p e r c e n t  a t  
dea th  f o r  a  g iven  animal was e n t i r e l y  due t o  
v a r i a t i o n  i n  IAD f rom t h e  group average. An 

i n d i v i d u a l  a n i m a l ' s  IAD was c a l c u l a t e d  t o  ac- 
coun t  f o r  t h i s  d i f f e r e n c e .  Dose a t  death ( o r  
a t  any s p e c i f i e d  t i m e )  i s  then  t h e  i n t e g r a l  
o f  t h e  c lea rance  o r  r e t e n t i o n  cu rve  t o  t h i s  
t ime,  a d j u s t e d  by a known cons tan t  (which i n -  
corpora ted  IAD). Based on t h e  var iances  and 
covar iances o f  t h e  v a r i a b l e s  i n  t h e  c lea rance  
o r  r e t e n t i o n  curve, and u s i n g  a T a y l o r  expan- 
s ion ,  an approx imate v a r i a n c e  o f  dose can be 
propagated. C o n s i s t e n t l y ,  t h e  s i z e  o f  t h e  
s tandard  d e v i a t i o n  o f  dose was s i m i l a r  t o  
t h e  s i z e  o f  es t imated  dose. That  i s ,  s t a t i s -  
t i c a l l y ,  t h e  dose es t imates  cannot  be s a i d  t o  
d i f f e r  f r o m  zero.  

T h i s  i m p l i e s  t h a t  t h e  use o f  dose es t imates  
o b t a i n e d  by i n t e g r a t i n g  c lea rance  o r  r e t e n t i o n  
curves i s  n o t  a  good cho ice  f o r  e v a l u a t i n  
response v a r i a b l e s  ( o f t e n  tumor inc idence7  . 
T h i s  i s  n o t  t o  say t h a t  t h i s  shou ld  n o t  be 
done, b u t  i t  i s  i m p o r t a n t  t o  f i r s t  e s t a b l i s h  
t h e  e x i s t e n c e  o f  a  r e l a t i o n s h i p  between i n -  
creased response and inc reased  exposure. The 
magnitude o f  t h e  s tandard  d e v i a t i o n  o f  dose 
f u r t h e r  i m p l i e s  t h a t  any e x t r a p o l a t i o n  t o  
low doses shou ld  be done w i t h  extreme c a r e  
and p resen ted  w i t h  due qua1 i f i  c a t i o n .  



EXPRESSION OF LUNG TUMORIGENESIS I N  THE HAMSTER CHEEK-POUCH 

I n v e s t i g a t o r s :  

K. E. McDonald, C .  L. Sanders 

Techn ica l  Ass is tance:  

K. M. Dragoo 

Lung s e c t i o n s  f rom hamsters exposed t o  2 3 9 ~ u 0 2  aeroso l  were s e r i a l l y  imp lan ted  i n t o  t h e  

cheek pouches o f  r e c i p i e n t  hamsters. By h i s t o l o g i c  comparison o f  donor t i s s u e  w i t h  t h e  i m p l a n t  

a f t e r  growth we hope t o  develop c r i t e r i a  f o r  mal ignancy. 

Adequate c r i t e r i a  o f  pulmonary ma1 ignancy 
a r e  r e q u i r e d  f o r  t h e  c l a s s i f i c a t i o n  o f  meta- 
p l a s t i c  and n e o p l a s t i c  l u n g  l e s i o n s  i n  ham- 
s t e r s  exposed t o  a lpha  e m i t t e r s .  To es ta-  
b l i s h  c r i t e r i a  f o r  niore d e f i n i t i v e  d iagnos is  
o f  these  l e s i o n s ,  l u n g  s e c t i o n s  o f  hamsters 
exposed t o  2 3 9 P ~ ~ 0 2  aeroso ls  were imp lan ted  i n  
r e c i p i e n t  hamster cheek pouches. Hamsters 
w i t h  benzo(a)pyrene- (BAP) induced neoplasnis 
served as p o s i t i v e  c o n t r o l s  t o  c o n f i r m  t h e  
v a l i d i t y  o f  t h e  procedure. I r o n  (Fe,O,) 
o x i d e  was used as a  c a r r i e r  c o n t r o l  
(Table 3.21 ) .  

Hamsters were exposed, nose-only, t o  
2 3 9 P ~ 0 2  aeroso l .  Two animals  f rom each ex- 
posure group were k i l l e d  one day postexposure 
and t h e i r  l ungs  removed f o r  Pu a n a l y s i s ;  i n i -  
t i a l  l u n g  burdens ranged f rom 12-150 nCi .  
The Fe203 c o n t r o l s  and t h e  BAP + Fe203 p o s i -  
t i v e  c o n t r o l  groups were g i v e n  15 consecu t i ve  
weekly i n t r a t r a c h e a l  i n s t i l l a t i o n s  o f  3  mg 
BAP and/or 3  mg Fe203 p e r  i n s t i l l a t i o n .  

F i v e  months a f t e r  exposure t h e  f i r s t  group 
o f  animals was k i l l e d  w i t h  e t h e r ,  t h e i r  lungs 
removed and p laced  i n  a  s t e r i l e  p e t r i  d i s h  
w i t h  Hank's balanced s a l t  s o l u t i o n .  Each 
l u n g  was examined v i s u a l l y  and t h e  10 most 
susp ic ious  areas removed. These s e c t i o n s  
were subsequent ly  b i s e c t e d ,  w i t h  o n e- h a l f  
p laced  i n  10% n e u t r a l  b u f f e r e d  f o r m a l i n  and 
t h e  o t h e r  h a l f  subcutaneously  i n s e r t e d  by 
t r o c a r  i n t o  t h e  cheek pouch o f  t h e  r e c i p i e n t  
animal.  These animals  were k i l l e d  3  wk 
l a t e r ,  and t h e  cheek pouch was removed and 
p laced  w i t h  t h e  corresponding s e c t i o n  o f  
l u n g  p r e v i o u s l y  saved f o r  h i s t o l o g i c  
examinat ion.  

E p i t h e l i a l  pro1 i f e r a t i o n  was found i n  con- 
t r o l  imp lan ts ,  which i s  n o t  unusual cons ider-  
i n g  t h e  i n c i d e n c e  o f  b r o n c h i o l i z a t i o n  o f  t h e  
a l v e o l a r  e p i t h e l i u m  i n  aged hamsters. There 
were no m i t o t i c  f i g u r e s  observed nor  any ab- 
normal inc rease  i n  s i z e  o f  t h e  i m p l a n t  s i t e s .  
There was an inc rease  i n  t h e  i n c i d e n c e  o f  

TABLE 3.21. Experimental Protocol 

Number of Number of Number of 
Treatment Animals Exposed Donors/Month Recipients/Month 

Controls 40 2 20 



/4 epithelialization in hamsters exposed to BAP . + Fe203 or to 239P~02. Implants without 
epithelialization in the corresponding lung 
sample lost their normal architecture, which 
was replaced by necrosis, dystrophic calcifi- 
cation and proliferative fibrosis (Figure 
3.23). On the other hand, implants from 
lungs which exhibited epithelial prolifera- 
tion of the terminal.bronchioles, diagnosed 
as focal interstitial response or bronchiolar 

adenomatous hyperpl asia (Figure 3.24), often 
exhibited acinar-type epithelial prolifera- 
tions (Figure 3.25). Some of the epithelial 
cells in the implants were ciliated. 

These studies will continue during the 
next fiscal year, when the value of trans- 
plantability for diagnoses of hamster lung 
tumors should be resolved within the limi ta- 
tions of this experimental design. 

FIGURE 3.23. Hamster Cheek Pouch with Lung 
Implant Showing Necrosis, Calcification and Fibrosis 

FIGURE 3.24. 239PuOz-Exposed Hamster Lung, 
Showing Slight Bronchiolization of Alveolar 
Epithelium 

3.47 



FIGURE 3.25. Hamster Cheek Pouch with Pu-Exposed 
Lung Implant, Showing Epithelization 



ELECTRON MICROSCOPIC MORPHOMETRY OF L U N G  

Investigator: 

K. Rhoads 

Technical Assistance: 

S. I .  Baker and A. W. Conklin 

The volumetric and cel l  type distribution in alveolar lung of r a t  and hamster were similar,  

a1 though s t a t i s t i c a l l y  significant species differences were found for  alveolar epi thel ium, 

capillary endothelium, and some noncellular i n t e r s t i t i a l  components. No signif icant  e f fec t  of 

inhaled 239~u0i  on lung composition could be demonstrated within ei ther  species. 

The pathologic response t o  inhaled 2 3 9 P ~ 0 2  

m in 1 ife-span studies i s  apparently different  
for  ra t s  and hamsters. A t  optimal doses ra t s  
develop a high incidence of primary lung t u -  
mors arising from bronchiolar or alveolar 
epi thel ium. Hamsters receiving similar doses 
develop epi thel ia l  lesions that  do not pro- 
gress t o  neoplasms within the normal l i f e  
span of the animals. Previous autoradio- 
graphic studies showed no species differences 
in lung distribution of 239Pu02, although 
the pattern did change with time a f t e r  expo- 
sure in both species (Annual Report, 1976). 
The present extension of that  study employs 
morphometric techniques a t  the electron micro- 
scopic 1 eve1 . 

Twenty-four Wistar ra t s  and 20 Syrian gol- 
den hamsters (a1 1 females) were exposed to 
239P~02  and lung t issue from these animals 
and from controls was prepared for  observa- 
tion according t o  procedures described previ- 
ously (Annual Report, 1976). The average 
i n i t i a l  alveolar deposition was 132 nCi for  
r a t s  and 67 nCi fo r  hamsters. Three t issue 
blocks, 2-3 mm3 i n  volume, were selected by 
systematic and random sampl i ng procedures 
from the lower l e f t  lung of each animal. 

s These were embedded, sectioned, and photo- 
graphed for  morphometric analysis. Six micro- 
graphs were recorded fo r  each section (a 
to ta l  of 18 per animal), a t  a f inal  mag- 
nification of 5300X. Only alveolar lung was -. considered in th i s  part of the study. 

The micrographs were analyzed using a multi- 
purpose t e s t  system, similar t o  that  described 
by Weibel e t  a l . ,  1966, J .  Cell Biol. a:23-38. 
The volumetric distribution was determined by 
point-counting volumetry and surface-related 
parameters by counting intersections of t e s t  
l ine  segments with alveolar and capillary 
surfaces. The cel l  type distribution was ob- 
tained by simple counting of ce l l s  with vis i -  
bl e nuclear prof i 1 es. 

Results of the analysis are shown in Fig- 
ures 3.26 and 3.27 and Table 3.22. All of 
the s t a t i s t i c a l l y  significant differences 
were species differences in one or both t rea t-  
ment groups. Neither species showed a signi- 
f i cant change from control t o  exposed groups 
for  any parameter. 

The volume distribution (Figure 3.26) re- 
vealed the following s t a t i s t i c a l l y  s ign i f i-  
cant differences a t  the given levels: 1 )  Ex- 
posed ra t s  contained a lower fraction of total  
epi thel ium than exposed hamsters ( P  <0.05), 
2 )  Capillary endothelium was also lower in 
exposed ra t s  than in exposed hamsters ( P  <0.01), 
3) Noncellular i n t e r s t i t i a l  components ac- 
counted fo r  a greater fraction of lung in r a t  
than in hamster in both control ( P  <0.05) 
and exposed ( P  <0.01) groups. 

The only significant difference in  cel l  
type distribution (Figure 3.27) was the de- 
creased fraction of Type I epi thel ia l  c e l l s  



CONTROL RAT 

EXPOSED RAT 

CONTROL HAMSTER 

EXPOSED HAMSTER 
6 0  

I TYPE I EPITHELIUM 

II TYPE I I  EPITHELIUM 

50 L BLOOD LEUKOCYTE 2 
d C CELLULAR 
> 
Y NC NON CELLULAR 
2 40 
I/) - 1 STANOARD DEVIATION 
+ 
% 
s 

30 

20 

10 

EP IT t iEL lUM CAP lLLARY CAPILLARY LUMEN INTERSTITIUM ALVEOLAR 
ENDOTHELIUM MACROPHAGE 

FIGURE 3.26. Volume Distribution of Alveolar Tissue Compartments 
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FIGURE 3.27. Alveolar Cell Type Distribution 



TABLE 3.22. Surface Area Parameters (Mean + SD) 

Rats Hamsters 

Control Exposed Control Exposed 

Capillary Surface/ 1.1 + 0.3 1.2 + 0.3 1.4 * 0.5 1.3 + 0.2 
Volume Ratio, u-1 (a) 

Alveolar Septal Surface/ 0.67 + 0.48 0.55 + 0.15 0.73 + 0.05 0.63 + 0.15 
Volume Ratio, wl(a) 

Arithmetic Mean Thick- 3.5 2 1.1 3.9 + 1.6 2.8 + 0.2 3.7 + 2.8 
ness - Alveolar Septa, l ~ ( ~ )  

4N (a)Surface/~olume Ratio = - 
ZP 

ZP (b l~r i thmet ic  Mean Thickness = - 
2N 

where: 

N = No. of intersections of test lines of length Z with surface of a 
structure (alveolar wall or capillary) 

P = No. of test points falling on structure of interest (test points are 
ends of test lines of length Z) 

Z = length of test line on micrographs 

i n  exposed hamsters compared t o  exposed r a t s  
(P ~ 0 . 0 5 ) .  The t o t a l  number o f  c e l l s  count-  
ed per  animal was a l s o  s i g n i f i c a n t l y  lower  
f o r  c o n t r o l  hamsters (47 + 8) than  f o r  con- 
t r o l  r a t s  (71 + 17) (P <0.01). 

The values f o r  su r f ace- re l a t ed  parameters 
i n  Table 3.22 revea led  no s i g n i f i c a n t  d i f f e r -  
ences between species o r  t rea tment  groups. 

Although some s i g n i f i c a n t  species d i f f e r -  
ences i n  l ung  composi t ion were found, they  

were r e l a t i v e l y  few i n  number and d i d  n o t  
appear t o  account f o r  t h e  dramat ic  d i f f e r e n c e  
i n  tumor response. The Type I 1  e p i t h e l i a l  
c e l l ,  which has been i m p l i c a t e d  as a t a r g e t  
c e l l  f o r  bo th  chemical and r a d i o n u c l i d e  ca r -  
cinogens, showed no s i g n i f i c a n t  d i f f e r e n c e  
w i t h  respec t  t o  species o r  t rea tment .  Gen- 
e r a l  i z e d  pa tho log i ca l  response i n  a l v e o l a r  
l ung  was minimal f o l l o w i n g  i n h a l a t i o n  o f  
2 3 9 P ~ 0 2  a t  a l e v e l  which produced about 50% 
lung  tumors i n  r a t  1  i fe- span s t ud i es .  



I N  VITRO STUDIES OF ACTINIDES AND ALVEOLAR MACROPHAGES 

I n v e s t i g a t o r s :  

R. P. Schneider  and A. M. Robinson 

The t o x i c i t y  o f  2 3 9 ~ u 0 2 ,  2 3 9 ~ u ( ~ 0 3 ) 4 ,  and 241~m02 t o  r a b b i t  a l v e o l a r  macrophages i n  c u l t u r e  

was assessed. Comparison o f  t o x i c i t y  o f  2 3 9 ~ u ( ~ 0 3 ) 4  and 2 4 1 ~ m ~ 2  a t  t h e  same r a d i a t i o n  dose 

l e v e l  i n d i c a t e s  t o x i c i t y  i s  due t o  r a d i a t i o n  and n o t  t h e  chemical fo rm o f  t h e  a c t i n i d e .  I n v e s t i -  

g a t i o n s  were begun t o  determine t h e  e f f e c t  o f  serum macrophages and DTPA on 241~m02 s o l u b i l i t y .  

A c t i n i d e  p a r t i c l e s  phagocyt ized by macro- 
phages a r e  l a r g e 1  y i n a c c e s s i b l e  t o  p r e s e n t l y  
used a c t i n i d e  the rapy  techniques.  We a r e  
deve lop ing  an i n  v i t r o  system t o  examine t h e  
i n t e r a c t i o n  o f  macrophages w i t h  r a d i o n u c l i d e s  
and t o  search f o r  improved methods and/or 
agents t o  i n c r e a s e  t h e  removal o f  rad ionu-  
c l i d e s  f rom t h e  i n t r a c e l l u l a r  f r a c t i o n .  Pre- 
v ious  r e p o r t s  (Annual Repor ts  1975, 1976) 
have descr ibed  development o f  c e l l  c u l t u r e  
and c e l l  l o a d i n g  techniques u t i l i z i n g  2 3 9 P ~ 0 2 .  
T h i s  r e p o r t  w i l l  d e s c r i b e  t h e  i n i t i a l  genera- 
t i o n  o f  b a s e l i n e  macropha e s u r v i v a l  data f o r  
23gPu02, 2 3 g P ~ ( N O j ) 4  and q"AmOi. A lso  de- 
s c r i b e d  i s  t h e  s o l u b i l i t y  o f  2 4  Am02 as e f f e c t -  
ed by serum, DTPA, and c u l t u r e d  macrophages. 

P lu ton ium polymer and hydrox ide  were en- 
e r a t e d  by a 1/1000 d i l u t i o n  o f  2 3 9 P ~ ( N 0 3 q ~  
(6N i n  HN03) i n  Hanks' ba lanced s a l t  s o l u t i o n  
w i t h  10% r a b b i t  serum (HRS). T h i s  method 
r e s u l t s  i n  a m i x t u r e  p robab ly  s i m i l a r  t o  
t h a t  formed when 2 3 9 P ~ ( ~ 0 3 ) 4  i s  i n t r o d u c e d  
i n t o  body f l u i d s .  2 3 9 P ~ 0 2  and 241Am02 
were used as 1/1000 d i l u t i o n s  o f  aqueous s t o c k  
suspensions i n  t h e  media o f  choice.  

The macrophages and a c t i n i d e  p a r t i c l e s  
were incuba ted  w i t h  shaking f o r  2  h r  a t  37°C. 
The c e l l s  and p a r t i c l e s  were p laced  i n  c u l -  
t u r e  f l a s k s  and a l lowed t o  a t t a c h  t o  t h e  
f l a s k  su r face .  Unattached c e l l s  and p a r t i c l e s  
were washed f r o m  t h e  f l a s k  w i t h  M-199 s a l t s ,  
10% i n  r a b b i t  serum (MRS) and a t t a c h e d  c e l l s  

c u l t u r e d  i n  5% C02 f o r  t h e  remainder o f  t h e  
exper iment .  More than  90% o f  t h e  a t t a c h e d  
c e l l s  were v i a b l e  (as a s c e r t a i n e d  w i t h  t r y p a n  
b l u e  s t a i n )  and no s i g n i f i c a n t  d i f f e r e n c e s  i n  
t h e  number o f  a t t a c h e d  c e l l s  between c o n t r o l  
and ac t in ide- exposed  c e l l s  was found. C e l l  
s u r v i v a l  was es t imated  by c o u n t i n g  t h e  c e l l s  
rema in ing  a t tached  t o  t h e  f l a s k .  P a r t i c l e  
uptake was demonstrated by au to rad iography  
o f  c e l l  smears. 239Pu02 uptake has been 
p r e v i o u s l y  shown by e l e c t r o n  ni icroscopy 
(Annual Repor t  1976). 

Data i n  F i g u r e  3.28 i l l u s t r a t e s  t h a t  c e l l  
s u r v i v a l  i s  dependent upon t h e  a c t i n i d e  l e v e l  
t o  which t h e  c e l l s  a r e  exposed d u r i n g  incuba-  
t i o n  i n  suspension. A comparison o f  t h e  
2 3 9 P ~ ( N 0 3 ) 4  and 241Am02 curves shows e s s e n t i a l -  
l y  s i m i l a r  r e s u l t s .  Chemical ly ,  t h e r e  i s  
55 t imes as much Pu as Am i n  t h e  i n c u b a t i o n  
mix. T h i s  would i n d i c a t e  t h a t  Am and Pu t o x i -  
c i t y  t o  t h e  macrophage i s  more r e l a t e d  t o  
r a d i a t i o n  dose than chemical form. 

To e v a l u a t e  new c h e l a t i n g  agents and/or  
methods o f  i n c r e a s i n g  t h e  s o l u b i l i t y  o f  i n t r a -  
c e l l u l a r  a c t i n i d e s  i t  i s  d e s i r a b l e  t h a t  t h e  
t e s t  a c t i n i d e  p a r t i c l e s  e x h i b i t  severa l  c r i -  
t e r i a n .  The p a r t i c l e  must be taken  up by 
macrophages, i t  must n o t  k i l l  then1 t o o  q u i c k l y ,  
i t  must be moderate ly  s o l u b l e  so t h a t  r e s u l t s  
can be measured w i t h  reasonable speed and 
ease, and dos ing  and s i z e  must be r e p r o d u c i b l e  
f rom exper iment  t o  exper iment .  
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FIGURE 3.28. The Effect of Phagocytized Actinide on 
Survival of Rabbit Pulmonary Macrophages 

2 3 9 P ~ 0 2  e x h i b i t e d  a l l  o f  these c r i t e r i a  
except  f o r  s o l u b i l i t y .  A f t e r  2  wk i n  c u l -  
t u r e ,  l e s s  than  1% o f  t h e  r a d i o a c t i v i t y  was 
f i  1  t e r a b l  e  (0.05-micron f i 1  t e r )  . Th is  obser-  
v a t i o n ,  coupled w i t h  t h e  wel l- known r e s i s -  
tance  o f  2 9 3 P ~ 0 2  t o  DTPA s o l u b i l i z a t i o n  sug- 
gested t h a t  a  more s o l u b l e  form o f  a c t i n i d e  
would be more s u i t a b l e  f o r  t h e  s tudy.  

2 3 9 P ~ ( N 0  ) 4  p laced  i n  MRS r e s u l t e d  i n  11% 
f i  1  t e r a b l  e  to .  05-micron f i  l t e r )  . Uptake, 
t o x i c i t y  and s o l u b i l i t y  were s a t i s f a c t o r y  
b u t  p a r t i c l e  s i z e  was n o t  r e p r o d u c i b l e .  

24iAm02 appears t o  f i t  a l l  c r i t e r i a  and 
t h e r e f o r e  more e x t e n s i v e  i n v e s t i g a t i o n  o f  i t s  
s o l u b i  1  i t y  and behav io r  i n  s o l u t i o n  was begun. 
The 241An102 f o r  t h e  exper iment  was a  f r e s h  
aqueous suspension ( l e s s  than  1  month o l d ) .  
D i l u t i o n s  o f  t h i s  s t o c k  f o r  s o l u b i l i t y  mea- 
surements and uptake were made as 1/1000 
d i l u t i o n s  i n  s u i t a b l e  media. 

The 241Am02 p a r t i c l e s  were p a r t i a l  l y  s o l  - 
u b i  1  i z e d  (passed th rough  a  0.1 -micron f i  1  t e r )  
by DTPA (Table 3.20). The decrease o f  f i l -  
t e r a b l e  241Am i n  Hanks' balanced s a l t s  i s  
presumably due t o  a d s o r p t i o n  o f  Am t o  t h e  
w a l l  s  o f  t h e  vessel  and t h e  f o r m a t i o n  o f  pa r-  
t i c u l a t e  hydrox ides .  The inc rease  i n  t h e  f i l -  
t e r a b l e  f r a c t i o n  i n  t h e  presence o f  serum may 
have been t h e  r e s u l t  o f  b i n d i n g  t o  molecules 
i n  s o l u t i o n ,  t h h s  p r e v e n t i n g  a d s o r p t i o n  and 
p r e c i p i t a t i o n  as hydrox ides.  The a d d i t i o n  
o f  serum t o  Hanks' s a l t  s o l u t i o n  c o n t a i n i n g  
DTPA reduced t h e  f i  1  t e r a b l  e  f r a c t i o n  by two- 
f o l d .  The mechanism o f  t h i s  antagonism i s  
unknown; however, i t  seems l i k e l y  t h a t  serum 
p r o t e i n s  c o a t  t h e  Am02 p a r t i c l e s  and t h i s  
c o a t  may reduce DTPA access t o  t h e  p a r t i c l e s .  
The presence o f  approx imate ly  20 uM i r o n  i n  
t h e  serum (2.0 p M  i n  HRS) c o u l d  b i n d  t h e  
DTPA b u t  t h e r e  should be a  5 0- f o l d  excess o f  
DTPA, so t h i s  seems u n l i k e l y  t o  decrease Am 
b i n d i n g .  

The i n f l u e n c e  o f  macrophages on t h e  s o l u -  
b i  li t y  o f  241Am0 was examined by i n c u b a t i n g  
t h e  c e l l s  w i t h  221~m02 f o r  2  h r  and c u l t u r i n g  
t h e  washed c e l l  s  i n  t h e  presence and absence 
o f  0.1 pM DTPA. The superna tan t  c u l t u r e  
medium was f i l t e r e d  (0.1-micron f i l t e r )  i n i -  
t i a l l y ,  and a f t e r  6 days, when l e s s  than  10% 
o f  t h e  c e l l s  were i n t a c t .  The i n g e s t i o n  o f  
241Am02 by t h e  c e l l s  had no d e t e c t a b l e  e f f e c t  
on 241Am s o l u b i l i t y .  A f t e r  6 days t h e  f i l t e r -  
a b l e  f r a c t i o n  b o t h  i n  t h e  presence and absence 
o f  DTPA was t h e  same as i n  t h e  6- hr  (4-day) 
c e l l - f r e e  i n c u b a t i o n  (Table 3.23). 

Because i t  meets t h e  d e s i r e d  c r i t e r i a ,  
241Am02 w i l l  be used as t h e  a c t i n i d e  t e s t  
p a r t i c l e  i n  f u t u r e  i n v e s t i g a t i o n s  o f  p o t e n t i a l  
t h e r a p e u t i c  agents and/or mechanisms. We 
a l s o  p l a n  t o  i n v e s t i g a t e  t h e  mechanism o f  
antagonism o f  DTPA c h e l a t i o n  by serum, s i n c e  
body f l u i d s  c o n t a i n  v i r t u a l l y  t h e  same p r o-  
t e i n s  found i n  serum and may reduce c h e l a t i o n  
e f f e c t i v e n e s s  i n  v i v o  as we1 1. 

TABLE3.23. Effect of Serum and DTPA on Filterability of 24lAmO2 
Percent of 2 4 1 ~ m 0 ~  Filtered through a 0.1-v Filter 

Incubation Medium(a) 

Duration of Hanks' + Hanks' + 10% 
Incubation, Hanks' + DTPA, Serum + DTPA, 

hr ~anks'(c) 10% serum(C) 0.1 mM(d) 0.1 mM(d) 

(a)~lastic centrifuge tubes containing 0.7 vCi/ml 241Am02 in the 
appropriate media, incubated at room temperature 

@).Zero hour sample taken from 0 to 20 minutes after introduction 
of aqueous stock solution into media 

(c)Average of three samples 
(dl~verage of two samples 





Toxicology of Plutonium-Sodium 

It has been postu la ted t h a t  l i q u i d  metal f a s t  breeder reac to r  (LMFBR) accidents would 

i nvo l ve  the  format ion o f  sodium vapor through which plutonium and uranium oxide p a r t i c l e s  

would pass enroute t o  release, r e s u l t i n g  i n  a mixed plutonium-uranium-sodium aerosol. Th is  

p r o j e c t  w i l l  devise methodology f o r  the  product ion o f  appropr iate aerosols o f  f u e l  and sodium 

under several condi t ions,  and w i l l  determine the  b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  these aerosols. 

I f  p re l im ina ry  r e s u l t s  i n d i c a t e  i t  t o  be desirable,  the b i o l o g i c a l  e f f e c t s  o f  mixed f u e l -  

sodium aerosols w i l l  be evaluated i n  l i f e- span  studies.  

CHARACTERIZATION OF MIXED LMFBR FUEL-SODIUM AEROSOLS GENERATED 

BY LASER VAPORIZATION 

Inves t i ga to r :  

M. D. A l l e n  

Technical Assistance: 

J. K. B r i a n t  

A l a s e r  i s  used t o  vaporize Pu02-U02 f rom the  surface o f  a r o t a t i n g  f u e l  p e l l e t  t o  s imulate 

LMFBR fuel-sodium condensation aerosols. The branched, cha in- l i ke  Pu02-U02 aggregates are  

swept by argon i n t o  a sodium vapor atmosphere. The sodium condenses on the  aggregates, and 

the  mixed aerosol i s  d i l u t e d  w i t h  50% r e l a t i v e  humidi ty a i r .  These aerosols are being charac- 

t e r i z e d  according t o  physical  appearance, c r y s t a l l i n e  s t ruc ture ,  and aerodynamic behavior. 

The mixed LMFBR fuel-sodium aerosol gen- 
e r a t i o n  and exposure system i s  shown i n  
Figure 3.29. The C02 l ase r  i s  operated i n  
the  pulsed mode, w i t h  pu lse  widths ranging 
from 1 t o  10 msec. The pu lse  per iod  can be 
var ied  between 0.01 and 40 sec, depending on 
the  concentrat ion required.  The beam can be 
focused t o  a spot diameter o f  0.1 mm and can 
have a power dens i ty  as h igh  as 4 MW/cm2. 
The beam i s  focused onto the  surface o f  a 
s p e c i a l l y  f ab r i ca ted  LMFBR f u e l  pel l e t  w i t h  
the composit ion ( P u ~ . ~ ~  UOr76)01 .97. 

Zeiss p a r t i c l e  s i z e  analyses o f  the  
Pu02-U02 branched, cha in- l i ke  aggregates 
show t h a t  the  pr imary p a r t i c l e  diameters 
w i t h i n  each aggregate are  normal l y  d i s t r i  b- 
uted w i t h  respect  t o  t he  logar i thm o f  par-  
t i c l e  diameter. Although the  primary par-  
t i c l e  s i z e  i s  s i m i l a r  w i t h i n  any p a r t i c u l a r  
aggregate, e.g. GSD - 1.35, the  s i z e  can 
vary w ide ly  among aggregates. The mean 
primary p a r t i c l e  diameter i s  usua l l y  around 
25 t o  35 nm. 
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FIGURE 3.29. Pu02-UO2-Na Condensation Aerosol Generation System 

The amount of Pu02-U02 present in mixed 
Pu02-U02-Na aerosols does not make much 
difference in the physical appearance of the 
aerosol. The branched, chain-like structure 
of the Pu02-U02 aggregates cannot be seen in 
the mixed aerosol. Figure 3.30 gives an 
indication of what happens to the Pu02-U02 
aggregates as Na condenses on them. 

Table 3.24 gives the resul ts  of mea5ure- 
ments of aerodynamic s ize dis t r ibut ion of 
Pu02-U02 aerosols, using Mercer cascade im- 
pactors and a Lovelace Aerosol Part ic le  Sepa- 
ra tor  (LAPS) spiral centrifuge. These data 

show that  the aerodynamic s ize  of the Pu02- 
U02 aggregates i s  not strongly dependent on 
the energy in the laser  pulse. Over the 
range of power and pulse widths investigated 
thus f a r ,  an AMAD of 0.78 pm and a GSD of 
1.3 describe the aerosol f a i r l y  accurately. 

Figure 3.31 shows the effect  on the aero- 
dynamic behavior of mixing Pu02-U02 aggre- 
gates with sodium vapor. Without sodium 
present, the AMAD i s  usually less  than 1 pm; 
a t  a 1:l mass r a t i o  the AMAD increases to  
approximately 1.6 pm, and seems to  level off 
between 4 and 5 pm a t  greater than a 1000:l 
ra t io .  



FIGURE 3.30. Pu0,-U0,-Na Particle with Na Coating Partially 
Vaporized 1:l Na-to-Fuel Ratio 



TABLE 3.24. Comparison of the Aerodynamic Size Distributions of Chain-Like 
Aggregates Generated at Different Laser Powers and Pulse Widths 

LASER 
BEAM 
POWER 
(watts) 

PULSE 
WIDTH 
(rnsec) 

1 

CONC. 
(nCi 11) 

M C  I 
AMAD GSD 

LAPS 
AMAD GSD 
(vm) - 
0.86 1.40 

M C  I /LAPS RAT I 0  
AMAD GSD -. 

* 
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SODIUM- TO- MIXED OXIDE RATIO 

FIGURE 3.31. Activity Median Aerodynamic Diameter (AMAD) Versus Sodium 
Aerosol-to-Mixed Oxide Fuel Mass Ratios 



TRANSLOCATION OF MIXED LMFBR FUEL-SODIUM AEROSOLS FROM THE 

LUNG FOLLOWING INHALATION BY RODENTS 

Inves t i ga to rs  : 

D. D. Mahlum, J. 0. Hess, and M. D. A l l e n  

Technical Assistance: 

M. J. Conger, L. F. Hensley, and J. K. B r i a n t  

Rats were exposed t o  aerosols cons i s t i ng  o f  e i t h e r  LMFBR f u e l  o r  mixtures o f  sodium and 

f u e l .  Pulmonary depos i t ion  o f  the  mixed aerosol was usua l l y  l ess  than t h a t  o f  the f u e l  on ly  

because o f  the  l a r g e r  s i z e  o f  the mixed aerosol. When the  r a t i o  o f  sodium t o  f u e l  was h igh  

(>32), the  r a t e  o f  clearance from the lung was f a s t e r  than f o r  the  aerosols w i t h  low sodium- 

to- fue l  r a t i o s .  

7- 
We have i nves t i ga ted  the b i o l o g i c a l  pro- 

p e r t i e s  o f  condensation aerosols o f  a l i q u i d  
metal f a s t  breeder reac to r  (LMFBR) f u e l  (20% 
Pu02 :80% U02 ), w i t h  and w i thou t  t he  presence 
o f  sodium. Aerosols o f  f u e l  o r  f u e l  + sodium 
were generated according t o  the  methods de- 
scr ibed by A l l en  e t  a l .  (Annual Report, 1976). 
Female r a t s  were exposed by a nose-only 
technique t o  aerosols conta in ing  sodium and 
f u e l  i n  r a t i o s  o f  0 t o  1200, f o r  30 min. 
Animals were k i l l e d  a t  0, 7, 30, 90, and 
180 days postexposure and t i ssues removed 

i f o r  p lutonium analysis.  

The depos i t ion  o f  aerosol w i t h i n  t he  lung, 
as determined i n  animals s a c r i f i c e d  imme- 
d i a t e l y  a f t e r  exposure, was h igher  f o r  f u e l -  
on ly  than f o r  sodium-fuel aerosols 
(Figure 3.32). The d i f f e rence  appears t o  be 
r e l a t e d  t o  p a r t i c l e  s i z e  s ince the  values 
f o r  two sodium-fuel aerosols w i t h  AMADs less  
than 2.1 were s i m i l a r  t o  those f o r  f u e l  only. 

- The i n f l uence  o f  sodium on the clearance 
o f  Pu from the lung i s  i l l u s t r a t e d  i n  

b Figure  3.33. Data from several experiments 
have been combined t o  de r i ve  the  th ree curves 
shown on t h i s  graph. Animals exposed t o  
aerosols conta in ing  l a rge  amounts o f  sodium 
(sodium:fuel >32) show a more r a p i d  c lea r-  

& ance o f  Pu from the lung than do those 
P 

AMAD 
FIGURE 3.32. Effect of AMAD on Particle 
Deposition in Lung for LMFBR Fuel Only and 
Sodium-Fuel Aerosols 

exposed t o  f u e l  on l y  o r  t o  aerosols contain-  
i n g  lower r a t i o s  o f  sodium t o  f u e l .  The 
d i f f e rence  i n  clearance f rom the l ung  i s  
probably n o t  due t o  d i f fe rences i n  p a r t i c l e  
sizes, s ince the  aerosols conta in ing  lower 
sodium:fuel r a t i o s  were c leared a t  t he  same 
r a t e  as the  fue l- on ly ,  although the  
p a r t i c l e  s izes  were s i m i l a r .  
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FIGURE 3.33. Clearance of 'j9Pu for the Lung 

The t r a n s l o c a t i o n  o f  2 3 9 P ~  f r o m  t h e  l u n g  
t o  o t h e r  t i s s u e s  (as  i n d i c a t e d  by carcass 
va lues)  was g r e a t e r  i n  an imals  wh ich  r e -  
c e i v e d  t h e  sodium- fuel  a e r o s o l s  (Table 3.25). 
I n  c o n t r a s t  t o  t h e  r e s u l t s  f o r  l u n g  c l e a r -  
ance, h i g h e r  carcass va lues  were found f o r  
b o t h  t h e  low and h i g h  sodium f u e l  than  f o r  
t h e  f u e l - o n l y  aeroso ls .  The reason f o r  t h e  
d i f f e r e n c e s  between 1  ung c learance  r a t e s  and 
t h e  carcass va lues  a r e  b e i n g  i n v e s t i g a t e d  
f u r t h e r .  

TABLE 3.25. 239Pu Content (% of Initial Lung 
Burden) of Carcass After Exposure of Rats to 
LMFBR Fuel of Sodium-Fuel Aerosols 

Time Postexposure (days) 

Aerosol Na:Fuel 7 28 90 180 

Fuel 0 2.7 1.3 1.0 0.8 



Toxicology of Sodium 

Large q u a n t i t i e s  o f  sodium w i l l  be used as a coolant  f o r  l i q u i d  metal f a s t  breeder reac tors  

(LMFBRs), some o f  which might be released i n  the event o f  an accident. This p r o j e c t  w i l l  

design and f a b r i c a t e  an aerosol generation system and an exposure system f o r  rodents, which 

w i l l  s imulate cond i t ions  t h a t  might  occur i n  such an accident. Th is  equipment w i l l  be employed 

t o  determine the b i o l o g i c a l  response o f  acute whole-body exposure o f  a d u l t  and immature r a t s  

t o  d i f f e r e n t  concentrat ions o f  these aerosols. 

TOXICOLOGY OF SODIUM 

Inves t i ga to rs :  

G. M. Zwicker and M. D. A l l e n  

Technical Assistance: 

J. K. B r i a n t  

A system has been developed f o r  cont ro l led ,  whole-body exposure o f  rodents t o  sodium aero- 

so ls  o f  var ied  concentrat ion and chemical composition. Pre l im inary  nose-only exposures o f  

r a t s  t o  an aerosol concentrat ion o f  65 pg/R produced no c l i n i c a l  signs o r  pa tho log ica l  damage. 

Exposures conducted i n  r a t s  a t  1000 pg/R and 2000 pg/R f o r  40 min had a severe cor ros ive  

e f f e c t  on nasal tu rb ina tes ,  and a t  2000 vg/R, the l a r ynx  was s i m i l a r l y  a f fec ted.  

Large q u a n t i t i e s  o f  l i q u i d  sodium w i l l  be 
used as the heat t r ans fe r  medium i n  l i q u i d  
metal f a s t  breeder reac tors  (LMFBR). I n  the  
event o f  an accidental  re lease o f  molten 
sodium metal i n t o  an a i r  atmosphere, a dense 
wh i te  sodium smoke w i l l  form. Chemical compo- 
s i t i o n  o f  the  aerosol w i l l  depend on the  a t -  
mosphere t h a t  i t  encounters. Humans on- s i t e  
and o f f - s i t e  could be exposed t o  t he  sodium 
aerosol c loud f o r  several hours. The purpose 
o f  t h i s  p r o j e c t  i s  t o  determine appropr ia te  
t o x i c i t y  1 i m i  t s  f o r  exposure t o  sodium aero- 
so l s  from very low-probabil  i t y  (e.g., once 
i n  a l i f e t i m e )  accidents. 

sodium aerosols was designed and fab r i ca ted  
(schematic drawing, F igure  3.34). A s ta in-  
less  s tee l  chamber, conta in ing  approximately 
500 g pure sodium metal, i s  heated i n d u c t i v e l y  
t o  550°C. The sodium aerosol i s  generated 
by sweeping argon over the  molten sodium sur-  
face. Sodium vapor, surrounded by a c lean argon 
sheath, f lows i n t o  a burning chamber w i t h  a 
c o n t r o l l e d - a i r  atmosphere, where the  aerosol 
condenses and reacts.  The aerosol f lows i n t o  
the aging chamber and bypasses the exposure 
chamber u n t i l  t he  requ i red  concentrat ion i s  
obtained. The animals can then be loaded 
and the  aerosol d i v e r t e d  i n t o  the  exposure 
chamber. 

Between June 1 and December 1, 1977, a 
system f o r  whole-body exposure o f  rodents t o  



FIGURE 3.34. Transmission Electron Photomicrograph of the Sodium Aerosol 

Aerosol concentrat ion w i l l  be measured by 
c o l l e c t i n g  the  sodium on membrane f i l t e r s  
and analyzing the  f i l t e r s  w i t h  an e l e c t r o -  
balance, a f lame photometer, and a sodium 
i o n  electrode.  Aerodynamic s i z e  d i s t r i b u -  
t i o n  w i l l  be measured using cascade impactors 

r and a s p i r a l  cent r i fuge.  Sodium aerosol con- 
cen t ra t i on  w i l l  be monitored dur ing  exposures 
using a low-angle, l i g h t - s c a t t e r i n g  photo- 
meter. Whole-body exposures o f  rodents w i l l  
begin i n  December 1977. 

To ob ta in  p re l im ina ry  t o x i c o l o g i c a l  data 
on hea l th  e f f e c t s  o f  exposure t o  sodium com- 
bust ion  products, 16 weanl i n g  and 14 a d u l t  
male Wistar r a t s  were exposed by the  nose- 
o n l y  method f o r  2 h r  a t  a sodium aerosol 
concentrat ion o f  approximately 65 ug/R. The 

aerosol had a mass median aerodynamic d ia-  
meter o f  3.4 and a geometric standard devia- 
t i o n  o f  3., The sodium aerosol p a r t i c l e s  
(F igure  3.35) a re  probably a mix ture  o f  
NaOH, Na2C03 and t h e i r  var ious hydrates. 

Dur ing. the exposure, t he re  were no c l i n i -  
ca l  signs apparent such as breath  ho ld ing  o r  
exc i t a t i on .  When animals were removed from 
exposure they appeared normal ly  ac t i ve ,  a l e r t  
and heal thy.  One-half the  animals i n  each 
group (adu l t s  and weanl i ngs )  were anesthe- 
t i z e d  by i n t r a p e r i  toneal  admini s t r a t i o n  
o f  sodium pentobarb i ta l ,  then k i l l e d  by 
exsanguination. The o ther  animals were 
k i  1 l e d  96 h r  postexposure. A t  necropsy, 
there  were no les ions  observed i n  nose, 
mouth, r e s p i r a t o r y  system o r  d i g e s t i v e  system 
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FIGURE 3.35. Proposed Sodium Aerosol Generation and Whole-Body Exposure System 

associated w i t h  exposure t o  sodium combus- 
t i o n  products. Tissues co l l ec ted  a t  necropsy 
f o r  microscopic examination included s k i n  o f  
nose and face, o ra l  mucosa, nasal tu rb ina tes ,  
esophagus, stomach, larynx, trachea and 
lungs. Lungs were in fused i n t r a t r a c h e a l l y  
w i t h  10% neut ra l  bu f fe red fo rma l i n  a t  25-cm 
f i x a t i v e  pressure f o r  24 hr .  Microscopic 
examination o f  t i ssues f rom these r a t s  re-  
vealed no les ions  w i t h  an incidence o r  se- 
v e r i t y  p a t t e r n  suggestive o f  an exposure 
e f f e c t .  

f4 
We have conducted several p i l o t  exper i-  

ments using a pro to type whole-body exposure 
system. During one p i l o t  study we exposed 
one a d u l t  male Wistar  r a t  t o  1000 pg/R and 

another t o  2000 vg/R, f o r  40 min. While ex- 
posures were i n  progress, t he  r a t s  were n o t  
v i s i b l e  i n  the  chamber because o f  t he  dens i ty  
o f  sodium combustion products. Although each 
r a t  appeared l ess  a c t i v e  and l ess  a l e r t  when 
removed from exposure, both re turned t o  
"normal" w i t h i n  4 hr .  Each r a t  was k i l l e d  
224 h r  postexposure and had no obvious l e -  
sions a t  necropsy. Microscopic examination 
o f  the  r e s p i r a t o r y  t r a c t  revealed t h a t  each 
had moderately severe foca l  acute u l c e r a t i v e  
r h i n i t i s  ( t u rb ina tes )  and t h a t  the  r a t  ex- 
posed t o  2000 ug/R a l so  had acute nec ro t i z i ng  
l a r y n g i t i s  r e l a t e d  t o  exposure. There were 
no exposure-associated les ions  a f f e c t i n g  the  
skin,  trachea, lungs o r  g a s t r o i n t e s t i n a l  
t r a c t .  





Inhalation Hazard to Uranium Miners 

This p r o j e c t  w i l l  determine the  s p e c i f i c  b i o l o g i c a l  e f f e c t s  o f  d a i l y  exposures t o  known 

l e v e l s  o f  pathogenic uranium mine a i r  contaminants, using both l a r g e  and small experimental 

animal models o f  human r e s p i r a t o r y  disease. Lung cancer and deaths by degenerative lung 

diseases have reached epidemic propor t ions  among uranium miners, bu t  the  cause-ef fect  r e l a -  

t i onsh ips  f o r  these diseases are based on inadequate epidemiological  data. This p r o j e c t  wi 11 

i d e n t i f y  the  agents o r  combinations o f  agents and t h e i r  l e v e l s  which are  responsible f o r  severe 

r e s p i r a t o r y  t r a c t  pathology, i nc lud ing  r e s p i r a t o r y  ep i  the1 i a l  carcinoma, pneumonconiosis, and 

emphysema. Determination o f  ac tua l  absorbed rad io log i ca l  and chemical doses o f  inha led 

mater ia ls  i s  essent ia l  t o  es tab l i sh  cause and e f f e c t  re la t i onsh ips .  

BIOLOGICAL EFFECTS OF INHALED CIGARETTE SMOKE IN BEAGLE DOGS 

Invest iga tors :  

B. 0. Stuar t ,  R. F. Palmer, R. E. F i l i p y ,  and G. E. Dagle 

Technical Assistance: 

W. Skinner, C. Pet ty,  K. C. Upton, and D. Teats 

A group of twenty dogs has received up t o  7 yr o f  d a i l y  c i g a r e t t e  smoking (10 c iga re t tes  

per day, 5 days per week), using r e a l i s t i c  methods o f  o r a l  i n h a l a t i o n  and nose-plus-mouth 

exhalat ion.  Three dogs t h a t  received 20 c iga re t tes  per day over 9 mo developed resp i ra to ry  

t r a c t  les ions,  i nc lud ing  p leu ra l  th ickening,  a l veo la r  septa1 f i b r o s i s ,  ves i cu la r  emphysema, 

and chronic b ronch i t i s ,  more r a p i d l y  than dogs rece i v ing  10 c iga re t tes  per day. 

These experiments (Table 3.26) were i n i t i a t -  
ed t o  examine cause and e f f e c t  re la t i onsh ips  
i n  the  development o f  r e s p i r a t o r y  t r a c t  patho- 
logy  as a r e s u l t  o f  l i f e s p a n  d a i l y  i n h a l a t i o n  
exposures o f  a l a rge  experimental animal t o  
radon daughters w i t h  uranium ore  dust  and 
c i g a r e t t e  smoking, both combined and sepa- 
r a t e l y ,  under cond i t ions  t h a t  c l ose l y  simu- 
l a t e  cond i t ions  o f  human exposure i n  uranium 
mines. This repo r t  w i l l  concentrate on 
effects o f  chronic c i g a r e t t e  smoking alone. 

Beagle dogs were t ra ined  t o  accept d a i l y  
smoking o f  10 c iga re t tes  (Groups 2 and 3)  o r  
t o  rece ive  i d e n t i c a l  d a i l y  per iods of sham 
smoking o f  un l i gh ted  c iga re t tes  (Controls, 
Groups 1 and 4). Fresh smoke was inha led 
using masks s p e c i f i c a l l y  designed t o  simu- 
l a t e  human pat te rns  o f  c i g a r e t t e  smoking; 
i .e., o r a l  smoke i n h a l a t i o n  and nose p lus  
mouth exhalat ion.  These dogs were n o t  
anesthet ized o r  t r a n q u i l i z e d  dur ing  smoke 
exposures, and received t h e i r  repeated d a i l y  



TABLE 3.26. Experimental Design 

Number 
Group of Animals 

1 20 600 WL Radon Daughters with 
Uranium Ore Dust (Carnotite) 
15 mg/m3 with Sham Smoking 

2 20 600 WL Radon Daughters with 
Uranium Ore Dust (Carnotite) 
with Cigarette Smoking 

3 20 Cigarette Smoking 

4 9 Controls, with Sham Smoking 

inhala t ion of smoke in  response t o  t h e i r  
individual r e sp i ra t ion  r a t e s .  

Carboxyhemoglobin l eve l s  i n  both groups 
of dogs t h a t  received da i ly  c i g a r e t t e  expo- 
sures were markedly increased a f t e r  smoking, 
with mean l eve l s  of 5 t o  6% COHb, s imi la r  t o  
those found i n  humans a t  these  smoking l eve l s ,  
and apparently w i t h  l e s s  v a r i a b i l i t y .  As a 
poss ib le  addit ional  index of smoke const i-  
tuent  deposit ion,  plasma thiocyanate levels  
were determined. Mean values obtained from 
c i g a r e t t e  smoking dogs were nearly double 
those from control  dogs o r  sham-smoking dogs 
inhaling radon daughters with uranium ore .  
Differences were not s i g n i f i c a n t  between 
presmoking and postsmoking l eve l s  f o r  each 
group. 

Minimal changes had occurred in the  res-  
p i r a to ry  t r a c t s  of the  sham-exposed control 
dogs t h a t  were examined. One control dog 
was sac r i f i ced  a f t e r  52 mo of sham exposure 
f o r  comparison of histopathologic data with 
t h a t  from the  l a rge  number of dogs from 
Groups 1 and 2 requir ing s a c r i f i c e  due t o  
respi ra tory  d i s t r e s s .  The r e sp i ra to ry  t r a c t  
of t h i s  dog was generally normal in appear- 
ance. There were a few small foci  of sub- 
pleural  i n t e r s t i t i a l  f i b r o s i s  with associated 
a lveolar  e p i t h e l i a l  hyperplasia and meta- 
p l a s i a  in  the  lungs. Those les ions  a r e  
considered spontaneous, and a r e  commonly 
found i n  o lder  beagle dogs. 

Pulmonary changes in th ree  control dogs 
k i l l ed  a f t e r  65 mo of sham exposure included 
s l  ight  subpleural ves icular  emphysema in two, 
and s l i g h t  focal mononuclear c e l l u l a r  i n f i l -  
t r a t i o n  in  a l l  t h ree  dogs. Lungs of a l l  
t h ree  dogs a l so  contained s l i g h t  t o  moderate 
degrees of subpleural i n t e r s t i t i a l  f i b r o s i s  
with associated a1 veol a r  e p i t h e l i a l  hyper- 
p las ia  and metaplasia. All t h ree  dogs had 
very s l i g h t  degrees of basal ce l l  hyperpl a s i a ,  
a s  well a s  s l i g h t  glandular hyperplasia,  in 
both tracheal  and laryngeal mucosa. 

In one dog from Group 3, k i l l e d  a f t e r  
49 mo of exposure, t he re  was seen i n  a lveo la r  
macrophages a r e l a t i v e l y  small amount of exo- 
genous brownish-yellow pigment, considered 
t o  be associated with c i g a r e t t e  smoking. 
Tracheobronchial lymph nodes contained large  
amounts of phagocytized exogenous yellow 
pigment in  h is t iocytes .  Pulmonary les ions  
in  t h i s  dog included s l i g h t  ves icular  emphy- 
sema, and occasional foci  of subpleural i n t e r -  
s t i t i a l  f i b r o s i s  with associa ted  a lveolar  
epi the1 i a l  hyperplasia and metaplasia. 

One dog from Group 3 d ied ,  a f t e r  60 mo of 
da i ly  c i g a r e t t e  exposure, from foreign body 
pneumonia subsequent t o  vomition during smoke 
exposure. In lung sec t ions ,  numerous alveo- 
l a r  macrophages adjacent t o  small blood ves- 
s e l s  and bronchioles contained black pigment, 
probably pa r t i cu la t e  material from c i g a r e t t e  
smoke. S l igh t  d i l a t i o n  of bronchial mucous 
glands and a s l i g h t  degree of subpleural 
ves icular  emphysema were a l so  present.  Exten- 
s i v e  inflammatory changes were seen,  including 
numerous microgranulomata. These les ions  
a r e  associated with c i g a r e t t e  smoking and 
have not been observed in the  lungs from 
Group 1 dogs. 

Three other dogs from Group 3 were k i l l ed  
a f t e r  65 mo of exposure t o  c i g a r e t t e  smoke. 
Moderate b ronch io l i t i s  i n  one dog was charac- 
ter ized by a mononuclear inflammatory i nf i  1 - 
t r a t e  surrounding re sp i ra to ry  and terminal 
bronchioles, and extending in to  surrounding 
a lveolar  septa ,  forming an associated chronic 
a l v e o l i t i s .  The smoke-exposed dogs had an 
increased amount of phagocytized yellow pig- 
ment, primarily in  peribronchiolar and per i -  
vascular areas.  There was a tendency toward 
more subpleural ves icular  emphysema in  the  
smoke-exposed dogs than in the  sham-exposed 
dogs. Focal i n t e r s t i t i a l  pneumonitis, focal  
mononuclear c e l l u l a r  i n f i l t r a t i o n ,  subpleural 
i n t e r s t i t i a l  f i b r o s i s  w i t h  associated alveo- 
l a r  ep i the l i a l  ce l l  hyperplasia,  and focal  
c a l c i f i c a t i o n  occurred in  both smoke-exposed 
and sham-exposed dogs. The tracheobronchial 
lymph nodes of a l l  t h ree  smoke-exposed dogs 
had les ions  c l ea r ly  re1 ated t o  treatment.  
Two dogs had moderate amounts of yellow pig- 
ment, apparently the  same as  the  smoke-related 
pigment found in the  lungs. Moderate r eac t ive  
lymphoid hyperplasia in t h e  tracheobronchial 
lymph nodes and moderate h i s t iocy tos i s  in  
the  mediastinal lymph nodes of one smoke- 
exposed dog were probably r e l a t ed  t o  chronic 
inflammatory changes in the  1 ungs. 

In an anc i l l a ry  study,  th ree  dogs were 
exposed t o  smoke from 20 c i g a r e t t e s  per day 
f o r  only 9 mo--double the  dose r a t e  of the  
dogs described above, and equivalent t o  four 



packs per day smoked by man, as evidenced 
from comparative lung volumes, and measured 
COHb and n i c o t i n e  leve ls .  Pathology devel-  
oped more r a p i d l y  i n  the  r e s p i r a t o r y  t r a c t s  
o f  these dogs. Focal areas o f  p leu ra l  
th ickening,  a l veo la r  septa1 f i b r o s i s ,  and 
subpleural chronic inf lammation were present 
i n  a l l  t h ree  dogs (Figure 3.36). Vesicular  
emphysema (F igure  3.37), ranging i n  s e v e r i t y  
f rom very s l i g h t  i n  one o f  the  dogs t o  s l i g h t -  
to-moderate i n  another, was a fea tu re  o f  the  
lungs o f  t h i s  group o f  dogs; i t  was gross ly  
v i s i b l e  i n  one dog. Two dogs had l a rge  areas 
of acute i n t e r s t i t i a l  pneumonitis. Addi- 
t i o n a l  changes observed i n  the  pulmonary 
parenchyma included numerous foca l  granulomata 

(F igure  3.38), which appeared t o  conta in  f a t  
c e l l s .  Sl ight- to-moderate chron ic  b r o n c h i t i s  
and b r o n c h i o l i t i s  were present i n  t he  lungs 
o f  each o f  the  th ree dogs (Figure 3.39), 
changes seen t o  a l esse r  degree i n  lungs o f  
Group 3 dogs. 

Lesions o f  t he  upper r e s p i r a t o r y  t r a c t  o f  
the  th ree 20 c iga re t te lday  dogs included an 
u l c e r a t i o n  o f  the  t racheal  mucosa i n  two 
cases, and foca l ,  s l i g h t  squamous metaplasia 
o f  the  t racheal  ep i t he l i um i n  a l l  th ree dogs. 
A subep i the l i a l  i n f l a m a t o r y  focus i n  the  
l a r ynx  was found i n  one o f  the  dogs, although 
the  surrounding ep i  the1 ium was e s s e n t i a l l y  
normal i n  appearance. 

FIGURE 3.36. A Focus on Pleural Thickening, Subpleural 
Inflammation, Alveolar Septal Fibrosis, and Vesicular Emphysema, 
from a Dog that had Smoked 20 Cigarettes per Day for 9 Months. 
(H&E 200X) 
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FIGURE 3.37. Vesicular Emphysema in a Section of the Same Lung 
Shown in Figure 3.35. (H&E BOX) 

FIGURE 3.38. Focal Granulomata in  a Lung Section from a 
Dog that had Smoked 20 Cigarettes per Day for 9 Months. 
(H&E 200X) 



FIGURE 3.39. Chronic Bronchiolitis in a Lung Section from 
a Dog that had Smoked 20 Cigarettes per Day for 9 Months. 
(H&E 200X) 



INHALED RADON DAUGHTERS AND URANIUM ORE DUST IN RODENTS 

Investigators: 
B. 0. Stuart ,  R.  F. Palmer, R.  E.  Filipy, and J .  Gaven 

Technical Assistance: 

K. Mapstead 

Male SPF r a t s  are receiving daily inhalation exposures to radon daughters, with and without 

uranium ore dust. These studies will determine the dose rate  dependence of pulmonary neo- 
plast ic  or degenerative disease associated with inhaled radon daughters, and will define the 
possible physical, physiologic, or  pathologic role of concomitantly inhaled aerosols of uranium 

ore dust. 

Several studies a re  underway to determine 
the responsible agents (and the i r  interac- 
t ions)  that  cause respiratory t r ac t  carcino- 
genesis in uranium miners. These include 
studies described below, which exanine the 
influence of a1 tered radiological dose r a t e  
and the physiologic or pathogenic role  of 
uranium ore dust in neoplastic response. 

Studies of a l tered carcinogenic and non- 
neoplastic response caused by inhaled radon 
daughters as a function of changing dose ra te  
and total  dose involve daily inhalation expo- 
sure of groups of male SPF Wistar ra t s  to  
several concentrations (dose ra tes )  and total  
doses (duration of exposures) of radon daugh- 
te rs .  Epidemiological studies suggest that  
lung cancer in uranium miners i s  more preva- 
len t  following shorter,  higher-level expo- 
sures, but t h i s  has not been shown in previous 
beagle dog studies.  We have recently found 
that  r t exposed t o  radon daughters a t  
900 WLla?  with ore dust for  15 mo a t  30 h r l w k  
had a 10% incidence of pulmonary squamous 
carcinoma, but that  r a t s  receiving 900 WL 
with ore dust for  5-112 mo a t  84 hr/wk showed 
60% incidence of squamous carcinoma and adeno- 
carcinoma (Table 3.27). Tab1 e 3.28 shows the 
protocol of current experiments, designed to 
t e s t  the hypothesis that  shorter,  more intense 
exposures to  radon daughters with ore dust 
provide a s ignif icant ly greater r i sk  of 

(a)WL = Working Level: any combination of 
short-lived radon daughters per l i t e r  of 
a i r  tha t  will resul t  i n  a total  alpha 
decay of 1.3 X lo5 MEV. 

3 # 

developing lung cancer than do more protracted 
exposures (lower dose r a t e )  accumulating the 
same total  dose. If th i s  hypothesis i s  dis-  
proved, and i t  i s  found tha t  protracted ex- 
posures are more carcinogenic, uranium miners 
who are  presently exposed a t  lower dose rates  
under a fixed l imit  of total  exposure dose 
will be a t  greater r isk of developing lung 
cancer than were those early miners whose 
cases were used t o  derive the present l imits  
for uranium miner exposure. 

In addition t o  the markedly increased risk 
of lung cancer (6-fold greater than normal 
incidence for  age-correlated cohorts) in ura- 
nium miners, recent epidemiological studies 
have shown a 5.3-fold increase in uranium 
miner d e a t h  due to  chronic respiratory i nsuf- 
ficiency, including pneumoconiosis, pulmonary 
f ib ros i s ,  and emphysema. These findings may 
be related to  concomitant inhalation exposure 
t o  silica-bearing uranium ore dust present 
in mine a i r .  

We have observed massive f ib ros i s  and 
bullous emphysema, as well as respiratory 
t r ac t  neoplasia, in beagle dogs a f t e r  2 t o  
5-112 yr  of daily exposures to  radon daughters 
with uranium ore, with and without concurrent 
c igaret te  smoking; and in hamsters and ra t s  
following chronic exposures to  radon daughters 
with uranium ore dust. 
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TABLE 3.27. Incidence of Lesions of Hamsters and Rats Following Exposure to Radon Daughters With and Without 
Uranium Ore Dust. 

Exposure Conditions Results Following ~x~osures(a) 

Croup 1 Nasopharnyx Trachea Lung - 
34 Hamsters Laboratory Air N N N 

Controls 
32 Rats N N N 

Croup 2 

34 Hamsters 1200 Radon 34 Squamous Metaplasia N 31 Slight Bronchiolization 
Daughters 

1 Squamous Carcinoma 5 Slight Hyperplasia 17 Slight Radiation 
Pneumonitis 

32 Rats 32 Squamous Metaplasia 7 Squamous Metaplasia 32ModerateBronchioliza- 
tion 

2 Squamous Carcinoma 
16 Moderate Radiation 
Pneumonitis 

10 Adenomatosis 

2 Squamous Carcinoma 

1 Squamous Carcinoma 
and Bronchioloalveolar 
Carcinoma 

Croup 3 

34 Hamsters 12 WL Radon 14 Very Slight N 
Daughters with Squamous Metaplasia 
Uranium Ore Dust 
(Carnotite, 15 mg/m') 

32 Rats 

( a ) ~  = normal 

26 Squamous Metaplasia N 

32 Slight-Moderate Bron- 
chiolization 

2 Extensive Fibrosis 

Adenomatosis 

Emphysema 

17 Squamous Carcinoma 

1 Adenocarcinoma 

1 Squamous Carcinoma 
and Adenocarcinoma 

TABLE 3.28. Comparison of Dose Rate Versus Total Dose 
in Animals Exposed to Radon Daughters. 

Number Total 
of Exposures, 

Group Animals Exposure Regimen WLM 
-- 
I 48(a) 900 WL Radon Daughters 320/640 

15 mg/m3(b) 

2 48 450 WL Radon Daughters 320/640 
15 mg/m3 

3 48 225 WL Radon Daughters 320/640 
15 mg/m3 

4 48 Controls 

(a)~ix of these animals per group are sacrificed semiannually 
to assess developing pulmonary pathology, leaving 30 ani- 
mals per group after 28 months, allowing a 0.96 probability 
of observing at least 3 neoplasms if the true incidence i s  
20% at 450 WL 

We are t e s t i n g  the  hypothesis t h a t  the  
presence o f  the  ore dust  may provide a phys- 
i c a l  o r  phys io log ica l  i n t e r a c t i o n  essent ia l  
t o  pathogenesis by comparative carcinogenic 
studies using male SPF Wistar r a t s  exposed 
t o  radon daughters w i t h  and wi thout  uranium 
ore dust. Our studies i n  uranium mines and 
using t e s t  chambers have shown t h a t  p a r t i c l e  
concentrations can be g rea t l y  reduced i n  t h e  
range o f  106/cc t o  105/cc w i thout  s i g n i f i -  
can t l y  a1 t e r i n g  the uncombined f r a c t i o n  (o r  
attachment f r a c t i o n )  o f  radon daughters. 
This al lows the study o f  the  pathogenic r o l e  
o f  the  ore dust  per se, w i thout  changing the  
physical  behavior (hence deposi t ion s i t e )  o f  
the  airborne radon daughters, as described 
i n  Table 3.26. 

Pathology r e s u l t s  from the f i r s t  s a c r i f i c e  
schedule w i l l  be ava i l ab le  i n  FY 1978. 

(b)~oncentration of uranium ore dust 



TABLE 3.29. Role of Uranium Ore in Radon Daughters 
Carcinogenesis. 

Number Total 
of Exposure, 

Croup Animals Exposure Regimen WLM -- 
I 48(a) 900 WL Radon Daughter 310/1280 

15 mg/m3(b) 

2 48 900 WL Radon Daughter 320/1280 
3 mg/m3(c) 

3 48 Controls 

(?six animals per group are sacrificed semiannually 
(b)~oncentration of uranium ore dust 
(C)TO determine the role of minimal ore dust levels while 

still maintaining very low fractions of unattached radon 
daughters, as found in  present underground uranium 
mine operating conditions 



Toxicology of Krypton-85 

This p r o j e c t  i s  concerned w i t h  eva luat ing  the  b i o l o g i c a l  e f f e c t s  o f  exposure t o  85~ r  i n  

rodents and l a r g e r  animal species. Included are  both  short- term and chronic exposure s tud ies  

t o  determine t i ssue  d i s t r i b u t i o n  and r e t e n t i o n  k i n e t i c s  f o r  metabol ic  modeling purposes, as 

we l l  as long- term b i o l o g i c a l  e f f ec t s ,  f o r  purposes o f  d e f i n i n g  the  t i ssues a t  r i s k .  Also 

included are  dose-ef fect  s tud ies  t o  determine tumorigenic i  t y ,  t e r a t o l o g i c  potency, and capaci ty 

t o  induce changes i n  lung biochemistry, pulmonary func t ion ,  and hematopoiesis. 

DISPOSITION AND BIOLOGICAL EFFECT OF INHALED 85~ r  

Invest iga tors :  

D. H. W i l l a rd ,  J. E. Ballou, 

H. A. Ragan, and A. J. Gandol f i  

Technical Assistance: 

H. S. DeFord, C. A. Shields, 

S. L. English, and R. L. Music 

H a l f - l i v e s  o f  approximately 5, 30, and 100 min were obtained f o r  whole-body clearance o f  

inha led 8 5 ~ r  i n  beagle dogs. Analysis showed the  h ighest  p a r t ' i t i o n  c o e f f i c i e n t s  i n  lungs, 

bone marrow and f a t .  C i r c u l a t i n g  blood elements were n o t  lowered permanently a f t e r  8 5 ~ r  

exposures. 

Adu l t  beagle dogs were exposed t o  85Kr 
atmospheres according t o  th ree d i f f e r e n t  ex- 
posure regimens t o  determine t o t a l  body re-  . t e n t i o n  k ine t i cs ,  t i s sue  d i s t r i b u t i o n  and 
hematologic e f f e c t s  due t o  85Kr i r r a d i a t i o n  
o f  the lungs. A l l  exposures employed a 
breath ing  mask w i t h  unanesthetized dogs 
s i t t i n g  i n  a ven t i l a ted  box separated by 
about 15 f t  from the main source o f  85Kr t o  . minimize ex terna l  r a d i a t i o n  exposure. 

Tissue p a r t i  t i o n  c o e f f i c i e n t s ,  ca lcu la ted 
from the steady s t a t e  85Kr concentrat ion 
(vCi/g) i n  t i ssues determined a t  death, 
d i v i ded  by the  85Kr concentrat ion (wCi/ml) 

i n  the exposure atmosphere, are shown i n  
Table 3.30. The ca lcu la ted dose ra tes  f o r  
these t issues,  i f  exposed t o  t he  un res t r i c ted  
MPCa l e v e l  f o r  8 5 K r  ( 3  x pCi/ml) '  are 
a l so  shown. The lung dose i s  h ighest  s ince 
a t  the t ime o f  s a c r i f i c e ,  t he  lung volume 
was f i l l e d  w i t h  the  85Kr atmosphere. The 
value f o r  p e l t  was i no rd ina te l y  low because 
the  body was pro tec ted from ex terna l  85Kr 
exposure. The h igh  value f o r  bone marrow i s  
undoubtedly due t o  i t s  h igh  f a t  content. 
Lymph nodes represent a mixed sample o f  pu l -  
monary, v i sce ra l ,  and systemic nodes. The 
on ly  h igh  values associated w i t h  the gastro-  
i n t e s t i n a l  t r a c t  were observed i n  the  contents 
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TABLE 3.30. Partition Coefficients and Radia- 
tion Dose tor 85Kr in D o g  ~issues(a) 

Partition Coefficient 
Tissue .uCi/g/.uCi/ml 

Lung 0.477 

Bone Marrow 0.254 

Fat 0.205 

Jejunum Content 0.137 

Adrenals 0.130 

Lymph Nodes 0.108 

Ileum Content 0.094 

Pelt 0.082 

Pancreas 0.065 

Thyroid 0.064 

Tissue Dose for 
Chronic Exposure 
to MPCa, .urad/yr 

( a ) ~ v e r a ~ e  of 6 dogs 

of the jejunum and ileum. Compact bone had 
the lowest partit ion coefficient of 0.008. 
The resul ts  of t h i s  study do not confirm the 
high 85Kr concentration found in the intes- 
tinal contents of r a t s  exposed to  85Kr 
atmospheres. 

Breath samples were analyzed from three 
dogs a t  predetermined times a f te r  exposure 
t o  determine the ra te  of "washout" via res- 
piration (Figure 3.40). Most 85Kr i s  ex- 
haled during the f i r s t  5 min a f te r  exposure, 
followed by a much slower removal process, 
reflecting the diffusion of 85Kr from tissues 
into blood, then to  lungs. 

Using an array of 4 NaI crystals ,  total 
body retention of inhaled 85Kr was measured 

in unanesthetized dogs, held in a fixed 
counting position. A typical retention 
curve for  one dog (Figure 3.40) could be 
described as the sum of three exponentials, 
with half-lives of 2, 30, and 155 min. Aver- 
age half-lives and standard deviation for 
10 dogs were 5.2 + 3.4, 31.2 2 19, and 
103 + 38 min. 

The hematologic effect  of 85Kr radiation 
of the lungs i s  of interest  because studies 
with inhaled plutonium have described a dose- 
re1 ated 1 eukopenia or lymphopenia as the 
ear l ies t  measurable biological effect .  In- 
haled 85Kr radiation can be confined largely 
to the lungs since translocation from lungs 
to tissues i s  not appreciable ( total  body 
partition coefficient % 0.1 ) .  Thus, studies 
with 85Kr may help elucidate the cause of 
the radiation-induced blood changes seen 
with other forms of radiation. 

Circulating blood elements of 6 dogs were 
counted before and af te r  each of three con- 
secutive exposures to inhaled 85Kr, as sum- 
marized in Table 3.31. There were no signi- 
f icant  differences between control and 
experimental values for  lymphocytes, neutro- 
phils,  and mnocytes in those dogs given a 
total of 1390 rad, Similar negative resul ts  
were obtained with five consecutive exposures 
totaling 634 rad, or 13 exposures totaling 
1640 rad. 

Both blood and lung tissues were analyzed 
for hydroxyproline, noncollagenous amino 
acids and acid phosphatase a f te r  exposure to  
the 85Kr regimens described above. There 
were no significant differences that could 
be attributed to  85Kr inhalation. 
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FIGURE 3.40. Clearance of Inhaled 85Kr in the Beagle Dog 

TABLE 3.31. Hematologic Effect of 85Kr Inhalation 
and Sham ~x~osure(a) 

Lung Dose, 
rad 340 Sham 512 Sham 538 

WBC - 
~ e f o r e ( ~ )  11.3 9.8 9.5 9.0 9.7 
After 9.5 8.3 8.2 8.1 8.9 

Before 7.12 5.49 5.89 4.41 5.79 
After 6.56 5.64 5.74 5.59 6.30 

Before 3.62 3.80 3.14 3.96 3.57 
After 2.57 2.32 2.13 1.94 2.23 

Monocytes 

Before 0.11 ND(') ND(') ND(') ND(') 
After 0.10 0.08 0.08 0.08 ND(') 

(a)~alues are average for 6 dogs, expressed as 103 cells/mm) 
(b)"~efore" and "after" refer to the time blood wassampled, 

i.e., immediately before 85Kr inhalation and 2 hr after ex- 
posure was terminated 

('1 None detected 



STUDIES IN PREGNANT SHEEP EXPOSED TO KRYPTON-85 ATMOSPHERES 

Investigators : 
F. D. Andrew, M .  T. Karagianes, M .  R .  Sikov, J .  E .  Ballou, 
D. H .  Willard, C. R. Watson, and P.  G .  Doctor 

Technical Assistance: 
J .  0. Hess, H .  S. DeFord, A.  J .  Clary, V .  D. Tyler, 

L. F. Hensley, L. D. Montgomery, M.  J .  Conger, R .  F. Myers, 
R. L. Music, and S. L. Owzarski 

Inhalation exposure of pregnant ewes t o  approximately 50 nCi/ml 8 5 ~ r  in a i r  resulted in 
equilibrium concentrations in maternal blood and in most t issues of approximately 1 nCi/g. 

Corresponding blood and t issue samples from fetal  lambs a t  94-123 days of gestation had gen- 
era l ly  similar values. 

Investigations of absorption, t issue dis-  
t r ibut ion,  and retention kinetics of inhaled 
85Kr in the pregnant ewe and fetoplacental 
unit (FPU)  were undertaken to provide quanti- 
ta t ive  data fo r  determining the relat ive haz- 
ard t o  the fe tus ,  which i s  known to  be more 
radiosensitive than the adult.  The resul ts  
of t h i s  study in sheep will be supplemented 
with comparable data from r a t s ,  a species 
with marked differences in duration of preg- 
nancy, in placentation, and in degree of 
maturity a t  term. These data will provide 
a basis for  developing a model for  estimat- 
ing the likelihood of producing deleterious 
effects  on the conceptus by inhalation of 
85Kr during pregnancy. 

Maternal and fe ta l  veins and a r te r ies  were 
cannulated 1-2 days before exposure of 14 
gravid ewes ( 7 3  t o  123 days of gestation).  
The 85Kr atmosphere (50 nCi/ml) in a i r  was 
administered via a face mask to nonanesthe- 
t ized ewes fo r  a period of 1.5-2.0 hr. Blood 
samples were collected for  radioanalysi s via 
the cannulas a t  intervals during accumula- 
t ion,  equilibration, and subsequent clear-  
ance periods. To minimize loss of 85Kr, 
radioactivity was measured by liquid s c in t i l -  
la t ion counting as soon as possible a f t e r  re- 
moval of samples. 

Mean values for  f ive representative expo- 
sures are shown in Figure 3.41. Maternal 
and fetal  blood concentrations attained equil- 
i brium levels of approximately 1 nCi/ml a t  
about 1 hr of exposure, regardless of sampling 
s i t e .  The apparent relat ive rates  for  reaching 
th i s  steady-state value were such that  mater- 
nal artery > maternal vein > fe ta l  ar tery.  
The same order was seen in the clearance 
phase. Time required for  concentrations t o  
drop t o  10% of maximum were approximately 
9 min for  maternal ar tery,  32 min for  maternal 
vein, and 60 min for  fe ta l  artery. 

One or 2 days a f t e r  blood studies were 
completed, most ewes were re-exposed t o  
85Kr and killed a f t e r  attaining equilibrium 
to provide maternal and fe ta l  t issue samples. 
The mean 85Kr concentrations in adult t issues 
decreased in the order: lung > adipose ( f a t )  > 
lymphoid > adrenal > l iver  = diaphragm = skele- 
t a l  muscle (limbs) = kidney = ovary = small 
intest ine > uterus > large intest ine (Fig- 
ure 3.42). With few exceptions, t issues from 
the 16 fe ta l  lambs had similar concentration 
and were more uniform than those of adults.  
This high level of 85Kr found in adult lung 
i s  a r t i fac tua l ,  since the airway was occluded 
immediately a f t e r  the l a s t  breath so tha t  i t  
contained the 85Kr exposure atmosphere. The 



f e t a l  lung l e v e l s  were n o t  e levated over 8 5 ~ r  concentrat ion i n  placental  samples was 
those o f  most o ther  f e t a l  t issues.  Concen- s i g n i f i c a n t l y  h igher than i n  any o f  the f e t a l  
t r a t i o n s  o f  85Kr i n  f e t a l  f a t  from pe r i ca r -  t issues,  which was incons is tent  w i t h  the con- 
d i a l  and subcutaneous s i t e s  were markedly cen t ra t i on  i n  the o ther  elements o f  the  FPU 
lower than i n  a d u l t  f a t .  However, per i rena l  (membranes and amniot ic f l u i d ) .  We have no 
f a t  appeared t o  demonstrate a s i m i l a r  a f f i n i -  explanat ion f o r  the elevated l e v e l  o f  85Kr 
t y  f o r  85Kr i n  f e t a l  and a d u l t  t issues.  The i n  sheep placenta. 

o ADULT ARTERY 

o ADULT VEIN 

A FETAL ARTERY 

25 50 75 100 125 150 175 

TOTAL ELAPSED TIME, min 

FIGURE 3.41. asKr Concentration in Adult and Fetal Sheep Blood. Blood concentrations 
are expressed as nCi/ml (mean + SEM) for 5 representative exposures during which samples 
were obtained from maternal arteries (0), maternal veins (o), and fetal arteries ( A ) .  Inhala- 
tion exposure to 85Kr (50 nCi/ml in air) was limited to the first 120 min of the sampling period. 
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FIGURE 3.42. a5Kr concentration in adult and fetal sheep tissues. Tissue concentration 
expressed as nCi/g (mean * SEM) for most of the 14 ewes and 16 lambs exposed to 85Kr 
(50 nCi/ml in air). The actual number of samples per tissue is indicated at the base of each bar. 
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PRELIMINARY STUDIES WITH CHRONIC KRYPTON-85 EXPOSURE CHAMBERS 

Invest iga tors :  

H. S. DeFord, D. H. Wi l la rd ,  J. E. Bal lou,  

F. T. Cross, and W. R. Endress 

Technical Assistance: 

F. N. Eichner 

Est imat ion o f  t he  s k i n  dose from 8 5 ~ r  atmospheres i s  complicated by the nonuniform sh ie ld ing  

e f f e c t  o f  t he  animal cages and components o f  the  cage rack. The ex tent  o f  dose reduct ion  due 

t o  sh ie ld ing  was est imated using thermoluminescent dosimeters. 

Four 225-cu- f t  1 u c i  t e  chambers, each accom- 
modating a s e l f - f l u s h i n g  animal cage rack o f  
20 cages housing f i v e  r a t s  per cage, have 
been constructed f o r  1 i fet ime exposure o f  
r a t s  t o  85Kr atmospheres. Three l e v e l s  o f  
85Kr exposure and a con t ro l  atmosphere wi 11 
be maintained; the  low- leve l  chamber atmos- 
phere w i l l  con ta in  3x10-5 pCi 8 5 K r / ~ m 3  a i r  
(100 t imes the  present MPCa u n r e s t r i c t e d  
value f o r  85Kr) ;  t he  midlevel  and h igh- leve l  
chambers w i l l  have 10 and 100 t imes the  85Kr 
concentrat ion o f  t h e  low- leve l  chambers. 

The h ighest  r a d i a t i o n  dose w i l l  be t h a t  t o  
p e l t  t h a t  der ived f rom the  surrounding expo- 
sure atmosphere. Ca l cu la t i ng  t h i s  dose i s  
complicated by the  f a c t  t h a t  the  animal i s  
p a r t i a l l y  shie lded by the  expanded metal 
sides o f  the  cage and the  components o f  the  
cage rack. This dose reduct ion  imposed by 
sh ie ld ing  was measured us ing  thermolumines- 
cent  dosimetry (TLD) . Dosimeters were expo- 
sed, e i t h e r  sh ie lded by the  r a t  cages, o r  
suspended i n  an empty chamber i n  the  same 

re1 a t i  ve pos i t i ons  as the caged dosimeters. 
The r e s u l t i n g  reduct ion  i n  sh ie lded TLDs 
showed 43% o f  the  empty chamber response, 
which was considered t o  be a measure o f  the  
dose reduct ion  imposed by the  cage and rack.  
It was estimated t h a t  the dose t o  the  r a t  
surface would be 112 the dose received by a 
dosimeter, s ince the  dosimeter responds t o  
dose from a l l  sides. This was v e r i f i e d  by 
exposing dosimeters f i x e d  t o  the  s ides and 
top  o f  simulated r a t s  ( h o r i z o n t a l l y  pos i t i oned  
500-ml beakers). The response f rom these do- 
simeters was a l so  shown t o  be n o t  s i g n i f i c a n t -  
l y  dependent on the  o r i e n t a t i o n  o f  the beaker. 

From t h i s  informat ion,  we have est imated 
t h a t  the surface dose t o  a caged r a t  w i l l  be 
2400 rad lyear  i n  the  h igh- leve l  chamber. Pre- 
vious TLD measurements have i nd i ca ted  t h a t  the  
s k i n  dose w i l l  be 83% o f  the  surface dose due 
t o  sh ie ld ing  from the animal f u r .  Taking t h i s  
i n t o  considerat ion,  we have est imated t h a t  the  
sk in  surface dose i n  the  h igh- leve l  chamber 
wi 11 be about 2000 rad lyear .  



Toxicity of Thorium Cycle Nuclides 

The uranium-thorium breeder reactors  proposed f o r  nuclear power production, and o ther  

thor ium f u e l  systems i n  conventional reactors,  u t i l i z e  fue l s  and f u e l  recyc le  process so lu t ions 

t h a t  have no t  been evaluated f o r  b i o l o g i c a l  hazard. This p r o j e c t  emphasizes studies o f  t he  

metabolism o f  the  oxide f u e l s  and the n i t r a t e  so lu t ions o f  the  major radionucl ides,  f o l l ow ing  

inha la t ion ,  ingest ion  o r  cutaneous app l i ca t i on  i n  rodents. The in f luence o f  s p e c i f i c  a c t i v i t y ,  

amount o f  r a d i o a c t i v i t y ,  and composition o f  var ious fue l s  and process so lu t ions on the 

tox ico logy w i l l  be determined. 

RETENTION AND TRANSLOCATION OF INHALED URANYL 

NITRATE ( 2 3 3 ~  and 2 3 2 ~ )  IN RATS 

Invest iga tors  : 

J. E. Ballou, R. A. Gies, and N. A. Wogman (a 

Technical Assistance: 

R. L. Music 

Prelmininary data are reported f o r  t he  clearance o f  inhaled 2 3 3 ~ ~ 2  ( 1 0 ~ ) ~  and 2 3 2 ~ 0 2 ( ~ ~ 3 ) 2  

from the lung and t h e i r  t rans loca t i on  t o  skeleton. 

The experimental p ro toco l  and pre l iminary  
metabolic r e s u l t s  f o r  r a t s  exposed t o  uranyl 
n i t r a t e  aerosols were described i n  the Annual 
Report f o r  1976. Add i t iona l  r e s u l t s  reported 
here f o r  232U analyses i n  t i ssues supplement 
the  e a r l i e r  repor t .  

Tissues from male Wistar r a t s  s a c r i f i c e d  
a f t e r  exposure t o  233U02(N03)2 and 232U02(~03)2  
aerosols were analyzed by l i q u i d  s c i n t i l l a t i o n  
counting (233U) o r  w i t h  an anticoincidence- 
shielded Ge(Li ) diode detec tor  (232U). Reten- 
t i o n  curves f o r  major t i ssues (Figure 3.43) 

were analyzed t o  obta in  parameters f o r  e s t i -  
mating r a d i a t i o n  dose and descr ib ing r e t e n t i o n  
k ine t i cs .  Results suggest t h a t  lung and 
skeleton may be the  major t a r g e t  t i ssues f o r  
b i o l o g i c a l  e f f e c t s  fo l l ow ing  i nha la t i on  o f  
the  h i g h- s p e c i f i c - a c t i v i t y  uranium isotopes. 
Comparatively l ess  uranium i s  t ranslocated 
and re ta ined i n  kidney; however, the kidney 
i s  known t o  be uniquely sens i t i ve  t o  uranium 
poisoning. 

l a )  Physical Sciences Department 
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FIGURE 3.43. Retention and Translocation of Inhaled Uranyl Nitrate 



LONG-TERM EFFECTS OF INHALED URANYL NITRATE I N  RATS 

Invest iga tors :  

J. E. Bal lou,  R. A. Gies, 

G. E. Dagle, and R. L. Music 

Rats exposed t o  graded doses o f  2 3 3 ~  and 2 3 2 ~  n i t r a t e  aerosols have been on experiment 

530 days. Approximately 20% o f  the animals have died, some w i t h  lung tumors; no bone tumors 

have been observed. 

Male Wistar r a t s  60 days o f  age were ex- 
posed t o  graded doses o f  uranyl  n i t r a t e  aero- 
so ls  according t o  the  pro toco l  shown i n  
Table 3.30, and he ld  f o r  l i f e- span  study o f  
b i o l o g i c a l  e f f ec t s .  Since the study has 
been i n  progress f o r  on l y  530 days (approxi-  
mately 20% m o r t a l i t y ) ,  on l y  p a r t i a l  r e s u l t s  
a re  ava i lab le .  

Table 3.32 shows cumulative dose estimates 
f o r  t he  uranium isotopes. These are somewhat 

d i f f e r e n t  from e a r l i e r  pub1 ished estimates 
because more complete r e s u l t s  are now a v a i l -  
able f o r  the d i s t r i b u t i o n  and r e t e n t i o n  k ine-  
t i c s  o f  t he  inha led radionucl ides.  The d i s -  
t r i b u t i o n  o f  the 232U decay products has n o t  
y e t  been determined i n  s u f f i c i e n t  d e t a i l  t o  
permi t  c a l c u l a t i o n  o f  t h e i r  c o n t r i b u t i o n  t o  
the r a d i a t i o n  dose. Prel  iminary r e s u l t s  o f  
decay product  analyses suggest t h a t  the  alpha 
dose t o  lung and skeleton may be increased 

TABLE3.32. Estimated Accumulated Radiation Dose to Rats Exposed to 
232U and 233U Nitrate Aerosols 

Estimated 500-day 
Accumulated Dose, rad 

Initial Lung 
Burden, No. 
n ~ i ( a )  Rats Lung Skeleton Kidney 

Controls 
0.27N HNO3 
Nontreated 

@)Determined as the average of 5 rat lungs from animals sacrificed immedi- 
ately after the 30-min nose-only inhalation exposure 



by a f a c t o r  o f  2 o r  more when the  alpha- r e l a t i v e  e f f e c t s  o f  uranium depos i t ion  i n  y', 

e m i t t i n g  daughter products are  taken i n t o  1 ung, skeleton and kidney cannot be evaluated. 
considerat ion.  Ea r l y  pa tho log ic  f i nd ings  I t  i s  expected t h a t  lung and ske le ton w i l l  be a 

show lung tumors on ly  i n  t he  h igh- leve l  232U major t a r g e t  t issues,  based on the  dose 
dose group. No bone tumors have been observed. estimates i n  Table 3.32. 
Since the  study i s  s t i l l  i n  progress, the  * 



DISPOSITION OF 2 3 2 ~  DECAY PRODUCTS FOLLOWING INHALATION OF 

232uo, (NO,), AEROSOLS 

Invest iga tors :  

J. E. Ballou, R. A. Gies, and N. A. Wogman (a)  

Technical Assistance: 

R. L. Music 

Uranium-232 i s  c leared more r a p i d l y  from the  lung than i t s  imnediate daughter product, 

228~h .  More d i s t a n t  daughters i n  the  decay chain ( 2 2 4 ~ a ,  212~b)  accumulate p r i n c i p a l l y  i n  

bone. Steady-state re la t i onsh ips  among the  decay products are  apparent ly  no t  es tab l ished by 

200 days postexposure. 

Evaluat ion o f  the  b i o l o g i c a l  response t o  
232U requ i res  cons idera t ion  o f  the  r a d i a t i o n  
dose associated w i t h  t he  decay progeny. The 
decay chain inc ludes seven alpha em i t t e rs  
(232U, 228Th, 224Ra, 220Rn, 216Po, 212Bi, 
and 212Po) and beta-gamma emi t te rs ,  i nc lud ing  
212Pb, 208T1 and 212Bi. The more s i g n i f i c a n t  
i n t e r n a l  e m i t t e r  hazard i s  associated w i t h  the  
alpha-emi t t i n g  radionucl  ides.  This r e p o r t  
describes work i n  progress t o  determine the  
amounts o f  the  major decay products i n  t i ssues 
a t  the t ime o f  s a c r i f i c e .  The sho r t  physical  
h a l f - l i v e s  o f  several o f  the  daughter products 
requ i re  immediate analyses, w i t hou t  chemical 
separations, t o  assure accurate es t imat ion  o f  
t he  i n  v i vo  concentrations. Results are 
shown f o r  analyses o f  f r esh  t i s s u e  samples, 
using an ant icoincidence-shielded Ge(Li ) diode 
detec tor  system. 

Results o f  analyses o f  r a t  lungs a f t e r  
i n h a l a t i o n  o f  232U02(N03)2 aerosols are  
shown i n  Table 3.33. The r a t i o  o f  Th/b i n  
the  aerosol ized ma te r i a l  was 0.03, represent-  
i n g  a 30 day-ingrowth o f  228Th i n t o  232U. The 
Th/U r a t i o  o f  0.12 a t  day zero apparent ly  
r e s u l t s  from p r e f e r e n t i a l  t r ans loca t i on  o f  
232U from the lung dur ing  the  30-min inha la-  
t i o n  exposure per iod  and the  5- t o  10-min 
delay wh i l e  the  r a t s  were removed from the 
chamber and k i l l e d .  The Th/U r a t i o  continued 
t o  increase w i t h  t ime a f t e r  i n h a l a t i o n  

TABLE 3.33. Clearance of 232U and 228Th from Lung 
Radioactivity 

in Lung, dis/min 

Days After Ratio 
Inhalation 23zU 22BTh Th/U - - - 

0 117,500 13,500 0.12 

(a )~a lue  for one rat. Other values are averages of 5 rats 
(bl(0.36) = ratio of Th to U expected from radioactive 

decay alone 

exposure, i l l u s t r a t i n  the  greater  m o b i l i t y  9 o f  232U compared t o  8Th. Others have 
observed a s i m i l a r  metabol ic  separat ion o f  
uranium and thor ium i n  the  lung f o l l o w i n g  
i n h a l a t i o n  o f  uranium ores. A f t e r  417 days 
the  Th/U r a t i o  i n  lung increased about 20- fo ld  
over t he  r a t i o  i n  the  s t a r t i n g  mater ia l .  
Bui ldup o f  228Th through rad ioac t i ve  decay 
o f  232U would y i e l d  a r a t i o  o f  0.36, o r  on l y  
12 times the  s t a r t i n g  r a t i o .  

(a)  Physical Sciences Department 

3.83 



The d i s t r i b u t i o n  o f  232U and several decay 
products i n  lung, skeleton and kidney a f t e r  
100 and 200 days postexposure i s  shown i n  
Table 3.34. The amount o f  232U i n  the  major 
t i ssues  equaled o r  exceeded the  amount o f  
any i n d i v i d u a l  decay product  a t  these t ime 
points,  as expected, s ince the  s t a r t i n g  
mater ia l  was on1 3% e q u i l i b r a t e d  w i t h  228Th. l A f t e r  100 days 4 ~ a  (T1/2 = 3.64 days) 
should be i n  equ i l i b r i um w i t h  the immediate 
parent, 228Th, however there  i s  on l y  about 
1/2 the  e q u i l i b r i u m  l e v e l  i n  lung and more 
than the  e q u i l i b r i u m  l e v e l  i n  skeleton. The 
r e s u l t s  suggest r a p i d  clearance o f  2 2 4 ~ a  
from lung and t rans loca t i on  t o  bone, i n  
agreement w i t h  the repor ted  metabolism o f  

t h i s  element. The value f o r  212Pb i n  l ung  
i s  d i f f i c u l t  t o  p red i c t ,  s ince one o f  t he  
precursors i s  a rad ioac t i ve  gas, 220Rn 

= 1 min). Since 220Rn i s  l o s t  through 
ex i r a t i o n ,  we can assume t h a t  t he  value f o r  ! 21 Pb i n  lung should be l ess  than the  value 
f o r  2 2 4 ~ a ,  t he  immediate parent  o f  220Rn. 
This i s  the  case i n  lung b u t  n o t  i n  skeleton, 
where 212Pb exceeds 224Ra by a f a c t o r  o f  3. 
It i s  reasonable t o  expect g reater  r e t e n t i o n  
of 220Rn i n  skeleton because o f  t he  lower 
d i f f u s i o n  c o e f f i c i e n t  i n  compact bone. The 
value f o r  212Pb i s  unexpectedly h igher than 
the  support ing precursor, 224Ra, a f i n d i n g  
f o r  which we have no s a t i s f a c t o r y  explanat ion.  

~ ~ B i E 3 . 3 4 .  Distribution of Major Decay Products in Lung, Kidney and Skeleton. 

Radioactivity in Tissue, dis/mida) 

Days After 
Tissue Inhalation 23211 228Th 224Ra ?12Pb 

Lung 100 20,700 + 2,000 5,800 f 300 2,380 f 80 980 f 100 

200 3,400 f 600 1,500 f 200 310 f 60 260 f 50 

Skeleton 100 28,200 f 3,000 5,400 f 1,200 11,200 f 1,800 34,000 f 4,000 

200 28,000 f 6,000 3,000 f 1,400 4,400 f 900 4,000 f 800 

Kidney 100 1,600 f 300 160 f 60 44 f 8 200 f 50 

200 100 f 80 100 f 65 56 A10 42 f 8 

(a)Yalues are for one rat, with standard deviation based on counting statistics at each time 
point 



Fetal and Juvenile Radiotoxicity 

Many o f  the  b i o l o g i c a l  parameters used t o  ca l cu la te  permiss ib le  l e v e l s  o f  exposure o f  adu l ts  

t o  rad ioac t i ve  mater ia ls  are  inappropr ia te  f o r  the  r a p i d l y  growing i n f a n t  o r  c h i l d  o r  fo r  the  

pregnant female. These d i f fe rences,  when considered i n  conjunct ion w i t h  t he  greater  i n t r i n s i c  

radiosensi  t i v i  t y  o f  the  innnature organism, emphasize the  need f o r  more de ta i  1 ed in format ion  on 

the  metabolism and t o x i c i t y  o f  rad ionuc l ides  i n  the  prenata l  and j u v e n i l e  mammal. The objec- 

t i v e  o f  t h i s  p r o j e c t  i s ,  there fore ,  t o  ob ta in  t he  in format ion  needed t o  es tab l i sh  appropr iate 

exposure 1 i m i  t s  f o r  the  rad ionuc l  ides o f  the  greates t  p o t e n t i a l  hazard to .  these age groups. 

LONG-TERM EFFECTS OF PERINATALLY ADMINISTERED PLUTONIUM-239 

Inves t i ga to rs  : 

M. R. Sikov, G. W .  Zwicker, 

J. 0. Hess, and D. D. Mahlum 

Prenatal, newborn, weanling, and a d u l t  r a t s  were exposed t o  monomeric 2 3 9 ~ u  and s tud ied 

u n t i l  death o r  30 mo o f  age. H is topatho log ic  examination o f  t he  osseous les ions  observed i n  

these animals has now been completed, e s s e n t i a l l y  conf i rming e a r l i e r  i nd i ca t i ons  t h a t  the  

younger r a t s  were l ess  s e n s i t i v e  on an uCi/kg basis,  bu t  more s e n s i t i v e  on the  bas is  o f  t o t a l  

cumulative r a d i a t i o n  dose t o  bone. The e a r l i e r  observations o f  s i t e s  o f  bone tumor develop- 

ment r e l a t i v e  t o  age a lso  remains v a l i d  i n  terms o f  h i s t o l o g i c a l l y  confirmed tumors. 

We prev ious ly  described the  pro toco l  em- 
ployed t o  study the  long- term response o f  
r a t s  i n j ec ted  a t  var ious ages w i t h  2 3 9 P ~  
c i t r a t e  (Annual Report 1972). The a1 te ra -  
t i o n s  i n  median su rv i va l  t imes produced by 
plutonium i n  the  d i f f e r e n t  age groups was 
compared (Annual Report, 1973), bone tumor 
incidences based upon gross observat ion were 
reported i n  r e l a t i o n  t o  estimated r a d i a t i o n  
dose (Annual Report, 1974). Histopathologi  c 
examination o f  the  osseous les ions  has now - been completed, r e s u l t i n g  i n  some quant i  ta -  
t i v e  d i f fe rences i n  the  incidences presented 
e a r l i e r .  Corrected incidence values f o r  the  
var ious i n j e c t e d  doses a t  t he  several ages - are  presented i n  Table 3.35. These data, 

/F 

based on approximately 50 r a t s  per age-dose 
group, conf i rm e a r l i e r  observations t h a t  
when bone tumor inc idence i s  expressed i n  
terms o f  i n j e c t e d  dose, s e n s i t i v i t y  t o  bone 
tumor i nduc t i on  i s  i nve rse l y  r e l a t e d  t o  age 
a t  the  t ime o f  i n j e c t i o n .  The on ly  notable 
exception i s  i n  the  case o f  those animals 
whose mother was i n j e c t e d  w i t h  the  h ighest  
dose dur ing  pregnancy and the  o f f s p r i n g  
t rans fe r red  t o  con t ro l  mothers f o l l o w i n g  
b i r t h .  

Because o f  t he  age- related d i f fe rences i n  
the  cumulative r a d i a t i o n  dose, a markedly 
d i f f e r e n t  p i c t u r e  appears when the  incidence 
i s  p l o t t e d  as a f unc t i on  o f  r a d i a t i o n  dose 



TABLE3.35. Influence of Age at the Time of Injection of 239Pu on the Incidence ~1 
of Histologically Confirmed Bone Tumors. 

Injected Dose, Ci/kg 
Croup 
~esignation 0 0.3 1 3 6 10 20 30 60 

¶ - - - - - - - - -  
.I 

Adult 0 10 37 60 

Weanling 2 4 23 39 

Newborn 4 15 18 17 

Prenatal 2 4 10 6 

Cross-Fostered 
(in utero exposure) 

Cross-Fostered 3 
(milk exposure) 

(F igure  3.44). The exact  re la t i onsh ips  are  
dependent on the  t ime i n t e r v a l  f o r  which the  
cumulat ive dose t o  bone i s  calculated.  The 
weanlings appear t o  be more s e n s i t i v e  on the 
bas is  o f  the 2- yr r a d i a t i o n  dose (a l though 
no t  when the  9-mo dose i s  used). The new- 
borns show a r a p i d  r i s e  i n  inc idence w i t h  
increas ing dose fo l lowed by a plateau; the  
newborn curves i n t e r s e c t  the  a d u l t  curves a t  
about 500 rad. The p r e n a t a l l y  exposed animals 
showed a r a p i d  r i s e  i n  inc idence a t  the  two 
lower doses bu t  t he  incidence decl ined a t  
the  higher dose. The cross- fostered animals 
t h a t  were exposed i n  u te ro  and nursed by con- 
t r o l  m t h e r s  showed a greater  inc idence o f  
bone tumors than r a t s  exposed t o  the same 
dose and kept  w i t h  t h e i r  mothers; i n  f ac t ,  

the  cross- fostered animals had the  greates t  
inc idence o f  any group i n  t he  lower dose 
range. 

Although n o t  y e t  completely quant i ta ted ,  
i t  i s  apparent t h a t  t he  incidence o f  non- 
neop las t ic  a1 t e r a t i o n s  o f  t he  skeleton ( p r i -  
mari l y  osseous hyperplasia and exostos is )  was 
elevated i n  the  r a t s  exposed p rena ta l l y .  
These les ions  were a lso  seen i n  the  r a t s  ex- 
posed t o  the higher doses a t  b i r t h ,  a l though 
the  increased incidence was n o t  as s t r i k i n g .  

The e a r l i e r  repor ted  age- related d i f f e r -  /I 

ences i n  the anatomical d i s t r i b u t i o n  o f  tumors 
has been substant ia ted  using l i s t s  l o g i c a l l y  
confirmed tumor data. 

DOSE TO FEMUR, RAD 

FIGURE 3.44. Bone Tumor Incidence Versus 24-Mo Radiation Dose 



CROSS-PLACENTAL TRANSFER OF PLUTONIUM-239 IN GRAVID BABOONS 

Invest iga tors  : 

M. R. Sikov, F. D. Andrew, 

R. L. Berstine, and D. D. Mahlum 

Technical Assistance: 

J. 0. Hess, L. D. Montgomery, M. J. Kujawa, 

R. F. Myers, and M. J. Conger 

The crossplacental t r a n s f e r  o f  intravenously i n jec ted  2 3 9 ~ u  c i t r a t e  and i t s  d i s t r i b u t i o n  

i n  the fe top lacenta l  u n i t  and the  dam were studied i n  the baboon. Although there was marked 

v a r i a b i l i t y  because o f  the  small numbers o f  animals used f o r  each gestat ional  age, t he  data 

are general ly  s i m i l a r  t o  those obtained i n  comparable experiments w i t h  ra t s .  

A number o f  studies have been performed 
i n  t h i s  labora tory  t o  i nves t i ga te  the  cross- 
p lacenta l  t rans fe r  o f  plutonium i n  the r a t  
and i t s  d i s t r i b u t i o n  w i t h i n  the  fe top lacenta l  
un i t ,  as we l l  as the  e f f e c t s  produced by such 
exposure. It has been cons i s ten t l y  found 
t h a t  the  concentrat ion o f  plutonium i n  the 
fe top lacenta l  u n i t  was greates t  i n  the f e t a l  
membranes w i t h  lesser  concentrations i n  the  
placenta and i n  the embryo o r  fe tus .  To 
increase the confidence w i t h  which these 
data might be extrapolated t o  the human, 
studies have been performed i n  pregnant ba- 
boons, which have placentae s i m i l a r  t o  those 
o f  the  human. I n  an attempt t o  obta in  com- 
p a r a b i l i t y  o f  gesta t iona l  ages, two baboons 
were studied a t  22 and 23 days o f  gesta t ion  
(comparable t o  the 9-day r a t ) ;  two a t  38 and 
39 days, f o r  comparison w i t h  the 15-day r a t ;  
and three a t  106 days o f  gestat ion,  as repre- 
senta t ive  o f  t he  l a t e  fetus,  ra the r  than f o r  
s t r i c t  comparabi l i ty  t o  the  19-day r a t  f e tus  
prev ious ly  studied. 

Plutonium c i t r a t e  so lu t ions were f i l t e r e d  
through 0.22-pm f i l t e r s  and a dose o f  10 pCi/kQ 
i n j e c t e d  v i a  the arm vein. The animals were 
kept i n  a r e s t r a i n i n g  chair ,  blood and excreta 
co l  lected, and a hysterectomy performed a t  
24 h r  post in jec t ion .  Samples o f  uterus and 

the fe top lacenta l  u n i t  were obtained a t  t h a t  
t ime and, except f o r  one case, t he  mother 
was maintained f o r  an add i t i ona l  2-6 days t o  
ob ta in  adu l t  t i ssues f o r  analysis.  The 
106-day fetuses were dissected and t i ssue  
samples prepared f o r  radioanalysis o r  
autoradiography. 

Concentration o f  Pu i n  the var ious com- 
ponents o f  the  fe top lacenta l  u n i t  var ied 
among the two o r  th ree animals studied a t  
each t ime o f  gesta t ion  (Table 3.36). Never- 
theless, the  r e l a t i v e  concentrations i n  the 
three major components were s i m i l a r  t o  those 
observed i n  the  r a t  and were, i n  f ac t ,  quan- 
t i t a t i v e l y  s i m i l a r  i f  previous r a t  data were 
normalized t o  the same i n j e c t i o n  dose used 
i n  the baboon. The autoradiographic d i s t r i -  
but ion  throughout the fe top lacenta l  u n i t  was 
a lso  s i m i l a r  t o  t h a t  observed i n  the r a t .  

Because o f  d i f fe rences i n  s i ze  and the 
small f r a c t i o n  o f  the  dose enter ing the fe tus  
i t  i s  d i f f i c u l t  t o  compare the d i s t r i b u t i o n  
i n  the fe tus  a t  106 days o f  gesta t ion  w i t h  
t h a t  i n  the dam. Accordingly, t he  data have 
been normalized by d i v i d i n g  the percent o f  
the  dose per gram o f  each organ, by the aver- 
age body burden. This thus provides the 
organ concentrat ion r e l a t i v e  t o  the average 



TABLE 3.36.Concentrations of 239Pu (nCi/g) in  the 
Fetoplacental Unit at 24 hr After lntravaneous 
Injection of 10 pCi/kg in  Pregnant Baboons. 

Structure 

Days of 
Gestation Placenta Membranes Embryo 

22, 23 39, 69(a) 6.8, 3 0 ( ~ )  

(a)lndividual values for the two fetoplacental units 
studied 

(b )~ombined  membrane - embryo value 
(c )~anae  of values for three fetoplacental units 

concentrat ion i n  the body (Table 3.37). The 
data f o r  the  fetuses are  presented as means, 
and standard dev ia t ions  have been ca lcu la ted 
even though the re  were on l y  th ree fetuses.  
The values f o r  i n d i v i d u a l  dams s a c r i f i c e d  a t  
s p e c i f i c  times, i.e., 3 and 7 days, as we l l  
as one which d ied  a t  1 day f o l l o w i n g  hys ter-  
ectomy, are  shown. The mean value i n  the  
f e t a l  l i v e r  i s  s u b s t a n t i a l l y  l ess  than t h a t  
i n  the  dams s a c r i f i c e d  a t  3 and 7 days. The 
value i n  t he  baboon which d ied  s h o r t l y  a f t e r  
hysterectomy i s  probably aberrant, s ince the 
animal had hepat ic  pathology. The sp len i c  
values were s u b s t a n t i a l l y  h igher and the 
rena l  values s l i g h t l y  lower i n  the  fetuses 
than i n  t he  dam. Ske le ta l  values tended t o  

TABLE 3.3) Distribution of 239Pu in  1 0 6 - d ~ ( ~ )  Baboon 
Fetuses at 24 hr Postinjection and in  Their Dams at 
Stated ~ i m e s . ( ~ )  

Dams 

Fetuses 1 day(c) 3 days 7 days ---- 
Liver 2.1 f 0.8 8.1 13.7 5.4 

Spleen 7.5 f 2.6 2.2 1.6 2.6 

Kidney 1.3 f 0.7 3.7 2.2 2.3 

Femur 4.2f1.1 1.1 1.0 1.0 

Calvarium 1.9 f 1.3 0.3 0.4 0.7 

Vertebrae (Lumbar) 2.1 f 0.8 1.8 4.2 4.4 

Rib (Calcified) 3.3 f 0.8 2.0 1.7 0.7 

( a ) ~ a y  of gestation 
(b)~alues expressed as mean normalized concentra- 

tion 2 SD (see text) for fetuses and as individual 
normalized concentration for dams 

(c) Died 

be h igher  i n  some f e t a l  bone (femur and c a l -  
varium) than those i n  t he  dam, al though lum- 
bar vertebrae and r i b s  had s i m i l a r  values i n  
fetuses and dams. 

The genera l ly  s i m i l a r  data obtained i n  
comparable experiments w i t h  baboons and r a t s  
lends confidence t o  t he  ex t rapo la t i on  o f  
these data t o  man. 



Modifying Radionuclide Effects 

Studies o f  radionucl  i d e  metabolism and e f f e c t s  have usua l l y  invo lved a s i n g l e  nuc l i de  

administered under op t ima l l y  con t ro l l ed  condi t ions.  People who may be exposed t o  rad ionuc l ides  

do not, however, l i v e  under such i dea l  cond i t ions  and i t  i s  important  t o  de f i ne  and quan t i t a te  

some o f  the fac to rs  t h a t  may i n f l uence  rad ionuc l ide  metabolism and t o x i c i t y .  P o t e n t i a l l y  

important  f ac to rs  t h a t  have been i d e n t i f i e d  f o r  study inc lude the  e f f e c t  o f  pregnancy and 

l ac ta t i on ,  i r o n  def ic iency ,  a lcohol  ingest ion,  and p r o t e i n  def ic iency .  

ALCOHOL AND RADIONUCLIDE METABOLISM 

Invest iga tors :  

D. D. Mahlum and J. 0. Hess 

The e f f e c t  o f  ethanol admin i s t ra t i on  on the  depos i t ion  and r e t e n t i o n  o f  polymeric 2 3 9 ~ u  

and 2 4 1 ~ m  c i t r a t e  has been s tud ied i n  the  r a t .  Only i n  the  case o f  polymeric Pu was the re  

an e f f e c t  o f  a lcohol  admin is t ra t ion .  

Excessive use o f  a lcohol  can produce a 
number o f  phys io log ic  disturbances, i nc lud ing  
a l t e r a t i o n  o f  l i v e r  func t ion .  Since the  
l i v e r  has an important  r o l e  i n  the  metabolism 
o f  a number o f  radionucl ides,  we have i n v e s t i -  
gated the e f f e c t s  o f  a lcohol  admin i s t ra t i on  
on the  metabolism o f  p lutonium and americium. 

I n  the  f i r s t  experiment, r a t s  were fed  
e i t h e r  12.5 o r  25% ethanol i n  25% sucrose 
s o l u t i o n  f o r  1 o r  6 wk. They were then i n -  
j ec ted  in t ravenous ly  w i t h  a suspension o f  
polymeric 2 3 9 P ~ ,  continued on t h e i r  respec- 
t i v e  treatments, and s i x  animals from each 
treatment group k i l l e d  e i t h e r  1 o r  41 days 
l a t e r .  The percent o f  the  administered dose 
o f  2 3 9 P ~  deposited i n  l i v e r ,  lung, and femur 
a re  shown i n  Table 3.38. A t  1 day post in jec-  

w t i on ,  the  animals g iven ethanol f o r  6 wk 
before  Pu i n j e c t i o n  appeared t o  have some- 
what more 2 3 9 P ~  i n  the  l i v e r  than d i d  cont ro ls ,  
although the  d i f fe rences had disappeared by 
41 days. Lungs o f  r a t s  g iven ethanol f o r  * 

6 wk had lower Pu values than cont ro ls .  I n  
cont ras t ,  animals which received ethanol f o r  
on ly  1 wk p r i o r  t o  Pu admin is t ra t ion  had an 
enhanced depos i t ion  of Pu a t  1 day post- 
i n j e c t i o n  compared t o  cont ro ls .  These 
d i f fe rences were s t i l l  apparent a t  41 days 
pos t i n jec t i on .  There was l i t t l e  e f f e c t  o f  
treatment on the  depos i t ion  o r  r e t e n t i o n  o f  
Pu i n  the  femur. 

The admin is t ra t ion  o f  ethanol i n  25% su- 
crose d i d  n o t  r e s u l t  i n  gross damage t o  the  
l i v e r .  Two other experiments were the re fo re  
performed i n  which ethanol was administered 
w i thou t  sucrose. I n  the f i r s t ,  10% ethanol 
was fed  t o  r a t s  i n  d r i n k i n g  water f o r  2 o r  
8 wk. Americium c i t r a t e  was then i n j e c t e d  
intravenously,  t reatment was continued, and 
animals were k i l l e d  a t  1, 7, o r  28 days t o  
ob ta in  t i ssues f o r  analysis.  

Hepatic depos i t ion  o f  241Am was greater  
i n  females (60%) than i n  males (49%). I n  



TABLE3.38. Distribution of Polymeric 239Pu in Ethanol-Fed Rats 

Liver 

Treatment 1 day 41 days 
-- - 

Control 33.8 32.8 
+4.0(a) i1.0 

12.5% Alcohol (6 wk) 50.2 40.0 
k6.7 k5.5 

25% Alcohol (6 wk) 44.2 35.6 
k5.8 f4.0 

12.5% Alcohol (1 wk) 32.0 33.5 
k2.5 k4.6 

25% Alcohol (1 wk) 39.8 31.4 
k2.8 24.4 

(al~tandard error 

cont ras t ,  the  uptake o f  241Arn by the  kidney 
was greater  i n  the  male. However, the alco-  
hol  t reatment d i d  n o t  i n f l uence  the  deposi- 
t i o n  o r  subsequent r e t e n t i o n  by l i v e r ,  kidney, 
o r  any o ther  t i s s u e  i n  e i t h e r  sex. 

I n  the  second experiment r a t s  were given 
an acute dose o f  ethanol ( 5  mg/kg body we ight )  
and i n j e c t e d  w i t h  241Arn c i t r a t e  24 h r  l a t e r .  

% of injected Dose 

Lung Femur 

1 day 41 days 1 day 41 days ---- 
19.4 13.0 0.63 0.94 
k4.8 k2.6 f0.03 tO.11 

Animals were k i l l e d  a t  1  o r  14 days post in -  
j e c t i o n  t o  prov ide  t i ssues f o r  ana lys is .  
Again, no e f f e c t  o f  ethanol t reatment on 
depos i t ion  o r  r e t e n t i o n  o f  241Am was found. 

I n  cont ras t  t o  these r e s u l t s  , Cohen e t  a1 . 
(Progress Report, I n s t i t u t e  o f  Environmental 
Medicine, NYU, 1977) have r e c e n t l y  repor ted  
t h a t  a lcohol  increased feca l  excre t ion  o f  Am 
i n  the  baboon a t  90-150 days pos t i n jec t i on .  



Gut-Related Radionuclide Studies 

This p r o j e c t  i s  concerned w i t h  the behavior o f  rad ioac t i ve  mater ia ls  o f  importance i n  the 

nuclear i ndus t r y  t h a t  may be ingested as a consequence o f  a reactor  accident o r  o f  unavoidable 

occupational exposure, o r  a f t e r  re lease t o  the environment and incorpora t ion  i n t o  the food 

chain. Current emphasis i s  d i rec ted  toward eva luat ing  hazards from ingested ac t in ides as a 

funct ion o f  animal age, animal species, o r  chemicophysical s t a t e  o f  the  radionucl  ide.  This 

includes informat ion on the  d i spos i t i on  o f  nucl ides t h a t  are ingested as pa r t i cu la tes  o f  v a r i -  

ous s izes o r  i n  combination w i t h  animal o r  p l a n t  t i s s u e  i n  which they become incorporated. 

GASTROINTESTINAL ABSORPTION AND RETENTION 

OF PLUTONIUM-238 IN NEONATAL RATS AND SWINE 

Invest iga tor :  

M. F. Su l l i van  

Technical Assistance: 

L. S. Gorham and T. M. Graham 

Neonatal r a t s  gavaged w i t h  2 3 7 ~ u  o r  2 3 8 ~ u  re ta ined a substant ia l  quan t i t y  i n  gut  mucosa fo r  

a week but  absorbed on ly  2.9% o f  the  237~u .  A f t e r  140 days the amount re ta ined f e l l  t o  h a l f  

t h a t  i n i t i a l l y  deposited. Newborn swine also re ta ined l a rge  amounts i n  the gut  and absorbed 

about 40% o f  the  dose. 

Previous Annual Reports (1975 and 1976) 
reported data showing t h a t  i n tes t i nes  o f  new- 
born r a t s  incorporated a substant ia l  f r a c t i o n  
o f  gavaged transuranic radionucl ides and t h a t  
most o f  t h a t  f r a c t i o n  was eventual ly  excreted 
i n  feces. S im i la r  observations were made i n  
newborn swine a f t e r  gavage w i t h  lo6Ru. Re- 
s u l t s  o f  more recent ex eriments i nd i ca te  1 t h a t  the  behavior o f  23 PU i n  the swine G I  
t r a c t  i s  q u i t e  d i f f e r e n t  from t h a t  o f  '06Ru; 

b a substant ia l  f r a c t i o n  o f  the  Pu stored i n  
the  gu t  mucosa i s  eventua l ly  absorbed. 

Acid so lu t ions o f  Pu ( IV)  n i t r a t e  were 
adjusted t o  pH 2 and administered e i t h e r  by 

gavage i n  a 1.0-ml volume t o  day-old pigs o r  
by gavage i n  a 0.1 - m l  volume t o  1- o r  2-day-old 
r a t s .  Two separate l i t t e r s  o f  swine were 
gavaged, one w i t h  a high dose (400 pCi/k ), 
and the other w i t h  a low dose (25 pCi/kgq. 
The l a t t e r  were b o t t l e  fed because t h e i r  dam 
d ied dur ing farrowing. At  various i n t e r v a l s  
animals were k i l l e d  and analyzed by wet-ashing 
and s c i n t i  1 l a t i o n  spectrometry t o  determine 
the  l oca t i on  o f  re ta ined r a d i o a c t i v i t y .  

The d i s t r i b u t i o n  o f  2 3 8 P ~  i n  neonatal r a t s  
fo l l ow ing  gavage i s  shown i n  Table 3.39. A t  
3 days, 75% o f  the  dose remained i n  the gut  
and on ly  1.18% was deposited i n  l i v e r  and 



TABLE 3.39. Distribution of 238Pu in Rats Gavaged with a Nitrate Solution at 2 Days of Age (Average 

* SEM, from 5 to 11 Rates) Content as Percent of Gavaged Dose 

Age at 
Necropsy, 

days 
Dose, 

pCi/kg Skeleton 
-- 

180 1.1 f 0.07 

180 1.56 f 0.1 

180 1.66 f 0.1 

280 0.53 f 0.03 

110 0.65 f 0.03 

Intestine 

Liver Wall Contents Total ~ e t a i n e d ( ~ )  
-- 

0.16f0.004 58f4 28 + 5 1.2 f 0.06 

0.21 f 0.02 0.93 f 0.11 1.7 + 0.3 1.8 f 0.1 

0.24 f 0.01 0.03 f 0.0 0.01 + 0 1.7 f 0.09 

0.027 + 0.004 0.56 f 0.03 

0.019 + 0.002 0.67 f 0.03 

(a)Entire carcass, excluding GI tract and content 

skeleton; a t  10 days, only 2.7% remained in 3 days. About half the 2 3 8 P ~  absorbed was 
the g u t ,  and there was only a small increase deposited in the skeleton, and about one- 
in deposition in l iver  and skeleton. fourth in the l iver .  Half as much of the 

gavaged dose was deposited in the l iver  of 
Whole-body counts of bottle-fed pigs did the high-dose, suckled pigs as was deposited 

not decline as rapidly as those of the suckled in the l iver  of bottle-fed pigs. This could 
pigs during the f i r s t  few days because the be related to the large difference in the 
former lost  weight while adapting to the Pu  dose (400 vs 25 ~ C i l k g )  or to  the feeding 
bottle.  There was no difference between the regime. 
groups in the percent of dose retained a t  the 
end of a week; 1 wk a f te r  treatment about one- From these resul ts  i t  appears that  2 3 8 P ~  
fourth of the dose was s t i l l  retained in the absorption from the GI t r ac t  of neonatal swine 
body, but very l i t t l e  of i t  remained in the i s  much higher than in neonatal ra t s .  Closure 
g u t .  Distribution of absorbed 2 3 8 P ~  of the intestine to  the passage of macromole- 
(Table 3.40) shows that  15-25% of the gavaged cules occurs within a day af te r  birth in swine, 
dose was s t i l l  in the g u t  of the high-dose, as i t  does in man; while for  the r a t ,  closure 
suckled swine a t  10 days, while 51% was pre- takes 3 w k .  Further research with swine i s  -, 
sent in a bottle-fed animal that  died a t  essential to answer the many questions arising 

from these limited data. 

TABLE3.40. Distribution of Z38Pu in Neonatal Swine ~ a v a ~ e d  at 1 Day of Age 

Percent of Gavaged lMPu Dose 

Time of Necropsy, 3 7 9 10 12 21 
days 

~ose,pC'i /~g 25 29 480 355 27 26 

No. of Pigs 1 1  2 2 2 2 

Tissue 

Skeleton 

Liver 

Muscle 

Kidneys 

Spleen 

Heart 

Lungs 

Testes 

Lymph Nodes 

Skin 

GI Tract 

GI Content 

Total ~MPu Retained 
(excluding GI tract) 

(a)Entire carcass, excluding GI tract and contents 
@)single measurements 
('=)GI tract, including content 



ABSORPTION OF TRANSURANIC NITRATES BY RATS, GUINEA PIGS, AND DOGS 

I n v e s t i g a t o r :  

M. F. S u l l i v a n  

Techn ica l  Ass is tance  : 

L. S. Gorham and T. M. Graham 

Absorp t ion  o f  2 3 8 ~ u  and 241~m f rom t h e  g a s t r o i n t e s t i n a l  t r a c t  was found t o  be q u i t e  s i m i l a r  

f o r  r a t s ,  gu inea p i g s ,  and dogs. D i f f e r e n t  o x i d a t i o n  s t a t e  m i x t u r e s  o f  2 3 8 ~ u  n i t r a t e  (95% 

versus 65% Pu I V )  were absorbed t o  about t h e  same e x t e n t .  

The 1976 Annual Repor t  g i v e s  d a t a  on t h e  
a b s o r p t i o n  o f  a l f a l f a - i n c o r p o r a t e d  2 3 8 P ~  by  
r a t s  and guinea p igs .  Con t inu ing  t h i s  p ro-  
gram, d i r e c t e d  toward de te rmin ing  t h e  e f f e c t  
o f  d i e t a r y  combinat ions w i t h  a c t i n i d e s  on 
t r a n s p o r t  across t h e  g a s t r o i n t e s t i n a l  (G I )  
t r a c t ,  we have used guinea p i g s  (herb ivo rous)  
and beagle dogs ( c a r n i v o r o u s )  t o  s tudy  
a b s o r p t i o n  o f  p l a n t- i n c o r p o r a t e d  a c t i n i d e s .  

These s t u d i e s  were des igned t o  compare 
a c t i n i d e  a b s o r p t i o n  f r o m  t h e  GI  t r a c t  o f  r a t s ,  
gu inea p i g s  and beag le  do s. N i t r i c  a c i d  9 s o l u t i o n s  o f  2 3 8 P ~  and 24 Am were a d j u s t e d  
t o  pH 1.5 w i t h  NaOH, and e i t h e r  i n j e c t e d  
i n t r a g a s t r i c a l l y  i n t o  r a t s  and guinea p i g s  
o r  mixed i n  a 100-9 bo lus  o f  meat and f e d  
t o  dogs. A l l  an imals  were ma in ta ined  i n  
metabol ism cages, where u r i n e  and feces  were 
c o l l e c t e d  separa te ly .  A f t e r  necropsy a l l  
bones o f  guinea p i g s  and dogs t r e a t e d  w i t h  
Pu were p i c k e d  c l e a n  o f  t i s s u e .  A l l  t i s s u e  

and e x r e t a  were ashed and counted f o r  r a d i o -  
a c t i v i t y  by s c i n t i l l a t i o n  spect rometry .  Re- 
s u l t s  a r e  shown i n  Tables 3.41 and 3.42. 

Absorp t ion  o f  2 3 8 P ~  d i d  n o t  d i f f e r  appre- 
c i a b l y  among any o f  t h e  species (Table 3.41 ). 
Absorp t ion  was somewhat h i g h e r  i n  gu inea p i g s  
gavaged w i t h  95% I V- v a l e n t  Pu, as compared 
w i t h  65% I V- v a l e n t  Pu, b u t  t h e  o p p o s i t e  e f f e c t  
was observed i n  dogs sugges t ing  t h a t  these  
d i f f e r e n c e s  may n o t  be due t o  o x i d a t i o n  s t a t e .  
Twice as much amer ic ium as p l u t o n i u m  was 
absorbed by r a t s ,  b u t  a b s o r p t i o n  by guinea 
p i g s  was about  t h e  same f o r  b o t h  r a d i o n u c l i d e s .  

D i s t r i b u t i o n  o f  absorbed 2 3 8 P ~  i n  dogs i s  
shown i n  Table 3.42. Concen t ra t ion  o f  2 3 8 P ~  
i n  t e s t e s  was h i g h e r  than  i n  any t i s s u e  ex- 
c e p t  ske le ton .  The l a r g e  amount o f  p l u t o n i u m  
i n  t h e  muscle o f  t h e  males was unexpected. 
Skeletons con ta ined  o n l y  1/3 as much as 
muscle. 



TABLE3.41. Gastrointestinal Absorption of Transuranic Nitrates by Adult Rats, Guinea Pigs and Dogs 

Interval 
Dose, Until 

Radionuclide pCi Sacrifice Species 
- - 

238pu(a) 5 7 Rat 

238~u(a) 7 3 Guinea Pig 

238Pu (b) 6 3 Guinea Pig 

238Pu(b) 300 3 Dog 

2 3 8 ~ ~  (b) 300 3 Dog 

241 Am 4 7 Rat 

z41Am 5 3 Guinea Pig 

Z4lAm 15 3 Guinea Pig 

- 
(a)65% Pu (IV), as determined by TTA extraction 
(b)95% Pu (IV), as determined by TTA extraction 
(c )~emur  radioactivity x 23 
( d ) ~ e m u r  radioactivity x 28 
(e )~o ta l  skeleton radioactivity 

Content as Percent of Administered Dose 

No. of 
Animals Skeleton Liver Urine 

21 0.010 f 0.002(c) 0.001 f 0.0002 0.018 f 0.006 

10 0.011 f 0.002(~) 0.008 f 0.015 0.008 f 0.002 

5 0.018 f 0.004(~) 0.027 f 0.012 0.010 f 0.003 

2 0.007 f 0.003(~) 0.0006 f 0.001 0.028 + 0.011 

4 0.002 f 0.0004(e) 0.0005 f 0.0001 0.21 f 0.018 

11 0.014 f 0.004(~) 0.003 f 0.0005 0.044 f 0.006 

9 0.006 f 0.002(~) 0.008 f 0.002 0.021 f 0.004 

6 0.004 f 0.001 0.007 f 0.001 0.006 f 0.001 

Total 
- k 

0.029 

0.027 

0.055 

0.036 

0.032 

0.061 

0.035 

0.017 . 

TABLE3.42. Distribution of Gastrointestinally Absorbed 
Plutonium-238 in Dogs 

Percent of Ingested Dose, x l o 3  ISEM 

Females (a) Males (b) 

Skeleton 

Liver 

Kidneys 

Spleen 

Lung 

Adrenal 

Testes 

Muscle 

Blood 

Urine 

Feces 

Total Percent 
Recovered 

( ~ ) T W O  dogs, killed 4 days after ingestion of 2j8Pu (65% IV- 
valent, as determined by TTA extraction) 

( b ) ~ o u r  dogs, killed 3 days after ingestion of 238Pu (95% IV- 
valent, as determined by TTA extraction) 

L 

a 



ABSORPTION AND RETENTION OF INORGANIC AND ORGANICALLY INCORPORATED 

TECHNETIUM-95 BY RATS AND GUINEA  PIGS'^) 
Investigators : 

(b) M. F. Sullivan, T. M. Graham, D. A. Cataldo , 
and R. G. Schreckhise (b)  

Technical Assistance: 
L. S. Gorham, D. ~ t e w a r t ' ~ ) ,  T. McVey, and K. M. McFadden (b) 

Transport of 9 5 m ~ c ,  administered in both an inorganic and organically incorporated form, was 

measured across the gastrointestinal t r a c t s  of ra t s  and guinea pigs. Absorption of Tc incor- 

porated in e i ther  animal or plant t issue was about half tha t  of inorganic pertechnitate admin- 

istered by gavage. The form in which i t  was administered did not a l t e r  elimination rates.  
When Tc was administered t o  newborn ra t s  by gavage, 50% remained in carcasses a t  1 w k ,  mostly 

associated with the pel t ,  whereas only about 10% was retained by adults. 

Technetium-99 (ha l f- l i fe  = 2.1 x lo5 yr ,  
f iss ion yield = 6%) may become a major envi- 
ronmental contaminant from nuclear fuel cycles. 
The short half- l i fe  isotope, 95mTc (half-  
l i f e  = 60 days), was used t o  determine the 
absorption and excretion patterns of inorgan- 
ica l ly  and organically incorporated Tc in 
adult and neonatal ra t s  and in adult guinea 
pigs. 

To determine the excretion and t issue dis- 
tribution patterns of gavaged Tc, a n i t r a t e  
solution of the pertechnitate, pH 6.6, was 
administered t o  twelve rats .  Urine and feces 
were collected separately for  5 days. Five 
of the r a t s ,  f i t t e d  with external b i le  duct 
cannulae 24 h r  e a r l i e r ,  were maintained in 
cylindrical wire-mesh restraining cages while 
b i le  was collected. Technetium distribution 
between urine, feces and bi le  i s  shown in 
Figure 3.45. Approximately 80% of the dose 
was excreted in the urine and feces during 
the f i r s t  5 days following ingestion of the 
Tc. The amounts were about equally divided 
between the urine and feces. Only about 8% 
of the dose appeared in the bile.  

Twelve 2 day old ra t s  and eight adult r a t s  
were gavaged with Tc and retention measured 
by whole-body counting. Single adult ra t s  
were killed a t  1 and 2 days, while half the 
neonates were killed a t  1 wk and the remain- 
der a t  3 wk t o  determine i f  the retained 
Tc was absorbed or  i f  i t  remained within the 
gut mucosa. Ninety percent of the Tc was 
excreted by the adult during the f i r s t  few 
days but 50% remained in the neonates a t  
1 week (Figure 3.46). A t  2 wk a f t e r  gavage, 
retention i n  both adult and neonatal ra t s  
was less than 10% of the dose. 

Tissue distribution data are  shown in 
Table 3.43. Most of the retained radioactiv- 
i t y  in the adult and in the neonate was in 
the pel t ,  where i t  was probably associated 
with plasma protein. The gut of the neonate 
also contained a substantial quantity a t  
3 days postgavage. 

Seven neonatal ra t s  gavaged with Tc a t  
10 days of age were ki l led 5 hr l a t e r  and fed 
to  adult ra ts .  Retention of 95Wc fed in t h i s  
form was approximately half tha t  measured in 

(a )  Supported by Waste Management funds. 
(b) Ecosystems Department 
(c )  NORCUS 



CONTROLS BILE-DUCT CANNULATED 
(NOT CANNULATED) 

FIGURE 3.45. Five-Day Excretion of 95" TC by Bile-Duct Cannulated 
and Noncannulated Rats Administered Pertechnitate in a Nitrate 
Solution by Gavage. S E M  i s  shown. 

three ra t s  gavaged with inorganic Tc. Fecal 
excretion of Tc was increased following feed- 
ing of neonatal t issues,  suggesting tha t  the 
organically incorporated Tc was not as well 
absorbed from the GI t rac t .  By subtracting 
fecal Tc from the administered Tc dose in 
both groups we approximated the absorbed 
dose and calculated whole-body retention as 
a function of tha t  dose. These data, shown 
in the upper curves in Figure 3.47, indicate 
no difference in the retention of inorganic 
o r  organically bound Tc. 

The absorption of Tc from plant material 
was measured in groups containing eight ra t s  
and eight guinea pigs by feedin them soybean 
t issue containing incorporated B5mTc. Soy- 
beans were grown hydroponical ly in a modified 
Hoagland's solution. They were transferred 
a t  40 days t o  450 ml of 0.5 mM CaC12 solu- 
tion (pH 6.5) containing 5.6 pCi 95mTc0, 
(248 ng Tc). The nuclide was quantitatively 
accumulated by the plants in 72 hr. Shoot 
t issues were oven dried (60°C), ground, and 
pressed into 500-mg pel l e t s .  

with 95mTc in a n i t r a t e  solution. Whole-body 
retention data for  ra t s  are shown in Fig- 
ure 3.48. There was l i t t l e  difference in 
the absorption and retention of Tc between 
"inorganic" and "spiked" groups. However, 
retention by the "organically incorporated" 
group was about 10 times less .  Approximately 
80% of the administered dose was excreted 
in the feces of the "organically incorpor- 
ated" group, while only half tha t  much appear- 
ed in the feces of the "spiked" or "inorgan- 
ic"  groups. When retention was considered 
as a fraction of the absorbed dose, there 
were no substantial differences among the 
three groups (Figure 3.48). 

Similar resul ts  were obtained with guinea 
pigs (Figure 3.49). Despite the fac t  tha t  
guinea pigs are herbivores, they absorbed 
even less  of the "organically incorporated" 
Tc than ra t s .  Elimination rates  were also 
fas te r  in the guinea pigs. There appeared 
t o  be no difference in retention of the 
absorbed dose among three groups, each con- 
taining eight guinea pigs. 

Another group of eight animals were fed An experiment designed t o  evaluate effects  
ground soybean shoots which were "spiked" of prompt or  delayed treatment with DTPA show- 

ed that  i t  was ineffective in removing Tc from 
rats .  



FIGURE 3.46. Whole-Body Retention of 95" TC in Adult and 
Neonatal Rats Following Gavage. SEM is shown. 



TABLE 3.43. Distribution of Technetium-95 in Adult and n 
Neonatal Rats Following Gavage (% of administered 
dose, X r SEM). 

Adults Neonates 

Tissue 

Carcass 

Liver 

Femur 

Kidney 

Spleen 

Lungs 

Heart 

Adrenals 

Brain 

Ovaries 

Thyroid 

Gut 

Blood 

Pelt 

Muscle 

Urine 

Feces 

2 days 14 days 3 days 
(1) (5) (11) 

( a ) ~ i m e  after gavage 
(bl~urnber  of animals in parentheses 



0 1 2 3 4 5 6 7 

DAYS POSTADMINISTRATION 

FIGURE 3.47. Whole-Body Retention of 95m Tc by Adult Rats After 
Ingestion of Biologically Incorporated 9Srn TC or Gavage with a Nitrate 
Solution of 95m Tc. Results are presented as percent of administered 
or absorbed dose. SEM is also shown. 



FIGURE 3.48. Whole-Body Retention of 9'mTc by Rats Administered 
Soybean- "Incorporated", or Soybean- "Spiked", or "Inorganic-" 95m Tc. 
Results are presented as percent of administered or absorbed dose. 
SEM is shown. 



DAYS POSTADMINISTRATION 

FIGURE 3.49. Whole-Body Retention of s i m  Tc by Guinea Pigs 
Administered Soybean- "Incorporated", Soybean; "Spiked", or 
Inorganic s'3 mTc. Results are presented as percent of administered 
absorbed dose. SEM is shown. 





Removal of Deposited Radionuclides 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  decrease t h e  damage p o t e n t i a l  f rom inha led ,  s k i n -  o r  

wound-absorbed, o r  i n g e s t e d  r a d i o n u c l  i des .  Whi l e  p r i m a r i l y  addressed t o  t h e  needs f o r  worker  

p r o t e c t i o n  i n  t h e  n u c l e a r  i n d u s t r i e s  and l a b o r a t o r i e s ,  i t  a l s o  l o o k s  t o  t h e  p o s s i b l e  t r e a t m e n t  

needs a r i s i n g  f rom exposure o f  l a r g e r  segments o f  t h e  p o p u l a t i o n .  The approach i s  t o  develop 

methods t h a t  wi  11 p r e v e n t  absorp t ion ,  hasten e x c r e t i o n ,  improve decontaminat ion,  o r  a1 t e r  

t r a n s l o c a t i o n  o f  t h e  r a d i o n u c l i d e s- - a l l  f o r  t h e  purpose o f  m i n i m i z i n g  r a d i a t i o n  dose t o  sens i-  

t i v e  t i s s u e s .  

ACUTE TOXICITY OF INHALED Ca-DTPA TO THE RAT LUNG 

I n v e s t i g a t o r s :  

V. H. Smith, G. E. Dagle, and H. A. Ragan 

Technica l  Ass is tance:  

R. A. Gelman 

No l u n g  pathology was observed i n  female r a t s  21 o r  42 days a f t e r  t h e  one- t ime i n h a l a t i o n  

o f  Ca-DTPA a t  t h e  e s t i m a t e d  absorbed dose e q u i v a l e n t  t o  t h a t  i n t r a v e n o u s l y  admin is te red  t o  

man (HID). I n  c o n t r a s t  t o  a  p rev ious  s tudy,  no emphysema was found a t t r i b u t a b l e  t o  t h e  i n h a l a -  

t i o n  o f  12 d a i l y  exposures t o  Ca-DTPA aeroso ls  a t  0.4, 0.8, 1.4, and 2.2 t imes  t h e  HID dose. 

There was a  f i v e f o l d  i n c r e a s e  o f  i n c i d e n c e  (compared t o  t h a t  i n  c o n t r o l s )  o f  a  low-grade ( + I )  

h i s t i o c y t o s i s  i n  r a t s  g i v e n  t h e  12 consecu t i ve  exposures. 

A  p rev ious  t e s t  o f  t h e  s a f e t y  o f  i n h a l e d  
c a l c i u m  t r i s o d i u n i  d i e t h y l e n e - t r i a m i n e -  
pen taace ta te  (Ca-DTPA) (Annual Report,  1973) 
r e s u l t e d  i n  no l e s i o n s ,  excep t  f o r  a  smal l  
i nc idence  o f  what was c a l l e d  " t r a n s i e n t  eniphy- 
sema". T h i s  te rm caused some con fus ion ,  
s i n c e  emphysema i s  n o t  u s u a l l y  though t  o f  
as a  r e v e r s i b l e  l e s i o n .  However, t h e  d a t a  
c l e a r l y  showed t h a t  no  emphysema was found  
i n  e i t h e r  r a t s  o r  hamsters examined a f t e r  
a  recovery  p e r i o d  g r e a t e r  t h a n  3 weeks. Be- 
cause o f  t h e  obv ious advantages o f  t h e  i n h a l a-  
t i o n  r o u t e  i n  t h e  prompt t rea tment  o f  pos- 
s i b l e  a c t i n i d e  exposures, and t h e  l a c k  o f  

c o n f i r m a t o r y  f i n d i n g s  by o t h e r s  o f  emphysema 
f o l l o w i n g  Ca-DTPA i n h a l a t i o n ,  more d a t a  was 
needed on t h i s  p o i n t .  

Female W i s t a r - s t r a i n ,  a d u l t  r a t s ,  20/group, 
were exposed ( t o t a l  body) t o  aeroso ls  gener- 
a t e d  f r o m  10, 20, o r  40% Ca-DTPA o r  0.9% NaCl 
s o l u t i o n s .  The t r e a t e d  and c o n t r o l  groups 
a r e  shown i n  Table 3.44. Aerosols  t y p i c a l l y  
had mass median aerodynamic d iameters o f  
2.8 pm (o  2.8 um). Desp i te  v e r y  dense, fog -  
l i k e  aerozo ls  i n  t h e  chamber (from Retec R  
Model 7301 n e b u l i z e r s ;  maximum measured con- 
c e n t r a t i o n ,  2  mg Ca-DTPAIR), t h e  r a t s  showed 



TABLE3.44. Summary of Ca-DTPA Inhalation Treatment and Various Control Groups (20 Rats/Groups) 

DTPA Dose per 
Exposure (a) 

Group 
Nebulized 
Solution 

Duration of 
Exposure, hr 

Number of 
Exposures 

Cage Control 

Chamber 

Aerosol Control 

Single Dose 

10% Ca-DTPA 

20% Ca-DTPA 

40% Ca-DTPA 

High Dose 

None 

None 

0.336 NaCl 

40% Ca-DTPA 

10% Ca-DTPA 

20% 

40% Ca-DTPA 

40% Ca-DTPA 

None 

4 

Z 

2 

2 

2 

2 

4 

None 

12 

12 

1 

12 

12 

12 

12 

Relative Cumulative Ca-DTPA 
pmoles/kg to  HID(^) mg/kg 

0 - - 

0 - - 

- .  - 
( ~ ) D T P A  dose absorbed from the rat lung based on measured aerosol concentration, minute volume of 0.1 V/min, 

30% retention of inhaled aerosol and average rat weights 
( b j ~ a m s t ~ r  intravenous dose; 1 g Ca-DTPA/70 kg, 28.7 prnoles/kg 
( c ) ~ h e  human lung weighs about 1000X the rat lung so converting these numbers to grams would represent an 

equivalent cumulative amount of Ca-DTPA in  the human lung 
( d ) ~ a t s  were subjected to all exposure conditions except that no aerosol was created 

no ev idence o f  d i scomfor t .  Fol l o w i n g  each groups o f  r a t s .  E r y t h r o i d  parameters, serum 
exposure t h e  r a t s  were washed w i t h  wa te r  t o  chemis t ry  measurements and bone marrow smears 
p r e v e n t  Ca-DTPA be ing  l i c k e d  o f f  t h e  f u r  and were normal i n  samples f rom 10 r a t s  each f rom 
c o n t r i b u t i n g  t o  t h e  dose. Ten animals  were t h e  20% and 40% Ca-DTPA and t h e  0.9% NaCl 
s a c r i f i c e d  21 days and 42 days f o l l o w i n g  t h e  groups, taken  6 weeks f o l l o w i n g  t h e i r  l a s t  
l a s t  t rea tment .  Lungs were weighed, then  t rea tment .  
f i x e d  a t  25 cm H20 p ressure  w i t h  P lume l ' s  
cacody la te  f i x a t i v e ;  t h e i r  volumes were de- H is topa tho logy  found i n  t h e  lungs  o f  t h e  
te rm ined  by t h e  Archimedean d isp lacement  an imals  i s  summarized i n  Table 3.45. There 
p r i n c i p l e .  Rats were weighed weekly. B lood were no severe p a t h o l o g i c a l  l e s i o n s  i n  any 
samples f o r  serum chemis t ry  were taken 24 h r  o f  t h e  animals and o n l y  h i s t i o c y t o s i s ,  charac- 
before s a c r i f i c e  and f o r  e r y t h r o i d  parameters t e r i z e d  by t h e  accumulat ion o f  h i s t i o c y t e s  i n  
a t  t h e  t i ~ n e  o f  s a c r i f i c e ,  as were bone marrow a l v e o l i ,  was found i n  h i g h e r  i n c i d e n c e  ( P  = 
smears. 0.02) i n  t h e  Ca-DTPA t r e a t e d  animals  (27%) 

than  i n  c o n t r o l s  (5%) .  Th is  l e s i o n  apparent-  
Rats f r o m  groups o t h e r  t h a n  s h e l f  c o n t r o l s  l y  was be ing  r e p a i r e d ,  s i n c e  t h e  g r e a t e r  i n -  

and s ing le- dose  groups (Table 3.44) l o s t  c idence (P = 0.05) i n  r a t s  k i l l e d  21 days 
w e i g h t  d u r i f l  t h e  t r e a t m e n t  per iod .  The f o l l o w i n g  t rea tment  (28%) was s t a t i s t i c a l l y  
high-dose group r a t s  l o s t  an average o f  20 g  d i f f e r e n t  f rom t h e  10% f o r  those  k i l l e d  a t  
and d i d  n o t  r e c o v e r  w e i g h t  e q u i v a l e n t  t o  con- 42 days. 
t r o l  r a t s '  g rowth  d u r i n g  t h e  8 weeks o f  t h e  
exper iment ;  t h e  o t h e r  t r e a t m e n t  groups l o s t  There was no d i f f e r e n c e  i n  i n c i d e n c e  o f  
l e s s  we igh t  and recovered,  e s s e n t i a l l y ,  t o  emphysema i n  c o n t r o l  and Ca-DTPA t r e a t e d  
t h e  c o n t r o l  l e v e l .  One h igh-dose group r a t  groups. Two f o r e i g n  body granulomas were 
d i e d  1  day a f t e r  t h e  1 2 t h  exposure b u t  auto-  a s s o c i a t e d  w i t h  what appeared t o  be p l a n t -  
l y s i s  p rec luded  necropsy examinat ion.  l i k e  m a t e r i a l ,  perhaps d e r i v e d  f r o m  f o o d  o r  

bedding. There were no p a t h o l o g i c a l  conse- 
Ra t ios  of l u n g  w e i g h t s / l u n g  volumes showed quences a t t r i b u t a b l e  t o  t h e  one- t ime i n h a l a -  

no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  v a r i o u s  t i o n  o f  Ca-DTPA. 



TABLE 3.45. Incidence and Severity of Lesions in Lungs of Rats 21 and 42 Days Following Various Treatments 

Control ~ r o u ~ s ( ~ )  Treatment Groups(C) 

Saline 
Cage Chamber Aerosol 

Lesion Controls Controls Control 
--- 

Cellular Infiltration 

No. with Lesions 21 days 10 10 10 

42 days 8 9 10 

Fibrosis 

lncidence(b) 
in all Single 

Control Rats Dose 

incidence@) 
10% 23% 40% High in all DTPA- 

Ca-DTPA Ca-DTPA Ca-DTPA Dose Treated Rats 
---- 

No. with Lesions 21 days 7 10 10 10 7 10 10 10 

42 days 7 10 10 0.90 6 9 10 10 10 0.92 

Grade (1.1) (1.2) (1.4) (1.1) (1.1) (1.6) (1.4) (1.8) 

Histiocvtosis 

No. with Lesions 21 days 0 2 1 0 2 4 5 8 

42days 0 0 0 0.05 0 1 3 3 1 0.27 

Grade - )  (1.0) (1.0) - (1.0) (1.0) (1.1) (1.1) 

Emphysema 

No. with Lesions 21 days 0 2 1 0 1 2 1 0 

42 days 0 2 4 0.15 0 0 4 3 4 0.15 

Grade (-1 (1.5) (1.4) ( -  (1.0) (1.0) (1.0) (1.2) 

Foreign Body Granulomas 

No. with Lesions 21 days 0 0 0 0 0 0 0 0 

42 days 0 0 0 0 0 0 0 1 1 0.02 

Grade (-1 (-1 (-1 (-) (-) (-9 (2.0) (1.0) 

(a)Average grade of lesion = lesion gradeshumber of rats with lesion. Lesions were ranked 1 = very slight, 
2= slight, ... 5 = very severe. No lesions were found deserving a grade designation >2 in this study. One rat in 
High Dose group died but was not examined 

(bl~raction of rats among all control or among all treated rats with lesion 
(c)See Table for dose and treatment information 



REMOVAL OF PLUTONIUM FROM THE NEONATAL RAT 

I n v e s t i g a t o r s :  

V. H. Smith and M. F. S u l l i v a n  

Technica l  Ass is tance :  

R. A. Gelman and L. S. Gorham 

P lu ton ium bound t o  neona ta l  r a t  g u t  was r e a d i l y  m o b i l i z e d  by Ca-DTPA. A  s i n g l e  dose o f  Ca- 

DTPA, 7-10X t h e  usual  human in t ravenous  dose l e v e l  (H I D = 28.7 umol/kg),  g i ven  by gavage 2  h r  

a f t e r  2- day-old r a t s  r e c e i v e d  1.46 uCi 2 3 8 P ~ ( ~ 0 3 ) 2  by gavage, lowered Pu bound t o  t h e  g u t  by 

82% as compared t o  u n t r e a t e d  animals. Rats s i m i l a r l y  t r e a t e d  5  days a f t e r  gavage w i t h  1.89 uCi 

2 3 8 P ~  l o s t  a  s i m i l a r  amount (85%). Prompt t r e a t m e n t  w i t h  Ca-DTPA reduced Pu i n  most t i s s u e s  t o  

o n e - t h i r d  and delayed t r e a t m e n t  reduced Pu t o  one- ha l f ,  compared t o  c o n t r o l  t i s s u e  con ten t .  The 

two t rea tment  r o u t e s  (gavage and i n t r a p e r i t o n e a l )  were comparably e f f e c t i v e  except  t h a t  removal 

o f  Pu f rom t h e  ske le ton ,  as represen ted  by femur l e v e l s ,  was g r e a t e r  by t h e  p a r e n t e r a l  r o u t e .  

More p l u t o n i u m  (100X) i s  absorbed f rom 
neona ta l  than  f r o m  a d u l t  r a t  gut ,  w i t h  a  
l a r g e  f r a c t i o n  o f  t h e  a d m i n i s t e r e d  dose r e-  
t a i n e d  f o r  a t  l e a s t  a  week i n  t h e  smal l  
bowel. The p l u t o n i u m  i s  p r i m a r i l y  i n c o r p o r -  
a t e d  i n  mucosa, and most i s  g r a d u a l l y  e x c r e t e d  
w i t h  feces;  some i s  absorbed i n t o  t h e  body. 
DTPA i s  p o o r l y  absorbed from t h e  g u t  o f  a d u l t  
r a t s  and does n o t  r e a d i l y  c ross  c e l l  mem- 
branes. A d m i n i s t r a t i o n  o f  DTPA by gavage o r  
i n j e c t i o n  m i g h t  i n d i c a t e  whether Pu i s  t i g h t -  
l y  bound t o  neona ta l  g u t  ( i n a c c e s s i b l e  f o r  
c h e l a t i o n ) ,  as w e l l  as p r o v i d i n g  d a t a  on t h e  
e f f e c t i v e n e s s  o f  DTPA i n  removing Pu f rom t h e  
neona ta l  r a t .  

Rats f rom two l i t t e r s  (average we igh t  10 g )  
were used i n  each p a r t  o f  t h e  experiment. A t  
2  days o f  age t h e  r a t s  i n  t h e  f i r s t  p a r t  o f  
t h e  exper iment  r e c e i v e d  0.10 nil, and those 
i n  t h e  second p a r t  0.05 ml, o f  a  pH 2  s o l u t i o n  
o f  2 3 8 P ~ ( N 0 3 ) 4 .  Radionucl i d e  dose t o  r a t s  
i n  each group was 146 and 189 uCi/kg, respec- 
t i v e l y .  I n  t h e  f i r s t  (prompt t rea tment )  p a r t  
o f  t h e  exper iment  0.287 mmol/kg Ca-DTPA i n  
0.1 ml s o l u t i o n  was g iven  1  h r  a f t e r  t h e  Pu 
by e i t h e r  gavage o 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 .  I n  t h e  second (de layed  t rea tment )  p a r t  

o f  t h e  exper iment  0.2 mmol/kg i n  0.05 ml o f  
s o l u t i o n  was s i m i l a r l y  a d m i n i s t e r e d  5  days 
a f t e r  t h e  Pu. Rats were k i l l e d  6  o r  7 days 
a f t e r  Pu a d m i n i s t r a t i o n .  T issues were r e -  
moved f o r  separate r a d i o a n a l y s i s .  The Pu 
found i n  t h e  head and remains p r i m a r i l y  r e p r e-  
s e n t  t h a t  i n  bone, a l though  as analyzed they  
s t i l l  con ta ined  some muscle, s k i n ,  and a  few 
g l a n d u l a r  elements. The femur was c leaned  o f  
t i s s u e  b e f o r e  a n a l y s i s .  N i t r i c  a c i d  d i g e s-  
t i o n  was used t o  prepare t i s s u e s  f o r  a lpha  
assay by s c i n t i l l a t i o n  c o u n t i n g  procedures. 

T y p i c a l l y ,  t r e a t e d  and c o n t r o l  r a t s  ga ined 
about  11 g  f rom t h e  t i m e  o f  Pu a d m i n i s t r a t i o n  
u n t i l  s a c r i f i c e .  Prompt ly  a d m i n i s t e r e d  Ca- 
DTPA decreased Pu i n  o r  on t h e  g u t  6 - f o l d ,  
and delayed t rea tment  decreased i t  9- f o l d ,  
r e g a r d l e s s  o f  r o u t e  o f  a d m i n i s t r a t i o n  ( F i g-  
u r e  3.50). Less Pu was r e t a i n e d  i n  g u t  con- 
t e n t s  a t  s a c r i f i c e  when t h e  DTPA was gavaged. 
As i s  t h e  case w i t h  a d u l t  r a t s ,  prompt t r e a t -  
ment was more e f f i c a c i o u s  by f a c t o r s  o f  3 and 
2 ,  r e s p e c t i v e l y ,  than  delayed t r e a t m e n t  f o r  
removing o r  p r e v e n t i n g  d e p o s i t i o n  i n  bone 
and s o f t  t i s s u e .  Prompt t rea tment  m a i n l y  
reduced t h e  q u a n t i t y  o f  Pu depos i ted  i n  t i s -  
sues w i t h o u t  a f f e c t i n g  d i s t r i b u t i o n ,  w h i l e  



(a )  SEE TABLE 1 FOR DOSAGE INFORMATION ON TREATMENT GROUPS. 

FIGURE 3.50. Retention of Gavaged Pu in Nontreated (Control) or Ca-DTPA Treated Neonatal Rats. Retention 
measured 5 days after Pu administration and at 7-8 days after birth. 

de layed t rea tment  r e s u l t e d  i n  g r e a t e r  assym- 
m e t r i c  removal o f  Pu f r o m  t i s s u e s ,  g i v i n g  
a  d i f f e r e n t  Pu d i s t r i b u t i o n  a t t e r n  f rom t h a t  
i n  c o n t r o l  r a t s  ( F i g u r e  3.517. The change i n  
Pu d i s t r i b u t i o n  f rom t h e  p a t t e r n  i n  c o n t r o l  
r a t s  i s  l i k e l y  due t o  t h e  g r e a t e r  r e s i s t a n c e  
t o  DTPA c h e l a t i o n  o f  Pu a l r e a d y  t i g h t l y  bound 
t o  bone. 

E f f e c t i v e n e s s  o f  t rea tment ,  i n  terms o f  
r e t e n t i o n  o f  Pu compared w i t h  c o n t r o l  t i s s u e s ,  
i s  shown i n  F i g u r e  3.52. Except f o r  t h e  
g r e a t e r  degree o f  removal o f  Pu f rom s k e l e t o n  
w i t h  delayed t rea tment  ( represen ted  on t h e  
f i g u r e  by t h e  bars  f o r  femur, head and remains)  
and about a  50% g r e a t e r  removal f rom gut ,  t h e  
r e s u l t s  a r e  q u i t e  s i m i l a r  t o  those observed 
i n  a d u l t  r a t s .  DTPA-chelated Pu would be ex- 
pected t o  be more l i p i d - s o l u b l e  than  more 
h i g h l y  charged i n o r g a n i c  forms. The 100% i n -  
crease i n  c o n t e n t  o f  t h e  b r a i n  o f  p rompt l y  
t r e a t e d  r a t s  compared t o  c o n t r o l  r a t s  suggests 
t h e  che lon  c a r r i e d  Pu i n t o  t h a t  organ. 

However, when t rea tment  was g iven  5  days 
a f t e r  t h e  Pu, Pu was removed f rom t h e  b r a i n .  

As w i t h  a d u l t  r a t s ,  DTPA t rea tments  r e s u l t -  
ed i n  o n l y  m inor  changes i n  c o n c e n t r a t i o n  o f  
Pu i n  k idneys.  Concentrat ion ( x  + s- )  a f t e r  
prompt t rea tn ien t  was 7.3 + 1.1 u ~ i / ~ ?  a f t e r  
de layed t rea tment ,  3.2 + 0.41 uCi /g .  Th is  
was s t a t i s t i c a l l y  i n d i s t i n g u i s h a b l e  f rom Pu 
c o n c e n t r a t i o n  i n  c o n t r o l  r a t  k idneys o f  
9.2 + 2.2 and 4.0 + 0.62 pCi /g ,  r e s p e c t i v e l y .  
Concentrat ions i n  k idney a f t e r  t rea tment  were 
t h e  h i g h e s t  o f  t h e  s o f t  t i s s u e s  examined, 
e q u i v a l e n t  t o  concen t ra t ions  i n  t h e  femur. 

The e q u a l l y  e f f e c t i v e  o r a l  and p a r e n t e r a l  
DTPA t rea tments  f o r  removal o f  Pu f rom neo- 
n a t a l  r a t  gu t  demonstrate t h a t  Pu i s  l o o s e l y  
bound t o  t h e  mucosa, i s  r e a d i l y  c h e l a t a b l e  
and then  exc re ted .  The neonata l  r a t  g u t  lnay 
p e r m i t  more f a c i l e  DTPA a b s o r p t i o n  than t h a t  
o f  t h e  a d u l t  where t h e  removal o f  Pu caused 
by p a r e n t a l  and o r a l  t rea tments  i s  markedly 
b e t t e r  by t h e  former r o u t e .  
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(a)  PERCENT OF GAVAGED P u  PRESENT I N RAT AND GUT. 

FIGURE 3.51. Distribution of Retained, Gavaged Pu in Nontreated (Controls) and Ca-DTPA Treated Neonatal Rats. 
Pu distribution determined 5 days after Pu administration and at 7-8 days after birth. 
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FIGURE 3.52 Effects of DTPA Treatments on Plutonium Content of Neonatal Rat Tissues Relative to Comparable 
Control Rat Tissues. 





Viral and Radiation Carcinogenesis 

The s t u d i e s  i n c l u d e d  under t h i s  p r o j e c t  a r e  concerned w i t h  b a s i c  b i o l o g i c a l  and b iochemical  

i n d i c e s  t h a t  may a i d  i n  t h e  d e t e c t i o n  and unders tand ing  o f  t h e  p r i m a r y  e f f e c t s  o f  r a d i a t i o n  

i n s u l t  and t h e  i n i t i a t i o n  o f  t h e  observed mal ignancies.  A  p r i m a r y  o b j e c t i v e  i s  t o  determine 

t h e  r o l e  o f  v i r u s  i n  " r a d i a t i o n- i n d u c e d"  mal ignancies and i n  t h e  process t o  i d e n t i f y  those  

changes (b iochemical ,  v i r o l o g i c a l ,  imnuno log ica l  , e t c .  ) which m i g h t  se rve  t o  m o n i t o r  t h e  onco- 

gen ic  process. S p e c i f i c  e f f o r t s  i n c l u d e  s t u d i e s  o f  leukemia induced by t h e  B- e m i t t e r  " ~ r ,  and 

l u n g  and bone tumors induced by i n h a l a t i o n  o f  t h e  a- e m i t t e r s  2 3 8 ~ u  and 2 3 9 ~ u .  

RADIATION-INDUCED MALIGNANCIES I N  BEAGLES: STATUS OF VIRUS STUDIES 

I n v e s t i g a t o r s :  

M. E. F r a z i e r  and M. J. Hooper 

Technica l  Ass is tance :  

T. K. Andrews and B. B. Thompson 

I n  t h e  1975 Annual Repor t  we r e p o r t e d  DNA polymerase a c t i v i t y  w i t h  t h e  p r o p e r t i e s  o f  v i r a l  

reverse  t r a n s c r i p t a s e  i n  tumor t i s s u e s  f rom beagles w i t h  p lu tonium- induced bone tumors, b u t  

n o t  i n  l u n g  tumor m a t e r i a l .  S ince then  we have examined a d d i t i o n a l  samples f rom unexposed 

dogs, f rom p l  utonium-exposed dogs w i t h o u t  tumors and f rom p l  u t o n i  um-exposed beagles w i t h  tumors. 

To be considered a  v i r u s - l i k e  DNA p o l y-  
merase, t h e  m a t e r i a l  i n v e s t i g a t e d  i n  these  
s t u d i e s  had t o  be p r e s e n t  as a  cy top lasmic  
p a r t i c u l a t e  f r a c t i o n  o f  t h e  s i z e  (500-900s) 
and buoyant d e n s i t y  (1.14-1.16 g/ml ) o f  known 
oncornavi ruses.  I f  t h i s  c o n d i t i o n  was met, 
t h e  RNase s e n s i t i v i t y  o f  t h e  DNA polymerase 
was mon i to red  by f o l l o w i n g  t h e  k i n e t i c s  o f  
i n c o r p o r a t i o n  o f  3H TTP i n t o  a c i d - i n s o l  u b l e  
product .  The RNase had t o  i n h i b i t  a t  l e a s t  
50% o f  t h e  i n c o r p o r a t i o n  o f  3H TTP when com- 
pared t o  t h e  c o n t r o l  r e a c t i o n  c a r r i e d  o u t  
i n  t h e  absence o f  RNase. I n  a d d i t i o n ,  synthe-  
s i s  o f  an a c i d - i n s o l u b l e  m a t e r i a l  must r e q u i r e  
a  d i v a l e n t  c a t i o n  ( M ~ + +  o r  Mn++) and a1 1  f o u r  
deoxyr i  bonuc leo t ide  t r i p h o s p h a t e s  (dATP, dGTP, 
dCTP and TTP). The p roduc t  o f  t h i s  p o l y-  
merase was then  s u b j e c t e d  t o  a n a l y s i s  on a  
g l y c e r o l  v e l o c i t y  g r a d i e n t  t o  determine t h e  

s i z e  and n a t u r e  o f  t h e  l a b e l e d  p roduc t ,  and 
whether t h e  newly syn thes ized  3H DNA was 
bound t o  a  h igh-molecular-weight  RNA. By 
i n c l u d i n g  t h e  a p p r o p r i a t e  c o n t r o l s  t h i s  t e s t  
s imu l taneous ly  de tec ted  t h e  h i g h  mo lecu la r  
we igh t  RNA component and t h e  DNA polymerase 
a c t i v i t y .  

A  f u r t h e r  a n a l y s i s  o f  t h e  p roduc t  o f  t h e  
v i r u s - l i k e  DNA polymerase was c a r r i e d  o u t  
u s i n g  c e s i  um s u l f a t e  d e n s i t y  g r a d i e n t s .  T h i s  
a n a l y s i s  o f  t h e  u n t r e a t e d  r e a c t i o n  p roduc t  and 
t h e  p roduc t  f o l l o w i n g  hea t  dena tu ra t ion ,  so- 
dium hydrox ide  dena tu ra t ion ,  o r  p a r t i a l  d iges-  
t i o n  w i t h  RNase p r o v i d e d  p r o o f  t h a t  t h e  pro-  
duc t  o f  t h e  r e a c t i o n  m i x t u r e  was 3H DNA. These 
exper iments a l s o  showed t h e  newly syn thes ized  
3H DNA was assoc ia ted  w i t h  an RNA molecule. 
Such a  f i n d i n g  i m p l i c a t e s  a  v i r u s - l i k e  r e v e r s e  



t r a n s c r i p t a s e  i n  t h e  f o r m a t i o n  o f  t h e  observ-  
ed 3H DNA:RNA h y b r i d  molecule.  Resu l t s  o f  
these  s t u d i e s  a r e  summarized i n  Table 3.46. 

Resu l t s  t o  d a t e  show t h a t  a  r e t r o v i r u s  i s  
a s s o c i a t e d  w i t h  p lu tonium- induced bone tumors. 
The r e t r o v i r u s  con t inues  t o  be produced i n  
v i t r o  by c e l l  c u l t u r e s  e s t a b l i s h e d  f rom bone 
tumor t i s s u e s .  R e t r o v i r u s  and/or  v i r u s - 1  i ke 
DNA polymerases have n o t  been found i n  normal 
t i s s u e  samples, o r  i n  plasma samples f rom 
p l  u t o n i  um-exposed o r  c o n t r o l  an imals .  L i  ke- 
wise,  no polymerase a c t i v i t y  has been d e t e c t -  
ed i n  p lu tonium- induced l u n g  tumors, However, 
exper iments w i t h  c e l l  c u l t u r e s  prepared f r o m  
p l  u t o n i  um- induced 1 ung tumors have r e v e a l e d  
t h e  presence o f  a  v i r u s - l i  ke DNA polymerase 
assoc ia ted  w i t h  a cy top lasmic  p a r t i c u l a t e  
f r a c t i o n  hav ing  a buoyant d e n s i t y  o f  
1.20-1.18 g/ml. The h i g h e r  d e n s i t y  o f  these  

p a r t i c l e s  may i n d i c a t e  an endogenous r e t r o -  
v i r u s  w i t h  a B- type (analogous t o  mouse mam- 
mary tumor v i r u s )  o r  D- type ( s i m i l a r  t o  Mason 
P f i  z e r  monkey v i r u s )  morphology. 

I n  a d d i t i o n  t o  k i n e t i c  a n a l y s i s ,  s i m u l -  
taneous d e t e c t i o n  t e s t s ,  and t e s t s  w i t h  ce- 
sium s u l f a t e  g r a d i e n t s ,  we have c a r r i e d  o u t  
an i n  v i t r o  l a b e l i n g  s tudy  o f  can ine  l u n g  
tumor c e l l  c u l t u r e s  w i t h  3 H  u r i d i n e .  I n  
these experiments a 3H RNA component c o i n c i d e s  
w i t h  t h e  peak of endogenous v i r u s - l i  ke DNA 
polymerase a c t i v i t y  i n  t h e  1.20-1.18 g/ml 
r e g i o n  o f  t h e  d e n s i t y  g r a d i e n t .  Whi le  e x p e r i -  
ments have r u l e d  o u t  t h e  p o s s i b i l i t y  o f  myco- 
plasma con tamina t ion  t h e r e  i s  s t i l l  t h e  pos- 
s i b i l i t y  t h a t  these c e l l s  were i n f e c t e d  by 
an exogenous r e t r o v i r u s .  E l e c t r o n  m i c r o s c o p i c  
e v a l u a t i o n  o f  these p r e p a r a t i o n s  i s  i n  
progress.  

TABLE 3-46. Association of Virus-Like DNA Polymerase with Radiation-Induced 
Malignancies in Beagle Dogs. 

Kinetic Simultaneous Cs2S04 Electron 
Status of Animal Tissue Analysis Detection Analysis Microscopy 

Unexposed Lung 0/2(b) 0/2 NT@) 012 
Spleen 0/2 0/2 NT NT 
Lymph node 0/2 0/2 NT NT 
Plasma 0/9 0 /9 NT NT 
Cell culture 0/2 0/2 NT 0/2 

238Pu - Exposed Lung 0/2 0/2 NT NT 
Spleen 0/2 0/2 NT NT 
Bone tumor 5/8 8/8 3/3 0/8 
Cell culture 51'5 5/5 5/5 E N C ( ~ )  

(Bone tumor) 
Plasma 0/8 0/8 NT NT 

239Pu - Exposed Lung 0/2 0/2 NT NT 
Lung tumor 0/5 0/5 NT NT 
Spleen 0/2 0/2 NT NT 
Plasma 0/5 0/5 NT NT 
Cell culture 2/3(C) 2/3(c) 1 / 1 ( ~ )  ENC 

(Lung tumor) 

249Cf - Exposed Bone tumor 1/1 1 /1 1 /1 NT 

241Am - Exposed Bone tumor 1 /2 2/2 1 /I NT 

m ~ o t  tested 
( b l ~ u m b e r  positive samples/total number of samples examined 
( ~ ) D N A  polymerase from lung tumor cell cultures is  associated with a more dense 

particle (1.20 - 1.18 g/ml). These same samples were all negative for Type C retrovirus 
(buoyant density, 1.14 - 1.16 g/ml) 

(d)Evaluation not completed 



PORCINE RETROVIRUS: AN IN VITRO MODEL 

Investigators: 
M. E. Frazier, F. Akiya, and M. 3. Hooper 

Technical Assistance: 
T .  K.  Andrews and B. B .  Thompson 

Virus replication in cel l  cultures from swine with myelogenous leukemia, myeloid metaplasia, 
and from normal animals exposed t o  " ~ r  has been shown to  be related to  the severity of disease. 
The viral DNA polymerase produced in cel l  cultures from leukemic swine i s  characterized. The 

cofactors and conditions necessary for optimal DNA synthesis are the same as for  the viral DNA 

polymerase produced in tissues from leukemic swine. 

Previous studies a t  t h i s  laboratory (Annual 
Report, 1976) have shown that  a retrovirus i s  
present in miniature swine with goSr-induced 
myel ogenous leukemia and myeloid metaplasi a. 
Furthermore, the virus t i t e r  was related to  
the disease s tatus of these animals. 

Since a continuing source of 90Sr swine 
i s  no longer available, i t  has been necessary 
to  propagate cell  l ines producing virus in 
order to carry out necessary immunological 
investigations and nucleic acid hybridiza- 
tion experiments. Several cell  1 ines were 
studied to  determine which a1 1 owed porcine 
virus replication. Viral production was evalu- 
ated, using the standard techniques for virus 
detection and quantitation described in ear- 
l i e r  annual reports (Annual Report, 1975). 
These tes t s  include vi ral reverse transcri p- 
tase assays, electron microscopic evidence 
of the presence and number of C-type parti-  
cles ,  and the hybridization of purified viral 
RNA with 3H-labeled poly dT t o  give an e s t i -  
mate of virus t i t e r .  The results of these 
studies indicate that  virus production i s  
generally correlated t o  the disease s tatus 
of the animal from which the cel l  l ine ori-  
ginated. In other words, cell  cultures from 
animals with myeloid metaplasia are producing 
oncornavirus a t  lower t i t e r s  than cell  cul- 
tures from animals with myelogenous leukemia. 

These cell  l ines thus provide both a source 
of virus (potentially more than one virus 
class)  and an in vi t ro model for  studying the 
relationship between observed pathology and 
virus production. 

Attempts to  explain the observed differ-  
ences in virus production must begin with the 
careful characterization of the individual 
viruses. Two cell l ines from animals with 
myelogenous leukemia were selected for the 
i n i t i a l  aspects of this  study. The virus 
from these cell  l ines was purified and the 
DNA polymerase from these viruses was investi-  
gated to determine the cofactor requirements 
and reaction conditions necessary for  optimal 
DNA synthesi s . 

The basic requirements of the endogenous 
viral DNA polymerase from both cell  l ines were 
essentially the same (Table 3.47). The marked 
decrease in DNA synthesis with the omission 
of dATP, dCTP, or dGTP indicates that a hetero- 
polymeric polydeoxynucleotide i s  being syn- 
thesized that  requires a l l  four deoxyribonu- 
cleotides. Omission of the oligo dT,,-,, 
primer causes a markedly limited reaction, as 
does the absence of a divalent cation. The 
DNA synthesis i s  sensitive to  RNase. In 
contrast,  the absence of actinomycin D and 
distamycin A from the reaction mixture results 



TABLE 3.47. Requirements of Endogenous DNA Poly- 
merase from Porcine Oncornavirus. 

Conditon 

Complete reaction mixture(b1 
Minus dATP 
Minus dGTP 
Minus dCTP 
Minus divalent cation (Mg++ or Mntc) 
Minus oligo dTlz-la 
Plus RNase A and TI 
Minus actinomycin D and Distamycin A 
Complete reaction mixture (culture fluid 

from uninfected porcine culture) 

IHTTP 
~nco r~o ra ted (~ )  

CPM x 10-3 

(a)The amount of 'HTTP incorporated into acid insoluble 
DNA product in a 10-PI aliquot from the reaction mixutre. 
Reactions were incubated at 37OC for 60 min 

( b ) ~ ~ ~ r o x i m a t e l ~  0.5 ~g of purified virus (based on protein 
determinations) is solubilized by the addition of Triton X-100 
to a concentration of 0.005%. The complete reaction mixture 
(100~1) contains the solubilized virus and the following 
concentration of reagents: Tris HCI (pH 8.3), 50 mM; 
MnC12 ImM, KC1 80 mM; dithiothreitol0.8 mM; 2 0 0 ~ M  each 
dCTP, dATP, dCTP and 50 P M  'H-TTP (50 Ci/m mole); 
actinomycin D (100pg/ml); distomycin A (50pg/ml); and 
oligo dTi2-18 ' 

i n  a t  l e a s t  100% more syn thes is .  P rev ious  
s t u d i e s  i n d i c a t e  t h a t  these  a n t i b i o t i c s  s e l e c-  
t i v e l y  i n h i b i t  s y n t h e s i s  o f  t h e  DNA(+) 
s t rands ;  thus  o n l y  DNA(-) s y n t h e s i s  i s  t a k i n g  
p l a c e  i n  o u r  s tandard  r e a c t i o n  m ix tu re .  

F i n a l l y ,  exper iments were c a r r i e d  o u t  t o  
de te rmine  t h e  o p t i m a l  c o n d i t i o n s  f o r  s y n t h e s i s  
o f  DNA by  t h e  v i r a l  DNA polymerases produced 
i n  c e l l  c u l t u r e s  f r o m  leukemic swine. Wh i le  
t h e  enzyme syn thes izes  DNA i n  t h e  presence o f  
e i t h e r  Mn++ (2-5 mM) o r  Mg++ (10-20 mM) , t h e r e  
i s  a  c o n s i s t e n t l y  h i g h e r  r a t e  o f  s y n t h e s i s  i n  
t h e  presence o f  2-5 mM Mn++ ( F i g u r e  3.53A). 
I n  a d d i t i o n ,  t h e  polymerase shows a  peak o f  
a c t i v i t y  when t h e  v i r u s  i s  s o l u b i l i z e d  i n  
v e r y  low c o n c e n t r a t i o n s  o f  T r i t o n  X-100, and 
s y n t h e s i s  i s  v i r t u a l l y  e l i m i n a t e d  by d e t e r g e n t  
c o n c e n t r a t i o n s  above (0.05%) ( F i g u r e  3.538). 

T h i s  low and narrow range o f  T r i t o n  X-100 
(around 0.005-0.01%) i s  c o n s i s t e n t  w i t h  pre-  
v ious  observa t ions  f o r  t h e  p o r c i n e  oncorna- 
v i r u s .  Rather  broad ranges o f  a c t i v i t y  were 
observed f o r  b o t h  KCR c o n c e n t r a t i o n  ( F i g-  
u r e  3.53C) and b u f f e r  pH ( F i g u r e  3.53D). 

D IVALENT METAL ION (molesil x 103) 

20 0 

TRITON X -100 CONC ( % I  

FIGURE 3.53. Reaction Conditions for Optimal Poly- 
merase Activity. Polymerase assays were performed as 
described earlier except that the concentration of divalent 
cations (Mg* or Mn*), detergent (Triton X-loo), KCQ, 
and the pH of the reaction mixture were varied as indi- 
cated. (A) dependence of polymerase activity on divalent 
cation [Mn* or Mn++], (B) detergent concentration. 
C and D on following page. 

The c o n d i t i o n s  and c o f a c t o r s  f o r  o p t i m a l  
DNA s y n t h e s i s  by t h e  v i r u s  p r e s e n t  i n  c u l -  
t u r e d  c e l l s  from leukemic animals  a r e  b a s i -  
c a l l y  t h e  same as f o r  v i r u s  f rom t i s s u e s  
o f  leukemic swine (Annual Report,  1976). 
S i m i l a r  s t u d i e s  w i t h  v i r u s  i n  c e l l  c u l t u r e s  
f r o m  normal swine exposed t o  90Sr  and f rom 
animals  w i t h  mye lo id  metap las ia  a r e  b e i n g  
c a r r i e d  o u t  t o  determine i f  polymerase ac- 
t i v i t y  i s  t h e  same f o r  a l l  these v i r a l  
i s o l a t e s .  
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FIGURE 3.53. (C) [K+], and (D) pH of the reaction mixture 



PORCINE RETROVIRUS: HYBRIDIZATION STUDIES 

I n v e s t i g a t o r s :  

M. E. F r a z i e r ,  F. Akiya, and M. J. Hooper 

Techn ica l  Ass is tance :  

T. K. Andrews and B. B. Thompson 

T r i  t i u m- l a b e l e d  p o r c i n e  r e t r o v i r u s  (PoRV) was i s o l a t e d  and p u r i f i e d ,  and k i n e t i c s  of h y b r i d i -  

z a t i o n  o f  t h i s  RNA w i t h  DNA f rom v a r i o u s  sources was determined. Resu l t s  i n d i c a t e  t h a t  PoRV 

i s  an endogenous p o r c i n e  v i r u s .  

Porc ine  r e t r o v i r u s - i n f e c t e d  c e l l  c u l t u r e s  
were f e d  NCTC 135 medium c o n t a i n i n g  10% f e t a l  
bov ine  serum and 3 ~ - 5  u r i d i n e ,  3H-2 adenosine 
and 3H-5 c y t i d i n e ,  r e s p e c t i v e l y .  Medium was 
changed a t  8- hr  i n t e r v a l s  and c e n t r i f u g e d  t o  
remove c e l l s  and c e l l u l a r  d e b r i s .  The v i r u s  
was p e l l e t e d  by c e n t r i f u g a t i o n  then  p u r i f i e d  
on a  sucrose d e n s i t y  g r a d i e n t .  The l a b e l e d  
v i r a l  m a t e r i a l  banding a t  a  d e n s i t y  o f  1.14- 
1.16 g/ml was c o l l e c t e d  and p e l l e t e d .  V i r a l  
RNA was e x t r a c t e d  by t h e  phenol SDS method, 
p r e c i p i t a t e d  w i t h  e thano l  and l a y e r e d  over  a  
5-20% sucrose g r a d i e n t .  Hi gh-niol ecu l  ar-wei  g h t  
(HMW) RNA was separa ted  f r o m  1  ow-mol ecul  a r -  
w e i g h t  RNA by c e n t r i f u g a t i o n  ( F i g u r e  3 .54) .  
From t h e  ~2 x 1012 v i r u s  p a r t i c l e s  we ob ta ined  
approx imate ly  8 pg o f  HMW RNA, e q u i v a l e n t  t o  
a  l i t t l e  more than  50% o f  t h e  a v a i l a b l e  ma- 
t e r i a l  p resen t .  Minimum s p e c i f i c  a c t i v i t y  
o f  t h e  l a b e l e d  RNA was l o 6  cpmlpg. 

The p u r i f i e d  PoRV 3H- labeled HMW RNA was 
then  used t o  s tudy  t h e  k i n e t i c s  o f  h y b r i d i -  
z a t i o n  o f  PoRV w i t h  DNA f r o m  v a r i o u s  sources. 
The h y b r i d i z a t i o n  m i x t u r e  con ta ined  3H- labeled 
HMW RNA, DNA fragments i n  phosphate b u f f e r  
and 0.05% SDS. Be fo re  m i x i n g  these compo- 
nents t h e  DNA was b o i l e d  1  niin t o  denature 
i t  t o  s i n g l e - s t r a n d e d  DNA; t h e  h y b r i d i z a t i o n  
m i x t u r e  was then  prepared, and t h e  s o l u t i o n  
was incuba ted  a t  68°C u n t i l  needed; 500-p1 
a l i q u o t s  were then  removed and d i l u t e d .  The 
sample was d i v i d e d  i n  h a l f  and two RNAse were 
added t o  one o r  t h e  o t h e r  ha lves  o f  t h e  sani- 
p l e .  Tubes were incuba ted  a t  37°C f o r  30 min, 

then  p laced  i n  an i c e  b a t h  f o r  10 min p r e c i p i -  
t a t e d  w i t h  10% t r i c h l o r o a c e t i c  a c i d .  A f t e r  
30 a d d i t i o n a l  min a t  4°C t h e  a c i d - i n s o l u b l e  
m a t e r i a l  was c o l l e c t e d  on 0.45-micron n i t r o -  
c e l l  u l  ose f i 1  t e r s .  

H y b r i d i z a t i o n  between t h e  tri t i u m- l a b e l e d  
PoRV HMW RNA f r a c t i o n  and DNA e x t r a c t e d  f rom 
e i t h e r  leukemic o r  nonleukeni ic swine reached 
a  maximum o f  about 74% and 70%, r e s p e c t i v e l y  
( F i g u r e  3.55) .  

The k i n e t i c s  o f  r e a c t i o n  o f  t h e  PoRV RNA 
w i t h  DNA f rom swine may c o n t a i n  a  b i p h a s i c  
element. I f  t h i s  proves t o  be t h e  case then  
some sequences ( 4 0 % )  a r e  p r e s e n t  i n  a  h i g h-  
e r  f requency than t h e  rema in ing  sequences. 
T h i s  more r a p i d l y  annea l ing  f r a c t i o n  (below 
a  Cot o f  500) may be p resen t  i n  as many as 
200 c o p i e s / c e l l  . The s lower- anneal  i n g  f r a c -  
t i o n  (above 500) would r e p r e s e n t  o n l y  
1-2 c o p i e s / c e l l  . 

If, on t h e  o t h e r  hand, t h e  k i n e t i c s  o f  
PoRV RNA h y b r i d i z a t i o n  t o  p o r c i n e  c e l l  DNA i s  
n o t  b i p h a s i c ,  t h e  Cot 112 v a l v e  f o r  reassoc ia -  
t i o n  would be about 300. Th is  would i n d i -  
c a t e  t h a t  t h e r e  a r e  on t h e  o r d e r  o f  10 cop ies  
o f  t h e  v i r a l  genome presen t  i n  each c e l l .  

No h y b r i d i z a t i o n  was observed a t  Cot va lues 
o f  up t o  30,000 when t h e  PoRV 3H RNA was 
h y b r i d i z e d  t o  t h e  DNA i s o l a t e d  f rom dog l i v e r  
o r  c a l f  thymus. A  smal l  amount o f  h y b r i d i -  
z a t i o n  (11%) was seen w i t h  RLV i n f e c t e d  Ba lb /c  
mouse sp leen.  



FIGURE 3.54. Sedimentation Velocity Analysis of PoRV 3H RNA. The RNA 
was sedimented in a 10-30% glycerol gradient and fractions collected dropwise. 
The high-molecular-weight RNA peak of the gradient was determined by 
monitoring the trichloroacetic acid-precipitable radioactivity. 3H-labeled RNA 
from HeLa cell ribosomes served as external markers of RNA size. 
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FIGURE 3.55. Kinetics of Iiybridization of PoRV W RNA with DNA from Various 
Sources. Percent hybridization at each time point was deterrr~ined by deducting the 
zero times background sample from the untreated sample and dividing cpm present in  
the RNase treatment sample by cpm present in the untreated sample. Values are 
expressed at Cot, the product of the time of hybridization (in seconds) multiplied by the 
concentration (in moles per liter). 



The f i n a l  h y b r i d i z a t i o n  v a l u e  f o r  t h e  l e u -  
kemic DNA p r e p a r a t i o n  i s  o n l y  2-4% g r e a t e r  
than  t h a t  o f  t h e  nonleukemic DNA. T h i s  prob-  
a b l y  r e p r e s e n t s  o n l y  exper imenta l  d i f f e r e n c e s ;  
however, these s l i g h t  d i f f e r e n c e s  c o u l d  a l s o  
i n d i c a t e  t h a t  a  sma l l  p a r t  o f  a  g i v e n  s e t  o f  
sequences may be absent  f r o m  t h e  DNA o f  a t  
l e a s t  some o f  t h e  c e l l  t ypes  f r o m  a  normal 
p i g .  

The b u l k  o f  t h e  ev idence i n d i c a t e s  t h a t  
PoRV i s  a  c l a s s  I v i r u s .  Class I v i r u s e s  
c o n s t i t u t e  t h e  endogenous v i r u s  c l a s s  (e.g., 
RDl14 o f  c a t s ) .  G e n e r a l l y  speaking, c l a s s  I 
v i r u s e s  a r e  l e s s  oncogenic than  c l a s s  I1  

v i r u s e s .  Accord ing t o  c u r r e n t  though t ,  a  
c e l l - r e p 1  i c a t i n g  c l a s s  I v i r u s  shou ld  c o n t a i n  
i n  i t s  DNA genome a1 1  t h e  g e n e t i c  i n f o r m a t i o n  
o f  t h e  v i r u s  be ing  produced. However, we have 
n o t e d  l e s s  d i f f e r e n c e  i n  t h e  p e r c e n t  o f  h y b r i d i -  
z a t i o n  and t h e  mean thermal  e l u t i o n  tempera tu re  
o f  h y b r i d s  between v i  r u s  and leukemic c e l l  
DNA than w i t h  h y b r i d s  o f  v i r u s  and normal c e l l  
DNA (Annual Report,  1976). Therefore,  i t  i s  
n o t  y e t  p o s s i b l e  t o  s t a t e  c a t e g o r i c a l l y  t h a t  
DNA f rom a  normal c e l l  codes f o r  t h e  p r e s e n t  
f o r m  o f  t h e  v i r u s .  It i s  p o s s i b l e  t h a t  t h e  
endogenous c l a s s  I v i r u s  f r o m  swine has under-  
gone a  m u t a t i o n  as t h e  r e s u l t  o f  r a d i a t i o n  
i n s u l t  t h a t  has inc reased  i t s  oncogenic 
p o t e n t i a l .  



EFFECTS OF INHALED 2 3 9 ~ u 0 2  ON THE PRIMARY IMMUNE RESPONSE 

OF BEAGLE DOGS 

I n v e s t i g a t o r :  

J. E. M o r r i s  

Techn ica l  Ass is tance:  

L. S. Winn 

E f f e c t s  o f  i n h a l e d  2 3 9 ~ u 0 2  on t h e  humoral component o f  t h e  immune system were measured by 

in t ravenous  immunizat ions o f  beagle dogs w i t h  keyhole l i m p e t  hemocyanin (KLH). Wi th  t h i s  T - c e l l -  

dependent an t igen ,  a  s i g n i f i c a n t  decrease (P = < 0.01 ) i n  p r i m a r y  a n t i b o d y  response was 

observed i n  exposed versus unexposed dogs. 

I n h a l e d  p l u t o n i u m  o x i d e  has been shown t o  
induce  a dose- and t ime-dependent lymphopenia 
p r i o r  t o  tumor f o r m a t i o n  i n  beagle dogs. The 
lymphopenia has been c h a r a c t e r i z e d  as be ing  
a decrease i n  p e r i p h e r a l  b l o o d  l e v e l s  o f  b o t h  
T- (thymus dependent) and B- (thymus indepen- 
d e n t )  1  ymphocytes w i t h  g r e a t e r  r e d u c t i o n  i n  
B - c e l l  popu la t ions .  I n  t h i s  r e p o r t  we w i l l  
c o n s i d e r  i n  v i v o  hunioral i ~ ~ m u n o l o g i c a l  e f f e c t s  
o f  i n h a l e d  p lu ton ium as i t  r e l a t e s  t o  t h e  
p r imary  an t ibody  response o f  exposed beagle 
dogs. 

For  t h e  a n t i  body response study,  keyhole 
1 impet  hemocyanin (KLH, m o l e c u l a r  w e i g h t  
3  x  l o 6 )  was chosen as t h e  a n t i g e n  because 
o f  i t s  h i g h  a n t i g e n i c i t y  and t h e  p o s s i b i l i t y  
t h a t  t h e  dogs had n o t  p r e v i o u s l y  been immuno- 
l o g i c a l l y  exposed t o  it. It i s  known t h a t  
KLH i s  T - c e l l  -dependent because f u n c t i o n a l  
T- c e l l s ,  as w e l l  as B- c e l l s ,  a r e  r e q u i r e d  t o  
mount a humoral response t o  KLH. 

A group o f  6  dogs exposed t o  a mean i n i -  
t i a l  deep l u n g  d e p o s i t i o n  o f  1.2 + 0.9 uCi  
2 3 9 P ~ 0 2 ,  2.5 y r  p r e v i o u s l y ,  and 5 unexposed 
dogs were used i n  t h e  s tudy.  P e r i p h e r a l  

lymphocyte l e v e l s  i n  exposed and unexposed 
dogs were 1.2 + 0.5 x  l o 6  and 2.2 + 0.4 x  l o 6 ,  
r e s p e c t i v e l y ,  p e r  nii lli t e r  o f  b l o o d  a t  p r i m a r y  
immunizat ion. Dogs were immunized i n t r a v e n-  
o u s l y  w i t h  0.5 mg KLH/kg body we igh t .  D a i l y  
b lood  samples were drawn and a n t i b o d y  t i t e r s  
t o  KLH were measured u s i n g  a d i r e c t - b i n d i n g  
radioimmunoassay. T y p i c a l  a n t i  body t i t e r  
p r e c i p i t a t i o n  curves f o r  b o t h  an exposed and 
unexposed dog (1 1 days p o s t  p r i m a r y  immuniza- 
t i o n )  a r e  shown i n  F i g u r e  3.56. The curves 
were generated by m i x i n g  100 ~1 o f  immune dog 
serum w i t h  i n c r e a s i n g  amounts o f  KLH r a n g i n g  
f rom 1.3 ug t o  169.9 pg. To compare t h e  a n t i -  
body c o n t e n t  i n  t h e  serum o f  t h e  imnunized 
dogs, t h e  5.3 ug p o i n t  was chosen. 

A p l o t  o f  t h e  percen t  o f  5.3 pg  KLH pre-  
c i p i t a t e d  by t h e  a n t i b o d y  p resen t  i n  100 u1 
o f  immune dog serum i s  shown i n  F igure  3.57. 
The b i n d i n g  and p r e c i p i t a t i o n  curves i n d i c a t e  
t h a t  p l u t o n i u m  exposure induced a s i g n i f i c a n t  
f u n c t i o n a l  decrease (P > 0.01) i n  t h e  p r imary  
a n t i b o d y  response o f  exposed dogs t o  KLH. 
Th is  reduced response suggests t h a t  impairment 
o f  immune mechanism may p l a y  a r o l e  i n  t u m o r i -  
genesis i n  an imals  exposed t o  2 3 9 P ~ 0 2 .  
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FIGURE 3.56. Antibody Titration Curve at 11 Days after 
Primary Immunization 
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FIGURE 3.57. Serum Antibody Measurement in 239Pu0,-Exposed and 
Unexposed Beagle Dogs 



LYMPHOCYTE MOBILIZATION BY DEXTRAN SULFATE I N  BEAGLES 

I n v e s t i g a t o r s :  

H. A. Ragan and K. H. Debban 

Techn ica l  Ass is tance :  

S. L. E n g l i s h  and M. C. Perk ins  

Dogs m a n i f e s t i n g  2 3 9 ~ u - i n d u c e d  lymphopenia responded t o  t h e  l ymphocy te -mob i l i z ing  agent,  

d e x t r a n  s u l f a t e ,  t o  a degree s i m i l a r  t o  t h a t  observed i n  c o n t r o l  dogs. No l i f e - t h r e a t e n i n g  

inc rease  i n  p ro th romb in  t imes  o r  hemorrhagic tendencies were observed. 

Dogs exposed t o  a s i n g l e  i n h a l a t i o n  o f  
2 3 9 P ~ 0 2  develop a dose- re la ted  and p ro longed  
lymphopenia. It has been specu la ted  t h a t  
t h e  lymphopenia r e s u l t s  p r i m a r i l y  f rom con- 
t i n u o u s  i r r a d i a t i o n  o f  c i r c u l a t i n g  lympho- 
cy tes  v i a  t h o r a c i c  lymph nodes, b u t  t h i s  
pathogenesis has n o t  been c l e a r l y  de f ined .  
It was of i n t e r e s t  t o  determine whether dogs 
w i t h  lymphopenia s t i l l  have n iob i l  i z a b l e  poo ls  
of lymphocytes, o r  whether a l l  a v a i l a b l e  
lyniphocytes a r e  a1 ready i n  c i r c u l a t i o n .  

Several po lyan ions  have been found t o  i n -  
duce lymphocytos is  f o l l o w i n g  i n j e c t i o n  i n  
r a t s  and pr imates,  due m a i n l y  t o  m o b i l i z a t i o n  
o f  1 ymphocytes f rom lymphoid organs. Dextran 
s u l f a t e  (DS) was s e l e c t e d  as a lymphocyte- 
m o b i l i z i n g  agent  i n  t h i s  exper iment  because 
o f  i t s  ready a v a i l a b i l i t y  and l a c k  o f  s e r i o u s  
s i d e  e f f e c t s .  

Dogs w i t h  average i n i t i a l  l u n g  burdens o f  
Q, 2.5 $3 2 3 9 P ~ 0 2  18 mo postexposure had b lood  
lymphocyte c o n c e n t r a t i o n s  Q, 55% those  o f  age- 
r e l a t e d  c o n t r o l  dogs. Dogs f r o m  b o t h  groups 
were g iven  5 mg/kg body w e i g h t  s t e r i l e  DS by 
in t ravenous  i n j e c t i o n ,  and b l o o d  samples were 
taken  0, 0.5, 1.0, 2.0, 3.0 and 5.0 h r  l a t e r .  
From these  samples t h e  t o t a l  l e u k o c y t e  coun t  
was determined and b l o o d  smears were made f o r  
l e u k o c y t e  d i f f e r e n t i a l  counts. S ince dex t ran  
i n t e r f e r e s  w i t h  c l o t t i n g ,  plasma prothrombin 
t imes  were a l s o  assayed. 

The r e s u l t s  o f  DS i n j e c t i o n  on b lood  lympho- 
cy te ,  n e u t r o p h i l ,  and monocyte concen t ra t ions ,  
c a l c u l a t e d  as t h e  r a t i o  o f  c e l l s  a t  t i m e  / c e l l s  
a t  t i m e  a r e  shown i n  F i g u r e  3.58. ~ l t h 6 u ~ h  
abso lu te  lymphocyte c o n c e n t r a t i o n s  were r e-  
duced i n  239Pu02-exposed dogs, t h e  percen t  o f  
lymphocytes m o b i l i z e d  a f t e r  DS i n j e c t i o n  was 
comparable i n  lyniphopenic and c o n t r o l  dogs, 
b o t h  as t o  t i m e  and degree o f  maximum r e -  
sponse. Only a niodest inc rease  i n  n e u t r o p h i l s  
was observed i n  e i t h e r  t rea tment  group. I n t e r -  
e s t i n g l y ,  t h e  percen t  o f  monocytes m o b i l i z e d  
by DS was g r e a t e r  i n  lymphopenic than  i n  con- 
t r o l  dogs, even though t h e  p r e i n j e c t i o n  mono- 
c y t e  va lues were about  equal ,  (400 + 130/mm3 

i n  t h e  former versus 460 + 120/mm3 Tn t h e  
1 a t t e r )  . 

Maximal p r o l o n g a t i o n  o f  p ro th romb in  t i m e  
occur red  a t  t h e  0.5-hr sample i n  b o t h  groups. 
Mean va lue  a t  t h a t  t i m e  was 1.8 t imes  t h e  
zero- hr  va lue,  so d i d  n o t  r e p r e s e n t  a s e r i o u s  
compromise o f  t h e  c l o t t i n g  mechanism. 

From t h e  r e s u l t s  o f  t h i s  s tudy  i t  appears 
t h a t  dogs m a n i f e s t i n g  pro longed 239Pu-induced 
lymphopenia have a r e s e r v e  pool  o f  m o b i l i z -  
a b l e  lymphocytes. However, a major  unan- 
swered q u e s t i o n  remains:  Why i s  a feed-back 
mechanism n o t  s t i m u l a t e d  by t h e  pro longed 
lymphopenia t h a t  would r e t u r n  lymphocyte 
l e v e l s  toward normal? S tud ies  t o  h e l p  answer 
t h i s  q u e s t i o n  a r e  be ing  planned. 
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FIGURE 3.58. Leukocyte Mobilization in Dogs Following Intravenous Injection of 
Dextran Sulfate, Ration of cells at time x (mean t SD) 

- ---- 2 3 9 ~ ~ 0 2  EXPOSED (11-31 

T - CONTROLS (n-5)  - 
I 
I - I 
I 

- I 

cXlcO 
T 

2 . 2 -  e 
0 
0 
I 
a 1.8 - 
E 
5 



Development of Blood Irradiator 

Ext racorporea l  i r r a d i a t i o n  o f  blood, u s i n g  repeated b r i e f  exposures, has been shown t o  sup- 

press r e j e c t i o n  o f  t i s s u e  t r a n s p l a n t s  and t o  i n h i b i t  p rogress ion  o f  c h r o n i c  l ymphocy t i c  1 eukem- 

i a .  Th is  p r o j e c t  i s  designed t o  s tudy  t h e  b a s i c  processes by which b lood  i r r a d i a t i o n  produces 

such e f f e c t s ,  t o  e s t a b l i s h  t h e  c o n d i t i o n s  o f  dose a d m i n i s t r a t i o n  which o p t i m i z e  t h e r a p e u t i c  

e f f e c t ,  and t o  improve t h e  techn ique  o f  b lood  i r r a d i a t i o n  th rough  t h e  development o f  improved 

and p o r t a b l e  b l o o d  i r r a d i a t o r s .  

PROGRESS I N  DEVELOPMENT OF A PORTABLE BLOOD IRRADIATOR 

I n v e s t i g a t o r :  

F. P. Hungate 

Hardware problems a s s o c i a t e d  w i t h  m a i n t a i n i n g  a nonthrombogenic environment f o r  b lood  f l o w  

appear t o  be l a r g e l y  so lved.  The new techn ique  o f  s p i n  c a s t i n g  t h e  b lood  i n t e r f a c e  l a y e r  con- 

t i n u e s  t o  p r o v i d e  i r r a d i a t o r  u n i t s  t h a t  produce no ev idence o f  thrombus i n i t i a t i o n  i n t e r n a l l y .  

E a r l i e r  connectors had s u r f a c e  d i s c o n t i n u i -  
t i e s  a t  t h e  p o i n t  o f  b u t t  j o i n i n g  due t o  non- 
c o n c e n t r i c i t y  and occas iona l  d i f f e r e n t i a l  
sh r inkage  o f  t h e  t e f l o n  l i n e r  f r o m  t h e  body 
o f  t h e  connector .  Wi th  knowledge o f  these  
problems, t h e  vendor ( Q u i  n t o n  Ins t ruments )  
prepared a s e r i e s  o f  connectors c a s t  froni 
o t h e r  m a t e r i a l s ,  w i t h  no i n t e r n a l  t e f l o n  
l i n e r ,  which were t e s t e d  i n  an imals  w i t h  
a r te r iovenous  shunts i n  p lace.  

One o f  t h e  m a t e r i a l s ,  T e f z e l ,  showed e v i -  
dence o f  thrombus i n i t i a t i o n  on t h e  connector  
w a l l  w i t h i n  24 h r .  A second m a t e r i a l ,  p o l y -  
v i n y l c h l o r i d e ,  deformed w i t h i n  24 h r  t o  t h e  
p o i n t  o f  d i s c o n t i n u i t y  a t  t h e  j o i n t ,  a l though  
no thrombus was observed on t h e  connec to r  w a l l .  
No ev idence o f  thrombus i n d u c t i o n  was observ-  
ed i n  a polyethylene-polyvinylchloride copo ly-  
mer, polyformaldehyde, o r  po lyp ropy lene  u n i t s  
d u r i n g  24- hr  t e s t s .  Because o f  s l i g h t l y  be t-  
t e r  p h y s i c a l  conformance, p o l y f o r m a l  dehyde 
u n i t s  were used i n  subsequent shunts and have 
performed w e l l  over  a p e r i o d  o f  many months, 

even when shunts were repea ted ly  opened f o r  
b lood  sampl i n g  o r  i r r a d i a t o r  rep1 acenient. 

A c t i v a t i o n  o f  u n i t s  has been a c o n t i n u i n g  
problem due t o  r e a c t o r  o p e r a t i o n  schedu l ing  
and d i f f i c u l t i e s  i n  g e t t i n g  u n i t s  i n t o  t h e  
area o f  h i g h  neu t ron  f l u x .  The r e a c t o r  tube  
n o r m a l l y  used g i v e s  a f l u x  o f  1014 neutrons 
cm 2, b u t  e a r l y  i n  t h e  y e a r  saniples f a i l e d  
t o  a t t a i n  t h e i r  t y p i c a l  r a d i a t i o n  l e v e l .  
Tests  i n d i c a t e d  tube  blockage, even when h igh-  
e r  gas pressures were used f o r  i n s e r t i n g  t h e  
samples. A t  t h e  scheduled f a l l  r e a c t o r  o u t -  
age, t h i s  tube  was c leaned and conver ted  f r o m  
a pneumatic t o  a h y d r a u l i c  system. Recent 
t e s t s  i n d i c a t e  t h a t  access v i a  t h i s  tube  
i s  s t i l l  obs t ruc ted ,  and t h e r e  i s  no consen- 
sus about  how t o  r e c t i f y  t h e  problem. I n  
t h e  meantime, a new c a r r i e r  was c o n s t r u c t e d  
so t h a t  u n i t s  can be i r r a d i a t e d  i n  a tube  
y i e l d i n g  1013 neu t rons  cm 2. The lower  i r r a -  
d i a t i o n  l e v e l  i n  t h i s  tube r e q u i r e s  a l o n g e r  
p e r i o d  o f  a c t i v a t i o n  (about  a month) and lower  
a c t i v i t y  l e v e l s  a r e  a t t a i n e d .  



B i o l o g i c a l  t e s t i n g  o f  t h e  i r r a d i a t o r s  has 
con f i rmed e a r l i e r  suppress ion o f  lymphocyte 
l e v e l s  by r e l a t i v e l y  l o w  l e v e l s  o f  i r r a d i a -  
t i o n .  Our con t inued  f a i l u r e  t o  observe 
t y p i c a l  r e j e c t i o n  sequel ae has been d isap-  
p o i n t i n g .  On t h e  s u p p o s i t i o n  t h a t  t h i s  m igh t  
be due t o  some q u i r k  o f  common genotype, 
r e c i p r o c a l  g r a f t s  were made between f u l l - s i z e  
goats o b t a i n e d  l o c a l l y  and an i n b r e d  s t r a i n  
o f  A f r i c a n  Pygmy goats ma in ta ined  a t  t h i s  
l a b o r a t o r y .  When we s t i l l  observed no d i s -  
t i n c t  r e j e c t i o n  syndrome, r e c i p r o c a l  g r a f t s  
were made between t h e  goats and a sheep, w i t h  
s i m i l a r  l a c k  o f  success -in i d e n t i f y i n g  a d i s -  
t i n c t i v e  r e j e c t i o n  p a t t e r n .  B iops ies  taken 
th rough  t h e  g r a f t  a rea  i n d i c a t e d  l a c k  o f  
v a s c u l a r i z a t i o n .  To overcome t h i s  l a c k  o f  
v a s c u l a r i t y ,  s p l i t  s k i n  g r a f t s  a r e  now be ing  
t e s t e d .  A l though  b i o p s i e s  have n o t  y e t  been 
examined, t h e r e  was no v i s u a l  ev idence o f  
immunologic r e a c t i o n .  

It was r e p o r t e d  l a s t  y e a r  t h a t  c l o t t i n g  
problems d u r i n g  i r r a d i a t o r  t e s t i n g  had been 
r e s o l v e d  by use o f  d i  coumarol wi  t h  a s p i r i n .  
Whi le  t h i s  was e f f e c t i v e  the rapy ,  v e r y  1 arge 
doses o f  d icoumarol  were r e q u i r e d  t o  coun te r-  
a c t  t h e  i n t a k e  o f  v i t a m i n  K i n  a l f a l f a  feed. 
Three cases o f  dicouniarol overdosage o c c u r r e d  
when animal feed  i n t a k e  v a r i e d .  I n j e c t i o n  
o f  v i t a m i n  K was success fu l  i n  r e v e r s i n g  t h e  
problem i n  o n l y  one case; t h e  o t h e r  two suc- 
cumbed t o  i n t e r n a l  b l e e d i n g  . Consequently,  
we now r o u t i n e l y  i n j e c t  l ow doses o f  h e p a r i n  
t w i c e  d a i l y .  S ince h e p a r i n  i s  noncumulat ive 
t h i s  regimen a l s o  a l l o w s  f o r  temporary cessa-  
t i o n  o f  t rea tment  j u s t  p r i o r  t o  s k i n  g r a f t i n g .  

P r e l i m i n a r y  d i s c u s s i o n s  on p r e c l i n i c a l  
i r r a d i a t o r  t e s t i n g  i n  baboons were h e l d  w i t h  
Dr. E. D. Thomas. We hope t o  i n i t i a t e  t h i s  
t e s t i n g  d u r i n g  t h e  coming y e a r  so t h a t  eva lu-  
a t i o n  on human p a t i e n t s  can f o l l o w .  
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FUSION 

Biomagnetic Effects 

The development o f  magnetic f u s i o n  power sources w i l l  undoubtedly  r e s u l t  i n  t h e  occupa t iona l  

exposure o f  personnel t o  magnetic f i e l d s  o f  v a r y i n g  s t r e n g t h s  and geometr ies. The D i v i s i o n  o f  

Magnetic Fusion Energy (DMFE), ERDA has, t h e r e f o r e ,  expressed t h e  need f o r  i n f o r m a t i o n  on t h e  

b i o l o g i c a l  e f f e c t s  o f  magnetic f i e l d s  t o  a i d  them i n  t h e i r  e v a l u a t i o n  o f  f u s i o n  r e a c t o r  des igns.  

There have been a number o f  i n v e s t i g a t i o n s  o f  t h e  b i o l o g i c a l  e f f e c t  o f  magnetic f i e l d s ,  u s i n g  

severa l  exper imenta l  systems. The r e s u l t s  have o f t e n  been equ ivoca l ,  t h e  e f f e c t s  no ted  be ing  

smal l  o r  nonreproduc ib le  by d i f f e r e n t  i n v e s t i g a t o r s .  Nonetheless, evidence t h a t  b iomagnet ic  

e f f e c t s  do occur  i s  s u f f i c i e n t  t o  i n d i c a t e  t h e  need f o r  sys temat i c ,  we1 1- c o n t r o l  l e d  s t u d i e s  

t o  o b t a i n  i n f o r m a t i o n  s u i t a b l e  f o r  t h e  es tab l i shment  o f  reasonable exposure 1 i m i t s .  For  these 

reasons, t h e  s t u d i e s  descr ibed  i n  t h e  f o l l o w i n g  r e p o r t s  have been undertaken. 

EXPOSURE OF PRIMARY AND ESTABLISHED CELL LINES TO MAGNETIC FIELDS 

I n v e s t i g a t o r s :  

T. K. Andrews, M. E. F r a z i e r  and B. B. Thompson 

Technica l  Ass is tance:  

C. White and M. J. Hooper 

Experiments were i n i t i a t e d  t o  r e p l i c a t e  and, i f  poss ib le ,  q u a n t i t a t e  t h e  r e p o r t e d  e f f e c t  

o f  magnetic f i e l d s  on c u l t u r e d  c e l l s .  S ince t h e  W138 and L929 c e l l s  p r e v i o u s l y  employed a r e  

l e s s  than i d e a l  choices f o r  use i n  q u a n t i t a t i v e  s t u d i e s  o f  t h i s  na tu re ,  we have i n c l u d e d  t h r e e  

a d d i t i o n a l  c e l l  l i n e s  t o  h e l p  i n  e v a l u a t i n g  t h e  p o t e n t i a l  e f f e c t s  o f  magnetic f i e l d s  on 

c u l  t u r e d  c e l l  s. 

M a l i n i n  e t  a l .  (Sc ience 194: 844-846, r e s u l t s ,  i f  v e r i f i e d ,  r e p r e s e n t  a  s i g n i f i -  
1976) r e p o r t e d  t h a t  s t r o n g  magnetic f i e l d s  c a n t  s c i e n t i f i c  f i n d i n g .  U n f o r t u n a t e l y ,  
markedly i n h i b i t e d  t h e  growth r a t e  o f  c u l -  o n l y  s u b j e c t i v e  c r i t e r i a  were used i n  eva lu -  
t u r e d  c e l l s .  I n  a d d i t i o n ,  these same c e l l s  a t i  ng these  c e l l  1  ines .  For  example, t h e  
r e p o r t e d l y  underwent a morpho log ica l  and a c t u a l  growth r a t e s  were n o t  determined f o r  
p h y s i o l o g i c a l  t r a n s f o r m a t i o n  as a r e s u l t  o f  e i t h e r  t h e  exposed o r  t h e  c o n t r o l  c u l t u r e s .  
t h e i r  exposure t o  magnetic f i e l d s .  These Furthermore, n e i t h e r  c e l l  s i z e  measurements 



n o r  o b j e c t i v e  d e t e r m i n a t i o n s  o f  c e l l  t r a n s-  
f o r m a t i o n  ( i .e . ,  growth i n  s o f t  agar o r  
animal t r a n s p l a n t a t i o n  exper iments)  were 
attempted. Because o f  t h e  i m p l i c a t i o n s  o f  
these  f i n d i n g s  and t h e  incompleteness o f  t h e  
d a t a  i t  seemed i m p e r a t i v e  t h a t  t h i s  s tudy  be 
repea ted  and extended. 

Tab le  4.1 l i s t s  t h e  c e l l  l i n e s  be ing  used 
i n  o u r  c u r r e n t  s tudy .  The L929 and W138 
c e l l s  used i n  t h e  o r i g i n a l  i n v e s t i g a t i o n  a r e  
inc luded ,  t o g e t h e r  w i t h  t h r e e  a d d i t i o n a l  
c e l l  1  ines.  Hamster embryo c e l l s  were chosen 
because t h e y  r e p r e s e n t  a  d i v e r s e  p o p u l a t i o n  
o f  f a i r l y  d i f f e r e n t i a t e d  c e l l s  w i t h  l i m i t e d  
l i f e  span (un less  t h e y  become t ransformed);  
t h e y  a r e  w i d e l y  used as i n d i c a t o r  c e l l s  i n  
t r a n s f o r m a t i o n  s t u d i e s  and r e s u l t s  w i t h  these  
c e l l s  c o u l d  be more e a s i l y  i n t e r p r e t e d  by 
t h e  s c i e n t i f i c  community. The C3H 10T1/2 
c e l l s  r e p r e s e n t  a  con t inuous  c e l l  l i n e  t h a t  
i s  a l s o  w i d e l y  used as an i n d i c a t o r  c e l l  f o r  
chemical carc inogens;  t h e y  d i s p l a y  s t r i c t  
c o n t a c t  i n h i b i t i o n  u n t i l  t h e y  become t r a n s-  
formed. The VERO c e l l s  were i n c l u d e d  because 
t h e i r  i n g r o w t h  parameters have been w e l l  
c h a r a c t e r i z e d  i n  o u r  l a b o r a t o r y  and even very  
s u b t l e  changes i n  growth c h a r a c t e r i s t i c s  a r e  
r e a d i l y  d i s c e r n i b l e .  

TABLE 4.1. Identification of Cell Lines Used to  
Evaluate Magnetic Effects in  Cultured Cells 

Cell Line Source 

W138 Human Lung (fibroblast) 

L929 Mouse Fibroblast 

VERO Monkey Kidney 

HEC Secondary Hamster Embryo 

C,H 10T1/2 Mouse Prostate 

C e l l s  were exposed i n  a  f r o z e n  s t a t e  (as 
i n  Ma1 i n i n ' s  exper.iment) t o  e i t h e r  5000 o r  
10,000 gauss magnetic f i e l d  f o r  4, 8, o r  
24 h r .  C e l l s  were then  thawed, washed w i t h  
f r e s h  medium, and grown, u s i n g  s tandard  c e l l  
c u l t u r e  techniques.  P e r i o d i c  e v a l u a t i o n s  o f  
c e l l  v i a b i l i t y ,  growth r a t e ,  c e l l  s i z e ,  c e l l  
morphology, and c e l l  t r a n s f o r m a t i o n  f requency  
o f  exposed and c o n t r o l  c u l t u r e s  were c a r r i e d  
o u t  accord ing  t o  t h e  p l a n  o u t l i n e d  i n  
Table 4.2. 

L929 c e l l s  exposed t o  10,000 gauss f o r  4  
o r  8  h r  have been s t u d i e d  f o r  80+ days i n  
c u l t u r e  and t h e  morpho log ica l  and growth 
c h a r a c t e r i s t i c s  descr ibed  by  M a l i n i n  e t  a l .  
have n o t  y e t  been observed. However, L929 
c e l l s  exposed a t  10,000 gauss f o r  8  h r  have 
inc reased  s i g n i f i c a n t l y  i n  s i z e .  S tud ies  
w i t h  hamster embryo c e l l  s  have been u n i f o r m l y  
nega t i ve ,  these  c u l t u r e s  began d y i n g  a f t e r  
t h e  6 t h  passage, i n d i c a t i n g  t h e y  had n o t  been 
m a l i g n a n t l y  t rans fo rmed by exposure t o  mag- 
n e t i c  f i e l d s .  S tud ies  w i t h  VERO, WI38, and 
t h e  C3H 10T1/2 c e l l s  a r e  s t i l l  i n  p rogress .  

TABLE 4.2. Experimental Parameters for Evaluation 
of Cells Exposed to  Magnetic Fields 

Parameter Method of Evaluation 

A. Cell Viability 1. Trypan Blue 
2. Cloning Efficiency 

B.  Growth Rate 1. Elkind's 
2. Total Protein 

C. Cell Size 1. Photomicrographs 

D. Cell Morphology 1. Phase Contrast Microscopy 
2. Stained Slide Preparations 

E. Cell Transformation 1. Morphology 
a) Loss of Contact Inhibition 
b) Random Crowth Patterns 
c) Change in Morphology 

2. Crowth in Soft Agar 



RESPONSE OF ARTIFICIAL MEMBRANES AND GELS TO MAGNETIC FIELDS 

I n v e s t i g a t o r s :  

D. R. ~ a l  k w a r f ( l )  and J. C. Lang fo rd  (a 

G e l a t i o n  temperatures o f  aqueous 1.4% agarose s o l u t i o n s  were found  t o  i n c r e a s e  1 i n e a r l y  

w i t h  a p p l i e d  magnetic f i e l d ,  f rom 37.4 + 0.2"C a t  0 t e s l a  t o  38.8 + 0.2"C a t  1 t e s l a .  Gels 

formed i n  a 1 - t e s l a  f i e l d  were a l s o  found t o  be 10% more permeable t o  DNA than  were c o n t r o l  

ge ls .  The e f f e c t  was a t t r i b u t e d  t o  m a g n e t i c a l l y  induced a l ignment  o f  agarose cha ins  i n  t h e  

l i q u i d  s t a t e  p r i o r  t o  g e l a t i o n .  No change i n  t h e  p e r m e a b i l i t y  o f  p h o s p h o l i p i d- b i l a y e r  

membranes t o  f l u o r i d e  i o n s  was found even a t  magnetic f i e l d s  o f  1 t e s l a .  

Most b iochemicals  a r e  d iamagnet ic  and can 
be expected t o  a l i g n  t h e i r  major  mo lecu la r  
axes para1 l e l  t o  an a p p l i e d  magnet ic  f i e l d .  
The r e p o r t e d  c l a r i f i c a t i o n  o f  t u r b i d ,  
o r g a n i c  " l i q u i d  c r y s t a l s "  when p laced  i n  a 
magnetic f i e l d  i s  a v i v i d  i l l u s t r a t i o n  o f  
t h i s  process. I n  such cases, t h e  o r i e n t i n g  
e f f e c t  o f  t h e  magnetic f i e l d  couples w i t h  
t h e  shor t- range  b i n d i n g  f o r c e s  w i t h i n  t h e  
i n d i v i d u a l  "swarms" o f  l i q u i d  c r y s t a l s  t o  
c r e a t e  long- range o r d e r  i n  s p i t e  o f  thermal  
a g i t a t i o n .  Conversely, a r a p i d l y  changing 
magnetic f i e l d  would be expected t o  a i d  
thermal  a g i t a t i o n  i n  d i s r u p t i n g  preformed 
s t r u c t u r e s .  I n  c e l l  s, s t a b i l  i z a t i o n  o r '  
d i s r u p t i o n  o f  l o o s e l y  bound m i c r o s t r u c t u r e s  
such as aqueous g e l s  o r  p h o s p h o l i p i d- b i l a y e r  
membranes c o u l d  i n i t i a t e  more e x t e n s i v e  
b i o l o g i c a l  e f f e c t s .  It i s  t h e  purpose o f  
t h i s  s tudy  t o  search f o r  m a g n e t i c a l l y  
induced changes i n  model g e l s  and membranes 
t h a t  m igh t  suggest exper iments t o  r e v e a l  
more o v e r t  b iomagnet ic  e f f e c t s .  

Aqueous s o l u t i o n s  c o n t a i n i n g  1.4% agarose 
were used as models f o r  i n v e s t i g a t i n g  t h e  
e f f e c t s  o f  magnetic f i e l d s  on ge l  s t r u c t u r e .  
Agarose i s  a h igh-molecular-weight ,  l i n e a r  
po lysacchar ide  c o n s i s t i n g  o f  a l t e r n a t e  
D-galactose and 3,6-anhydro-L-galactose 

( a ) ~ h y s i  c a l  Sciences Department 

u n i t s .  When a s o l u t i o n  o f  agarose coo ls ,  i t  
forms a f i r m  ge l  ; t h i s  t r a n s i t i o n  i s  accom- 
panied by a s l i g h t  i nc rease  i n  t u r b i d i t y .  A 
smal l  t u r b i d i m e t e r  and t h e r m i s t o r  assembly 
was c o n s t r u c t e d  t o  a c c u r a t e l y  measure t h e  
temperature o f  t h i s  t r a n s i t i o n  i n  samples 
h e l d  w i t h i n  t h e  2.75- in. a i r - g a p  o f  an 
e lect romagnet .  As a sample cooled, t h e  
g e l a t i o n  temperature was i n d i c a t e d  by a 
sharp break i n  t h e  recorded p l o t  o f  t r a n s-  
m i t t e d  l i g h t  i n t e n s i t y  versus temperature.  
These temperatures were found t o  i n c r e a s e  
l i n e a r l y  w i t h  magnetic f i e l d  f rom 37.4 + 0.2"C 
a t  0 t e s l a  t o  38.8 + O.Z°C a t  1 t e s l a  
( F i g u r e  4.1 ) .  The s t a t i s t i c a l  1 i m i  t s  shown 
a r e  95% con f idence  i n t e r v a l s ,  each based on 
a t  l e a s t  n i n e  separa te  de te rmina t ions .  

These d a t a  suggest t h a t  magnetic f i e l d s  
can a l i g n  l i n e a r  cha ins  o f  agarose i n  t h e  
l i q u i d  s t a t e  so t h a t  t h e y  can f o r m  a s o l i d  
s t r u c t u r e  a t  h i g h e r  temperatures. A d d i t i o n a l  
ev idence f o r  m a g n e t i c a l l y  induced a l ignment  
was found by comparing t h e  e l e c t r o p h o r e t i c  
m o b i l i t i e s  o f  h igh-molecular- weight ,  bac- 
t e r i a l  DNA th rough  1.4% agarose g e l s  a l lowed 
t o  s o l i d i f y  i n  e i t h e r  a 0- o r  1 - t e s l a  f i e l d .  
The DNA moved 10% f a s t e r  through g e l s  formed 
i n  t h e  1 - t e s l a  f i e l d ,  sugges t ing  t h a t  t h i s  
f i e l d  c rea ted  a more o rdered  ge l  s t r u c t u r e  
w i t h  l e s s  c i r c u i t o u s  paths f o r  t h e  m i g r a t i n g  
DNA molecules. 



Spher ica l  v e s i c l e s  bounded by s i n g l e  
b i l a y e r s  o f  e i t h e r  d i p a l n i i t o y l -  o r  d i o l e o y l -  
p h o s p h a t i d y l c h o l i n e  were used as models t o  
i n v e s t i g a t e  t h e  e f f e c t s  o f  magnetic f i e l d s  
on b i o l o g i c a l  membranes. V e s i c l e s  were 
p repared  by s o n i c a t i n g  aqueous suspensions 
o f  t h e  p h o s p h o l i p i d s  i n  0.1 M NaF and pass ing  
t h e  p r o d u c t  th rough  a  ge l  f i l t r a t i o n  column 
t o  remove a l l  f l u o r i d e  i o n  f rom t h e  s o l u t i o n  
between v e s i c l e s .  Release o f  f l u o r i d e  f rom 
t h e  v e s i c l e  i n t e r i o r  was then  measured w i t h  
a  s e l e c t i v e  f l u o r i d e - i o n  e l e c t r o d e ,  as a  
f u n c t i o n  o f  t ime,  t o  e v a l u a t e  d i s r u p t i o n  o f  
b i l a y e r  s t r u c t u r e .  F l  u o r i d e- r e l e a s e  r a t e s  
were measured a t  c o n s t a n t  tempera tu re  over  
t h e  range 15 t o  30°C i n  t h e  presence o r  
absence o f  an a p p l i e d  magnet ic  f i e l d .  A 
c o n s t a n t  1 - t e s l a  f i e l d  o r  0.17-Hz f i e l d  was 
a p p l i e d .  N e i t h e r  f i e l d  caused a s i g n i f i c a n t  
a l t e r a t i o n  i n  r a t e s  a t  t h e  95% con f idence  
l e v e l  . 

0 0.2 0.4 0.6 0.8 1.0 1.2 

MAGNETIC FIELD. tesla 

FIGURE 4.1. Effect of Magnetic Fields on Celation 
Temperature of 1.4% Agarose Solutions. Data are 
presented as 95% confidence intervals, each based on 
at least 9 separate determinations. 
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OIL SHALE 

Potential biomedical concerns in the area of oil shale fuel technology are 
being investigated, in part, by a tiered testing approach utilizing the Ames assay 
and mammalian cell transformation, followed by more standard toxicologic 
procedures. Studies in this area have resulted in derivatives of the basic Ames 
assay that appear to allow better definition of the mutagenic potential of toxic 
mixtures. Fractions of potential importance, as defined by the Ames assay, are 
presently being utilized in development of a quick and quantitative assay for 
pulmonary carcinogenesis. 

Techniques for administering (via the inhalation route) and analyzing effects 
of spent and oil-bearing shale dust were developed in this past year. 





OIL SHALE 

Late Effects of Oil Shale Pollution 

m 

The purpose o f  t h i s  s tudy  i s  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  h e a l t h  hazards a s s o c i a t e d  w i t h  

exposure t o  dus ts  and o t h e r  e f f l u e n t s  r e l e a s e d  d u r i n g  t h e  p rocess ing  o f  o i l  shale.  P o t e n t i a l  

e x i s t s  f o r  occupa t iona l  exposure t o  o i l  s h a l e  and spent  sha le  p a r t i c u l a t e s ,  c rude  s h a l e  o i l ,  

processed s h a l e  o i l ,  and waste water .  P o l y c y c l  i c  a romat i c  hydrocarbons (PAH), i n c l u d i n g  

carc inogens,  a r e  p r e s e n t  i n  a l l  o f  t h e  above p o l l u t a n t s .  

GENERATION AND CHARACTERIZATION OF OIL SHALE AND SPENT 

SHALE AEROSOLS FOR ANIMAL INHALATION 

I n v e s t i g a t o r s  : 

W. C. Cannon and D. W. Phelps 

Technica l  Ass is tance :  

B. F. G a r r i t y ,  J. R. L a i d l e r ,  and K. R. Hanson 

The Wr igh t  Dust Feed Mechanism was eva lua ted  as a genera to r  o f  o i l  s h a l e  and spen t  sha le  
3 aeroso ls  f o r  animal i n h a l a t i o n  experiments. O i  1  sha le  c o n c e n t r a t i o n s  o f  197 mg/m were 

3 obta ined,  o f  which 68% was r e s p i r a b l e ;  spent  s h a l e  c o n c e n t r a t i o n s  o f  86 mg/m were o b t a i n e d  

(79% r e s p i r a b l e ) .  Both o i l  sha le  and spent  s h a l e  aeroso ls  had p a r t i c l e  size-dependent 

coniposi t i o n s .  

O i l  sha le  and spent  s h a l e  aeroso ls  were 
generated f rom p u l v e r i z e d  chunk m a t e r i a l  by 
a Wr igh t  Dust Feed Mechanism (WDFM) i n t o  a 
222-R p l a s t i c  aeroso l  chamber, w i t h  a cyc lone  
e l u t r i a t o r  i n t e r p o s e d  i n  t h e  l i n e  t o  remove 
l a r g e r  p a r t i c l e s .  Aerosol p r o p e r t i e s  a r e  
summarized i n  Tab le  5.1. 

Aerosol  samples i n c l u d e d  g r a v i m e t r i c  f i  l- 
t e r  samples f o r  t o t a l  ae roso l  concen t ra t ion ,  
MRE r e s p i r a b l e  d u s t  samples f o r  r e s p i r a b l e  
c o n c e n t r a t i o n  and Andersen cascade impac to r  
samples f o r  p a r t i c l e  s i z e  d i s t r i b u t i o n .  

P a r t i c l e  s i z e  dependence o f  compos i t i on  
was demonstrated by analyses o f  samples 
c o l l e c t e d  on t h e  f i r s t  seven stages o f  an 
Andersen cascade impactor .  M e t a l l i c  element 
analyses were per formed on a c i d- d i g e s t e d  5. 

samples (Tab le  5.2).  Samples o f  o i l  s h a l e  
were des icca ted  a t  room temperatures, then  
heated a t  300°C u n t i l  w e i g h t  s t a b l e  and 
p e r c e n t  w e i g h t  l o s s  was determined  able 5.3). 
Weight l o s s  o f  spent  sha le  samples by t h i s  
procedure were t o o  sma l l  t o  measure. The 
we igh t  l o s t  f rom o i l  sha le  samples i s  con- 
s i d e r e d  t o  be l a r g e l y  o r g a n i c  m a t e r i a l ,  b u t  
p robab ly  does n o t  i n d i c a t e  t o t a l  o r g a n i c  
con ten t .  The g e n e r a l l y  g r e a t e r  we igh t  losses  
from s m a l l e r  p a r t i c l e  f r a c t i o n s  may have r e -  
s u l t e d  f rom t h e  l a r g e r  s u r f a c e  area p e r  u n i t  
mass, r a t h e r  than  f rom a d i f f e r e n c e  i n  
composi t i on. 

O i l  s h a l e  m a t e r i a l s  were o b t a i n e d  f rom 
t h e  Laramie Energy Research Center  (LERC); 
spent  s h a l e  m a t e r i a l s  were o b t a i n e d  f rom 
Lawrence L ivermore Laboratory .  



TABLE 5.1. Aerosol Properties Using the ~ r i ~ h t u s t  Feed Generator. 

Oi l  Shale Spent Shale 

Generator Data 

Gear Ratio 

Air Flow Q/min 20 20 

Recommended Packing Pressure Kg/cm2 44 175 

Pack Density g/cm3 1.41 + 0.10 1.92 + 0.05(a) 

Aerosol Data 

Chamber Air Flow Q/min 

Chamber Volume liters 

Aerosol Concentration mg/M3 
(Filter Paper) 

Respirable Concentration mg/M3 

GSD 
-- 

(a)Mean t SD 
(b)Mass Median Aerodynamic Diameter 

*-- - 
TABLE 5.2. Metal contenda) of Raw and Spent Oi l  Shale Aerosol Samples (ug Metal /Mg Shale) 

Andersen Stages 

1 2 3 4 5 6 7 
----- 

(urn) > 7.1 (4.8-7.1) (3.3-4.8) (2.1-3.3) (1.05-2.1) (0.64-1.05) (0.45-0.64) Bulk 

Oi l  Shale Metals 

Spent Shale Metals 

Al 46 42 25 38 44 31 25 Not Analyzed 
Ca 154 174 123 169 180 120 72 Not Analyzed 
Fe 35 30 31 45 100 103 187 Not Analyzed 

( a ) ~ l l  values are in  u g  metal/mg shale 
( b ) ~ e l o w  detection limits 

TABLE 5.3. Weight Loss of Oi l  Shale Heated to  300°. 
Andersen Stage 

1 2 3 4 5 6 7 Bulk Sample 
- - - - --- 

AEDM p m  >7.1 4.8-7.1 3.3-4.8 2.1-3.3 1.05-2.1 0.64-1.05 0.45-0.64 - 

Percent Weight Loss 19 21 19 18 23 28 33 17.3 + 0.2(b) 
Test # I  

Percent Weight Loss - 12 12 14 17 20 21 18.1 + 0.2 
Test #2 

( a ) ~ e r o d ~ n a m i c  Equivalent Diameter 
@)Mean + Standard Deviation 

5.2 



FIBROGENIC POTENTIAL OF RAW AND SPENT SHALE PARTICULATES 

I n v e s t i g a t o r s :  

R. A. Renne, L. G. Smi th and K. E. McDonald 

Techn ica l  Ass is tance:  

K. M. Dragoo 

Rats exposed t o  raw o i l  shale,  spent  sha le  o r  q u a r t z  by i n t r a t r a c h e a l  i n s t i l l a t i o n  devel-  

oped granulomatous pneumonia w i t h  f i b r o s i s  and a l v e o l a r  p r o t e i n o s i s  over  a postexposure 

p e r i o d  o f  8 mo. F i b r o s i s  was most severe i n  t h e  quartz-exposed r a t s  and progressed w i t h  t i m e  

i n  these  groups. A l v e o l a r  p r o t e i n o s i s ,  a l s o  more severe i n  t h e  quartz-exposed r a t s ,  progressed 

w i t h  t i m e  i n  a l l  exposed groups. 

A s tudy  o f  t h e  p o t e n t i a l  f i b r o g e n i c  a c t i v -  
i t y  o f  raw and spent  s h a l e  was i n i t i a t e d  i n  
February, 1977, u s i n g  t h e  p r o t o c o l  i n d i -  
c a t e d  i n  Table 5.4. Rats were g i v e n  3 weekly 
i n t r a t r a c h e a l  i n s t i l l a t i o n s  o f  30 mg p a r t i c u -  
l a t e  shale. Q u a r t z  ( f i b r o g e n i c  p o s i t i v e  

TABLE 5.4. Experimental Design 

Number of Rats Examinpd 
at Each Sacrifice 

Exposure Group 0 mo 3 wk 7 wk 4 mo 8 mo 
- ----- 

Raw Shale (30 mg) 6 10 10 10 10 

Spent Shale (30 mg) 6 10 10 10 10 

Quartz (30 mg) 6 10 10 10 10 

Quartz (5 mg) 6 10 10 10 10 

Vehicle Control 6 10 10 10 10 

Shelf Control 6 10 10 10 10 

(a)~issues from 4 rats in each group were exam- 
ined microscopically; 6 were utilized for bio- 
chemical studies 

c o n t r o l )  was g iven  i n  two concen t ra t ions :  
one a t  a dosage equal i n  mass t o  t h e  p a r t i c u -  
l a t e  s h a l e  (30 mg), t h e  o t h e r  a t  a dosage 
equal t o  t h e  c o n c e n t r a t i o n  o f  s i l i c a  i n  t h e  
i n s t i l l e d  s h a l e  ( 5  mg s i l i c a / 3 0  mg dose). 

Shale samples were ob ta ined  f rom Laramie 
Energy Research Center (LERC) , Laramie, 
Wyoming: raw s h a l e  was f rom Colorado; 
spent  s h a l e  was f r o m  t h e  10- ton exper imenta l  
r e t o r t  a t  LERC. The sha le  m a t e r i a l ,  ground 
i n  a b a l l  m i l l ,  had p a r t i c l e  s i z e s  r a n g i n g  
from 0.5 p t o  1.5 p, w i t h  a mean p a r t i c l e  
d iameter  o f  0.9 p. 

T issue  response t o  t h e  i n j e c t e d  m a t e r i a l s  
was s i m i l a r  i n  r a t s  s a c r i f i c e d  3 wk, 7 wk and 
4 mo a f t e r  i n i t i a l  exposure. There was a 
granulomatous pneumonia p r e s e n t  i n  response 
t o  t h e  i n j e c t e d  s h a l e  o r  quar tz ;  t h e  predomi- 
n a n t  c e l l u l a r  response was t h e  presence o f  
i n t r a - a l v e o l a r  aggregates o f  a l v e o l a r  macro- 
phages c o n t a i n i n g  l i p o p r o t e i n  and p a r t i c u l a t e  
s h a l e  o r  q u a r t z  ( F i g u r e  5.1 ) .  There was 
i n f i l t r a t i o n  o f  h e t e r o p h i l s ,  mononuclear 
in f lammatory  c e l l s ,  and v a r y i n g  amounts o f  
f i b r o s i s  around aggregates o f  p a r t i c u l a t e  
m a t e r i a l .  A l though f i b r o s i s  was more severe 
i n  t h e  quartz-exposed r a t s ,  t h e  p r o g r e s s i v e  
inc rease  and m a t u r a t i o n  o f  f i b r o u s  t i s s u e  
observed i n  human s i l i c o s i s  was n o t  e v i d e n t  
u n t i l  8 mo postexposure ( F i g u r e  5.2). There 
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FIGURE 5.2. Granuloma with Prominent Fibrous Component in Lung Section from Rat 
Exposed to Quartz; 8 mo Postexposure. Lipoprotein is visible in adjacent alveoli. 



CARCINOGENIC POTENTIAL OF RAW AND SPENT SHALE PARTICULATES 

Invest iga tors :  

R. A. Renne, K. E. McDonald and L. G. Smith 

Technical Assistance: 

K. M. Dragoo 

Rats and hamsters exposed t o  raw o r  r e t o r t e d  shale developed a granulomatous response 

w i t h  a l veo la r  e p i t h e l i a l  hyperplasia 12 mo a f t e r  the  f i r s t  exposure. Rats a l s o  developed 

a l v e o l a r  p ro te inos is .  No evidence o f  a neop las t ic  response was observed. 

I n  March, 1976, a study o f  the carc ino-  
genic p o t e n t i a l  of i n t r a t r a c h e a l  l y  i n s t i  1 l e d  
raw o r  spent o i l  shale was i n i t i a t e d ,  using 
r a t s  and hamsters o f  both sexes. The ex- 
periment design f o r  t h i s  study i s  o u t l i n e d  
i n  Table 5.5. 

Shale samples were obtained f rom Laramie 
Energy Research Center (LERC), Laramie, 
Wyoming; raw shale was from Colorado; spent 

TABLE 5.5. Experimental Design 

Number of Rats Examined 
at Each Sacrifice Period 

Exposure 0 mo 12 mo 18 mo 24 mo ---- 
Raw Shale (20 mg) 10 10 10 40 

Raw Shale (5 mg) 10 10 10 40 

Spent Shale (20 mg) 10 10 10 40 

Spent Shale (5 mg) 10 10 10 40 

BaP - Fez03 (3 mg) - - - 40 

Vehiclecontrol - 10 10 40 

(saline) 

Shelf Control - 10 10 40 

(a)~ats were given 5 bimonthly intratracheal 
instillations of shale; the positive control group 
(BaP-Fe2o3) was given 5 biweekly instillations. 

shale was obtained from the small exper i-  
mental r e t o r t  a t  LERC. The shale ma te r i a l ,  
ground i n  a b a l l  m i l l ,  had p a r t i c l e  s izes 
ranging from 0.5 p t o  1.5 p, w i t h  a mean 
p a r t i c l e  diameter of 0.9 p. 

Rats and hamsters were given f i v e  bimonth- 
ly i n t ra t rachea l  i n s t i l l a t i o n s  o f  p a r t i c u l a t e  
raw o r  spent shale i n  two concentrat ions 
(20 mg o r  5 mg). A p o s i t i v e  c o n t r o l  group 
o f  each species was given benzo(a)pyrene~ 
and f e r r i c  oxide (BaP-Fe 03). The exper i-  
mental design i s  i nd i ca tgd  i n  Table 5.5. 

Hi stopathol  ogy i s  complete on r a t s  s a c r i  - 
f i c e d  a t  12 mo a f t e r  t he  f i r s t  exposure 
( 4  mo a f t e r  the l a s t  exposure), and examina- 
t i o n  of t i ssues from animals s a c r i f i c e d  a t  
18 mo (September 1977) i s  i n  progress. The 
f i n a l  (24-mo) s a c r i f i c e  i s  scheduled f o r  
March 1978. The p r i n c i p a l  c e l l  u l  a r  response 
of t he  lung t o  the  presence of p a r t i c u l a t e  
shale a t  12 mo was aggregation o f  l a r g e  num- 
bers of a1 veol a r  macrophages and minimal t o  - 
m i l d  hyperplasia o f  a1 veo lar  e p i t h e l  ium. 
A lveo lar  e p i t h e l i a l  hyperplasia was s l i g h t l y  
more not iceab le  i n  r a t s  exposed t o  spent 
shale. I n  a d d i t i o n  t o  the  c e l l u l a r  response, 
a l veo la r  l i pop ro te inos i s  was present i n  lungs 
o f  many shale-exposed animals, s i m i l a r  t o  
t h a t  observed i n  shale- and quartz-exposed - 
animals i n  the  f i b r o s i s  study (elsewhere i n  - 
t h i s  Annual Report). Fur ther  i n v e s t i g a t i o n  
o f  the nature  o f  t h i s  ma te r i a l  i s  i n  pro- 
gress. The degree o f  t i s s u e  response i n  the  
lungs o f  r a t s  administered 5 mgldose was l ess  
than those given 20 mgldose i n  both the raw v 

/1 



\ and spent shale groups. No evidence of a examination of these animals i s  in progress. 
neoplastic response to  shale was observed a t  In the animals examined t o  date, the response 
the 12-mo sacrif ice.  t o  both raw and spent shale has been aggre- 

gation of alveolar macrophages, minimal to  
The hamster portion of the study was ter-  mild hyperplasia of alveolar epi the1 ium, and 

d' minated 14 mo a f t e r  the f i r s t  exposure due minimal t o  mild i n t e r s t i t i a l  f ibrosis  of - to a high mortality ra te  in a l l  groups, a1 veol a r  septa. 
incl uding controls . Histopathologic 



RESPONSE OF LUNGS TO INTRATRACHEALLY ADMINISTERED OIL SHALE DUSTS 

Investigators: 
A. J .  Gandolfi and C. A. Shields 

Technical Assistance: 
C. T.  Resch 

Rats were dosed intratracheally with suspensions of oi l  shale,  spent shale,  or quartz. 

The animals were sacrificed periodically over the next 8 mo, and the i r  lungs analyzed for  

several biochemical/physical a l terat ions.  In the lungs of the oi l  shalelspent shale-treated 
animals, there was i n i t i a l  inflammation, with increases in lung weight, characterized by a 
doubling in collagen content, and an almost threefold increase in soluble lipoprotein. 

This report describes measures of some 
pl~lmonary biochemical effects  of acute intra-  
tracheal exposure t o  spent shale, o i l  shale,  
and quartz particulates (0.9 pMMAD) and 
accompanies a pathologic study on similarly 
treated animals (see Renne e t  a l . ,  th i s  
Annual Report). The oi l  shale and spent 
shale were obtained from the 10-ton experi- 
mental r e to r t  a t  the Laramie Energy Research 
Center ( L E R C ) ,  using Colorado o i l  shale. 
Since th i s  i s  an experimental unit ,  data 
reported should not be considered as repre- 
sentative for  a l l  running conditions of the 
re tor t ,  nor representative of other oil  
shale extraction methods. 

Male Wistar r a t s ,  50 per group, were dosed 
intratracheally a t  three weekly intervals 
with particulates suspended in 1 ml sal ine 
t o  produce the following total  dose: 30 mg 
spent shale,  30 mg o i l  shale, 5 and 30 mg 
quartz. Animals were dosed repeated1 y and 
with a large volume (1 ml) to assure an even 
dis t r ibut ion of th i s  high dose. Six animals 
per group were then sacrificed, along with 
appropriate controls, a t  1 ,  2, 4, and 8 
months a f t e r  the i n i t i a l  dose and the i r  
lungs removed for  analysis. Lungs were ana- 
lyzed by standard techniques for  the fol-  
lowing pulmonary parameters: lung weight, 
to ta l  hydroxyproline, total  noncollagenous 
amino acids, soluble protein, soluble 1 ipid 

phosphate, soluble acid phosphate, mitochon- 
drial succinic dehydrogenase, and proline 
hydroxy lase. 

All lung weights in groups receiving the 
30-mg total of particulates ( 3  doses a t  
10 mgldose) were elevated (P < 0.01 ) a t  the 
f i r s t  sacr if ice and remained elevated through- 
out the study (Figure 5.3) .  A t  the l a s t  
sacr i f ice  period, the group receiving 30 mg 
of quartz almost doubled i t s  lung weight in 
four months; lung weights of o i l  shale and 
spent shale-dosed groups were also elevated 
( P  < 0.01). Whole-body weights for  controls 
versus treated animals did not vary signi-  
f icant ly a t  any of the sacr i f ice  periods 
except for  the quartz-5 mg group, which had 
a s l i gh t  reduction in body weight (see Renne 
e t  a1 . , t h i s  Annual Report). 

Two months a f t e r  the i n i t i a l  dose, there 
was a nonsignificant elevation in total  pul- 
monary hydroxyproline in the higher dose 
groups, which i s  a reflection of the colla- 
gen content (Figure 5.4). By four months 
a f te r  dosing, the total  hydroxyproline in 
the oi l  shale and spent shale-dosed animals 
was significantly increased ( P  < 0.01). A 
proliferation in collagen occurred in the 
quartz-30 mg group between the 4- and 8-month 
sacr if ices  ( P  < 0.001). 
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BENCH CONTROL = (BC) 
QUARTZ-5 mg = (Q5) 
QUARTZ-30 mg = (Q30) 
OIL SHALE = ( 0 s )  
SPENT SHALE = (SS) 

- VEHICLE CONTROL = (VC) 

1 I I I I I ,  

1 2 3 4 

MONTHS AFTER INITIAL DOSE 

FIGURE 5.3. Lung Weights of Rats lntratracheally 
Exposed to Oil  Shale Dusts 

I n  the 30-mg t o t a l  dose groups there was 
inmediate pro1 i f e r a t i o n  o f  pro te ins  (not  
re la ted  t o  col lagen),  as r e f l e c t e d  by the 
increase i n  pulmonary noncollagenous amino 
ac id  equivalents (Figure 5.5). The increases 
are s i g n i f i c a n t  (P < 0.005); even the quartz- 
5 mg group i s  e levated a t  the  l a s t  s a c r i f i c e  
per iod (P < 0.02). The quartz-30 mg group 
again had a l a rge  increase between the 4- 
and 8-month s a c r i f i c e  periods, but  not  as 
la rge as i t s  increase i n  hydroxyprol ine. 
These increases i n  noncollagenous amino ac id  
equivalents i n  t o t a l  lung were found no t  t o  
be sedimented by cent r i fugat ion,  i n d i c a t i n g  
increases i n  so lub le  p ro te in  content. 

Coincid ing w i t h  the increase i n  soluble 
p ro te in  was a correspondinq increase i n  
1 i p i d  phosphate (Figure 5.6). Pathologic 
studies support these f i nd ings  (see Renne, 
e t  al.,  t h i s  Annual Report). 

Pulmonary t i s s u e  was a lso  analyzed f o r  
ac id  phosphatase, as an i n d i c a t i o n  o f  in f lam-  
mation, and f o r  mitochondria1 succ in ic  dehy- 
drogenase, as an i n d i c a t o r  o f  a l t e ra t i ons  i n  
bioenerget ics.  A t  the  f i r s t  s a c r i f i c e  there  
was a s i g n i f i c a n t  (50%) increase (P < 0.01 ) 
i n  the s p e c i f i c  ac id  phosphatase content o f  

8 groups rece iv ing 30 mg o f  pa r t i cu la tes .  
This was the on l y  s i g n i f i c a n t  a1 t e r a t i o n  i n  
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FIGURE 5.4. Total Pulmonary Hydroxyproline 
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FIGURE 5.5. Total Noncollagenous Amino Acid 
Equivalents 

acid phosphatase throughout the study. Suc- - cinic dehydrogenase, which has been shown to 
increase prior to  pulmonary f ib ros i s ,  did 
not change s ignif icant ly during the study. m 

Proline hydroxylase, an indicator for  the 
potential fo r  collagen synthesis, was mea- . 
sured in lung t issue (Table 5.6) .  There was R 

an i n i t i a l  elevation in level in a l l  treated 
animals and in vehicle controls,  which sub- 
sided by the second sacr i f ice  period but was 
again elevated a t  the 4-month sacr i f ice .  
Recent technical d i f f i cu l t i e s  with the assay 
prevent us from presenting values for  the 
l a s t  sacr if ice.  

Given the changes in lung weights, speci- 
f i c  ac t iv i ty  for  a l l  biochemical parameters 
showing increases e i ther  varied e r ra t ica l ly  
as a function of exposure time or  did not 
change significantly. 

Biochemical resul ts  reported here corre- 
l a t e  with pathologic findings: a s l i gh t  
f i b ro t i c  condition, and accumulation of 
proteinaceous material similar t o  that  ob- 
served in alveolar lipoproteinosis (see 
Renne e t  a1 . , th i s  Annual Report). 

MONTHS AFTER INITIAL DOSING 

FIGURE 5.6. Total Soluble Lipid Phosphate 



4 TABLE 5.6. Total Pulmonary Proline Hydroxylase 
(relative activity)(a) 

Months After Dosing 

Treatment 0 1 4 

Bench Control 0.91 + 0.18 1.00 f0.18 1.00 + 0.21 

Vehicle Control 1.13 f 0.20 0.83 f 0.15 

Quartz (5 mg) 1.28 f 0.28 1.10 f 0.33 

Quartz (30 mg) 1.45 f 0.43 1.77 + 0.40(~) 

Oil Shale 1.92 f 0.63(b) 1.44 + 0.17(~) 

Spent Shale 2.11 f 0.60(c) 1.57 t 0.16(c) 

( a ) ~ e a n  value of six animals normalized versus bench control 
(b)~ignificant difference from control, p ~ 0 . 1  
(C)~ i~n i f i cant  difference from control, ~ c 0 . 0 1  



LUNG PELLET CARCINOGENESIS ASSAY OF SHALE OIL I N  RATS 

I n v e s t i g a t o r s  : 

G. E. Dagle, K. E. McDonald, and L. G. Smith 

Techn ica l  Ass is tance:  

K. M. Dragoo and J. F. McShane 

A p r e l i m i n a r y  4-wk s tudy  showed m e t a p l a s t i c  changes around t h e  imp lan ted  p e l l e t s  sugges- 

t i v e  o f  an e a r l y  e f f e c t  o f  carcinogens. A c h r o n i c  s tudy  was i n i t i a t e d  t o  s tudy  t h e  p r o g r e s s i o n  

o f  these  changes. 

Lung p e l l e t  i m p l a n t a t i o n  has emerged as a 
u s e f u l  and r e 1  a t i v e l y  inexpens ive  procedure 
f o r  e v a l u a t i n g  p o t e n t i a l  pulmonary ca rc ino-  
gens. The m a t e r i a l  t o  be eva lua ted  i s  mixed 
w i t h  a beeswax- t r i c a p r y l  i n  v e h i c l e ,  and when 
imp lan ted  i n  t h e  lungs  o f  r a t s  forms a p e l -  
l e t ,  w i t h  p o t e n t i a l  carc inogens s l o w l y  
l e a c h i n g  i n t o  t h e  su r round ing  pulmonary 
parenchyma. T h i s  techn ique  has been suc- 
c e s s f  u l  l y  used t o  s t u d y  pulmonary c a r c i  no- 
genesis  i n  r a t s  exposed t o  c i g a r e t t e  smoke 
condensates and methy lcholanthrene.  

A p r e l i m i n a r y  4-wk t o x i c i t y  s tudy  was per-  
formed t o  determine t h e  h i g h e s t  c o n c e n t r a t i o n  
o f  s h a l e  o i l  and s h a l e  o i l  f r a c t i o n s  t o l e -  
r a t e d  w i t h  min imal  t o x i c  e f f e c t s .  Laramie 
Energy Research Center  (LERC) whole s h a l e  
o i l  f r o m  t h e  10- ton r e t o r t ,  and i t s  n e u t r a l ,  
bas ic ,  and p o l y n u c l e a r  a romat i c  (PNA) f rac-  
t i o n s ,  were mixed w i t h  equal  p a r t s  o f  m e l t -  
ed beeswax and tri c a p r y l  i n .  For  compari son 
w i t h  o i l  f i e l d  m a t e r i a l ,  samples o f  Wilming- 
t o n  C a l i f o r n i a  c rude  pe t ro leum were s i m i l a r -  
l y  prepared. Methy lcho l  anthrene (MCA) was 
used as a p o s i t i v e  c o n t r o l .  Young a d u l t  
female W i s t a r  r a t s  were a n e s t h e t i z e d  w i t h  
e t h e r  and 0.2 ml o f  p e l l e t  m a t e r i a l ,  me l ted  
a t  76"C, was imp lan ted  i n  t h e  l e f t  lung,  
which was exposed by thoracotomy. A l l  r a t s  
were s a c r i f i c e d  a t  4  wk p o s t i n j e c t i o n  and 
t h e  i m p l a n t  s i t e  i n  t h e  l e f t  l u n g  was ex- 
amined h i s t o l o g i c a l l y .  

Rats t o l e r a t e d  t h e  procedure w e l l .  Most 
r a t s  showed a n e t  w e i g h t  inc rease .  The PNA-, 

FICA-, and Crude P e t r o l  eum- treated r a t s  ga ined 
l e s s  than  t h e  o t h e r s .  

H i s t o p a t h o l o g i c  examinat ion o f  t h e  i m p l a n t  
s i t e  showed an apparent  c a v i t y  where t h e  n 
p e l l e t  was d i s s o l v e d  d u r i n g  r o u t i n e  prepara-  
t i o n  o f  t h e  s l i d e s .  The v e h i c l e  produced a 
granulomatous r e a c t i o n  and a f i b r o u s  capsu le  
su r round ing  t h i s  c a v i t y  ( F i g u r e  5.7).  It 
appeared t h a t  t h e  p e l l e t  m a t e r i a l  would i n t e r -  
r u p t  t h e  c o n t i n u i t y  o f  a  b r o n c h i o l e  a t  some 
p o i n t ,  r e s u l t i n g  i n  a tendency f o r  growth and 
ex tens ion  o f  b r o n c h i o l a r  e p i t h e l i u m  a l o n g  t h e  
i n s i d e  lumen o f  t h e  c a v i t y .  T h i s  e p i t h e l i u m  
then  underwent squamous metap las ia  (F igures  
5.8 and 5.9). The squamous m e t a p l a s i a  was 
c o n s i d e r a b l y  more severe i n  those  groups o f  
r a t s  w i t h  a c t i v e  m a t e r i a l s  added t o  t h e  
v e h i c l e  (Table 5.7).  

The f e a s i b i l i t y  and p o t e n t i a l  v a l u e  of a  
c h r o n i c  s tudy  were i n d i c a t e d  by t h e  r e s u l t s  
o f  t h e  p r e l i m i n a r y  s tudy.  The r a t s  t o l e r a t e d  
a l l  l e v e l s  o f  t h e  t e s t  m a t e r i a l s  w e l l  and a1 1 
m a t e r i a l s  (except  v e h i c l e )  produced a s i g n i  - 
f i c a n t  amount o f  pulmonary squamous meta- 

* 

p l a s i a  around t h e  p e l l e t  s i t e .  The l a c k  o f  
any c l e a r  dose response r e l a t i o n s h i p  w i t h  t h e  
s h a l e  o i l s  was p robab ly  r e l a t e d  t o  t h e  c l o s e-  
ness o f  t h e  dosage groups; a  more e v i d e n t  
dose response r e l a t i o n s h i p  was o b t a i n e d  w i t h  
t h e  C a l i f o r n i a  Crude Petroleum, where t h e r e  
was a l a r g e r  range o f  dosage. I n  p r e v i o u s  
s t u d i e s  employing t h i s  technique,  squamous 
metap las ia  occur red  p r i o r  t o  t h e  development 
o f  l u n g  cancer. I 

n 



FIGURE 5.7. Lung Section Through the Pellet Site, Showing a Cranu- 
lomatous Reaction to the Vehicle 

FIGURE 5.8. Lung Section Showing Squamous Metaplasia Partially 
Lining the Pellet Site 

5.13 



FIGURE 5.9. Lung Section Showing Squamous Metaplasia of Epithelium 
Extending into the Capsule of an Implanted Lung Pellet 

TABLE 5.7. Four-week Toxicity Study: Incidence of Squamous Metaplasia at Lung 
Pellet Implant sites.@: 

~reatment (~)  (mg) 60 27 15 6.0 0.6 1 .O 0 ------- 
Laramie Whole Shale Oil 2.4 f 0.6 2.6 f 0.9 2.8 f 0.4 - 

Neutral Fraction 2.6 f 0.6 1.8 f 0.8 1.6 f 0.6 - 

Basic Fraction 3.5 f 0.6 2.6 f 0.6 2.8 h0.4 - - 

PNA Fraction 2.8 f 0.4 2.7 fr 0.5 3.0 f 0.7 - 

Vehicle - .  - - - 

Wilmington California 
Crude 3.0 * 0.0 - - 2.2 * 0.8 1.6 i 0.6 - 

( a ) ~ e a n  i SD with 5 rats in each group 
1 =very slight (or very small amounts) 
2 = slight (or small amounts) 
3 = moderate 
4 = marked 
5 = extreme 

(b)~ach rat received an 0.2-ml pellet in left lung 



Mutagenicity of Oil Shale 

U t i l i z a t i o n  of o i l  sha le  as a  fue l  source w i l l  r e l e a s e  t o  t h e  atmosphere many o r g a n i c  

and i n o r g a n i c  m a t e r i a l s .  Many of these m a t e r i a l s ,  e s p e c i a l l y  t h e  po lya romat i c  compounds and 

a romat i c  aniines, a r e  p o t e n t i a l l y  ca rc inogen ic .  T h i s  p r o j e c t  w i l l  t e s t  o i l  sha le  chemicals  f o r  

p o t e n t i a l  c a r c i n o g e n i c i t y ,  u s i n g  m i c r o b i a l  and mammalian t i s s u e - c u l t u r e  b ioassays.  

AMES TEST EVALUATION OF MUTAGENICITY OF SHALE OIL FRACTIONS 

I n v e s t i g a t o r s :  

R. A. P e l r o y  and M. R. Petersen 

A  raw s h a l e  o i l ,  and i t s  bas ic ,  p o l y n u c l e a r  aromat ic ,  and t a r  s u b f r a c t i o n s ,  were shown 

t o  be mutagenic a g a i n s t  5. t y p h i m u r i  um, TA98 and/or TA100. M u t a g e n i c i t y  was microsomal l y  

mediated. A l though t h e  b a s i c  and PNA f r a c t i o n s  were about  e q u a l l y  mutagenic when assayed 

separa te ly ,  these f r a c t i o n s  e x e r t e d  v e r y  d i f f e r e n t  e f f e c t s  on t h e  m u t a g e n i c i t y  o f  added 

chenl icals. 

Raw sha le  o i l ,  ob ta ined  f r o m  t h e  smal l  
r e t o r t  (125 kg) a t  t h e  Lawrence L ivermore 
Laboratory ,  was generated by s imulated,  modi- 
f i e d  i n  s i t u  p y r o l y s i s  o f  A n v i l  P o i n t  o i l  
s h a l e  i n  r u n  S-11, and i s  des igna ted  as sha le  
o i l  S-11 i n  t h i s  r e p o r t .  T h i s  i s  a  research  
m a t e r i a l  f o r  use i n  phys ica l- chemica l  and 
b i o l o g i c a l  exper imenta t ion ,  and cannot  be 
considered as a  r e p r e s e n t a t i v e  sample f rom a  
p i l o t  p l a n t  o r  f rom a  commerc ia l ly  o r i e n t e d  
process. 

Shale o i l  S-11 was separated i n t o  f i v e  
f r a c t i o n s ,  r e p r e s e n t i n g  c lasses  o f  c h e m i c a l l y  
d i f f e r e n t  compounds: a c i d i c ,  bas ic ,  n e u t r a l ,  
p o l y n c l e a r  a romat i c  (PNA) and a  r e s i d u a l  o r  
t a r  f r a c t i o n .  Each o f  these  coniplex f r a c -  
t i o n s  was then  assayed f o r  rnu tagen ic i t y  
a g a i n s t  Salnionel l  a  typhimur ium s t r a i n s  TAl 00 
and TA98. F i g u r e  5.11 shows m u t a g e n i c i t y  
da ta  ob ta ined  u s i n g  s t r a i n  TA100. I n  t h e  
exper iment  t h e  microsonial (S9) enzymes were 
added d i r e c t l y  t o  t h e  t o p  agar  l a y e r  a long  

w i t h  t h e  Salmonel la  t e s t  s t r a i n  and t h e  crude 
f r a c t i o n .  I n  t h i s  technique (s tandard  Ames 
Assay), c e l l s  a r e  c o n t i n u o u s l y  exposed t o  t h e  
s h a l e  o i l  f r a c t i o n  and t o  mutagens formed by 
t h e  S9 enzymes f o r  t h e  l e n g t h  o f  t ime  t h a t  
t h e  microsomes a r e  a c t i v e .  

As can be seen i n  F i g u r e  5.1G, t h e  b a s i c  
t a r  and PNA f r a c t i o n s ,  and t h e  crude sha le  
o i l ,  were mutagenic a g a i n s t  TA100, w i t h  t h e  
b a s i c  f r a c t i o n  t h e  most a c t i v e  (1 r e v e r t a n t  
c o l o n y l u g ) .  The a c i d i c  and n e u t r a l  f r a c t i o n s  
showed l i t t l e  o r  no m u t a g e n i c i t y  a g a i n s t  any 
o f  t h e  t e s t  s t r a i n s  (da ta  n o t  shown). 

I n  t h e  m o d i f i e d  assay, a  v a r i a n t  o f  t h e  
Ames assay was developed (da ta  shown i n  
F i g u r e  5.11), i n  which S9 enzymes, p l u s  e i t h e r  
crude s h a l e  o i l ,  complex f r a c t i o n ,  o r  pure 
chemicals, were added t o  a  l i q u i d  medium i n  a  
p r e i n c u b a t i o n  s tep.  T h i s  was f o l l o w e d  by 
a d d i t i o n  o f  t h e  Salmonel la  t e s t  s t r a i n  (TA98) 
i n  t h e  exposure s t e p  and d i l u t i o n  o f  t h e  ex- 



l g  per Plate 

FIGURE 5.10. Mutagenicity of Shale Oil S-11 Against 
Salmonella typhimurium, TA100. Spontaneous revertants 
of about 70 per plate have been subtracted. Concentra- 
tion of S9 protein was 1500 pg per plate. 

posed c e l l s  i n t o  t h e  mo l ten  t o p  agar f o r  
p l a t i n g ,  as i n  t h e  s tandard  Ames assay. Re- 
s u l t s  d e r i v e d  f r o m  t h i s  assay a r e  shown i n  
F i g u r e  5.11. Whi le  t h e  t a r  f r a c t i o n  was 
s l i g h t l y  mutagenic i n  t h e  s tandard  assay, i t  
showed a  compara t i ve ly  s t r o n g  response i n  t h e  
m o d i f i e d  assay. These d a t a  suggest t h a t  t h e  
m o d i f i e d  assay i s  p r e f e r a b l e  f o r  demons t ra t ing  
t h e  m u t a g e n i c i t y  o f  t h e  t a r  f r a c t i o n  o f  s h a l e  
o i l  S-11, and, perhaps, f o r  analyses o f  o t h e r  
m i x t u r e s  o f  h i g h  t o x i c i t y  t o  t h e  Ames s t r a i n s .  

One method o f  e s t i m a t i n g  t h e  impor tance o f  
t h e  compos i t i on  o f  complex m i x t u r e s  on t h e  

Ames assay i s  t o  add a  chemical mutagen t o  a  
complex f r a c t i o n ,  then  compare t h e  mutageni-  
c i t y  o f  mixed-system (chemical  + f r a c t i o n )  
w i t h  t h e  m u t a g e n i c i t y  o f  t h e  chemical a lone.  
T h i s  exper imenta l  approach was used w i t h  t h e  
b a s i c  and PNA f r a c t i o n s  o f  s h a l e  o i l  S-11 as 
r e p r e s e n t a t i v e  complex m a t e r i a l s ,  and 
2-aminoanthracene, benzanthracene, as t h e  
known chemical mutagens ( i e . ,  premutagens) . 
The parameter o f  i n t e r e s t  i n  each o f  these  
exper iments i s  t h e  r a t i o  o f  pg  complex f r a c -  
t i o n  t o  ug chemical.  T h i s  v a l u e  was con- 
t r o l l e d  i n  two ways: F i r s t ,  t h e  concentra-  
t i o n  o f  t h e  chemical was h e l d  a t  a  cons tan t  
l e v e l  and d i f f e r e n t  amounts o f  complex f r a c -  
t i o n  were added t o  t h e  system. I n  t h e  second 
method, t h e  c o n c e n t r a t i o n  o f  t h e  cornplex 
f r a c t i o n  was h e l d  cons tan t  and t h e  chemical - 
was v a r i e d .  

From t h e  f i r s t  method i t  can be seen t h a t  
t h e  m u t a g e n i c i t y  o f  25 ug benzanthracene i n  
t h e  s tandard  Ames assay decreased s h a r p l y  
w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  t h e  PNA 
f r a c t i o n  ( F i g u r e  5.12). A t  a  r a t i o  o f  10: l  
(PNA f r a c t i o n  t o  benzanthracene), t h e  number 
o f  r e v e r t a n t  c o l o n i e s  p e r  p l a t e  f e l l  by 
approx imate ly  50%. I n c r e a s i n g  t h i s  r a t i o  t o  
50: 1  r e s u l t e d  i n  approx imate ly  a  94% decrease 
i n  t h e  number o f  r e v e r t a n t  c o l o n i e s  formed. 
Using t h e  second method, t h e  e f f e c t  o f  t h e  
b a s i c  f r a c t i o n  on t h e  m u t a g e n i c i t y  o f  t h e  
n i t r o g e n- c o n t a i n i n g  premutagen, 2-amino- 
anthracene, was determined.  The maximal 
mutagenic response was approx in ia te ly  t h e  same 
i n  t h e  presence o r  absence o f  t h e  b a s i c  f r a c -  
t i o n  ( F i g u r e  5.13). However, t h e  r a t e  o f  niu- 
tagenes is  ( r e v e r t a n t  c o l o n i e s  p e r  u g  chemical )  
was somewhat reduced by t h e  b a s i c  f r a c t i o n .  

- 

- Modified 

~ l g  Tar Fraction per Assay 

FIGURE 5.11. Comparison of Modified Versus Standard Assay: 
Tar fraction from Shale Oil S-11. Each sample contained 500pg of 
S9 protein in the top agar or in the liquid pre-incubation mix. The 
background number of spontaneous revertant colonies was 
subtracted from the total. 



l g  PNA Fraction per Plate 
(lg 2-Aminoanthracene per Plate 

FIGURE 5.12. Effect of PNA Fraction on Mutagenesis by 
Benz[a]anthracene. Concentration of benz[a]anthracene 
was fixed at 25 pg per plate. Spontaneous revertant 
colonies estimated at 90 per plate were subtracted. Each 
plate contained approximately 2000 / .~g of S9 protein. 

FIGURE 5.13. Effect of Basic Fraction on Mutagenesis 
by 2-aminoanthracene spontaneous revertant colonies 
estimated at 100 per plate were subtracted. Each plate 
contained approximately 2000 pg S9 protein. Concentra- 
tion of basic fraction per plate was fixed at 1295 ~ g ,  m. 
Response curve for 2-aminoanthracene alone is  desig- 
nated by 8 . 
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MULTITECHNOLOGY 

Toxicology of Inhaled Acid Aerosols 

A c i d  aeroso ls  a r e  p r e s e n t  i n  many i n d u s t r i a l  processes as w e l l  as be ing  colrlmon i n d u s t r i a l  

e f f l u e n t s  o r  secondary e f f l u e n t s  formed f rom gaseous p roduc ts  r e l e a s e d  i n t o  t h e  atmosphere. 

A l though acu te  e f f e c t s  f o l l o w i n g  exposure t o  s t r o n g  minera l  a c i d s  a r e  g e n e r a l l y  w e l l  recog-  

n ized ,  t h e r e  i s  l i t t l e  i n f o r m a t i o n  on t h e  long- te rm hazard o f  subacute exposures t o  such aero-  

s o l s .  T h i s  p r o j e c t  w i l l  i n v e s t i g a t e  t h e  long- te rm b i o l o g i c a l  e f f e c t s  i n  r a t s  f o l l o w i n g  i n h a l a -  * 
t i o n  o f  i n o r g a n i c  a c i d  aeroso ls  generated f rom s o l u t i o n s  o f  n i t r i c  ac id ,  s u l f u r i c  ac id ,  and 

h y d r o c h l o r i c  ac id .  

LATE EFFECTS OF ACID INHALATION 

I n v e s t i g a t o r s  : 

J. E. B a l l o u ,  R .A .  Gies, G. E. Dagle 

F. G. Bur ton  and 0. R. Moss 

Techn ica l  Ass is tance:  

R. L. Music and K. D. Wiemers 

S tud ies  w i t h  n i t r i c  a c i d  aeroso ls  have n o t  con f i rmed e a r l i e r  f i n d i n g s  o f  bone tumor induc-  

t i o n  w i t h  t h i s  agent.  N e i t h e r  bone tumors n o r  l u n g  tumors have been observed d u r i n g  a  375- t o  

650-day p e r i o d  f o l l o w i n g  exposure t o  n i t r i c ,  s u l f u r i c  o r  h y d r o c h l o r i c  a c i d  aeroso ls .  

E a r l i e r  s t u d i e s  w i t h  r a t s  exposed t o  t r a n s -  
u r a n i c  n i t r a t e  aeroso ls  showed t h a t  bone t u -  
mors developed i n  a  t r e a t e d  c o n t r o l  group ex- 
posed o n l y  t o  0.27 N n i t r i c  a c i d  aeroso ls  
(Annual Report,  1976). The p r e s e n t  s tudy  r e -  
peats t h e  e a r l i e r  n i t r i c  a c i d  exposure and 
extends t h e  scope t o  i n c l u d e  animals  exposed 
r e p e a t e d l y  t o  v a r i e d  c o n c e n t r a t i o n s  o f  n i t r i c  
ac id ,  s u l f u r i c  a c i d  and h y d r o c h l o r i c  a c i d  
aeroso ls .  

The p r o t o c o l  f o r  s t u d i e s  now i n  progress 
i s  suniniarized i n  Table 6.1. Values f o r  e s t i -  
mated d e p o s i t i o n  were d e r i v e d  f rom t h e  aero-  
s o l  p a r t i c l e  s i z e  d i s t r i b u t i o n  and assumed 

va lues  f o r  v e n t i l a t i o n  parameters and f r a c -  
t i o n a l  d e p o s i t i o n .  Var ious groups i n  t h i s  
s tudy  have been i n  progress f o r  375 t o  650 days 
w i t h o u t  p roduc ing  an osteosarcoma. Benign 
l e s i o n s  i n  bone ( o s t e o a r t h r i  ti s )  have been 
seen i n  b o t h  c o n t r o l  and acid-exposed animals. 
There has been no gross pa tho logy  i n d i c a t i v e  
o f  l u n g  tumor i n d u c t i o n .  

Treatment w i t h  a c i d  a e r o s o l s  a t  t h e  l e v e l s  
i n d i c a t e d  i n  Tab le  6.1 has r e s u l t e d  i n  mor- 
t a l i t y  r a n g i n g  f r o m  9  t o  25% d u r i n g  t h e  375- 
t o  650-day course o f  t h e  s tudy.  D a i l y  obser-  
v a t i o n ,  p e r i o d i c  we igh ing  and p a t h o l o g i c  
examinat ion of t i s s u e s  wi  11 c o n t i n u e  through-  
o u t  t h e  l i f e - s p a n  study.  



-- 
TABLE 6.1. Protocol for Acid Aerosol Exposures. 

Chamber 
Concentration 

HCI 

Number 
Agent of Rats 

H No3 62 (a) 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Controls 

Treated 

Nontreated 45 

Fraction TLV 
Estimated Total 
Deposition, mg 

(a)~ats  exposed 30 minutes, nose only, to 0.27 N HNO3 using Lovelace 
nebulizer. All other groups were exposed for 6 hr per day on alternate 
weekdays for a total 6 exposures using a Retec nebulizer. 

(b) water aerosol 



Mobilization of Deposited Metals 

T h i s  p r o j e c t  seeks t o  develop t rea tments  f o r  overexposure t o  t o x i c a n t s ,  p a r t i c u l a r l y  

m e t a l l i c  o r  o rganometa l l i cs ,  t h a t  humans may encounter  d u r i n g  energy o r  f u e l s  research,  deve l-  

opment and p roduc t ion .  Assoc ia ted  w i t h  t h i s  i s  i d e n t i f i c a t i o n  o f  t h e  t o x i c  agents, t h e i r  

e f f e c t s ,  mechanisms o f  t o x i c i t y ,  development o f  s u i t a b l e  t e s t  models and exposure procedures, 

and use o f  i n f o r m a t i o n  f r o m  these  s t u d i e s  i n  deve lop ing  and recommending t rea tment  t o  a l l e v i a t e  

o r  decrease p o t e n t i a l l y  t o x i c  e f f e c t s  f r o m  b o t h  a c u t e  and c h r o n i c  exposures. 

PRODUCTION AND PURIFICATION OF SIDEROCHROMES 

I n v e s t i g a t o r :  

A. V .  Robinson 

The method o f  p roduc ing  pure siderochromes, r e p o r t e d  l a s t  year ,  was r e f i n e d  and sca led  

up t o  produce m i l l i g r a m  q u a n t i t i e s  o f  siderochronies Md I 1  and Md I 1 1  f rom Micrococcus 

d e n i t r i f i c a n s .  The method i s  be ing  extended t o  t h r e e  more s t r a i n s  o f  ca techo l- produc ing  mic ro-  

organisms, B a c i l l u s  s u b t i l  i s ,  K l e b s i e l  l a  aerogenes, and Escher i ch ia  m. The use o f  che lex  

100 (a meta l- b ind ing  r e s i n )  i n  t h e  c u l t u r e  f l a s k  was found t o  s i g n i f i c a n t l y  i n c r e a s e  s i d e r o -  

chrome p r o d u c t i o n  i n  E. gJ and B. megaterium (hydroxamate p roducer ) .  K. aerogenes ca techo l  

p r o d u c t i o n  was n o t  increased.  

I n  l a s t  y e a r ' s  Annual Repor t  we descr ibed  
t h e  development o f  an a n a l y t i c a l  method t o  
p u r i f y  siderochromes f r o m  crude media. T h i s  
method has been r e f i n e d  and s c a l e d  up t o  pro-  
duce m i l l i g r a m  q u a n t i t i e s  o f  siderochromes 
(Md I 1  and Md 111) f rom M. d e n i t r i f i c a n s .  
The method i s  a l s o  be ing  extended t o  o t h e r  
ca techo l  -p roduc i  ng microorganisms, E. c o l  i , 
K. aerogenes, and B. s u b t i l i s .  P r o d u c t i o n  - 
o f  siderochromes i s  comp l i ca ted  by t h e  pro-  
cedures necessary t o  exc lude  i r o n  f rom t h e  
growth media. T e n t a t i v e  i n v e s t i g a t i o n s  have 
i n d i c a t e d  t h e  p o t e n t i a l  use fu lness  o f  che lex  
100 ( a  c h e l a t i n g  r e s i n ,  BioRad L a b o r a t o r i e s )  

as a media c o n s t i t u e n t  d u r i n g  growth, l i m i t -  
i n g  i r o n  a v a i l a b i l i t y .  

The p u r i f i c a t i o n  o f  Md I 1  and Md I 1 1  was 
accomplished. I n  v a r i o u s  runs, 2-5 R o f  
c e l l - f r e e  1. d e n i t r i f i c a n s  media c o n t a i n i n g  
30-54 mg ca techo l  were then  p laced  on t h e  
column. The e f f l u e n t  was assayed f o r  ca te -  
cho l  and showed none. Adsorbed ca techo l  was 
then  washed w i t h  d i s t i l  l e d  H20 b e f o r e  be ing  
e l u t e d  w i t h  a two- step g r a d i e n t  o f  t e t r a h y -  
d r o f u r a n  (THF) : methanol (MeOH) :5% ammonium 
a c e t a t e  (AA) (1 :1: 1, V/V/V), f o l l o w e d  by 
THF/MeOH/lO% AA (1 : 1 : 1, V/V/V) . 



A UV254 t r a c e  and assayed ca techo l  con- 
t e n t  o f  t h e  e l u a t e  f rom one r u n  i s  shown i n  
F i g u r e  6.1. The tubes a t  t h e  j u n c t i o n s  
marked were r u n  on polyamide TLC p l a t e s  i n  
t h e  5% AA s o l v e n t  and i n d i c a t e d  no cross con- 
t a m i n a t i o n .  TLC o f  f r a c t i o n s  2  and 6  on b o t h  
polyamide and c e l l u l o s e  suppor ts  i n d i c a t e d  
p u r i t y  f o r  these f r a c t i o n s  and con ta ined  62% 
and 22%, r e s p e c t i v e l y ,  o f  t h e  recovered  
ca techo l  . 

Resu l t s  o f  e lementa l  a n a l y s i s  o f  Md I 1  and 
Md I11 a r e  g iven  i n  Table 6.2, and compared 
t o  va lues  p u b l i s h e d  f o r  t h e  sanie m a t e r i a l s  
f rom a  M. d e n i t r i f i c a n s  s t r a i n .  The d i f f e r -  
i n g  e lementa l  analyses may be due t o  use o f  
d i f f e r e n t  m i c r o b i a l  s t r a i n s  f o r  siderochrome 
p r o d u c t i o n  (we employ ATCC 19367; s tudy 
quoted u t i  1  i zed NCl B 8944). 

To t e s t  t h e  a p p l i c a b i l i t y  o f  t h e  polyamide 
p u r i f i c a t i o n  system on o t h e r  ca techo l  produc- 
i n g  b a c t e r i a ,  B. s u b t i l i s ,  K. aerogenes, and 
E. c o l i  were s u b j e c t e d  t o  pElyamide TLC. The - - 
p u r i f i c a t i o n  o f  siderochromes f rom these 

microoraanisms a m e a r s  s u i t e  analoaous t o  
t h e  1. i e n i t r i f i c a n s  Md '11 and Md ~I I  
p u r i f i c a t i o n .  

The p r o d u c t i o n  o f  siderochromes f r o m  i r o n -  
d e f i c i e n t  b a c t e r i  a1 c u l t u r e s  o f t e n  r e q u i r e s  
t h e  r e d u c t i o n  o f  f e r r i c  i r o n  t o  l e v e l s  o f  
0.1 ppm o r  l e s s .  Many techniques a r e  de- 
s c r i b e d  i n  t h e  l i t e r a t u r e  t o  acconip l ish t h i s .  
We may have developed a  new, s i m p l e  techn ique  
t h a t  appears t o  lower  i r o n  c o n c e n t r a t i o n  and/ 
o r  a l t e r  media c o n d i t i o n s  such t h a t  s i d e r o -  
chromes a r e  produced i n  s i g n i f i c a n t  y i e l d .  

The c h e l a t i n g  r e s i n  che lex  100 was added 
t o  t h e  growth medium o f  B. megaterium, 
K. aerogenes, and E. a. I n  t h e  case o f  - 
E. c o l  i , catecho l  p r o d u c t i o n  was inc reased  by - - 
approx imate ly  2X; B. megaterium hydroxamate 
p r o d u c t i o n  was inc reased  f r o m  0  t o  7 mg/R. 
K. aerogenes ca techo l  p r o d u c t i o n  was n o t  - 
increased  by t h i s  method. T h i s  method o f  
d e f e r r a t i n g  media i s  much s i m p l e r  than  o t h e r  
c u r r e n t l y  used methods, and w i l l  be used 
whenever f e a s i b l e  t o  i n c r e a s e  y i e l d .  

TUBE # 

FIGURE 6.1. Preparative Chromatographic Purification of Micrococcus denitrificans 

Siderochromes, ~d II and Md I l l  



TABLE 6.2. Elemental Analysis of Purified M d  II and M d  Ill 
and Comparison with Published Values. 

% in % in 
Element M d  I I ( ~ )  % ~ x ~ e c t e d ( ~ )  M d  Ill % Expected -- 
C 40.8 60.4 47.1 60.0 

( a ! ~ v e r a ~ e  of 2-3 analyses 
@)Based upon assumed identity with compounds isolated 

by Tait, Biochem. %:191-204, 1975. 
('1 Extrapolated value based upon C, N, H percentages 



EVALUATION OF THE TOXIC EFFECTS OF HEAVY METALS AND 

CHELATING AGENTS I N  VERO CELLS 

I n v e s t i g a t o r s :  

M. E. F r a z i e r ,  T. K. Andrews, 

B. B. Thompson, and M. A. Wincek 

Technica l  Ass is tance:  

C. White and M. J. Hooper 

An i n  v i t r o  assay f o r  de te rmin ing  t o x i c i t y  o f  m e t a l l i c  compounds i s  descr ibed.  A  r e l a t i v e  

r a n k i n g  o f  meta l  t o x i c i t y  i n  t i s s u e  c u l t u r e  c e l l s  i s  r e p o r t e d  and compared t o  t h e  t o x i c i t y  o f  

m e t a l l i c  compounds i n  v i v o .  

L a s t  y e a r  (Annual Report,  1976) we r e -  
p o r t e d  t h e  development o f  an inexpens ive  
and r a p i d  i n  v i t r o  assay f o r  de te rmin ing  
meta l  and che lon  t o x i c i t y .  The compounds 
under t e s t  a t  v a r y i n g  c o n c e n t r a t i o n s  a r e  
added t o  a  known number o f  VERO (monkey 
k idney)  c e l l s  and t h e  degree o f  c lone  
(co lony)  f o r m a t i o n  r e l a t i v e  t o  c o n t r o l  c u l -  
t u r e s  i s  observed. 

The t e s t  m a t e r i a l  i s  d i l u t e d  i n  c u l t u r e  
medium (RPMI 1640, supplemented w i t h  10% 
f e t a l  bov ine  serum) and t h e  VERO c e l l s  a r e  
grown i n  t h i s  mi l i e u  th roughou t  t h e  e x p e r i -  
ment. Any c l u s t e r  o f  e i g h t  c e l l s  p resen t  a t  
t h e  end o f  t h e  exper iment  i s  scored as a  
c lone .  The r e l a t i v e  p l a t i n g  e f f i c i e n c y  ( t h e  
number o f  co lony-producing c e l l s  i n  t h e  ex- 
per imenta l  w e l l s  p l u s  t e s t  m a t e r i a l  d i v i d e d  
by t h e  number o f  co lony- produc ing  c e l l s  i n  
t h e  c o n t r o l  w e l l  minus t e s t  m a t e r i a l )  i s  used 
as t h e  measure o f  t o x i c i t y .  T o x i c i t y  f o r  
these compounds has been determined over  a  
wide range o f  va lues,  b u t  o n l y  t h e  RPESO ( t h e  
p o i n t  where t h e  r e l a t i v e  p l a t i n g  e f f i c i e n c y  
equals  50%) i s  shown i n  Tab le  6.3. Based 
on these  f i n d i n g s ,  t h e  s c a l e  o f  meta l  t o x i c -  
i t y i n v i t r o i s :  C r > V > R u > C d > H g >  
Co > Cu > N i  > Zn > Pb > Fe >> Ca. T h i s  

r a n k i n g  appears t o  be l a r g e l y  c o n s i s t e n t  w i t h  
t h e  r e l a t i v e  hazard r a t i n g  o f  these  same 
compounds under i n d u s t r i a l  c o n d i t i o n s .  RPE50 
values a r e  s i m i l a r l y  r e p o r t e d  f o r  severa l  
p o t e n t i a l  c h e l a t i n g  agents. I n f o r m a t i o n  on 
t h e  r e l a t i v e  t o x i c i t y  o f  these compounds i n  
humans and animals i s  seldom a v a i l a b l e .  

I n  a  f u r t h e r  a t t e m p t  t o  e v a l u a t e  o u r  assay 
system we have p l o t t e d  i n  F i g u r e  6.2 o u r  
RPE50 values a g a i n s t  meta l  c o n c e n t r a t i o n s  
t h a t  r e s u l t  i n  a  l e t h a l  dose f o r  50% o f  
exposed exper imenta l  an imals  (LDSo) .  There 
i s  a  p o s i t i v e  c o r r e l a t i o n  (0.73) between 
RPESo and LD50 values.  Th is  c o r r e l a t i o n  
c o e f f i c i e n t  d e r i v e s  f rom o n l y  e i g h t  da ta  
p o i n t s ,  b u t  i t  suggests t h a t  t h e  comparison 
o f  RPESO w i t h  LD50 values may be a  reasonable 
means, w i t h  f u r t h e r  development, o f  es t in la t -  
i n g  t o x i c i t y  t o  h i g h e r  organisms f r o m  c e l l  
c u l t u r e  data.  It shou ld  be n o t e d  t h a t  uncer-  
t a i n t y  a t taches  t o  t h e  LD50 values f o r  meta l  
t o x i c i t y ;  e. g., t h e  r e l a t i v e  t o x i c i t y  r a n k i n g  
o f  meta ls  based on t h e  LDS0 da ta  would be: 
Cu > Cd > Hg > N i  > Zn z Fe > Pb; however, 
t h e  preponderance o f  s c i e n t i f i c  1  i t e r a t u r e  
does n o t  suppor t  t h e  c o n t e n t i o n  t h a t  copper 
i s  more t o x i c  than  e i t h e r  cadmium o r  mercury. 



TABLE 6.3. Comparison of I n  Vitro Toxicity t o  Industrial Toxicity Ratings. 

R P E ~ ~ ( ~ )  Dose, Relative ~ a z a r d ( ~ )  
Test Agent .g/ml(d) Rating 

Metal ions(") 

Chelating Compounds 

8- hydroxyquiniline <0.01 N A ( ~ )  
1-pyrolidine carbodithiothoic acid 0.1 N A ~ )  
Ca-DTPA 28.0 NA@) 
Siderochromes I, I I ,  and Ill - 50.0 N A ( ~  
Dihydroxybenzene 90.0 2-3 
Na-EDTA 365.0 1-2 
Zn-DTPA 4000.0 NA(@ 

( a ) ~ l l  metals were tested as chloride salts except Cr, which was tested as 
chromate 

(b)~hat  concentration of metal ion resulting in a 50% reduction in the 
number of eight cell clones following a 5-day exposure 

( c )~an~erous  Properties of Industrial Materials, 4th Ed., N. Irving Sax. 
Van Nostrand Reinhold Company, New York, NY, 1975. Toxic Hazard 
rating: 0 - none, I - slight, 2 - moderate, 3 - high, U - unknown, V - 
variable 

( d ) ~ h e  metal concentrations are estimates, based on dilutions. Ultra- 
filtration experiments have been carried out and the actual concen- 
tration of available metal ion will be determined using analytical 
procedures 

(el~at inn not available 

FIGURE 6.2. LD,, Values are Plotted Versus RPE,,Values. I f  all eight data points 
are included the correlation is equal t o  0.733. If C o  and Pb are omitted as potential 
outliers, a correlation o f  0.994 is obtained. LD,, values are f rom Bienvenu, et al. 
CR Acad Sci (Paris) 256:1043. 





Metal-Membrane Interactions 

The i o n i c  forms o f  most t o x i c  meta ls  p e n e t r a t e  c e l l  membranes s l o w l y  and i t  seems l i k e l y  

t h a t  t h e i r  p r imary  e f f e c t s  a r e  e x e r t e d  a t  t h e  membrane l e v e l .  I n f o r m a t i o n  on t h e  i n t e r a c t i o n  

o f  meta ls  w i t h  d e f i n e d  membrane f u n c t i o n s  may t h e r e f o r e  be expected t o  a i d  i n  p r e d i c t i n g  

p o t e n t i a l  e f f e c t s  o f  t r a c e  meta ls  d e r i v e d  f r o m  f o s s i l - f u e l  combustion. I n  i t s  p r e s e n t  stage, 

t h e  research  i s  a t t e m p t i n g  t o  d e f i n e  t h e  r o l e  o f  membranes i n  r e g u l a t i n g  c e l l u l a r  s y n t h e t i c  

a c t i v i t y  and c e l l  d i v i s i o n  and t o  s t u d y  membrane a l t e r a t i o n s  wh ich  accompany c e l l  t r a n s f o r m a t i o n  

t o  t h e  n e o p l a s t i c  s t a t e .  

ATPase OF AVIAN MYELOBLASTOSIS VIRUS AND 

THE HOST CELL MEMBRANE 

I n v e s t i g a t o r :  

R. P. Schneider 

Techn ica l  Ass is tance:  

L. M. Butcher  

Gel e l e c t r o p h o r e s i s  w i t h  SDS has shown t h a t  ATPase-containing p a r t i c l e s  f rom av ian  niyelo- 

b l a s t o s i s  c o n t a i n  seven major  po lypep t ides ,  two o f  which a r e  v i r u s - s p e c i f i c  g l y c o p r o t e i n s .  

T h i s  suggests t h a t  ATPase i s  assoc ia ted  w i t h  s u r f a c e  p r o j e c t i o n s  o f  t h e  v i r u s .  The l e v e l  o f  

ATPase a c t i v i t y  on t h e  e x t e r n a l  s u r f a c e  o f  t h e  h o s t  c e l l  appears t o  be c o r r e l a t e d  t o  t h e  r a t e  

a t  which t h e  c e l l  produces v i r u s .  These observa t ions  suggest t h a t  s y n t h e s i s  and assembly o f  

t h e  enzyme i s  c l o s e l y  l i n k e d  t o  v i r u s  p roduc t ion .  

The 1  i p i d - p r o t e i n  envelope o f  Av ian Myelo- 
b l a s t o s i s  V i r u s  (AMV) c o n t a i n s  an ATPase 
wh ich  presumably o r i g i n a t e s  i n  t h e  h o s t - c e l l  
membrane and i s  t r a n s f e r r e d  t o  t h e  v i r u s  
d u r i n g  i t s  matu ra t ion .  The ATPase may be a  
u s e f u l  t o o l  f o r  i n v e s t i g a t i o n  o f  v i r u s  con- 
t r o l  over  t h e  composi t ion o f  t h e  h o s t - c e l l  
membrane and, thus, f o r  i d e n t i f i c a t i o n  o f  
cancer  c e l l s .  Prev ious e f f o r t s  have been 
d i r e c t e d  towards c h a r a c t e r i z a t i o n  o f  t h e  
v i r u s  enzyme; e x t r a c t i o n  o f  t h e  v i r u s  w i t h  
c h o l a t e  and subsequent c e n t r i f u g a t i o n  y i e l d s  

a  p a r t i c l e  i n  which t h e  enzyme i s  p u r i f i e d  
about  t e n f o l d ,  compared t o  whole v i r u s .  
F u r t h e r  p u r i f i c a t i o n  has n o t  been p o s s i b l e  
s i n c e  a c t i v i t y  i s  l o s t  upon s o l u b i l i z a t i o n  
(Annual Report,  1976). 

Dur ing  t h e  p a s t  y e a r  we have examined t h e  
c h o l a t e- e x t r a c t e d  p a r t i c l e s  w i t h  p o l y a c r y l -  
amide g e l  e l e c t r o p h o r e s i s  i n  t h e  presence o f  
sodium dodecyl s u l f a t e  (SDS). T h i s  techn ique  
separates p r o t e i n s  which have been d i s s o l v e d  



i n  a  d e t e r g e n t  (SDS) accord ing  t o  t h e i r  
mo lecu la r  weight .  

The f o u r  ma jo r  bands i n  g e l s  o f  i n t a c t  
v i r u s  p a r t i c l e s  ( F i g u r e  6.3), known t o  be 
i n t e r n a l  s t r u c t u r a l  p o l y p e p t i d e s  ( ~ 2 7 ~ ~ 1 9 ,  
p15,p12), a r e  p r e s e n t  i n  much lower  concen- 
t r a t i o n s  i n  g e l s  o f  ATPase p a r t i c l e s  ( F i g-  
u r e  6.4). The p a r t i c l e s ,  however, a r e  en- 
r i c h e d  i n  p r o t e i n s ,  found  i n  two complexes 
(p37-p35 and p77-p75), each o f  which c o n t a i n s  
a  v i r u s - s p e c i f i c  g l y c o p r o t e i n .  The p a r t i c l e s  
a r e  a l s o  e n r i c h e d  i n  t h r e e  a d d i t i o n a l  p o l y-  
pep t ides  (p100, p95, and p64) .  S ince spe- 
c i f i c  a c t i v i t y  o f  t h e  p a r t i c l e s  i s  t e n  t imes  
t h a t  o f  t h e  v i r u s ,  i t  f o l l o w s  t h a t  one o r  
more o f  t h e  seven e n r i c h e d  po lypep t ides  
possesses t h e  ATPase a c t i v i t y .  These p ro-  
t e i n s  a r e  a l l  p a r t  o f  a  s t a b l e  complex which 
i n c l u d e s  t h e  g l y c o p r o t e i n  sp ikes  and knobs 
seen p r o t r u d i n g  f r o m  t h e  v i r u s  i n  e l e c t r o n  
micrographs. Thus ATPase i s  a  component o f  
a  v i r u s - s p e c i f i c  s t r u c t u r e  r a t h e r  than  a  
p o r t i o n  o f  t h e  h o s t - c e l l  membrane, sugges t ing  
t h a t  i t  i s  d e r i v e d  f r o m  o r  c o n t r o l l e d  by  t h e  
v i r u s  genome. 

Leukemia c e l l s  t h a t  produce t h e  v i r u s  
possess ATPase a c t i v i t y  on t h e  e x t e r i o r  
s u r f a c e  o f  t h e  c e l l  membrane, which i s  pre-  
sumably t h e  source o f  v i r a l  enzyme. As can 
be seen i n  Table 6.4, i n t a c t  c e l l s  have a  
h i g h e r  a c t i v i t y  than  broken c e l l s .  S ince ATP 
cannot  p e n e t r a t e  c e l l  membranes, t h i s  sug- 
ges ts  t h a t  most o f  t h e  a c t i v i t y  o f  t h e  c e l l s  
i s  on t h e  o u t s i d e  o f  t h e i r  membranes and, 
f u r t h e r ,  t h a t  more then  o n e- h a l f  i s  l o s t  by 
membrane f o l d i n g ,  wh ich  p reven ts  access t o  
s u b s t r a t e  a f t e r  c e l l  d i s r u p t i o n .  Enzyme 
a c t i v i t y  o f  c e l l s  inc reased  approx imate ly  
t h r e e f o l d  f o l l o w i n g  c u l t u r e  f o r  3  days. 
A f t e r  47 more days o f  c u l t u r e ,  a c t i v i t y  
decreased by 69%, and r a t e  o f  v i r u s  produc- 
t i o n  decreased by 75%. The c o r r e l a t i o n  
between ATPase a c t i v i t y  and v i r u s  p r o d u c t i o n  
suggests t h a t  s y n t h e s i s  o f  t h e  enzyme i s  
coupled t o  t h a t  o f  t h e  v i r u s .  I n  b o t h  3-day 
and 50-day c u l t u r e s ,  v i r u s  p r o d u c t i o n  i n  
1  day accounted f o r  l o s s  o f  o n e- h a l f  o f  t h e  
t o t a l  c e l l u l a r  ATPase a c t i v i t y .  
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FlCURE6.3. Optical Density Scans of Polyacrylamide Electrophoresis 
Gels of Whole Avian Myeloblastosis Virus Dissolved in 1% SDS and 
5% Mercaptoethanol 
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FIGURE 6.4. Elec~rophoresis Gels (SDS) of Purified ATPase Particles 
Isolated by Cholate Treatment of Avian Myeloblastosis Virus 
and Separated by Centrifugation. These particles were dissolved 
in 1% SDS and 5% mercaptoethanol for gel electrophoresis. 

TABLE 6.4. ATPase Activity of Myeloblast Cells 

Viability ATPase Activity 
Cell Source Treatment (%) pmoles (1 x 109)-1min-l 

Leukemic Chick Ringer's 95 77 

Distilled Water < 1 22 

Freeze-Thaw <I 12 

Culture (3-day)@) Ringer's 95 200 

Culture (50-day)@) Ringer's 94 62 

(a)~el ls  produced 4779 virus cell-' day-1 
( b ) ~ e l l s  produced 1176 virus cell-' day-1 



MORPHOLOGICAL CHANGES AND EXOCELLULAR PROTEASE 

BIOSYNTHESIS I N  LEUROSPORA CRASSA 

I n v e s t i g a t o r :  

H. Drucker 

Technica l  Ass is tance :  

L. C .  N e i l  

Spheroplasts  prepared by enzymic s t r i p p i n g  o f  c e l l  w a l l s  f r o m  Neurospora c rassa  appear t o  be 

incapab le  o f  exocel  l u l a r  p ro tease  b i o s y n t h e s i s .  When c e l l  w a l l  s t r u c t u r e  i s  regained,  Neuros- 

p o r a  crassa recovers  i t s  a b i l i t y  t o  s y n t h e s i z e  and s e c r e t e  e x o c e l l u l a r  protease.  

The s l i m e  mold v a r i a n t  o f  Neurospora 
crassa posesses 1  i t t l e  o r  no c e l l  w a l l  
s t r u c t u r e ,  a l t h o u g h  i t  may possess some c e l l  
w a l l  m a t e r i a l .  P rev ious  work demonstrated 
t h a t  t h i s  s p h e r o p l a s t i c  mutant  o f  N. crassa, 
u n l i k e  t h e  w i l d - t y p e  organism, wouid not 
induce  exocel l u l a r  p ro tease  when p laced on a  
medium where t h e  p r o t e i n  bov ine  serum albumin 
(BSA) was s o l e  carbon and energy source. 
Both these s p h e r o p l a s t i c  c e l l  s, and membrane 
v e s i c l e s  prepared f r o m  t h e  c e l l  s, possessed 
a  ce l l - bound  i n a c t i v e  p ro tease  t h a t  c o u l d  be 
renioved f rom t h e  c e l l s  and a c t i v a t e d  by t h e  
b a c t e r i a l  protease,  the rmo lys in .  The w i l d -  
t y p e  s t r a i n  o f  1. crassa possessed a  s i m i l a r  
c e l l - w a l l  o r  membrane-bound p r o t e o l y t i c  
enzyme. 

One c o u l d  hypo thes ize  t h a t  t h i s  i n a b i l i t y  
o f  t h e  s l i m e  mold v a r i a n t  t o  induce exocel-  
l u l a r  protease,  even though possessed o f  what 
we cons ider  a  necessary p r e c u r s o r  f o r  pro-  
tease r e l e a s e  ( t h e  membrane o r  c e l l - w a l l -  
bound enzyme) c o u l d  be due t o  1  ) t h e  r o l e  o f  
t h e  c e l l  w a l l  i n  s e c r e t i o n  o f  e x o c e l l u l a r  
p ro tease  o r  2 )  p l e i o t r o p h i c  e f f e c t s  which 
a l t e r  t h e  metabol ism o f  t h e  c e l l  i n  a  non- 
s p e c i f i c  f a s h i o n  such t h a t  e x o c e l l u l a r  
p ro tease  cannot  be syn thes ized lsec re ted .  

To d i f f e r e n t i a t e  between these  two p o s s i -  
b i l i t i e s ,  w i l d - t y p e  c e l l s  o f  &. crassa, 

s t r a i n  74A, were t r e a t e d  w i t h  t h e  enzynie(s) 
g lusu lase ,  which removes t h e  c e l l  w a l l  o f  t h e  
organism, y i e l d i n g  spherop las ts .  I f  c e l l  
w a l l  s t r u c t u r e  i s  an o b l i g a t e  requ i rement  f o r  
p ro tease  i n d u c t i o n / s e c r e t i o n ,  these c e l l s ,  
when s t r i p p e d  o f  w a l l  m a t e r i a l ,  shou ld  n o t  be 
capable o f  p ro tease  i n d u c t i o n .  I f  g l u s u l a s e  
i s  removed f rom t h e  c e l l s  and c e l l  w a l l  
s y n t h e s i s  i s  a l lowed t o  resume, t h e  a b i l i t y  
o f  t h e  c e l l s  t o  make e x o c e l l u l a r  p ro tease  
shou ld  be regained.  The degree t o  which 
i n d u c t i o n  occurs would t h e n  be a  f u n c t i o n  o f  
t h e  number o f  c e l l s  possess ing c e l l  w a l l .  

When N. crassa was t r e a t e d  w i t h  g l u s u l a s e  
f o r  2 h r  w i t h  t h e  a d d i t i o n  o f  t h e  p r o t e a s e  
t h e r m o l y s i n  i n  a  medium where s p h e r o p l a s t  
l y s i s  was min imal ,  and where BSA was s o l e  
carbon and energy source, no e x o c e l l u l a r  
p ro tease  was induced by t h e  c e l l s  ( F i g u r e  6.5) 
I f  t h e  c e l l s  were t r e a t e d  w i t h  g l u s u l a s e  f o r  
2 h r ,  washed f r e e  o f  t h e  enzyme by  f i l t r a t i o n ,  
then  p laced  i n t o  a  medium c o n t a i n i n g  thermoly-  
s i n  and p r o t e i n  s u b s t r a t e ,  t h e  a b i l i t y  t o  
s y n t h e s i z e  e x o c e l l u l a r  p ro tease  appeared t o  
r e t u r n  ( F i g u r e  6.6).  M i c r o s c o p i c  examinat ion 
of t h e  c e l l s  a f t e r  g l u s u l a s e  t r e a t m e n t  ( b u t  
b e f o r e  t r a n s f e r  t o  t h e  p r o t e i n - c o n t a i n i n g  
medium) suggested t h a t  p r i m a r i l y  p r o t o p l a s t i c  
c e l l s  were p resen t .  A f t e r  5 h r  o f  growth i n  
t h e  t r a n s f e r  medium, t h e  m a j o r i t y  o f  c e l l s  
p resen t  had what appeared t o  be i n t a c t  c e l l  
w a l l s .  
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FIGURE 6.5. Effect of Cell Wall Removal on Protease 
Biosynthesis from N. crassa. C-0, cells of N. crassa were 
placed in a medium containing the protein bovine serum 
albumin (1%) and 0.06pg/ml of the bacterial protease, 
thermolysin. Protease was measured in  the cell-free 
filtrate as a function of time of incubation in the medium. 
0-0 cells of N. crassa were placed in  a medium consist- 
ing of a protein substrate (1% BSA) and bacterial protease, 
thermolysin, was added to a concentration of 0.06pg/ml 
in  addition to the cell wall lytic enzyme, glusulase 
(0.04 ml/ml media). Protease was measured in  the cell- 
free filtrate as a function of time of incubation in  the 
medium. 

TlME OF INCUBATION (HR) 

FIGURE 6.6. Recovery of Protease Induction from 
N. crassa After Removal of Cell Wall by Glusulase. 
0-0, cells were incubated for 2 hr in a medium con- 
taining glucose as carbon and energy source, medium, 
then transferred to a medium containing 1% BSA as 
carbon and energy source, and 0.06 pg/rnl of the bacterial 
protease, thermolysin. 0--0, cells were incubated in 
complete medium containing 0.4 ml/ml medium of 
glusulase. After 2 hr, cells were transferred to a medium 
containing 1% BSA and 0.06 ~ g / m l  of the bacterial pro- 
tease, thermolysin. The zero time point is the level of 
protease in exocellular filtrate immediately after transfer 
of cells to inducing medium. 



We found t h a t  t h e  c o n c e n t r a t i o n  o f  g l u -  
su lase  i n  t h e  p r e i n c u b a t i o n  s t e p  appeared t o  
c o n t r o l  t h e  number o f  spherop las ts  a t  2 h r  
and a l s o  t h e  degree o f  " abnorma l i t y"  i n  t h e  
m y c e l i a  o f  t h e  c e l l s .  T h i s  was c o r r e l a t e d  
w i t h  t h e  nuniber o f  spherop las ts  and number o f  
normal- appear ing rnycel ia  a f t e r  recovery  i n  
t h e  t r a n s f e r  niediuni. I n  terms o f  p ro tease  
i n d u c t i o n ,  g l u s u l  ase c o n c e n t r a t i o n  i n  t h e  
p r e i n c u b a t i o n  was n e g a t i v e l y  c o r r e l a t e d  w i t h  
r a t e  o f  p ro tease  b i o s y n t h e s i s  and l e v e l  o f  
enzyme produced a f t e r  5 h r  ( F i g u r e  6.7).  
Tha t  i s ,  e x t e n t  and r a t e  o f  p ro tease  Siosyn-  
t h e s i s  appeared t o  be a  f u n c t i o n  o f  number o f  
c e l l s  possess ing c e l l  w a l l s  o r ,  i n  a  n e g a t i v e  
sense, o f  number o f  spheropl  a s t s ;  these, i n  
t u r n ,  were a  f u n c t i o n  o f  g l u s u l a s e  concentra-  
t i o n .  I f  pro tease  r e l e a s e  f rom t h e  c e l l s  
b e f o r e  protease i n d u c t i o n  i s  determined ( a  
measure o f  i n a c t i v e  c e l l  -bound p ro tease) ,  i t  
appears t o  remain c o n s t a n t  a t  a l l  g l u s u l a s e  
concen t ra t ions .  T h i s  suggests t h a t  numbers 
o f  c e l l s ,  and spherop las ts  capable o f  respond- 
i n g  t o  t h e r m o l y s i n  i n  terms o f  enzyme re lease ,  
a r e  cons tan t  a t  t i m e  0 o f  i n d u c t i o n ;  an 
o b s e r v a t i o n  which c o r r e l a t e s  w i t h  m ic roscop ic  
exami n a t i  on. 

These r e s u l t s  suggest t h a t  c e l l  w a l l  o r  
some c e l l  w a l l  components may be i n v o l v e d  i n  
e i t h e r  s y n t h e s i s  o r  s e c r e t i o n  o f  e x o c e l l  u l  a r  
p ro tease  i n  N. crassa.  There a r e  a  nuniber o f  
p o s s i b l e  r o l e s  t h a t  c e l l  w a l l  c o u l d  p l a y  i n  
t h e  process o f  p ro tease  b i o s y n t h e s i s .  We 
cons ider  t h r e e  p o s s i b i l i t i e s  as most l i k e l y :  

C e l l  w a l l  i s  r e q u i r e d  f o r  a t tachment  o f  
p r o t e i n  i nducer . 
C e l l  wal.1 i s  r e q u i r e d  f o r  s e c r e t i o n  o f  
p ro tease  once i t  i s  syn thes ized  i n  t h e  
c e l l  and passed t o  t h e  c e l l  membrane. 
C e l l  w a l l  r e g u l a t e s ,  i n  some way, 
membrane con fo rmat ion ,  and c e r t a i n  
c o n f i g u r a t i o n s  o f  membrane a r e  neces- 
s a r y  i n  o r d e r  f o r  s e c r e t i o n  o f  induced 
p ro tease  t o  occur .  

CORRELATION BETWEEN CELL-WALL 
REMOVAL (GLUSULASE-MEDI ATED) 
AND EXTENT OF PROTEASE 
SYNTHESIS. 

GLUSULASE (ml) 

FIGURE 6.7. Effect of Glusulase Concentration on 
Protease Induction from N. crassa. Experimental condi- 
tions were as in Figure 6.6. 0-9, protease levels in cell- 
free filtrate 5 hr after transfer to inducing medium. 
0-0 protease levels in medium at zero time of transfer 
to inducing medium. 

Experiments examining these t h r e e  p o s s i -  
b i l i t i e s  a r e  now i n  p rogress .  



CALCIUM-MEDIATED MOLECULAR TRANSITIONS OF S-100 
PROTEIN: RELATIONSHIP TO S-100 SYNTHESIS IN RAT GLIAL CELLS 

Investigators: 
L. E. Anderson, J. M. Morris, L. S. Winn, and W. R. Wiley 

S-100 protein can be isolated in several macromolecular forms which vary in their immuno- 

reactivity with anti-S-100. In the radioimmune assay, subunits of S-100 exhibit a response 

which is less than 5% that of the larger, presumably native form. Calcium appears to stabilize 

the protein in a trimeric conformation. 

A clonal rat glial cell line, C6, has 
been shown to regulate synthesis and/or 
accumulation of a brain-specific protein, 
S-100, as a function of the growth cycle 
(Annual Report, 1976). The amount of S-100 
protein per cell, measured radioimmunologi- 
cal ly, decreases during exponential growth 
and increases to a maximal level in confluent 
cultures. Subclones isolated from the paren- 
tal C6 cell line by an independent genetic 
selection process failed to accumulate S-100 
in all phases of the growth cycle (Annual 
Report, 1976). 

The implications of these and other stu- 
dies are that S-100 accumulation was induced 
by cell-cell contact or by entry of cells 
into the G I  phase of growth. In order to 
obtain additional evidence in support of 
this theory, it was necessary for us to 
examine the biochemical mechanisms involved 
in the control of S-100 accumulation. Three 
hypotheses (not mutually exclusive) can be 
evoked to explain the differential accumula- 
tion of S-100 by C6 cells: 1) synthesis of 
S-100 could be repressed and/or derepressed 
as a function of the cell cycle; 2) specific 
degradation of the protein could be induced 
as a function of growth cycle, thereby 
decreasing accumulation with no change in 
rate of synthesis; and 3) since S-100 protein 
is measurd. immunologically, it is possible 

that the physical state of the molecule 
is a1 tered as a function of the cell cycle, 
rendering it immunologically unreactive 
during exponential growth and reactive during 
stationary growth. 

In FY-1977 we have obtained data which 
suggest that S-100 undergoes molecular trans- 
formations in vitro which are not recognized 
by anti body specific to "native" S-100 pro- 
tein. The implication is that differential 
accumulation, as measured immunological ly, 
may be due to changes in the physical state 
of the molecule due to physiological changes 
in cell s as they progress from one cell cycle 
stage to another. 

S-100 protein can be isolated in several 
macromolecular forms, depending upon the 
isolation conditions. In its "native config- 
uration," the protein is composed of three 
subunits that are crosslinked by intramolecu- 
lar disulfide bonds. The protein readily 
undergoes dissociation in the presence of 
reducing agent, e.g., 0.02 M 2-mercaptoethanol, 
to the monomeric state. The transition 
between trimeri c and monomeri c forms is 
shown in Figure 6.8. The molecular forms of 
the protein were separated by gel filtration 
in the presence or absence of reducing agent. 
The different forms of the protein were 
evaluated for relative amounts of S-100 
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FIGURE 6.8. Gel Filtration of 5-100 Protein on Sephadex FIGURE 6.10. Gel Filtration of S-100 Protein on Seph- 
G-50. (0-0) S-100 incubated in 0.02 M 2-mercaptoethanol, adex G-50. (0-0) S-100 dialyzed in 0.03 M EDTA; 
1 hr, 60°C. ( G O )  S-100 dialyzed in 0.002 M CaC12. 
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FIGURE 6.9. Gel Filtration of S-100 Protein on Sephadex 
C-50 Following Incubation in 0.02 M 2-mercaptoethanol, 
1 hr, 60°C (0-0). Relative amounts of imn~unologically 
reactive 5-100 as measured by radioirnmune assay (bar 
graphs). 

i n in iunoreac t i v i t y ,  u s i n g  a  radioimmune assay 
descr ibed  p r e v i o u s l y  (Annual Repor t ,  1976). 
As shown i n  F i g u r e  6.9, s u b u n i t s  e x h i b i t  much 
lower  immunologic a c t i v i t y  than  t h e  l a r g e r ,  
presumably n a t i v e ,  form. 

The a d d i t i o n  o f  0.002 fi ca lc iun i  appears t o  
s t a b l i z e  S-100 p r o t e i n  i n  t h e  t r i m e r i c  con- 
f o r m a t i o n  ( F i g u r e  6.10) .  Reassembly o f  t h e  
p r o t e i n  f rom s u b u n i t s  can be accomplished by 
i n c u b a t i o n  i n  an o x i d i z i n g  environment. The 
reassembled p r o t e i n ,  however, e x h i b i t s  l e s s  
than  20% o f  t h e  immunologic a c t i v i t y  o f  t h e  
n a t i v e  p r o t e i n .  

Experiments a re  i n  progress t o  develop 
methods which s t a b i l i z e  t h e  mo lecu le  i n  i t s  
n a t i v e  form. We have achieved p a r t i a l  s t a -  
b i l  i z a t i o n  o f  t h e  p r o t e i n  i n  i t s  n a t i v e  fo rm 
by i n c u b a t i o n  of S-100 i n  t h e  t h i o l  reagent ,  
5 ,5 ' -d i  t h i o - b i s ( 2 - n i  t r o b e n z o i c  a c i d ) .  T h i s  
process i s  modulated by c a l c i u m  i o n ,  w i t h  
ca lc ium a p p a r e n t l y  s t a b i l i z i n g  t h e  p r o t e i n  
and f a v o r i n g  t h e  r e a c t i o n  o f  S-100 w i t h  t h e  
t h i o l  reagent .  S tud ies  on t h e  reassembly and 
s t a b i l i z a t i o n  o f  t h e  p r o t e i n  i n  i t s  n a t i v e  
form a r e  necessary t o  d i f f e r e n t i a t e  between 
t h e  t h r e e  a l t e r n a t i v e  mechanisms f o r  t h e  
r e g u l a t i o n  o f  S-100 accumulat ion i n  v i v o .  

I n  a d d i t i o n  t o  t h e  exper iments descr ibed  
above, we have improved t h e  s e n s i t i v i t y  and 
decreased t h e  v a r i a b i l i t y  o f  t h e  double-  
an t ibody  radioimmune assay f o r  S-100 p r o t e i n  
p r e v i o u s l y  descr ibed  ( M o r r i s  e t  a l . ,  Annual 
Report,  1976). The r e p r o d u c i  b i  1  i t y  o f  t h e  
assay was improved c o n s i d e r a b l y  by t h e  i n t r o -  
d u c t i o n  o f  a  second r a d i o l a b e l ,  22Na, i n t o  
t h e  assay. The a d d i t i o n a l  l a b e l  p r o v i d e d  an 
i n t e r n a l  c o n t r o l  and volume marker. I n c l u -  
s i o n  o f  0.002% nonidet- 40,  a  n o n i o n i c  d e t e r -  
gent ,  i n  each assay e l i m i n a t e d  background 
problems due t o  S-100 p r o t e i n  adher ing  t o  t h e  
w a l l s  o f  t h e  assay tubes.  An i n c r e a s e  i n  t h e  
a n t i b o d y  t i t e r  o f  b o t h  goa t  and horse r e s u l t -  
ed i n  a  2 0 - f o l d  improvement i n  t h e  s e n s i t i v -  
i t y  o f  t h e  assay. A  60% p r e c i p i t a t i o n  o f  
S-100 i s  now ob ta ined  i n  t h e  assay (80-100% 
p r e c i p i t a t i o n  i s  t h e o r e t i c a l l y  p o s s i b l e )  . As 
d iscussed above, t h e  f a c t o r s  l i m i t i n g  r e a c t i v -  
i t y  o f  S-100 w i t h  S-100 an t ibody  appears t o  
be r e l a t e d  t o  p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  
molecule.  A d d i t i o c a l  work i s  r e q u i r e d  t o  
determine if t h e  i n  v i t r o  exper iments w i t h  



S-100 p r o t e i n  a r e  a p p l i c a b l e  t o  t h e  i n  v i v o  ~ a + ~ - m e d i a t e d  m o l e c u l a r  t r a n s f o r m a t i o n  o f  
s i t u a t i o n .  However, i t  i s  o f  i n t e r e s t  t o  S-100 r e p o r t e d  here. Aggregat ion o f  m ic ro -  
p o i n t  o u t  t h e  s i m i l a r i t i e s  between t h e  t u b u l e s  appears t o  be favored  i n  c e l l s  t r a p -  
aggrega t ion  and d i s a g g r e g a t i o n  o f  m ic ro -  ped i n  t h e  GI phase o f  t h e  c e l l  c y c l e .  
t u b u l e s  as a  f u n c t i o n  o f  c e l l  c y c l e  and t h e  
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APPENDIX 

DOSE-EFFECT STUDIES WITH INHALED PLUTONIUM I N  BEAGLES 

On t h e  f o l l o w i n g  pages data a r e  presented f o r  a l l  dogs employed i n  c u r r e n t  l i f e - s p a n  

d o s e- e f f e c t  s t u d i e s  w i t h  i n h a l e d  Z 3 9 ~ ~ 0 2 ,  2 3 8 ~ u 0 2 ,  and 2 3 9 ~ u  n i t r a t e .  I n f o r m a t i o n  i s  p re-  

sented on t h e  es t imated  i n i t i a l  a l v e o l a r  d e p o s i t i o n ,  based on e x t e r n a l  tho rax  counts a t  14 and 

30 days postexposure and on es t imated  l u n g  weights  (0.011 x  body we igh t )  a t  t i m e  o f  exposure. 

I n f o r m a t i o n  i s  a l s o  p rov ided  on t h e  c u r r e n t  i n t e r p r e t a t i o n  o f  t h e  most prominent  c l i n i c a l -  

p a t h o l o g i c a l  f e a t u r e s  assoc ia ted  w i t h  t h e  dea th  o f  an imals .  These data r e p r e s e n t  i n f o r m a t i o n  

p r e s e n t l y  a v a i l a b l e ,  and a r e  presented as r e f e r e n c e  m a t e r i a l  f o r  s c i e n t i s t s  who d e s i r e  t o  

f o l l o w  i n  d e t a i l  t h e  progress o f  these exper iments.  

These computer-generated t a b l e s  were produced by SNOOPY, t h e  b iomedica l  da ta  base manage- 

ment system descr ibed  p r e v i o u s l y  i n  these r e p o r t s .  S ince l a s t  y e a r ' s  r e p o r t ,  t h e r e  have been 

no ma jo r  changes i n  t h e  fo rmat  o f  these t a b l e s .  There have been severa l  deaths i n  t h e  2 3 9 ~ u 0 2  

s t u d i e s  and new animals  have been added t o  t h e  2 3 9 ~ u  n i t r a t e  s tudy.  
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DOSE-EFFECT S T U D I E S  NITH INHALED PU- 239 OXIDE I N  BEAGLES 

DOSE GROUP ------------------ 
D-1 LOWEST 
D-1 LONEST 
D-1 LOWEST 
D-1 LONEST 
D-1 LOWEST 
U-1 LOWEST 
D-1 LOWEST 
U-1 LOWEST 
D-1 LOdEST 
D-1 LOWEST 
D-1 LONEST 
D-1 LONEST 
U-1 LONEST 
D-1 LONEST 
0 - 2  LdW 
D-2 LOW 
13-2 LOW 
U-2 L d d  
0 - 2  LON 
D-2 LOW 
D-L LON 
U-2 LON 
D-2 LOW 
D-2 LOW 
D-2 LON 
D-2 LON 
D-2 LOW 
13-2 LOd 
D-2 LON 
D-2 LOd 
D-2 LON 
D-2 LOW 
D-2 LOW 
D-2 LOW 
0- 2  LOW 

DOG 
NUMBER ------ 

9 0 0  
8 7 0  
8 9 9  
8 6 7  
8 9 1  
8 5 0  
8 5 3  
8 7 5  
7 7 0  
7 8 6  
8 9 3  
8 0 7  
8 4 1  
9 0 8  
7 7 6  
7 6 7  
1342 
9 2 0  
8 6 2  
8 7 1  
8 7 4  
7 5 4  
8 4 5  
7  4 8  
7 9 8  
8 2 6  
8 3 1  
8 8 1  
7 8 0  
8 5 9  
7 5 7  
8 7 6  
8 0 6  
8 1 3  
8 7 7  

I N I T I A L  ALVEOLAR D E P O S I T I O N  INHALATION EXPOSURE MONTHS S I N C E  ........................... .................... DATE INHALATION 
W I / G  NCI /  WEIGHT AGE* OF -------------- 

SEX NC I LUNG KG (KG) (MO) DATE DEATH 9 / 3 0 / 7 7  DEATH COMMENTS ON DEAD DOGS --- ---- ----- ---- ------ ---- -------- -------- -------- ----- ......................... 

0  S A C R I F I C E D  

4 2 . 6  S A C R I F I C E D  
7 4 . 8  
7 5 . 8  
7 1 . 8  

I i W I C A T E S  AGE I N  S I N C E  BIRTH,  ALL OTHER AGES ARE I N  MONTHS S I N C E  EXPOSURE 



DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLES 

DOSE GROUP 

D-2 LOW 
D-2 LOW 
D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LON 
D-3 MED-LOW 
13-3 MED-LOW 
D-3 MED-LOW 
0-3 MED-LOW 
0-3 MED-LOW 
0-3 MED-LOW 
D-3 MED-LOW 
0-3 MED-LON 
D-3 MED-LON 
0-3 NED-LOW 
D-3 MEU-LON 
D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LON 
D-3 MED-LOW 
D-3 MED-LON 
D-3 MED-LOW 
0-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUr4 
D-4 MEDIUM 
0-4 MEDIUM 
D-4 ME~ILIM 
0-4 MEDIUM 
D-4 MEDIUM 
D-4 dED1u1.1 
D-4 MEDIUM 
D-4 MEDIUtl 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE 

DOG 
NUMBER SEX NC I - ------ --- ---- 
769 F 28 
802 M 4 0 
781 F 4 8 
771 F 4 4 
782 M 6 2 
786 M 6 2 
752 M 6 2 
823 M 6 5 
883 M 6 3 
778 M 7 4 
838 M 56 
795 F 54 
815 M 6 8 
851 F 5 3 
918 M 7 4 
834 F 6 7 
797 F 8 5 
848 F 7 5 
827 F 8 9 
697 M 140 
750 M 118 
834 M 123 
844 F 135 
905 F 127 
809 F 151 
866 M 200 
764 F 138 
835 F 163 
839 F 189 
dl4 F 140 
836 M 256 
dl9 F 163 
d88 M 274 
824 F 227 
8b0 M 254 

NCI/G 
LUNG ----- 
0.32 
0.33 
0.3d 
0.40 
0.42 
0.42 
0.43 
0.44 
0.44 
0.46 
0.46 
0.52 
0.52 
0.54 
0.58 
0.68 
0.70 
0.72 
0.81 
0.85 
0.93 
1.12 
1.23 
1.44 
1.25 
1.35 
1.37 
1.48 
1.49 
1.50 
1.66 
1.74 
1.7d 
1.79 
i.a5 

WEIGHT 
(KG) ------ 
8.0 
11.0 
11.5 
10.0 
13.5 
13.5 
13.0 
13.5 
13.0 
14.5 
11.0 
9.5 
12.0 
9.0 
11.5 
9.0 
11.0 
9.5 
10.0 
15.0 
11.5 
10.0 
10.0 
8.0 
11.0 
13.5 
10.5 
10.0 
11.5 
8.5 
14.0 
8.5 
14.0 
11.5 
12.5 

AGE* 
(MO) ---- 
18.2 
18.1 
17.3 
19.2 
19.0 
19.5 
18.6 
16.8 
17.7 
20.2 
17.8 
15.0 
16.8 
21.3 
16.0 
17.8 
16.4 
21.3 
16.7 
19.5 
19.6 
17.8 
17.6 
15.9 
15.3 
17.4 
18.2 
16.4 
16.3 
15.1 
17.8 
18.2 
17.1 
18.1 
17.3 

DATE 

MONTHS SINCE 
DATE INHALATION 
OF -------------- 

DEATH 9/30/77 DEATH COMMENTS ON DEAD DOGS -------- -------- ----- ........................ 
81.3 
77.2 
81.3 
80.3 
79.6 
78.9 
81.3 
77.2 
71.8 
78.9 
75.8 
80.3 

05/22/73 24.9 SACRIFICED 
71.8 

07/06/72 0.9 SACRIFICED 
75.8 
78.9 
71.8 
77.2 
83.0 
80.3 
71.8 
75.8 
70.7 
78.9 
74.8 
81.3 
77.2 
77.2 
78.9 
75.8 
75.8 
71.8 
75.8 
75.8 

INDICATES AGE IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLZS 

DOS!A GROUP 

D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUL*~ 
13-4 MEDIUM 
D-4 MEdIUiY 
D-4 MEDIUM 
0-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
0-4 MEDIUM 
D-4 MEDIUM 
0-4 MEDIUM 
D-4 MEDIUM 
D-5 MED-HI 
0-5 MED-HI 
D-5 MED-dI 
0-5 MED-HI 
0-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
0-5 IYED-HI 
0-3 MED-ti1 
D-5 LIED-HI 
D-5 KiD-dI 
0-5 LIED-HI 
0-5 MED-HI 
D-5 MED-HI 
13-5 MED-HI 
0-5 MED-HI 

D-5 MED-HI 

0-5 MED-HI 
0-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 

INITIAL ALVEOLAR DEPOSITION ........................... 
DOG NCI/G NCI/ 
NUMBER SEX NC I LUNG KG 

.-- ------ --- ---- ----- ---- 
833 F 248 2.37 26.11 
810 F 302 2.39 26.26 
794 M 444 2.60 28.65 
854 M 465 2.64 29.06 
478 M 298 2.71 29.80 
d08 F 270 2.73 30.00 
805 F 257 3.12 34.27 
812 M 438 3.19 35.04 
857 M 486 3.40 37.38 
892 M 494 3.59 39.52 
816 M 398 3.62 39.80 
777 M 546 3.97 43.68 
803 M 547 4.32 47.57 
787 d 651 4.73 52.08 
840 F 703 4.92 54.08 
727 M 733 5.33 58.64 
898 F 711 5.39 59.25 
759 M 809 6.13 67.42 
864 F 801 6.62 72.82 
903 M 737 6.70 73.70 
734 M 914 6.92 76.17 
a56 F 818 7.08 77.90 
837 M 1283 8.04 88.48 
863 F Y 80 8.48 93.33 
820 F 847 8.56 94.11 
852 F lld7 9.38 103.22 
880 F 840 9.55 105.00 
8dY F 1089 9.90 108.90 
783 M 1394 10.14 111.52 

d04 M 1344 10.18 112.00 

INHALATION EXPOSURE .................... 
WEIGHT AGE* 
(KG) (MO) DATE ------ ---- -------- 
9.5 16.5 04/26/71 
11.5 15.3 03/04/71 
15.5 17.7 03/04/71 
16.0 21.3 18/08/71 
10.0 64.0 18/09/78 
9.0 14.6 82/18/71 
7.5 18.5 06/08/71 
12.5 17.1 04/26/71 
13.0 17.3 06/08/71 
12.5 16.0 11/18/71 
10.0 16.8 04/26/71 
12.5 20.2 03/04/71 
11.5 18.1 04/26/71 
12.5 19.5 03/04/71 
13.0 17.7 06/08/71 
12.5 18.8 18/26/78 
12.0 16.0 11/18/71 
12.0 18.3 12/21/70 
11.0 17.4 07/07/71 
10.0 15.9 11/18/71 
12.0 19.2 11/38/70 
10.5 18.2 07/07/71 
14.5 18.8 07/07/71 
10.5 17.4 07/07/71 
9.0 18.2 06/08/71 
11.5 21.3 18/88/71 
8.0 17.8 18/88/71 
10.0 16.0 11/18/71 
12.5 18.9 02/09/71 
12.0 20.5 07/07/71 

DATE 
OF 

DEATH 

MONTHS SINCE 
INHALATION -------------- 
9/30/77 DEATH -------- ----- 
77.2 
78.9 
78.9 
71.8 

0.2 
79.6 
75.8 
77.2 
75.8 
70.7 

0.5 
78.9 
77.2 
78.9 
75.8 

72.5 
70.7 

53.4 
74.8 
70.7 

4.7 
74.8 

72.5 
74.8 
75.8 
71.8 
71.8 
70.7 

COMMENTS ON DEAD DOGS ......................... 

SACRIFICED 

SACRIFICED 

LUNG TUMOR 

LUNG TUMOR 

SACRIFICED 

LUNG TUMOR 

57.8 LUNG TUMOR 
37.4 LUNG TUMOR 

RADIATION PNEUMONITIS 
61.9 LUNG TUMOR 
30.8 RADIATION PNEUMONITIS 

55.2 69.4 LUNG LUNG TUMOR TUMOR 

* INDICATES AGE IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLES 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE ........................... .................... DATE INHALATION 
DOG NCI/G NCI/ WEIGHT AGE* OF -------------- 

DOSE GROUP NUMBER SEX NC I LUNG KG (KG) (MO) DATE DEATH 9/30/77 DEATH COMMENTS ON DEAD DOGS ------------------ ------ --- ---- ----- ---- ------ ---- -------- -------- -------- ----- ......................... 
D-5 MED-HI 709 M 1726  1 2 . 5 5  1 3 8 . 0 8  1 2 . 5  1 9 . 6  11 /10 /70  03/31/71 4.6 SACRIFICED 
D-5 MED-HI 772  M 1896  1 4 . 9 9  164 .87  1 1 . 5  1 9 . 8  02/09/71 06 /26 /75  5 2 . 5  LUNG TUMOR 
0-5  MED-HI 702  F 1 6 8 2  1 5 . 2 9  1 6 8 . 2 0  1 0 . 0  1 9 . 8  11 /18 /70  03 /31 /71  4 . 6  SACRIFICED 
U-5 MED-HI 739  F 1 5 1 1  1 7 . 1 7  1 8 8 . 8 8  8 . 0  1 8 . 5  11/10/70 04 /01 /71  4 .7  SACRIFICED 
U-6 HIJh 7 5 3  F 2448 2 3 . 4 3  257 .68  9 . 5  1 8 . 5  12/21/70 18 /82 /76  69 .4  LUNG TUMOR 
U-6 HIGH 817 M 3164 23 .97  263.67 1 2 . 0  1 9 . 2  07/07/71 03 /26 /73  20.6 RADIATION PNEUMONITIS 
U-6 HIGH 829 M 3515  2 4 . 5 8  270 .38  1 3 . 0  1 9 . 1  07 /07 /71  09 /13 /73  26 .3  RADIATION PNEUMONITIS 
U-6 HIGd 890  F 3 1 0 1  31 .32  344 .56  9.0 1 6 . 0  11 /10 /71  06/13/74 3 1 . 1  RADIATION PNEUMONITIS 
D-b HIGH 435  F 3840 3 3 . 2 5  3 6 5 , 7 1  1 0 . 5  7 5 . 5  11/05/70 11/12/70 0 . 2  SACRIFICED 
D-6 HIGH 913  M 4900 3 5 . 6 4  392 .00  1 2 . 5  1 7 . 4  07/19/72 08 /18 /72  1 . 0  SACRIFICED 
0-6 HIGH 986 F 6 6 3 2  6 3 . 4 6  6 9 8 . 1 1  9 . 5  1 5 . 9  11 /18 /71  11 /22 /72  1 2 . 4  RADIATION PNEUMONITIS 
0-6 HItirl dY6 F 5515 6 6 . 8 5  735 .33  7 . 5  1 6 . 0  1 1 / 1 8 / 7 1  02 /12 /73  1 5 . 1  RADIATION PNEUMONITIS 
D-6 HIJtl 747 F 7476  97 .09  1 0 6 8 . 0 0  7 .0  1 9 . 6  01 /20 /71  01 /13 /72  1 1 . 8  RADIATION PNEUMONITIS 
0-6 HIGH 910 M 1 4 2 6 7  103 .76  1141 .36  1 2 . 5  1 5 . 9  11 /18 /71  1 8 / 1 2 / 7 2  11.1 RADIATION PNEUMONITIS 

* IdDICA'rES AGE IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



DOSE-EFFECT S T U D I E S  WITH INHALED PU-238 O X I D E  I N  BEAGLES 

DOSE GROUP ------------------ 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
COl4TROL 
C3NTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
COI~TKOL 
CONTROL 
CONTROL 
CONTROL S A C R I F I C E  
CONTROL S A C R I F I C E  
CONTROL S A C R I F I C E  
CONTRUL S A C R I F I C E  
C d N T R d L  S A C R I F I C E  
CONTROL S A C R I F I C E  
C O L ~ T R O L  S A C R I F I C E  
CdNTROL S A C R I F I C E  

0-1 LOWEST 
L)-1 LOWEST 
D-1 LOWEST 
0-1 LOWEST 
D-1 LOWEST 
D-1 LOHEST 
D-1 L O d E S T  

I N I T I A L  ALVEOLAR D E P O S I T I O N  ........................... 
DOG NCI/G NCI /  

NUMBER SEX NC I LUNG KG ------ --- ---- ----- ---- 
939 M 0 0.00 0.00 
949 F 0 0.00 0.00 
978 M 0 0.00 0.00 
990 F 0 0.00 0.00 
996 F 0 0.00 0.00 

1005 M 0 0.00 0.00 
1007 F 0 0.00 0.00 
1024 M 0 0.00 0.00 
1038 M 0 0.00 0.00 
1045 M 0 0.00 0.00 
1054 F 0 0.00 0.00 
1061 F 0 0 .OO 0.00 
1093 M 0 0.00 0.00 
1097 F 0 0.00 0.00 
1112 M 0 0.00 0.00 
1116 F 0 0.00 0.00 
1186 F 0 0.00 0.00 
1197 M 0 0.00 0.00 
1209 M 0 0.00 0.00 
1225 F 0 0.00 0.00 
966 # 0 0.00 0.00 
1011 F a 0.00 0.00 
1013 F 0 0.00 0.00 
1087 M 0 0.00 0.00 
1118 M 0 0.00 0.08 
1223 M 0 0.00 0.00 
1227 M 0 0.00 0,00 
1228 M 0 0.00 0.00 
998 M 0 0.00 0.00 

1003 M 0 0.00 0.00 
1823 F 0 0.00 0.00 
1039 M 0 0.00 0.00 
11144 F 0 0.00 0.00 
1055 M 0 0.00 0.00 
1063 M 0 0.00 0.00 

INHALATION EXPOSURE .................... DATE 
WEIGHT AGE* O F  

(KG)  (MO) DATE DEATH ------ ---- -------- -------- 

MONTHS S I N C E  
INHALATION 

9/38/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ........................ 
76.9* 
76.7* 
76.6* 
76.2' 
76.8' 
76.0* 
76.0* 
75.5* 
73.4* 
73.4* 
73.1f 
73.6' 
69.3* 
68.6' 
68.4' 
68.1* 
61.5* 
61.0' 
60.7* 
59.9* 

71.6' S A C R I F I C E D  
75.9* 
75.9* 

60.0. S A C R I F I C E D  
47.5' S A C R I F I C E D  
31.9' S A C R I F I C E D  
49.9* S A C R I F I C E D  

59.9* 
56.4 
56.4 
56.4 
56.4 
56.4 
56.4 
56.4 

* I N D I C A T E S  AGE I N  MONTHS S I N C E  BIRTH,  ALL OTHER AGES ARE I N  MONTHS S I N C E  EXPOSURE 



DOSE GROUP ------------------ 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOdEST 
D-1 LOWEST 
D-1 LOrJEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LUwEST 
U - 1  LOWEST 
D-1 LOWEST 
D-1 LOvJEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
L)-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-2 LOd 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOB 
D-2 LOW 

DOG 
NUMBER SEX ------ --- 

1 1 0 5  F  
1 1 9 4  F  
1 2 1 5  M 
1 2 3 0  M 

9 5 1  M 
1 0 0 8  M 
1 1 9 3  F  

959  M 
1 0 6 9  F  
1 0 9 5  F  

9 2 1  F  
923  F  
989  F  
9 2 5  M 
9 9 3  F  

1 2 0 4  M 
970 F 

1 1 0 6  F  
1 3 1 0  M 
1 3 1 2  M 
1 3 1 1  M 
1 3 1 7  M 
1 3 0 9  M 
1318  M 
1 3 1 6  M 
1 3 1 5  M 
1 3 1 9  M 
1 0 6 5  F  
1 0 8 2  M 
1 1 8 8  M 
1 0 8 4  M 
1 0 9 0  F  
1 2 2 2  M 

9 7 1  F 
999  F  

DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE I N  BEAGLES 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE ........................... .................... DATE INHALATION 
NCI/G NCI/  WEIGHT AGE* OF -------------- 

NC I LUNG KG (KG) (MO) DATE DEATH 9/38/77 DEATH COMMENTS ON DEAD DOGS ---- ----- ---- ------ ---- -------- -------- -------- ----- ------------em----------- 
0  0 .00  0.00 10 .0  1 6 . 4  05 /31 /73  52 .0  
0  0 .00  0.00 1 0 . 5  1 9 . 8  04/18/74 41.4 
0  8 .00  0 .00  1 5 . 5  1 9 . 3  04/18/74 04/26/77 36 .3  SACRIFICED 
0  0.00 0 .00  1 2 . 5  1 8 . 4  04/18/74 41.4 
2  0 . 0 1  0 .14  1 4 . 0  1 9 . 3  12 /19 /72  57 .4  
2  0 . 0 1  0.15 1 3 . 5  19 .6  01 /18 /73  56 .4  
2  0 . 0 1  0 .16  1 2 . 5  1 9 . 8  04/18/74 41.4 
3  0 .02  0 .22  1 3 . 5  1 9 . 2  12 /19 /72  57 .4  
2  0 .02  0 .24  8 . 5  1 8 . 1  05/31/73 52.0 
2  0 .02  0 . 1 9  1 0 . 5  1 6 . 6  05/31/73 52 .0  
3  0 . 0 3  0 . 3 1  1 0 . 0  1 9 . 5  11 /38 /72  12 /27 /72  0 .9  SACRIFICED 
3  0 .03  0 . 3 5  8 . 5  1 9 . 5  11 /38 /72  01 /26 /73  1 . 9  SACRIFICED 
3  0.03 0 .32  9 . 5  1 8 . 8  12 /19 /72  5 7 . 4  
5  0.04 0 .40  1 2 . 5  1 9 . 5  11 /30 /72  02 /27 /73  2.9 SACRIFICED 
6  0 .04  0 .46  1 3 . 0  1 8 . 8  12 /19 /72  57 .4  
6  0 .04  0 . 4 3  1 4 . 0  1 7 . 7  02 /26 /74  43.1 
6  0 .05  0 .55  1 1 . 0  1 9 . 2  12 /19 /72  01 /04 /77  48 .5  SACRIFICED 
5  0 .05  0 .50  1 0 . 0  1 6 . 4  05 /31 /73  5 2 . 0  

54 0 .34  3 . 7 2  1 4 . 5  1 8 . 5  03/04/75 04 /01 /77  24.9 SACRIFICED 
5 8  0 .34  3 .74  1 5 . 5  1 8 . 5  03 /04 /75  30 .9  
5  4  0 .36  4.00 1 3 . 5  1 8 . 5  03 /04 /75  30.9 
7  2  0 . 4 1  4 . 5 0  1 6 . 0  1 8 . 1  03/04/75 04 /01 /77  24.9 SACRIFICED 
6 0  0 .44  4.80 1 2 . 5  1 8 . 5  03/04/75 30 .9  
6 7  0 . 4 5  4.96 1 3 . 5  1 8 . 1  03 /04 /75  03 /08 /76  1 2 . 2  SACRIFICED 
8  4  0 . 5 3  5 . 7 9  1 4 . 5  18 .1  03 /04 /75  30 .9  
9  0  0 . 5 5  6 .00  1 5 . 0  1 8 . 1  03 /04 /75  03 /31 /77  24.9 SACRIFICED 
9  9  0.67 7 . 3 3  1 3 . 5  1 8 . 1  03 /04 /75  03 /09 /76  1 2 . 2  SACRIFICED 

6  0 .05  0 .60  1 0 . 0  1 8 . 3  05 /31 /73  52 .0  
11 0 .06  0 .69  1 6 . 0  1 8 . 0  05/31/73 52 .0  
11 0 .06  0 . 7 1  1 5 . 5  1 8 . 4  02/26/74 43 .1  
1 3  0 .07  0 .74  1 7 . 5  1 7 . 5  05 /31 /73  52 .0  
1 0  0.10 1 . 0 5  9 . 5  1 7 . 3  05 /31 /73  52 .0  
1 5  0.10 1.11 1 3 . 5  1 9 . 0  04 /18 /74  41.4 
1 3  0 . 1 1  1 . 2 4  1 0 . 5  1 9 . 2  12 /19 /72  57.4 
11 0 . 1 1  1 . 1 6  9 . 5  1 8 . 7  12 /19 /72  57 .4  

* ILW~ICATES AGE I N  RONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES 

INITIAL ALVEOLAR DEPOSITION 

DOSE GROUP - - - - - - - - - - - - - - 
D-2 LOW 
D-2 L3W 
D-L LOW 
D-2 LON 
0-2 LOW 
v-2 LON 
0-2 LOW 
0-2 L3W 
D-L LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-L LOW 
U-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LON 
D-3 MED-LOW 
D-3 MED-LON 
D-3 WED-LOW 
D-3 MED-LOW 
0-3 MED-LOW 
D-3 MLD-LON 
D-3 NED-LOW 
3-3 MED-LOW 
0-3 AED-LclW 
0-3 MED-LOW 
D-3 NED-LOW 
D-3 NED-LOW 
D-3 MED-LOW 
13-3 IYEU-LOW 
D-3 MED-LOW 
D-3 MED-LOW 

DOG 
NUMBER SEX NC I 

. - - - - - - - - - - - - - ---- 
1229 11 16 
1070 M 2 2 
1214 M 17 
955 M 17 
1033 M 17 
1036 F 16 
1116 M 2 3 
1060 F 2 2 
981 M 3 0 

1046 M 27 
1050 F 22 
1078 F 29 
1207 F 2 2 
1196 F 28 
1189 M 38 
930 M 3d 
1066 14 5 4 
1089 F 4 1 
972 F 4 0 
1219 F 4 6 
1158 M 7 3 
1165 M 7 6 
929 F 4 1 
Yb0 1Y 6 8 

1072 M 9 8 
1190 F 7 1 
926 IY 7 5 
9d2 14 7 6 
104U M 8 4 
la59 F 7 1 
1188 F 8 4 
1000 F 7 0 
1056 14 9 7 
1064 M 116 
1026 M 116 

NCI/G NCI/ 
LUNG KG ----- ---- 
0.11 1.23 
0.12 1.33 
0.12 1.36 
0.14 1.55 
0.14 1.55 
0.14 I .52 
0.16 1.77 
0.18 2.00 
0.21 2.31 
0.22 2.45 
0.22 2.44 
0.22 2.42 
0.24 2.59 
0.25 2.80 
0.26 2.81 
0.27 2.92 
0.31 3.38 
0.31 3.42 
0.33 3.64 
0.40 4.38 
0.43 4.71 
0.43 4.75 
0.50 5.47 
0.54 5.91 
0.54 5.94 
0.54 5.92 
0.55 6.00 
0.58 6.33 
0.64 7.00 
0.65 7.10 
0.69 7.64 
0.71 7.78 
0.71 7.76 
0.73 8.00 
0.78 8.59 

INHALATION EXPOSURE .................... DATE 
WEIGHT AGE* OF 
!KG) (MO) DATE DEATH ------ ---- -------- -------- 
13.0 16.8 02/26/74 
16.5 18.1 05/31/73 
12.5 19.3 04/18/74 05/12/75 
11.0 19.2 12/19/72 
11.0 19.1 02/22/73 
10.5 18.2 02/22/73 
13.0 19.3 04/18/74 
11.0 17.8 02/22/73 
13.0 19.0 12/19/72 
11.0 18.1 02/22/73 
9.0 18.1 02/22/73 
12.0 18.0 05/31/73 
8.5 17.6 02/26/74 
10.0 17.9 02/26/74 

19.2 
18.1 
18.1 
19.5 
19.0 
18.2 
17.8 
16.4 
ld. 7 
17.9 
19.6 
19.2 

MONTHS SINCE 
INHALATION -------------- 

9/38/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ......................... 
43.1 
52.0 

12.8 SACRIFICED 
57.4 
55.2 
55.2 
41.4 
55.2 

0.9 SACRIFICED 

1.8 SACRIFICED 

3.0 SACRIFICED 

* IdDICATES AGE IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES 

DOSE GROUP 

D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUH 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
0-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 MEDIUM 
0-4 MEDIUM 
U-4 MEDIUM 
D-4 MEDIUI-I 
D-4 MEDIUM 
D-4 MEDIUM 
D-4 I.1EDIUM 
D-4 MEUIUM 
0-4 HEUIUM 
D-5 MED-HI 
13-3 MED-ti1 
D-5 MED-ti1 
D-3 dEU-HI 
D-5 MED-HI 
D-5 MED-HI 
U-5 MED-HI 
D-5 MED-HI 

* INDICATES AGE 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE 

DOG 
NUMBER SEX ------ --- 
1043 F 
1031 F 
1212 F 
1176 M 
1221 F 
1195 M 
1032 M 
1053 F 
997 &4 
991 F 
1177 M 
932 F 
1103 F 
973 F 
931 F 
1091 F 
1114 M 
1062 M 
934 M 
1081 M 
1030 F 
952 F 
1196 iY 
1166 24 
12Lb P 
992 F 
9d3 M 

1191 F 
1157 M 
la35 F 
1192 F 
1140 M 
11171 M 
1173 M 
1178 M 

NCI ---- 
98 
76 
111 
129 
124 
22d 
162 
148 
203 
194 
262 
216 
260 
271 
289 
243 
430 
435 
4 54 
541 
340 
365 
539 
673 
518 
555 
617 
591 
78d 
571 
754 
1014 
1269 
1023 
1125 

NCI/G 
LUNG 

WEIGHT 
(KG1 

AGE* 
(MOI DATE ---- -------- 
18.1 02/22/73 
19.1 02/22/73 
17.6 02/26/74 
16.6 11/06/73 
19.0 04/18/74 
18.1 02/26/74 
16.3 11/30/72 
17.9 02/22/73 
19.6 01/18/73 
18.8 12/19/72 
16.6 11/06/73 
19.1 11/30/72 
16.5 05/31/73 
19.2 12/19/72 
19.1 11/30/72 
17.3 05/31/73 
16.4 05/31/73 
17.8 02/22/73 
19.1 11/30/72 
18.0 05/31/73 
19.1 02/22/73 
19.2 32/19/72 
17.9 02/26/74 
17.3 11/06/73 
19.0 04/18/74 
18.8 12/19/72 
19.0 12/19/72 
19.8 04/18/74 
17.7 11/06/73 
18.2 02/22/73 
18.1 02/26/74 
18.2 11/06/73 
18.1 05/31/73 
17.3 11/06/73 
16.6 11/06/73 

DATE 
OF 

DEATH 

IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 

MONTHS SINCE 
INHALATION 

9/38/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ........................ 
55.2 
55.2 
43.1 
46.8 
41.4 
43.1 

0.3 SACRIFICED 
55.2 
56.4 
57.4 
46.8 

1.8 SACRIFICED 
52.0 
57.4 

0.9 SACRIFICED 
52.0 
52.0 
55.2 

3.0 SACRIFICED 
52.0 
55.2 
57.4 
43.1 
46.8 
41.4 
57.4 
57.4 

35.1 PNEUMONIA 
46.8 
55.2 
43.1 
46.8 
52.0 
46.8 
46.8 



DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES 

DOSE GROUP -------------- 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 MED-HI 
D-5 14E0-HI 
0-6 HIGH 
D-b dIGH 
D-b HIGH 
D-6 HIbH 
D-6 HIGH 
U-6 HIGH 
0-b HIGH 
D-b HIGH 
D-b HIGH 
LJ-6 HIGH 
D-6 HIGH 
D-6 AIGH 
D-6 hI(;H 

DOG 
NUMBER ---- ------ 
1047 
1109 
1160 
1211 
1096 
1218 
1092 
1027 
1115 
974 
1079 
1058 
1002 
1057 
1009 
Id42 
994 
1006 
975 
1037 
1143 
1025 
1064 
1162 
1175 

INITIAL ALVEOLAR DEPOSITION ........................... 
NCI/G NCI/ 

SEX NC I LUNG KG --- ---- ----- ---- 
M 9 00 8.61 94.74 
F 1119 8.85 97.30 
F 1344 9.77 107.52 
M 1764 11.06 121.66 
F 1476 12.20 134.18 
F 1710 12.95 142.50 
M 1848 13.44 147.84 
M 2148 13.95 153.43 
F 1885 14.90 163.91 
F 1718 15.62 171.80 
M 2620 15.8d 174.67 
F 1907 16.51 181.62 
M 2907 1 . 8  207.64 
M 3116 20.98 230.81 
M 3630 26.40 290.40 
F 2959 28.32 311.47 
F 3453 31.39 345.30 
F 3810 31.49 346.36 
F 3968 36.07 396.80 
M 4854 44.13 485.40 
M 7691 53.78 591.62 
Eil 8479 57.10 628.07 
M 9453 63.66 700.22 
F 6959 70.29 773.22 
F 6201 75.16 826.80 

INHALATION EXPOSURE .................... 
WEIGHT AGE* 
(KG) (MO) DATE ------ ---- -------- 
9.5 18.1 02/22/73 
11.5 16.4 05/31/73 
12.5 17.3 11/06/73 
14.5 17.6 02/26/74 
11.0 16.6 05/31/73 
12.0 17.3 02/26/74 
12.5 17.3 05/31/73 
14.0 19.2 01/18/73 
11.5 16.1 05/31/73 
10.0 20.2 01/18/73 
15.0 18.0 05/31/73 
10.5 17.8 02/22/73 
14.0 19.6 01/18/73 
13.5 17.9 02/22/73 
12.5 19.6 01/18/73 
9.5 18.1 02/22/73 
10.0 19.6 01/18/73 
11.0 19.6 01/18/73 
10.0 20.2 01/18/73 
10.0 18.2 02/22/73 
13.0 18.2 11/06/73 
13.5 19.2 01/18/73 
13.5 16.7 01/18/73 
9.0 17.3 11/06/73 
7.5 16.6 11/06/73 

DATE 
OF 

DEATH -------- 

MONTHS SINCE 
INHALATION -------------- 

9/38/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ......................... 
55.2 
52.0 
46.8 
43.1 
52.0 
43.1 
52.0 
56.4 
52.0 
56.4 
52.0 
55.2 
56.4 
55.2 
56.4 
55.2 

41.5 ADDISON'S DISEASE 
56.4 
56.4 
55.2 
46.8 

49.9 LUNG TUMOR 
50.8 LUNG + BONE TUMOR 

46.8 
46.8 

Ii4DICATES AGE IN MONTHS SINCE BIRTH, ALL OTHER AGES ARE IN MONTHS SINCE EXPOSURE 



LOW LEVEL PU-239 NITRATE INHALATION S T U D I E S  

DOSE GROUP 

CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTR3L 
CONTROL 
CONTROL 
CONTROL 
C0NTRC)L 
CONTROL 
CONTROL 
CONTROL 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 
VEHICLE 

DOG 
NUMBER SEX ------ --- 
1356 M 
1365 M 
1376 F 
1388 M 
1393 M 
1405 M 
1409 M 
1418 M 
1425 M 
1450 F 
1455 F 
1483 F 
1509 M 
1516 F 
1525 (4 
1526 M 
1528 F 
1543 M 
1563 F 
1572 F 
1577 14 
1584 F 
1594 F 
1608 M 
1361 M 
13dl F 
1392 M 
1406 M 
1412 F 
1421 M 
1457 F 
1491 F 
1504 F 
1514 M 
1524 M 

I N I T I A L  ALVEOLAR D E P O S I T I O N  ........................... 
NCI/G NCI/  

NC I LUNG KG ---- ----- ---- 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 . 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 0.00 0.00 
0 8.00 0.00 
0 0.00 0.00 

INHALATION EXPOSURE .................... DATE 
WEIGHT AGE* OF 

( K G )  (MO) DATE DEATH ------ ---- -------- -------- 

MONTHS S I N C E  
INHALATION -------------- 

9/30/77 DEATH -------- ----- - 
40.7* 
40.6* 
39.5* 
39.3* 
39.3* 
38.9* 
38.8* 
38.5* 
38.5* 
38.3* 
37.8* 
36.9' 
36.1* 
35.8* 
35.6' 
35.6* 
35.1* 
34.9* 
24.8* 
24.7' 
24.7' 
24.6* 
24.6' 

COMMENTS ON DEAD DOGS 
.------------------------ 

* I N D I C A T E S  AGE I N  MONTHS S I N C E  B I R T H ,  ALL OTHER AGES ARE I N  NONTHS S I N C E  EXPOSURE 



LOW LEVEL PU-239 N I T R A T E  INHALATION S T U D I E S  

DOSE GROUP ------------------ 
V E H I C L E  
V E H I C L E  
V E H I C L E  
V E H I C L E  
V E H I C L E  
V E H I C L E  

D-1 LOWEST 
D - 1  LOWEST 
0 -1  LOWEST 
D-1 LOWEST 
D-1 L O W E S T  
0-1 L O d E S T  
D-1 LOWEST 
D-1 L O d E S T  
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D - 1  LOWEST 
D-1 LOWEST 
D - 1  LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D - 1  LOWEST 
D - 1  LOwEST 
D - 1  L O d E S T  
D-1 LOWEST 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-2 LOW 
D-L LOW 
D-2 LOW 

DOG 
NUMBER S E X  ------ --- 

1 5 3 1  F 
1 5 4 2  M 
1 5 6 6  M 
1 5 7 8  M 
1 5 9 3  F 
1 6 0 1  F 
1 3 5 1  M 
1 4 1 6  M 
1 4 5 8  F 
1 4 8 9  F 
1 5 0 1  M 
1 5 1 5  M 
1 5 7 3  M 
1 5 8 1  M 
1 5 9 6  M 
1 6 0 0  F 
1 6 0 3  M 
1 3 3 9  F 
1 5 1 9  M 
1 5 7 0  F 
1 4 6 5  F 
1 4 7 0  F 
1 5 0 7  M 
1 5 9 2  F 
1 6 0 7  M 
1 3 3 5  M 
1 4 8 7  F 
1 5 8 3  F 
1 5 6 5  F 
1 5 1 3  M 
1 5 2 0  M 
1 4 1 5  M 
1 5 7 5  M 
1 4 6 6  F 
1 6 0 6  F 

I N I T I A L  ALVEOLAR D E P O S I T I O N  ........................... 
N C I / G  N C I /  

NC I LUNG K G  ---- ----- ---- 
0  0 . 0 0  0 .00  
0  0 .00  0 .00  
0  0 .00  0 . 0 0  
0  0 .00  0.00 
0  0 .00  0 .00  
0  0 .00  0  . O O  
0  0 .00  0 .00  
0  0 .00  0.00 
0  0 .00  0 .00  
0  0.00 0 .00  
0  0 .00  0 .00  
0  0 . 0 0  0 . 0 0  
0  0 .00  0 .00  
0  0 .00  0 . 0 0  
0  0 .00  0 . 0 0  
1 0 . 0 1  0 . 1 1  
2  0 . 0 1  0 . 1 2  
2  0 . 0 2  0 . 2 2  
2  0 . 0 2  0 . 1 8  
2  0 .02  0 .17  
4  0 . 0 3  0 . 3 3  
3  0 .03  0 . 2 9  
4  0 . 0 3  0 . 3 2  
4  0 . 0 3  0 .29  
5  0 . 0 3  0 . 3 5  
5  0 .04  0 . 4 2  
6  0 .04  0 .46  
4  0 . 0 4  0 .40  
8  0 .06  0 .67  
0  0 .00  0 .00  
1 0 . 0 1  0 .12  
2  0 . 0 2  0 . 2 0  
3  0 .02  0 . 1 9  
5  0 . 0 3  0 .37  
5  0 .04  0 .42  

INHALATION EXPOSURE 
DATE 

WEIGHT AGE* 0 F 
( K G )  (MO) DATE DEATH ------ ---- -------- -------- 

MONTHS S I N C E  
I N H A L A T I O N  

9 / 3 0 / 7 1  DEATH COMMENTS ON DEAD DOGS -------- ----- 
14 .1  
1 4 . 1  

6 . 5  
6 . 5  
6 . 5  
6 . 5  

0 . 9  S A C R I F I C E D  
1 6 . 4  
1 6 . 4  
1 6 . 4  
1 6 . 4  
1 6 . 4  

5.4 
5.4 
5 .4  
5 . 4  
5 . 4  

0 . 9  S A C R I F I C E D  
1 6 . 4  

5 .4  
1 6 . 4  
1 6 . 4  
1 6 . 4  

5 .4  
5.4 

0 . 9  S A C R I F I C E D  
1 6 . 4  

5 .4  
5.4 

1 6 . 4  
1 6 . 4  
1 6 . 4  

5 . 4  
1 6 . 4  

5 . 4  

* I N D I C A T E S  AGE I N  MONTHS S I N C E  d I R T H ,  A L L  OTHER AGES ARE I N  MONTHS S I N C E  EXPOSURE 



LOW LEVEL PU-239 NITRATE INHALATION STUDIES 

DOSE GROUP ------------------ 
D-2 LOW 
U-2 LON 
D-2 LOk 
D-2 LON 
D-2 LOW 
D-2 LOW 
D-2 LOk 
D-2 LOW 
D-2 LOW 
D-2 LOd 
D-2 LOW 
D-2 LON 
D-2 LOW 
D-2 LOW 
D-3 MED-LOd 
D-3 MED-LOW 
D-3 MED-LOW 
0- 3 MED-LOW 
D-3 AED-LOW 
D-3 1'1ED-LOW 

D U-3 MEa-LOd 
A D-3 MED-LOW 
w D-3 MED-LOW 

D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOd 
0-3  MED-LOW 
D-3 NED-LOW 
0-3  MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 
0-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 
D-3 MED-LOW 

* INDICATES AGE I N  

UOG 
NUMBER 

INITIAL ALVEOLAR DEPOSITION 

SEX dC I --- ---- 
1'1 8  
F  6  
F  8  
F  9  
id I1 
M 11 
M 1 0  
M 1 0  
F  1 0  
F  9  
M 1 5  
F  11 
F  1 3  
F  1 6  
M 2  1 
F  1 9  
F  2  2  
M 34 
M 27 
F  29 
F  34 
M 46 
M 4  3  
M 54 
M 5 3 
M 5 0  
M 54 
F  4  1 
M 54 
M 50 
F  4  3  
F  4  1 
M 46 
F  50 
F  40 

N C I / G  
LUNG ----- 
0 .05  
0 .05  
0 .06  
0 .07  
0 . 0 7  
0 .08  
0.0d 
0.08 
0 .09  
0 .09  
0.09 
0.10 
0 .13  
0 .15  
0 . 1 4  
0.16 
0.17 
0 . 2 1  
0 .23  
0.24 
0 .24  
0.29 
0.30 
0 . 3 0  
0 . 3 1  
0 . 3 2  
0 . 3 2  
0 . 3 4  
0 .34  
0 . 3 6  
0 .37  
0 . 3 8  
0.38 
0.40 
0 .40  

SINCE BIRTH, ALL OTHER 

NCI/ 
KG ---- 

0 .59  
0 . 5 1  
0 .68  
0 . 8 2  
0 . 7 6  
0 . 8 9  
0 .87  
0 .83  
1 . 0 1  
0 .97  
1 . 0 3  
1 . 0 8  
1 . 3 9  
1 . 6 5  
1 . 5 2  
1 . 7 8  
1 . 8 9  
2.36 
2.54 
2 . 6 8  
2 .68  
3.17 
3 . 2 9  
3.26 
3 . 4 0  
3 .57  
3 . 5 1  
3 . 7 5  
3 . 7 1  
3 .98  
4 . 0 8  
4.14 
4 . 2 1  
4 .35  
4.44 

AGES ARE 

INHALATION EXPOSURE .................... DATE 
WEIGHT AGE* OF 

(KG) (MO) DATE DEATH ------ ---- -------- -------- 
1 4 . 0  1 9 . 3  04/19/77 
1 2 . 0  1 9 . 2  04/19/77 
12 .0  1 9 . 2  04 /19 /77  

I N  MONTHS SINCE EXPOSURE 

MONTHS SINCE 
INHALATION 

9/30/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ------------------------. 
5.4 
5.4 
5.4 
5.4 
5.4 

1 6 . 4  
1 6 . 4  

5.4 
16 .4  
1 6 . 4  

5 .4  
1 6 . 4  

5.4 
1 6 . 4  

0.9 SACRIFICED 
0 .9  SACRIFICED 

6 .5  
1 7 . 3  

0 . 5  SACRIFICED 
20 .3  

0 . 5  SACRIFICED 
6 . 5  ... 

0 . 5  SACRIFICED 
1 7 . 3  

6 .5  
0.1 SACRIFICED 

1 4 . 3  
6.5 

6 . 5  
0.1 SACRIFICED 

6 .5  



Z'ST 
~~~IJIH~YS 0. 1 
~~~IJIH~YS 0'1 
a33IJIa3QS 0'1 

E'BZ 
E'LI 
E'0Z 
E'PC 
E'LI 
E'0Z 
E'0Z 
E'0Z 
c-Pr 
E'0Z 
E'BZ 
E'PI 
E.L1 
E'BZ 
5.9 
E'LI 
E'PC 
E'0Z 

a331~1a3vs 6-2 
5-9 
E'LT 
5.9 
5'9 
5.9 
5'9 

E'LT 
......................... ----- -------- 

s3oa av3a NO SLNBWWO~ HLwa LL/0E/6 

NOILYTVHNI 
33NIS SHLNOW 

3HnSOdX3 33NIS SALNOW NI 

9L/EZ/90 Z'EZ B'EI 
SL/PT/IT SL/91/01 Z'LI 0'6 
SL/bl/TT SL/91/01 Z'LI S'ET 
SL/PT/IC SL/91/01 0'81 0'01 

9L/BZ/IB 8-61 0': 
9L/0Z/V0 0.12 0'01 
9i/BZ/C0 2.02 0'EC 
9L/ZZ/L0 L'0Z 0'01 
9L/0Z/P0 T'IZ 0'CI 
si/sz/re sear s'rr 
9L/BZ/CB 8-61 B'PT 
9L/BZ/TB Z'8I 0'6 
si/zz/ia 13.0~ S'ZT 
9L/0Z/10 2-02 0'ET 
gi/sz/ra C-61 S-PT 
9L/ZZ/LB E'IZ S'ZT 
9L/BZ/P0 S'TZ 8-91 
9L/0Z/10 1-81 0'8 
LL/ST/EB 0'81 0'8 
9L/BZ/PB 5-02 0'L 
9L/ZZ/L0 8-02 5'8 
9L/0Z/T0 Z'0Z S'01 

9L/81/01 9L/ZZ/L0 E'1Z 0'01 
LL/S1/E0 8-81 S'01 
9L/BZ/PB 1.12 0'0T 
LL/S1/E0 Z'81 0'TI 
iL/sr/ca 1-sr 5.6 
LL/ST/EB 2-01 0'ZT 
LL/ST/E0 2-81 0'01 

9L/EZ/10 9L/0Z/T0 S'8T 0'6 
9L/0Z/10 1-61 S*ZT 

9L/0Z/01 9L/ZZ/L0 L'0Z B'E1 
9L/ZZ/L0 E'TZ 0.21 
9L/BZ/PB 8-12 S'TT 
9L/0Z/b0 0'12 B'TT 

-------- -------- ---- ------ 
HLU~~ SLY~ cow) (3x1 

dO +33Y LH313M 
3Jya .................... 

3HflSOdX3 NOILYTYHNI 

38Y S33Y N3HLO TTV 'HLNIQ 33NIS SHLNOW NI 33Q S3JY3IflNI + 

SP'S01 29'6 9LET H 6ZPT 
@I'LL Z0'L 569 J LPET 
50.6) 9P'P 299 W 9PET 
00'0C EL'Z OOE d 6ZET 
S1'6P LP'O PPE d L8EC 
0P'SE ZZ'E PSE d 9PPT 
KP'SE ZZ'E 09) W P9ET 
TP'PE EI'E PPE J SEST 
LP'PE E1'E 6LE d 8ZPT 
LS'8Z 09'2 6ZE J P0PT 
SP'9Z QP'Z OLE W S8ET 
LL'SZ PE'Z ZEZ d PTPT 
ZS'EZ P1'Z P6Z W PEST 
PS'BZ 18'1 L 92 W Z9ET 
91-61 PL'T RLZ W 6LET 
9 6P'T S0Z J TZST 
61'91 LP'T 652 P P0PT 
SE'ZT Z1.T 6 6 d ZZbT 
59.11 90'1 E 6 J R6ST 
89'8 6L.0 T 9 J 9SPT 
TD'8 91.0 Z L J BEST 
60'8 PL'0 S 8 W E9ET 
8L'L IL'Q P L d ZZS1 
ES'L 89'0 61 W P@9T 
T8'9 19'0 8 9 J LZPT 
11.9 LS'O 8 9 J TLS1 
96's PS'0 L S d ZRST 
98's ES'0 0 L W 9L5T 
28's ES'0 8s J 69ST 
95's TS'0 0 S J L0PT 
90'5 9P'B E 9 W 08ET 
66'P Sb'0 S 9 W 6EST 
09'b ZP'0 S S d EZST 
T9.P ZP'0 E S d 6EPI 
0S'P TP'0 6 P J PPPT 
---- ----- ---- --- ------ 

3n 3~n7 I~N xas asawnti 
/I~N 3/13~ 30a 

........................... 
NOILISOdBO ~VTO3ATQ TVILINI 

1~-a31a c-a 
IH-O3W S-a 
IH-CIBFI S-a 
IH-a~w s-a 
wnIaaw ,-a 
wn1a3w P-a 
wnIa3w ,-a 
wn103w P-a 
wnIa3w P-a 
W~IO~W )-a 
vn1a3w P-a 
wn1a3w ,-a 
WnIC13W P-0 
w171a3k: P-cl 
l"ln1a3w P-CI 
wn1a3~1 P-a 
rn~oaw P-a 

MOT-O~W c-a 
POT-O~W E-a 
VOT-~~W E-a 
MOT-a3W E-CI 
MOT-a3W E-Cl 
F01-09W E-0 
MOT-03V E-0 
MOT-03W c-0 
POT-a3w E-a 
POT-CBN E-a 
MO7-03W €-a 
COT-a3w €-a 
MOT-a3w E-CI 
POT-03W E-0 
MOT-03W E-0 
MOT-a3w E-a 
MOT-azw E-a 
MOT-a3w E-a 

------------------ 
an01i3 3soa 



LOW LEVEL PU-239 NITRATE INHALATION STUDIES 

INITIAL ALVEOLAfl DEPOSITION INHALATION EXPOSURE ........................... .................... DATE 
DOG NCI/G NCI/ WEIGHT AGE* OF 

DOSE GROUP NUlYBER SEX NC I LUNG KG (KG) (MO) DATE DEATH ------------------ --- ---- ----- ---- ------ ---- -----em- -------- 
D-5 MED-HI 1508 k 1709 10.71 117.86 14.5 20.9 06/23/76 
D-5 MEL)-HI 1512 M 2400 14.55 160.00 15.0 20.9 06/23/76 
D-5 MED-HI 1419 M 1559 14.92 164.11 9.5 23.3 06/23/76 
D-5 MED-dI 14911 F 2009 16.60 182.64 11.0 21.5 06/23/76 
0-5 MED-HI 1502 F 3007 20.25 222.74 13.5 20.9 06/23/76 
D-5 rlED-HI 1485 F 2320 21.09 232.00 10.0 21.7 06/23/76 
D-5 MED-HI 1471 F 2532 21.92 241.14 10.5 22.1 06/23/76 
0-5 MED-HI 1492 F 2463 24.88 273.67 9.0 21.6 06/23/76 
D-5 MED-HI 1459 F 2645 26.72 293.89 9.0 22.6 06/23/76 
D-6 HIGH 1518 M 3537 29.23 321.55 11.0 20.6 06/23/76 
D-6 HIGH 1420 M 3840 30.36 333.91 11.5 23.3 06/23/76 
D-6 HIGH 1517 F 5185 49.62 545.79 9.5 20.6 06/23/76 
D-6 HIGH 1510 F 6968 55.08 605.91 11.5 20.9 06/23/76 
D-6 HIGH 1424 M 7438 67.62 743.80 18.0 23.2 06/23/76 08/31/77 

INDICATES AGE IN MONTHS SINCE BIRTd, ALL OTHER AGES ARE IN MONTtlS SINCE EXPOSURE 

PDS> 

MONTHS SINCE 
INHALATION 

9/38/77 DEATH COMMENTS ON DEAD DOGS -------- ----- ......................... 
15.2 
15.2 
15.2 
15.2 

15.2 
15.2 
15.2 
15.2 
15.2 
15.2 
15.2 

14.3 RADIATION PNEUMONITIS 





PUBLICATIONS A N D  PRESENTATIONS 





PUBLICATIONS 

R e p r i n t s  may be reques t  d f rom t h e  a u t h o r  a t  
t h e  address shown belowya), excep t  f o r  those 
a r t i c l e s  marked w i t h  an a s t e r i s k  (*),  which 
a r e  no longer  a v a i l a b l e .  

A l l e n ,  M. D., W .  T. Kaune, a n d D .  K. Cra ig.  
1977. A method f o r  v a p o r i z i n g  mixed o x i d e  
f a s t  r e a c t o r  f u e l s  f o r  animal i n h a l a t i o n  
s t u d i e s .  H e a l t h  Phys. 32: 389-396. 

*Andrew, F. D., R. L .  Berns t ine ,  D. D. Mahlum, 
and M. R .  S ikov.  1977. D i s t r i b u t i o n  o f  
2 3 9 P ~  i n  t h e  g r a v i d  baboon. Radiat .  Res. 
70: 637-638. ( A b s t r a c t )  

Andrew, F. D .  and R. E. S tap les .  1977. 
Prena ta l  t o x i c i t y  o f  medroxyprogesterone 
a c e t a t e  i n  r a b b i t s ,  r a t s ,  and mice. z- 
t o l o g y  15: 25-32. 

Andrew, F. D. 1976. Techniques f o r  assess- 
ment o f  t e r a t o q e n i c  e f f e c t s :  Devel opmental 
enzyme p a t t e r n s .  Envi ron.  H e a l t h  perspec- 
t i v e s  18: 111-116. -- 

Archer,  B. G., T .  B. Crawford, T. C .  McGuire, 
and M. E. F r a z i e r .  1977. RNA dependent DNA 
polymerase equine i n f e c t i o u s  anemia v i r u s .  
J. V i r o l .  22: 16-22. 

*Bait-. W .  J. 1977. Plutonium. DD. 344-347. 
I n :  ~c~raw-  ill Yearbook o f  sc ience  and - 
Technology, New York, NY. 

*Ba i r ,  W .  J. 1977. Cur ren t  s t a t u s  o f  t h e  
h o t  p a r t i c l e  i s s u e  (A rev iew o f  r e l e v a n t  
exper imenta l  and t h e o r e t i c a l  approaches), 

B a l l o u ,  J. E., G. E. Dagle, K. E. McDonald, 
and R. L.  Buschbom. 1977. I n f l u e n c e  o f  
i n h a l e d  Ca-DTPA on t h e  long- te rm e f f e c t s  
o f  i n h a l e d  Pu n i t r a t e .  H e a l t h  Phys. 32: 
479-487. 

*Bal lou,  J. E. and R.  A. Gies. 1976. The 
e x c r e t i o n  and e a r l y  d i s p o s i t i o n  o f  i n h a l e d  
t r a n s u r a n i c  n i t r a t e s  i n '  r a t s .  H e a l t h  Phys. 
31 : 550. ( A b s t r a c t )  - 

*Dagle, G. E., K. E. McDonald, and J. E. 
B a l l o u .  1977. The morphology o f  l u n g  tumors 
induced i n  r a t s  w i t h  i n h a l a t i o n  o f  p lu ton ium 
n i t r a t e .  Lab. I n v e s t .  3: 335. ( A b s t r a c t )  

Drucker, H. and R. E. Wildung, Eds. 1977. 
B i o l o g i c a l  I m p l i c a t i o n s  o f  ~ e t a l s  i n  t h e  
Environment, 682 p. (CONF-750929) NTIS , 
S p r i n g f i e l d ,  VA. 

*Hackett ,  P. L.  and M. R .  S ikov .  1977. Dis-  
t r i b u t i o n  and e f f e c t s  o f  l e a d  i n  pregnant  
r a t s .  Tera to logy  15: 30A. ( A b s t r a c t )  

Hadley, J. G.,  D. E. Gardner, D. L. C o f f i n ,  
and D. B. Menzel . 1977. Enchanced b i n d i n g  
o f  auto logous r e d  c e l l s  t o  t h e  macrophage 
plasma membrane as a s e n s i t i v e  i n d i c a t o r  o f  
p o l l u t a n t  damage, pp. 66-77. I n :  Pulmonary 
Macrophage and Epi the1 i a l  ~ e l l s ( ~ .  L .  
Sanders, R. P. Schneider, G. E. Dagle, and 
H. A. Ragan, Eds.) (CONF-760927) NTIS, 
S p r i n g f i e l d ,  VA. 

*Hadley, J. G. 1977. Membrane Receptors o f  
t h e  A l v e o l a r  Macrophage: A l t e r a t i o n s  by 
Environmental Contaminants. Ph.D. Thesis ,  
Duke U n i v e r s i t y ,  Durham, NC.  

*Hadley, J. G., D. E. Gardner, D. L .  C o f f i n ,  
and D. B. Menzel. 1977. E f f e c t s  o f  Cd and 
N i  on ant ibody-mediated r o s e t t e  f o r m a t i o n  by 
r a b b i t  a l v e o l a r  macrophages. Toxic01 . Appl . 
Pharmacol . - 41 : 152-153. ( A b s t r a c t )  

Hadley, J. G., D. E. Gardner, D. L. C o f f i n ,  
and 0. B. Menzel. 1977. I n h i b i t i o n  o f  a n t i -  
body mediated r o s e t t e  f o r m a t i o n  by a l v e o l a r  
macrophages: A s e n s i t i v e  assay f o r  meta l  
t o x i c i t y .  J. Re t i cu loendo the l  . Soc. 2: 
41 7-425. 

*Hadley, J. G., D. E.  Gardner, D. L .  C o f f i n ,  
and D. B. Menzel. 1977. E f f e c t s  o f  ozone 
and n i t r o g e n  d i o x i d e  exposure o f  r a b b i t s  on 
t h e  b i n d i n g  o f  auto logous r e d  c e l l s  t o  a lveo-  
l a r  macrophages, pp. 505-512. k: Proc. 
I n t l .  Conf. on Photochemical Oxidant  P o l l u -  
t i o n  and I t s  Con t ro l  Vol . I ( B .  D i m i t r i a d e s ,  
Ed.). EPA 600/3-77-001A. NTIS, S p r i n g f i e l d ,  
VA . 

Cohen, B. L. and H. Drucker .  1977. Regula- *Hadley, J. G., D. E. Gardner, D. L .  C o f f i n ,  
t i o n  o f  e x o c e l l u l a r  protease i n  Neurospora and D. B. Menzel. 1976. E f f e c t s  o f  0, and 
crassa:  I n d u c t i o n  and r e p r e s s i o n  under con- NO2 on t h e  b i n d i n g  o f  auto logous c e l l s  by 
d i t i o n s  o f  n i t r o g e n  s t a r v a t i o n .  Arch. B io-  a l v e o l a r  macrophages. Pharmacologis t  18: 
chem. Biophys. 182: 601-613. 244. ( A b s t r a c t )  

"Craig, D. K., J. F. Park, G. J. Powers, and 
D. L. C a t t .  1977. The d i s p o s i t i o n  o f  
americium-241 o x i d e  f o l l o w i n g  i n h a l a t i o n  by 
beagles. Radiat .  Res. 3: 639. ( A b s t r a c t )  

(a )  B a t t e l  l e ,  P a c i f i c  Nor thwest  Laboratory ,  
P.O. Box 999, Rich land,  Washington 99352 

7.1 



*Hanson, K. R. 1977. The use o f  g l a s s  c a p i l -  
l a r y  columns i n  r o u t i n e  gas chromatographic 
a n a l y s i s  o f  chemical compounds i n  p h y s i o l o g i -  
c a l  f l u i d s ,  #ACSC-14C. I n :  A b s t r a c t s  o f  
Papers, 173rd ACS ~ e e t i n c  American Chemical 
S o c i e t y ,  Washington, D.C. ( A b s t r a c t )  

*Hjeresen, D. L .  and R. D. P h i l l i p s .  1977. 
A behav io ra l  resDonse t o  h i a h  s t r e n a t h  60-Hz 
e l e c t r i c   fields.'^. 133. 1;: 1977 i n t e r n a -  

( A b s t r a c t )  

* H i l t o n ,  D. I., J. H. Chandon, and R.  D. 
P h i l l i p s .  1977. ECG and h e a r t  r a t e  response 
i n  r a t s  exposed t o  60-Hz e l e c t r i c  f i e l d s ,  
p. 131. &: 1977 I n t e r n a t i o n a l  USRIIUSNC 
Symposium on t h e  B i o l o g i c a l  E f f e c t s  o f  E lec-  
t romagnet i c  Waves. N a t i o n a l  Academy o f  
Sciences, Washington, D.C. ( A b s t r a c t )  

*Hungate, F. P., L .  R. Bunne l l ,  and W .  F. 
Riemath. 1977. Progress on a p o r t a b l e  
b lood  i r r a d i a t o r  f o r  medica l  a p p l i c a t i o n s .  
Rad ia t .  Res. 9: 663. ( A b s t r a c t )  

*Joshima, H., P. L. Hacke t t ,  and M. R. S ikov 
1977. E f f e c t s  o f  239Pu on hematopoiesis 
i n  p r e n a t a l  r a t s .  Rad ia t .  Res. 70: 622. 
( A b s t r a c t )  

*Kaune, W .  T., J. R. Decker, R .  D. P h i l l i p s ,  
and D. L. Hjeresen.  1977. A system f o r  t h e  
exposure o f  l a r g e  numbers o f  smal l  l abora-  
t o r y  animals  t o  v e r t i c a l  60-Hz e l e c t r i c  
f i e i d s ,  p. 20. I n :  1977 I n t e r n a t i o n a l  
USRIIUSNC symposium on t h e  B i o l o g i c a l  E f f e c t s  
o f  E lec t romagnet i c  Waves. N a t i o n a l  Academy 
o f  Sciences, Washington, D.C. ( A b s t r a c t )  

*Mahlum, D. D. 1977. B i o l o g i c a l  i m p l i c a t i o n s  
o f  magnetic f i e l d s  f rom f u s i o n  r e a c t o r s .  
Amer. Nucl .  Soc. T ransac t ions  3: 22. 
( A b s t r a c t )  

*Mahlum, D .  0. and M.  D. A l l e n .  1977. Inha-  
l a t i o n  s t u d i e s  o f  condensat ion aeroso ls  
formed f rom Pu0,-UO, f u e l  and sodium vapor .  
Rad ia t .  Res. 70: 638-639. ( A b s t r a c t )  

Moss, 0. R., R. E. F i l i p y ,  W .  C.  Cannon, and 
D. K. Cra ig .  1977. SNS Source Term Evalua-  
t i o n  Program, BNWL-2255, B a t t e l l e - N o r t h w e s t ,  
Rich land,  WA. 

*Pel roy,  R. A. and P. E. Kolenbrander. 1977. 
The pho toproduc t ion  o f  hydrogen from glucose 
by a g lucose u t i l i z i n g  s t r a i n  o f  Rhodopseudo- 
monas sphaer iods,  # I- 137.  I n :  A b s t r a c t s  o f  
t h e  Annual Meet ing o f  t h e  firican S o c i e t y  

, ASM, Washington, D.C. 

*Pel roy,  R .  A . ,  H. Drucker ,  T. R. Gar land,  
and R. E. Wildung. 1977. M u l t i p l e  heavy 
meta l  r e s i s t a n c e  i n  severa l  s o i l  b a c t e r i a ,  
#Q-38. I n :  A b s t r a c t s  o f  t h e  Annual Meet ing 
o f  t h e  ~ G r i c a n  S o c i e t y  f o r  M i c r o b i o l o g y ,  
ASM, Washington, D.C. ( A b s t r a c t )  

* P h i l l i p s ,  R. D., W .  T. Kaune, J .  R. Decker. 

Development ~ d m i n i s t r a t i o n ,  Washington, D.C. 

* P h i l 1  i p s ,  R .  D .  and W .  T. Kaune. 1977. 
B i o l o g i c a l  E f f e c t s  o f  High S t r e n g t h  E l e c t r i c  
Fie1 ds , CONS11 830-2, Conservat ion D i v i s i o n ,  
Energy Research and Development Admi n i  s t r a -  
t i o n ,  Washington, D.C. 

* P h i l l i p s ,  R. D., J. H. Chandon, L. Lang, and 
D.  I. H i l t o n .  1977. B i o l o g i c a l  e f f e c t s  o f  
60-Hz e l e c t r i c  f i e l d s  on g rowth  and m e t a b o l i c  
s t a t u s  o f  r a t s ,  p. 130. &: 1977 I n t e r n a -  
t i o n a l  USRIIUSNC Symposium on t h e  B i o l o g i c a l  
E f f e c t s  o f  E lec t romagnet i c  Waves. N a t i o n a l  
Academy o f  Sciences , Was h i  ngton, D .C . 
( A b s t r a c t )  

Ragan, H. A. 1977. Body- i ron  s t o r e s  and 
p lu ton ium metabol ism, pp. 570-577. I n :  
B i o l o g i c a l  I m p l i c a t i o n s  o f  Meta ls  i n t h e  
Environment (H. Drucker  and R. E. Wildung, 
Eds . ) .  (CONF-750929) NTIS, S p r i n g f i e l d ,  VA. 

Ragan, H. A. 1977. E f f e c t s  o f  i r o n  d e f i -  
c i e n c y  on t h e  a b s o r p t i o n  and d i s t r i b u t i o n  
o f  l e a d  and cadium i n  r a t s .  J .  Lab. C l i n .  
Med. 3: 700-706. - 

*Ragan, H. A. 1977. I r o n  d e f i c i e n c y  and 
p o l l u t a n t  meta ls .  B lood 50: 97. ( A b s t r a c t )  

*Ragan, H. A., M .  J. Pipes, W .  T. Kaune, and 
R.  D. P h i l l i p s .  1977. Hemato logic  and 
serum chemis t ry  e v a l u a t i o n s  i n  r a t s  exposed 
t o  60-Hz e l e c t r i c  f i e l d s ,  p .  126. &: 1977 
I n t e r n a t i o n a l  USRI/USNC Symposium on t h e  
B i o l o g i c a l  E f f e c t s  o f  E lec t romagnet i c  Waves. 
N a t i o n a l  Academy o f  Sciences, Washington, 
D.C. ( A b s t r a c t )  

Robinson, A. V . ,  T. R. Garland, G. S. 
Schneiderman, R. E. Wildung, and H. Drucker .  
1977. M i c r o b i a l  t r a n s f o r m a t i o n  o f  a s o l u b l e  
organoplutonium complex, pp. 52-62. I n :  
~ i o l o ~ i c a l  ~ m ~ l i c a t i o n s  o f -  Meta ls  i n  t h e  
Environment (H. Drucker and R.  E. Wildung, 
Eds. ) . (CONF-750929) NTIS, S p r i n g f i e l d ,  VA. 

Sanders, C .  L. ,  R. P. Schneider, G .  E. Dagle, 
and H. A. Ragan, Eds. 1977. Pulmonary 
Macrophage and E p i t h e l i a l  C e l l s ,  618 p. 
(CONF-760927) NTIS, S p r i n g f i e l d ,  VA. 



Sanders, C.  L., R. R. Adee, K. Rhoads, and 
R. M. Madison. 1977. L i f e  h i s t o r y  o f  p l u t o -  
nium d i o x i d e  i n  t h e  l u n g :  From macrophage t o  
carcinoma, pp. 451-462. I n :  Pulmonary Macro- 
phage and E p i t h e l i a l   el l r ( ~ .  L. Sanders, 
R. P. Schneider, G. E .  Dagle, and H. A. 
Ragan, Eds.) (CONF-760927) NTIS, S p r i n g f i e l d ,  
VA . 
Sanders, C .  L., G. E.  Dagle, W .  C .  Cannon, 
G. J. Powers, and D. M. Meier .  1977. 
I n h a l a t i o n  ca rc inogenes is  o f  h i g h - f i r e d  
283Pu02 i n  r a t s .  Radiat .  Res. 11: 528-546. 

Sanders, C. L. 1977. I n h a l a t i o n  t o x i c i t y  
o f  238PuO, and 2 3 9 P ~ 0 2  i n  S y r i a n  golden 
hamsters. Rad ia t .  Res. 70: 334-344. 

*Sanders, C .  L .  1976. I n h a l a t i o n  t o x i c o l o g y  
o f  244Cm02. H e a l t h  Phys. - 31 : 536. ( A b s t r a c t )  

*Smith, V .  H. 1977. B i o l o g i c a l  d i s p o s i t i o n  
o f  237Pu i n  t h e  r a t  a f t e r  i n t r a m u s c u l a r  
i n j e c t i o n .  Rad ia t .  Res. 70: 635. ( A b s t r a c t )  

*S tuar t ,  B. O., R. F. Palmer, R. E. F i l i p y ,  
G. E. Dagle, and K. E. McDonald. 1977. 
R e s p i r a t o r y  t r a c t  ca rc inogenes is  i n  l a r g e  
and smal l  exper imenta l  an imals  f o l l o w i n g  
d a i l y  i n h a l a t i o n  o f  radon daughters and 
uranium o r e  dust ,  pp. 1337-1340. I n :  Pro- 
ceedings o f  t h e  I V t h  I n t ' l .  ~ a d i a t z n  Pro- 
t e c t i o n  A s s o c i a t i o n  Meeting, P a r i s ,  France. 
IRPA, Par i s ,  France. 

S t u a r t ,  B.  0. 1976. D e p o s i t i o n  and c l e a r -  
ance o f  i n h a l e d  p a r t i c l e s .  Env i ron .  H e a l t h  
Perspec t i ves  16: 41 -53. 

* S u l l i v a n ,  M. F. and F. T. Cross. 1977. The 
r o l e  o f  t a r g e t  c e l l s  i n  t h e  t o x i c i t y  o f  i n -  
gested r e a c t o r  c o r e  p roduc ts .  Rad ia t .  Res. 
70: 665. ( A b s t r a c t )  - 

*Thompson, R. C.  1977. The r o l e  o f  animal 
t o x i c i t y  s t u d i e s  i n  t h e  e v a l u a t i o n  o f  human 
h e a l t h  r i s k s  f rom i n t e r n a l l y  depos i ted  t r a n s -  
u r a n i c s ,  pp. 1335-1336. I n :  Proceedings o f  
t h e  I V t h  I n t ' l  . ~ a d i a t i o n P r o t e c t i o n  Associ-  
a t i o n  Meet ing,  Par i s ,  France. IRPA, P a r i s ,  
France. 

*Tombropoulos, E. G., J. G. Hadley, J. M. 
Thomas, and D. K. Cra ig .  1977. B iochemical  
e f f e c t s  o f  i n h a l e d  2 3 9 P ~ 0 2  on l u n g  l i p i d s .  
H e a l t h  Phys. 32: 111-113. 

*Wiemers, K.  D. 1977. S u l f a t e  i o n  a n a l y s i s ,  
# ACSC-11 C .  In: A b s t r a c t s  o f  Papers, 173rd 
ACS Meeting, American Chemical S o c i e t y ,  
Washington, D.C. ( A b s t r a c t )  

*Wiley, W .  R., R. G. Rupp, J. E .  M o r r i s ,  and 
L. S. Winn. 1977. Comparison o f  growth 
and S-100 s y n t h e s i s  by r a t  g l i a l  c e l l  (C6) 
and s u b l i n e s .  Fed. Proc. 3: 2801. 
( A b s t r a c t )  



PRESENTATIONS 

A l l e n ,  M. D. C h a r a c t e r i z a t i o n  o f  LMFBR f u e l -  
sodium aeroso l  s  generated by 1 aser  vapor i za-  
t i o n .  NRC Committee on LFMBR Aerosols ,  S i l -  
v e r  Spr ing ,  MD, October. 

Andrew, F. D., R. L .  B e r n s t i n e ,  D. D. Mahlum, 
and M. R. S ikov .  D i s t r i b u t i o n  o f  239Pu i n  
t h e  g r a v i d  babbon. 25 th  Annual R a d i a t i o n  
Research S o c i e t y  Meet ing,  San Juan, Puer to 
Rico, May. 

B a i r ,  W .  J .  Summary and f u t u r e  d i r e c t i o n  
o f  r a d i a t i o n  and mu1 t i p l e  s t resses .  Annual 
American I n d u s t r i a l  Hygiene A s s o c i a t i o n  Con- 
ference,  New Or leans,  LA, May. 

B a l l o u ,  J. E. S tud ies  w i t h  i n h a l e d  t ransu-  
r a n i c  n i t r a t e s .  Seminar, B i o l o g y  Department, 
B a t t e l l e - N o r t h w e s t ,  Rich land,  WAY May. 

B a l l o u ,  J .  E. ,  G.  E. Dagle, and K. E. 
McDonald. L a t e n t  e f f e c t s  o f  i n h a l e d  P u ( N O ~ ) ~  
i n  r a t s .  22nd Annual H e a l t h  Physics S o c i e t y  
Meet ing,  A t l a n t a ,  GA, J u l y .  

B r i a n t ,  J. K. and M. D. A l l e n .  I n v e s t i g a -  
t i o n  o f  p o s s i b l e  f ragmenta t ion  o f  c h a i n - l i k e  
aggregates i n  a round j e t  cascade impactor .  
1 0 t h  Aerosol Techno1 ogy Meet ing,  A1 buquerque, 
NM, September. 

Cra ig ,  D. K., J .  F. Park, G.  J .  Powers, and 
D. L.  C a t t .  The d i s p o s i t i o n  o f  americium- 
241 o x i d e  f o l l o w i n g  i n h a l a t i o n  by beagles. 
25 th  Annual R a d i a t i o n  Research S o c i e t y  Meet- 
i n g ,  San Juan, Puer to Rico,  May. 

Cra ig ,  D. K., M. T. Karagianes, J. R.  Decker, 
W .  C .  Cannon, and R. L. Buschbom. I n i t i a l  
d e p o s i t i o n  o f  i n h a l e d  Pu02 aeroso ls  i n  p i g s .  
Annual American I n d u s t r i a l  Hygiene Associa-  
t i o n  Conference, New Orleans, LA, May. 

Cra ig ,  D. K., J .  F. Park, G .  J. Powers, and 
D. L. C a t t .  The d i s p o s i t i o n  o f  curium-244 
o x i d e  f o l l o w i n g  i n h a l a t i o n  by beagle dogs. 
22nd Annual H e a l t h  Physics S o c i e t y  Meeting, 
A t l a n t a ,  GA, J u l y .  

Cra ig,  D. K. Depos i t i on ,  t r a n s l o c a t i o n  and 
e f f e c t s  o f  t r a n s u r a n i c  p a r t i c l e s  i n h a l e d  by 
exper imenta l  an imals .  H e a l t h  and S a f e t y  
D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora to ry ,  
Oak Ridge, TN, September. 

Cra ig,  D. K., J .  E. B a l l o u ,  G. E .  Dagle, 
D. D. Mahlum, J .  F. Park, C .  L.  Sanders, and 
B. 0. S t u a r t .  Depos i t i on ,  t r a n s l o c a t i o n  
and e f f e c t s  o f  t r a n s u r a n i c  p a r t i c l e s  i n h a l e d  
by exper imenta l  an imals .  Environmental 
Sciences D i v i s i o n  Symposium o f  American 
Nuc lear  S o c i e t y  Win te r  Meet ing , San Francisco,  
CA, November. 

Dagle, J .  E. Lung cancer  i n  r a t s  induced 
by c i g a r e t t e  smoke condensate. Seminar, 
B i o l o g y  Department, B a t t e l l e - N o r t h w e s t ,  
Rich land,  WA, February.  

Dagle, G.  E., W .  C .  Cannon, H. A. Ragan, 
and C .  R .  Watson. E a r l y  e f f e c t s  o f  
239Pu(N03)4 i n h a l a t i o n  i n  dogs. 22nd Annual 
H e a l t h  Physics S o c i e t y  Meet ing,  A t l a n t a ,  GA, 
J u l y .  

Dagle, G.  E .  C l a s s i f i c a t i o n  o f  l u n g  tumors 
and non- neop las t i c  l e s i o n s  o f  t h e  l u n g  i n  
beagles. Canine Pathology Col loquium, 
B a t t e l  l e  S e a t t l e  Research Center,  S e a t t l e ,  
WA, March. 

Dagle, G.  E. ,  K. E. McDonald, and J. E. 
B a l l o u .  The morphology o f  l u n g  tumors i n -  
duced i n  r a t s  w i t h  i n h a l a t i o n  o f  p lu ton ium 
n i t r a t e .  66 th  Annual Meet ing o f  t h e  I n t e r -  
n a t i o n a l  Academy o f  Pathology,  Toronto,  
On ta r io ,  Canada, March. 

Dagle, G .  E. Some aspects  o f  cancer  d iagno-  
s i s  i n  dogs. R ich land  Kennel Club, Rich land,  
WA, November. 

Dagle, G. E., G. M. Zwicker, and R. A. Renne. 
Morpho log ica l  aspects  o f  n a t u r a l l y  o c c u r r i n g  
tumors o f  t h e  c e n t r a l  and p e r i p h e r a l  nervous 
systems i n  t h e  r a t .  American Co l lege  o f  
V e t e r i n a r y  P a t h o l o g i s t ' s  Meet ing,  Toronto,  
O n t a r i o ,  Canada, November. 

Davis, D. A p p l i c a t i o n  o f  e l e c t r o n  mic roprobe  
and scanning e l e c t r o n  microscopy t o  b u l k  
a n a l y s i s  o f  b i o l o g i c a l  m a t e r i a l  . Seminar, 
B i o l o g y  Department, B a t t e l  l e- Nor thwes t ,  
Rich land,  WA, May. 

Dionne, P. J., T. P. H a r r i n g t o n ,  D. L .  
Stevens, F. T.  Cross, and G .  E. Dagle. 
Model 1  i n g  t h e  e a r l y  t r a n s 1  o c a t i o n  o f  i n h a l e d  
239Pu(N03)4 i n  dogs. 22nd Annual H e a l t h  
Physics S o c i e t y  Meeting, A t l a n t a ,  GA, J u l y .  

F r a z i e r ,  M.  E., R .  N. Ush i j ima ,  and L.  P. 
M a l l a v i a .  R e t r o v i r u s e s  and r a d i a t i o n  induced 
ma1 i g n a n c i e s .  Symposium - P e r s i  s t a n t  V i r a l  
I n f e c t i o n s  - Nor thwest  Regional Meet ing o f  
t h e  American S o c i e t y  f o r  M i c r o b i o l o g y ,  
Pullman, WA, June. 

Free, M. J., R. A.  J a f f e ,  and R. A. P e l r o y .  
E n t r y  o f  c i r c u l a t i n g  mutagens i n t o  t h e  r e t e  
t e s t i s  f l u i d  o f  r a t s .  1 7 t h  Hanford B i o l o g y  
Symposium, "Developmental T o x i c o l o g y  o f  
Energy-Related Pol 1  u t a n t s "  , Rich land ,  WA, 
October. 



Gando l f i  , A. J., J .  E. Lund, K. E. McDonald, 
and C. A. Sh ie lds .  Pulmonary d i s p o s i t i o n  
and f i b r o g e n i c  p o t e n t i a l  o f  o i l  sha le  dus ts .  
Seminar, U n i v e r s i t y  o f  C i n c i n n a t i  Medica l  
School,  C i n c i n n a t i ,  OH, J u l y .  

George, H. G. L i b r a r y  Serv ices .  Seminar, 
B i o l o g y  Department, B a t t e l l e - N o r t h w e s t ,  
Rich land,  WAY November. 

Hacket t ,  P. L. and M. R. S ikov .  D i s t r i b u -  
t i o n  and e f f e c t s  o f  l e a d  i n  pregnant  r a t s .  
Tera to logy  S o c i e t y  Meeting, Reston, VA, May. 

Hacket t ,  P. L., J .  0. Hess, and M. R. S ikov.  
Lead d i s t r i b u t i o n  and e f f e c t s  d u r i n g  develop-  
ment. 1 7 t h  Hanford B i o l o g y  Symposium, "Devel-  
opment T o x i c i t y  o f  Energy-Related P o l l u t a n t s " ,  
Rich land,  MA, October. 

Hadley, J. G. Some p r o p e r t i e s  o f  a l v e o l a r  
macrophage r e c e p t o r s  w i t h  s p e c i a l  considera-  
t i o n  t o  green macrophage w i t h  e lephan t  t r u n k s .  
Seminar, B i o l o g y  Department, B a t t e l  l e -  
Northwest,  Rich1 and, WA, January. 

Hampton, J .  C .  The use o f  i so topes  i n  b i o-  
l o g i c a l  research.  Washington A s s o c i a t i o n  o f  
Co l lege  B i o l o g y  Teachers Conference, Columbia 
Bas in  Col lege,  Pasco, WAY A p r i l .  

Hanson, K. R. The use o f  g l a s s  c a p i l l a r y  
columns i n  r o u t i n e  gas chromatographic ana ly-  
s i s  o f  chemical compounds i n  p h y s i o l o g i c a l  
f l u i d s .  American Chemical S o c i e t y ' s  1 8 t h  
Techn ic ian  Symposium, New Orleans, LA, 
March. 

H i l t o n ,  D. I., J. H. Chandon, and R. D. 
P h i l l i p s .  ECG and h e a r t  r a t e  response i n  
r a t s  exposed t o  60 Hz e l e c t r i c  f i e l d s .  URSI 
I n t e r n a t i o n a l  Symposium on B i o l o g i c a l  E f f e c t s  
o f  E lec t romagnet i c  Waves, A i r l i e ,  VA, October. 

Hjeresen, D. L. and R. D. P h i l l i p s .  A be- 
h a v i o r a l  response t o  h i g h  s t r e n g t h  60 Hz 
e l e c t r i c  f i e l d s .  URSI I n t e r n a t i o n a l  Sympo- 
sium on B i o l o g i c a l  E f f e c t s  o f  Electromag- 
n e t i c  Waves, A i r l i e ,  VA, October. 

Horstman, V. G. Animals i n  Biomedical Re- 
search. R ich land  Kennel Club, Rich land,  
WA, January; A s s o c i a t i o n  o f  Records Manag- 
e r s  and A d m i n i s t r a t o r s ,  Rich land,  WA, 
November. 

Horstman, V .  G. R a d i a t i o n  B i o l o g y  a t  Han- 
f o r d .  Seminar, Fred Hutchinson Cancer 
Research Center,  S e a t t l e ,  WA, March. 

Hungate, F. P., L. R. Bunne l l ,  and W .  F. 
Riemath. Progress on a p o r t a b l e  b lood  i r r a -  
d i a t o r  f o r  medica l  a p p l i c a t i o n s .  25 th  Annu- 
a l  R a d i a t i o n  Research S o c i e t y  Meeting, San 
Juan, Puer to Rico, May. 

Hungate, F. P. B i o l o g i c a l  e f f e c t s  o f  r a d i -  
a t i o n .  26 th  Annual Meet ing o f  t h e  C i v i l  
Defense Counci l ,  Long Beach, CAY October. 

Joshima, H., P. L. Hacke t t ,  and M. R. S ikov .  
E f f e c t s  o f  2 3 9 P ~  on hematopoiesis i n  pre-  
n a t a l  r a t s .  2 5 t h  Annual R a d i a t i o n  Research 
S o c i e t y  Meeting, San Juan, Puer to Rico, May. 

Kaune, W .  T., J. R. Decker, R. D. P h i l l i p s ,  
and D. L .  Hjeresen.  A system f o r  t h e  expo- 
sure o f  l a r g e  numbers o f  smal l  l a b o r a t o r y  
animals  t o  v e r t i c a l  60-Hz e l e c t r i c  f i e l d s .  
URSI I n t e r n a t i o n a l  Symposium on B i o l o g i c a l  
E f f e c t s  o f  E lec t romagnet i c  Waves, A i r 1  i e ,  
VA, October. 

Mahlum, D. D. Environmental and h e a l t h  
consequences and f u s i o n  energy. Seminar, 
R a d i o l o g i c a l  Sciences, U n i v e r s i t y  o f  Wash- 
i n g t o n ,  S e a t t l e ,  WAY January; The J o i n t  
Center f o r  Graduate Study, R ich land ,  WA, 
January. 

Mahlum, D. D. and M. D. A l l e n .  I n h a l a t i o n  
s t u d i e s  o f  condensat ion aeroso ls  formed 
f rom Pu02-U02 f u e l  and sodium vapor .  25 th  
Annual R a d i a t i o n  Research S o c i e t y  Meeting, 
San Juan, Puer to Rico, May. 

Mahlum, D. D. B i o l o g i c a l  i m p l i c a t i o n s  o f  
magnetic f i e l d s  f rom f u s i o n  r e a c t o r s .  An- 
nual  Meet ing o f  t h e  American Nuclear  Soc ie ty ,  
New York, NY, June. 

Mahl urn, D. D. Developmental t o x i c o l o g y  o f  
o r g a n i c  p o l l u t a n t s .  1 7 t h  Hanford B i o l o g y  
Symposium, "Developmental Tox ico logy  o f  
Energy-Related P o l l u t a n t s " ,  Rich land,  WAY 
October. 

Mahlum, D. D. Biomagnetic e f f e c t s :  A con- 
s i d e r a t i o n  i n  f u s i o n  r e a c t o r  development. 
Department o f  Energy-sponsored Annual H e a l t h  
P r o t e c t i o n  Meet ing , Las Vegas , NV, November. 

Pe l roy ,  R. A. Hydrogen p r o d u c t i o n  from g l u -  
cose by a p h o t o s y n t h e t i c  bacter ium. Seminar, 
B i o l o g y  Department, B a t t e l l  e-Northwest,  
Rich land,  WA, March. 

Pel roy,  R. A. and P. E. Kolenbrander .  The 
pho toproduc t ion  o f  hydrogen f rom glucose by 
a g lucose u t i l i z i n g  s t r a i n  o f  Rhodopseudo- 
monas sphaeriodes. American S o c i e t y  o f  
M ic rob io logy ,  Chicago, I L ,  May; Nor thwest  
Regional Meet ing o f  t h e  American Chemical 
Soc ie ty ,  P o r t l a n d  S t a t e  U n i v e r s i t y ,  Por t land ,  
OR, June. 

Pe l roy ,  R. A. Use o f  Ames t e s t  i n  evalua-  
t i o n  o f  sha le  o i l  f r a c t i o n s .  US-Soviet 
Workshop on H e a l t h  E f f e c t s  o f  Shale O i l  
Development, Denver, C O Y  May. 
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nar ,  C o n t i n e n t a l  O i  1  Company, Ponca C i t y ,  
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P h i l l i p s ,  R. D., J .  H. Chandon, L.  L .  Lang, 
and D. I. H i l t o n .  B i o l o g i c a l  e f f e c t s  o f  
60 Hz e l e c t r i c  f i e l d s  on growth and m e t a b o l i c  
s t a t u s  o f  r a t s .  URSI I n t e r n a t i o n a l  Sympo- 
sium on B i o l o g i c a l  E f f e c t s  o f  E lec t romagnet i c  
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ence, New Or leans,  LA, May. 

Ragan, H. A., M. J .  Pipes, W .  T. Kaune, and 
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60 Hz e l e c t r i c  f i e l d s .  URSI I n t e r n a t i o n a l  
Symposium on B i o l o g i c a l  E f f e c t s  o f  E l e c t r o -  
magnet ic  Waves, A i r l i e ,  VA, October. 

Sanders, C .  L .  I n h a l e d  t r a n s u r a n i c s  i n  r o-  
dents.  Seminar, R a d i o l o g i c a l  Sciences, 
J o i n t  Center f o r  Graduate Study, Rich land,  
WA, March. 

Sanders, C.  L .  Cocarc inogenesis  o f  i n h a l e d  
p lu ton ium d i o x i d e  and b e r y l l i u m  ox ide .  
American I n d u s t r i a l  Hygiene A s s o c i a t i o n  
Conference, New Or leans,  LA, May. 

Sanders, C .  L .  Hazards o f  c i g a r e t t e  smoke. 
U.S. Naval Reserve, Pasco, WA, May. 

S ikov,  M. R., G. M. Zwicker ,  J .  0. Hess, and 
D. D. Mahlum. L a t e  e f f e c t s  o f  p e r i n a t a l l y  
i n j e c t e d  2 3 9 P ~ .  1 7 t h  Hanford B i o l o g y  Sym- 
posium, "Developmental Tox ico logy  o f  Energy- 
Re la ted  P o l l u t a n t s " ,  Rich land,  WA, October. 

Smith, V .  H .  B i o l o g i c a l  d i s p o s i t i o n  o f  
237Pu i n  t h e  r a t  a f t e r  i n t r a m u s c u l a r  i n j e c -  
t i o n .  25 th  Annual R a d i a t i o n  Research Soc i-  
e t y  Meet ing,  San Juan, Puer to Rico,  May. 

S t u a r t ,  B. 0. Exper imenta l  s t u d i e s  o f  i n -  
ha led  radon daughters.  Workshop on Dosime- 
t r y  f o r  Radon Daughters, Oak Ridge N a t i o n a l  
Labora to ry ,  Oak Ridge, TN, A p r i l .  

S t u a r t ,  6. O. ,  R. F. Palmer, G .  E. Dagle, 
and K. E. McDonald. R e s p i r a t o r y  t r a c t  
ca rc inogenes is  i n  l a r g e  and smal l  e x p e r i -  
menta l  an imals  f o l l o w i n g  d a i l y  i n h a l a t i o n  
o f  radon daughters and uranium o r e  dus t .  
Four th  Congress o f  t h e  I n t e r n a t i o n a l  Radia-  
t i o n  P r o t e c t i o n  A s s o c i a t i o n ,  P a r i s ,  France, 
A p r i l .  

S t u a r t ,  6. O., R .  F. Palmer, R. E. F i l  i p y ,  
G. E. Dagle, and K. E. McDonald. Pulmonary 
d isease  induced i n  exper imenta l  an ima ls  by 
i n t e r a c t i o n s  o f  radon daughters,  uranium 
o r e  d u s t  and d i e s e l  engine exhaust .  Ameri- 
can I n d u s t r i a l  Hygiene A s s o c i a t i o n  Confer-  
ence, New Orleans, LA, May. 

S t u a r t ,  B. 0. Exper imenta l  s t u d i e s  o f  
i n h a l e d  radon daughters.  Workshop on Envi-  
ronmental Development Planning,  Washington, 
D.C., J u l y .  

S u l l i v a n ,  M. F. and F. T. Cross. The r o l e  
o f  t a r g e t  c e l l s  i n  t h e  t o x i c i t y  o f  i n g e s t e d  
r e a c t o r  co re  p roduc ts .  25 th  Annual Radia- 
t i o n  Research S o c i e t y  Meet ing,  San Juan, 
Puer to Rico, May. 

Thompson, R. C .  H e a l t h  e f f e c t s  f rom n u c l e a r  
f u e l  c y c l e  p o l  1  u t a n t s  . Seminar , Energy 
Systems Department, B a t t e l l e - N o r t h w e s t ,  
Rich land,  WA, A p r i l .  

Thompson, R .  C .  The r o l e  o f  animal t o x i c i t y  
s t u d i e s  i n  t h e  e v a l u a t i o n  o f  human h e a l t h  
r i s k s  from i n t e r n a l l y  depos i ted  t r a n s u r a n i c s .  
Four th  Congress o f  t h e  I n t e r n a t i o n a l  Radia-  
t i o n  P r o t e c t i o n  Assoc ia t ion ,  P a r i s ,  France, 
A p r i  1  . 
Thompson, R.  C .  R a d i a t i o n  B i o l o g y .  NORCUS 
C o l l  ege F a c u l t y  and Students,  B a t t e l l  e- 
Nor thwest  Rich land,  WA J u l y .  

Thompson, R. C .  Forthcoming ICRP and NCRP 
a c t i o n  on i n t e r n a l  exposure l i m i t s .  Seminar, 
B i o l o g y  Department, B a t t e l l e - N o r t h w e s t ,  
R ich land ,  WA, December. 

Wehner, A. P. and B. 0 .  S t u a r t .  I n h a l a t i o n  
s t u d i e s  w i t h  S y r i a n  golden hamsters. Sympo- 
sium, " S y r i a n  Hamster i n  T o x i c o l o g y  and Car- 
c inogenes is  Research", Boston, MA, November. 

Wiemers, K. S u l f a t e  i o n  a n a l y s i s .  American 
Chemical S o c i e t y ' s  1 8 t h  Techn ic ian  Symposium, 
New Or leans,  LA, March. 



Wiley,  W .  R., R. G. Rupp, J. E. M o r r i s ,  and 
L. S. Winn. Comparison o f  growth and S-100 
s y n t h e s i s  by r a t  g l i a l  c e l l  (C6) and s u b c e l l  
1  i n e s .  61 s t  FASEB Annual Meeting, Chicago, 
I L ,  A p r i l .  

W i l l a r d ,  D. H. and J. E. B a l l o u .  The d i s -  
p o s i t i o n  o f  85Kr i n  t h e  r a t .  22nd Annual 
H e a l t h  Physics S o c i e t y  Meet ing,  A t l a n t a ,  
GA, J u l y .  

Zwicker, G. M. and G. E .  Dagle. Spontaneous 
Tyzzer ' s  d isease  i n  gu inea p i g s .  2 8 t h  Annual 
Sess ion o f  t h e  American A s s o c i a t i o n  f o r  Labo- 
r a t o r y  Animal Science, Anaheim, CA, October. 

Zwicker, G. M. and S. M. L o s c u t o f f .  P re l im-  
i n a r y  r e p o r t  on deve lop ing  t h e  guinea p i g  as 
a  model f o r  c o r r e l a t i n g  pulmonary f u n c t i o n  
changes w i t h  pa tho logy .  American Co l lege  o f  
V e t e r i n a r y  P a t h o l o g i s t ' s  Meet ing,  Toronto,  
On ta r io ,  Canada, November. 
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O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. E. Shaw 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

F. A. Leone 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. Monti  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

G. Shippard 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

W. J .  L i t t l e ,  J r .  
Department o f  Energy 
Of f ice o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

W .  E. M o t t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

R. D. S h u l l  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington DC, 20545 

K. E. Lock r idge  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. E. Pa t te rson  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

N. F. Simpson 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Envi ronment 
Washington DC, 20545 

V. M. L o t t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Envi ronment 
Washington, DC 20545 

W. H. Pennington 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. H. Slade 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

E. K. Loop 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

R. Rabson 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. Smith 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington , DC 20545 

J. N. Maddox 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

R. W. Ramsey, J r .  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

H. P.  Smith 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

J. R. Maher 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

D. M. Ross 
Department o f  Energy 
O f f i c e  o f  the  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

J. Snyder 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

W .  J .  McCool 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

A. A. Schoen 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Envi ronment 
Washington, DC 20545 

G. E. S tap le ton  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 
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J. B. St ronberg 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

J . Swinebroad 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

A. R. V incen t  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Envi ronnient 
Washington, DC 20545 

B. W. Wachholz 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

H. R. Warson 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

W. W. Weyzen 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

J. C.  Whitnah 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

T. Wi l l i ams 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

R. W .  Wood 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

C. I .  York 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment 
Washington, DC 20545 

No. o f  No. o f  
Copies Copies 

F. R. Z i n t z  D. B e a t t l e  
Department o f  Energy Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Environment Secre ta ry  f o r  Conservat ion 
Washington, DC 20545 and S o l a r  A p p l i c a t i o n s  

Washington, DC 20545 
C. W. F i s c h e r  
Department o f  Energy T. Noel 
O f f i c e  o f  A s s i s t a n t  Secre ta ry  Department o f  Energy 

f o r  Energy I n f o r m a t i o n  O f f i c e  o f  t h e  A s s i s t a n t  
A d m i n i s t r a t i o n  Secre ta ry  f o r  Resource 

Washington, DC 20545 A p p l i c a t i o n s  
Washington, DC 20545 

Major  General J. K. B r a t t o n  
Department o f  Energy J. B e l d i n g  
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Defense O f f i c e  o f  t h e  A s s i s t a n t  
Programs Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington , DC 20545 

G. C .  Facer 
Department o f  Energy J. Bresee 
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Defense O f f i c e  o f  t h e  A s s i s t a n t  
Programs Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 

Admiral H. G. R ickover  
Department o f  Energy G. W. Cunningham 
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Defense O f f i c e  o f  t h e  A s s i s t a n t  
Progranis Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 

A. D. S t a r b i r d  
Department o f  Energy T. J. Dobry 
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Defense O f f i c e  o f  t h e  A s s i s t a n t  
Programs Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 

C .  B. C u r t i s  
Department o f  Energy H.  G u t h r i e  
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Federal Energy O f f i c e  o f  t h e  A s s i s t a n t  
Regu la to ry  Comi iss ion Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 

W .  E. Mo l loy  
Department o f  Energy E. E. K i n t n e r  
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Federa l  Energy O f f i c e  o f  t h e  A s s i s t a n t  
Regulatory  Commission Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 

H. P. Wald 
Department o f  Energy F. A. Koomanoff 
O f f i c e  o f  t h e  A s s i s t a n t  Department o f  Energy 

Secre ta ry  f o r  Federa l  Energy O f f i c e  o f  t h e  A s s i s t a n t  
Regu la to ry  Comnli s s i o n  Secre ta ry  f o r  Energy 

Washington, DC 20545 Techno1 ogy 
Washington, DC 20545 
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C. Kuhlnian 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technol ogy 

Washington, DC 20545 

R. Loose 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technol ogy 

Washington, DC 20545 

W .  E. L o t z  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technol ogy 

Washington, DC 20545 

M.  B. Neuworth 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

F. F. Par ry  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

G. P e r d i r t z  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

H. F. Soule 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

R. D. Thorne 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technol ogy 

Washington, DC 20545 

P. C. White 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technology 

Washington, DC 20545 

No. o f  
Copies 

E. W i l l i s  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Technol ogy 

Washington, DC 20545 

W. Bateman 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  Energy 
Research 

Washington, DC 20545 

3 J .  M. Deutch 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Energy Research 

Washington, DC 20545 

D. R. I s r a e l  
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Energy Research 

Washington, DC 20545 

J.  S. Kane 
Department o f  Energy 
O f f i c e  o f  t h e  A s s i s t a n t  

Secre ta ry  f o r  
Energy Research 

Washington, DC 20545 

C. Jackson 
DOE - San Franc isco  

Operat ions O f f i c e  
133 Broadway 
We1 1 s Fargo Bui 1 d i n g  
Oakland, CA 94616 

J .  H. Sp ickard  
DOE - Idaho Operat ions 

Commission 
550 Second S t r e e t  
Idaho F a l l s ,  I D  83401 

D. M. Gard iner  
DOE - Chicago Operat ions 

O f f i c e  
9800 South Cass Avenue 
Argonne, I L  ' 60439 

M. E. Gates 
DOE - Nevada Operat ions 

O f f i c e  
P.O. Box 14100 
Las Vegas, NV 891 14 

No. o f  
Copies 

R. Ray 
DOE - Nevada Operat ions 

O f f i c e  
P.O. Box 14100 
Las Vegas, NV 891 14 

P. B. Dunnaway 
DOE - Nevada Operat ions 

O f f i c e  
P.O. Box 14100 
Las Vegas, NV 89114 

J .  R. Roeder 
DOE - A1 buquerque 

Operat ions O f f i c e  
P.O. Box 5400 
A1 buquerque, NM 871 15 

E. W. Bean 
Rocky F l a t s  Area O f f i c e  
DOE - Albuquerque 

Operat ions O f f i c e  
P.O. Box 928 
Golden, CO 80401 

J .  F. Stevens 
Dayton Area O f f i c e  
DOE - Albuquerque 

Operat ions O f f i c e  
P.O. Box 66 
Miamisburg, OH 45342 

W. Reese 
DOE - Savannah R i v e r  

Operat ions O f f i c e  
P.O. Box A 
Aiken, SC 29801 

J. A. Lenhard 
DOE - Oak Ridge 

Operat ions O f f i c e  
P.O. Box E 
Oak Ridge, TN 37830 

J .  S. B a l l  
Bar t1  e s v i  11 e Energy 

Research Center 
Department o f  Energy 
P.O. Box 1398 
B a r t l e s v i  1 l e ,  OK 74003 

G. H. Gronhovd 
Grand Forks Energy Research 

Center 
Department o f  Energy 
Box 8213, U n i v e r s i t y  S t a t i o n  
Grand Forks, ND 58202 

A. W .  Decora 
Laramie Energy Research 

Center 
Department o f  Energy 
P.O. Box 3395 
U n i v e r s i t y  S t a t i o n  
Laramie, WY 83071 
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Copies 
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Copies 

R. D. K e r r  
Laramie Energy Research 

Center 
Department o f  Energy 
P.O. Box 3395 
U n i v e r s i t y  S t a t i o n  
Laramie, WY 83071 

A. A. P i t r o l o  
Morgantown Energy Research 

Center 
Department o f  Energy 
P.O. Box 880 
Morgantown, W V  26505 

I. Wender 
P i t t s b u r g h  Energy Research 

Center 
Department o f  Energy 
4800 Forbes Avenue 
P i t t s b u r g h ,  PA 15213 

B. M. Er i ckson  
DOE - Schenectady Naval 

Reactors O f f  i c e  
P.O. Box 1069 
Schenectady, NY 12301 

2 T. J. Dobry 
Department o f  Energy 
D i v i s i o n  o f  Nuc lear  

Research and A p p l i c a t i o n ,  
Space Appl i c a t i o n s  

Washington, DC 20545 

198 DOE Technica l  I n f o r n i a t i o n  
Center 

NRC Adv iso ry  Committee on 
Reactor  Safeguards 

Washington, DC 20555 

W. Cool 
Nuclear  Regu la to ry  Commission 
Washington, DC 20545 

R. Alexander 
Nuclear  Regu la to ry  Commission 
Washington, DC 20545 

2 J. J. Davis 
A s s i s t a n t  D i r e c t o r  o f  

Research 
Nuclear  Regu la to ry  Commission 
Washington, DC 20545 

D. Sniith 
Environmental P r o t e c t i o n  

Agency 
Washington, DC 20460 

W. M i l l s  
Environmental P r o t e c t i o n  

Agency 
Washington, DC 02460 

J. W. McCasl in 
INEL, A e r o j e t  Nuclear  
550 Second S t r e e t  
Idaho F a l l s ,  I D  83401 

R. C. Yoder 
Rockwell I n t e r n a t i o n a l  
P.O. Box 888 
Golden, CO 80401 

C .  M. Pa t te rson  
E. I. DuPont de Nemours 

and Company 
Savannah R i v e r  P l a n t  
Aiken, SC 29801 

Technica l  I n f o r m a t i o n  Serv ice  
Room 773A 
Savannah R i v e r  Labora to ry  
E. I. DuPont de Nemours 

and Company 
Aiken, SC 29801 

C. L. Kar l  
N a t i o n a l  Lead Company 

o f  Ohio 
P.O. Box 39158 
C i n c i n n a t i ,  OH 45239 

R. L.  Kathren 
Por t1  and General E l e c t r i c  
621 S.W. A l d e r  
Por t land ,  OR 97205 

V .  P. Bond 
Brookhaven Nat iona l  Labora to ry  
Upton, Long I s l a n d ,  NY 11973 

C .  B. Meinhold 
Brookhaven N a t i o n a l  Labora to ry  
Upton, Long I s l a n d ,  NY 11973 

L i b r a r i a n  
Research L i b r a r y ,  Reference 
Bookhaven Nat iona l  Labora to ry  
Upton, Long I s l a n d ,  NY 11973 

C. R. Richmond 
Oak Ridge N a t i o n a l  Labora to ry  
P.O. Box X 
Oak Ridge, TN 37830 

J. A. Aux ie r  
Oak Ridge Nat iona l  Labora to ry  
P.O. B O ~  X 
Oak Ridge, TN 37830 

W .  K. S i n c l a i r  
Argonne N a t i o n a l  Labora to ry  
9700 South Cass Avenue 
Argonne, I L  60439 

E. L.  Alpen 
Lawrence Berkeley L a b o r a t o r y  
U n i v e r s i t y  o f  C a l i f o r n i a  
B u i l d i n g  90, Room 2056 
No. 1 C y c l o t r o n  Road 
Berkeley,  CA 94720 

M. L.  Mendelsohn 
U n i v e r s i t y  o f  C a l i f o r n i a  
Lawrence L i  vermore Labora to ry  
P.O. Box 808 
Livermore, CA 94550 

L i b r a r i a n  
Lawrence R a d i a t i o n  Labora to ry  
U n i v e r s i t y  o f  C a l i f o r n i a  
Technica l  I n f o r m a t i o n  

Dept. , L-3 
P.O. Box 808 
Livermore, CA 94550 

G. L. Voelz 
U n i v e r s i t y  o f  C a l i f o r n i a  
Los A1 amos S c i e n t i f i c  

Labora to ry  
P.O. Box 1663 
Los Alamos, NM 87545 

L i b r a r i a n  
Los Alamos S c i e n t i f i c  

Labora to ry  
P.O. Box 1663 
Los Alamos, NM 87544 

J. W. Healy 
Los Alamos S c i e n t i f i c  

Labora to ry  
U n i v e r s i t y  o f  C a l i f o r n i a  
P.O. Box 1663 
Los Alanios, NM 87545 

Dr. Roger 0. McClel l a n  
I n h a l a t i o n  Tox ico logy  

Research I n s t i t u t e  
Lovelace Foundation f o r  

Medica l  Education and 
Research 

P .O. Box 5890 
A1 buquerque, NM 871 15 

K. A. Sni i th 
Sandia Labora to r ies  
P.O. Box 5800 
A1 buquerque, NM 871 15 
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J .  E. Rasmussen 
B a t t e l  l e  Human A f f a i r s  

Research Centers 
4000 N.E. 4 1 s t  S t r e e t  
P.O. Box 5395 
S e a t t l e ,  WA 98105 

L i b r a r i a n  
B a t t e l  l e  Memorial I n s t i t u t e  
Col unibus L a b o r a t o r i e s  
505 King Aver~ue 
Columbus, OH 53201 

4 R. S. Paul 
B a t t e l  l e  Memorial I n s t i t u t e  
Columbus Labora to r ies  
505 King Avenue 
Columbus, OH 53201 

F. G. Dawson 
B a t t e l  l e  Memorial I n s t i t u t e ,  
505 King Avenue 
Columbus, OH 53201 

G. W. Duncan 
B a t t e l  l e  
4000 NE 4 1 s t  S t r e e t  
S e a t t l e ,  WA 98105 

J. L. Heber t  
B a t t e l  l e  
4000 NE 4 1 s t  S t r e e t  
S e a t t l e ,  WA 98105 

S. M. Nealey 
4000 NE 4 1 s t  S t r e e t  
S e a t t l e ,  WA 98105 

B. D. B r e i t e n s t e i n  
Hanford Environmental 

H e a l t h  Foundation 
Rich land,  WA 99352 

P. A. Fuqua 
Hanford Environmental 

Hea l th  Foundation 
Rich land,  WA 99352 

L i b r a r i a n ,  B u i l d i n g  465 
Atomic Energy Research 

Establ ishment  
Harwel l  , D i d c o t  
OXON OX11 ORD, ENGLAND 

H. Daw 
D i r e c t o r ,  D i v i s i o n  o f  Heal th ,  

S a f e t y  and Waste Management 
I n t e r n a t i o n a l  Atomic Energy 

Aaencv 
v i e h a  i , K a e r n t n e r r i n g  11, 
AUSTRIA 

No. o f  
Copies 

J .  Z. Minczewski 
I n t e r n a t i o n a l  Atomi c Energy 

Agency 
Vienna 1, Kaern tener r ing  11, 
AUSTRIA 

D i r e c t o r  
J o i n t  Center f o r  Graduate 

Study 
100 Sprout  Road 
Rich land,  WA 99352 

David Ral 1 , D i r e c t o r  
N I EHS 
P.O. Box 12233 
Research T r i a n g l e  Park, 
NC 27709 

D. Bei rman 
C h i e f  , Document Serv ice  

Branch 
Cent ra l  I n t e l  1 igence  Agency 
A t t n  : CRS/DPSD/DSB/IAS/ 

409779/DB 
Washington, DC 20505 

Counci l  on Environmental 
Qua1 i t y  

72 Jackson Place, N.W. 
Washington, DC 20006 

L i b r a r i a n  
Centre d lEtudes 
Nucleai  r e s  de Sac1 ay 
P.O. Box 2, Saclay 
F ig- sur- Yve t te  (S&O) 
FRANCE 

M. Rzekieck i  
Commissariat 3 1 ' Energ ie 
Atomi que 
Centre d '  Etudes 
Nucleai  r e s  de Cadarache 
BP n 13-St. Paul 
Les Durance 
FRANCE 

D i r e c t o r  
Commissariat 3 l l E n e r g i e  
Atomique 
Centre d l  Etudes 
Nuc lea i res  de Fontenay-aux- 

Roses (Seine)  
FRANCE 

L i b r a r i a n  
Commonwealth S c i e n t i f i c  and 

I n d u s t r i a l  Research 
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FIGURE 1.3. Focal Inflammation of Alveolar Epithelium 
in Lungs of a Rat that Received 8 M o  of Daily Exposures 
to Aerosols of 5 mg/m3 on Coal Mine Dust (HBiE 320X) 

FIGURE 1.4. Inflammatory Reaction to Pigment in 
Lungs of a Rat that Received 8 M o  of Daily Exposures to 
Aerosols of 6 mg/m3 of Coal Mine Dust (H&E 320X) 





Inhalation Hazard to Uranium Miners 

This p ro jec t  w i l l  determine the s p e c i f i c  b io log i ca l  e f f e c t s  o f  d a i l y  exposures t o  known 

l e v e l s  o f  pathogenic uranium mine a i r  contaminants, using both l a r g e  and small experimental 

animal models o f  human resp i ra to ry  disease. Lung cancer and deaths by degenerative lung 

diseases have reached epidemic proport ions among uranium miners, bu t  the cause-effect r e l a -  

t ionsh ips  for  these diseases are based on inadequate epidemiological data. This p r o j e c t  w i l l  

i d e n t i f y  the  agents o r  combinations o f  agents and t h e i r  l e v e l s  which are responsible f o r  severe 

resp i ra to ry  t r a c t  path01 ogy, i nc lud ing  resp i ra to ry  e p i t h e l i a l  carcinoma, pneumonconiosis, and 

emphysema. Determination o f  actual  absorbed rad io log i ca l  and chemical doses o f  inhaled 

mater ia ls  i s  essent ia l  t o  es tab l i sh  cause and e f f e c t  re la t ionsh ips .  

BIOLOGICAL EFFECTS OF INHALED CIGARETTE SMOKE IN BEAGLE DOGS 

Invest iga tors :  

B. 0. Stuart ,  R. F. Palmer, R. E. F i l i p y ,  and G. E. Dagle 

Technical Assistance: 

W .  Skinner, C. Pet ty,  K. C. Upton, and D. Teats 

A  group of twenty dogs has received up t o  7 y r  o f  d a i l y  c i g a r e t t e  smoking (10 c igare t tes  

per day, 7 days per week), using r e a l  i s t i c  methods o f  o r a l  i nha la t i on  and nose-plus-mouth 
exhalat ion.  Three dogs t h a t  received 20 c iga re t tes  per day over 9 mo developed resp i ra to ry  

t r a c t  lesions,  i nc lud ing  p leura l  thickening, a lveo lar  septa1 f i b r o s i s ,  ves icu lar  emphysema, 

and chronic b ronch i t i s ,  more r a p i d l y  than dogs rece iv ing  10 c iga re t tes  per day. 

These experiments (Table 3.26) were i n i t i a t -  
ed t o  examine cause and e f f e c t  re la t i onsh ips  
i n  the development o f  resp i ra to ry  t r a c t  patho- 
logy as a  r e s u l t  o f  l i f espan  d a i l y  i nha la t i on  
exposures o f  a  l a rge  experimental animal t o  
radon daughters w i t h  uranium ore dust and 
c i g a r e t t e  smoking, both combined and sepa- 
r a t e l y ,  under condi t ions t h a t  c lose l y  simu- 
l a t e  condi t ions o f  human exposure i n  uranium 
mines. This repo r t  w i l l  concentrate on 
e f fec ts  o f  chronic c i g a r e t t e  smoking alone. 

F- 

Beagle dogs were t ra ined  t o  accept d a i l y  
smoking o f  10 c iga re t tes  (Groups 2  and 3) o r  
t o  rece ive i d e n t i c a l  d a i l y  periods o f  sham 
smoking o f  un l igh ted c igare t tes  (Controls, 
Groups 1  and 4) .  Fresh S ~ k e  was inhaled 
using masks s p e c i f i c a l l y  designed t o  simu- 
l a t e  human patterns o f  c iga re t te  smoking; 
i .e., o r a l  smoke inha la t i on  and nose plus 
mouth exhalation. These dogs were not  
anesthetized o r  t ranqu i l i zed  dur ing smoke 
exposures, and received t h e i r  repeated da i  1  y  





-- 

FIGURE 3.37. Vesicular Emphysema in a Section of the Same Lung 
Shown in  Figure 3.35. (H&E 80X) 

FIGURE 3.38. Focal Granulomata in a Lung Section from a 
Dog that had Smoked 20 Cigarettes per Day for 9 Months. 
(H&E 200X) 





INHALED RADON DAUGHTERS AND URANIUM ORE DUST IN RODENTS 

Invest iga tors :  

B. 0. Stuart ,  R. F. Palmer, R. E. F i l i p y ,  and J. Gaven 

Technical Assistance: 

K. Mapstead 

Male SPF r a t s  are  rece i v ing  d a i l y  i n h a l a t i o n  exposures t o  radon daughters, w i t h  d i f f e r e n t  

l e v e l s  o f  uranium ore dust. These s tud ies  w i l l  determine the  dose r a t e  dependence o f  pulmo- 

nary neop las t ic  o r  degenerative disease associated w i t h  inha led radon daughters, and w i l l  

de f ine  the poss ib le  phys ica l ,  physio logic,  o r  pa tho log ic  r o l e  o f  concomitantly inhaled 

aerosols o f  uranium ore  dust. 

r' 
Several s tud ies  a re  underway t o  determine developing lung cancer than do more p ro t rac ted  

the  responsible agents (and t h e i r  i n te rac -  exposures ( lower dose r a t e )  accumulating the  
t i o n s )  t h a t  cause r e s p i r a t o r y  t r a c t  carc ino- same t o t a l  dose. I f  t h i s  hypothesis i s  d i s -  
genesis i n  uranium miners. These inc lude proved, and i t  i s  found t h a t  p ro t rac ted ex- 
s tud ies  described below, which exanine the  pcsures are more carcinogenic, uranium miners 
i n f l uence  o f  a1 te red r a d i o l o g i c a l  dose r a t e  who are present ly  exposed a t  lower dose ra tes  
and the  phys io log ic  o r  pathogenic r o l e  o f  under a f i x e d  l i m i t  o f  t o t a l  exposure dose 
uranium ore  dust  i n  neop las t ic  response. w i l l  be a t  g rea te r  r i s k  o f  developing lung 

cancer than were those ea r l y  miners whose 
Studies o f  a l t e r e d  carc inogenic and non- cases were used t o  de r i ve  the  present l i m i t s  

neop las t ic  response caused by inhaled radon f o r  uranium miner exposure. 
daughters as a f unc t i on  o f  changing dose r a t e  
and t o t a l  dose i nvo l ve  d a i l y  i n h a l a t i o n  expo- I n  a d d i t i o n  t o  the  markedly increased r i s k  
sure o f  groups o f  male SPF Wistar  r a t s  t o  o f  lung cancer ( 6 - f o l d  greater  than normal 
several concentrat ions (dose r a t e s )  and t o t a l  inc idence f o r  age-correlated cohorts)  i n  ura- 
doses (dura t ion  o f  exposures) o f  radon daugh- n i  um miners, recent  epidemiological studies 
te rs .  Epidemiological s tud ies  suggest t h a t  have shown a 5.3- fold increase i n  uranium 
lung cancer i n  uranium miners i s  more preva- miner deaths due t o  chronic resp i ra to ry  i nsu f -  
l e n t  f o l l o w i n g  shorter ,  h igher- leve l  expo- f i c i ency ,  i nc lud ing  pneumoconiosis, pulmonary 
sures, bu t  t h i s  has n o t  been shown i n  previous f i b ros i s ,  and emphysema. These f ind ings  may 
beagle dog studies.  We have r e c e n t l y  found be r e l a t e d  t o  concomitant i n h a l a t i o n  exposure 
t h a t  h m t e r s  exposed t o  radon daughters a t  t o  s i l i c a - b e a r i n g  uranium ore  dust  present 
900 WLIa? w i t h  dust  f o r  15 mo a t  30 hr jwk i n  mine a i r .  
had a 1.0% incidence o f  pulmonary squamous 
carcinoma, bu t  t h a t  r a t s  rece i v ing  900 WL We have observed massive f i b r o s i s  and 
w i t h  o re  dust  f o r  5 mo a t  84 hr jwk showed bu l  lous  emphysema, as we1 1 as resp i ra to ry  
60% incidence o f  squamous carcinoma and adeno- t r a c t  neoplasia, i n  beagle dogs a f t e r  2 t o  
carcinoma (Table 3.27). Table 3.28 shows the 5-1/2 y r  o f  d a i l y  exposures t o  radon daughters 
pro toco l  o f  cu r ren t  experiments, designed t o  w i t h  uranium ore, w i t h  and w i thou t  concurrent 
t e s t  t he  hypothesis t h a t  shorter ,  more in tense c i g a r e t t e  smoking; and i n  hamsters and r a t s  
exposures t o  radon daughters w i t h  ore dust  f o l l ow ing  chronic exposures t o  radon daughters - provide a s i g n i f i c a n t l y  g reater  r i s k  o f  w i t h  uranium ore  dust. 

( a ) ~ ~  = Working Level: any combination o f  
sho r t - l i ved  radon daughters per l i t e r  o f  
a i r  t h a t  w i l l  r e s u l t  i n  a t o t a l  alpha 
decay o f  1.3 X l o 5  MEV. 

3.70 





TABLE 3.27. Incidence of Lesions of Hamsters and Rats Following Exposure to Radon Daughters With and Without 
Uranium Ore Dust. 

Exposure Conditions Results Following ~x~osures(a) 

Croup 1 Nasopharnyx Trachea Lung - 
34 Hamsters Laboratory Air N 

Controls 
32 Rats N 

Croup 2 

34 Hamsters 375 WL Radon 34 Squamous Metaplasia N 31 Slight Bronchiolization 
Daughters Alone 
UWO WLM 1 Squamous Carcinoma 5 Slight Hyperplasia 17 Slight Radiation 

Pneumonitis 

32 Rats 32 Squamous Metaplasia 7 Squamous Metaplasia 32Moderate Bronchioliza- 
tion 

2 Squamous Carcinoma 
16 Moderate Radiation 
Pneumonitis 

10 Adenomatosis 

2 Squamous Carcinoma 

1 Squamous Carcinoma 
and Bronchioloalveolar 
Carcinoma 

Group 3 

34 Hamsters 900 WL Radon 14 Very Slight N 
Daughters with Squamous Metaplasia 
Uranium Ore Dust 
(Carnotite, 15 mg/ml) 
9XX) WLM 

32 Rats 

( a ) ~  = normal 

26 Squamous Metaplasia N 

32 Slight-Moderate Bron- 
chiolization 

2 Extensive Fibrosis 

Adenomatosis 

Emphysema 

17 Squamous Carcinoma 

1 Adenocarcinoma 

1 Squamous Carcinoma 
and Adenocarcinoma . 

TABLE 3.28. Comparison of Dose Rate Versus Total Dose 
in Animals Exposed to Radon Daughters. 

Number Total 
of Exposures, 

Group Animals Exposure Regimen WLM 

I 48b) 900 WL Radon Daughters 320/640/2560 
15 mg/m3(b) 

2 48 450 WL Radon Daughters 640 
15 mg/m3 

3 48 225 WL Radon Daughters 640 
15 mg/m3 

4 48 Controls 

(a)~ort~-eight animals in each of the 320,640 and 2560 
WLM groups. Six animals per group are sacrificed 
semiannually to assess developing pulmonary pathology, 
leaving 30 animals per group after 28 months, allowing a 

P 0.96 probability of observing at least 3 neoplasms if the true 
incidence i s  20% at 450 WL 

(bkoncentration of uranium ore dust 

We are  t e s t i n g  the  hypothesis t h a t  the  
presence o f  the  ore  dus t  may provide a phys- 
i c a l  o r  phys io log ica l  i n t e r a c t i o n  essent ia l  
t o  pathogenesis by comparative carcinogenic 
studies using male SPF Wistar r a t s  exposed 
t o  radon daughters w i t h  d i f f e r e n t  l e v e l s  o f  
uranium ore  dust .  Our studies i n  uranium 
mines and using t e s t  chambers have shown 
t h a t  p a r t i c l e  concentrat ions can be y e a t l y  
reduced i n  the  range o f  106/cc t o  10 /cc 
w i thou t  s i g n i f i c a n t l y  a1 t e r i n g  the  uncom- 
bined f r a c t i o n  ( o r  attachment f r a c t i o n )  o f  
radon daughters. This a l lows the  study o f  
the  pathogenic r o l e  o f  t he  ore  dust  per se, 
w i t hou t  changing the physical  behavior 
(hence depos i t ion  s i t e )  o f  the  a i rborne 
radon daughters, as described i n  Table 3.29. 

Pathology r e s u l t s  from the  f i r s t  s a c r i f i c e  
schedule w i l l  be ava i l ab le  i n  FY 1978. 





TABLE 3.29. Role of Uranium Ore in Radon Daughters 
Carcinogenesis. 

Number Total 
of Exposure, 

Group Animals Exposure Regimen WLM -- 
1 48(a) 900 WL Radon Daughter 320/640/2560 

15 mg/m3(b) 

2 48 900 WL Radon Daughter 320/640/2560 
3 mg/m3(c) 

3 48 Controls 

(a)Forty-eight animals in each of the 320, 640 and 2560 
WLM groups. Six animals per group are sacrificed 
semiannually 

(b)~oncentration of uranium ore dust 
( c ) ~ o  determine the role of minimal ore dust levels while 

still maintaining very low fractions of unattached radon 
daughters, as found in present underground uranium 
mine operating conditions 






