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I. PRINCIPAL INVESTIGATOX: Weathersby,  P.K. LCDR, MSC, USN 

ASSOCIATE INVESTIGATORS: Homer, L.D., F l y n n ,  E . T . ,  CAPT, MC,  USN 
M e y e r ,  P .  ( L i v e m o r e  L a b o r a t o r i e s )  

11. TITLE OF ESEtLYCH PROJECT: T r a c e r  Gas K i n e t i c  S t u d i e s  f o r  Decompression 
T a b l e  Des ign .  

111. LOCATION X!ERE STUDY WILL BE ?ERFORMED. Lawrence L ive rmore  L a b o r a t o r y ,  
Livermore,  C a l i f o r n i a  

I V .  A .  The L ive rmore  Committee w i l l  r e v i e w  t h e  a p p l i c a t i o n  b e f o r e  t h e  
e x p e r i m e n t s  are  begun .  That  c o n m i t t e e  has  approved t h e  FY81 

p r o p o s a l  f o r  human e x p e r i m e n t s .  

B.  N . A .  

V .  APPROXIHATE DATES OF RESEARCH: FROM: 7/81 TO: 9/82 

V I .  DESCRIPTION OF RESEARCH: 

The p r o j e c t  i n v o l v e s  b r e a t h i n g  a m i x t u r e  of 20% oxygen a n d  80% N i t r o g e n  
f o r  a p e r i o d  of  up t o  120 m i n u t e s .  The g a s  w i l l  a l s o  c o n t a i n  up t o  0 . 5  
m C i  p e r  l i t e r  o f  n i t r o g e n - 1 3 ,  krypton-85,  a n d / o r  argon-37.  Fo r  t h e  p e r i o d  
of r a d i o a c t i v e  g a s  b r e a t h i n g  and f o r  t h e  up t o  60 m i n u t e s  f o l l o w  the 
s u b j e c t s  w i l l  b e  s i t t i n g  i n  f r o n t  of  a r a d i a t i o n  d e t e c t i o n  d e v i c e  
(a p o s i t r o n  gamma c a m e r a ) .  The r a d i o a c t i v e  n i t r o g e n ' i s  p r e p a r e d  o n - s i t e  
by bombardment of  p u r e  n i t r o g e n  w i t h  gamma r a y s  and o t h e r  t a g g e d  g a s e s  
a r e  e i t h e r  p r e p a r e d  o n - s i t e  o r  p u r c h a s e d .  

Normal male v o l u n t e e r s  from NMRI w i l l  b e ' u s e d .  Up t o  t o  t e n  s u b j e c t s  w i l l  
b e  s t u d i e d ,  some s u b j e c t s  nay b e  s t u d i e d  tw ice .  No m e d i c a t i o n s  w i l l  b e  
u s e d  and n o  p a i n  w i l l  e x p e r i e n c e d .  Only v e r y  minor - d i s c o m f o r t  w i l l  b e  
f e l t  f r o m  the  r e q u i r e m e n t  of b r e a t h i n g  th rough  a m o u t h p i e c e  and r e m a i n i n g  
immobile  f o r  120 m i n u t e s .  Some of  t h e  s u b j e c t s  w i l l  a l s o  b e  a s k e d  t o  h a v e  
a s i n g l e  x-ray e x p o s u r e  f o r  ana tomic  r e f e r e n c e  t o  t h e  g a s  s t u d y .  

VII. a .  What a re  t h e  r i s k s  t h a t  may o r  may n o t  be  e n c o u n t e r e d  by s u b j e c t s ?  

The o n l y  r i s k s  i n h e r e n t  in t h e  p rocedure  a r e  t h o s e  a r i s i n g  f r o m  
t h e  s ? e c i a l  g a s  b r e a t h e d .  Chemical r i s k s  a r i s e  f rom t h e  p o s s i b i l i t y  
of c r e a t i n g  n o x i o u s  g a s e s  i n  t h e  r a d i o a c t i v e  n i t r o g e n  p r e p a r a t i o n .  
Thes2 c o u l d  i n c l u d e  ozone and n i t r o g e n  d i o x i d e .  The. m a j o r  r i s k  i s  
r a d i o l o g i c a l ,  t h a t  i s ,  t h e  u n a v o i d a b l e  e x p o s u r e  o f  s u b j e c t s  t o  i o n i z i n g  
r a d i a t i o n .  The t o t a l  d o s e  of  r a d i a t i o n  from t h e  s t u d i e s  i s  e s t i m a t e d  
t o  n 3 t  exceed 0 . 5  r a d  t o  t h e  l u n g s  and 0.01 r a d  t o  t h e  body ( 2 ) .  
T h i s  d o s e  c a n  b e  compared t o  t h e  0.18 r a d / y e a r  o f  n a t u r a l  background  
e x p o s u r e  of  t h e  t o t a l  p o p u l a t i o n ;  0 .026 r a d  f o r  a s i n g l e  c h e s t  x - r a y ;  
5 .0  r a d l y e a r ,  t he  c u r r e n t  f e d e r a l  s a t u t o r y  l i m i t  f o r  o c c u p a t i o n a l  
e x p o s u r e ;  and 4000 r a d s  i n  c l i n i c a l  r a d i a t i o n  t h e r a p y  (1). 



~~ 

b.  What are t h e  s a f e g u a r d s  a g a i n s t  t h e s e  r 1 s K s ;  

The p r o c e d u r e s  t o  b e  used  w i l l  a t t e m p t  t o  minimize  t h e  c h a n c e  of 
a n y  c h e m i c a l  r i s k s  and t o  p r e v e n t  a n y  r a d i a t i o n  e x p o s u r e  a b o v e  t h e  
amount s t a t e d  above .  The r a d i o a c t i v e  n i t r o g e n  w i l l  b e  p r e p a r e d  u s i n g  
t e c h n i q u e s  deve loped  by P.  Meyer. Only  v e r y  p u r e  n i t r o g e n  w i l l  b e  
exposed  t o  t h e  gamma-ray s o u r c e  (LINAC e lec t ron  beam w i t h  heavy metal 
t a r g e t ) .  A f t e r  a c t i v a t i o n ,  s amples  of t h e  g a s  w i l l  b e  t a k e n  a n d  
i m n e d i a t e l y  a n a l y z e e d  f o r  ozone ,  n i t r o g e n  d i o x i d e  and N - 1 3  a c t i v i t y .  
0 n l y . w h e n  t h e s e  a n a l y s e s  a r e  comple t ed  w i l l  t h e  n i t r o g e n - o x y g e n  
m i x t u r e  b e  b r e a t h e d  by t h e  s u b j e c t .  Expi red  g a s e s  w i l l  b e  d i r e c t l y  
v e n t e d  o u t s i d e  t h e  l a b  b u i l d i n g  t o  p r e v e n t  any o t h e r  e x p o s u r e .  
S u b j e c t  d o s e s  w i l l  b e  c a l c u l a t e d  by s t a n d a r d  methods ( 2 )  s i n c e  t h e  
m a j o r  exposure  i s  t o o  l o c a l i z e d  and  t r a n s i e n t  t o  b e  d i r e c t l y  measured  

P r o c e d u r e s  w i l l  f o l l o w  t h o s e  e s t a b l i s h e d  l a s t  y e a r .  
e x p e r i m e n t s  t h e  measured ozone  and n i t r o g e n  d i o x i d e  were w e l l  below 
s p e c i f i c a t i o n  i n  e v e r y  c a s e .  E x t e r n a l  d o s i m e t r y  of t e s t  s u b j e c t s  
shoved  no d e t e c t a b l e  r a d i a t i o n  d o s e  o c c u r r e d  ( l e s s  t h a n  0 .01  r a d ) .  
F i n a l  i n t e r n a l  d o s i m e t r y  c a l c u l a t i o n s  showed l u n g  d o s e s  i n  t h e  
s u b j e c t s  of 0.30 t o  0.45 r a d ,  compared t o  t h e  chosen  l i m i t s  of 0.50 
r a d .  

I n  t h o s e  

c .  What b e n e f i t  w i l l  s c i e n c e  o r  t h e  s u b j e c t  p o t e n t i a l l y  r e a l i z e ?  

N o  d i r e c t  b e n e f i t s  w i l l  b e  r e a l i z e d  by t h e  s u b j e c t s .  I n d i r e c t  
b e n e f i t s  may b e  r e a l i z e d  by U.S. Savy d i v e r s ,  a group t h a t  i s  
e x p e c t e d  t o  p r o v i d e  t h e  m a j o r i t y  of s u b j e c t s .  The p r o j e c t  i s  
d e s i g n e d  t o  p r o v i d e  d a t a  on t h e  rate of n i t r o g e n  u p t a k e  and  
e l i m i n a t i o n  i n  t h e  human body. Decompression s i c k n e s s  among d i v e r s  
i s  t h o u g h t  t o  b e  caused  by an  i n a b i l i t y  t o  remove t h e  e x c e s s  n i t r o g e n  
f rom a d i v e r ' s  body a f t e r  b r e a t h i n g  h i g h  p r e s s u r e  a i r .  P r e v e n t i o n  
of  decompress ion  s i c k n e s s  i s  approached  by a d h e r e n c e  t o  decompress ion  
t a b l e s  t h a t  are c a l c u l a t e d  t o  match  t h e  r a t e  of  n i t r o g e n  r emova l  w i t h  
t h e  r a t e  of  d i v e r  r e t u r n  t o  normal  p r e s s u r e .  The s t u d y  p roposed  w i l l  
a t t e m p t  t o  p r o v i d e  t h e  d a t a  n e c e s s a r y  f o r  3 I R I  t o  p r o v i d e  t h e  s a f e r  
decompress ion  t a b l e s  r e q u i r e d  by 1 9 8 2 .  

The p r o c e d u r e s  are w e l l  e s t a b l i s h e d  a t  t h e  Livermore  l a b o r a t o r y  
and  a r e  w e l l  a c c e p t e d  n a t i o n a l l y  i n  t h e  f i e l d  of  e x p e r i m e n t a l  
p h y s i o l o g y .  The equipment  and  e x p e r t i s e  a r e  t o o  s p e c i a l i z e d  f o r  
a n y  a c c e p t e d  c l i n i c a l  s t a n d a r d .  

V I I I .  The 3 X I  Informed Consent  i s  a t t a c h e d  a s  w e l l  a s  r e f e r e n c e  ( 2 )  and 
t h e  p r e v i o u s  v e r s i o n  of t h e  L ive rmore  Informed Consen t .  
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