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p i n t  w i t h o u t  p e n a l  t y ?  
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?.._ 
iI. ' S u b j c ' c t s .  3 

A .  'Approx imate  number and "ges: Normal, p a t i e n t ,  either. 16  h e a l t h  s u b j e c t s  per  

B .  C r i t e r i a  for selection and e x c l u s i o n .  

c. 

. year; ages  20 t o  65 

of ch ron ic  or r e c e n t  cardiopulmonary d i s e a s e .  
s o u r c e  o f  s u b j e c t s  ( i n c l u d i n g  p a t i e n t s ) ,  a n d  how t h e y  w i l l  be a p p r o a c h e d .  
Healthy s u b j e c t s  announcements posted on b u l l e t i n  boards a t  UC, San Francisco and 
Lawrence Livermore Labs, Livermore, C a l i f o r n i a  

D. W i l l  s u b j e c t s  be p a i d  or otherwise compensa ted?  If so, what  amount? and w h a t  is 
the r e a s o n  for paymen t?  

Healthy s u b j e c t s  w i t h  no h i s t o r y  or X-ray 
Minors and pregnant women w i l l  be exclud, 

Healthy s u b j e c t s  w i l l  be compensated $50 f o r  t h e  t i m e  and t ravel  involved. 

L o c a t i G n  w h e r e  p r o c e d u r e s  w i l l  be c a r r i e d  o u t .  
Linear  Acce le ra to r  Bldg., 8194, Lawrence Livermore Labs, Livermore, C a l i f o r n i a  

E .  

rx. C o n f i d e n t i a l i t y  and a n o n y m i t y .  
A .  S t e p s  t o  i n s u r e  t h a t  p a r t i c i p a t i o n  b y  s u b j e c t s  w i l l  be k e p t  c o n f i d e n t i a l .  

Anonymity of documents and d a t a  

8. Provisions t o  i n s u r e  a n o n y m i t y  o f  documen t s  and d a t a .  

C. Provision f o r  controls over a c c e s s  to d o c u m e n t s  and  d a t a .  
Data w i l l  be i d e n t i f i e d  by number and a v a i l a b l e  t o  au tho r i zed  personnel  only 

Data and documents w i l l  be s to red  i n  a locked f i l e  
X .  . What p u b l i c a t i o n s  m i g h t  be h e l p f u l  t o  the committee i n  c o n s i d e r a t i o n  of t h i s  a p p l i c a t i o n ?  

( A n s w e r  o n l y  i f  these m i g h t  e x p e d i t e  r e v i e w . )  

:I. O u t l i n e  o f  a c t i v i t y  (circle OPTION y o u  w i l l  u s e  i n  r e s p n d i n g ) :  
FIRST OPTION: P r o v i d e  a n s w e r s  i n  s p a c e s  f o l l o w i n g  A-F b e l o w  (add sheets, when n e e d e d ) .  
SECOND OPTION: P r o v i d e  a n s w e r s  i n  a t t a c h e d  summary s t a t e m e n t  (reference, i f  over one pa,-=! 
A .  Background or r a t i o n a l e  f o r  t h i s  a c t i v i t y ,  

To determine t h e  r e s p i r a t o r y  e f f e c t s  of low levels of ozone i n  h e a l t h y  a d u l t s  a t  
rest and during e x e r c i s e .  

See add. s h e e t  
B. Objectives . 

C .  P r o c e d u r e s  invol v e d .  
(Which o f  these w i l l  be p e r f o r m e d  o n l y  f o r  the p u r p o s e s  o f  t h i s  a c t i v i t y ,  e . g . ,  
vo lume  o f  b l o o d ,  s i z e  of b i o p s y ,  q u e s t i o n n a i r e ,  name of p s y c h o l o g i c a l  tes t?)  

See add. s h e e t  

D. I d e n t i f y  a l t e r n a t e  p r o c e d u r e s ,  i f  a n y ,  not p r o p o s e d  f o r  this a c t i v i t y  t h a t  m i g h t  be 
a d v a n t a g e o u s  to the s u b j e c t .  none 

E .  I f  a n y  d e c e p t i o n  ( w i t h h o l d i n g  c o m p l e t e  i n f o r m a t i o n )  i s  r e q u i r e d  f o r  the v a l i d i t y  of 
this a c t i v i t y ,  e x p l a i n  why th is  is n e c e s s a r y  and  a t t a c h  d e b r i e f i n g  s t a t e m e n t .  
N/A 

F. N a t u r e  and amount  of risk ( i n c l u d e  s i d e  e f f e c t s ) ,  or s u b s t a n t i a l  stress or d i s c o m f o r t  
i n v o l v e d .  
See add. s h e e t  

1. 

2 .  

Fol low-up p l a n n e d  for  p r o c e d u r e s  and possible a d v e r s e  e f fec t s .  If S P P t o m s  Occur 
and p e r s i s t ,  d a i l y  in t e rv i ew by phone w i l l  be  made u n t i l  a l l  symptoms have abated 
A r r a n g e m e n t s  f o r  f i n a n c i a l  r e s p o n s i b i l i t y  for a d v e r s e  e f fec t s .  
To be assumed by Univ. of C a l i f .  z o o \ - i o  I 



. .  
*XI. B. Objec t ives  . 

To s t u d y  t h e  e f f e c t s  of a c u t e  low l e v e l  exposure t o  ozone (< 0.5 ppm) 
on o v e r a l l  and r e g i o n a l  lung f u n c t i o n  

C. Procedures  Involved 

Non r a d i o a c t i v e  measurements ( o v e r a l l  func t ion )  

The s u b j e c t  w i l l  be  s e a t e d ,  a t  rest i n  a convent iona l  body 
plethysmograph b rea th ing  q u i e t l y .  For t h e  measurements of 
pulmonary compliance and flow r e s i s t a n c e ,  a t h i n  ba l loon  
t i p p e d  esophageal  c a t h e t e r  is t o  be swallowed so t h a t  t h e  t i p  
l ies  i n  t h e  lower t h i r d  of t h e  esophagus. Some s u b j e c t s  may 
expe r i ence  s l i g h t  d i scomfor t  whi le  t h e  c a t h e t e r  pas ses  through 
t h e  p o s t e r i o r  pharynx; o therwise  the  procedure is harmless .  A 
nose  c l i p  is  worn t o  anchor t h e  c a t h e t e r  i n  p lace .  
is used t o  measure t h e  p re s su re  g r a d i e n t  between t h e  esophagus 
(analogous t o  the  p l e u r a l  su r f ace )  and t h e  mouth. 
two parameters  r equ i r ed  t o  c a l c u l a t e  compliance and f low- res i s t ance ,  
t h e  t i d a l  volume and t h e  ra te  of flow, w i l l  be  measured wi th  a 
f low meter a t t ached  t o  a convent iona l  mouthpiece. Each set of 
measurements r e q u i r e s  5-10 minutes.  Between measurements, t h e  
s u b j e c t  w i l l  b r e a t h e  t h e  ozone through a mask. 

The c a t h e t e r  

The o t h e r  

Following t h e  end of exposure,  a l l  measurements w i l l  be  repea ted  
u n t i l  t h e  c o n t r o l  v a l u e s  are re -es tab l i shed .  

E x e r c i s e  w i l l  be achieved by working on a t r e a d m i l l  a t  about 
3 mph on a 5X grade  f o r  10-15 minutes.  
may b e  repea ted  f o r  a t o t a l  of f o u r  10-15 minute s e s s i o n s  
i n t e r s p e r s e d  wi th  q u i e t  b rea th ing  ( t o t a l  exposure = 2 hours ) .  
V e n t i l a t i o n  and h e a r t  rate w i l l  be measured. 

The pe r iods  of e x e r c i s e  

Rad ioac t ive  measurements ( r eg iona l  func t ion )  based on the  technique  of 
West et a l .  

The s u b j e c t  w i l l  be s t and ing  a t  r e s t  between t h e  two heads of 
t h e  Anger P o s i t i o n  Camera. 
be i n s p i r e d  from a p l a s t i c  bag and t h e  s u b j e c t  w i l l  hold h i s  
b r e a t h  f o r  15 t o  20 seconds. 
d i s t r i b u t i o n  of t h e  r a d i o a c t i v e  gas. 

A s i n g l e  b r e a t h  of 13N2 o r  d 5 O 2  w i l l  

The Anger camera w i l l  r ecord  t h e  

, 
F. W e  i n t end  t o  admin i s t e r  concen t r a t ions  of ozone (0.2 - 0.5 ppm) t h a t  have 

been employed i n  a number of prev ious  i n v e s t i g a t i o n s  ori h e a l t h y  v o l u n t e e r s  
(2-7).- These concen t r a t ions  of ozone may produce changes i n  pulmonary 
f u n c t i o n  which are completely reversed  wi th in  24 hours  and which a r e  not  
perceived by t h e  s u b j e c t  ( t h e  s u b j e c t  i s  n o t  aware of t h e  s l i g h t  i n c r e a s e  
in pulmonary f low r e s i s t a n c e ,  s l i g h t  dec rease  i n  maximal forced  e x p i r a t o r y  
flow rates,  o r  s l i g h t  dec rease  i n  d i f f u s i n g  capac i ty  t h a t  may occur. 
is n o t  unusual  f o r  s u b j e c t s  t o  experience t h r o a t  i r r i t a t i o n ,  t i c k l i n g  
s e n s a t i o n  i n  t h e  t h r o a t ,  and  cough a t  t h e s e  concen t r a t ions .  
a l s o  r e g r e s s  w i t h i n  24 hours.  

Such sjmptons 
There has  never  been a r e p o r t  of unusual 



2 . . .  . 
distress or hospitalization arising from such exposures. Is'hile 
exercise tends t o  increase the functional effects and symptoms, 
there are no reports of untoward reactions associated with this 
procedure. 
on numerous occasions in the Los Angeles basin and are exceeded in 
a number of occupational and industrial settings. 

The radioactivity tagged gas13N2 and C 02 will be Produced using 
the techniques of West et al. ( 2 and 9). Each bag of gas Will be 
tested for any radioactive and non radioactive contaminants by 
personnel from the Hazards Control Section, Lawrence Livermore 
Laboratory, before administration to the subject. 

Concentrations of 0.2 - 0 . 5  ppm of @ 3  have been reached 

15 
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Ozone E f f e c t s  on Overall and Regional Lung Function 

P r i n c i p a 1 , I n v e s t i g a t o r :  Robert Frank, M.D. , Department of Environmental Health 

Associates:  J ane  Koenig, Ph.D., Department of Environmental Heal th  543-4383 
Michael Morgan,Sc.D. Department of Environmental Hea l th  543-4383 
Dick Holub, M.S. , Department of Environmental Heal th  543-4383 
N e i l  Horike, M.S. , Department of Environmental Heal th  543-4383 
Paul  Meyer, M.S., Lawrence Livermore Laboratory (415)447-1100 

U n i v e r s i t y  of Washington (206) 543-4383 

e x t .  7226 

The purpose of t h i s  s tudy  is  t o  t e s t  t h e  e f f e c t  of ozone, an important a i r  p o l l u t a n t ,  on 
t h e  pulmonary f u n c t i o n  of normal, h e a l t h y  humans. 

Persons who have ch ron ic  h e a r t  d i s e a s e ,  lung d i s e a s e  i n c l u d i n g  asthma, o r  have had any 
r e s p i r a t o r y  i n f e c t i o n  du r ing  t h e  p a s t  s i x  weeks may n o t  p a r t i c i p a t e .  Pregnant women 
may no t  pa r  t i c  i p a  t e. 

Procedure: 
The s u b j e c t  w i l l  s i t  i n  a small  chamber shaped somewhat l i k e  a te lephone booth and 
b r e a t h e  through a mouthpiece. Before t h e  s u b j e c t  e n t e r s  t h e  chamber, a narrow tube 
( c a t h e t e r )  w i l l . b e  passed through t h e  nose i n t o  t h e  rear of t h e  t h r o a t .  The s u b j e c t  
w i l l  then swallow t h e  c a t h e t e r  u n t i l  t h e  t i p  l ies  j u s t  above t h e  stomach. The c a t h e t e r  
i s  necessary t o  estimate i n t r a p l e u r a l  p r e s s u r e  ( t h e  p r e s s u r e  i n  t h e  space between t h e  
lungs and t h e  ches t  w a l l )  which i s  used t o  c a l c u l a t e  f low r e s i s t a n c e  (a measure of t h e  
e f f o r t  r equ i r ed  t o  move a i r  through t h e  airways) .  
by a non-evasive nethod using p res su re  waves c r e a t e d  by a pump (forced p r e s s u r e  
o s c i l l a t o r y  method). The flow r e s i s t a n c e  measures r e q u i r e  only q u i e t  b rea th ing  on t h e  
p a r t  of t h e  s u b j e c t .  Other f u n c t i o n a l  measurements w i l l  r e q u i r e  such simple maneuvers 
as i n h a l i n g  and exhal ing maximaliy, exha l ing  a t  a g iven  flow r a t e  and occas iona l  b r e a t h  
holding o r  pant ing.  The r a d i o a c t i v e  measurements r e q u i r e  t h e  s u b j e c t  t o  i n s p i r e  a 
s i n g l e  b r e a t h  of gas  tagged w i t h  a low level  of r a d i o a c t i v i t y  and hold h i s  b r e a t h  f o r  
15 t o  20 seconds. Following t h e  b r e a t h i n g  of the p o l l u t a n t  t h e  s u b j e c t  w i l l  come out  
of t h e  chamber f o r  one hour and t h e r e a f t e r  r e - e n t e r  f o r  ano the r  set  of measurements 
l a s t i n g  10-15 minutes.  The t o t a l  l e n g t h  of t h e  procedure w i l l  be 4-5 hours. Some 
s u b j e c t  w i l l  b e  asked t o  e x e r c i s e  moderately on a t r e a d m i l l  f o r  10-15 minutes wh i l e  
b r e a t h i n g  t h e  p o l l u t a n t .  

The s tudy  w i l l  i nvo lve  b r e a t h i n g  low c o n c e n t r a t i o n s  of ozone f o r  two hours.  

Flow r e s i s t a n c e  w i l l  a l s o  be measure? 

The r i s k s  involved i n  t h e  s tudy are n e g l i g i b l e .  Discomforts t h a t  may ar ise  are as  
follows: n a s a l  i r r i t a t i o n  may be f e l t  when t h e  c a t h e t e r  i s  f i r s t  passed; t h e  nose 
c l i p  may o c c a s i o n a l l y  f e e l  t i g h t ;  s i t t i n g  i n  t h e  chamber nay be tedious.  
may cause burning of t h e  t h r o a t  and a n t e r i o r  c h e s t ,  o r  cough, and r a r e l y ,  d i f f i c u l t y  
i n  b rea th ing .  Should t h e  symptoms occur ,  they are l i k e l y  t o  be s l i g h t  and t o  d i sappea r  
w i t h i n  minutes o r  hours.  
be fo re  each procedure and maintained a t  a l e v e l  low enough t o  cause no harmful e f f e c t s .  

The p o l l u t a n t s  

The r a d i o a c t i v e  g a s  needed f o r  t h e  measurements w i l l  be t e s t e d  
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4 If the subject experiences excessive sympcoms the experiment will be terminated. 

A doctor will be present throughout the experiment and wi.11 question the subject 
at least once daily until all symptoms are gone. 

The subjects retain the right to withdraw from the study at any point. 
will be paid $50 per two-hour exposure session. 
deriving from participation in the study. 
any time and to withhold information from non-medical persons without additional 
consent are protected. 
physiciaqbefore and during the test, and by the availability of emergency hospital 
treatment if the need arises. The subject's identity and all information about him 
or her are to remain confidential. 

The subject 
There are no personal benefits 

The rights to withdraw from the test at 

The subject's welfare is protected by the presence of the 

Signature of investigator Date 

Subj ect ' s statement 

I voluntarily consent to participate in this study. I have had an opportunity to ask 
quest ions. 

Signature of subject Date 

Copies: Subject 
File 
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yes no 
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X 

PRIVACY ACT MATERIAL REMOVED 

. _  
1 DURA TIO?l WHERE 

UL, L i v e m r e  1 10 yea r s  

LLL, Livermore 1 0  years 

Fom RSC 20(76) I 
Socia I Securi t y  Mwnber Paul Meyer ~- ~ 

h'ame 

T i t  i!e/Posi t i on  P h y s i c i s t  
Address Lamnce  Livermore Laboratory,  L i v e m r e ,  CA 94550 

TYPE 0 F T2A IN I NG 

a )  Principtes and Practices of 

b )  2adiation Heasurements 
Radiation Protection 

Monitoring Techniques 
and Instrwnents 

Basic to  use and I2easurement 
of Radiation 

Radiation 

C) fdathematicat and Calcutations 

dl Biological Ef fects  of 

FORM L 
COURSE 

yes ' n o  

---I-- 
I 

X I  
I 

I 
x i  

FORMAL COURSES Please describe by t i t l e  and course content each formal course indicated by 
"yes" i n  the f i r s t  column. (For additional space use reverse side.) 
Courses provid ing  t h e  type of t r a i n i n g  l i s t e d  under (b) and (c) above where par t .  O f  

t h e  curriculum requ i red  for my Master of Science in physics d e m e  ,Tziited b-y t& 
Unive r s i ty  of Washington in 1960. 
(d) B i o l o g i c a l  effects of ion iz ing  r a d i a t i o n  (CE 4300): 

b i o l o w  d e s i w e d  t o  Drovide a b a s i c  unders tanding  o f  r a d i a t i o n  e f f e c t s  on b i o l c E i c a l  

systems. ErnDhasis :.:zs 01; b i o l o c i c a l  Dhznonena w i t h  sDecial r e fe rence  to h1r.m des.;- 
e f f e c t  r e l a t i o n s h i p s .  

EXPERIENCE Jescribe actL(LzL itse of radiat5on e i ther  as p a r t  of c formal course or  as Z k ~ z -  
tory ernplo2ee. Ins'?:cate t2?e o f  radiation or rcldioccti2e material, mouzts ,  uses, a2xrzt<or. 
of uork and pour involvement and where eqerience occd-red. 
reverse s ide.)  an a r > e r i n e n t a l  p h y s l c l s t  at  t h e  L l n e a r  E l e c t m n  Accelerdtor a: UL, I 

A survey course in r z d i a t i o n  

(For additional smce m e  

have been ~ r o d u c i n g  r a d i o i s o t o p e s  like lk, 1 3 N ,  "0 and o t h e r  gases  t o  be used L? 
phys ic s  e x p r h e n t s  as w e l l  as in biom2dical a p p l i c a t i o n s  w i t h  l i v e  dogs over  t h e  p s t  

four years at L i v e m r e .  

. .*. 
HU?W GSE 
LJOU f o r  work described i n  the ap?lication. 
vised t h i s  training. (Use reverse side for  ad5itionaZ space. 1- 

Desc-+be your experience i n  achinistration of rcdiation t o  iCumcns t h i s  qa.zLi;zes 
Provide name of preceptor php-icicns who s q e r -  

2 0 0 4 1 0 7  .- .--- 
Date ,Js?. 7 ,  : ? I  S i gned 



. 
3. Descript ion. .of  Subjec ts :  Healthy Sub jec t s ,  male or female,  20 t o  65 

y e a r s  in age. 

4. Benef i t  t o  Subjec ts :  P a r t i c i p a t i o n  i n  experiment designed t o  measu re  
t h e  e f f e c t s  of a comon  a i r  p o l l u t a n t  a t  l e v e l s  
which are  c u r r e n t l y  found in many of ou r  l a r g e r  
c i t i e s  and urban areas. 

5. L i m i t s  of Study: 16  s u b j e c t s  for one year .  

6. Basis f o r  Se lec t ing(and  Rejec t ing)  P o t e n t i a l  Subjec ts :  
Healthy s u b j e c t s  w i th  no h i s t o r y  or X-ray of 
ch ron ic  o r  r ecen t  cardiopulmonary d i s e a s e .  Minors 
and pregnant women w i l l  be  excluded. 

7-10 See a t t a c h e d  memo t o  Pau l  Meyer 



December 13, 1976 

TO: Paul  Meyer 

FROM: 14. S.  Singh/T. R. Cr i tes  

SUBJECT: Estimates o f  Dose t o  the  Lungs From 13N and  ''0 Due t o  . 

Inha la t ion  

Radionuclides '3f4 and I5O a r e  b o t h  posi t ron emi t te rs  and decay i n t o  the 
ground s t a t e  of I 3 C  and respect ively,  as follows: 

13N + B+ i- l 3 C  + v 1.79 MeV 

150 + B+ + + v ground s t a t e ,  EB+smax = 1.72 MeV 

As the  posi t ron moves through matter i t  loses  k i n e t i c  energy and f i n a l l y  
combines w i t h  an electron t o  form a positronium atom which decays i n t o  
two 0.51. IkeV gammas. 

ground s t a t e ,  Eg+smax = 

*. 

Dose delivered t o  the l u n g s  i s  thus  primarily from positrons and 0.51 MeV 
gamnas. 

The e f f ec t ive  absorbed energy from posi t ron 'emi t te rs  can be estimated 
. .  

t o  bel -0.5 
t 

E = 0 . 3 3  f ( 1 +  B+*max) 4 + 2(0.51) f,f 

where fa is  the f r ac t ion  o f  0.51 HeV gama energy absorbed i n  the lungs 
and f i s  the  n u d e r  of positrons per d is in tegra t ion ,  which i s  equal t o  
one i n  our case. 

The  absorbed f r ac t ion  of 9.51 MeV gamma energy i n  the l u n g s  (mass of 
l u n g s  
3.0S%.i Therefore,  the e f f ec t ive  absorbed energy in  l u n g s  from positron 
emi t t e r s  becomes 

s aoproximately 60'3 g, excluding a r t e r i a l  and venous blood) is  
. - 

I 

-0.5 E +  d 

smax)  + 0.031 E = 0.33 Eg+,max ( 1  + 4 

2 0 0 If -1 



Dose r a t e  per m C i  maintained i n  the l u n g s  i s  

rad-q 3 . 7 ~ 1 0 ~  d/s 
mC i 

1 . 6 x l P  eyp 
100 erg 

- E(t*V/d) 
OR - 600 g g. 

-4 rad/s = E x 9 .87~10  mCi  - .  

For a one t i  me exposure with radionuclides retained i n  the 1 ungs , the 
absorbed dose i s  simply 

where 
.nuclides i n  the  l u n g s .  

i s  the e f f ec t ive  decay constant and t i s  the residence time f o r  

The integrated dose per mCi  fo r  one breath held f o r  time, th, and then 
normal breathing resumed is  

+ ,-xhth 

'h + 'c 
DI = OR x 

where 
the clearance decay cons t an t  once breathing i s  resumed. 

Table 1 summarizes the  calculated dose ra tes  and integrated dose equi- 
valents delivered t o  the l u n g s  for  various breath h o l d - u p  times. 

i s  the e f f ec t ive  decay constant w h i l e  holding breath and X c  i s  

Tab le  1. Calculated dose t o  the l u n g s  due t o  inhalat ion o f  13N a n d  "0. 

DI 0 T1 /2 +I xC OR - c__ 

-1 

3N 600 1 . 1 6 ~ 1 0 - ~  2.31~13-1 5 . 2 4 ~ 1 0 - ~  4.52x19-' 15 9 . 9 8 ~ 1 0 - ~  

30 1.75x10-* 2 
45 2.51~10- 
60 3 . 2 5 ~ 1 0 - ~  

-1 th  Radi 0- rad- s nuclide (5 )  1 s - l )  (8) -rnCi-l rad-mCi -' rad-mCi 

I5o 120 5 . 7 8 ~ 1 0 : ~  2.31~10-' 7 . 7 5 ~ 1 0 - ~  1 . 3 4 ~ 1 0 - ~  15 1.42x10-* 

30 2 . 4 2 ~ 1 9 - ~  
45 3.33;10-' 



A review of the l i t e r a t u r e  reveals a few additional calcu*lational methods 
producing about t h e  same estimate.  

ICRP P13, 
reports the t o t a l  dose t o  the  lungs  due t o  a single breath o f  0 t o  be 
16 mrad/rr.Ci/i and 3.6 mrad/mCi/z t o  the  gonads. Holding the  gas i n  the 
l u n g s  fo r  15 seconds wi l l  increase this  dose l e s s  than f ac to r  of _two. 
They a l s o  report  t he  t o t a l  dose from breathing 1 mCi/]1 p3N f o r  1 m i n u t e  
t o  be  68 mrad t o  the  l u n g s  and  l e s s  than 1 mrad t o  the  gonads. 
designed experiment wi l l  r e su l t  i n  doses less than this.. 

Protect ion o f  t h e  P a t i e n t  i n  Radionuclide Invest igai ions,  

The 

Publications of t he  Ytedical Internal Radiatio 
pamphlets l i s t  3 . 0 6 ~ 1 0 - ~  rad  mCi-ls'l due t o  "0, and 4 . 4 ~ 1 0 ~ ~  rad rnCi-'s-' 
due t o  1%. 
Tab le  1 and this one i s  a t t r i bu tab le  t o  the bzsic  assumption made i n  
considering the mass of  the  l u n g s .  I n  our case we have excluded the  
a r t e r i a l  and venous blood, whereas H I R D  Committee included this mass i n  
their  calculat ions. .  Other than this , the results a re  agreeable. 

Dose Committee (MIRD) 

The difference between the dose rate, DR, t h a t  appears in  

An additional reference by W. H. Blahd i n  Nuclear Medicine 'ndicates a 
procedure of the type proposed will r e s u l t  i n  35 mrad/mCi 13!4. We,feel 
this i s  a somewhat conservative estimate.  

Table 2 l i s t s  the current  acceptable dose limits f o r  various conditions. 

Table 2. Acceptable dose 1 i m i t s . t o  the l u n g s ,  

Dose . 
15 rem/y (5 rem/qtr)* 
I__ 

Condi t i  on 
Occupational . 

I ndi  v i  dual 
Popul a t i  on 
C1 i n i  cal  

* Current NCRP dose l imi t s .  

0.5 rem/y* 
0.17 rern/y* 
4000 rad** 

'** 4000 rads  i s  the minimal c l i n i c a l  tolerance dose t o  l u n g s  which 
results i n  no more t h a n  5% severe complications, i .e. , radiat ion 
pneumonitis and f ib ros i s  , w i t h i n  f i v e  years following t r ea t r en t .  

in$& . .  

. (Y. S .  Singh 
Health Physics Group 
Hazards Control Department 

ru 
0 '  

-,-- E- bUS :TRC: 
a cc: R. Alvarez 
- D. Iblyers - 3 .  Powell 

T. R. Cr i tes ,  Leader 

Hazards Control Department 
- Speci a1 Projects  Di vi s i  on 
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TO USE RAi) IATIO?J 

mer Pos i t m n  
Camera . 

NaI i i v e m r e  

9.  SPECIAL 'FACILITIES. Describe special f a c i l i t i e s  and equipment (e .g. ,  fume hood, shie Z Z x  

10. SPECIAL PRACTICES. Describe special tab radiat ion sa fe ty  pract ices  (c.g.  , monitoring, 
bioassag).  

Continuous monitoring of experimental area. 

11. VASTE DISFOSAL. Describe wasto disposal pogram. Estimate quan t i t i e s  per m m t h  ~f 
l iquid,  so l id ,  perishables. 

- 
The appticant cccepts fuzz z%sponsibiZity f o r  tho  sa fz  use of radia t ion  described in i5:i.s 
appl tcat ion.  
JZrotccthn, I!AC 402, lI oh h! Zadioactive I.;stci4al License Conditions, a d  I/ of 1%' R u d i a t d m  
Safe ty  Comi5tee policies. 

Thc q p t i c c n t  furtlisr agrees t o  coxform t o  ,PUZcs and Re-qulatioits ."or fd<cf:~' :  
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BI@EDICAL APPUCXTION OF S H W l U E D  POSITRCN w?TING ISOrOPESt 
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R. Frank, R. Holub and C. E. W i l t c n  

University of washington 
Seattle, Washington 98105 

kiioactive nilmgen, oxygen and o m  have been used for dynamic lung-funmian studies 
cn l ive &gs wi t f i  an Anger pi- camera. 
the fensibility of this m e w  to study early fmctioM3. changes caused by o m .  

In particular an attanpt vias made to determine 

(Radioactive tracers; h g t ~  positrcn csmra, lung 

0- has k+n identified as a signi€icant canpo- 
nent of abient air polluticn &ere atnospheric photo- 
chcmi~dl activity 0 ~ 0 ~ 3 .  
(03), as a toxicant has becn investigated and several 
of its effects have been defined, al-h the mecha- 
Nsn is s a  uncertain.2 

The results of this research bve led, in part, 
t o  an interest in where the 07,Ule is taken up in  the 

tagging o m e  +th an l50 isotope, a m  sites of 

 he impartanee of 0zcne.l 

respiratory systen. A t  present the aistritUti.cn of 
the ozcna-uptake ttopuekut the airways is  unknoun. 

03- be -. 
Fbre infonmtial a8 t o  the cffects of 0- al 

the lung functi.cn a n  possibly be oMaimd by the use 
of l% Q?aca-s in a breathing gas. N i t m g e n  is not 
usually soluble in the blood, stays in the lungs unt i l  
~.ecirculated and, labeled with a 
tutimanprwideauaefulimageofalung. U s i n g  
radioactive Ni.tmgur periodicaUy, funct ianl  changes 
in the reSpiMt0I-j systan due to,  for instance I ozone 
my perhaps bc detected early. 

Hzahlung fxrm the 100 MeV Livcmrp.c ELectrQn Acceler- 

tracer its distri- 

 he ~d l50 isotopcs - -- 
ator (Linac) via  "N(y,n) l% and 160(y,n) 1 5 ~ . 3 7 k  

m s h ~ l d ~  for these mias are 10.k %V (14~) and 
15.7  MeV ( l60).  
sim with hdlf lives of 10 min. and 2 min., respec- 
tively. 
to the mesthetized, * y ventilated a i  
which w a s  placad betwcen the tw detector aystals of 
the CIYIICM. The canera detects the two .S1 
MeV armhl la  tion gamrra rays in coincideme and st-s 

v e r .  
tlC dnrm is initiated -*by srcath sotlnt, In 
principle, single breath stuiire CM be made, the w- 
i t y  depmding~p-imrily cn the level of activity of 
thc gas. 

Both isotopes decay by positzwn enis- 

After ifiadiaticn, the tracer gas was pmped 

t b  h f m t i O n  in tFlc ~ m c o y  of ZLII on-line PDP-15 
Data transfer fmn the ccmprtcr to a 'fasnc- 

RvilNlrtiveGas- 'al 

* * 
02, 02, O3 and 03, Cthe astericks re fer  t o  nnlecules 
with an l50  atan) has nearly reached saturation acti- 
vity. S i n c e  thur is m way to differentiate between 
the decay of 0 or 0 it was necessary to eliminate 
the activated &a. %-lis vas acconp2ish=d by pass- 
ing the mixture tlucugh an ozcne b-ap of silica gel  at  
dry-ice temperature (-78'0. After collecting suffi- 
cient BIpLplts of ozcne, -*trap wis flushed with 
clean oxygen to remove all 0 2 ,  then heated to release 
the ozoc~c d d ~  tha was mixed with ai- t o  the des- 
ccncenmticn, lppn ar Sppn, for an Mimal exposwx. 

similarly, *N2 cas pmduced by using N~ as a te- 
get gas t o  &ch clean wen was added af te r  irradia- 
tian. 

* 

The camera's aperaticcl depends on detecting, in 
coincidence, the tw back-to-back gamua rays €run a 
p O s i + z c n - e l ~  annihibtjm and tfus Mining a 
line between the tw detector crystals almg ubi& the 
event took place. Ekny events allcv then, i n  princi- 
ple t o  determire the point or points of intercept and 
thus the l o a t h  of the sauce of activity. 

detector heals, each with 37 pbtanultiplier tubes 
m t e d  an a 40 an dia. UaI-crystal of 1.25 cn thick- 
ness (Figs. la,b). Eafh head derives position infar- 
matia, i .e. &ere QL the X- ta l  the gamm rays h i t ,  
fmn a prccisicn-czptcitor network caqled with the 
P.M.T.-outplts. These outplts are sampled, digi t ized 
ard stored on a high-speed drum by the PDP-15. Tk 
canw?a heads can also be used independently as xin- 
tillatas with positicn sensitivity. Maximrm COLUIt- 

rate capability i s  2 x 10' psitmn events per seccnd. 

meix pnnitting, in p r i y i p l e ,  a spatial resolution 
of a h u t  . 3  an. 
source resolutial is cnly atcut 1 .5  an. However, the 
extrapolated range7 of t2r 1 5 0 - p o s i ~  (E- = 1.74 
HeV) in lung tissue of density C .23g/cc is a t  3.5  
an a d  the rcsolutian is t h l s  Limited by this fact. 
F= thel%-positran the mbx. range is sanewhat 

 he ~ivcnaenr amera6 cansists of t w  identical 

huhihticn pairs are order& into a 100 x 100 . .  
In m c e ,  the camera's point- 

M e .  

Arring collCrti.cn, data is  displayed al M oscil- 
loscope with four brightness levels wnaplled by *e 
PDP-15. W4ata-outpt is available in graphical 
formaswellas inadig i ta lmap,g iv inqthe lnrmberof  
annhJati.cn events versus matrix h t i o n .  cafiec- 
tias for decreased counting efficiency near the edgzs 
of the detectors am be applied as a function of 

. .  

469 

2 0 0 4 1  I b 

http://aistritUti.cn
http://functi.cn
http://collCrti.cn
http://annhJati.cn


~ m d i u a .  A l l d & t a s ~ ~ h a a b c c n c o r -  
retted accodh@ Y. 

Discussion 

mexperimcnts describedharcwercperfarmd cn 
an 18 lb. beagle resting cn its back bc- th!! two 
det- czyatdls of the anmu so .that thc lung bms 
CerrtrdllY h t e d .  
forced to treathe fmnarcsuwlr f-ed w ~ t h  ~JL- and 
tagged dimgem or ozone. A teflcm Lined pmnp ( t o  
m i r i m h  dewnpceiticn of thc ozccbc) saved t o  control 
the -thing mte. The precedm?e WBS t o  huge the 
lmgbyfkSta&&nist ering a mixture of 80%*N2 and 
20% Q2 (Fig. 2 ) .  

suited for  this pnpose since it does not enter si&- 
ficarrtly into the pllm"4r b l c d p a n ,  hence mmins 

0um-ak.mixtUrc , lasting 300 mspu-mticms or appmx- 
inately 10 minutes. 
again put on *N2, ( F i g .  3). Then a 5ppn ozau? concen- 

tration in a i r  was adninistered (Fig. 4) and a third 
ni.trogen IVI (Fig. 5) canpleted this sequence. 

F i g .  2 ,  3, 4 and 5 repsent sane typical results 
in the form of canputer graphics, shewing the dis+z-i- 
hticn of annihilation activity far a particular plane 
between the detector heads of the canera, integrated 
over a b u t  150 inspiraticms. The original 100 x 100 
matrix is ccmprcssed into a 64 x 64 array for p r d -  
cdl masons. Ieft and right lungs are characterized 
by tm peaks (Fig. 2 )  with a depssim just  forward 
of these indicating the locatian af the hart w i t h  
cmly a lov level of *N2-ac t iV i .y .  Just  bclccJ the 
focal plane, appearing diffused, is the trachea. By 
chcosing a different focal plane the trachea, having a 
diamcter a little Imre than 1 an, CM be bxwgllt alt 
san2-t nnre clearly. 

Fig. 4 shu-6 a Sppn ozme expawre. Thc peak in 
the animal's trachea near the 
indicate son? preferred ozone absmptlon in the upper 
region of this airway. It should be pointed art har- 
ever, t h a t  the specific activity of the ozcncair 
mixture is quite lov to begin with, because the ratio 
of actimted ozone t o  nonndl ozone achieved t o  date is 
mi~y  about ~n additicn, thc separaticn 
of *Q2 and *03 after W i a t i C n  and prim t o  adminis- 
-tion t o  the dog, takes perhaps 3 hdlf-lives(6 min- 
utedbefore counting can actually begin; th is  results 
in relatively lcw ccunting statistics for the o m e  
exposures. ch the other m, ttw *N having a 10 
minute half-life and requiring in & rn chemism, 

and post-ozone Ntrvgen n m s ,  F i g .  2 ShaJS a symnctric 
* N ~  dis-ti.cn. ~ o ~ a r i n g  thr lppn o M a  tnatmm, 

tfie nimen activity obsavai in F i g .  3 M a t e s  a 
redwed W t i m  in thc right lung wing which 
furtherd+crrascdafterthe- tion of the sppn 
OZOM CarUrtMtion F i g .  5 ) .  Cansidembly nure de ta i l  
is obtained from the dig i ta l  maps for which tkrc is 
no pocm m, bJt the graphical data rep=sentaticn 
suffices t o  shaw that regicndl functicndl changes can 
be detected. kre recent experhts  have provided 
berter quality of infonnatiai, i.e. mre detail,.? 
impmwd experimental pmcedmes and higher SPecrflC 
gas activit ies.  
been obtained f m n  bleed perfusicn measmemnts us- 

-ins an expaup, **dog yas 

The activated Ntrcgen is w e l l  

in the airways unt i l  ventilated mth clean a i r .  
vent i la t im %as followed by an e with a l p p  

This 

After wntilaticn the dog was 

Fge appears t o  

poses rn such -1emS. CQnbining the d t s  of pre- 

In addition, +sing  result^ have 

C*02 and F$*Q tracers. 

It is clear that the lnost impcp'tant single fact= 
limiting quality of deta i l  that can be obtained with a 
pi- camera is the range of the positrcns in 
ma-tter of interest, i.e. a n i m l  or tusm tissue, bone, 
blood, etc. It has been pointcd.art above tkt the 
lMximrm range (3-4 an) of the higtrst ene%y positron 
fnm ''0 in lung tissue is ccnsiderably larger than 
the intrinsic resoluticn (1.5 an) of the cdmefd. We 
are planning to investigate tk quantitative effect 
of particle range on the camera resolution for bic- 
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E. Goldberg and R. E. Y c d e r  for suqgesthg this 
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FIG. la,POSITRON CAMERA 

LECTRONICS 
ALUMMUM 
COVER PLATE 

GRIOOF 37 
3" PM TUBES 

3"PM TUBES 

SHIELDED HOUSINGJ LRUBBER PLATE 

FIG.Ib,POSlTRON CAMERA, DETAIL A-A 

TR 

FIG.2,NlTROGEN UPTAKE 
PRE-OZONE EXPOSURE 
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POST IPPM OZONE EXPOSURE 

FIG.4,SPPM 02 ONE UPTAKE 

FIG.5, NITROGEN UPTAKE 
POST SPPM OZONE EXPOSURE 


