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I 

11 June 1984 
Chairman, Comnittee f o r  the Protection of Human Subjects, NMRI 

Director, Hyperbaric Medicine Program Center 
Scientific Director, NMRf 

Hyperbaric Medicine Program Center protocols involving human use, 
review and approval of 

Approvals and consent forms for: 

(1) Work tolerance i n  the hyperbaric e n v i  ronrnent 
(t40099.0lA.0007~ 

(2) Thermal balance and performance i n  divers d u r i n g  cold exposure 
(M0099.01B.0008) 

Scientifically based decompression tables for  a i r  ' d i v i n g  
(M0099.01A. 0005) 

- - .* - - .  . 

(4) Physiological design c r i t e r i a  f o r  underwater b rea th ing  
( MOO9 9.0 1 B . 00 1 0 ) 

1. 
and approved the Hyperbaric Medicine Program Center protocols 
involving human use. 

2. The signed Committee approval forms are  enclosed together w i t h  
the  appropriate consent forms t o  be used i n  the study. 

The Committee f o r  the Protection of Human Subjects has reviewed 

.y$2 
L. 3. YAFFE 

\ * U S  GPO: 1982 - 539 - 00312091 Regmon 3 .  . 



dEPARTMENT O F  THE N A V Y  

N A V A L  M E D I C A L  R E S E A R C H  INSTITUTE 

NATIONAL N A V A L  M E D I C A L  CENTER 
B E T H C S D A .  MD 2 0 1 1 4  IN H C P L V  R E F E R  TO 

Z ECKAV I i!ST 3900.39B 
Certification of  Research Protocol NNRI I H S T  3900.6A 

Review a n d  Fpprov31 
Committee for  the Protection of Human Subjects . 

Research Protocol: Scient i f ical ly  based decompression tables  for  a i r  diving 
(MOO99 - 01A .0005) 

Investiqator(s): M. Bradley, P .  Weathersby, R .  Lil l o  

1. 
of the Cornittee f o r  the Protection of Human Subjects, Flaval Kedical Research 
Ins t i tu te  i n  accordance w i t h  the directives of SECNAVINST 3900.39B. 

The l is ted research protocol has  been reviewed a n d  approved by the members 

2. The  Committee h a s  determined t h a t  the risks t o  the subjects participating 
i n  t h i s  study have been adequately assessed a n d  appropriate safeguards insti tuted.  

3. 
provided t o  each subject participating i n  the study t o  f u l f i l l  the requirements 
fo r  b o t h  effective, informed consent and proper documentation. 

The attached, approved consent form(s) m u s t  be adequately explained and 

4. 
by the knowledge to  be gained a s  t o  merit acceptance of the risks by the subject. 
The Inst i tute  will have emergency professional care a n d  f a c i l i t i e s  available as 
m a i  be needed fo r  subjects who may suffer physical , psychological , o r  other injury 
a s  a resul t  of participation i n  the study. 

5. 
adverse reactions or accidents occurring to  subjects d u r i n g  the study. 

The risks, i f  any, t o  the subjects i n  this study are sufficiently outweighed 

The  Committee Chairman must be notified by the investigator(s) o f  any serious 

- 6. The signatories c e r t i f y  t h a t  the review and approval of the l i s ted  protocol 
were carried o u t  i n  accordance with the requirements of SECNAVINST 3900.398. - - 

2 3--44 
Cha i rman  

k n b  e r s : 

p, (Q(&&! . Caldwel 1 , L T ,  UC, USNR 

1. Palner, L C D R ,  IISC, USN 

D. Seeland, CDR, CHC, USN 

A 1  ternates: 

J .  / :anfro,  L C D R ,  HC, USf:R R. Li.110 
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DEPARTMENT O F  T H E  N A V Y  
NAVAL MEDICAL RESEARCH I N S T I T U T E  
N A V A L  M E D I C A L  COMMAND N A T l O h A L  C A P I T A L  l l C t l O N  

O E T W E S D A  Y O  1 0 8 1 4  

IN R E C L I  R E f E l l  T O  

PROJECT TITLE: S c i e n t i f j c a l l y  Based Decompression T a b l e s  f o r  A i r  D i v i n g  

SUBTITLE: 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  Design 

PRINCIPAL INVESTlGATOR: M.E. BRADLEY CAPT HC USN 

REQUIRPENTS FOR REVIEW BY THE 
COHXITTEE FOR THE PROTECTIOK OF HUMIU; SGEJECTS 

a. What a re  t h e  risks t h a t  may or may n o t  b e  e n c o u n t e r e d  by t h e  
sub j ec t s? 

The only  r i sks  i n h e r e n t  i n  t h e  p r o c e d u r e  are  t h o s e  a r i s i n g  f r o n  t h e  
s p e c i a l  g a s  b r e a t h e d .  
noxious  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 .  These could  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 major r i s k  i s  r a d i o l o g i c a l ,  t h a t  is, t h e  

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 o t  exceed 0.5 r a d  t o  t h e  l u n g s  
and t r a c h e a  and 0.01 r a d  t o  t h e  body (1). T h i s  dose  can b e  conpared t o  t h e  
0.18 r a d / y e a r  of n a t u r a l  background exposure  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-ray; 5.0 r a d / y e a r ,  t h e  c u r r e n t  f e d e r a l  s t 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  exposure;  and 4,000 r a d  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  

Chemical risks a r i s e  from t h e  p o s s i b i l i t y  of  c r e a t i n g  

. u n a v o i d a b l e  exposure  of 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 .  

( 2 )  - 
b. What a re  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  rlsks: 

The procedure  t o  b e  used w i l l  a t t e m p t  t o  minimize t h e  chance of  any 
chemica l  risks and  t o  prevent  any r a d i a t i o n  exposure  above t h e  amount s t a t e d  
p r e v i o u s l y .  The r a d i o a c t i v e  n i t r o g e n  and argon w i l l  be 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. 
gamma-ray s o u r c e  (LINAC e l e c t r o n  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 ,  samples  of t h e  g a s  w i l l  be t a k e n  and ana lyzed  immediately f o r  
ozone and n i t r o g e n  d ioxide .  Only when t h e s e  a n a l y s e s  are completed w i l l  t h e  
u i x t u r e  be added t o  oxygen and b r e a t h e d  by t h e  s J 5 j e c t .  Expired g a s e s  w i l l  be 
d i r e c t l y  vented  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  exposure.  
S u b j e c t  d o s e s  will be c a l c u l a t e d  by s t a n d a r d  methods (1) as t h e  major 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  be measured d i r e c t l y .  

Only v e r y  p u r e  g a s e s  w i l l  be exposed t o  t h e  

Procedures  rill f o l l o w  t h o s e  e s t a b l i s h e d  ea r l i e r  i n  work u n i t  
~0099PX.OlA.0001. I n  t h o s e  exper iments ,  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  case. E x t e r n a l  d o s i m e t r y  of  
t es t  s u b j e c t s  showed no d e t e c t a b l e  r a d i a t i o n  dose ( l e s s  t h a n  0.01 r a d ) .  
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 rad .  

F i n a l  

c. Khat b e n e f i t  w i l l  s c i e n c e  or 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 ?  

No d i r e c t  b e n e f i t s  will b e  r e a l i z e 2  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  
r;ay be r e a l i z e d  by V.S. K 2 v y  d i v e r s ,  a group t h a t  i s  expec ted  t o  p r o v i d e  t h e  
m 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  des igned  t o  p r o v i d e  d a t a  on t h e  r a t e  of 
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n i t r o g e n  uptake  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  
anong d i v e r s  i s  thought  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 r o e  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 
decompression s i c k n e s s  i s  approached by adherence  t o  decompression t a b l e s  t h a t  
a r e  c a l c u l a t e d  t o  match the r a t e  of n i t r o g e n  removal v i t h  the 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 proposed s t u d y  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  hWiI t o  p r o v i d e  t h e  s a f e r  decompression t a b l e s  r e q u i r e d  by 
t h e  Navy. 

d. Have t h e  r e q u i r e d  e lements  of informed consent  been s a t i s f i e d ?  
Discuss  how t h e  c o n s e n t  w i l l  be o b t a i n e d  and a t t a c h  a copy of  t h e  c o n s e n t  
fom.  

Consent forms for b o t h  NMRI and t h e  Lavrence Livennore L a b o r a t o r y  a re  
a t t a c h e d .  
r i s k s ,  and r e s u l t s  t o  date. I n  p r e v i o u s  e x p e r i m e n t s ,  t h e  b r i e f i n g  q u e s t i o n s  
and d i s c u s s i o n  have r e q u i r e d  1-3 h r  f o r  e a c h  e x p e r i m e n t a l  s u b j e c t .  

P o t e n t i a l  s u b j e c t s  w i l l  be b r i e f e d  a t  b o t h  si tes on t h e  p r o c e d u r e s ,  

e. Are t h e  p r o c e d u r e s  e s t a b l i s h e d  and a c c e p t e d  n a t i o n a l l y  and l o c a l l y  
and are t h e y  f o r  t h e  p a t i e n t ' s  b e n e f i t ?  

The i s o t o p e  p r e p a r a t i o n  and d e t e c t i o n ,  and the r a d i a t i o n  d o s i m e t r y  are 
e s t a b l i s h e d  and a c c e p t e d  a t  t h e  Livermore Labora tory .  
s p e c i a l i z e d  and u s e  u n u s u a l  f a c i l i t i e s ,  so DO n a t i o n a l  s t a n d a r d  is  p o s s i b l e .  
The b r e a t h i n g  equipment i s  assembled w i t h  components common t o  pulmonary 
physiology l a b o r a t o r i e s .  
f o r  t h e i r  i n d i v i d u a l  b e n e f i t .  

The p r o c e d u r e s  are 

The s u b j e c t s  a r e  h e a l t h y  and t h e  p r o c e d u r e s  are n o t  

REFERENCES 

1. Ozaki, C.B. (memorandum from t h e  Lawrence Livermore L a b o r a t o r y  t o  Paul 
Heyer).  
37-Ar, and 85-Kr. Yay 23, 1980. 

E s t i m a t i o n  of t o t a l  absorbed d o s e s  from i n h a l a t i o n  of  13-N, 15-0, 

2. The e f f e c t s  on p o p u l a t i o n  of exposure  t o  low l e v e l s  of i o n i z i n g  r a d i a t i o n .  
N a t i o n a l  Academy of S c i e n c e ,  R a t i o n a l  Research  Counci l ,  Washington, D.C. 



DEPARTMENT O F  T H E  NAVY 
NAVAL MEDICAL R E S E A R C H  I N S T I T U T E  
N A V A L  M E D I C A L  C O M M A N D  N A T I O N A L  C A P I T A L  R E G I O N  

B C T H E S D A  MD Z O ~ I d  

CONSEKT FOR VOLUNTARY PARTICIPATIOK 
I N  AK EWERIMEhTAL STUDY 

Date:  

1. I ,  , HAVE BEEK ASKED TO VOLUNTARILY 
PARTICIPATE I N  A RESEARCH STUDY. 

2 .  THIS PROJECT I S  SUBTITLED, " 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  design."  

3. THE PURPOSE OF THIS RESEARCH STUDY HAS BEEK EXPLAINED TO HE. I 
u n d e r s t a n d  t h a t  t h e  s t u d y  is d e s i g n e d  t o  measure  how f a s t  i n e r t  gas e n t e r s  and 
l e a v e s  p a r t s  of t h e  human body. 
d i v e r  decompression s c h e d u l e s .  

T h i s  i n f o r m a t i o n  i s  needed t o  d e v e l o p  s a f e r  

4. I WILL BE YAINTAIND I N  THIS STUDY FOR A PERIOD OF one y e a r .  

5 .  THE PROCEDURE FOP TEIS STUDY HAS BEEK EXPLAINED TO ME AS FOLLOWS: I w i l l  
t r a v e l  t o  t h e  Lawrence L i v e m o r e  L a b o r a t o r y  where I w i l l  b r e a t h e  a m i x t u r e  of 
g a s e s  t h a t  i n c l u d e  r a d i o a c t i v e  n i t r o g e n  a n d / o r  r a d i o a c t i v e  argon. Dur ing  the 
b r e a t h i n g  (up t o  2% h r )  I will b r e a t h e  t h r o u g h  a mouthpiece,  Gear  nose  c l i p s ,  
and sit v e r y  s t i l l  i n  f r o n t  of t h e  r a d i a t i o n  d e t e c t i o n  equipment. I may be 
asked  t o  r e p e a t  the s t u d y ,  and I may r e c e i v e  a s t a n d a r d  x-ray f o r  r e f e r e n c e  
purposes .  

6 .  SPECIFICALLY, I AM AWARE THAT THE EhTIRE PROCEDURE I S  EXPERLMERTAL. 

7 .  THE IhlESTIGATOR HAS INFORMED ME THAT A TOTAL OF 4 TO 10 SUBJECTS WILL BE 
ENROLLED I N  THIS PROJECT THIS YEAR. The s u b j e c t s  will b e  a c t i v e  d u t y  U.S. 
Xavy p e r s o n n e l ,  p r i m a r i l y  male d i v e r s  f r o n  t h e  Kava1 Medical Research  
I n s t i t u t e  (h?EI). 

8. THE RISKS THAT ARE POSSIBLE ARE AS FOLLORS: There is a small r i s k  of 
b r e a t h i n g  a c h e m i c a l l y  harmful  g a s  s u c h  as ozone o r . n i t r o g e n  6 i o x i d e .  
uoders tand  t h a t  t h e  g a s  w i l l  be a n a l y z e d  f o r  t h e s e  s u b s t a n c e s  b e f o r e  I 
b r e a t h e  i t .  T h e r e  i s  a r i s k  o f  i l l n e s s  f r o n  t h e  r a d i a t i o n  exposure .  The 
Exposure will be k e p t  below 0.5 r a d ,  which i s  b e l o v  t h e  amount of r a d i a t i o n  
al lowed by law fo r  people  who work in r a d i a t i o n  occupat ions .  
b e l i e v e ,  however, t h a t  even such  s m a l l  d o s e s  of r a d i a t i o n  g i v e  a v e r y  s l i g h t l y  
h i g h e r  r i s k  of  c a n c e r  l a t e r  i n  l i f e .  

I 

Some s c i e n t i s t s  

9. THIS R E S W C H  WILL NOT BE OF DIRECT BEHEFIT TO ME; HOWEVER, THE RESLITS 
MAY PROVIDE IMPORTANT INFORMATIOK OF BEKEFIT TO OTHERS. 

10. I AM AWARE THAT THIS STL.Y YAY IhTOLVE RISKS TO YX (OR TO THE EMBRYO OR 
FETUS I F  1 BECOY3 PFXGKAXT) THAT AF.E CURREhTLY VKFORESEEABLE. I AI! AWARE THAT 
I SHOULD PROPTLY ADVISE THE IhT'ESTlGATOR I F  I BECO?Z PREGGAhT OR COSTW'LATE 
BREAST-FEEDIKG . 
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11. 
THIS STUDY, OR WITHDRAW AT h N  TIHE. 

BECAUSE THIS IS hOT A KEDICAL TREATMENT, I MAY DECLIh’E !%ROLLHEKT IhTO 

12, 
WEATHERSBY AT 295-5898. 

IF I HAVE ANY QUESTIONS CONCERNING THIS RESEARCH STLVY, I HAY CGhTACT DR. 

13. 
ENROLL, NO LOSS OF BENEFITS OR CARE TO WHICH 1 AM ENTITLED WILL OCCUR. 

I UNDERSTAN) THAT PARTICIPATIOK IS VOLUh’TARY AND, IF I DO REFUSE TO 

14. THE INVESTIGATOR HAY TERHINATE Hy PARTICIPATION IN THIS STUDY FOR ANY 
REASON AT HIS DTSCRETIOK. 

15. IF I SHOULD DECIDE TO WITHDRAW FROM THE RESEARCH S m Y ,  I WILL NOTXN DR. 
WEATHERSBY AT 295-5898 TO ENSURE Ah’ ORDERLY TERMINATION PROCESS. 

16. 
EFFECT MY WILLINGNESS TO PARTICIPATE FLTRTHER MILL BE EXPLAIKED TO ME. 

ANY NEW SIGNIFICANT FIhQING DURING THE COURSE OF THE RESEARCH R 4 T  HAY 

17. IN ALL PUBLICATIONS AND PRESENTATIOKS RESULTING FROK THIS RESEARCH STUDY, 
MI: ANOhrYMITY IS GUARAKTEED, ALTHOUGH I REALIZE THAT AN APPROPRIATE AUTHORITY 
HAS THE RIGHT TO INSPECT THE RECORDS. 

18. 

RESULTS FROM MY PARTICIPATIOX IN THJS STLjDY. 

I REALIZE THAT BECAUSE I AM Oh’ ACTIVE DUTY, THE DEPARTPEEKT OF DEFEKSE 
WILL PROVIDE BOTH SHORT-TERM Aha LONG-TED: MEDICAL CARE FOR Ah” IKJURY THAT 

19. I CERTIFY THAT I RAVE R.EAD AND RECEIVED A COPY OF THIS CONSENT FORH 

SUBJECT INITIALS 

DATE SIGNED 

WITNESS SIGKATURE 

TYPED NAME - RANK - S.S. P 

SUBJECT SIGKAWRE 

TYPED NhKE - STATUS 

INVESTIGATOR SIGKATLXE 

TYPED NAHE - WAX - S.S. # 
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October 0 ,  I984 
To: IRB File on P. Meyer Project 
From: Fred Hatch, Chair, IRB 
Subject: Update on review of project 

E T ~ Z ~ L ,  )'-' 

Our concern about this project, specifically the elective 
administration of somewhat less than 0.5 rem of radiation, has 
been discussed extensively with IRB members George Lawton and Sam 
Cole, Legal Office attorney Max Creamer, and with CDR L. Yaffee, 
Chair of the IRB at the NMRI. In addition a state-of-the-art 
risk estimate far lung cancer has been made by Lynn Anspaugh of 
ENV Division. This risk estimate lies between 1 per 10E5 and 1 
per 'lOE4. The risk is not negligible by some people's 
interpretation; and Dr. Anspaugh (also Art Toy of H.C.) question 
whether LLNL should go through with this experiment. 

On the basis of the above discussions, I have drawn the 
following conclusions. 1 )  NIH guidelines will be complied with 
provided the consent form (revision attached) sets forth the risk 
clearly; 2 )  The ethical concern is largely removed by following 
NIH guidelines, by having in hand the approval by the IRB at 
NMRI, and by assuring ample discussion of the procedures and 
attendant risk at a briefing session before the experiments take 
place; 3) The institutional risk to LLNL and the University 
cannot be mitigated, but is considered acceptable to the Legal 
Office provided a very thorough file on the experiments, 
including all dosimetric data, is maintained in the IRB Office 
(in a form that will be usable many years hence when any 
consequent litigation may occur). 

Based on discussions and literature provided by P. Meyer, I 
can state that there is significant potential benefit from this 
project to the diving profession, both in the military and in 
civilian activities. The results obtained in previous work on 
this project have been published in scientific journals and 
presented at various meetings, so they are made freely available 
to the public. 

The draft approval memorandum from V. Shepherd to P. Meyer 
dated 27 A u g . ,  1984 will be revised to include the above 
admonition regarding complete file preparation and submission to 
the IRB, use of both NMRI and LLNL (revised) consent forms, and 
brought to current date. 

Paragraph 3 of the LLNL consent form shall be revised to 
read as follows: 

**I understand that the following risks and discomfort may 

a. discomfort from breathing through a mouthpiece for up 

b. Any exposure to ionizing radiation carries a small 

result from the procedures: 

to 2 hours. 

risk of causing cancer--in this case potentially o f  the lung or 
trachea where most of the dose is delivered. The best estimate 
of the risk of this procedure lies between 1 chance in 100,000 
and 1 chance in 10,000. The radiation exposure in this procedure 
will be less than 0.4 rem. This amount is slightly below the 
Federal exposure limit for annual exposure of the general 



population; is one-tenth of the permissible annual exposure of 
radiation workers; and is approximately twice the natural 
background radiation received in most geographical areas of the 
United States." 

Paragraph 6 of the LLNL consent form shall have the 
following sentence added at the end. 

"The findings will be of significant benefit to the 
diving profession in the future, and will be made available as 
soon as the studies are completed." 



ENVIRONMENTAL SC-?NCES DIVISION 

lnterdepartmental letterhead 

Mailstation L- 453 

f x t :  23840 

September 13,  1984 

To : Fred Hatch 

From: Lynn Anspaugh 

Subjec t :  R i s k  of Developing Lung Cancer Following a 
Dose of 0.45 r a d  

A t  your r e q u e s t ,  I have examined what t h e  p r o b a b i l i t y  
might be of developing lung cancer  fo l lowing  a dose of 
0.45 rad .  The most r e c e n t  c o n s i d e r a t i o n  of t h i s  problem h a s  
been done by R a l l ,  et G . ,  (Ref. 1) i n  o r d e r  t o  d e r i v e  p r o b a b i l i t y  
of causa t ion  f o r  i n d i v i d u a l s  who have a l r eady  developed cancer .  

For lung cance r ,  R a l l ,  _.- e t  a l . ,  have adopted a nonthreshold 
l i nea r -quadra t i c  dose-response model t o  a i d  them i n  c a l c u l a t i n g  
b a s i c  r i s k  c o e f f i c i e n t s  from t h e  rad ioepidemiologica l  s t u d i e s  
done on people  who r ece ived  h igh  doses  of r a d i a t i o n .  
t a b u l a t e d  r i s k  c o e f f i c i e n t  f o r  lung  cancer f o r  men exposed 
a t  ages  of 20 t o  34 y e a r s  i s  0 .116  excess  c a n c e r s  p e r  1 0 0 , 0 0 0  
persons per  year  pe r  r ad  f o r  l o w  doses  of low-LET r a d i a t i o n  
(Table V I - 1  on p. 9 7 ) .  Th i s  number i s  based upon follow-up 
of i n d i v i d u a l s  over  t h e  pe r iod  of 1 0  t o  30 y e a r s  p o s t  exposure 
and accounts  f o r  a presumed l a t e n t  pe r iod  of 1 0  y e a r s .  Thus, 
if w e  assume an i n d i v i d u a l  i s  exposed a t  t h e  age  of 20  y e a r s  
and w e  want t o  c a l c u l a t e  t h e  r i s k  of developing lung cancer  
over t h e  nex t  50 y e a r s ,  t h e  r e s u l t  i s  

The i r  

0.45 rad  x (50-10) y r s  = 2xlO-’ 
X 

0.116 
1 0 0 , 0 0 0  personsoyrorad 

This  approach d i f f e r s  somewhat from t h a t  taken by t h e  
Nat iona l  Research Counci l ’ s  Committee on t h e  B i o l o g i c a l  E f f e c t s  
of I o n i z i n g  Radia t ion  (BEIR)  i n  t h e  B E I R - I 1 1  r e p o r t  (Ref. 2 ) .  
They used a nonthreshold l i n e a r  dose-response model t o  c a l c u l a t e  
a r i s k  c o e f f i c i e n t  and de r ived  a va lue  of 2.45 excess  cases  
pe r  m i l l i o n  persons pe r  yea r  p e r  r ad  f o r  males aged 20  t o  34 
y e a r s  a t  exposure 11 to 30 y e a r s  a f t e r  exposure.  The r i s k  
c a l c u l a t e d  from t h i s  is  then  

0.45 r ad  x (50-10) y r  = 4 x 1 0 - ~  
X 

2.45 
1 , 0 0 0 , 0 0 0  personsoyrorad 

Universit y of California 
E l  Lawrence Livermore L National Laboratory 
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I n  my opin ion ,  t h e s e  r i s k  c a l c u l a t i o n s  are s u b j e c t  t o  
a g r e a t  d e a l  of u n c e r t a i n t y .  The t r u e  r i s k  might be zero  a s  
r a d i a t i o n  has  n o t  been demonstrated a s  a ca rc inogen ic  agent  
a t  such low doses  (Refs.  2 and 3 ) .  The t r u e  r i s k  might a l s o  
be  s u b s t a n t i a l l y  h igher  as d a t a  f o r  fo l low up p e r i o d s  beyond 
30 y e a r s  a r e  considered.  My understanding from Mort Mendelsohn 
is  t h a t  t h e  r a t e  of occurrence of excess  c a n c e r s  a t t r i b u t a b l e  
t o  r a d i a t i o n  is i n c r e a s i n g  a s  t h e  Japanese A-bomb su rv ivo r  
popula t ion  ages  beyond t h e  30-year follow-up p o i n t .  

I would conclude t h a t  a r easonab le  e s t i m a t e  cg t h e  exceq  
r i s k  of lung cancer  from 0.45  r ad  i s  between 1x10 and 1x10 . 

P r e s e n t l y ,  I have no knowledge of t h e  b e n e f i t s  of t h e  
proposed s tudy  wherein members of t h e  Armed Forces might r e c e i v e  
such doses .  
area of r i s k  t o  LLNL. A t  t h e  p r e s e n t  t i m e ,  t h e  Univers i ty  
i s  be ing  sued by many (hundreds?) of "atomic ve t e rans"  who 
a l l e g e  i n j u r y  from doses  sma l l e r  t han  0 . 4 5  rad .  They, and 
t h e  "downwind people" ,  a l l e g e  t h a t  they  w e r e  "human guinea 
p igs"  and t h e  U S  Congress has  supported t h i s  a l l e g a t i o n  (e .g . ,  
R e f .  4 ) .  The atomic v e t e r a n s  and t h e  downwind people a l l e g e ,  
Of cou r se ,  t h a t  t h e i r  doses  w e r e  much h ighe r  (without  v a l i d i t y ,  
i n  my o p i n i o n ) ;  and you can be s u r e  t h a t  t h e  new "guinea p igs"  
w i l l  a l so  a l l e g e  i n  y e a r s  subsequent t h a t  t h e i r  doses  were 
much h ighe r  than  0 . 4 5  rad.  

However, I do want  t o  c a l l  your a t t e n t i o n  t o  ano the r  

A s  s e v e r a l  of t h e s e  "atomic ve t e ran"  c a s e s  are now i n  
l i t i g a t i o n  and t h e  Veterans Adminis t ra t ion  h a s  a l r eady  provided 
compensation f o r  harm a l l e g e d  t o  be  due t o  r a d i a t i o n  doses  
of less than  one r a d ,  I t h i n k  t h e  conduct of such a s tudy  on 
humans would be ill advised .  I t  is c l e a r  t h a t ,  a t  t h e  p r e s e n t  
t i m e ,  a ve t e ran  cannot  sue  t h e  US government f o r  i n j u r y  a l l eged  
t o  have r e s u l t e d  f r o m  such exposure and h i s  r e c o u r s e  would 
be t o  sue  t h e  Un ive r s i ty  of C a l i f o r n i a .  

If such s t u d i e s  are carried o u t ,  I sugges t  t h a t  h e r o i c  
measures be made t o  document t h e  dose  r ece ived  by every 
i n d i v i d u a l  and t h a t  a committee of q u a l i f i e d  persons review 
such c a l c u l a t i o n s  and p l a n s  b e f o r e  anyone i s  exposed. 
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