
October 25, 1984 

P. K. Clark 
Energy Programs Division 
R i  chl and Opera t i  ons Off ice  
U. S. Department of Energy 
216 Federal B u i l d i n g  
Richland, Washington 99352 

Dear Paul a: _ _ _  

The enclosed i s  a copy o f  the  material on human experimentation s o l i c i t e d  
by OHER s t a f f  f o r  transmission t o  Representative Ott inger ,  which I picked 
up dur ing  a recent visi t  t o  DOE Headquarters. Much of our i n p u t  i s  
included i n  modified form. I understand t h a t  t he re  may be some network 
coverage o f  this  issue soon w i t h  Jim Kane, Or. Trivelpiece 's  deputy, 
i ntervi  ewed. 

. .  
Sincerely,  

Sidney Marks ,' M.D. 
Associate Manager . 
Environment , Health and 

Safety Research Program 

SM: gm 

Enclosure 

bee: WJ 8 a i r  
RP Marshall. 
BL Matthews 
f i 1 e / l  b 



*see previous concurrences 

T h i s  i s  i n  response t o  your l e t t e r  requesting c e r t a , ~  fnfomation about project 
Involving hunran test  subjects  and radiat ion t h a t  have been funded by the 
Oepa&inent of Energy and its predecessor agencies. 

An enclosed memorandum out1 ines t h e  approach t h a t  was taken t o  assemble t h e  
pertinent i n f o m a t i o n  and lists i n  chronological order the Goverment o f f i c i a l s  
tesponsi b l  e fo r  the studies. 

Also enclosed a r e  summaries o f  the projects ,  grouped by Wpic. 
* 

. .  

\le t r u s t  t h a t  this in fomat ion  w l l l  be useful to  you i n  your in.vestigati,on. WE 
cont inue t o  search fo r  addi t ional  i n f o n a t i o n  and w i l l  forward such informatior 
if It covers projects not reported by this l e t t e r .  

Honorable RIchard L. O t t i  nger 
Chai manB Subcmf  t tee  on Energy 

Conservatlon and Power 
House o f  Representatives 
Washington, D.C. 20515 

Dear Mr. Chaifian: . 
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ER-73 

INFORE.1ATION: Response to  Request f rom Honorable Richard L. O t t  nger 

The Secretary 

This memorandum and the at tached summary fact sheets have been prepared i n  
response t o  Mr. Ottinger's 1 e t t e r ,  requesting cer ta in  information about 
projects  i nvo lv ing  human test  subjects and radiation t h a t  have been funded 
by the Departnent of Energy and i t s  predecessor agencies. 

Medical rad ia t ion  research has been conducted f o r  many years f o r  a var ie ty  
of reasons, I n  some projects ,  such as t h e  production and use o f  plutonium 
during the war years,  there  was an urgent need t o  obtain radiobiological  
data on ce r t a in  radfonucl ides for  the purpose o f  establ ishing s a f e t y  
c r i t e r i a  f o r  protection of i nd iv idua l s  i n  the wrkplace .  In other  research 
i t  was c l e a r  t h a t  the use of radiat ion provided considerable improvement i n  
the treatment of cer ta in  human diseases, such as cancer. I n  addi t ion,  t h e r  
was a l s o  a need for basic knowledge a b o u t  the biological  e f fec ts  produced t 
deternine whether repair  o f  biological  damage occurred, and t o  a s c e r t a i n  t h  
t r e a t n m t s  necessary t o  promote recovery of the i ndi v i  dual s who had been 
exposed. Thus,  depending upon the magnitude of the problem, there  were 
instances i n  which humans were exposed to  radiation f o r  the purpose o f  
determining the re1 at ionship between biological  e f f e c t s  and rad ia t ion  dose, 
t o  deternine the metabol i srn, deposition, and e l  imination of r a d i o a c t i v e  
substances o f  i n t e r e s t  which had been inhaled o r  ingested by the individual  
o r  to  demonstrate the e f f e c t i v e n e s s  o f  radlat ion i n  the  treatment of cancer 
o r  other d l  seases. 

P r i o r  t o  the time tha t  fornal  w i d e l i n e s  were prom1 gated, there  was a 
general p rac t ice  U i n f o n  p,art icjpants i n  human volunteer studies w i t h  
respect to  the purpose o f  the' experiment and t h e  potential  hazards  fnvol vel 
In c l i n i c a l  s tudies  r e l a t e d  t o  t h e  use of radiation or rad ioac t iv i ty  f o r  
medical treatment purposes, such information was provided as a mat ter  of 
routine. In addition, no proposed treatment protocol by an individual  
physician could be used without approval of a1 1 the cl lnical  s t a f f .  In 
November 1966, the  Advisory Committee f o r  Biology and Medicine recommended 
t o  the AEC t h a t  fornal procedures be establ ished In AEC l a b o r a t o r i e s  t o  
ensure t h a t  e th ica l  pract ices  then extant were followed w i t h  respec t  t o  use 
of human volunteers  f o r  research purposes. 
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In December o f  1366, Dr. Charles  L. Dunham, t hen  Director o f  the Divislon of 
Biology and Medicine, d i r e c t e d  the program directors  of the l a b o r a t o r i e s  t o  
consider current laboratory pract ices  and revise thefr procedures, i f  -. -. 
necessiipy, .to comply with the code o f  e t h i c s  which the Surgeon General had 
i nstl tuted. 

. ,  

Subsequently, i n  1970, Dr. John R. Tot t e r  no t i f i ed  t h e  l abora to r i e s  t h a t  t h e  
AEC had o f f i c i a l l y  adopted t h e  National I n s t i t u t e  of Health procedures which 
were described i n  the  booklet  en t i t l ed  "Protection of the Individual a s  a 
Research Subject." A t  an e a r l y  t h e ,  therefore ,  the AEC and i t s  labora- 
t o r i e s  were cognizant o f  and sensitive t o  t h e  need f o r  implementation o f  
procedures t o  ensure a responsive code of ethics i n  t h e i r  research programs. 

The information t h a t  i s  sumnarized on the attached f a c t  sheets was 
obtained from several  sources. The more recent projects  are  docuinented i n  
f i l e s  a t  DOE Headquarters i n  Gemantown, Maryland. For  others, i t  was 
necessary t o  request our f i e l d  o f f i c e s  t o  obtain f a c t  sheets from cu r ren t  or 
previous contractors. In some instances, the infomation has been obtained 
from summary reports or f r m  data pub1 ished i n  the open 11 terature .  
Per t inent  in fomat ion  i s  recorded i n  the proceedings of two previous 
congressional invest igat ions:  (1) Hon. C h e t  Hol i f ie l  d (Chainan),  
Appl f ca t lons  o f  Radio-isotopes and Radiatfon fn the L i fe  Sciences, Hearings 
before the Subconanittee on Research, Development and Radiation o f  the J o i n t  
Committee on Atonlc Energy, March 27-30, 1961, and (2 )  Hon. Albert Gore, Jr, 
(Chairman), Oversight - Human Total Body I r r ad la t ion  (TS1)'Program a t  Oak . 
Ridge,- Hearfng before the Subcomi t tee  on Invest igat ions and Oversight  of 
t he  House Committee on Science and Techno1 ogy, September 23, 1981. 

The i n f o n a t l o n  cu r ren t ly  avai 1 ab1 e i s  necessari ly incmpl e te ,  i n  p a r t  
because o f  the length 'of  tfne t h a t  has elapsed since the beginnfng of these 
studies. Many o f  the o r ig ina l  records a re  cu r ren t ly  unavai 1 ab1 e because 
they have been l o s t  o f  destroyed. However, a1 though i t  is  poss ib l e  t h a t  
some addi t ional  studies will s t i l l  be found, i t  seems un l ike ly  that  any 
s ign i f i can t  project  has been omf tted. 

The r epor t s  have been grouped i n t o  the following categories: 

1. Metabolism and Bfol ogical  Effects o f  Plutonfurn, Polonium, 
Thori um , U rani urn, .Radi urn, and Lead-212' 

2. T e s t i c u l a r  I r r a d i a t i o n  * 

3. Glhole-body I r r a d i a t l o n  f o r  Treatment o f  Leukemia and Lymphoma 
4. Teletherapy w l t h  P a r t i c l e  Beams 
5. Other Tel etherapy Studies  
6. Treafment of Polycytheml a 
7. Hematological E f f e c t s  
8 .  Neutron Capture Therapy 
9. Other Radiation Therapy 
10. Biological Effects o f  Iodine131 
11. Other Bfological Effects Studies  
12. Metabolic and Physiological Studies 
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The tesponslble govermcnt o f f i c i a l s  for these studies are l i s t e d  bel- * . .  * -  

. .  i n  chronol oglcal order: 
I .  

Period - Nalw - 
D I r l r l o n  

or 
O f f i c e  title - 

42-45 
45-47 
47-52 ' 

52-54 
54-67 
67-72 
72-77 
77-8 1 
81-date 

S t a f f o r d  L. h r r e n ,  M.D.* plm 
Robert 5. Stone, #.De* 3ED 
Shields Uarren, !LO.* AEC 
John C. Bugher, M O D . *  AEC 
Charles 1.. Dunham, M.D.* AEC 
John R. Tot ter ,  #.Do AEC 
James L. Liveman, Ph.D. AEC/ERDA 
Y i l l f i w  w. B U R ,  H.D. DOE 
Charles Y. Edlngton, Ph.D. DOE 

DBH Df  rector 
DBM 01 rector 
DBM Of r e c t o r  
OB# 01 rector 
DBER DI rector 
DBER/OHER Act01 r/Df rector 
OHER ActOi r/ActAssoc 

D I  rector/Assoc 
D I  rector 

*deceased 

Abbmvl a t 1  ons: 

Mu] - Manhattan Engineer D l r t r i c t  (1942-1945) 
AEC - Atomic Enerqy. C o u d  osion (1945-1975 1 
ERDA - Energy Research L Developlncnt Administration (1975-1977) 
DOE - DepartMnt o f  Energy '(1927-date) 

D E R  - D i v l t l o n  o f  Blomedfcal 1 E n v i m m n t 2 l  Research (1975-1981) 
OHER - Off lce  .of Health and EnrlrorrPental Research (1981-datt) 

D6H - DfVfSiOn O f  Bf010w dr b k d i c l m  (1945-1974) 

bfe trust that  t h l s  Informatlon v i 1 1  be useful t o  Mr. Ott lngcr I n  h i s  i n v e s t i -  
gation. blc continue to search for addlt lonal I n f o m a t i o n  and w i l l  forward 
such Informatlon it It c o v e n  projects not reported by t h i s  memotandua. 

A l v i n  11. Trfvelplece 
Director, Off lce  o f  

Energy Research . 

12 Attachnents 
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T k  respnsible g o v e m n t  o f f i c i a l s  for these stdies aze listed below 
i n  chronological order: 

Division 
or 

Off ice T i t l e  - - Na33 Agency - Pzricd - 
42-45 
45-47 
47-52 
52-54 
54-67 
67-72 
72-77 
77-81 
8 1-3, te 

* d d  

Staf ford  L. barren, HOD.* 
Robsrt S. Stone, M.D.* 
Shields Narfen, M.D. 
John C. Bugher, MOD.* 
Charles L. %nhan, H.D.* 
John R. Totter, M.D. 
JaTes L. Liveman, Ph.D. 
W i l l i J r n  W. Burr, X.D, 
Charles N. Edinqton, ?h.D. 

D0M Director 
DBM Director 
mx Director 
I331  Director 
D B R  Director 
D3,LWO:OIIER Act3i r /Di rez to  f 
OIiER ' ActDir/ActAssoc 

Director/Assoc 
Director 

ASbreviations: 

MED - Manhattan Engineer District (1942-1945) 
AEC - Atanic Ensrgy C d s s i o n  (1345-1975) 
ERDA - EnerTf Xsssarch & Developeat  Adcinis t ra t ion (1975-1977) 
WE - W p r t r s n t  of Energy (1977-date) 
D&Y - Division of aiologir & Mcdicine (19451974)  
DEER - Division oC B i d i c a l  & E n v i r o m n t a l  Researct~ (1375-1981) 
OW€! - O f f i c e  of Health and Enviromental  R c s 2 a r c h  ( 1 9 8 1 4 a t s )  

tk t r u s t  that th i s  i n f o n a t i o n  will be useful to  you i n  your invest igat ion.  
F;e continue to search for add i t iona l  infoanation a d  w i l l  forward such 

c l n f o m a t i o n  if it covers  proj2cts not  r e p r t d  by this letter, 

Q3 Sincerely,  

0 
0 

a- 

5 

MTrLD PAUL HODEL 

cc: Honorable Carlos  J. tmrhead  
Ranking Minority ranbet 
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June  7 ,  1984 - 

Honorable Donald P. Hodel 
Sec r e t a r y  
Department of Energy 
F o r r e s t a l  B u i l d i n g  
Washington, D.C. 20585 

Dear Mr. S e c r e t a r y :  

As you know, t h e  Subcommittee is  i n v e s t i g a t i n g  t h e  h e a l t h  and 
s a f e t y  p o l i c i e s  of t h e  Department of Energy. Your a s s i s t a n c e  i s  
reques t ed  f o r  t h i s  e f f o r t .  P l e a s e  p r e p a r e  a l i s t  of each human 
e x p e r i m e n t a t i o n  p r o j e c t  i n v o l v i n g  human t e s t  s u b j e c t s  and 
r a d i a t i o n  t h a t  h a s  been funded by t h e  A t o m i c  Energy Commission, ’ t h e  Energy Research and Development A d m i n i s t r a t i o n  and/or DOE. 

The l i s t  should  i n c l u d e ,  f o r  each p r o j e c t :  

1. t h e  p r o j e c t  name, t h e  f a c i l i t y  ( i e s )  a t  which it was 
conducted ,  and t h e  d a t e s  d u r i n g  which it Was conducted;  

2. t h e  medical  manager of t h e  p r o j e c t ,  as w e l l  a s  t h e  
c o n t r a c t i n g  o f f i c e r  w i t h i n  AEC, ERDA, an2 DOE who was 
r e s p o n s i b l e  f o r  moni tor ing  t h e  p r o j e c t ;  

‘ 3 .  a b r i e f  d e s c r i p t i o n  of t h e  t e s t s ,  wha t  was done t o  t h e  
p a r t i c i p a n t s ,  i n c l u d i n g  t h e  o b j e c t i v e s  of t h e  
exper iments ,  bo th  t h e r a p e u t i c  and exper imenta l ;  

4 .  t h e  p o l i c y  and s p e c i f i c  methods f o r  follow-up and 
long-term t r a c k i n g  of  t h e  p a r t i c i p a n t s  i n  t h e s e  p r o j e c t s .  
Please n o t e  if no follow-up review or  long-term t r a c k i n g  
was conducted. 
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Honorable Donald P. Hodel 
June  7 ,  1984 
Page Two . 

I n  a d d i t i o n  t o  t h e  human expe r imen ta t ion  p r o j e c t s  which t h e  
AX, ERDA, a n d l o r  DOE commissioned, p l e a s e  s p e c i f y  each p r o j e c t  
t h a t  t h e s e  a g e n c i e s  provided  s u p p o r t  f o r  or conducted j o i n t l y  w i t h  
o t h e r  agenc ie s  such a s  NASA, t h e  Defense Atomic  Support  Agency, 
and t h e  Defense Nuclear Agency Of t h e  Department of Defense. 

response by June  25 ,  1 9 8 4 .  I f  t h e r e  a r e  any q u e s t i o n s  r ega rd ing  
t h i s  r e q u e s t ,  p l e a s e  c o n t a c t  J e a n i n e  H u l l ,  Subcommittee c o u n s e l ,  
at 226-2424. 

. 

Your c o o p e r a t i o n  i s  a p p r e c i a t e d .  P l e a s e  provide  your 

S i n c e r e l y ,  

Richard  L. O t t i n g e r  
Chairman 

.- 
-. 
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SUMMARY FACTSHEET H W  EXPERIHENTATION SFSl .001 

Funding Source(s): MED 
AEC (one p a t i e n t )  

.............................................................................. 
I n s t i t u t i o n ( s ) :  U n i v e r s i t y  o f  Rochester, U n i v e r s i t y  o f  Cal i f o r n i a ,  
U n i v e r s i t y  o f  Chicago, C1 i n t o n  Labora tor ies  (Oak Ridge) 

P r i n c i p a l  I n v e s t i g a t o r :  Robert S. Stone 

.............................................................................. 
O b j e c t i v e ( s 1  o f  P r o j e c t :  To determine the exc re t i on  r a t e  o f  p lutonium i n  man 
i n  o rder  t o  p r o v i d e  the i n f o r m a t i o n  necessary f o r  s e t t i n g  safety c r i t e r i a  f o r  
the several thousand MED workers hand1 i n g  p l u t o n i  um. 

Shor t  Description:, During the p e r i o d  4-10-45 t o  7-18-47 a t o t a l  o f  18 p a t i e n t s  
with an est imated l i f e  expectancy (because o f  e x i s t i n g  disease) o f  l e s s  than 
10 years were i n j e c t e d  w i t h  on the average 0.3 m ic rocu r ie  o f  plutonium-239 
o r  -238 (range: 0.05 t o  6 m ic rocu r ie )  at:  MED Hosp i ta l ,  Oak Ridge, TN 
(1 p a t i e n t ) ;  S t r o n g  Med. Hosp., Rochester ,  NY (11); B i  1 1  i n g s  Hosp., U. o f  
Chicago, IL ( 3 ) ;  Univ .  Hosp. UCSF, San F r a n c i  sco, C A  ( 3 ) .  

The p a t i e n t s  i n c l u d e d  13 males and 5 females. 
and 3 blacks. 
o l  d. 
severa l  weeks a f t e r  i n j e c t i o n .  
e f f o r t s  t o  f i n d  the best mathematical parameters. 

By race there were 15 wh i tes  
The ages o f  13 were 45-65 years, 4 were 18-45 and one was 4 y e a r s  

Body excre t ions  were c o l  1 ec ted  and measured f o r  p lutonium conten t  f o r  
These data have been analyzed many t imes i n  

F o l  low-up Data: Six o f  the p a t i e n t s  d ied  i n  l e s s  than l . y e a r ,  three i n  1 t o  3 
years, three i n  8 t o  14 years, and fou r  a f t e r  20'years. One i s  s t i l l  l i v i n g  
(Oct. 1983) and the s tatus o f  one i s  unknown. None o f  the deaths was r e l a t e d  
t o  p lu ton ium exposure and the re  i s  no evidence t o  suggest t h a t  p lu ton ium 
i n j e c t i o n  i n f l u e n c e d  the course o f  the diseases. The bodies o f  f ou r  of the 
deceased p a t i e n t s  have been s tud ied  f o r  res idua l  p lu ton ium content. W i th  the 
excret ion data these studies p r o v i d e  a basis f o r  es t ima t ing  plutonium body 
burdens f r o m  plutonium u r i n a r y  e x c r e t i o n  rates. ) 



SUMMARY FACTSHEET HUMAN EXPERINENTATION - SFS1.002 

Funding Source(s1: AEC 

Ins t i t u t ion ( s1 :  Massachusetts I n s t i t u t e  o f  Technology 
.............................................................................. 

Principal Investigator(s1: Robley Evans 

Objective(s1 o f  P r o j e c t :  To determine the r e l a t i v e  uptake via the gut o f  
radium and thorium. T h i s  information was considered to  be necessary i n  the 
in t e rp re t a t ion  of the t o x i c i t y  data  of radium d ia l  painters. 

-----------------.-------------------------------------------------.---------- 

Short D e s c r i p t i o n :  During the period 1961-1965, t r a c e r  doses o f  .the short-  
1 ived nucl ides radium224 and thorium-234 were given by mouth t o  20 
volunteers (ages 63 t o  83 y e a r s ) ,  and the r e l a t i v e  absorptions measured. 
Metabolic studies, conducted ove r  a period of 21 days for  Ra and 4 months 
f o r  Th, included,measurements o f  blood, urine, feces  and breath sampl es,  and 
on the whole body and the upper 20% of  the body w i t h  the GI t r a c t  s h i e l  ded. 

0008100 



S W Y  FACTSHEET HUMAN EXPERIMENTATXON - SFSl.003 

Fundi ng Source( s 1 : ME0 /AEC 

Ins t i t u t ion ( s1 :  U n i v .  o f  Rochester (Polonium, Lead 212)  
Los Alamos S c i e n t i f i c  Laboratory (Uranium) 
Massachusetts General Hospital (Uranium) 
Oak Ridge National Laboratory (Urani um) 

--------------------------------------.------.---------------------~---------- 

Principal Investigator(s1: N. E. Si1 berstei n (Polonium) 
J. B. Hursa (Lead-212) 
W. H. Sweet (Uranium) 

.----.-_--_------.--------------.--------------------------------------------- 
Objective(s1 o f  P r o j e c t :  Data on t h e  d i s t r ibu t ion  and metabolism of these 
substances i n  the body was needed f o r  evaluat ion o f  the hea l th  hazards o f  
exposure t o  these and r e l a t e d  substances. 

S h o r t  D e s c r i p t i o n :  I n  1947 a t  Rochester, four human subjects  were in j ec t ed  
intravenously w i t h  0.17 t o  0.3 microcurie of polonium per kg body w e i g h t ,  
and a f i f t h  subject  was given polonium o r a l l y .  Fecal and urinary excretion 
r a t e s  were me as  u r ed. 

In Boston, Hexavalent uranium was given t o  12 terminal brain tumor patients.  
Blood, urine and feces samples were obtained. Tissue -samples were obtained 
a t  biopsy and autopsy and were s tudied a t  Oak Ridge (Oct. 1953-Oct. 1959). 

In 1965 a t  Los A 1  amos the mean t r a n s i t  times fo r  microspheres 1 abel ed w i t h  
uranium-235 through the g a s t r o i n t e s t i n a l  t r a c t  was studied i n  57 normal 
adults.  P a r t i c l e  s i zes  were about 100 t o  a few hundred micrometers 
diameter. The  mean t r a n s i t  times were 34.5 f16 .6  hours. 

In 1967 a t  Rochester, lead-212 was administered by mouth t o  three human 
subjects. Gas t ro in t e s t ina l  absorptions o f  1.3, 8.1 and 16.0% were found. . 
Excretion r a t e s  were compared w i t h  those f o r  two subjects  who received 
lead-212 intravenously. 
was s tudied .  

The uptake and retent ion of lead i n  red blood ce l l  s 

Fol low-up Data: A 1  1 of the brain tumor pa t i en t s  died o f  t h e i r  disease w i t h i n  
l e s s  than one and one-half years  a f t e r  entering the study. No fo l  low-up was 
obtained i n  the other s tudies .  
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S W Y  FACTSHEET H W  EXPERIHENTATION - SFS2 001 

............................................................................ 
Project Category: Effects  o f  Radiation on the Human Testes - 

Funding Source( s) : AEC/ERDA 

I n s t i t u t i o d s ) :  Paci f i c  Northwest Research Foundation, S e a t t l e ,  MA 
--------_--_------------------------.----------------------------------------- 

Principal Invest igator(s) :  Carl C.  Heller (succeeded by Mavis Rowley 

O b j e c t i v e ( s )  of  P r o j e c t :  To obtain data on the e f f ec t s  of ionizing radiat ion 
on t e s t i c u l a r  cytochemistry and function i n  man 

Feb. 27, 1973) -------------.---------------~------------------------------------------------ 

S h o r t  Desc r ip t ion :  During the period August 22, 1963 t o  May 6 ,  1971, 67 
volunteers  a t  the Oregon S t a t e  Prison were subjected t o  t e s t i c u l a r  i r r ad ia t ion  
by 140 kvp X-rays. Radiation doses ranged from 8 t o  600 R i n  s i n g l e  acute 
exposures except t h a t  six were i r r a d i a t e d  a second time, one a t h i r d  time, and 
one was given weekly i r r a d i a t i o n s  of 5 R per week f o r  e leven weeks. 
included s e r i a l  testicul a t  biopsies,  sperm counts, and urinary o r  p l  asma 
s teroid and hormone evaluations;  

Studies 

F o l l  ow-up Data: Camp1 ete  recovery as shown by a return t o  pre- i r radiated s p e n  
concentrations and germinal ce l l  numbers was found t o  be w i t h i n  9-18 months 
f o r  doses of 100 rad and below, 30 months f o r  doses of 200 and 300 rad and 5 
or  more years f o r  doses of 400 and 600 rad. 



SUWARY FACTSHEET H U M  EXPERIXENTATION - SF 52.002 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  C. A l v i n  Paul sen 

O b j e c t i v e ( s )  o f  P r o j e c t :  1) To r e l a t e  r a d i a t i o n  dosage t o  changes i n  gonadal 
funct ion,  2 )  t o  u t i l i z e  the r a d i a t i o n  gonadal changes as means f o r  studying 
p i t u i  t a r y - t e s t i s  i n t e r r e l a t i o n s h i p s ,  3 )  t o  exp lo re  therapeut ic  and medical 
p r o t e c t i v e  measures w i t h  respec t  t o  gonadal i r r a d i a t i o n ,  4 )  t o  exp ore our 
c u r r e n t  concepts concerning r a d i a t i o n  dosage expressed i n  phys ica l  terms and 
t h e i r  r e l a t i o n  t o  b i o l o g i c  e f f e c t s .  

--------------------------------------------------------------------.--------- 

Short D e s c r i p t i o n :  Dur ing the  pe r iod  June 1, 1963 t o  February 1, 1973, 64 
vo lun teers  a t  t h e  Washington State Pr ison were i r r a d i a t e d  by 250 kvp X-rays. 
A f t e r  appropr ia te  base1 i n e  s tud ies were performed, subjects rece ived f r o m  
7.5 R t o  400 R x-ray i r r a d i a t i o n  o r  sham i r r a d i a t i o n  t o  the t e s t i s  only.  
T e s t i c u l a r  b iops ies  were performed p r i o r  to and up to 6 years post- 
i r r a d i a t i o n  t o  assess changes i n  the germinal epithel ium. Seminal’ f l u i d  
specimens were ob ta ined a t  two-week i n t e r v a l  s throughout the study and were 
analyzed f o r  morphologic changes and changes i n  t o t a l  number o f  sperm. 
Ur ine specimens were obtained monthly for  eva lua t i on  o f  hormonal changes. 
Later, when the techniques were a v a i l a b l e ,  serum LH was measured by 
radioimmunoassay. Studies o f  ul t r a s t r u c t u r e  changes i n  t e s t i s  t i ssue  were 
performed us ing  e l e c t r o n  microscopy. Subjects were f o l  1 owed u n t i  1 hormonal 
va lues  re tu rned t o  normal l e v e l s  and u n t i l  sperm counts re tu rned  t o  noma1 
ranges. 
e l i m i n a t e  the  p o s s i b i  1 i t y  o f  d e f e c t i v e  of fspr ing.  Only i n d i v i d u a l  s d e s i r i n g  
vasectomy were accepted f o r  the study; b u t  i n  several  instances the 
vo lun teers  changed t h e i r  mind and d i d  n o t  des i re  a vasectomy a t  the 

study and signed consent forms were obtained f r o m  subjects and f rom spouses 
i f  subjects were married. Subjects were p r i son  inmates only ,  thus 
e l  i m i  n a t i  ng the possi b i  1 i ty o f  concepti  on dur ing the study. 

Vasectomies were performed p r i o r  t o  discharge f r o m  the study t o  

conclusion o f  t h e  study. Subjects were informed i n  d e t a i l  regarding the  .- 

Fol 1 ow-up Data: Recovery o f  c e l l  morphology and f u n c t i o n  were found a f t e r  a 
maximum o f  501 days. 
temporary s t e r i l i t y ,  b u t  i s  very r e s i s t a n t  t o  complete s t e r i l i t y .  

I t  was concluded t h a t  man i s  very  s e n s i t i v e  i n  regard t o  
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SUMMARY FACTSHEET HWN EXPERINENTATION - SFS3.001 

Funding Source(s1: AEC (92%) NASA '(8%) 

I n s t i t u t i o n ( s 1 :  Oak Ridge Inst i tute  of Nuclear Studies ( O R I N S )  
.............................................................................. 

Oak Ridge Associated Universities (ORAU) 

Principal Investigatods):  Goul d A. Andrews 
C l  arence C. Lushbaugh 
R. M .  Kniseley -------------------.-----------------------.---------------------------------- 

Objective(s1 of Project:  1) To explore the possibil i t ies for treatment of 
chronic 1 eukemia, 1 ymphoma and polycythemia wi t h  radiation; 21 To obtain 
radi obi ol o g i  cal data. 

Short  Description: In 1957 ORAU began a program designed for treatment of 
cancer patients and for assessment of the health effects of t o t a l  body 
radiat ion.  I n  1964, NASA began t o  provide additional funds t o  include 
measuring the biological effects of low radia t ion  doses and l o w  dose rate 
exposures. Nearly 200 patients were treated w i t h  50 o r  100 R i n  a Cs-137 
whole body irradiation faci l i ty .  A few patients wi th  acute leukemia were 
given doses of 300 R or more. Detailed and systematic studies were made of 
blood ce l l  s ,  bone marrow, cl  inical  effects and selected 1 abo ta to ry  tests. 
In some of the patients w i t h  h i g h  doses, the effects of autogenous and 
homo1 ogous bone marrow grafts were studied. 

Fol 1 ow-up Data: Measurements were continued f o r  a t  1 east  6 weeks for each 
patient. The studies were n o t  designed t o  analyze the la te  effects. 
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SlMMARY FACTSHEET H W  EXPERIHENTATION - SFS4.001 

Principal Investigator{s): (1) J .  H. Lawrence, C. A. Tobias  
( 2 )  John A. L i n f o o t  
( 3 )  J .  R. Castro ----__-_---..----__-------------------------.-_------------~------------------ 

Objective($) o f  Project:  To determine possible beneficial effects in various 
neoplastic and metabolic diseases 

Short Description: (1) In the period 1953-1959 the p i t u i t a r y  glands o f  
patients wi th  advanced metastatic mammary carcinoma o r  other endocrine 
related diseases were irradiated w i t h  beams from the 184 inch cyclotron a t  
f i r s t  w i t h  t h e  340 meV proton beam, l a t e r  with the 900 meV a l p h a  par t ic le  
beam. Ooses of 24,000 t o  30,000 rad t o  .the pituitary were g i v e n .  

(2)  Heavy par t ic le  irradiation was used (1968) for the irradiation of the 
pituitary i n  acromegaly, Cushing's disease, and chromophobe adenomas of  the 
p i t u i t a r y  and i n  metabolic disease such as diabetic retinopathy, metastatic 
breast and prostatic carcinoma where these are sensit ive t o  hormonal control 
t h r o u g h  the pituitary or the endocrine end organs o f  the p i t u i t a r y .  
particle irradiation was used f o r  direct  tumor irradiation a t  other s i t e s  i n  
the body where the tumor boundaries can be adequately delineated. 

Heavy 

(3 )  Since 1975, 94 patients w i t h  1 oca1 ized unresectabl e carcinoma of the 
pancreas have been irradiated u s i n g  helium and heavier particles. 

Fol low-up Data: (1) By A p r i l  1959, 103 patients had been treated. C1 inical  
and labora tory  studies were conducted every 4-8 weeks on survivors. 
nine of the 82 w i t h  metastatic carcinoma were l iv ing  i n  1959, the longest 
being 4 years post irradiation. 

Twenty- 

(2)  Four hundred and twenty six patients have had heavy particle therapy. 
In the series of 66 patients w i t h  acromegaly, 90% have had a complete 
amel i o r a t i o n  o f  the i r  disease process establishing heavy particle irradiation 
to the p i t u i t a r y  as being the optimal form of treament a t  the present time. 
Highly successful resul t s  have a1 so been achieved i n  patients w i t h  Cushing ' s  
disease and i n  10 patients w i t h  chromophobe adenomas. 
diabetic retinopathy are promising, b u t  require longer f o l  low-up f o r  
definitive evaluation. 

The results i n  
) 

0008105 
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SFS4.001 ( c o n ' t )  , 

(3) Many patients proved to  have o c c u l t  1 i v e t  metastases manifested w i t h i n  9 
months post treaiment. In addi t ion,  l oca l  and regional control o f  the 
primary neoplasm (approx. 20%) has been d i f f t cu l  t t o  obtain even w i t h  doses 
of  6000 rad i n  7 1 /2  weeks. Gastric and b i l i a r y  obstruction have required 
surgical bypass procedures since i r r a d i a t i o n  has not been successful i n  
re1 ieving o b s t r u c t i v e  symptoms. Evidence of gas t ro in t e s t ina l  i n j u r y  has 
been present i n  pos t r ad ia t ion  therapy i n  approximately 10% o f  patients.  
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\ SUMMARY FACTSHEET H W  EXPERIHENTATIOH - SFS4.002 

S h o r t  D e s c r i p t i o n :  I n i t i a l  observations i n  55 p a t i e n t s  t reated t o  date 
(1980-1984) ind ica te  tha t  the c l i n i c a l  object ives  of a decrease i n  (1) frequency 
of hemorrhages, (2 )  i n  neurological deficiencies,  (3) subject ive compl a i n t s  
incuding headaches, or ( 4 )  i n  frequency of seizures a r e  being achieved. 

Fol 1 ow-up Data: There have been no neurological compl ica t ions  o f  rad ia t ion  
damage to  the normal brain t i s sue ;  t h u s  f a r ,  no evidence o f  brain in jury  o r  
progressive o r  f ixed neurological def ic iencies  have occurred a s  a resul t of 
the s t e reo tac t i c  radiosurgi cal procedure. 



S W Y  FACTSHEET H W  EXPERIMENTATION - SFS4.003 

Principal Inves t iga to r ( s ) :  M. KI igerman 

_________________-__-------------~------------~-----------------------.------- 
S. Bush 
R. D. Moseley 
J .  Bradbury 

O b j e c t i v e ( s 1  o f  P r o j e c t :  To conduct the necessary physical ,  b i o l o g i c a l ,  and 
c l i n i c a l  studies t o  eva lua te  the efficacy, potent ia l  benefit ,  and r o l e  of 
pions i n  the management of some types and stages o f  so l id  tumors. 

Short  Description: T h i s  program was a j o i n t  e f f o r t  between the University of  
New Mexico and the Los A1 amos National Laboratory u t i 1  i t i n g  negative pions 
produced by the 800 MeV LAMPF accelerator .  The program involved beam 
development, r a d i o b i o l o g  s tud ie s ,  new dosimetry and pat ient  posi t ioning 
techniques, and the evaluat ion of d i f f e r e n t  t o t a l  dose/fractionation 
schemes. 
inc luding  p ros t a t e ,  head and neck, rectum and colon, ce rv ix ,  brain,  
pancreas, and b l  adder. The studies began October 1974 and were terminated 
i n  l a t e  1981. 

During the program 234 pa t i en t s  were t r ea t ed  w i t h  tumor s i t e s  

Fol low-up Data: One hundred and ninety-six pa t i en t s  have been followed f o r  a 
minimum o f  18 months. Crude su rv iva l  data range from 11% f o r  unresectable  pancreatic carcinoma t o  82% f o r  stages C and 01 adenocarcinoma o f  t h e  

prostate  i nd ica t e  t h a t  t h i s  modality d i d  not demonstrate advantages ove r  
more t r ad i t i ona l  radiotherapy and was therefore discontinued. 
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SUW;IARY FACTSHEET H W  WPERIHENTATIOH - SFS4.004 

. Principal Inves t iga to t ( s ) :  L. Cohen 
F. R. Hendrickson 

O b j e c t i v e ( ~ )  of P r o j e c t :  The s c i e n t i f i c  ob jec t ive  is t o  determine the 
effect iveness  of neutron beam i r r ad ia t ion  as compared t o  standard photon 
i r r a d i a t i o n  f o r  the management of cer ta in  malignant tumors. 

_----------------------.------------------------------------------------------ 

S h o r t  D e s c r i p t i o n :  Pat ients  a r e  iden t i f i ed  as being e l i g i b l e  fo r  i nc lus ion  
i n  the cl i n i c a l  t r i a l  s based on the type, ex ten t  and 1 ocation of the i r  
cancer. Su i t ab le  candidates have tumors t h a t  are  thought to  be r e s i s t a n t  t o  
standard therapies. Informed consent i s  obtained. These cl i n i ca l  t r i a l  s 
a re  conducted under the auspices of the I n s t i t u t i o n a l  Review Board. 
National cooperat ive t r ia ls  a re  carr ied out i n  coordination w i t h  the 
Radiation Therapy Oncology Group (funded by the National Cancer I n s t i t u t e ) .  
Some pa t i en t s  a r e  t r ea t ed  w i t h  neutron beam i r r a d i a t i o n  only. Others 
receive a combination o f  neutron beam i r r a d i a t i o n  and one o r  more standard 
modalit ies such as  photon i r r ad ia t ion ,  surgery and chemotherapy. The 
program began i n  J u l y  1975 and i s  continuing. 

Fol1 on-up Data: Approximately 1400 pa t i en t s  have been referred t o  this 
f a c i l i t y .  
fo l  low-up requirements. Physical examinations, 1 aboratory t e s t s  and 
radiographic inves t iga t ions  a r e  conducted regular ly .  
keep his scheduled appointments, every e f f o r t  i s  made t o  contact him. 
than 1% of the pa t i en t s  t r ea t ed  a t  this f a c i l i t y  a r e  considered c u r r e n t l y  

P r i o r  t o  treatment, p a t i e n t s  must  agree t o  comply w i t h  l o n g  term 

If a p a t i e n t  does no t  
Fewer 

) l o s t  t o  follow-up. 
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SUPlMARY FACTSHEET H W N  EXPERIHENTATION - SFSS .001 

Principal Inves t iga tor (s ) :  (1) R. S. Stone 
( 2 )  H. J .  Barnhard 
( 3 )  M. L. Griem 
( 4 )  James W. J .  Carpenter 
(5) I. Lampe 
( 6 )  F. V .  Comas 
( 7 )  V. Marcia1 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ _ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ o o ~ ~ ~ ~ ~ ~ - ~ ~ - - ~ ~ - - - ~ ~ ~ ~ - ~ ~ ~ - -  

Objective(s) o f  Project:  Development and Evaluation o f  Teletherapy Methods 

S h o r t  Description: (1) D u r i n g  the years 1956 to  1958, 67 pat ien ts  were 
i r r ad ia t ed  w i t h  70 MeV x-rays from the synchrotron. Doses were 5250 R i n  5 
weeks or  6000 R i n  6 weeks. 
the oral  cav i ty  and carcinomas o f  the c e r v i x  were t reated.  

P a t i e n t s  w i t h  bronchogenic carcinoma, tumors of 

Fol low-up Data: In Augus t  1958, o f  the 67 pat ien ts  t reated,  25 had d ied  
w i t h i n  2 years of s t a r t i n g  treatment. 
as of June 1962, 310 pa t ien ts  had been t reated b u t  surv ia l  data i s  not 
given. 

A subsequent report  indicates  t h a t  
.. 

(2) A cobalt-60 te le therapy u n i t  was used t o  t r e a t  227 pat ients  w i t h  var ious 
types of neoplasms (Progress report  dated July 1 9 5 6 ) .  

(3)  From 1972 t o  1979, Hodgkin's disease and other lymphomas were t r ea t ed  by 
a combination o f  laparotomy t o  improve staging and diagnosis, and c a r e f u l l y  
p l  anned rad ia t ion  t o  indicated organs of i nvo lvemen t .  A number of mal ignan- 
c ies  were t r e a t e d  w i t h  u l t r a  h i g h  dose r a t e  e lec t rons  t o  study the e f f ec t s  O f  
t h i s  radiation. Chromium-51 rad ioac t ive  penanent  imp1 a n t s  were a1 so evalu- 
ated. Head and neck malignancies were subjected to  combined treatment 
schedul es, including drug pre-treatment and spl i t-course radiation. The  
sensi ti t i  ng qual i t i  es o f  hydroxyurea and cytosine arabinosi de were t e s t ed  on 
a hair  f o l l i c l e  indicat ing system before being t e s t ed  on animal tumors and 
pat ients .  



SFS5.001 ( c o n ' t )  

(4) From 1963 t o  1965 j o i n t  study was being carr ied out i n  conjunction w i t h  the 
Ear, Nose, and Throat Clinic i n  an attempt to  eva lua te  the e f f ec t s  o f  pre- 
and post-operative radiation treatment of various malignancies using the Van 
de Graaff x-ray generator,  the rotat ional  cobal t-60 machine, and the 1 inea r  
acce lera tor  e l e c t r o n  beam. A1 1 pat ients  were seen i n  the ENT C1 i n i c  and 
randomized for treatment schedules. 
malignanies were made operable by i r radiat ion.  

I t  was bel ieved t h a t  some l u n g  

Fol 1 ow-up Data: One pat ient  having an inoperable g a s t r i c  mal ignancy t r e a t e d  
w i t h  a combination o f  colchicine and radiation was s t i l l  a l i v e  and gave no 
evidence of the disease a f t e r  2 years. 

(5) D u r i n g  the period 1952-1966, cobal t-60 and cesium-137 teletherapy u n i t s  
were used i n  a comparative c l i n i c a l  evaluation i n  the radiation treatment o f  
malignant disease. 
employment of a cesi.um-137 source was achieved and the radiation from t h i s  
isotope was appl ied  c l i n i c a l l y  t o  eva lua te  the poten t ia l  ro le  of th is  
radiation i n  cl  in fca l  radiotherapy i n  comparison w i t h  cobal t-60 radiat ion 
and past  and current experi ence w i  t h  orthovol tage radi a t i  on. 

Modification o f  a theratron-8 t o  p e n i  t c l i n i c a l  

(6) In 1966, t o  determine the e f f e c t s  of cobal t-60 te le therapy on ce r t a in  
k i n d s  of cancer two pat ients  were given 500 R t o  spleen and l i v e r .  One 
pat ient  showed no hematologic changes when the 1 i v e r  was i r rad ia ted ,  b u t  a 
profound fa1 1 i n  c i r c u l a t i n g  white blood c e l l s  occurred a f t e r  i r r ad ia t ion  of 
the spleen. 
undistinguishab1.e from the changes occurring a f t e r  spl een i r rad ia t ion ;  i n  
both instances the peripheral  white count went from a b o u t  100,000 t o  20,000 
w i t h  a f a s t  return t o  pretreatment levels .  

The other  pa t ien t  responded to  l i v e r  i r r ad ia t ion  i n  a way 

(7) During the period 1964-1967 i n  a study of the optimal tumor dose i n  
radiat ion therapy of cancer of the esophagus, h a l f  o f  the cases t r ea t ed  
received c o b a l t  t e le therapy  doses o f  5000 roentgens i n  four weeks and the 
other h a l f  received doses of 6000 roentgens i n  s ix  weeks. Disappearance of 
dysphagia and twelve months survival were compared i n  each group. 

0 0 0 8 1 1  I 
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Short D e s c r i p t i o n :  S ta r t ing  i n  1954, w i t h  the ACRH 2-MeV Van'de Graaff x-ray 
generator, a treatment f i e l d  of su f f i c i en t  size was made a v a i l a b l e  so t h a t  
pat ients  with ce r t a in  lymphomas could  be t reated from the neck t o  bel cw the  
waist  a t  one time, including a1 1 affected lymph nodes. 
shorter  o v e r a l l  treatment times and 1 owering of t o t a l  radiat ion doses. 

T h i s  r e s u l t e d  i n  

The cobal t-60 ro ta t iona l  therapy machine, w i t h  i t s  mal 1 ,  high-specific- 
a c t i v i t y  source and uranium sh ie ld ,  was designed and b u i l t  a t  ACRH. 
Pat ients  w i t h  advanced carcinoma of the uterus and cervix and other  
mal ignancies who were t r e a t e d  w i t h  this cobal t machine, sometimes i n  
combination w i t h  other  modal i t i e s  such as the Van de Graaf, radium imp1 ants,  
surgery, o r  drugs,  had favorable survival and cure ra tes .  

Studies were a l s o  carr ied out  on use of a var ie ty  of radiat ion-sensi t iz ing 
agents, i n  an e f f o r t  to  achieve cures w i t h  lower doses of radiat ion.  



S&Y FACTSHEET HUXAN EXPERIHENTATION - SFS5.003 i 

Principal Inves t iga tor (s ) :  M. L. Grim 
J. W .  J.  Carpenter 
L. S. Skaggs 
L. H.  Lanzl .............................................................................. 

Objective(s1 o f  P r o j e c t :  To use high-energy e lec t rons  from a scanning-beam 
l i n e a r  a c c e l e r a t o r  i n  tumor treabnent, alone and w i t h  other treatment 
modal i t i  es 

Short Description: S t a r t i n g  i n  1959, ACRH s c i e n t i s t s  developed a unique 
instrument f o r  electron-beam therapy combining a l i n e a r  acce lera tor  of the 
Standord type wi.th a beam-scanning device. 
inves t iga t ion  of the c l  in ica l  advantages of electron-beam therapy. The 
1 inear  a c c e l e r a t o r  and penci 1 beam scanning system were used i n  the 
treatment of d i f f e r e n t  forms of cancer beginning i n  1959. 
growths  t r ea t ed  included head and neck cancer, c h e s t  tumors, mycosis 
fungoides, s k i n  cancer, carcinoma of the urinary bladder,  and others. By 
1969, more than SO0 pat ien ts  had been i r radiated w i t h  the e lec t ron  beam, and 
a remarkable fea ture  was the lack of a skin reaction i n  the pat ients .  

Fol 1 ow-up Data: The 1 inear  acce lera tor  was used successful l y  f o r  treatment of 
pat ients  w i t h  mycosis fungoides. 
which became poss ib le  w i t h  t h i s  u n i t  l ed  to eradication o f  these d i f f i c u l t  
les ions,  and i n  1970, Dr. Grim reported very few recurrences up t o  5 years 
a f t e r  treatment i n  combination w i t h  Van de Graaff x-rays. 

This u n i t  was constructed for  

The malignant 

The h i g h  doses of e lec t rons  t o  the s k i n  



SUM4ARY FACTSHEm H W  EXPERINENTATION - SFS6.001 

Funding Source(s): U n i v .  o f  California,  AEC ( a f t e r  1945) 

Xnst i tut ion(s) :  Un iv .  o f  California  Radiation Laboratory 
.............................................................................. 

Short D e s c r i p t i o n :  In 1938 two pa t i en t s  w i t h  polycythemia vera were t r ea t ed  
w i t h  P-32. Over the next 10 years ,  119 pat ients  were treated, The pat ients  
ranged i n  age from 19 t o  75 years. 
female. Typical doses were 2 t o  6 m C i  of P-32. The  pa t i en t s  u s u a l l y  
received mu1 t ip le  doses over a period o f  several years .  

Of these, 56.5% were male and 43.5% 

Fol low-up Data: A t  the time of a summary repdrt  i n  1949 there had been 24 
deaths. The causes of death were a r t e r i o s c l e r o s i s  (51, leukemia (51, 

, neopl asm (3) ,  coronary occlusion (31, cardiac f a i  l u r e  (21, por t a l  thrombosis 
(11, and. unknown (2). The h i g h  incidence o f  leukemia a s  a complication o f  - 
polycythemia i s  well known. The incidence i n  t h i s  s e r i e s  was n o t  
s i g n i  f ican t l  y d i  f f e r e n t  from untreated se r i  es. 
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S W Y  FACTSHEET' H W  EXPERIHENTATION - SFS7.001 

I n s t i t u t i o n ( s ) :  1 )  U n i v .  o f  Cal. Radiation Lab ( A E C )  
2 )  Memorial Hospital ,  New York ( M E D )  
3 )  Metallurgical Lab, Manhattan P r o j e c t  (ME 
4 )  ORAU ( A E C )  
5 )  University o f  Cincinnati ( A E C )  

Principal Inves t iga to t ( s ) :  1) 8 .  V .  A. Low-Beer; P. M. Agge 
2 )  L. F. Craver 
3 )  J.  J. Nickson 
4 )  G. A. Andrews 
5) E. L. Saenger 

1 

e r  

,,-,-,-,-,---r--r--rrrrr-r---------~--.---.-~--------------------------------------- 

O b j e c t i v e { s )  o f  P r o j e c t :  To determine changes i n  the b l  ood-forming organs 
and the peripheral  blood a s  an index of exposure t o  total-body i r r ad ia t ion .  

Shor t  Description and Follow-up: 1) From 1943 t o  1950, a t o t a i  of  32 
pa t i en t s  were t r e a t e d  w i t h  X-rays generated by 100, 200, and 1000 k v .  
Individual exposures varied from 5 t o  50 R measured on the body surface a t  
each t r ea tmen t  , The t o t a l  accumul ated doses va r i ed  from 100 t o  390 R t o t a l -  
body dose as measured on the skin. The c a l c u l a t e d  t i s s u e  dose i n  t h e  
cen t r a l  plane o f  the body v a r i e d  from approximately 60 t o  264 R. T h e  t o t a l  . 
elapsed time from the f i r s t  t o  the l a s t  treatment va r i ed  between 5 and 92 
days. T h e  32 p a t i e n t s  t r ea t ed  i n  this manner were f o l  lowed hematological l y  
f o r  periods as long a s  poss ib l e  a f t e r  treatment. 
observation f o r  any member o f  the group i s  six and one-half years ,  the 
average f o r  t h e  group as a whole i s  approximately four years. 

2)  From 1942 t o  1944, pa t i en t s  were exposed using 180-185 k v  x-rays to  a 
t o t a l  ddse o f  300 R a t  dose r a t e s  of 10, 15 or 20 Rlday. P a t i e n t s  
s e l ec t ed  w i t h  un t r ea t ab le  metastat ic  cancer b u t  able  t o  t o l e r a t e  procedure. 
Six pa t i en t s  received the planned 300 R. Two s t a r t e d  b u t  didn' t  f inish.  
Three p a t i e n t s  followed longer  than 6 months. No deter iorat ion of blood 
count o r  general heal t h  was a t t r i  butabl e t o  radi a t i  on. 

The longest  period of  

0008715 



. SFS7.001 ( c o n ' t )  

3) f i g h t  persons w i t h  incurabl e neopl isms were given sing1 e exposure doses 
of 27, 60, and 120 R i n  the period 1943 t o  1944. 
chronic diseases  were g i v e n  fractionated who1 e-body i r r a d i a t i o n  o f  100, 300 
and 500 R. Three volunteers  were given fract ionated i r r a d i a t i o n  t o t a l  ing 
21  R. No-blood a1 t e r a t i o n s  were noted i n  the 21 R volunteer  group. In the 
others,  the predominant effect  was lymphocyte depression. 

4 )  Three groups o f  pa t i en t s  were treated i n  the period 1965 t o  1966 

Three pa t i en t s  w i t h  

1) chronic hematologic disorders  
2 )  neoplasm 
3 )  acute  leukemia i n  re lapse 

Eleven p a t i e n t s  w i t h  acute o r  subacute leukemia were t r ea t ed  w i t h  200 t o  
900 R o f  t o t a l  body i r r ad ia t ion .  
o f  the leukemia process, 5 showed apparent compl e t e  o r  nearly compl e t e  
suppression, and 2 had e a r l y  deaths (one p a t i e n t  was t r ea t ed  twice). 

5 )  
neoplasms who had not received previous radio- o r  chemotherapy were g i v e n  
whole-body gamma radiat ion i n  doses varying from 85-336 R. C l i n i c a l  and 
hematologic parameters were fo l  1 owed f o r  6-8 weeks subsequently. 

O f  these, 5 showed incomplete suppression 

I n  the  period 1961 t o  1962, pat ients  w i t h  me tas t a t i c  or incurable  
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. -  

S h o r t  D e s c r i p t i o n :  Neutron capture therapy uses the l o c a l i z a t i o n  o f  boron i n  
tumors and the react ion o f  boron w i t h  neutrons t o  achieve.  l o c a l i z e d  
radiat ion o f  brain. tumors. 
15, 1951, 10 p a t i e n t s  w i t h  proved glioblastoma were t r e a t e d  by neutron 
capture therapy a t  t h e  graphite research reactor. The longes t  s u r v i v a l  was 
186 days. 

A second series o f  9 pa t i en t s  were t reated w i t h  h i g h e r  neutron doses. 
pa t i en t  survived 18 months. 

In 1959, a. s e r i e s  using the Medical Research Reactor was s tar ted.  Fifteeen 
pa t i en t s  were t reated.  Survival  times were i n  the same range as fo r  the . 
previous series. 

Over a period o f  two yea r s  beg inn ing  February 

One 

Fol low-up Data: Whole brain sect ions were obtained i n  a t  l e a s t  16 of the 
pa t i en t s  and studied f o r  tissue reactions t o  radiation. Wi th  the boron 
compounds then i n  use i t  was not possible to  achieve adequate tumor control 
without unacceptable damage t o  normal tissues and t h e  p ro jec t  was 
discontinued. 

) 

0 0 0 8 1 1 3  
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'I S W R Y  FACTSHEET HUYAN EXPERIMENTATION - SFS9.001 

Funding Source($): MED 
AEC 

.............................................................................. 
Insti t u t i o d s ) :  1) Argonne Cancer Research Hospital and Univ. of Chicago 

2) Brookhaven National Laboratory ( A E C )  
3 1 Lawrence Berkeley Laboratory (MED/AEC) 
4 )  Oak Ridge Associated Univ. (AEC) 
5) Piedmont Hospital, Atlanta ( A E C )  

( AEC 1 

Principal Invest igator(s) :  1)  R. D. Moseley, W. M. S. Ironside,  P. V .  Harper 
2 )  J.  S. Robertson 
3) N. I. Berlin, J. L. Born, L. Oobson, J. G. 

Hamilton, L. Hollander, J. H. Lawrence, 
8. V .  A. Low-Beer, M. Pollycove, 0. J .  
Rosenthal, H. H. S t au f fe r ,  R. C. S t e i n k a q ,  
S. Wi nchell 

4 )  C .  C.  Lushbaugh 
5 )  E. D. Grady 

----'.-.----------------_--------~----------------------_---------------------- 

O b j e c t i v e ( s )  o f  Project: To develop treatments f o r  c e r t a i n  medical disorders 
w i t h  radioisotopes t h a t  can be s e l e c t i v e l y  l o c a l  i t e d  i n  t i s s u e s  t o  be 
i rradi ated. 

Short  Description: During the period 1939-1974, s eve ra l  research p ro jec t s  
were undertaken t o  improve therapy o f  cancer and other  diseases  by methods 
u s i n g  radioisotopes. Radioisotopes (such a s  lodine-131, gal  1 ium-72, go1 d- 
198 and others)  were g i v e n  t o  pa t i en t s  under r i g i d l y  c o n t r o l l e d  conditfons 
t o  determine whether their treatment could be improved by absorption ( o r  
1 oca1 i z a t i o n )  o f  the r a d i o a c t i v i t y  d i r e c t l y  i n  the cancer. Pal 1 adium-109 
was administered by direct  i n f i l t r a t i o n  t o  three p a t i e n t s  t o  study tissue 
and tumor response. 
treatment o f  c e r t a i n  cancers, notably metastat ic  b r e a s t  and prostate  
carcinoma. In addition, y t t r i  um-90 oxide pa r t i cu l  a t e  radioisotopes was 
e s t ab l i shed  a s  an agent s u i t a b l e  f o r  l o c a l i z i n g  r ad ia t ion  i n  an area by 
in j ec t ing  the a r t e r y  supplying t h a t  area. Thir ty-f ive o f  51 pa t i en t s  w i t h  
advanced and otherwise uncontrol 1 a b l e  cancer benefited from intravascul  a r  
admi n i  s t r a t i  on. 

Small l-mi 1 1 i cu r i e  y t t r i  um-90 pel 1 e t s  were imp1 anted f o r  

0 0 0 8 1 1 8  
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Agents 1 abel ed with phosphorus-32 were used t o  . t r e a t  a v a r i e t y  of 
hemotol ogical  and medical disorders. Strontium-90 was used i n  the treatment 
o f  bone metastases. . 

Fol  low-up Data: I n i t i a l  follow-up visits were as frequent a s  required 
(weekly, monthly, etc.). 
basis. Follow-up v i s i t s  include routine physical examinations and i n t e r v a l  
h i s t o r i e s ,  and appropriate  supporting c l i n i c a l  laboratory s tud ie s  and 
diagnostic studies. 

A t  time of death, complete information was sought to  determine cause o f  
death. Nhen avai l  ab le ,  the postmortem' f i n d i n g s  were reviewed. 

Subsequent fol  low-ups were usual l y  on an annual 

0 0 0 8 1 1 9  
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S W Y  FACTSHEET H W  EXPERIMENTATION - SFS9.002 

Funding Source( SI : AEC 

I n s t i t u t i o d s ) :  Center f o r  Energy and Environmental Research, Puerto Rico 
.............................................................................. 

Principal Inves t iga to r ( s ) :  V .  Marcia1 

Objective(s1 o f  P r o j e c t :  To determine optimum fract ionat ion of i r r a d i a t i o n  
f o r  cancer, t o  e v a l u a t e  a spl i t-dose technique f o r  radiotherapy of cancer, 
and to determine the e f f ec t iveness  o f  radiat ion therapy fo r  the regional 
lymph nodes a reas  as an adjuvant t o  surgery f o r  carcinoma of the breast .  

.............................................................................. 

S h o r t  D e s c r i p t i o n :  In the period 1964 t o  1970, various fract ionat ion regimes 
were s tudied (1 v s  5 per week and 3 vs 5 per week) t o  observe tumor e f f ec t ,  
s u r v i v a l ,  and normal tissue reactions. Studies were conducted t o  compare 
the resul ts  obtained by the usual uninterrupted r ad ia t ion  treatment w i t h  a 
s i m i l a r  dose given i n  two separate  two-week periods w i t h  a rest i n t e r v a l  of 
two t o  t h ree  weeks ha1 fway i n  the treatment (spl it-dose). Final l y ,  post- 
operat ive i r r a d i a t i o n  of lymph node areas was studied t o  improve prognosi s 
i n  pa t i en t s  w i t h  b reas t  cancer t r ea t ed  w i t h  radical mastectomy. 

F o l l  ow-up Data: Resul t s  f o r  f ract ionat ion of i r r a d i a t i o n  showed t h a t  t he  
curabi 1 i t y  and compl i ca t ion  r a t e s  were ' ident ical  a t  3 years  i n  a g r o u p  of 
260 pa t i en t s .  



S W R Y  FACTSHEET H W N  EXPERIMENTATION - SFSlO. 001 

Principal  Inves t iga to r f s l :  1) 8. M. Dobyns 
2 )  V. Marcia1 
3) R. W. Rawson 

Shor t  Descr ipt ion and Follow-up Data: 

1) During a 25 year  period, 7/1/51 t o  9/30/76, o v e r  500 pa t ien ts  w i t h  
hyperthyroidism were studied i n  g rea t  de t a i l .  During the f i rs t  few days 
a f t e r  t reatment  the observations essent ia l  l y  refl ec ted  una1 tered function o f  
the thyroid,  b u t  w i t h  the passage o f  time, the  observat ions re f l  ected the 
e f f ec t s  of radiat ion.  
blood, a1 t e r a t i o n s  i n  r a t e  of return of the r a d i o a c t i v i t y  t o  the thyroid,  
and the subsequent t e s t ing  of the functional capaci ty  o f  the gland permit an 
ana lys i s  of t he  e f f e c t s  o f  radiat ion.  

The changing patterns of iodinated compounds i n  t he .  

2) Ouring the per iod 1952 t o  1958, radioiodine was used f o r  therapy of 
hyperthyroidi sm and metastat ic  thyroid cancer. 
t o  100,000 rad t o  the thyroid. 
pulmonary metastases  given 18 mCi 1-131 received 40 t o  80 rad whole body. 
This p a t i e n t  was doing well s i x  years  l a t e r .  

3) In the 1948-1956 period, 22 pa t i en t s  were t r e a t e d  w i t h  therapeut ic  doses 
o f  1-131 t o  destroy thyroid tissue. 
of 55 pa t i en t s ,  26.were known t o  be dead. 

Therapeutic doses gave 2,000 
Whole body doses up  t o  20 rad. One pa t i en t  w i t h  

Doses ranged from 95 t o  329 mCi.  In 1960, 
Others being fo l  lowed. 
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SUMMARY FACTSHEET H W  UPERIUENTATION - SFS11.001 

Funding Source( 3) : MED 

I n s t i t u t i o d s ) :  l a )  C1 inton Laboratory 
.............................................................................. 

l b )  New York University 
IC) Oak Ridge National Laboratory 
2 )  Harvard Medical School 
3 ) Lawrence Radiation Laboratory 

Oak Ridge Associated Universities 
4 )  Oak Ridge National Laboratory 

General E l  ectri  c Company 

l b )  Unknown 
IC) M. Nikson 
2 )  F. 0. Moore 
3 )  J. H. Lawrence 

H. Vodapick 
4 )  E. C. Anderson, E. P inson ,  V .  Lote  & C. W. 

Oelong 
5 )  C. W. Delong 

Principal I n v e s t i g a t o d s ) :  l a )  J .  E. Mirth and J .  R. Raper 

.............................................................................. 
Objective(s1 of Project: 
1) To detennine:the biological e f f e c t s  o f  i r r a d i a t i o n  t o  the skin 
2 )  To study t r ansp lan ta t ion  of t i s sues  and whole organs 
3)  To e v a l u a t e  t h e  effects of in te rna l  i r r a d i a t i o n  from P-32, Y-90, Sr-90, 
and 1-131 when therapeut ica l  l y  used i n  c e r t a i n  d iseases ,  and the evaluat ion 
o f  the hematological response obtained from their use 
4)  To determine t h e  d i s t r ibu t ion  of tritiun i n  the human body r e s u l t i n g  from 
surface contamination, inha la t ion  and ingestion 

Short  Description and Follow-up Data: 
l a )  Shielded d i sks  of 1-inch diameter containing P-32 were used. Exposures 
were made by s e t t i n g  the source d i r e c t l y  on the  s k i n .  
heal thy v o l u n t e e r s  each were exposed t o  doses of 140 t o  1180 rep. The dose 
required t o  produce a v i s i b l e  reaction i n  80% of the people was found t o  be 
between 170 and 200 rep. 
813 rep. (Report d a t e d  1946.) 

lb) Experiments c a r r i e d  ou t  on l i v i n g  human s k i n  i n  s i tu  demonstrated tha t  
the iontophoresis o f  weak so lu t ions  of thorium X w T 1 c r e a s e  i t s  
b io logica l  e f f e c t s  as  judged  by erythema and pigmentation, and cause greater 
penetration as shown by autoradiography. (Report dated 1955.) 

Two groups of ten 

For an erythema the dose was determined t o  be 635 t o  
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'IC) Fifteen subjects  were exposed on t h e i r  l e f t  fourth f inger  t o  200-600 R 
of 130kv x-rays i n  a s ing le  exposure. 
be fo re  and  a f t e r  treatment. (Report dated 1947.1 

Microscopic observations were made 

2 )  During the p e r i o d  1960 t o  1963, one p a t i e n t  ( i n  this repor t )  received 
250 R t o t a l  body x-ray i r r ad ia t ion  to  suppress the immune reaction t o  a kidney 
transplant.  Seven other  pa t ien ts  received doses o f  350 or 450 R. 
treatment apparently was not successful b u t  survi Val time wasn't stated.  

3)  During the period 1938 t o  1963, internal i r r ad ia t ions  u s i n g  P-32, Y-90 and  
1-131 were continued and t h e i r  c l i n i c a l  therapeutic and i r r a d i a t i o n  e f f ec t s  
studied i n  pa t i en t s  w i t h  polycythemia, chronic leukemias, mu1 t i p l e  myeloma, 
lymphogranul O S ~ S  and  thyroid disorders,  including thyroid carcinoma. The 
p a t i e n t s  receiving internal  i r rad ia t ion  over the p a s t  25 years have been 
c l o s e l y  fol  1 owed. A h i g h  percentage post-mortem examinations have been 
obtained on the deceased patients.  

4a) In 1950, six subjects  received a few m i l l i c u r i e s  of tritium by inhala- 
t i o n  of i so topica l  l y  labe led  hydrogen gas. Tritium concentration i n  urine 
was monitored f o r  15 subsequent days. 

4b) In 1952, subjects  inspired HTO saturated oxygen f o r  4 t o  5 minutes. The 
HTO retained i n  the body dur ing  the exposure was obtained by subtracting the 
HTO expired from. the HTO inspired. 

4c) A1 so i n  1952, measured amounts of tritium as HTO were ingested by male 
subjects. 
1/2 t o  5 hours subsequently. 

The 

Venous bl ood and urine were monitored f o r  t r i t i  un a c t i v i t y  fo r  2- 

4d) The lowe? arm o f  subjects  was exposed for  v a r i a b l e  lengths  of time t o  
various a c t i v i t i e s  o f  HTO as  water vapor and the H T O  i n  water. 
ac t iv i ty  i n  ur ine was monitored. (1952.) 

4e) Air sa tura ted  w i t h  tritium oxide was c i rcu la ted  for  one hour  over a 
9.8 cm2 area of a male subject 's  forearm. 
tritium a c t i v i t y  i n  urine passed several  hours fol  1 owing exposure. 

Tritium 

Absorp t ion  was estimated from the 
(1952.) 

5) In 1951, fourteen human subjects  were exposed over a small area (d l0  m2) 
on the forearm o r  abdomen t o  a water-vapor abnosphere l a b e l e d  w i t h  t r i t i u m  
oxide (HTO). 
skin area while breathing uncontaminated a i r .  Absorption of tritium oxide 
was estimated by measurement of tritium oxide subsequently excreted i n  the 
subject 's urine. The data from these experiments indicated a 4-fold greater  
absorption r a t e  than t h a t  measured e a r l i e r  i n  ra ts .  These s tudies  
es tabl ished the importance of the skin as a route of entry fo r  tritium' oxide 
and led to  reductions i n  the allowable concentration o f  t r i t i u m  oxide i n  

A s i n g l e  human subject  was s i m i l a r l y  exposed over his to t a l  

,) 

air .  0 0 0 8 1 2 3  
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Funding Source( s) : A E C / E R O A / O O E  

Insti tution(s) and Principal Investigator:  
Argonne Cancer Research Hospital 

.............................................................................. 

1. P. M. Ejarque 
2 .  L. D. Jacobson 
3 .  G.  V .  LeRoy 
4. P.  V .  Harper 

Argonne National Laboratory 
5. R.  E. Rowland 

Los  A1 amos Sc ien t i f i c  Laboratory 
6 .  C. C. Lushbaugh 

Pac i f ic  Northwest Laboratory 
7. T. .M. Beasley 
8. H. E.  Palmer 

51 oan-Kettering I n s t .  fo r  Cancer Research 
9. J. S .  Laughlin 

U n i v .  Cal i fornia ,  Berkeley 
10. M .  Pollycove 

Univ. Cal i fornia ,  Los Angeles 
11. J. F. Ross 
12. G. V .  Taplin 

Univ .  Minnesota 
13. M. 8. Becaner 

U n i v .  P i s a  ( I t a l y )  
14. G. Monasterio 

Univ. Washington 
15. W. 8. Nelp 

S h o r t  D e s c r i p t i o n :  Dur ing  the period 1950-1980 many t r ace r  studies were 
conducted on human subjects fo r  the purposes of studying the physiology and 
metabolism of l abe led  substances. Usually o n l y  a few subjects are involved 
i n  each s tudy .  No l a t e  e f f ec t s  are expected and i n  general ,  there  has n o t  
been a systematic follow-up. 

(1) Progesterone-4 1 abel ed w i t h  carbon-14 was used to  s tudy  progesterone 
metabolism i n  two patients.  
who was 10 weeks pregnant was given 28.3 u C i .  
1 a t e r  because of severe sick1 e c e l l  anemia was performed. Ac t iv i ty  i n  
maternal and f e t a l  t i s sues  studied. Storage o f  the hormone i n  the f a t  

Brief description of the s tudies  are: 

Ooses were 5.27 and 37.81 u C i .  A t h i r d  pat ient  
A therapeutic abortion 6 days 

compartments were found. (1958.) 
0 0 0 8 1 2 4  
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(2 )  450 uCi o f  DL-glutamic acid-1-C14 were i n j e c t e d  i n  a p a t i e n t  t o  
i n v e s t i g a t e  whether synthes is  o f  Bence-Jones p r o t e i n  i s  r e l a t e d  t o  t h a t  o f  
myeloma g lobu l i n .  U r ina ry  and exp i ra to ry  CO-2 were measured. (1958.) 

( 3 )  Metabol i sm o f  glucose s tud ied  w i t h  C-14, by CO-2 i n  expi red a i r  samples. 
(1958 . )  

( 4 )  Sequent ia l  s tud ies  were made o f  the body potassium conten t  o f  man i n  
var ious card iac  disease s tates,  i n  a1 dosteroni m, and i n  hyper tens ion w i t h  
suspected hypera l  dosteronism. A spec ia l  study was made o f  the r e 1  a t ionsh ip  
between plasma potassium s h i f t s  and to ta l -body  conten t  o f  potassium i n  man 
i n  var ious  disease states. They are a1 so measuring the e f f e c t  o f  magnesium 
def ic iency  on 1 eve1 s of sodium, potassium, magnesium, and ca lc ium i n  plasma, 
cerebrospina l  f l u i d ,  b r a i n  and ske le ta l  nuscle. (1968.) 

- 

( 5 )  Retent ion cu rve  data w i t h  Ca-45, Sr-85, and radium were obtained. (1959.) 

(6) An arm cotj,?tier was used t o  measure a c t i v i t y  i n  b l o o d  t o  determine the 
c learance o f  I - Rose Bengal i n  the l i v e r .  The cu rve  has two exponent ia l  
components, i n t e r p r e t e d  as r e f l e c t i n g  hepat ic  uptake and exc re t i on  rates.  
(1960.) 

(7, 8 and 15) (1965.) A study was conducted t o  measure the long-term re ten t i on  
and l o c a l  i z a t i o n  o f  technetium i n  humans f o l  low ing  bo th  o r a l  and in t ravenous 
admin i s t ra t i on  and t o  d e r i v e  mathematical model s . f o r  excretion, which are very 
use fu l  i n  determin ing the  r a d i a t i o n  dose t o  humans from technetium isotopes i n  
the  body. They are impor tant  from both medical and occupat ional  standpoints. 

95mTc and 96Tc were administered t o  8 subjects  by phys ic ians a t  t h e  
U n i v e r s i t y  o f  Washington Hosp i ta l  i n  Seat t le .  The subjects  were 
h o s p i t a l i z e d  a t  t h e  U n i v e r s i t y  o f  Washington C l i n i c a l  Research Center f o r  
t he  f i r s t  week, 
60 days. 
f o r  t h e i r  serv ices.  
p r o v i d i n g  t h e  equipment, making the  whole body coun t ing  and excre ta  
measurements and ana lyz ing  the  data. 
AEC bu t  n o t  t h e  U n i v e r s i t y  o f  Washington p a r t i c i p a t i o n .  

(8) A study was conducted t o  determine the  uptake, re ten t i on ,  d i s t r i b u t i o n  
and exc re t i on  o f  promethium i n  humans f o l  low ing  bo th  o r a l  and in t ravenous 
admin i s t ra t i on  and t o  study the  e f fec t i veness  o f  DTPA i n  removing promethium 
f r o m  the body. These concentrat ions were r e l e v a n t  t o  poss ib le  exposure o f  
p l a n t  personnel. t1967.1 

143PmC13 was admin is tered t o  14 vo lun teers  by phys ic ians  o f  the Hanford 
Envi  ronmental Heal t h  Foundation (HEHF). Who1 e body count ing  and excre ta  

surements were made by PNL f o r  one year  f o l  1 owing admin i s t ra t i on  of the 
‘%m. S ix  o f  the  vo lun tee rs  were a l s o  i n j e c t e d  w i t h  PJfA a t  var ious  
i n t e r v a l s  be fore  and a f t e r  t he  admin is t ra t ion  o f  the  Pm. Both the  HEHF 
and PNL c o n t r i b u t i o n s  t o  the  study were funded by AEC. 

Whole body count ing  and excreta measurements were made f o r  
The U n i v e r s i t y  o f  Washington obtained and reimbursed t h e  subjects  

The p a r t i c i p a t i o n  by PNL personnel was l i m i t e d  t o  

The PNL p a r t i c j p a t i o n  was funded by 

0 0 0 8 7 2 5  



SFS12.001 ( c o n ' t )  

(9) (1977-1982.) 

(9a) TO extend the knowledge of tumor metabolism and t o  def ine the l o c a l i -  
zation and improve the diagnosis of cancer i n  animal models and man, s tud ie s  
have been i n  progress over  the seven year  period (1977-1984). 
The spec i f i c  aims are a s  follows: (1) To synthesize from d i f f e r e n t  radio- 
l a b e l e d  precursors a l a r g e  var ie ty  of: (a) N-13 and C-11 l abe led  amino acids 
using enzymatic procedures. 
( c )  l-(C-ll)-2-deoxy-D-g1 ucose. (2)  To empl oy the synthesized compounds f o r  
q u a n t i t a t i v e  assessment of regional perfusion, t ranspor t ,  and metabolism t o  
improve t reabnent  o f  cancer, cancer diagnosis and the monitoring of treatment 
response. 

(9b) To i n v e s t i g a t e  the a l t e r a t i o n  i n  metabolic pa t te rns  r e l a t e d  t o  cancer, 
methionine, technetium-99m and iodine-131 were used. These were used i n  
var ious compounds f o r  the study o f  t he i r  metabolism i n  bone, parathyroid 
tissue, 1 i ve r ,  1 ung, pancreas and brain. 
metabol ic  pa t t e rns  and t h e i r  a1 te ra t ion  by mal ignant processes and by therapy, 
and a1 so towards the development of useful diagnost ic  tes ts  f o r  e a r l y  mal ig- 
nancy . 

(b)  C-11 rad io labe led  carboxyl ic  acids. (c) l-(C- 

Research was d i rec ted  towards basic 

(10) Various hematological s tud ies  included: (1959.) 
a )  i n  35 pa t i en t s  i ron kinetics with Fe-59 and ce l l  volume w i t h  P-32 
b) survi Val of red c e l l  s, w h i t e  c e l l  s and pl a te1  e t s  w i t h  P-32 

di i sopropyl f l  uoro-phosphonate. 
c) intermediary metabolism of glucose and uric acid.wi t h  C-14 g1 ucose 

and C-14 uric acid.  
d) hea r t  function w i t h  1-131 a1 bumi n. 
e) Co-60 vitamin 8-12 absorption. 

.!11) The  metabol ic  turnover o f  zinc-65 was studied, using a t o t a l  body 
counter. (1966.) 

(12) a )  1-131 Hippuran was compared with other  renogram agents and found t o  
. .  have the higher renal excretion eff ic iency.  

b) 1-131 cholegraf in  was used i n  35 patients t o  measure plasma volume 

c) 1-131 Rose Bengal was used t o  study hepatic blood f l o w  compared with 

d) Sr-85 was used as  a t r a c e r  f o r  calcium metabolism. T h i s  i s  safer  than 

a s  a s u b s t i t u t e  for  human serum a1 bumin. 

the coll o i  dal go1 d-198 disappearance r a t e .  

Sr-90 and more avai lable  than Ca-47. (1959.) 

(13) A rad io iso tope  technique f o r  measuring regional blood flow was u t i1  ized 
t o  measure the e f f e c t  of ionizing radiat ion on the bowel i n  experimental 
animals. 
studied i n  women. receiving radiat ion therapy fo r  carcinoma o f  the cervix. 
They were s tudied before radiat ion,  immediately a f t e r  radiat ion and 6-12 
weeks a f t e r  rad ia t ion  when heal ing had occurred. In addi t ion,  o t h e r  
diseases  o f  the  col on such as  u l  c e r a t i v e  col i t i  s and d i  ve r t i cu l  i ti s were 
inves t iga ted  t o  f ind ou t  if there  were de tec tab le  disturbances i n  regional 

In humans the e f f e c t  of ionizing radiat ion on the colon was 

) c i rcu la t ion .  (1963-1968.) 



SFS12.001 (con' t) 

(14) To e v a l u a t e  the mechanisms control 1 ing pul  monary circul a t ion ,  studies 
were ca r r i ed  out i n  normal and pathologic subjects, i n  basal condi t ions and 
under var ious stimul ations.  The data confirmed the re1 a t ionships  previously 
found between pulmonary bl ood vol me, s t roke vol ume and t o t a l  b l  ood vol ume 
and provided new mater ia l  f o r  an integrated eva lua t ion  of mechanisms 
control l i n g  the pulmonary c i rcu la t ion .  (1960-1965.) 

(15) See item (7). 



SUI4MARY FACTSHEET HUHAN EXPERIWENTATION - SFS12.002 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  C. A .  Haw1 ey 

O b j e c t i v e ( s 1  of P r o j e c t :  To o b t a i n  q u a n t i t a t i v e  i n fo rma t ion  on. the k i n e t i c s  
o f  rad io iod ine  t r a n s p o r t  from the p o i n t  o f  re lease  t o  the  atmosphere through 
the e n t i r e  a i r -vegetat ion-cow-mi lk  sequence i n  the human food chain. 

.............................................................................. 

S h o r t  D e s c r i p t i o n :  The p r e l  im inary  experiment was conducted dur ing May and 
June o f  1963. The experiment was conducted near the southern boundary o f  
the INEL ( fo rmer ly  the  NRTS). 
re1  eased abnospher ica l  l y ,  and deposited on pasture area downwind from t h e  
re lease point. 
seven human v o l u n t e e r s  consumed po r t i ons  o f  the r e s u l  t i n g  contaminated m i  l k  
ove r  an 18-day period. 

Dur ing September 1964, approximately the  same q u a n t i t y  and chemical form o f  
Iodine-131 was atmospherical l y  re1  eased t o  an area designated t h e  
Experimental D a i r y  Farm loca ted  on the  INEL (approximately seven m i  1 es 
nor theast  o f  t h e  Idaho Chemical Processing Plant ) .  Three human vo lun tee rs  
were on the  t e s t  area dur ing  the t ime o f  c loud  passage and were l a t e r  
subjected t o  i n h a l  a t i a n  t h y r o i d  dose measurements. 

Approximately one c u r i e  o f  Iodine-131 was 

S i x  d a i r y  cows were p laced on the contaminated pasture and 

Dur ing November 1965, the 1964 experiment was repeated us ing  s i m i l a r  
q u a n t i t i e s  and forms o f  Iodine-131 i n  the same area. Seven vo lun teers  were 
seated i n  the t e s t  area next  t o  h igh  volume a i r  samplers t o  c o r r e l a t e  
i n h a l a t i o n  uptake w i t h  the amounts o f  i od ine  present  i n  the  a i r .  

F o l  1 ow-up Data: Due t o  the r e 1  a t i v e l y  sho r t  ha1 f - 1  i f e  of Iodine-131 ( e i g h t  
days) and the l o w  t h y r o i d  doses rece ived  by the human v o l u n t e e r s  ( i n g e s t i o n  
dose, range 230 t o  630 mrad; i n h a l a t i o n  dose, range 6.1 t o  1 5  mrad) no 
fo l1  ow-up data acqui s i  t i o n  was considered necessary. 
) 
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SUWARY FACTSHEET HViN EXPERIYENTATIOH - SFS12.003 

Fundi ng Source( s : AEC 

Principal Invest igator(s1:  C. W. S t i l l  

O b j e c t i v e ( s 1  o f  P r o j e c t :  The determination o f  the metabol i c  f a t e  of 
radionuclides inges t ed  o r  inhaled by humans i n  good heal t h ,  and c a l i b r a t i o n  
of both s t a t i c  and ro t a t iona l  scanning instruments f o r  the d i r e c t  in-vivo 
measurement a t  i n t e r n a l l y  deposited radionuclides. 

Short  Description: Eight human volunteers were invol ved w i t h  the human 
s tudies  endeavor, w h i c h  consisted o f  th i r teen  ind iv idua l  experiments conducted 
during the pe r iod  May 1965 t o  January 1972. A1 1 of the e i g h t  persons invol ved 
were employed by t h e  ID-AEC, and a1 1 were associated w i t h  the Analytical  
Chemistry Branch o f  the Health and Safety Division. 
involved i n h a l a t i o n  o f  Argon-41 ( a  noble gas w i t h  a h a l f  l i f e  o f  1.8 hours) 
and nine experiments resul t ed  i n  t h e  volunteers swal 1 owing i nsol ubl e 
polyethyl ene capsul es containing microcurie amounts o f  rad ioac t iv i ty .  

Four of the experiments 

F o l l  ow-up Data: The shor t  h a l f  1 i f e  of Argon-41 and i t s  smal 1 residence time 
i n  the body resul t ed  i n  very smal 1 rad ia t ion  doses t o  the volunteers. The 
i n so lub le  capsu le s  required about 24 hours t o  pass through the body and 
produced very smal 1 doses due t o  the quan t i t i e s  of radioisotopes invol ved. As 
a consequence, no fo l  1 ow-up data acquis i t ion  was considered necessary. 
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Department of Energy 
Richland Operations Offia 

P.O. Box 550. 
Richland, Washington 99352 

, .  

O r .  James S. Robertson, Director 
Human Health and Assessments 

CONGRESSIONAL INQUIRY INTO .FOLLOW-UP STUDIES ON HUMAN RADIATION 
EXPERIMENTATION 

IR response t o  Charles DeLisi's.memorandum o f  October 30, 1986, t o  
Michael J. Lawrence, enclosed is  the Rich7 and Operations Office (RL)  
assessment of feasibi l i ty  of obtaining follow-up information on studies 
funded th rough  RL. 

Division, ER-73, HQ 

' If we can be o f  any further assistance, please feel f ree- to  call me on 
FTS 444-7770 o r  Paula K. Clark o f  my s ta f f  on FTS 444-6681. 

J. J. Sutey, Director 
Si te  and Laboratory Management Division SHD : PKC 

Enclosure: 
RL Assessment 

Q 
Q 
0 
a3 
4 
W 
t 

bcc: 

. .  - .  .-- . .. ..- . - .  ... -.--. . .. . .-. . .. . 

SMO Off. f i l e  
SMD Rdg f i l e  
AMF Rdg f i l e  
PK Clark, SMO 

Record Note: 
from PNL and HEHFrbue t o  l imi ted  time 
for response, o f f s i t e  principal investi- 
gators were n o t  contacted. ?A4 Q - S J ~ J  

Response based on i n p u t  



FEASIBILIM OF FOLLOW-UP OF HUMAN SUBJECTS 

For studies funded through RL, a preliminary assessment was made of .the 
feasibility of identifying, locating, and performing medical follow-up. 
study category and project number were taken from the subcommittee staff 
report. To the extent possible in the time allowed, the following 
considerations were addressed: 

1. Identifying Subjects 

The 

Are the subjects identified in study records? 

What actions are necessary to locate and access such records? Where 
study records are no longer in existence, can the subjects be 
identi f ied by recoll ecti on of investigators? 

Are there confidentiality agreements between investigator and 
investigating institutions and the subjects? Do such agreements 
present a potential barrier to identification or location? 

Information on individual studies i s  provided below. Further work 
would be required to identify and characterize any confidentiality 
agreements. 

2. Locating subjects 

Are the whereabouts of the subjects known? 

What methods for locating the subjects might be employed? 

The loqation of very few subjects is currently known. Use of the 
services of companies that track subjects in epidemiology studies 
as a principal, ongoing company activity i s  the most effective 
means of locating former subjects when identified. In most cases,. 
a properly identified individual can be located in this manner. 
Names of such companies can be provided. 

Medical follow-up 

Ascertainment o f  disease history after locating subjects can be 
accomplished by the use o f  standard epidemiologic techniques, such as 
mailing individuals questionnaires to be completed (with follow-up if 
necessary) or conducting intervieus with former subjects.' Verification 
of the accuracy of medical information provided in this manner may be 
more difficult. 

39 

The relationship of estimated dose incurred as a result of the study to 
current annual occupational 1 imi ts is addressed in some cases. 

Studies Conducted bv Onsite Co n t ract ors 

Regarding the feasibility of follow-up for subjects in studies involving 
administration of tritium, EP, '"Pm and o f  %"rc and 96T.c, the principal 

) 



uncertainty relates  t o  the identification o f  the subjects. Locating human 
subjects many years a f te r  the studies can be accomplished i n  some of thes-e 
cases by contacting currently active former associates of the subjects. 

The following pertains t o  the four relevant studies: 

J J l  0 Numb r 

With regard t o  identification of subjects, about four subjects can be 
identified readily. For the remaining ten subjects, the General Electric 
Company can be queried as to  the availabil i ty of the i r  research notebooks 
for 1952 f o r  the Hanford Biology Laboratory. 
notebooks could be checked to  see whether the names o f  subjects were 
recorded a t  the time. An alternative would be to  contact the principal 
investigator for the study, who is no longer employed a t  Hanford, t o  learn 
whether he recalls or has records concerning the identity of subjects. 

Regarding the need for such follow-up, the single t o t a l  body exposure 
resulted i n  an intake o f  about 3.3 mCi of tritium. The ICRP-recommended 
annual limit on intake (ALI) for tritium i s  3 x IO9 8q, o r  about 81 mCi. 
The subject's exposure, therefore, amounted t o  about 4 percent of  an annual 
limit. The dose incurred was probably only about 0.1 rem because o f  large 
intake o f  water by the subject t o  speed excretion of the tritium (2  percent 
of the annual dose limit for workers). The other subjects had only l imited 
skin exposure on the forearm or abdomen, which would have caused only a 
small fraction of the dose incurred in the case of the total body exposure. 

If available, the relevant 

Phosohorus-32 Studv (12 .001, Number 1111 

The study involved three groups o f  individuals, consisting, respectively, of 
three patients at' the University of Oregon Medical School, two Hanford 
volunteers who were injected and studied for  calibration purposes a t  the 
Swedish Hospital in Seattle, Washington, and f ive volunteers who ate 
whitefish from the Columbia River .  

The three medical school patients have been Identified. I t  would be 
necessary t o  access the medical school records to  obtain further 
information. However, the need f o r  follow-up of the patients i s  
questionable because the radionuclide was administered for medical therapy. 

The two volunteers administered XP a t  the Swedish Hospital are identified. 
The r a d i a t i o n  doses t o  the volunteers injected for  calibration purposes were 
0.025 rem t o  the bone, 0.009 rem t o  the l iver ,  and 0.005 rem t o  the whole 

' body. The respective annual exposure limits are 30 rem t o  bone, 15 rem t o  
l iver ,  and 5 rem t o  the whole body. 

Two o f  the five volunteers who a te  the whitefish have been identified, and 
there is a s t rong possibility that  the others can be identified as well.' 

The amounts of 3*P i n  the subjects one day a f t e r  eating the whitefish were 
70, 110, 89,  72, and 93 nCi for  an average of 87 n C i ,  which would give a 
total radiation dose o f  .005 rem t o  the bone, .002 rem t o  the liver, and 

) 
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.001 rem to the total'body.. 

Promethium Studv (17.0 01. Nu mber llOl, 
.. 

All subjects can be identified for the promethium project. 
Estimated doses were 0.036 rem to the liver, 0.008 rem to bone, and 0.005 
rem to the whole body in the case of injection o f  the promethium-143. In 
the case o f  ingestion, the dose to the upper large intestine was 0.038 rem 
and to the lower large intestine 0.077 rem. The annual occupational dose 
limits are 30 rem to bone, 15 rem to llver and intestine, and 5 rem to the 
whole body. 

Technetium Studv 01. Number 1091 

The identity of the subjects will be available only if contained in 
University o f  Washington records. The 
isotopes have relatively short half lives (4.3 days for 96T~ and 60 days for 
95'Tc) and are rapidly eliminated from the body. The Maximum Permissable 
Body Burden (MPBB) is not applicable to acute ingested or Injected doses; 
thus, it is inappropriate to compare administered quantities of 
radionuclides with MPBB. It is more appropriate to compare the total dose 
received with the annual occupational dose limit. The whole-body doses to 
the subjects were estimated to be about 0.145 rem in comparison to the 
annual occupational limit o f  5 rem. 

3) 00 - N n 9  

The feasibility o f  any follow-up studies of the Oregon and Washington state 
penitentiary inmate volunteers who participated in testicular irradiation 
studies i s  diminished by the difficulty o f  locating a large number of the 
inmates. The studies were actually conducted by the Pacific Northwest 
Research Foundation o f  Seattle and by the University o f  Washington Medical 
School, and the deliverables required by AEC were the technical reports 
produced as a result of the studies.. These reports did not include names. 
I n  November o f  1984, RL was requested by Dr. Charles Edington to provide the 
names and current addresses of these subjects to OHER if they'could be 
obtained. 

No. 189 

RL has no record o f  the names of the inmate volunteers at the Washington 
State Penitentiary. The principal investigator o f  the Washington study was 
unwilling to provide the names to RL in 1984. H i s  position was that to do 
so would be unethical unless he received a formal written request from the 
person originally requiring the information (at that time the Congressional 
inquiry was from Rep. Ottinger). He did agree to consult with the state 
attorney general about a proper response if Or. Edington would send a formal 
request. 

That source remains to be explored. 

) RL has no knowledge of whether the information was provided. 
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RL does have access to  records which allowed us t o  identify the Oregon 
inmate subjects. When RL asked the Oregon State Corrections Department t o  
provide the l a s t  known addresses o f  these people, the request was refused 
because the Oepartment was unwi l l i ng  t o  violate official  s ta te  
confidentiality policy. The State  agreed t o  te l l  RL only which individuals 
were st i l l  i n  the state prison system and t o  provide the date of  release o f  
those who were not.  This information was forwarded to  Dr. Edington w i t h  a 
memorandum dated November 19, 1984. 

The following information w i t h  regard t o  follow-up and confidentiality i s  
from DOE-EV-02405-3: 

Page 2 - "To insure complete protection (confidentiality o f  identity) 
of a l l  subjects a s  required by federal human experimentation policies, 
a l l  data has been re-coded, SO no reference can be found which will i n  
any manner ldenti fy any o f  the vo l  unteers. " 
Appendix 0, Page 10 - From the consent form used: 
publication o f  the results o f  the project w i t h  the understanding t h a t  I 
shall not be personally identified.' 
withdraw my consent a t  any time.' 

"I consent t o  the 

"I  have been advised t h a t  I may 

0008138 
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August  20, 1984 

TO: J. Robertson DOE1217 

I 

37 5-2461 

FROM: Sidney Marks , M.D. 

SUBJECT: Congress; onal Response 

Mavis Rowley has just informed me t h a t  the prisoners a t  the Oregon S t a t e  
Penitentiary i n  Salem were followed w i t h  regular examinations from the 
s t a r t  o f  the s tudy  i n  1963 until Dr. Carl Heller suffered a stroke early in 
1973. The follow-up examinations were performed on inmates who remained in 
prison and on any discharged prisoners who were willing t o  return for the 
examinations. An assiduous e f for t  was made t o  obtain such follow-up 
examinations on a l l  subjects. 

Subsequent t o  Dr. Heller 's  stroke, a n  e f for t  was made t o  continue the 
follow-up program, b u t  the prison authorit ies refused t o  enter  i n t o  a n  
arrangement w i t h  any other physicians, even i f  associated with the same 
organization. 
by the p r i son  physicians would suffice i n  following the health of the 

A t  t h a t  point,  they apparently indicated that  examinations 

- prisoners. They also had no in te res t  in further examinations from a 

Please cal l  i f  you have any questions. 

SM: gm 

_ _  - 
-- sei ent i f i c standpoi n t .  . _ _  
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P a c i  i c  Nor thwest  Research Foundat 
1102 Col urnbi a S t r e e t .  
S e a t t l e  MA 98104 

O r .  Sidney Marks 
B a t t e l l e ,  P a c i f i c  Northwest  l a b o r a t o r y  
P. 0. 8ox 999 
R i c h l a n d ,  MA 99352 

Dear  Dr. Marks: 

i n  h i s  l e t t e r  of July 3,  1984. 
At tached  is a b r i e f  response t o  t h e  request  made by 8 .  D. Larson 

on 

n c e r e l y ,  

I M a v i  s Row1 ey 

Si 7 
.. 

/ 

MR: rs 
Attachment  
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Dzte S:a:ted: 1963 

Identification: 
Principal Invescigator(s): C a r l  C. HelLer, M O D o  Ph.D. (deceased) - 
Responsible  Government O f f i c i a l ( s ) :  

.. 
O b j e c t i v e ( s )  of  test:  

J 
'J  SES ATTACHED FOR NARRATIVE 
n Short description: 

; Follow-up data: 

c 

. 



;ro;ec; Kanz: T h e  E f f e c t  o f  Ionizing Radiation pi:? L 
on t h e  Male Reproductive System . t 

C b j e c t i v e ( s )  o f  t e s t :  
I 

f ) - T o  d e t e r n i n e  the.  exzct-nr:t.;e cf- the c y t o l o s i c i l  d e f e c t  produced ..-- - 
i n  t h e  developaent of  t h e  Seminal  egithelium and t o  r e l a t e  t he  
excent of t h e  d e f e c t  t o  dosage a n d  t ime;  

2 )  To f ind  t h e  minimal dosage t h a t  would a f f e c t  t h e  germinal ep i -  
the1 i urn; 

- 
' 33 To determine t h e  t ime of recovery from-any g i v e n  dosage; 

4 )  To determine whether t he  higher dosaoes given would lead t o  

5)  To determine the  simultaneous e f f e c t s  o f  any dosage upan . .  t he  

6 )  To determine t h e  inf luence 'bf  any g i v e n  dosaoe upon o t h e r  para- 

permanent damage o f  spermatogenic c e l l s ;  

Leydi g c e l l  cytology. 

meters such as  exc re t ion  o f  t o t a l  g o n a d o t r o p i c  hormone ( F S H ) ,  
l u t e n i z i n g  hormone ( L H ) ,  estrogens and andropens; 

- .  
- - ._ ___.-  ---- ._ _ _  . - .. . -  

7 )  To d e t e r n i n e  the inf luence o f  any given dosage upon plasma l e v e l s  
o f  FSH, LH and t e s tos t e rone ;  and  

8 )  T o  complete P s t s t i r t i c a l  ana lys i s  of  the  r e s u l t s  obtained. 

. .  Short Description: 

I n  1963 Dr. H e l l e r  i n i t i a t e d  a p ro jec t  t o  determine t h e  e f f e c t s  o f  
grzded doses o f  i o n i z i n a  r ad ia t ion  upon  the humsn mzle reproductive systsm. 
Actual i r r a d i a t i o n s  were begun in  A u g u s t  o f  1963 us ing  volunteers.  Getween 
1963 and May o f  ,1971 2 t o t a l  of 67 individuals  received acute  i r r a d i a t i o n  
i n  varying doses. 

D u r i n g  1963, 1S65 and 1967, ad hoc advisorylreview cormit tees  were 
assembled by t h e  Atomic Energy Commission t o  give overview and d i r e c t i o n  
t o  th is  program. 

Follow-up data:  

After  Dr. H e l l e r ' s  acu te  heal th  f a i l u r e  i n  December o f  1972, several  
proposals f o r  longterm s u b j e c t  follow-up were presented, . 

Considerable d i scuss ion  was h e l d  w i t h  various agencies about how 
contact  w i t h  t h e  vo lun tee r s  could be maintained i n  o rde r  t o  a 7 1 w  a l i f e  
time follow-up. 
contact.  

No mechanism was found t o  allow o r  implement 2 long t e r n  

) References: E S T  COPY AWLRCLE 

There have been numerous publ icat ions on t h i s  p ro jec t  end i t s  
The aitached findings beginning i n  1963 a n d  extending through 1974. 
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hwesr Laboratories 
I 
shingion U.S.A. 99352 
09) 375-2461 

July 25,  1984 

e 

Mrs. Paula K. Clark 
Admi n i  s t ra t o r  
PNL Programs Division 
Richland Operations Office 
Department of Energy 
PO Box 550 
Richland, WA 99352 

Dear Paula: 

I have enclosed PNL fact  sheets r e l a t ive  t o  human experimentation conducted 
a t  t he  Hanford s i t e  i n  accordance w i t h  our ear l . i e r  conversations. The f a c t  
sheet  and cover l e t t e r  fo r  Dr. Hel le r ' s  study as submitted by Mavis Rowley 
a re  enclosed. 

I discussed w i t h  Dr. Finch o f  the University o f  Wash ing ton  yesterday his 
submitted f a c t  sheets  concerning two studies  conducted a t  the University i n  
the 1950s. The additjonal information acquired d u r i n g  t h a t  conversation 
has been incorporated in to  the f a c t  shee ts ,  which are enclosed w i t h  t h e  
cover l e t t e r  from Dr. Finch. 
Dr. Finch r e fe r s  t o  two s tudies  on iron absorption. However, he d i d  n o t  :. 
submit f a c t  sheets  for the two studies  nor do the enclosed a r t i c l e s  t o  
which he r e fe r s  c i t e  any involvement o f  human subjects.  He also has no 
recol lect ion o f  using human subjects i n  the s tudies .  They, therefore ,  f a l l  
outs ide the scope of t h i s  inquiry. 

Dr. Paulsen wil l  be unavailable t o  provide a f a c t  sheet on his study u n t i l .  
ea r ly  i n  August. 
t h a t  he had made an e f f o r t  t o  arrange f o r  follow-up o f  the prisoner sub- 
j e c t s  but t h a t  both the subjects  and the cognizant authori t ies  f e l t  t h a t  
the subjects  m i g h t  be compromised by a follow-up procedure. Therefore, he 
was unable t o  develop a n d  carry o u t  a follow-up plan. 

In the f irst  paragraph i n  his cover l e t t e r ,  

In the meantime, he communicated w i t h  me by telephone 

0 0 0 8 1 4 4  



Letter t o  P .  Clark 
July 2 5 ,  1984 
Page 2 

The enclosures comprise al l  materials collected t o  date. 
additional fact sheets as they are received. 

Sincerely, 

I will fomard 

/ & 
Sidney Marks, M . D .  
Associate Manager 
Environment, Health and 

Safety Research Program 

SM:lm 

Enclosures 

cc: W .  3. Bair wo/enelosures 
J. 3 .  Fuquay wo/enclosures 
R .  P .  Marshal 1 wo/encl osures 
W .  R .  Wiley wo/enclosures 
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Projcct Hmc: Unknown. Date Ste t ted:  1951 
Project involved study o f  bate Tcrmiaated: 1951 
absorption of tritium oxide 
through skin. 

-- 
Iden t i f  i ce  :f on : , Unknown 
Princ ipa l  Xnvestleatot(c): 

ReRpxmlble  Coveranent OfficialCs); 

Chester w -  DeLong, Biology Laboratory, General Electr ic  
Company, Richland, WA 

osjective(6) of test: To determine the r a t e  o f  absorption.of tritium oxide t h r o u g h  
the i n t a c t  sk in  o f  man. 

short dcncrlption: 
on the forearm o r  abdomen to  a water-vapor atmosphere labeled'with tritium oxide (HTO). 

' A s ing le  human subject was s imi la r ly  exposed over his to t a l  skin area while breathing 
uncontaminated a i r .  
t r i t i u m  oxide subsequently excreted i n  the subjec ts '  urine.  
ments indicated a 4-fcrld greater  absorption ra te  than t h a t  measured e a r l i e r  in rats. 
These studies established the importance of  the skin a s  a route o f  entry f o r  tritium 
oxide and led t o  reductions in the allowable concentration o f  t r i t i u m  oxide i n  air .  

Fourteen human subjects  were exposed over a small 'area (C\I 1G cm2) 

Absorption o f  tritium oxide was estimated by' measurement o f  
The data from these experi- 

_- F ~ L ~ O W - U ?  d i t r :  No follow-.up was conducted because o f  small dose t o  subjects 
9 (see Attachment l), 

Re:etececa: DeLong, C .  W , ,  R ,  C.  Thompson, a n d  H .  A ,  Kornberg, 1954, 
Percutaneous absorption o f  tritium u t d e ,  Am, 9. Roentgenol. ' 

Radium Therapy Nucl . Med; '71, 1038-.1045. - 

Artac'mcnt(e): 1 - Memo o f  06-22-84 from Roy C .  Thompson t o  Sidney Marks. 
2 - Copy o f  above reference.  
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Pacific Northwest Laboratories 

Date June 22, 1984 

To Sid Marks 

from Roy C. Thompson 

Project  Number 

Internal Oisttibution 

REC E WED 

S hKSKS ' 

Subject HUMAN EXPERIMENTAT I ON 

The only experimentation on humans t h a t  I can recall h a v i n g  been done i n  t h e .  
Biology Department since 1950 when I j o i n e d  the Department, is  t h a t  described 
i n  the attached reprint. 
tritium-labeled water t h r o u g h  the intact  skin. 
(unidentified) were exposed over a small area (%lo cm ) on the forearm or 
abdomen t o  a water vapor atmosphere labeled w i t h  tritium oxide; and a single 
subject ( n o t  identified, b u t  known t o  be 
exposed over his total  skin area, while breathing uncontaminated air. 

These were studies o f  the absorption o f  
Fourteen human subjects 

2 

WETI3 1 was similarly 

The purpose of  these experiments was t o  determine the rate o f  absorption of 
tritium oxide through the intact  s k i n .  Studies had'previously been done w i t h  
rats a s  subjects. The human data indicated a b o u t  a 4-fold greater absorption 
rate than t h a t  measured i n .  rats, and were important i n  establishing the fac t  
that  respiratory protection alone was not adequate t o  protect workers exposed 
t o  tritium oxide. 
air  concentration o f  tritium oxide was reduced by a factor o f  two. 

As a direct  consequences o f  these studies, the allowable 

L - 
S u r v i v i n g  records do n o t  Indicate the concentrations o f  tritium attained i n  
the exposed subjects. I t  can be estimated from the d a t a  reported, however, 
t h a t  single total  body exposure must have resulted i n  a n  intake of approxi -  
mately 3.3 m C i  o f  tritium. The ICRP-30 annual  limit on intake (ALI) for 
tritium i s  3 x 10 Bq or about 81 m C i .  The' experimental exposure therefore 
amounted t o  about 4% of an ALI, which should have delivered a total body dose 

9 

\ 



S i d  Marks 
June 22, 1984 
Page 2 
Subject: HUMAN EXPERIMENTATION 

- 
o f  about 200 mrem. The actual dose delivered was p r o b a b l y  l ess  t h a n  half  of- 

this,  'since the subject consumed large quant i t ies  of water t o  speed excretion 
o f  the  tritium oxide. 
subjec ts ,  b u t  t h e i r  exposures, and consequent r a d i a t i o n  dose, must have been 
very much lower t h a n  t h a t  o f  the  to t a l  body exposure. 

Similar estimates cannot be made for the other 

Because o f  the  very low doses involved, no long-term follow-up was planned or 
performed . 
RCT : pmb 

.. . 

0008748 



FACTSHEET HUMAN EXPERIMENTATION 

Project Name: Unknown. Project involved Date Started: Sept. 1967 
study of metabolism of promethium i n  Date Terminated: 1 year 
humans and e f f ec t  o f  DTPA on metabolism a f t e r  
and excretion s t a r t  

Ident i f ica t ion  : Unknown 

Principal Invest igator(s) :  

Responsi bl e Government Offici  a1 (s ) : 

H. E. Palmer, Occupational a n d  Environmental 
Protection Department, Pacif ic  Northwest Laboratory ( P N L ) ,  Richland, WA - 

Objective(s) o f  t e s t :  The study was conducted t o  determine the uptake, 
re tent ion,  d i s t r ibu t ion  and excretion of promethium i n  humans following 
b o t h  oral and intravenous administration a n d  t o  study the effectiveness 
of DTPA i n  removing promethium from the body. 
relevant t o  possible exposure o f  plant personnel. 

cians of the Hanford Environmental Health Foundation (HEHF). 
counting and excreta measurements were made by PNL fo r  one year  following 
administration o f  the 143Pm. 
w i t h  DTPA a t  var ious in te rva ls  before and a f t e r  the administration of the 
lL3Prn. 
AEC . 

These considerations were 

Short description: 143PmC1 was administered t o  14 volunteers by physi- 
Whole body 

S i x  of  the volunteers were a l so  injected 

Both the HEHF and PNL contributions t o  the study were funded by 

Follow-up date: There was no follow-up a f t e r  one year because of the low 
doses t o  the human subjects .  The estimated doses were .036 rem t o  the 
l i v e r ,  .008 rem t o  the bone, and ,005 t o  the whole body f o r  inject ion,  
and .038 rem t o  the upper large in t e s t ine ,  and  .077 rem t o  the lower 
large in tes t ine  f o r  the ingestion cases. 

References: Palmer, H. E . ,  Nelson, I .  C. and Crook, G. H. "The Uptake; 
Distribution, and Excretion of Promethium i n  Humans and the Effect of 
DTPA on these Parameters,'' Health Physics - 18, pp. 53-61 (1970). 

Attachment(s): Stated reference. 



FACTSH E F T  HUMAN EXPER I MENTAT I ON 

Project  Name: Unknown. Project  was an Date Started: July 1965 
inves t iga t ion  o f  the d i s t r i b u t i o n  and Date Terminated: 60 days 
excret ion of technetium i n  human subjects .  a f t e r  

start  

Ident i f ica t ion :  Unknown 

Principal Inves t iga tor (s ) :  T. M. Beasley and H. E. Paimer, Pacif ic  
- Northwest Laboratory ( P N L )  a n d  W. 6 .  Nelp, University of  Washington 

Medical School 

Responsible Government Off ic ia l  (s): 

Object ive(s)  of t e s t :  The study was conducted t o  measure the long-term 
retent ion and loca l iza t ion  o f  technetium i n  humans following b o t h  o r a l  
and intravenous administration and t o  der ive mathematical models f o r  
excret ion,  which a re  very useful i n  d e t e n i n i n g  the  radiat ion dose t o  
humans from technetium isotopes i n  the body. They are  i m p o r t a n t  from 
both medical and occupational standpoints.  

Short descr ipt ion:  95Tc and  96Tc were administered t o  8 subjects by 
physicians a t  the University o f  Washington Hospital i n  Sea t t le .  The 
subjec ts  were hospi ta l ized a t  the University of Washington Clinical  
Resezrch Center for the  f i r s t  week. Whole body counting and  excreta 
measurements were made for  60 days. The University o f  Wash ing ton  _ .  
obtained and  reimbursed the  subjects  for  t h e i r  services .  The p a r t i -  
c ipa t ion  by PNL personnel was l imited t o  providing the equipment, mak- 
i n g  the  whole body counting and  excreta measurements and analyzing the 
data .  
Washington par t ic ipat ion.  

F o l l  ow-up d a t a :  
sidered unnecessary because o f  low dose t o  subjec ts  (estimated t o  be 
0.145 rem) 

The PNL par t ic ipa t ion  was funded by AEC b u t  not the University of 

Foll ow-up continued f o r  60 days Later  fol1 ow-up con- 

References: Beasley, T. M., Palmer, H.  E . ,  and Nelp, W. B . ,  "Dis t r ibu t ion  
and Excretion of Technetium in  Humans," Health Physics - 1 2 ,  pp. 1425-1435 
(1966).  

0 0 0 8 1 5  0 i # . t t c c k n t ( s ) :  Stated reference.  
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FACTSHEET HUMAN EXPERIMENTATION 

Project Name: Unknown.  The project involved ' Date Star ted :  Dec. 1963 
the development and calibration of instru- Date Terminated: Feb. 1964 
mentation for measuring 32P in vivo a t  en- 
. v i  ronmental 1 eve1 s . .. 

.. 

Identification: Unknown 

Principal Investigator(s): H. E. Palmer, Hanford Laboratory, General 

Responsi bl e Government Official ( 5 )  : 

Electric Company, Richland, WA -- 

Objective(s) of tes t :  To determine t h e  c o u n t i n g  rate of a known quantity 
of 32P a s  a result  of ingestion, of f ish.  

4 Short description: A calibration facto;- was needed for measuring the total  
body c o n t e n t  of 32P i n  people who consumed whitefish.and other species o f  
f i s h  taken f r o m  the Columbia River during the period when nuclear reactor 
coolin water was emptied into the River. 

o f  Oregon Medical School and received t h e  32P as p a r t  o f  the therapy  for  
blood diseases. 
levels o f  32P by physicians from the Swedish Hospital in Seattle for 
calibration purposes only. 

Five subjects were injected 
with 9 P. Three o f  t h e  subjects injected were patients a t  t h e  University 

The other two subjects were injected w i t h  very low 

.. 
Follow-up date: 

doses t o  the two volunteers injected for calibration purposes were .025 
rem to  bone, .009 rem t o  l iver and .005 rem t o  t h e  total body. 

No follow-up because o f  low doses t o  volunteers. T h e '  

References: H. E. Palmer. "Determination of 32P in In Vivo." Health 
Physics .lZ, pp. 605-608 (1966). 

i 
Attachment(s): S t a t e d  reference 
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P a c i  f i c Northwest  Research Foundat i on 
1102 Columbia S t r e e t -  
S e a t t l e  WA 98104 

July 19, 1984 

D r .  Sidney Marks 
B a t t e l l e ,  P a c i f i c  Northwest l a b o r a t o r y  
P. 0. Box 999 
Rich land ,  WA 99352 

Dear  D r .  Marks: 

i n  h i s  l e t t e r  o f  July 3,  1984. 
Attached i s  a b r i e f  response t o  t h e  request  made by R.' D.  Larson 

MR: rs 
Attachment 
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Identification: 
Principal Investigator(s): C a r l  G. Heller, M.D. ,. P h . D .  - (deceased) 
Responsible Government Official(s): 

Objeciive(s) of test: 

S E E  ATTACHED 
Shor t  description: 

FOR N A R R A T I V E  

Follow-up data: 

References: 

Attachment( s).: 
1 

.. . 

000815'3 .' . 



rC'LlJec~ Iballie: Ille L I  l r C ~  U I  I U ~ I I L I I I ~  n a u r c l L ~ u l i  . . .. on the  Hale Reproductive System . 
1 . 

I 

Cb jec t  i ve( s ) o f  t e s t :  

1) To determine t h e  exact  na ture  o f  t h e  c y t o l o g i c a l  d'efect produced 
' 

i n  t h e  developaent o f  t h e  germinal ep i the l i um and t o  r e l a t e  t.he 
e x t e n t  o f  t h e  de fec t  t o  dosage and t i m e ;  

the1 ium; 
2 )  To f i n d  the  minimal dosage t h a t  would a f f e c t  t h e  germinal ep i -  

3 )  To determine t h e  t ime  o f  recovery f rom any g iven dosage; 

4 )  To determine whether t h e  h igher  dosages given would l ead  t o  

5 )  To determine t h e  simultaneous e f f e c t s  o f  any dosage upon the  

6) To determine t h e  in f luence ' b f  any g iven dosage upon o ther  para- 

permanent damage o f  spermatogenic c e l l s ;  

. .  . .  Leydi  g c e l l  cy to logy .  .- 

meters such as e x c r e t i o n  o f  t o t a l  gonadotropic hormone (FSH), 
l u t e n i z i n g  hormone (LH), estrogens and androgens; 

7 )  To determine t h e  i n f l uence  of any g iven dosage upon plasma leve ls  
o f  FSH, LH and tes tos terone;  and 

8 )  To complete a s t a t i s t i c a l  ana lys i s  o f  the  r e s u l t s  obtained. 

Shor t  D e s c r i p t i o n  : 

I n  1963 D r .  H e l l e r  i n i t i a t e d  a p r o j e c t  t o  determine t h e  e f f e c t s  o f  
graded doses o f  i o n i z i n g  r a d i a t i o n  upon the  human male reproduc t ive  system. 
Actual  i r r a d i a t i o n s  were begun i n  August o f  1963 us ing volunteers. Between 
1963 and May of  1971 a t o t a l  o f  67 i n d i v i d u a l s  received acute i r r a d i a t i o n  
i n  va ry ing  doses. 

Dur ing  1963, 1965 and 1967, ad hoc adv isory/ rev iew committees were 
assembled by t h e  Atomic Energy Commission t o  g i v e  overview and d i r e c t i o n  
t o  t h i s  program. 

Follow-up data: 

proposals  f o r  1on.gterm sub jec t  fo l low-up were presented, 

con tac t  w i th  the  vq lun teers  cou ld  be mainta ined i n  order t o  a l l ow  a l i f e  
t ime  fo l low-up.  
contact .  

A f t e r  D r .  H e l l e r ' s  acute h e a l t h  f a i l u r e  i n  December o f  1972, several 

Considerable d i scuss ion  was he ld  w i t h  var ious agencies about how 

. 

No mechanism was found t o  a l l o w  o r  imp lementn  long term 

\ References : ' 

' There have been numerous p u b l i c a t i o n s  on t h i s  p r o j e c t  and i t s  
The attached f i n d i n g s  beg inn ing  i n  1963 and extending th rough 1974. 

: 0 0 0 8 1s 4 b i b l i o g r a p h y  references t o  many o f  them. 



0 .  

'.. Project  Name: The Effect o f  Ionizing Radiation - . '?  
.c 

1 
I on the Male Reproductive System 

.. . .  . 
B I B L I O G R A P H Y  

1. C. G.  Hel ler ,  6. V.  Hel le r ,  and M. J. Rowley, Humen sp rna togenes i s :  
An estimate of the duration of each c e l l  a s soc iz t im  and o f  each 
c e l i  type. 
July 5 ,  1968, Mexico City,  Excerpta Med. Found. I n t .  Congr. Ser. 

C. G. Heller ,  F. Teshima and M. 3. Rowley, 0uration.of transport o f  

1x1 Internat ional  Congress o f  Endrocrinology, June 30 - 
. - 184, 1012-1018 (1969). 

* 2. 
spermatozoa t h r o u g h  the  human male duc tu la r  system. Fert .  S t e r i l .  
21, 390-396 (1970). 

- - 
3 .  M. J .  Rowley and C. G, Heller ,  Quantitation of t he ' ce l l s  o f  t h e  

seminiferous epithelium o f  the human t e s t i s  employing the  Sert 'oli  - . . 
ce l l  as a constant. 2. Zellforsch. 115, 461-172 (1971). 

C. 6. Heller ,  P.  Wootton, M. 3. Rowley, M. F. La l l i ,  hnd  D. R .  Brusca, 
Action of radiation upon human spermatogenesis. Excerpta Med. Found .  
I n t .  Congr. Ser. - 112, 408-410 (1966). 

r a d i a t i o n  response o f  the  gonads. 
Systems, pp. 3-15. I n t .  Atomic Energy Agency, Austria', 1968. 

4 .  

5. E .  F. Oakberg, Mammalian gametogenesis and species comparisons in 
I n  Ef fec ts  of  Radiation on Meiotic 

6. M. J. Rowley, 3. 0. Ber l in ,  and C. G. Hel ler ,  The u l t r a s t ruc tu re  o f  

C. .G. Heller,  M. F. L a l l i ,  J .  E. Pearson, and D. R .  Leach, A method 

four  types o f  human spermatogonia. 

f o r  the quant i f icat ion o f  Leydig c e l l s  i n  man. J.  Reprod. Fert., 

D .  R. Brusca, 3, M. Kaste l la ,  and  C. G. Hel le r ,  Urinary tes tos te rone  

2. Zel lforsch, -112, 139-157 (1971). 

7. 

- 25, 177-184 (1971). 

8. 
excretion as an index of t e s t i c u l a r  secret ion.  In  Proc. US Endrocinol. 
SOC., Chicago (F.. G. Hofman a n d  N. P. Chris ty ,  Eds.) p. 142. 
J .  P. Lipincott ,  Phi ladelphia , '  Pennsylvania, 1966. 

9 .  M. J .  Rowley, D. R. Leach, G. A. Warner and C .  G .  Heller, E f f e c t  o f  
graded doses of ionizing r a d i a t i o n  on the human t e s t i s .  1 
Radia t .  Res. - 59, 665-678 (1974).  
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UNIVERSITY OF WASHINGTON 

',. School ofh f edicint 
Dtpartmmt of l l ldicint 
Hematology Ruurrh, 2D-20 

J u l y  17, 1984 

D r .  Sidney Marks 
B a t t e l l e ,  Pacif ic  Northwest Laboratory 
P.O. Box 999 
Richland, WA. 99352 

Dear Dr. Marks, 

During t h e  past  twenty years,  I don't  believe w e  have had any 
support from the  A.E.C. or  Environmental Protection Agency. 
However, we have collaborated with Earl Palmer i n  s tudies  of 
i r o n  absorption, r e s u l t i n g  i n  publication of  two a r t i c l e s  

i ron  absorption with a subcontract and loan o f  equipment for  
a t o t a l  body counter. 
being ca r r i ed  out i n  Bangkok. 
by our human subjects  committee a t  the University of  Washingtc 

' (#177 and n178).  In  addition ne have recent ly  begun t o  study 

These s tud ie s  i n  human subjects  are 
Protocols have been approved 

m . 
Pr io r  t o  1964, we d id  have one or two contract  with the Atomic 
Energy Commission. 
t i o n  and the  other  with s tudies  of radioiron quant i ta t ing 
erythropoiesis .  I don't  know t h e  o f f i c i a l  names o f  these 
con t r ac t s  nor do I know the exact time during which they were 
axarded. However, I have encl.osed two f a c t  sheets indicating 
t h e  general information avai lable .  

One of these had t o  do with blood preserva- 

Sincerely yours, c &&+,c< 
Clement A. Finch, M.D. 
Professor of Medicine 

. University o f  Washington 



FACTSHEET HUMAN EX PER IMENTATI ON 

Project  Name: Unknown. Date Started: About 1952 
Date Tenninated: About 1958 

Ident i f ica t ion :  Contract AT(41-5) -344 

Principal Invest igator(s) :  C. A. Finch 
.- Responsible Government Off ic ia l  ( s ) :  

Objective(s) o f  t e s t :  

Short description: 
employing 0 - 5 1  tagged c e l l s  i n  human subjects.  
injected i n  normal volunteers i n  quant i t ies  equal t o  those used c l i n i c a l l y  
i n  blood volume determinations. The number o f  volunteers i s  n o t  known b u t  
is believed to  have been about 50 subjects.  
o f  adenine as a blood preservative.  

Studies o f  b l o o d  preservation 
I 

This involves evaluation o f  red ce l l  v i a b i l i t y  
Cr-51 tagged c e l l s  were 

These studies led t o  the use 

Follow-up data: None 

References: See attached. 

Attachment(s): Lis t  of publications.  

0 0 0 8 1 5 1  
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Contract AT(41-5) -344 

References: 

Gabrio, B.W., Stevens, A.R., Jr., and Finch, C.A.: Erythrocyte Preservation. 
11. A Study of Extraerythrocyte Factors in the Storage of Blood in Acid- 
Citrate-Dextroxe. J. Clin. Invest. 33:247-251, 1954. 

Gabrio, B.S., Stevens, A.E., Jr. and Finch, C.A.: Erythrocyte Preservation. 
111. The Reversibility of the Storage Lesion. J. Clin. Invest. 33:252-256, 1954. 

\ 

Gabio, B.W. , Hennessey, M., Thomasson, J. and Finch, C.A. : Erythrocyte 
Preservation; IV. In Vitro Reversibility of the Storage Legion. J. Biol. 
Chem. 215:357-367, 1955. .. 
Donohue, D.M., Motulsky, A.G., Giblett, E.R., Pirzio-Biroli, G., 
Viranuvatti, V. and Finch, C.A.: The Use of Chromium as a Red-Cell 
Tag. Brit. J. Haemat. 1:249-263, 1955. 

Gabrio, B.W., Donohue, D.M. and Finch, C.A.: Erythrocyte Preservation. 
V. Relationship between Chemical Changes and Viability of Stored 
Blood Treated with Adenosine. J. Clin. Invest. 34:1509-1512, 1955. 

Gabrio, B.W., Finch, C.A. and Huennekens, F.M.: Erythrocyte Preservation: 
A Topic in Molecular Biochemistry. Blood 11:103-113, 1956. 

Donohue, D.M., Finch, C.A. and Gabrio, B.W. : Erythrocyte Preservation. 
. VI. The Storage of Blood with Purine Nucleosides. J. Clin. Invest. 

35~562-567, 1956. 

Gabrio, B.W.,'Donohue, D.M., Huennekens, F.M. and Finch, C.A.: 
Erythrocyte Preservation. VII. Acid-Citrate-Depose-Inosine (ACDI) 
as a Preservative for Blood during Storage at 4 C. J. Clin. Invest. 
35~657-663, 1956. 

Donohue, D.M., Gabrio, B . W .  and Finch, C.A.: Preservation and Transfusion 
of Blood. J.A.M.A. 161~784-788, 1956. ' 

Hennessey, M.,  Finch, C.A. and Gabrio, B.W.: Erythrocyte Preservation. 
VIII. Metabolic Degradation of Nucleosides in Vitro and in Vivo. J. 
Clin. Invest. 363429-433, 1957. 

Donohue, D.M. and Finch, C.A.: An Animal Assay Method for the Measurement 
of Post-Transfusion Survival of Stored Blood. Vox. Sang.2:369-575, 1957. 

Donohue, D.M., Gabrio, B . W . ,  Huennekens, F.M. and Finch, C.A. :"The 
Metabolic Pathways of Purine Nucleosides and the Use of Inosine in 

. Red Cell Preservation" in Int'l SOC. of Blood Transf. (Proc. of 6th 
Congress).'Hollander L, ed. Karger Pub., Base1 pp.290-293, 1958. 

Lange, R.D., Crosby, W . H . ,  Donohue, D.M., Finch, C.A., Gibson, J.G.., 11, 
Mdlanus, R.J. and Stumia, M.M.: Effect of Inosine on Red Cell Preservation. 
J. Clin. Invest. 37:1485-1493, 1958. 
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FACTSHEET IUI EXPERIMENT TION 

Project Name: Unknown. Date Started: About 1955 
Date Terminated: Same year. - 

~~ 

Ident i f i ca ti on : Con tract AT( 45-1 ) -218 

Principal Investigator(s): C. A. Finch 

Responsible Government Official (s): 

Objective(s) of test: 
erythropoies i s 

Short description: Fe-55 and Fe-59 were injected in normal and diseased 
(anemic) subjects. The former are believed to have numbered about 20 and 
the latter about 60-80 subjects. 
studies were about 5-1Ou Ci. These studies led to a physiologic 
classification of red cell production. 

Follow-up data: None 

Application of radioiron to quantitation o f  

The quantities'used in AEC-sponsored 

References: See attached. 

Attachment(s): List of publications. 
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Contract AT(45-1) -218 

References : 

Giblett, E.R., Coleman, D . H . ,  Pirzio-Biroli, G., Donohue, D.M., 
Motulsky, A.G. and Finch, C.A.: Erythrokinetics: Quantitative 
Measurements of Red Cell Production and Destruction in Normal Sub- 
jects and Patients with Anemia. Blood 11:291-309, 1956 

Finch, C.A., Giblett, E.R., Donohue, D.M., Hurtado, A.V., Motulsky, 
A.G. and Reiff, R.H.: Quantitative Aspects of Erythropoiesis in 
Man. Trans. Assoc. Am. Phys. 69:149-154, 1956. 

Sturgeon, P. and Finch, C.A. : Erythrokinetics in Cooley's Anemia. 
Blood 12 : 64-73, 1957. 

Bothwell, T.H., Hurtado, A.V., Donohue, D.M. and Finch, C . A : :  Erythro- 
kinetics. IV. The Plasma Iron Turnover as a Measure of Erythropoiesis. 
Blood 12~409-427, 1957. 
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August 10, 1984 

Paula K. C l a r k  
Rich1 and Operations Off ice  
U. S. Department o f  Energy 
216 Federal Bldg. 
Richland, WA 99352 

s? f -  

j a +  

Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washingion USA. 99352 

375-2421 Telephone (509) 

Telex 15-2874 

Dear Paula : 

I have enclosed the material regarding human experimentation j u s t  received 
f r o m  Dr. Paulsen. 
have received no comnunication from the University o f  Oregon a n d  no fur ther  
word from the University of Washington. 

Sincerely yours, 

I believe t h a t  this  completes our submission since I 

Sidney Marks, M.D. 
Associate Manager 
Envi ronment ,  Health and 

Safety Research Program 

SM: gm 

Enclosure 



University 
01 Washinzon. , 

S c h d  of edtcine 

Sealtle 
Washington 98195 

August 6 ,  1984 

Dr. Sidney  Marks 
B a t t e l l e  P a c i f i c  Northwest Labora tory  
P.O. Box 999 
Richland ,  WA 99352 

-_- 
Dear Sidney:  

w a s  requested. Sorry t o  be t a r d y .  

t h e  q u e s t i o n n a i r e  or r e q u i r e  c l a r i f i c a t i o n ,  p l e a s e  l e t  m e  know. 

d i s c u s s i o n  regard ing  long-term follow-up. The consensus a r r i v e d  
a t  between the inmate v o l u n t e e r s  and myself w a s  as  fo l lows :  (1) 
They did n o t  w a n t  compulsory follow-up by l a w  enforcement or 
governmental au thor i t ies  by such means as S o c i a l  S e c u r i t y  numbers 
trace. T h i s  was cons idered  an  invas ion  of t h e i r  r i g h t s .  (2) They 
understood t h a t  I ,  as the  r e s p o n s i b l e  medical i n v e s t i g a t o r ,  would 
be a v a i l a b l e  t o  any v o l u n t e e r  t h a t  wished t o  see m e  r ega rd ing  any 
h e a l t h  problem. To d a t e ,  I have on ly  seen  a handful of such men 
i n  t h e  past 14 years .  During t h e  s t u d y ,  w e  ass is ted t h e  p e n i t e n t i a r y  
i n  medical c o n s u l t s  on men who were not  on our program. Indeed,  
w e  a r r anged  for ex tens ive  care i n  two men w i t h  s e r i o u s  medical 
problems u n r e l a t e d  t o  our program. I mention t h i s  t o  e s t ab l i sh  t h e  
f ac t  t h a t  these a c t i o n s  on our p a r t  v a l i d a t e d  our c r e d i b i l i t y  among 
t h e  inmate popula t ion .  

B e s t  w i s h e s .  

Enclosed is t h e  material on o u r  AEC suppor ted  research t h a t  

If you r e q u i r e  a d d i t i o n a l  in format ion  beyond t h a t  l i s t e d  i n  

Finally, t h e  i s s u e  of follow-up. There  was cons ide rab le  

-_ - 

S i n c e r e l y ,  

C .  Alvin Paulsen ,  M.D. 
P ro fes so r  of Medicine 

C A P  : gg 
cc: Anne Woolf 

Grant  & Contrac t  Services 
\ U n i v e r s i t y  of Washington 

Richard E, Berger 
William J. Bremner 
Donald K. Cliflon 
Edward M. Eddy 
Charles H. Muller 
C. Alvin Paulsm 
Edward 8. Perrin 
Robert A. Stetner 

0 0 0 8 1 b 2  
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'E?XCTSFZET hWAN &XPERIMEhTATION 

Project xnmc: The S t u d y  of I r r a d i a t i o n  Ef fec ts  Dace Started; 8 / 6 3  
on  t h e  Human T e s t i s ,  i n c l u d i n g  H i s t o l o g i c ,  Date Terminated: 12/70 Chromosomal and  Hormonal A s p e c t s  

Identification: C o n t r a c t  #AT(45-1)225,  Task  Agreement  nY6 
Pr.+cipal Invest1gator(o): C. A l v i n  P a u l s e n ,  M.D. 

Reoponslble Covernaeot O f f i c i a l (  8): 

-- 
1) To relate radl ' a t ion  dosage t o  changes XI, gonadal f unction, 2) t o  

Objcctlve(s) of t e s t :  u t i l i z e  the  rad ia t ion  gonadal changes as means for studying 
p i tu i t a ry - t e s t i s  in te r re la t ionships ,  3) t o  explore therapeut ic  and medical protective 
measures with respect to  gonadal i r r ad ia t ion ,  4) t o  explore our current concepts concernm: 
radiat ion dosage expressed in physical t e r n  and the i r  r e l a t ion  t o  biologic e f fec ts .  
S h o r t  dcecr lpt lon:  After appropriate baseline studies were performed, subjects  received 
f r an  7.5r t o  4OOr x-ray i r r ad ia t ion  or sham M a t i o n  to the  testis only. 
biopsies  were perfomxi p r io r  t o  and up to  6 years post-irradiation to  assess changes in 
t h e  germindl epithelium. 
throughout t h e  study and were analyzed for nbrphologic changes and.changes i n  t o t a l  number 
of sperm. Urine specimens were obtained m n t h l y  f o r  evaluation of hormonal changes. 
when t he  techniques were available,  serum LX was measured by radioimnunoassay. Studies of 
ultrastructure changes in testis t i s s u e  were perfonmi using electron microscopy. 
were followed u n t i l  h o m n a l  values returned t o  noImal. l e v e l s  and u n t i l  sperm counts 
returned to n0zma.l ranges. 
to  eliminate the  p o s s i b i l i t y  of defective offspring. 
were accepted for the study; but in  several instances t h e  volunteers changed t h e i r  mind 
and did not desire a vasectany at t h e  conclusion of t h e  study. 
detail  regarding the  study and signed consent fonns were obtained from subjects and frcm 
~ o l ~ o w - u p  data: spouses i f  subjects w s r e  rnarried. 

t h u s  eliminating the  poss ib i l i t y  of conception during t h e  study. 

(see covering letter) 

Testicular 

Seminal fluid specimens were obtained at +week i n t enmls  

Later 

Subjects 

Vasectcmies were performed p r i o r  t o  discharge f m  the  study 
Only individuals desir ing vasectany 

Subjects were informed in 

Subjects were prison inmates only, 

References: 
January 31, 1973. 

Attached is the  publication list fm our f i n a l  technical report, dated 

A t t a c h e n t ( 8 ) :  Wver i ig  letter 
reference list 

00081b3 

. 
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P u b l i c a t i o n s  suppor ted  bv t h i s  g r a n t  

AEC suppor t  has  been d i r e c t l y  involved  i n  each of t h e  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  l i s t e d  below, a l though  s o m e a r e n o t  a p a r t  of t h e  AEC . 

c o n t r a c t  program. F o r  example,  e s  t a b l i s h m c n t  of  t h e  chromosome 

l a b o r a t o r y  enabled us  t o  s t u d y  o t h e r  a s p e c t s  o f  r e p r o d u c t i v e  phys io logy .  

Likewise ,  e s t a b l i s h m e n t  of the rcldioinuniinoassay and subsequent  purchase  

o f  t h e  gamma coun te r  a l lowed us  t o  u t i l i z e  radioinmunoassay i n  o t h e r  
L 

endocr ine  s t u d i 2 s  a s  w e l l  a s  i n  s t u d i e s  d i r e c t l y  supported by this 

c o n t r a c t .  The re fo re ,  a p p r o p r i a t e  c r e d i t  has bccn  y i v c n '  t o  tlic c o n t r a c t  

f o r  each of t h e  fo l lowing :  

RLO-1781-1 
w i t h  an E l e c t r o n i c  P a r t i c l e  Counter.  D.L. Gordon, D . J .  Moorc, T. 
Thors lund  and C.A. Pau l sen .  Tlic J o u r n a l  o f  Laboratory and C l i n i c a l  
Medic ine ,  Plarcli 1965. 

The De te rmina t ion  o f  S i z e  and  Concent ra t ion  o f  Human S p e r m  
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MAIL READ UNREAD 

To: W.BAIR (DOE617) 
Cc: J.ROBERTSON (DOE1217) 
Cc: 3. MI ESSEN (DOE670) 

From: J.ROBERTSON (DOE1217) Posted: Tue 21-Aug-84 13:09 EDT Sys 64 (3) 
Subject: Reply to: CONGRESSIONAL RESPONSE 

--More-- 

This is regarding Sid Marks' message re follow up in prisoner studies. 
This will be useful to have in the record. Thanks much. 

Disposition: File 
Fi 1 ed 

Regards 
JSR - 

Disposition: L 

Argument(s) must be specified (eg LINESIZE linmax). 

Di sposf tion: 

.. 
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(sent by electronic mail) 

A u g u s t  20, 1984 

TO: J. Robertson DOE1217 

FROM: Sidney Marks, M.D. 

SUBJECT: Congressional Response 

37 5 -246 1 

_. 

Mavis Rowley has just informed me t h a t  the prisoners a t  the Oregon State 
Penitentiary i n  Salem were followed w i t h  regular examinations from the 
s t a r t  o f  the study i n  1963 until  Dr.  Carl Heller suffered a stroke early i n  
1973. .The follow-up examinations were performed on inmates who remained i n  
prison and on any discharged prisoners who were w i l l i n g  t o  re turn  for the 
examinations. 
examlnations on a l l  subjects. 

An assiduous e f f o r t  was made t o  obtain such follow-up 

Subsequent t o  Dr. Heller's stroke, a n  e f for t  was made t o  continue the 
follow-up program, b u t  the pr ison authorit ies refused t o  enter i n t o  a n  
arrangement w i t h  any. other physicians, even i f  associated w i t h  the same 
organization. 
by the prison physicians would suffice i n  following the health of  the 
prisoners. 
s c i e n t i f i c  standpoint. 

A t  t h a t  p o i n t ,  they apparently indicated that  examinations 

They also had no interest  i n  fur ther  examinations from a , 

Please cal l  i f  you have any questions. 

SM: gm . .SEND 
.SEND 

J.ROBERTSON -- Sent 

FOFF 
O f f  
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September 6 ,  1984 

, 

. 

Paula K. Clark 
Energy Programs Division 
Richland Operations Office 
U. 5 .  Department of Energy 
216 Federal Building 
Richland, WA 99352 

Dear Paula: 

I have enclosed a response from Or. Nil Nelp t o  the DOE i nqu i ry  concerning 
I believe t h a t  this s t u d y  f a l l s  i n t o  the class of 

excluded projects based on the c r i t e r i a  set for th  i n  the memorandum o f  
June 27, 1984, f r o m  C. W. E d i n g t o n  t o  M. J .  Lawrence. The study discussed 
by Dr .  Nelp involves the diagnostic use of neutrons as a radiation modal- 
i t y ,  which d i f fe rs  s l ight ly  from the diagnostic use o f  radiopharmaceuticals 
mentioned i n  the memo. However, i t  i s  a diagnostic rather t h a n  therapeutic 
technique. 

' human experimentation. 

In any event, the material i n  the l e t t e r  i s  available for your 
consideration. 

Sincerely , 

/& 
Sidney Marks, M.D. 
Associate Manager 
Environment , Heal i h  and 

Safety Research Program 

SM: gm 

Enclosure . 

C C :  b!arjorie Parker (wo/encl ) 

. .- 



. .  . 
S f P 4  1984 

‘J ai?ll;rs UNIVERSITY H OS PITAL 
UNIVERSITY OF WASHINGTON 

SEATTLE, WASHINGTON 98195 

DIVISION OF NUCLEAR MEDICINE, RC-70 August 30, 1984 

Sidney Marks, M.O. 
Battelle,  Pacific Northwest Laboratory 
P. 0. Box 999 
Richland, WA 99352 

Dear Dr. Marks: 

I have received notification from our Grant  and  Contract Office and I 
have also talked t o  Marjorie Parker i n  Richland regarding your request 
fo r  in fo rma t ion  on our previous contract with the A.E .C .  t h a t  involved 
human ex per iment a ti on. 

The contract of  pertinence was A.E.C.-AT(45-1)-2225. 
contract f i l e s  a t  t h e  present time on th i s  work; however, i t  i s  my 
recollection t h a t  this work was f i r s t  funded i n  1969 and sponsorship was 
concluded i n  approximately 1973. 

The project involved total  body neutron activation analysis. The f i r s t  
phases revolved around developing the techniques and d u r i n g  the l a s t  
three years o f  the contract human subjects were studied by this method. 

We originally studied females over the age of 35, most over the age of 
55 and most w i t h  known bone was t ing  diseases, comnonly osteoporosis. 
During the course o f  the AEC sponsorship i t  i s  my estimation we studied 
some 40 t o  50 females i n  this category. We also studied chronically i l l  
individuals suffering from kidney fa i lure  who were being- treated by 
a r t i f i c i a l  kidney dialysis.  I n  these individuals we studied the i r  
calcium balance using the techniques. I estimate t h a t  some 25 adult 
patients were studied i n  this category. The females were non-child 
bearing . 
The procedure’involved the exposure o f  the subjects t o  a uniform low 
f l u x  h i g h  energy neutron f ie ld  which delivered a maximum tctal  body 
exposure of  200 rnillirads. Using a RBE o f  10, we estimate the t o t a l  
body dose t o  be 2 rems, u s i n g  a more conservative RBE of 3 o r  4 ,  i t  
would make i t  s l ight ly  less  t h a n  1 rem. 

I do not  have the 

These patients i n  the beginning had a one-year follow-up examination of 
the lens o f  the eye because o f  subtle concerns about  cataract formation. 
They were not followed beyond-that time for  this specific purpose. We 
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Sidney Marks, M.D. 
August 30, 1984 

had no long-term follow-up on t h e s e  ind iv idua ls .  
un l ike ly  t h a t  any o f  them have borne children and by a l l  of our observat ions 
and c a l c u l a t i o n s  i t  would be most un l ike ly  t h a t  any adverse effects 
could be a t t r i b t u t e d  t o  these procedures due t o  the extremely low l e v e l s  
of r a d i a t i o n .  

I think it i s  most 

I am s o r r y  I d o n ' t  have more d e t a i l e d  da ta  t o  provide b u t  I t h i n k  my 
r e c o l l e c t i o n  i s  reasonably accurate .  
I would be happy t o  speak w i t h  you. 

I f  you have any f u r t h e r  quest ions 

Professor  o f  Medicine i n d  Radiology 
Head, D i  v i  s i  on of  Nuclear Medi c i  ne 

WBN : cf 

cc: Grant and Contract Services  



Pacif ic  Northwest Research Foundation 
1102, Columbia Street  
Seatt le  WA 98104 * - 
July 19, 1984 

Or. Sidney Marks 
Battel l e ,  Pacif ic  Northwest laboratory 
P .  0. Box 999 
Richland, WA 99352 

Dear Dr. Marks: 

in h is  l e t t e r  o f  July 3 ,  1984. 
Attached i s  a brief response t o  the request made by R. D .  Larson 

M R :  rs 
Attachment 
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I d e n t i f i c a t i o n :  
Principal I n v e s t i g a t o r ( s ) :  Carl G. Heller, M.D., Ph.D. (deceased) 

Responsible Government O f f i c i a l ( s ) :  

. .  . '  

O b j e c t i v e ( s )  of test: 

ATTACHED FOR NARRATIVE 
Shor t  descr ip t ion:  

Follow-up data: 

References : 

I. . 

Aztachment(s): 

0 0 0 8 7 1 2  
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on the Male Reproductive System 

Cbjective(s) o f  t es t :  

1) To determine the exact nature of the cytological defect produced . 
i n  the developiaent of the germinal epithelium and t o  re la te  the 
extent o f  the defect t o  dosage a n d  time; 

2 )  To f i n d  the minimal dosage t h a t  would affect  the germinal epi- 

3 )  To determine the time o f  recovery from any given dosage; 

4 )  To determine whet!;er the higher dosages given would lead t o  

the1 ium; 

permanent damage of spermatogenic c e l l s ;  - 
5 )  To determine the simultaneous e f fec ts  of any dosage upon . .  the 

Leydig cel ’I cytology. . -  

6 ) To determine the influence ‘ b f  any given dosage upon  other p a r a -  
meters such a s  excretion of  t o t a l  gonadotropic.hormone ( F S H ) ,  
lutenizing hormone ( L H )  , estrogens and androgens; 

7) To determine the influence of any given dosage upon plasma levels 
of FSH, LH and  testosterone; a n d  

8 )  To complete a s t a t i s t i c a l  ‘analysis o f  the results obtained. 

Short Description: 

In 1963 Dr. Heller i n i t i a t e d  a project  t o  determine the  effects  o f  
graded doses o f  ionizing radiation upon the human male reproductive system. 
Actual i r radiat ions were begun i n  A u g u s t  o f  1963 using volunteers. Between 
1963 and May o f  1971 a t o t a l  of 67 individuals received acute irradiation 
i n  varyi n$x.doses. 

D u r i n g  1963, 1965 and 1967, ad hoc advisory/review committees were 
assembled by the Atomi’c Energy Commission t o  give overview and direction 
t o  this program. 

.- 
Follow-up d a t a :  

After Dr. Heller’s acute health f a i l u r e  i n  December of 1972, several 
proposals f o r  longterm subject follow-up were presented. . 

Considerable discussion was held w i t h  various agencies a b o u t  h o w .  
contact w i t h  the volunteers could be maintained i n  order t o  allow a l i f e  
time follow-up. 
contact. 

No mechanism was found t o  allow or implement .a 1ong.ferm 

References : 

There have been numerous publications on th i s  project and i ts  
The attached fin’dings beginning in.1963 and extending through 1974. 

bib1 iography references t o  many of  Uern,. 
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School of MdiCiM 
Department of Medicine 
HtmatolOw Ruarrh, 2D-20 

July 17,  1984 

Dr. Sidney Marks 
Battelle, Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA. 99352 

Dear DT. Marks, 

During the past twenty years, I don't believe we have had any 
support from the A.E.C. or Environmental Protection Agency. 
However, we have collaborated with Earl Palmer in studies of 
iron absorption, resulting in publication of two articles 
(nY177 and U178). 
iron absorption with a subcontract and loan of equipment for 
a total body counter. 
being carried out in Bangkok. 
by our human subjects committee at the University of Washington. 

Prior to 1964, we did have one or two contract with the Atomic 
Energy Commission. 
tion and the other with studies of radioiron quantitating 
erythropoiesis. I don't know the official names of these 
contracts nor do I know the exact time during which they were 
awarded. However, I have enclosed two fact sheets indicating 
the general information available. 

Sincerely yours, 

* 

In addition ne have recently begun to study 
* 

These studies in human subjects are 
Protocols have been approved 

One of these had to do with blood preserva- 

Clement A. Finch, M.D. 
Professor of Medicine 

. University of Washington 

o o o o i i z  
4-East. P m i h c t  Hospital / 500 17th Atmur. C-34008 / Startft. U'X 98134 / TeIephonr:I206I 326-5121 
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FACTSHEET HUMAN EXPERIMENTATION 

. . .  

P r o j e c t  Name: Unknown. Date Started: About 1952- 
-Date Terminated: About 1958 

I d e n t i  f i c a t i  on : 

P r i n c i p a l  I n v e s t i g a t o r ( s ) :  C. A. Finch 

Contract  AT( 41 -5)-344 

Responsible Government O f f i c i a l  (s): 

. 

O b j e c t i v e ( s )  o f  t e s t :  Studies of blood p rese rva t i on  

Shor t  d e s c r i p t i o n :  
employing Cr-51 tagged c e l l s  i n  human subjects.  
i n j e c t e d  i n  normal vo lunteers i n  q u a n t i t i e s  equal t o  those used c l i n i c a l l y  
i n  b lood  volume determinat ions.  The number o f  'vo lunteers i s  n o t  known b u t  
i s  b e l i e v e d  t o  have been about 50 subjects. These studies l e d  t o  t h e  use 
of adenine as a blood p rese rva t i ve .  

Fol low-up data: None 

This  i n v o l v e s  eva lua t i on  o f  r e d  c e l l  v i a b i l i t y  
C r - 5 1  tagged c e l l s  were 

References: See attached. 

Attachment(s) :  L i s t  o f  p u b l i c a t i o n s .  
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Abbreviations Used A total of 151 subjects were studied. 119 iit sea 
level in Seattle, \\'ashington, and 52 at 15.50 meters 

more severe iliten1iii thaw in the Sort11 Americm P,: 

ATP : adenosine triphosphate 
in Medellin, Colombia. h1eclelliil subjects wen 2.3-OPG: 2.3-diphotphoglycerate 
studied because load cmlagir;ll cpiiditions led to O,-Hb: oxygen hemoglobin 

. oxygen dissociation 
patients; Sledellin subjects consisted of seven liar- Po.: oxygen tension 

TCA: trichloroacetic acid mal rniiles, 22 anemic inales ;ind 23 iinernic fenides. 
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fable 1. Separation of Extract into Fractions. 
i 

Furno* LrurnT F a r c l ' m ~  ComTWt 

I SO ml of rntcr  & Inorganic phosphate lmm 
then 50 ml d 
0.25 hydrochloric heaoic monophorphote. 
acid 1dcno8ine monopbr 

phalc. reduced nicotine 
adenine dinucleotide k 

plasma & red cells. 

monophorphodyFcr;lle . *  
- 1  100 ml of O.I'N Heaosc diphorphrlc & . * .  - 2  

ammonium chloride ademsine diphosphate 

manium chloride - 4 - d  - twrO.r l  

monium chloride 
100 ml or N hydro. 

3 200 ml olO.2 N am- 2)-DPC . I  a 0 . l l - m -  . . .  I . * " . .  
4 200 mi or 0.5 N am ATP 

J Unidcnlified phosph.*~r Figure 1. Relation between Hemoglobin Level and Affinity 
for Oxygen (PJ (A) and between Hemoglobin Levcl'and 

2.3-OPG (6). in Seattle Subjects. 
In this and in Figures 2 and 3 the triangles represent fe- 

ch)or* uid compounds 

males, and the open circles males. The solid regression 
line is for the entire group. the dotted line for males, and and hiphosphate simiJar to those 

reported by him.* the dashed lint for females. -2 

The oxygen-hemoglobin (OZHb) dissociation i 
cuwe was determined by the mixing technic," in 
which oxygen saturation is predetermined by mix- 
ture of known amounts of fully oxygenated and fully 

DPC \vas higher by 0.5 mX1, and the P,, \VUS in- 
creased by 0.4 mm of nrexufy. Ten smoking niales 
showed a slight but insignificant increase i n  l i e n i e  

.. 
Table 2 Changes in Red-Cell Organic Phosphate Compounds in Normal and Anemic Subjects. ' 

, s v u u n  NO. or 
s u u v n  
~ O I W  

ATP. FUCTDON 2' 

mMllirn ./ 
rdlr 

I 

0.8: = 0.20 
0 3 0  = 0.17 
0.89 = 0. I9 
1.61 t 0.40 

I .41 t 0.45 

SUKle: 

. Maknonsmoken 
FcmJe nonsmokrn 
Male smokm 

Anemic patimu: 
With uremia . 
Without ummia 

Normal wbjccu: 

Medellin: 
Normal males 
Anemic paticnu: 

Males 
FCITIda 

15.32 t 1.02 4.83 = 0.33 
1268 = 0.96 5 2 3  t 0.40 
I5.N = 0.94 5.1.1 f 0.59 
7.62 t 1 J O  6.62 = 0.86 
7.88 =. I28  6.77 = 1.19 

20 
20 
IO 
20 

20 

27.1 t 0.8 
27.5 2 0.9 
Z7.0= 1.3 
29.1 = 1.6 
30.2 t 1.9 

I .  I It 0. I7 
1.13 z0.16 
130 = 0. IO 
1.75 ~ 0 . 5 3  

l.79tO.fI 

1.26 0.26 
1.22 f 0.14 
i .33 = 0.24 
2.01 t 0.83 

I .9s t 0.12 

7 .  u 
u 

1 6 . 0 * ~ 1 . l 8  5.48t0.27 
7.4s = 1.22 

7.45 = 1.64 

8.33 t 2.35 

7.04 = 2.81 

0.94 t 0.09 
1.32 t 0.37 

I .32 Z 0.4s 

26.5 = 0.2 
28.9 t 1.4 

29.2 t 23 

1.13 2 0.13 
IS9 t 0.46 

1.64 t 0.39 

0.96 t 0.12 
1.37 t 0.3s 

l.522036 

deoxygenated blood arid the oxygen tensioii (Po,) of 
the mixture is directly nieuured hy nieiws of ii Po, 
electrode: Henioplobiii iiffinity for oxygen taken 
from the 0,:Hb dissoci;ition cttn'c ;it pH 7.4 wits 
expnssrd as  the P, (7.4) - that is, Po, in milli- 
meters of nrerciiry required for 50 per cent sithir .I t' I 0 1 1  

of the blood with oxygen i\t pH - i . 4 .  

Rrsutn 
The 20 nonsnmking nonn;il tii;rles at sei1 level hud 

'ii mean hemoglo1)iri of 15.51 g per 100 nil, ;I meiin 
DPC of 4.83 tiib1 and ii 11rmiti P,, of 27.1 innr of  
mercury (T:hle 2). In 20 iioiwiiokitic feitirtlw the 
mean Iieniaghl)in \viis lower hy 2.G g per 100 itd. 

*W'hdr blood rather lhnn washed red cdls u-8 extr~ctcd because 
the p r i n u s l y  used washin(. pmcdurr: caused a JCCWJW in the re- 
covery or DPQ and ATP. and pl:isma Jvcr M I  cunvain wpnk phm- 
phlcs. 

- 



.. -' .i 

:-, !'I\ % . ,8 
i <  I ----._._ a .  

i - 7  . . . , -... s ,  0 -  . . .. - y.: - 
I -.-- 'W. - . *.. .:. -.*- . *... 
, .I.. :. e.: . 

: 
m - , . . . . .  -.. I . *  e . * * . .  

-c. -**--I 

Figure 2. Data in Medellin- Subjects. 

phasphnte-cont;liniiiC fractions to henioyloliiii con- 
centration (Table 3). All fr-.ctioirs showed P sic- . nificmt comeliition (1, less than O.OOI) with Pa. 
Slore than 80 per cent of the increiised phosph:ite 
in the four fractions listed wils ur-cnriiited for by DPC. 
and ..\TP. .\lthouch the percentape increase in recl- 
cell A T P  was iictiially greater tlian that of DPC, the 
ATP rise on a tnoliw basis \VAS less than ii tliird of 
the DPC increase. 
The possible relation behveen arterial pH iind 

changes in red-cell orcmic pliospl~itte level w;is 
cvaliiatcd in the .\ledellin feiniile patients. Any 
chance in pH \*dues in these patients wiis inciden- 
tal since they hiid heen selected on the biijis ol  
anemia alone. That a relntion existed behveen pH 
and P.3DPC is shown i n  fipiire -LA. In  view of 
this, an attempt was nriidc to show the cEect of pH 
alone by correction of each DPG level for the es- 
pccted chunce related to anemia (Fig. J B ) .  .A siiriilar 
correction is made in the P, level for expected 
clianpes relirted to iiiieiiriu (Fig. JC). It is seen that 
when the p H  is i.4, the changes in DPC and P, 
are thvse expected from the degree of iinenria; 
however, with acidosis, the c l i m p  in P, and DPC 
failed to re;iclr the level predicted w1iere;is with 
dkalosis, the Ic\d of P, and DPC exceeds the le\.- 
el predicted from iinerniii ulotic. 

Drscusuos 
There is convincing evidence thiit orgnnic plios- 

phate niodifics tlic effitiity of hemoplobirr for osy- 

. I-- 

Table 3. Regression Equations and Correlation Coefficients 
for All 171,Subjects Sludied 

.r (0.001. 

gen.1.' This effect is  evident when the P, ciirve of 
hemoglobin in red-cell Iiemolysiites is coiilpiired to 
that of hemoglol)iii stripped o l  its organic phos- 
phates,' and in the P, meiisurements on tire org!irro- 
pliospli;ite-drvleted red cells of stored blood in 
vitm.'n Of more physiologic inipptnnce is the demon- 
stration that oqiinic phosplxites increase in vivo in 
resl)onse to hyposiii and that this rise is iissoci:ited 
with a heightened availability of os!yeti to tissiies. 
A fall in blood oxygen content diie to decreased 
oxygen loading ;it high altitudes \ c i s  sliown to be 
associ;ited with ii corresponding rise in both DPC 
und p,o':.~~ In  patients wi t l i  cnrdiiic diseiise associ- 
ated with decreased cardiiic niivii t ,  coiiipensatop. 
inrreiises in both DPC und P, hn\.e heen denioii- 
stmted.'* The repuliition of red-cell DPC conteiit 
has thcis come to be rerngnired a s  itn importnnt 
adaptive mechmisin to coinhiit tissue hyposi;i.izl* 

In the present shidy the effect of dccrenscd con- 
centrations of hemoglal~iii oil DPC ;ind P, wiis 
es;iiniiied over ;I wide riinyr of heniog1ol)iii coircen- 
tmtion. The hvo groups investigated were cwnsid- 
ered . sepiiriitel!., not 1)eeaitsc of the iiltihide 
differeiices, which had little. effect. h i t  I)clr;iiise 
the deteniiin;itioiis. altliacicli carried out by the 
silnie investiqitnrs. were under sotire\vliiit differciit 
Inl)ornton. conditions. Soririd iiicii ; r i~c l  woiiieii pm- 
vided ;I h e  liirr ftrr coinpinsoil wit11 iineniic MI)-  
jeca. .% higher iiieiiii DPC \\*its found in feiiiiiles ;is 
conipiired with iiiides i t ;  iicrord with hvo prc\-ioiis 
groups of stil)jrr.ts studied.iS.'" liut ;it viiriaiicr \vith 
one other.'" Siiice the 1ieiiiogIol)iii l e t 4  in woiiieti 
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Figure 4. Effect of pH in Medellin Females. '-. , , , , ,ml In A 0% level is relaled to in vivo pH. In B the difference 
between aclual DPG and DPG level predicted on the basis 
Of the subjecl'r hemoglobin concenlrztlon is related to in 

from the DPG level IS relaled to In vivo pH. 
In c the difference between actual P, and lhat predicted 

2.2 --1--06 IIIW 

0 vivo pH. ' 

2.a DCI-VW. (-ou w w  

i A 
figure 3. Relation between P, and 2.3-DPG in Sealtle 

Subjects (A) and Medellin SuSpcts 18). 
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i is lower thitn thtit in r y ,  the reciprmd incrc;\xe in 

DPC appenrecl consistent with the affect ol)served 
in su1)jcr.b with greater degrees of ;mrinia. Tlre rc- 
gression ciirves relating hcnioglol~in to DPC or P, 
were similirr in iii;ile :tiid frirr;ile ;\nemic siil)jrcts. 

Anemia is well known to be ossocittted with o 
decreased affinity of henioglobin for axygen.*?-:l 
These incre;ucs sire confimied in the present study. 
and their inteneliitions with chttnges in red-crll 
organic phosphates ;we demonskrted. Thus, in the 
Seitttk patients, for every gram per 100 ml of herno- 
globin decrease. there is H DPG increase of about 
' 0 . a  mX1 and u P, increase of abont 0.30 mm of 
mercury. For each millinrole increrwe in DPC. there 
was a corresponding rise of itl>oltt 1.3  niin of mer- 
cury in tire P,. ATP w;u also increuscd. but 011 :I 

molar h s i s  w n s  about a third of tlie DPG incre;ize. 
Other orjiilnic phosphates in the red c d l  also in- 
crease with anemia, but since these increases itre 
much smaller than those of DPC or ATP (Tihle 2). 
they probiibly hiive little effect in modieing heino- 
globin affinity for oxygen. 

The rise of tliese glycoiytic intemedintes Cs con- 
sistent with the fact that red-cell glycolysis is stiniu- 
lated by deoxygeiiiltion.2.s It has been suggested 
that the Luel,erin~-Rnpoport shunt is iin idternate to 
the conversion of 1.3-DPC to j.phosphog1ycemte 
and thitt reciprocnl changes mil!. oc+w between the 
levels of ATP iind DPC.."I Ho\wver. OUT studies of 
normal snhjects at high idtihide: and of patients in 
cardiac failure" iind the current report of people 
with nnemiii all denionstnrtc incremes in both cotn- 
pounds and tlius reflect nn overall stimulation of 
glyrdysis. This stimulation m i y  be the result of a 
rise in deoxygenoted hemoglo1,in. which. by bind- 
ing more organic phosylrirte thiin oxyhenioglol)in, 
lowers the free organic pliosplriite in the cell; alter- 
nately, it has been silggested that intr.lcelltilur pH 
changes may deet the activity of red-crll enzymes 
and alter the DPC: I c ~ d , ~  Howewr, there ciln be 
little .doitl)t thiit when there is a rise in tlie relative 
amount of deoxygeniited henroalobin ill venous 
blood, tlrere is also it rise in rcd-c.cll orgitnie phos- 
phates. 

Extncellulw inorganic phospli;ite levels niiiy dso 
have a role in repiilating red-cell pl!?colysis ,illid 
thus in cvntralling tlir lewl of ititennec1i;itc min- 
pounds such iis .%TI-'.= This effect \\.;is riot clenian- 
stnitle in tlte 20 putients with rent11 iiireiiiiii (T;d)Ie 
2). in which. despite ;in ;iscr.ire iiicrcase i n  p1;rsni;i 
inortiuiic plicispli~tte to i . 4  11111, no siyitificiint 
differerice \viis fouirrl in ATP or DPC: le\-als iis 

conip;irecl to u siiiiiliir groiili of pittiwits with ~ I I I I -  

rcnid regciirmtive w r i i r i r i  \\*licrse ~ r l i ~ ~ i i i a  iiio%,iiiic 
phosp1i;itc Icvc'Is were niinir:iI. 

~~ncloiil)tr-tlly, iiiiiiiy v:iri;ildc*s infl i ic*ttc*r thc cnr- 
rel;ttiriri Iic.t\vrwi lwiiwdctliiii ;ind DPC. (ir P,,,. 
Srnokiiig. wliicli is kwnvii to ;ifft.ct the P,, ctirvc. 
\viis es;uriiiictl iii ii gnwp of t h v w i s e  iii~riiiii! sti11- 

jccts (Tid~Ic c!. Siiwc tlic i i i c y i  vdiies for D1'c slid 

P, in these sittolcn cl id  nat differ sigirifirmitly 
fmlll those of the noniiiil sul)ject!, sltrokinr: \\xs 
not t l k r i i  into cnnsitlctxtioct in the s t d y  of ;iiieoiic 
sul>jwts. Another ~ ) i ~ s s i l ~ l r  c-itiisc of \-iiri;itinii is  the . 
tize of the rcd-c.ell pqwlatiiiii. Edw;rrds atid Higas3 
h i n d  that yoiiiiz cells sepamted by criitrifitgiiticiii Iracl 
a P, of 33.3 11)111 of t i i r n . r ~ y  ;IS coiiipired with S i  
mm in older cells. Be~misr  of this rhen.;ition. s i i l r  
jectr witlr-heinolytic iiiteiitia ;L$ defined Iry n reticti- 
Iocyte orttput of ninre than twice I~;isiiI viiities were 
ercliided from the present shidy. Likewise. patients 
with ' enzyme and Iiemogl?lin iiliiionn;ditirs as- 
sociated with dtrrtd p, were excluded. 

'Changcs in pH nrc known to nffect the P, cc~n'c. 
ir shift towtrd the riglit iic-compiurying ;icidosir. itlid 
one towird the left iicmmpanying i d k ; t l ~ ~ i ~  (tile 
Bohr effect). Previous workers have d s n  shown tliat 

. severe acidosis (niuses u decrense. iind dknlosis it11 

. incrclrse in DPC.3' Shldies dctiionstmted stick 
effects in ,putients i n  whom pH cliiin<es h;td not 
been suspected on c1inic;tl groiinds (Fig. 4). Even -- 
though the response to pH chiinpe occiirs iiliiiost 
instantmeoiisly w1iere;rs that to DPC hi1s ;I Ixilf-time 
of about six hoiirs, the drpree' of c.orrel;itiori ob- 
sened in this study is iinpressise iuid slipports the 
fact that DPG coiicentratioii is subject to tlie ~ 1 1 1 -  

bined effect of Iieiiioplohin coiiceiitriitioii iind in 
vivo pH. The reg~ilirtiiig effect of DPC thus irpprnrs 
to be the prime inechiuiisni for modif!itig heii?o- 
globin affinity in .ndjustinp oxygen supply to tissue 
needs. 
The importance of a s'hift in Oz-Al, dissociation 

cuwe in determining Po, tension in the tissue capil- 
laries is shown in Figure 5. For iiistmce, il suliject 
with it hemoglobin concentmtion of 7.3 g per 100 

. 

. .. ..+ 

Figure 5. Etlects of Anemia on P,. 
The normal curve is shown at the lop. and the anemic 
cumes below. The dashed line is the unshilled curve. and 
the solid line indicale$ the chanqet in aflinity lor oxygen 
observed. I f  venous oxygen remains at 39.2 mm of mercu- 
ry. the shill in the curve permits an increased oxygen e#- 
traction from 2.5 to 3.5 vol per cent. If the required 5 vOf 
per cent were extracted. oxygen tenc*on would be at 29.6 

vot par cent. 

d. 
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ml and iiii tiiihifted ciiwe would relruse aiily 2.5 
val per cciit id nsygeii to rriiiintnin it  iinniiitl e d  
tissiie capilliiry Pot of 3!) iiiiii of iiiercuv. A shifted 
clime, ;is ot)scn.ecl iii these stiidies. yields ii~i OS?.- 

gen release of 3.1 vol per cent. A nonrriil relritse of 
S vol per cent either retitiires i u r  iircrmse in cliirdiitc 
oiitpiit of 55 per cent illwve nrrnir;tl or ;i lowering in 
end-tissue capil l i i~  Pcr, to 29.6 intii of nirronT. 111 
the nbsence of it shift. the rele:rw of 5 vol per cent 
of oxygen wotild tiecessitute daul~liiic the cardiac 
autpiit or loweriiig further €‘vG to 26 iii11i o f  titer- 
cury. Tlius, ii shift of the O,-HI, dissocintiorl clime 
to the right esplnins tlie rel;iti\*ely sliplit iixmsrse in 
cardinc otitput and decreiise in niised venaits PO: 
observed in mieinic Ixitioitsxt us well QS the miiii- 
mal syniptoiiiatology of iiiodemte aiieiilia. 
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erythropoiesis 

Application o f  radioiron t o  q u a n t i t a t i o n  of 
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(anemic) subjects. 
the l a t t e r  about 60-80 subjects. 
studies were a b o u t  5 -1OuCi .  
classification of red cell  production. 

Fe-55 and Fe-59 were injected i n  normal a n d  diseased 
The former are bel.ieved to  have numbered.about 20 and 

These studies led t o  a physiologic 
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L 
~ S T R A C T .  The ia rice countini system dbseribsd a m k l y  mbllmm the abso1ut.r . . 
level of total body S'F.. rcgnrdless of body si+. or isotope dhnbrtrion. Thm results 

the body rather thnn the full energy unscarrcmd phoron5: (3) emplo>6ng an opLimum 
arrangement of multiple Ye1 erprul delsctorr: nnd (3) Burrowding the subjsct with 
tissue yuivalenr platric pellets. Thu counciug system pro-idct an occurmk md 
e.Bcienr meam for studying kon absorption or low in m, 

. 
me accomplished by: ( 1 )  eountiq only tho Compron seatar d i u t i a n  omitted from 

* t. 
t 

1. Introduction - 
During the past two decades, 3yFe has been wed extensively to m e a s k  body 

iron exchange in man. Its w e  requires IC mctiiod that will accuri\tcIy reflect 
the total body isotope content regridless of its distribution within the body. 
TYliole-bocly counters can proridc such J iiictliod prolided the isotope rcaches 
a constant distribution +thin the body nnd body size can be standardized or 
allo\vance made for differences. 
isotopes that con be measured reliably by most \vholc-body counters, regidless 
of thc type of gcornetr?* or ri\clintioti defector nsed, bccanse of their uniform 
body distribution. Other isotopcs, such ;IS 5'Fe a i d  csZ~ l ,  do not reach 3 
fixed distribution urit.il one to  sc\-cr;\l wecla id'tcr tlicir administration. Tlln~, 
changes i t i  counting cficiency may hilve occurred due to  changes in sdf- 
absorption of y-rays within the bod)*. \\'iWJlW iind Olircr { 19liCi) havc dcscribcd 
a whole-body counting mcthocl for STe  in which crro13 ctua to absorption of 
y m y s  within tlic body werc ininitnizcd by using two opposing colliinntcd 
dctmtors and employing tho co inb i id  count of the Compton scattcr m c l  
photopcnk region. XpprcciabIc CI\i\ttStS in dctcctor rcsponscs still occiir'tcd, 
howcrcr, wlicn cooipi\ring a localitcil with a distribiltcd sourcc of ritdio-actii.itg. 

'OK, 'JTs nn3 ='Sa nre good examples of . 

\ 
p.ni.n. 2 e  
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CTrOrS. - 
2. Prclisinav'stuGts 

I--  

r 
Table 1. Comparison of count rate in 'Compton ' s c a t t k  rcgion r i t h  that 

in C?lindriCn\ Water phantom photopeal; region for a point s.ourcc of 

Cornyton scatter Photopeak . Source position (coants!min) (counts/min) 
Centre of plinntom G i , G G 9  30,919 

GS,lSO 31,943 Distance from centre: 9.5 crn 

. 7.6 cni 60231 3S,?Oi 
10.2 cm 60,453 44,572 
12.i cm G'i,?lG 56,503 

5.1 cm tS.39i 34,343 
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Fig. 1. r a t e r  phantom used to determine optimum crystal position. 
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. .a gave thc same count rate in the Compton scattcr region. The optimum 
amiigement of t . 1 ~  detectors for 5Tc y-rays is 43.2 cm bctwcn the Faces of tllc 
two vertical scts of opposing dctcctors, and 39.1 cm bctwccn the sidcs of tho 
detectors in thc two horizontal scts. 

. .  
10 c a  . - .  

Fig. 3 (a). Scale drawing of detectors ksidc lend shicl&ng (cnd 6ew). 

0008188 

O L c r o  S H l t l O l l l G  
U 
10 cm 

FI~.  3 (b). Scnlo &awing of o cross scctioll of s3Pc couutcr (sido view). 
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Thc shicldiug wciyhs about 5 tons. Thc cciitro section of 10.2 cni thick 
lead is 99.1 cm high, 40.6 cm \vi& and 31.4 ciii long. TIic 5.1 cin thick shadow 
shielding cxtcnds ou t  GI-0 crn from a c l i  side of the ccntrc ncction ond is 
constructed so t ha t  tuckground y-rays fiotn the surrounding room cannot 
directly enter any  of thc dctcctors without going through a t  lcast 7.6 cm o f  
lead. The opcniag through thc lcad bricLs for thc paticnt and carricr to pass. 
through the'counter is ceiitrcd between thc four detectors and is 50.5 cm widc 
and  30.5 cm high. The totiil Icngth of the counter is 4-52 mctres. The carrier 
is driven by a stepping motor and chain drive that is controilcd by a constant ' 

speed pulscr. \Yhcn a multi-channel analyser is used, the spced can be 
controlled by pulscs from the live time scalcr o f  thc anulyser, so that  errors 
caused by the dead time of the analyzer arc ctiminetcd (Sheen, Pulmcr arid 

The patient carrier is made of 0.3'2 cm thick duminium, and 
the inside diriiensions arc 20.3 cm deep, 4G.P cm wide and 2.13 metres long. 
The radius of curvature of bottom corners of the carrier is 5.G cm. Thc cost 
of the counter as shoirn in fig. 2 without the four detectors and counting 
instruments xi-as about S3,000, and the cost of the detectors was approsirnately 
$10,000. . 

The rather small tunnel through which the patient travels du r in i  a travcrsk' 
count has not presented any problems. However, the patients would fcel less 

#confined during thc counting proccdure if tlic t u n e 1  dimensions vere cnlargcd 
with the addition of more lead bricks to pro+dt o proportional increase in . 
shadov shielding. 

, 

. Stringer 1967). 

4. Characteristics of thc counter 
The bcst resiilts with patients would be espected if they were all of the 

same size and had the sanie general body contonr. Tllc sanic effect can be 
accomplished by Inyering sniall pellets of a bear?. plastic cnllcd Delrin over the 
person until level with the top of the aluniinium carricr. The sinal1 Dclrin 
plastic has a density of I 4  but the bull; dcnsity of the siimll 0.32 cm pcllets 
is about the same as the hurnan body. Dclrin is o polymer of the molcciil& 
OCH,-and consists of 33% o q g e n .  40% carbon, and 7% liy3rog.cn. A 
point sonrcc of 59Fe placed within a Dclrin phantom provides o useful n m n s  
of assessing thc distribiltiollnl eifects of T e  actkit? as they might occur 
in tim. The Delrin can be cnsily poured in around thc sutjcct, and after 
couritiiig it cnii bc rrniot-ed mpidl? with 3 vacuum hose connccted to a 40-giillon 
tank in which tlic Dclriii is storcd. 

V'lien B sourcc of 59Fe was placcd n n p h r c  in the Dclrin-fillcd carrier, the 
accumulntcd count rate during it IO-minutc,tm\*crsc of the carrier was within 
2 4 %  for d l  positiolls in n Dclriri thickness of 31.G en?. This W ~ S  similar to 

' thc  rcsults obt;\incd e;rrIier i i l  thc triltcr p i ~ a a t o ~ n ,  evcn tlio~tgl~ tbc shape nlid 
vidtli of tho cnrricr were slightly diActciit.. Fig. 4 sl iow tlic rclittirc count 
ratc of thc Coiiipton scattcr cvciits i\s J point. soiircc is placctl in t-nrious positions 
in a \-crtic;il cross section of Uclrin pcilcts. This rclitti\-cI\. constant cotilltirig 
ratc occurs o w r  tlic cntirc Iciigtll of the Dclrin-fillcd carricr, esccpt a t  10 cm 

* . 
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Fig. 4. ReIotire count rates obtained with diKcrcirt locations of a point source of 
"Fe in a r c r t i d  cross section of Delrin plastic pcllets. - 

from eRch end r h e r e  i t  begins to drop. 10 cm or more of Dclrin on each end 
of the subject eliminates the end effect that would Occur if V e  in the top of 
the head or bottom of the feet did not have scattering moterial completely 
surro iinding them. 
Fig. 5 compares the y-ray spectra of two.measurements of a point source 

of 59Fe placed a t  two estreme positions in Deirin. Curve A ~ t - a s  obtained r h e n  
the source vas placed on top and near the side of the Dekin phaiitom, and 
curve B \Then it was in the centre. X large reduction in pliotopenk counts 
was obtained as the source was mored iuto thc centre because of increased 
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absorption of the y-rays, whereas the arcs undcr tho Compton scattcr rgion 
rBmained ncarly the same. For the latter region, o slight rcduction of counts 
in the region of S00tcv nw offset by a cornpar;lblo incrcase in codnts bclow 
500 kev, with the result that the integral count rate between 90 and 9GO key 
remained constant. This csplains why the use of the Compton scattcr photons 
provides a count rate that is indepcndent of the location or distribution of the 
radioactivity. 
Fig. 6 shows a spectrum from a 10-minute count of 1 pCi of )*re in a human 

subject packed in Dclrin after the background of the counter and the subject 
have been subtracted. The Compton scatter region of energy used in dl 
studies includes dl events between 90 and !NO Lev a n 3  is shorn by the shaded 
region of the spectrum. The 10-minute net count rate in the Conipton scattcr 
region vas 144,000 e t h  a background of 30,500, v h c r e u  the photopeak 
measurements gave d u e s  of 43,000 and 4,200 respectively. The standard 

I 

lh  
1.10 Y8V . 

0 t o  48 60 I O  IO0 It.  140 

CRAYNIL N U Y O L I  

Fig. 6. Gamma-my spectnrm of a wholc-body count in 3 subject cqnbining 1 pCi 
of "Fe. 

deeintion of the net count, considering only connting statistics, is +0-31% 
and 0.53% for t.he Compton scrtttcr counts niid pkotopenl; counts rcspectivcly. 
Thereiorc, the iisc of Corupton scnttcr ollo~rs both grcntcr absolute incc~incy 
and precision for determining thc total body coiitcilt of S'Fc. Thc bncIiground 
for Coiilpton scnttcr count of n subjcct atldcd from 1,500 to 2,Or)U counts to t.ho 
counter Compton scattcr backpound depending upon T ~ C  body size. The 
couxrtcr b;~ckgro~ul~cl renlnincd qtiitc constant from day to day within D ttrrce- 
wcck pcriod. Background counts mcasured during o lO-nlinutc traverse 011 

c 

t 



, 

40 occasions over 3 one-month interval gave- is standard' dcriation 2.2 times 
the value for o singh backgrotld count as dctcrrnincd by the Poisson distribu- 
tion for radioactire decay, indiatitlg cscelleitt d a y t o d a y  stability of comter  
background. To obtain count rates with IOU* statistical error, o niinimum 
"Fe whole-body activity of 0.20 $3 is required which gives a net whole-body 
count rate equal to the counter background and a standard deriation of +, 1% 
for a standard lo-ruinute traverse. - 

8 

5. Discussion 
Several investigators ]inre obtained improted whole-body counting r e d t s  

with U e r e n t  isotopes using thc combined counts of the photopeak and scatter 
region or just the scatter region (Gibbs, H o d p  and Lushbaugh 1 N G ;  Karner 
and Oliver 1 9 G 6 ;  Gemla 1 9 G G ;  Dudley and bcn Haim 196s; and Saversten. 
Lidbn, Stahlberg and Sorden 1Z)G9), and i t  has been suggested (Dudley and 
ben Kaim 1 9 G S )  that  the majorit>- of y-rays emitted in tlie body 1~9th energies 
exceeding 1.0 3Icv ultimately emerge from the surface nlthough their energy 
may be reduced and their ang\iI;ir distribution altered by Colnpton collisions. 
Although this suggests that  both photopeak and Coitipton erents should be 
used, much more constant count rates can bc obtained t h e n  only Corupton 
scatter counts are used. Xeasurernents 011 phantoms reported here indicate 
t h a t  the total body content of 3'Fe can Le determined in any sue person 
Kithin o masimum error of +2?4 when using the Comptoii scatter e n e r g  
band. The application of this technique t o  yrays of other energies has not 
been investigated. The data shorn in table 1 indicate that tlie method d l l  
work with y-ray energies as low as 0 - G G  Xev, but a sligLtly diEcrent detector 
arrangement mar be rcqtiired. 

The corintcr employed here is ziniple to use and requires rather unsophisti- 
cated instrurnentatioll because of the broad band of photon energies uscd. 
We used a multi-channel annlyser. but a single-channel nnalyser and scaler 
will adcquatcly perform the comtiiiq. All whole-body counts c3n bc coinpnrcd 
directly with that  of a standard with identical counting cficicncy when placed 
in a DeIrin plinntcm. Slight instrtiruental changcs affcct standard and subject 
cornpnrably, so tha t  the relationship bct\r-ccn tlie trro remains unchanged. 
Counter materials arc relatively inespensirc and easily assernlied. Like other 
types of shadow shicld cou i~ t rn  it can be diansscmbled and built up in a different 
location or can be mounted in a truck to service screral locations. 

Comptcur pour lo corps cnticr. cmployd p u r  In nicsuro Jc p&irion du rradio.fer in vir0 
Lo t y s t h o  pour lo comprngc in tito. dtictit dotis cc mbmoire. mcsum a\'cc pKTirion IC 

nivcau o b l u  do "Yc contcnri clans IC cwlin ctiticr. iticli.~ndnrnmcnt do lo pi ldcur  du corps 
ou do In distribiitioit dc I'ko~op. C a  fi-nultots vont nceomplis en: I* cump:unt reulnnr*tt~ .la 
radiation cliiTtt*io tic Cninpton. h i *  ttu corps phi16~ que tcs plrorour nntt.tlinitri.r nwc GJWP$O 
oomplbta: 2' rinploynnt un nrrnnsinent nptiinrirn dw ditcctr.urr mult i+ nu crisrd tlc Sox; 
et 3. entotirant lo ritjcr SIC pns~illcr cn t i rn t i th  pln*ticiitc ~ r ~ u i r ~ l c n t c  mi ~ksii .  Cc rptl.tttc 810 

cotnptngc f o u n d  uii mupn lwkis EL cffcctif pour 1'i.tudc do I'obmrptiori c t  dc lo pcrtc dc Tcr claiir 
l'orgaiktno 1 t umaiit . 
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FACTSHEET.HUMAN EXPERIMENTATION 

Project Name: Unknown. Date Started: About 1 9 5 5 -  
Date Terminated: ,L!M L'CL / J 

I dent i f i cation : 

Principal Investigator(s): C. A,. Finch 

Responsible Government Official (s): 

Con tract  AT( 45 - 1 ) -2  18 

h 

' E< ", 
Objective(s) of test:  
e ry t h ro po i e s i s 

S h o r t  description: Fe-55 and Fe-59 were injected i n  normal and diseased 
(anemic) subjects. The former are believed t o  have numbered abou t  20 and 
the l a t t e r  about 60-80 subjects. 
studies were about  5-10 C i .  These studies led t o  a physiologic 
classification o f  red ce l l  production. 

Application o f  r a d i o i r o n  t o  q u a n t i t t o n  o f  

The quantities used in AEC-sponsored 

Follow-up data :  None 

References: See attached. 
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P r i n c i p a l  Iavestigator(s): C,A, Finch 
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objective(s) Of t e s t :  Pppl icati.on of radioiron to quantitation o f  erythropoiesis ' 

'Follow-up data: 

I 

References: 
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FACTSHEET .HUMAN EXPERIMENTATION 

Project Name: Date Started:About 1952 
Date Terminated: About 1958 

Identification : Contract AT C41-.5)-~344 
Principal Investigator(s1: C,A, Finch 

Responsible Government Offfcial(s): 

Short &script ion : This involves evaluation of red ce)J>viability employing 
Cr Tagged cells in human subjects, These studies to t h e  use of 

\ adenine as a hlood presenatiye, 

! 

Follow-up data: None 

References : 

Attachment (s) : 

See attached. 



FACTSH EET HUMAN EX PER IMENTATION 

Project Name: Unknown. Date Started: About 1952 
Date Terminated: About 1958 

Identification: Contract AT(41-5)-344 

Principal Investigator( s) :  

Responsible Government Official ( s ) :  

C. A. Finch 

Objective(s) o f  test:  

ShortYqescription: 
Cr-51 agged cel ls  i n  humafhubjects. 

volume determtnations. 
believed t o  have been about 50 subjects. 
adenine as a blood preservative. 

Studies o f  blood preservation 
f * v <'\ 

This,' inolyes eva lua t ion  o f  red cell viability employing 
Cr-51 tagged cells were injected i n  

normalvolunteers f i n  quantities equal t o  those used clinically i n  blood 
The number of volunteers i s  not known b u t  i s  

These studies led t o  the use of 

Follow-up data: None 

References: See attached. 
-*ew* 
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1 FACTSHEET HUMAN EXPERIMENTATION 
._.. . ---- 

Project Name: Unknown. The project involved Date S t a r t e d :  Dec. 1963 
the development and calibration o f  instru- Date Terminated: Feb..1964 
mentation f o r  measuring 32P i n  vivo a t  en- 
v i  ronmental 1 eve1 s. 

Identification: Unknown 

Principal Investigator(s): 
Electr ic  Company, Richland, WA 

Respons i bl e Government Off i c i  a 1 ( s ) : 

H. E. Palmer, Hanford Laboratory, General 

-* 

Objective(s) of tes t :  To determine the counting r a t e  o f  a known quantity 
o f  32P as  a resu l t  o f  ingestion o f  f i sh .  

S h o r t  description: A calibration factor  was needed for measuring the total  
body content o f  32P i n  people who consumed whitefish and other species of 
f i s h  taken from the Columbia River d u r i n g  the period when nuclear reactor 
coolin water was emptied i n t o  the River. 

of Oregon Medical School and received the j 2 P  as part  of the therapy for 
blood diseases. 
levels  o f  32P by physicians from the Swedish Hospital in Seat t le  for 
cal ibrat ion purposes only. 

Five subjects were injected 
w i t h  9 P. Three of the subjects injected were patients a t  the University 

The other two subjects were injected w i t h  very low 

Follow-up date: No follow-up because of l o w  doses t o  volunteers. The _. 
doses t o  the two volunteers injected for  calibration purposes were .025 -. 

rem t o  bone, .009 rem t o  l i v e r  and .005 rem t o  the total body. 

References: H. E. Palmer. "Determination of 32P i n  In Vivo." Health 
Physics - 12, pp.  605-608 (1966). 

Attachment(s): Stated reference 
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DETERMINATION OF 32P IN VryO 

f 

?I. E. PALXER 
Battelle .uemorip1 Insatrrtc, Pacific Nonhwsr Labontoy, Ricbluld, \.V&gton 

(Reed 11 Jwr 1963; in reoircd/m 14 SIpLmbrr 1965) 

Abstract-A -on proportional counter and a NaIF)  dodllator, operated in coinci- 
dence for detection of =P beta ray emitted fmm &e head, b better Tor in m'm mcmmments 
&an a brcmtnhlung counter. The backgmund is lower and k much Im variable from pmon - 
10 penon. Relatively little shielding k r t q d  T h e  body burdcru of people who eat 
whitefish from the Columbia River near H d o r d  can be measured by this method. 

FISH and waterfowl that f e d  in the Columbia 
River downstream from the Hanford reactors 
acquire some radionuclides that enter the river 
with the eBuent water.(') 12P and "Zn are the 
prinapal nudida found, and sucken and white- 
fish usually contain the greatat conceneration 
of thee nudida. Since sportrmen obtain and 
eat the waterfowl and bh from the Columbia 
River below Hdord, a method of measuring 
the low l d  body burden of these nuclida in 
humans is needed. Since "Zn is a gamana 
emitter, body burdens down to 1 nc can a i l y  
be measured in a whole-body counter. FOSTER'?' 
b u  described an apa imcn t  in which a subject 
ate a weekly meal of whitehh and the accumu- 
lation of the "Zn in the body wu studied. ttP 
does not emit a ray and it u much more 
diiKcult to meuurc. llhirr paper dacr iba a 
method by which body burdePr of down to 
40 nc u n  be m e d .  

Several rtportr have dacnied  the determi- 
nation of "-P in the human body by detection 
of bremumhlung.(w) The b m t r a h l w g  
counter we have used is a44 in. diameter by 3 nun 
thick NaI(Tl) santillator with a 0.001-in. thick 
aluminum window. Body burduu of 12P down 
to 200 nc can be detected with i t  T h e  prinapal 
problem which prcvena reliable measurements 
of lower body burdens is that it k impossible to 
distinguish between a b r e m s r d u n g  photon 
and a low energy -a ray or secondary 

This paper u bued on work performed under 
us. Atomic Energy C o d o n  Contract AT(4j- 
I)-I830. Permission to publish L gratehrlly a- 
lrnDwlCd&. 

photon. Therefore, the badgrounds ofdifferent 
people depend on their size, which influences the 
scattering of surrounding badrground radiation, 
and their body burden of gamma-emitting is+ 
topa. Although significant improvement wn be 
made by applying corrections for these two 
variables, theaccuracywith which the individual 
subjkt background can be a b t e d  k still the 
greatest limitation in low level bruPutnhlung 
measurement * 

A typical spectrum obtained with this brcms- 
strahlung counter placed at the head of a subject 
containing about 1 mc of l2P is shown in C u n ~  
A of Fig. 1. Some of this s p p c c t ~ m ,  hbwevcr, 
not due to bremsstrahlung. An absorber that 
absorb beta rays but docs not SignZcantly 
absorb the bremsstrahlung produced C w e  B 
of Fig. 1 when placed betwecq the counter and 
the subject's head. Curve B is the tnae bruns- 
sttahlung spec- T h e  difference between 
and B, Curve C, is the spectrum due to beta rays 
emitted from the surface of the head. T h e  are= 
under curva B and C are equal, i.c about thc 
same number of counts are obtained from' beta 
rays as from brcmssdung .  This indicated 
that counting of only the beta ray should be 
investigated. Ifthe background could be reduced 
sufficiently, the minimum detectable amount of 
3tP might be even lower than for bremsstrahlung 
counting. 

Counting the beta rays emitted through the 
skin may not work for orher putc beta-ray 
h t t e i t  which arc metabolized diffeRntly than 
phosphorus. Although photphoa,  like calcium, 
is a o a a t e d  with bone growth, it is also Jn 
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his&minatcs against gamma- and X-mys and 
counts every charged partide that enten both 
'counten. Inside a good read shidd a large 
share of the background in the bremsstrahlung 
counter alone I due to relatively high e a e r g  
gamma rays that scatter so as to leave only a 
litde energy in the scindator. T h e  coincidence 
requirement eliminates this kind of backgound. 
Beta rays from the skin can go through the 
propo6ond counter with litde trouble and are 
counted nearly as well as before in the NaI 
sdntiilator. A NaI scintillator is used rzthcr 
than .a plastic'scintillator because the better 

* raolution provides easy energy calibration with 
low ene* photon sourccs. 

The background of this coincidence counter, 
for 40 to 1000 keV puka in the NaI, was 12 
countslmin when operated in the Hadord iror? 
room with a phantom head made of sugar. 
With the coincidence circuit turned off it \VU 

. .  I30 countslmin. Typidy,  the coinddcnce rate 
was 20 counulmin when counting a SubjccK 
containing only normal amounts of 4% and 
u7Cs. A pressed-wood beta absorber A in. Click 
placed between the head and the couctcr re- 

a e n a  component of d e&. The blood duced the mtt to 15 co~nt~/min ,  which k 3 
con& s m d  diffuent compounds ofphos- counts/& above that of the phantom head. 
phom. Mu& of the a p  in the body is &dated ?hit indicates normal beta background from 
in &e blood and the d a c e  of the h a d  is about 5 countslmin, probably from 
the body. Deposits of 90Sr on the outside of the 'OK beta rays. T h e  other 3 countslmin are 
skull could probably be measured since the skin 
and tissue covering the skull I thtznu than the 
range of 9OY beta my. The low energy beta 
rays from 1dC have been detected from the ear 
of a mouse."' 

To reduce the backgraund during the dctcc- 
tion of beta rays, we placed a transmission type 
proportional counter in front of the bremssah- 
lung counter. This proportiond counter wzu 
I-x 6 x 6 i h  and was divided into six small 
counten, each having a cross section d I in.' 
and a length of 6 in., by means of ground wires. 
The thin windows were 0.008-in. Mykr plastic. 
The counter was operated as a flow counter 
ruing 90 per cent argon40 per cent methane. 
T h e  six anodes were connected together and in 

~, I I I 

a a m m u m ? a  

FIG. 1. Brcxustrahlung counter r p x a  
w r r r r  

M Y U  R WIH 03ff coincidence with the NaI scintiIIator. Figure 2 
I show a sketch of the counter. With this arrange- 

ment a pulse in the NaI counter is analyzed 
only when the radiation causa a puLe in the 

G M  OUTLET 

Frc. 2. Beta coincidence counter. 
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Projccl xi?Jc: .The Study o f  I r r a d i a t i o n  E f fec t s  ~~t~ S t a r t e d :  S/63 
on t h e  Human T e s t i s ,  i n c l u d i n g  H i s t o l o g i c ,  Date Tcmfnated: 12/70 
Chromosomal and Hormonal Aspec t s  

1Zen:ification: Cont rac t  #AT(45-1)225, Task Agreemenr #6 
P r i n c i p a l  X n - ; e 6 t ~ g a t o r ( ~ ) :  C .  Alv in  Pau l sen ,  M.D. 

R c c p x . E i b l c  Covornte3 t Off i c i a l c  s) : L 
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W 
m 
Q. 
m 

I 
w 
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--- 
1) To relate radiation dosage to  changes i n  gonadal runction, 2)  t o  

0 5 j C c t l ~ ~ e ( 6 )  0: t e s t :  utilize t h e  radiation gonadal changes as means for studying 
pituitary-testis  interrelationships, 3) to evplore Therapeutic and medical protective 
measures with respect t o  gonadal irradiation, 4) to explore our current concepts concerning 
radiation dosage expressed i n  physical terms and t h e i r  re la t ior  to  biologic efrr?cts. 
6ho:t 2cscr:p:lon: After appropriate baseline studies were perfomed, subjec':; received 
fran 7.5r to 400r x-ray irradiation or sham irradiation t o  rhe testis only. 
biopsies were performed prior to and up t o  6 years post-irradiation t o  assess changes in  
t h e  germinal epithelium. 
throughout the study and \\$re analyzed for  mrphologic changes a d  chaxes  i n  to ta l  number 
Of sperm. Urine specimens were obtained m n t h l y  for  evaluation of h o m n a l  changes. 
when the  techniques were available, serum LH i r a s  measured by ridioirmnmcssay. Studles of 
ultrastructure changes in  testis t issue were performed using e lec t ron  mcrosci py. 
were followed u n t i l  h o m n a l  values returned t o  no& levels and un t i l  sperm counts 
returned to no& ranges. 
to eliminate the possibil i ty of defective offspring. 
were accepted f o r  the study; but i n  several instances the volw&ceers changed t h e i r  mind 
and did not des i re  a vasectany at the conclusion of the study. 
detai l  regarding t h e  study and signed consent forms \'.-ere obtained frcm subjects and from 
F ~ : : ~ ~ - ~ ~  dcta:  

Testicular 

Seminal f lu id  specimens wre obtained a t  t\m-ieek inrennls 

Later 

Subjects 

Vasectomies were perforned pr ior  t o  discharge fm, t h e  study 
Only individuals desiring vasectcmy 

Subjects were informed i n  

spouses if subjects wre  married. 
t h u s  eliminating the  p o s s i b i l i t y  of conceprion during tt? study. 

Subjects were prison inrnafc-s only, 

... - 
(see covering letter) 

References: 
January 31, 1973. 

Attached is t h e  publication list from our f ina l  technical report, dated 

ArLac'n=cnt( e ) :  covering le t ter  
reference list 

0 0 0 8 8 0 5  



, . . .*. - 5 5 -  

P u b l i c a t i o n s  suopor t ed  h v  t h i s  e r a i i t  

m 
01 
Ol 
a 
a. 

z 
I- 

W 
0 
cn 
3 

'T 
a 

n 
w 

0 

0 
I- 

AEC s u p p o r t  has been d i r e c t l y  invo lved  i n  c sch  of  t h e  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  l i s t e d  below, a l t h o u g h  s o m e a r e n o t  a p a r c  o f  t h e  AEC 

c o n t r a c t  program. For example,  ' es tab l i s l i tnc i i t  oE tlic chrnciosoinc 

l a b o r a t o r y  enab led  us  t a  s t u d y  o t l ie r  a s p e c t s  o f  r c p w d u c t i v c  pliysiology. 

f o r  each  o r  the f o l i o w i n g :  

RLO- 1781-2 T e s t i c u l a r  Biopsy i n  Nan. 1. Efl'cc: u p n  Sperm Cdnienc ra t ion .  
D.L. Gordon, Arnold E. Barr, J.E. H c r r i g e l ,  and C.t\. Patilbcn, 
F e r t i l i t y  and S t e r i l i t y ,  JirLy 10Gj. 

RLO-L7SZ-3 E f f e c t  o r  S - I r r a d i a t i o r i  uC T c s t i s  on i ' lama T ~ s c ~ ~ ~ t c r o ~ ~ c .  i n  
Soma1 Nalc Volun tee r s  ( ~ b s c ) .  . C.t\. .r;iiiLsm. 3.L. G J T J L J I I ,  (..I;. ll:iiLing, 
A.  Ba r r  and 11.X. Csnciy. Stibaiicccd 1)iit n o t  p r c s c n t c d ,  S~:co.;rl L n t < r n a t i o n a l  
Congress  on Hormonal S t e r o i d s ,  Xitan,  I t a l y ,  Eiay 10GG. 

RLO-1782-& The Effects  cpt' S-Ray I r r a d i a t i o n  ~ ) I I  ~ l i c  lliinnn rcscis j z i , s c ) .  
C . A .  Pau l sen .  S o c i e t y  f o r  tlic Study oi F e r t i l i t y ,  Ca1:lbrid:;c. En:;lsnu, 
J u l y  1 9 G G .  
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- 36- 
RLO-1781-8 K l i n e f e l t e r ' s  Syndrome and I t s  V a r i a n t s :  A Horrr.cna1 and 
Chromosomal Study.  C.A. P a u l s e n ,  D.L. Gordon, Richard W. C a r p c n t c r ,  
H.H.Candy, and W.D. Drucker .  Recent P r o g r e s s  in tiornone i iesearclr ,  
Vol .  24, 1968. 

. RLO-1781-9 MetaboLism oL Labe l l ed  1251-HCG by t h e  Rat Ovary. 
Espe land ,  F. ' N a f t o l i n ,  and C.A. Paulsen .  Gonadot ropins  19GS, ed. E. 
Rosemberg, Geron-X, 1968. 

D.H. 

RLO-1781-10 Comprehensive P rogres s  Repotc ,  A p r i l  1969. 

RLO-1781-11 
Report  of A p r i l  14 ,  1969. Prepared  Flarch 10, 1970. 

RLO-1781-12 PLasmo and Ur ina ry  F o L l i c l e - S t i n i u L a t i n ~  Ilorr.lone Levels  i n  , - 
Oligospermia .  ' John > I .  Lcoiiard,  Robert  B. L e ~ c h ,  Naryyrcc Coiitiirc, and 
C. ALvin Paulscn .  J .  C l i n .  EnJocr.  3h:205) - l iY  1972. 

Progres s  R e p o r t ,  An Addendum t o  Comprehensive P rogres s  

Q) 
G) 
a 
n 

! 

RLO-1731-13 EEfects  of :<-Ray I r r a d i a t i o n  on Human S p e m a t o s e n e s i s .  
T.V. Thorslund and C.A. Pau l sen .  From, Proceed incs  al' t he  Sz t -onJ1  
Svmposiun on Nacural  and ;\lan-~.Iade R a d i a t i o n  i n  S I ) ~ C C - .  Ed. E.X. Y a m a n ,  
XASA Document NAS No. 1440, Jan. 1972, p p .  2 2 9 - 2 3 2 .  

RLO-1781-14 Germinal Cel l  Loss During lluman Spermatogenes is .  ArrdLd B. 
Ba r r ,  Donald J. Ploore and C. Alv in  Paulsen .  J. Reprotl. Fer. t .  -2: .75-?0, 
1571. 

RLO-1781-15 E l e c t r o n  Nicroscopy of  the '  Mumsn Seminiccrous  T ~ h u  l es .  
Oscar  Vilar,  C. A lv in  Pau l scn  and L ~ n a 1 J  J .  :.iCoi-c. 2.r.13: T>,C i!ti!n,ii. T c s t i s ,  
Eds. Eugenia  Kosemberg and C. Alv in  P a u l s m ,  Pleniin P r c s s ,  Xcw ' iork- 
London, 1970. 

;LO-1781-16 E f f e c t s  of HCG, IDiC, HLII and llG11 A d m i n i s t r a t i o n  on T e s t i c u l a r  
Funct ion .  C. A l v i n  Pau l sen ,  Duane I I .  EspeLanJ a ~ ? d  E d v a r d  L. !Iichals.  
From: The Human Tes t i s ,  EJs. E u g e n b  Roscml)crg 3v.i C. Alv in  A'auLscn, 
Plenum Press ,  Neu York-Ldndrvi, 1970. 
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Project Xznc: Unknown. 
P r o j e c t  involved s t u d y  of 
abso rp t ion  of tritium oxide 
through s k i n .  

Date Started: 1951 
Date 'Icrminated: , 1951 

/- 
; 
! 
\ 
\ - 

1den:ifica:ion: Unknown 
P r i o  c 1 pa 1 1 nve s t ig a t or ( o 1 : 

Reepmtlblc  Gmernaent Offlc?al(s): 

Chester  w. DeLong, Biology Laboratory,  Genera? E l e c t r i c  
Company, Richland, WA 

Q b j e c t i v e ( c )  of test: To determine the r a t e  o f  a S s o r p t i o n . o f  tritium oxide through 
t h e  i n t a c t  skin of  man. 

. -  
jho:i d c e c r l p t i o c :  
on the forearm o r  abdomen t o  a water-vapor atmosphere l abe led  w i t h  tritium oxide (HTO). 
A s i n g l e  humzn s u b j e c t  was s i m i l a r l y  exposed over  his t o t a l  skin a r e a  while breathing 
uncontaminated a i r .  
tritium ox ide  subsequen t ly  exc re t ed  i n  the s u b j e c t s  ' u r i n e .  
ments indi 'cated a 4-fold g r e a t e r  abso rp t ion  r a t e  t han  t h a t  measured e a r l i e r  i n  r a t s .  
These s t u d i e s  e s t a b l i s h e d  t h e  importance o f  the skin a s  a route  of e n t r y  for tritium 
oxide and l e d  t o  r educ t ions  i n  the  al lowable c o n c e n t r a t i o n  of t r i t i u m  oxide i n  a i r ,  

Fourteen human s u b j e c t s  were exposed over a small a r ea  (2, 10 cm') 

Absorption o f  tritium oxide was est imated by measurement o f  
The.data from these  expe r i -  

F~:~ou-~P dots:  No follow-up was conducted because of  small dose t o  subjects 
( s e e  Attachment 1) , 

Rerurecces: DeLong, C .  W , ,  R ,  C .  Thompson, and H .  A ,  Kornberg, 1954, 
Percutaneous absorpt ion o f  tri tiun oxide, 
Radium Therapy Nucl . Med. - 71, 1038-,1045. 

Am, 9. Roentgen01 . 

A ; t a c h e c t ( e ) :  1 - Memo o f  06-22-84 from Roy C.  Thompson t o  Sidney Harks, 
2 - Copy o f  above reference. 
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Pacific Northwest Laboratories 

Date June 22, 1984 

TO S i d  Marks 

From Roy Thompson 

Suhjeet HUMAN EXPERIMENTATION _ .  

* 
Project Number 

lnirmrl Dislribution 

The only experimentation on humans t h a t  I can recall having  been done i n  
the Biology Department since 1950 when I jo.ined the Department, i s  t h a t  
described i n  the attached reprint. These were studies o f  the absorption 
of tritium-labeled water t h r o u g h  the in tac t  skin. Fourteen human 

2 subjects (unidentified) were exposed over a small area (%lo cm ) on t h e  
forearm or abdomen t o  a water v a p o r  atmosphere labeled w i t h  tritium 
oxide; and a single subject was similarly exposed over his total skin 
area,  while breathing uncontaminated a i r .  

The purpose o f  these experiments was t o  determine the ra te  of absorption 
o f  tritium oxide through the in tac t  skin. Studies had  previously been 
done w i t h  r a t s  as subjects. The human data indicated about a 4-fold 
greater  a b s o r p t i o n  ra te  than that  measured i n  ra t s ,  and were impor t an t  
i n  establishing the f a c t  t h a t  respiratory protection alone was n o t  
adequate t o  protect workers exposed t o  tritium oxide. As a direct  
consequence o f  these studies , the allowable a i r  concentration of  tritium 
oxide was reduced by a factor of two. 

-- 
S u r v i v i n g  records do not indicate the concentrations of tritium attained 
i n  the exposed subjects. I t  can be estimated from the d a t a  reported, 
however, t h a t  single to ta l  body exposure m u s t  have resulted i n  a n  intake 
of  approximately 3.3 m C i  of  tritium. The ICRP-30 annual l i m i t  on intake . 
(ALI) f o r  tritium is 3 x 10 Bq, or a b o u t  81 m C i .  The experimental 
exposure therefore amounted to  abou t  4% o f  a n  A L I ,  which should have 
delivered a to ta l  body dose of a b o u t  200 mrem. The actual dose 

9 
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Sid Marks ' 

Page 2 
Subject: HUMAN EXPERIMENTATION 

delivered' was probably less t h a n  ha l f  o f  this ,  since the subject 
consumed large quantities o f  water t o  speed excretion o f  the tritium 
oxide. Similar estimates cannot  be made for t h e  other subjects, b u t  
t he i r  exposures - and consequent r a d i a t i o n  dose - must have been very 
much lower t h a n  t h a t  of  the total body exposure. 

Because o f  the very low doses involved, no long-term fol low-up was 
planned or performed. 

RCT: t c p  

.. 
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Pacific Northwest Laboratories 

Date June 22, 1984 

To Sid Marks 

From Roy Thompson 

Subject HUMAN EXPERIMENTATION 

. 
Pfojccl Number 

lnitrnrl Distribution 

The only experimentation on humans t h a t  I can recall h a v i n g  been done i n  
the Biology Department since 1950 when I joined the Department, i s  t h a t  
described i n  the attached reprint .  These were studies of the absorption 
of tritium-labeled water t h r o u g h  the in tac t  .skin. FDurteen human 
subjects (unidentified) were exposed over a small area (-10 cm ) on the 
forearm or abdomen t o  a water vapor  atmosphere labeled w i t h  tritium 
oxide; and a single subject was similarly exposed over his total  skin 
area ,  while breathing uncontaminated a i r .  

2 

The purpose o f  these experiments was t o  detennine the ra te  of absorption 
o f  tritium oxide through the in tac t  skin. Studies had previously been 
done w i t h  rats as subjectsi  The human data indicated a b o u t  a 4 - fo ld  
greater  absorption rate  t h a n  t h a t  measured i n  rats, and were important 
i n  establishing the f a c t  t h a t  respiratory protection alone was n o t  
adequate t o  protect workers exposed t o  tritium oxide. As a direct  
consequence of these s tudies ,  the allowable a i r  concentration o f  tritium 
oxide was reduced by a fac tor  o f  two. 

.. 
S u r v i v i n g  records do n o t  indicate the concentrations o f  tritium attained 
i n  the exposed subjects. 
however, t h a t  single to ta l  body exposure must have resulted i n  an intake 
o f  approximately 3.3 mCi of tritium. The ICRP-30 annual limit on intake 
(ALI) f o r  tritium is  3 x 10 B q ,  or about 81 m C i .  The experimental 
exposure therefore amounted t o  a b o u t  4% o f  an A L I ,  which should have 
delivered a t o t a l  body dose of about 200 mrem. 

I t  can be estimated from the d a t a  reported, 

‘ 

9 

The actual dose 
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delivered' was probably l e s s  t h a n  half of th i s ,  since the subject 
consumed large quantit ies o f  water t o  speed .excretion of the tritium - 
oxide. S i m i l a r  estimates cannot be made f o r  the other subjects, b u t  
t h e i r  exposures - and consequent r a d i a t i o n  dose - must have been very 
much lower than t h a t  of the to ta l  body exposure. 

_- Because o f  the very low doses involved, n.0 long-term follow-up was 
planned o r  performed. 

RCT: t c p  
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Pacific Northwest Laboratories 

Date June 22, 1984 

S id  Marks To 

From Roy C. Thompson 

Subject HUMAN EXPERIMENTATION 

Project Numkr 

Internal Distribution 

The only experimentation on humans t h a t  I can recall  h a v i n g  been done i n  t h e .  
Biology Department since 1950 when I joined the Department, 3,s t h a t  described 
i n  the attached reprint. 
tritium-labeled water t h r o u g h  the in tac t  skin. 
(unidentified) were exposed over a small area (%lo cm ) on the forearm or 
abdomen t o  a water vapor  atmosphere labeled w i t h  tritium oxide; and a single 
subject (not ident i f ied,  b u t  known t o  be 
exposed over his to ta l  skin area,  while breathing uncontaminated air .  

These were studies o f  the absorp t ion  o f  
Fourteen human subjects 

2 

&TED ! was similarly 

' . The purpose o f  these experiments was t o  determine the rate o f  absorption of 
tritium oxide through the in tac t  skin. Studies had'previously been done w i t h  
r a t s  as subjects. The human data indicated about a 4-fold greater absorption 
ra te  than t h a t  measured i n .  rats, and were important i n  establishing the fact  
t h a t  respiratory protection alone was n o t  adequate t o  protect workers exposed 
t o  tritium oxide. 
a i r  concentration of tritium oxide was reduced by a factor of two. 

As a dfrect  consequences o f  these studies, the allowable 

- - 
. S u r v i v i n g  records do n o t  indicate the concentrations of tritium attained i n  

the exposed subjects. I t  can be estimated from the d a t a  reported, however, 
t h a t  single to ta l  body exposure must have resulted i n  a n  intake of  approxi- 
mately 3.3 m C i  of tritium. 
tritium is 3 x 10 Bq or about  81 mCi .  The experimental exposure therefore 
amounted t o  about 4% of an ALI, which should have delivered a total  body dose 

The ICRP-30 annual  limit on intake (ALI) for 
9 
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o f  about 200 mrem. The actual dose de 
t h i s ,  since the subject consumed large 

ivered was probably less  than half o f ,  
quantit ies o f  water t o  speed excretion d 

of the tritium oxide. 
subjects,  b u t  t h e i r  exposures, and consequent r a d i a t i o n  dose; must have been 
very much lower t h a n  t h a t  of the total  body exposure. 

Similar estimates cannot be made for the other 

Because o f  the very low doses involved, no long-term follow-up was planned or 
pe r f o  rmed . 
RCT: pmb 
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HUMAN EXP ER IMENTAT I ON 

The only experimentation on humans 
Biology Department since 1950 when 

Project Number 

lnlcrnrl Oirtribulion 

t h a t  I can recall  havi.ng been done i n  the,.,. 
I joined the Department, i s  t h a t  described 

i n  the attached reprint. 
tritiurn-labeled water t h r o u g h  the in tac t  skin. 
(unidentified) were exposed over a small area (%lo cm ) on the forearm or 
abdomen t o  a water vapor  atmosphere labeled w i t h  tritium oxide; and a single 
subject (not ident i f ied,  b u t  known t o  be 
exposed over his to ta l  skin area, while breathing uncontaminated a i r .  

These were studies o f  the absorption of 
Fourteen human subjects 

2 

m a  1 was similarly 

. The purpose o f  these experiments was t o  determine the rate o f  absorption o f  
tritium oxide t h r o u g h  the in tac t  s k i n .  Studies had’previously been done w i t h  
rats as subjects. The human data indicated about a 4-fold greater absorptfon 
ra te  than t h a t  measured i n .  rats, and were i m p o r t a n t  i n  establishing the f a c t  
t h a t  respiratory protection alone was n o t  adequate t o  protect workers exposed 
t o  tritium oxide, As a direct  consequences o f  these studies, the allowable 
air concentration o f  tritium oxide was reduced by a factor o f  two. 

- .- 
. S u r v i v i n g  records do n o t  lndicate the concentrations o f  tritium attained i n  

the exposed subjects. I t  can be estimated from the d a t a  reported, however, 
tha t  s ingle  to ta l  body exposure must have resulted i n  a n  intake of approxi- 
mately 3.3 mCi o f  tritium. The ICRP-30 annual l i m i t  on intake (ALI) for  
tritium i s  3 x lo9 Bq or about 81 m C i .  The experimental exposure therefore 
amounted t o  about 4% o f  an ALI, w h i c h  should have delivered a total  body dose 
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Sub j ec t : HUMAN EXPERIMENTATION 

o f  abou t  200 mrem. The actual dose delivered was probably less  than half of 
t h i s ,  since the subject consumed large quantities of water t o  speed excretion 
o f  the tritium oxide.  
subjects, b u t  t h e i r  exposures, and consequent radiation dose, must have been 
very much lower t h a n  t h a t  of the total  body exposure. 

Similar estimates cannot be made for  the other 

Because o f  the  very low doses involved, no long-term follow-up was planned or 
performed. 

RCT : pmb 
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PERCUTANEOUS ABSORPTION OF TRITIUM OXIDE* 
. By CHESTER 11'. DtLOSG,f ROY C. THOhfPSOX, and H.4RRY A. KORSBERG 

Biolou Strr ion, Rndioh3.caf Sritncea Drpartmcnt, General Electric Company 
. ILICHLASD, WOASHISCPOI 

TRITIUM, the mass 3 radioactive 
isotope of hydrogen, promises to  be- 

come a widely used tracer for hydrogen in 
biological and chemical studies. Hazards 
attendant on the handling of this isotope 
are limited to  those from internal radiation, 
the energy of its beta particle being so 
weak (maximum energy, 0.018s mev.) as to  
constitute no external radiation hazsrd. In  
part, then, the problem of hazard eralua- 
tion becomes one of studying the various 
portals through which tritium, or  com- 
pounds containing tritium, may gain entry 
to the body. T h e  present paper is concerned 
with the hazards arising froin a tritium 
oxide contaminated atmosphere. 

The two main portals through which 
atmospheric tritium oxide may enter the 
body are  presumed to be the lungs and the 
skin. T h e  contribution of pulmonary ab- 

* sorption to  the total body uptake from an 
atmosphere of known tritium oxide content 
can be readily calculated on the a s s u m p  
tion that all tritium oxide entering the 
lungs is absorbed. This assumpdon has 
been experimentally verified by several 
in\mtipators.7.uJ' The  contribution from 
absorption through the skin must  be meas- 
ured experimentally. T h e  present investi- 
gation was made to  determine the rate of 
percutaneous absorption of tritium oside, 
to compare this with the rate of pulmonary 
absorption, and to investigate the fnctors 
which might be important in determining 
or changing the rate of nbsorprion. IYlde 
principal attention was focused on absorp 
tion from the vapor state, esperinients 
were also performed to compare the rate of  
absorption of liquid wntcr. 

T o  thc estent  to which tritium may be 
considered a legitimate traccr for hydrogen, 
the results of this study c o n t r i h t c  to the 

. 

. 

. .  

general problem of the permeability of the 
skin to  water. Positive proof of the inward 
passage of liquid ya te r  has only recently 
been reported." A preliminary note on our 
demonstration of the percutaneous ab- 
sorption of water vapor has appeared in 
the literature,' and a recent review by 
Pinson" alludes to unpublished studies on 
percutaneous absorption of  ' tritium oxide 
performed a t  the Los Alamos Scientific 
Laboratory. 

h I E f H O D S  

Svljrcts and E.qxmm Prccrdurts. Suh-iects ,. J 

employed were CF-I strain mice, rats o f  the 
Sprague-Dawley strain, and human, adult, 
white males. Except for a single total body 
exposure of a human subject, all esposurcs 
were to a circumscribed skin area. Unless other- 
wise specified, esposurq were for one hour at  
30' C. Animals were exposed under nembutal 
anesthesia. 
Two systems were employed for esposure of 

the skin to the tritium oxide-labeled water 
v3por. The first of these, illustrated in Figure I ,  
consisted of a small cup containing tritium 
oxide in water' supported above the skin inside 
of a containing chamber. This apparatus will 
be subsequently referred to as the "static" 
system. Because of inadequate saturation of the 
air in  the system and because of the danger of 
spilliiig liquid tritium osidc solution on the skin, 
a second type o i  apparntus, illustrated in Figure 
1, WIS employed for the major portion of the-- 
investigation. This "dynamic" system consisted 
of a hydrator into whicli dried air was passed, 
via a sintered glass gas dispcrsion rube, throupli 
a water solution of tritium oside and thence 
into n connected esposure chamber in dlich the 
snrurared vapor W:IS passed over the skin and 
out into a dry ice trap. Control csperiments 

11 r i l l  k rregnircd thrr the p a p o n i o n  OF tritium ar;rle in 
the r a t e r  wliir;ims was, m w v i u ,  cxtrcmcly smal:, and ;hat rhe 
nmlcciilar ry+cica pmenr which contained tritium was rlmml 
esrluaively HfO. 
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rapidity with which absorbed tritium wide is 
disrributed in the body water. Sampling of 
human sub-iecrs was confined to a series of urine 
samples taken over a forty-eight hour period 
following exposure. The peak urine nctiviry, 
nrrained several hours follo\ving esposiirr, was 
used in calculatioiia. 

Counting of the samples for tritium acri\*iry 
was accuniplished by uiic or horh of the folio\\.- 
inq merhtnls: (a) generarion of hydrogen gas by 
addition of die water, blood sctnim, or urine 
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I s;inipIe ro cnlciuin inet:iI anti counting of the 1 g:is in  a G. 31. ttihc tilled to atmospheric pres- 
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which gas \\*as then intrtduccd into 
ion chaiirber connected ru a vibr:rtiirg 

reed electrotrieter. The current produced !VU 

nre:nsured as a f u x r i n n  of tlre lc~igtlr of time 
required to discharge a standard negative' po- 
t a r  r i d  Currently the hydrogen-filled Geiger 
counter has supplanted the vibrating reed 
electrometer because of ease and rapidity of 
operation and maintcnnnce. Results obtained 
by either of these methods are reproducible 
with + I  per cent. .4bsolute values may be 
subject to greater error due to uncertaintics in 
the absolute wlibration of the instnailrents and 
possibilities of slisht isotopic fractionation in 
the generation of g a ~  samples. Such absolute 
errors are not of significance in the present 
study, since a11 conclusions are based on com- 
p:irjsons of counts. Details of the counting 
procedure \vi11 be described by othcn.I0 

Expression o/ Rcsults. Results are expressed 
in two forms. An absorption rate constant, h', 
is in units of pc trjtjum oxide absorbed per un.: 
skin area per minute per pc/cc of tritium oxide 
in the e?rposure atmosphere. I n  terms of experi- 
mentally determined quantiun, this constant 
is calculated in the following manner: 

where U i s  the total volume of body water 
(liters), C; is the activity of the,  body toter  
(pc/liter), A is the area exposed (cm.*), t i s  
the duration of exposure (minutes), and C, is 
the activity of the exposure atmospherr (pc, '~~.) .  

Results are also expressed as ihe quantity of 
,r 

L X i  
A=- A S  

whew S is the concentration of tritiuln in the 
water empluyed, ,in pcj'pg. This calcularion, of 
course, assumes that tririunl oxide fimtions 
M an ideal tracer for water, b5th i n  b~ologlcal 
absorption and in the physical e~*nporation to 
form the saturated atniosphtrc. \ V d e  this as- 
suiirption cannot Le strictly, valid, error intro- 
duced by the assumption is no doubt smaller 
than other errors inllerelrt in this type of study. 
The values for total volume of body water 

were experirnentally determined in tl!e case of 
the rats and mice, and estimated at G1.S per 
cent of total body weight in the case of the 
human subjects.*O 
The plus-ur-minus ljrniu listed with values 

of X, and 3 are standard deviations of the mean 
at the 95 per cent confidence level: 

RESULTS AND DISCESSIOS 

The rcsuIts obtained from esposurc of 
the various species to a saturated or near 
saturated water vapor atmosphere are re- 
corded in Table x. Data for male and female 
rats and mice were calculated separately, 
bu t  no sex diEerence was apparent and the 
results for both sexes were combined. The  
results obtained using thes ta t ic  esposure 

0 0 0 8 8 2 1  ' 
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systaii are low to an uncert:h degree for 
reasons previously discusscd. I’liey are 
included in 1’:ible I only for purposes of 
qua1it;rtive conipiriwi. I t  should IC noted . 
t h a t  d;it;i publislred previously in n prelim- 
i t i ;vy note’ were obt:iitied by the static 
method and are therefore not in agreement 
with the best vdues liere reported. The 
“static” data from r i t s  included in Table 1 
do indicate quite clearly the enhanced ab- 
sorption occasioned by shaving the exposed 
area. 

I n  all cases the vnlucs of K and A cal- 
culated from cardiac blood samples are 
lower th;w the corresponding vafues cal- 
culated froni samples of the total body 
water, indicating a la% in the distribution 
of the absorbed water. This effect \vas 
noted and studied more extensively with 
short-tern exposures by Pinson.” IT’ith 
respect to the even tun1 body burden, how- 
ever, the values based on samples of total 
body water are of primary significance, 
since uniform distribution of the absorbed 
activiq- must certainly occur within a pe- 
riod of t i e  which is short compared with 
the biolosjcal half-life of mtium oxide in 
the body. 
The esperiment in which a series of rats 

were esposed with a layer of cloth covering 
the skin area was daipned to evaluate pos- 
sible eFects of clothing on percutaneous 
absorption. The cloch employed was heivy 
cotton material of the type commonly 
found in laboratory coats and coveralls. 
S o  effect was observed on total absorp- 
tion, as indicated by the I\: values calcu- 
lated from total body water samples. There 
dots appear to be a11 increase in the rate a t  
which the absorbed activity appears in the 
circulation as evidenced by the values of K 
calculated from the cardiac blood samples. 

The data from human subjects are char- 
acterized by a lack of agreement between 
the results obtained for difiirent exposure 
sites. The agreement between the data 
from : Z  subjects exposed on the forearm 
was quite good, considering the disparity 
in physiques and the consequent error in 
assuming a constant proportion of body 

i 

. 

I 

wntcr in ;dl subjects. IYhiIe the two expr)- 
s u r a  to the abdornen were niade itsing the 
static system, thc results ;ire ofqtulitativc 
ititeresr, since they indicate a hi,! “ x r  rate 
constant for the nbdonien than for the fore- 
arm. The qunntitntive diference is uti: 
doubtedly greater than that indicated, 
since all of the data olt..rined’with the 
static systeni were low compared with re- 
sults obtained using the dynamic system. 

The single total body esposure experi- 
ment indicates an absorption rate constant 
about three times as great as the constants 
calculated from forearm exposures. Several 
factors must be considered in evalbating 
this result. First, i t  is obviously unsafe to 
generalize too extensively from the rcsul ts 
of a single exposure. Second, the conditions 
of this total body exposure were somewhat 
different from those which existed in the 
forearm exposures. W i l e  the forearm .ex- 
posures were performed in an essentially 
saturated water vapor atmosphere, the 
average per cent saturation during the 
total body exposure was only 70 per cent. 
This difference, while influencing 3 values, 
should not affect Kvalues, as will be shown 
in later discussion. Third, the subject in- 
volved in the total body evposure was one 
of the subjects included in the forearm ex- 
posure group, the K value from his forearm 
exposure being 0.23, thus strengthening . 
the evidence for a real difference in absorp- 
tion rate between different skin areas. 

Pinson” has suggested that percutaneous 
absorption of water vapor could be looked 
upon simply as the reverse phase of the 
physiological phenomenon of insensible 
pcnpiration. If this is the case, and it 
appears entirely reasonable, then the ex- 
tensive data previously collected on in- 
sensible perspiration should be pertinent to 
an understanding of percutaneous absorp 
tion. Table 11 lists some of the results ob- 
tained over the past thirty-five years, re- 
calculated where necessav to a common 
basis of pg. water loss per cm.’ per minute. 
\There original data were Siven in terms of 
the total body surface a n  average skin area 
of 1.S iW was assumed, and it w t s  further 

. 
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TADLL I1 
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JSSISSIDLL WATER 1.l)SS T)IROCGtI THE S K I S  
LITERATURR VALUES 

Totnl bod!: 
Totnl body 
Ton1 body 

Indes finger tip 
mi toe tip 
Pinna 

Leg 

BnII of foot . 
Plantar surface, heel 
P d m  
Indes tinget tip 
Lateral surface, a r m  
>l id  planar ,  foot 
:nd toe tip 
Check 
>lid foxheid 
.Isilla 
Posterior surface, leg 
Thigh and flank. 
Slid epigastrium 
\'oh surface fore- 

Epigastrium . . 
Epigasuium 

Ton1 body 
.: Tptal body .- 

Pzlm 
Sole 
.Win 
Epigastrium 

Ton1 body 

Palm 
Sole 
Face 
.Inn, leg and u u n k  

Living 
Living 
Living 

Lioin g 
Living 
Living 

Living 

Living 
Living . 
Living 
Living 
Living 
Living 
Living 
Living 
Living 
Living 
Living 
Living 
Living 
Living 

Living and d u d  100' 

Living and dead ICO. 

Living 
Dead 

16 
9 

Dead =9 
Dead 18 
Dead 10  

Dead j . 3  

Living 13 

Living 
Living 
Living 
Living 

These rcudiea indicate a maximum rote, since dned 02 w a  pamted over the skin. 

assumed that 52 per cent o f  the total in- 
sensible water loss was via the lunps.'These 
figures represent net water loss and con- 
stitutc the balance between the outward 

and inward movement of water throush 
the skin. A s  such, they tear no necessary 
relntionship to the magnitude of either of 
these individual processes. If, ho\s*ever, the 

? 1 :' 
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meclwnism o f  inward and outward passiige 
o f  water throuzh the skin is identical or 
cfosely similar, one would expect that high 
net water movement would be associated 
with high rates of movement in both direc- 
tions. It is evident from an inspection o f  
the data of Table 11 that the rate of  net 
water loss varies considerably in different 
skin areas. The one series of s tud ie  which 
included the volar surface of the forearm 
shows a lower n t e  for this area than for 
zny other area measured. It thus appein 
not unrezsonable that the average total 
body rate of percutaneous absorption 
should cxecd the forearm rate by several 
fold; and, although based on a single de- 
termination, the value of 0.84 pc/crn2/min 
:gc,Icm.3 atmosphere is probably a reason- 
ably accurate measure of  the total body 
percutaneous absorption rate constant. 

Data on the effect of water vapor pres- 
sure on the percutaneous absorption of 
tritium oxide in rats are summarized in 
Table 111. These experiments were con- 
ducted in a manner exactly similar to the 
other exposures, except that the water 
vapor pressure in the exposure atmosphere 
was controlled by addition of sodium hy- 
droxide in various concentrations to the 
rririum oxide solution in  the hydrating 
chamber of the “dynamic” exposure ap- 
paratus. Table 111 lists both the calculated 
vapor pressure and tritium concentration 
of the ntmospherel.la and their values as 
determined esperimcntdly by sampling 
the atmosphere. Satisfnctory agreement 
was obtained, escept for the two highest 

sodium hydroxide concentrations. In these 
two cases the tlieoretical values were based 
on estrapolation, 3nd the experimental 
fisures are undoubtedly the more accurate 
of the nvo. In calculating values of K, 
theoretical C. values were used for experi- 
ments 1-4 and esperimental values for 
esperiments 5 and 6. Values o f  E: and 4 in 
Table III were based on tritium deternrina- 
tions on the total body water from the 
exposed animals. Blood samples i e r e  also 
analyzed and led to values of K and A 
which were consistently about 70 per cent 
o f  the total body water values, indicating 
again a time lag in the equilibration of 
absorbed tritium oxide with the total 
body water. 

It is evident from Table 1x1 that the rate 
of water absorption (A) is directly propor- 
tional to water vapor pressure. It is also 
clear that the absorption of tritium oxide 
from an atmosphere of constant tritium 
oxide content (A? i s  independent of total 
water vapor pressure. The direct propor- 
tionality between water absorption and 
water vapor pressure supports the hypoth- 
esis of a simple d i h i o n  mechanism for 
percutaneous absorption. From the hazard 
standpoint, the results indicate that humid- 
i ty is not a factor to be considered in expo- 
sure considerations. 

The results of liquid water absorption 
studies on the rat are shown in Table I V .  
Absorption rates acre  calculated from 
annlyses on total body water. The much 
higher tralues obtained from unshaved mi- 
i m d s  must be attributed to tritium-labeled 
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water adsorbed on the hair and included in 
the total body, water determinations. Shav- 
ing either before or after esposure reduced 
the values. The results of esperimena I and 
j are not significan tly different considering 
the sinal1 number of animals in experiment 
3. The absorption rate appears to be two to 
three Fimes larger for liquid water than for 
saturated water vapor. These results on 
liquid iv3ter should be considered only Y 
preliminary findings; and the possibility of 
cvtensive adsorption on the skin, resistant 
to thorough washing, should not be over- 
looked. So far as the eventual body burden 
is concerned; however, any such tightlg 
adsorbed water is practically equivalent to 
absorption. Pinsonl' has reported no differ- 
ence in the absorption rate from liquid 
water or a saturated water vapor atmos- 

, 

. . * phere.: 

SiiiiiMy, for puliiioilary ;horpdon,  as- 
siiiiiitig coiiiplcte rcrriitinii of inh;tIecl 
tritium oside, ;t v:ilue of 503 p c  is obtained: 

Yohime inspircd (io'cc.) x tritium aside,conccn- 
mtion in atmosphere ( jX~o-Wikc . )  * 500 pc. 

From these calcul;rtions it is ;ipp:irrnt that 
percutaneous absorption arid puliiionnry 
absorption contribute 'approsimately 
equ:dy to the tot;rl body burden of tritium 
oside acquired through esposure to  an 
am7osphere contaminated with tritium 
oside. 
The present permissible maximum level 

for atmospheric tritium oxide contamina- 
tion was estxllished without consideration 
of percutaneous absorption. -4 reduction in 
the permissible maximum by a factor of 
two is therefore suggested by the results 
of the present investigation. The cstabiish- 
ment of percutaneous absorption zs a 
significant hazmd also emphzsizcs the 
inadequacy of respiratory protection alone 
in tritium oxide contaminated atmos- 
pheres. 

SUXMARY . 

RELATIVE HAZARDS OF PERCUTANEOUS 
\'ERSUS P U W I O N A R Y  ABSORPTION . 

Or TRITIUM OXIDE VAPOR ' 

Using the value of 0.84 for the absorp- 
tion rate constant for human total body ex- 
posure (Table I), a "standard man"" dur- 
ing an eight hour period of exposure to the 
presen t 1 y es ta b lis h ed permissible m LY- 

imum" will absorb $0 PC through his 
skin: 

Abrorpt.ion rate constant ( 0 . s ~ )  Xtonl skin area 
( I  .8 x ~o'cm.:)'X rime (430 min.) x vitiurn 
oridc conccnrrouon in atmosphere ( 5  Xro-'pc 
/cc.) = 260 p c  

This repmcnu the mu1 skin ares of a 70 kg. m d  17 em. 
mm.' 

The percutaneous absorption of mtium 
oxide-labeled water vapor IVVM studied in 
mice, rats and man. I n  terms of rg. water 
absorbed/cm.?//rnin. from a saturated water 
vapor atmosphere, the rates found were: 
for mice (abdomen), zok 5 ;  rats (abdomen) 
5.7kr.r; man (forearm) S.6k1.7. A single 
total body esposure to i human a t  70 per 
cent relative humidity ~ V C  a rate of IS 
pg/cm','min. The rate of water vapor ab- 
sorption in the rat was found to be directly 
proportional to water vapor pressure. For 
a constant level of atmospheric tritium 
pside, absorption of tritium oxide was in- 
dependent of total water n p o r  pressure. 

I t  wns shown that for humans the rate of 
percutaneous absorption oi tritium from a 
tritium oxide contarnin3ted atmosphere is 
about the same as the rate of pulmonary 
absorption from the same atmosphere. 
Roy C, Thompson 
Radiologic31 Sciences Dept 
General Electric Co. 
Richland, Washington 
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Project Name: Unknown. Project W P S  an Date Started: July 1965 
invest igat ion of the dis t r ibut ion and Date Terminated: 60 days 
excretion of technetium i n  human subjects. a f t e r  

s t a r t  

Ident i f iczt ion:  Unknown 

Pr inc ipa l  Invest igator(s) :  T. M. Beasley and H. E. Pa'lmer, Pacific 
Northwest Laboratory (PNL)  and W. B .  Nelp, University of Washjngton - Medical School 

Responsible Government Off ic ia l ( s ) :  

~ 

Objective(s) of t e s t :  The study was conducted t o  measure the long-term 
retent ion a n d  local izat ion of technetium i n  humans following both orzl 
a n d  intravenous administration a n d  t o  derive mathematical modeis f o r  
excret ion,  w h i c h  are very useful  i n  determining the radiation dose t o  
humazs from technetium isotopes in t h e  body. They are important from 
bo th  medical and occupational stsndpoints. 

Short description: 95Tc and 36Tc were administered i o  8 subjects by 
physicians a t  the  University o f  Washington Hospi ta l  i n  Seat t le .  
subjects vere hospitalized a t  the University o f  Reshington 
Reseerch Center for the f i r s t  week. 
measurements were made f o r  60 days. 
obtained a n d  reimbursed the subjec$s f o r  t h e i r  services. 
ci,paiion by PNL personnel was limited t o  providing the equipment, msk- 
i n 2  the  whc le  body c o u n t i n g  a n d  excreta mezsurenents and analyzing the 
d e t a .  
Washington  perticipaTion. 

The 
C1 inical  

Whole body counting cnd excreta 
The University of Washington 

The p a r t i -  

The PKL p a r t i c i p a t i o n  wzs f u n d e d  by A E C  b u t  n o t  t h e  University of 

- - -  
P O  I I ~ - u p  Gats: 

sidered unnecessary because c i  low dose t o  subjects (estimzted t o  be 
0.145 rem) 

Fol1 ow-up conti nued f o r  60 days. Later fol1 ow-up con- 

References: Beesley, T. M . ,  Pelrner, H .  E . ,  ana  Nelp, W .  B . ,  " D i s t r i b u t i o n  
and  Excretion of  Technetium in Huxns," Heelth -- Phvsics 12, pp. 1425-1435 
(1966). 

, 
bttacbrnent(s): S t i ted  reference. 
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I DISTRIBUTION ANTI3 EXCRETION OF TECHNETIUM - -.+ 

I N  HUMANS* 
T. M. BEASLEY.t X. E, PALMER: 8nd W. 8. NELPS 

Batidle Memorial Insthie, Pacific Northwest Laborator)., Richland, \I’ashington 

. _  

(Rrcriucd 4 Orbbrr 1965; in rruitrdjonn 10 Dccrmbcr 19G5) 

hbstract--\\’idaprod w of **-Tc u a tracer in m d c i n c  and large sulc separation of 
WTc from h i o n  product waste require that adequate knowledge of &e metabolic propcrlia of 
technetium be known w ttrrt  ruiirric exposure limits am be imposed for the biotopa ofintcrat. 
The present paper discuua a metabolic apuimenl using =Tc (60 day I,,,) and “Tc 
(4-3 day T,,,) in which long-tcm crcrction, relation and localization of !hoc & t o p  wcre 
musured wing whole-bdy counting techniques. F o l b w i n ~  intravenous and oral adminttra- 
rjon both urinary and fecal a n c t i o n  rates w v e  mcuured and rnathcmatkal mod& w r e  
dcrivcd for technetium elimination. The latter should be helpful in estimating body burdens 
of ihe weal, bcra-emttmg T c  follouw~g inadvc:ent cxposurc. 

. -.. - J  

I .  IXTRODUCTION 
THE. CSE of technetium isotopes in both medicine 
and mecallurc4y has recently stimulated ln tves t  
in the metabolic bcliavjor of this clcmcnt follow- 
ing incake into the body. *PmTcwhich decays by 
isomeric transition (gamma-ray emission) and 
has a half-life of6 hr has found wvjdesprcad use in 
biology and  medicine both as a tracer and as a 
diagnostic tool in nuclear medicine. * q c  which 
decays by beta emission and has a half-life of 
2 x 10‘yr is prodticed in  rclauvely high yicld in 
the fission of uranium-235 and plutonium-233. 
I t  is present, therefore, in rathcr high conccnta-  
tions in the fission product wasre solutions which 
result from the chcmical procasing or reactor 
fuels. Oplc is currently bcing separated in 

, kjlognm quantities from such \ v a ~ t c f  at the 
atomic works near Richland, M‘ashington. 

. 

This paper is based on work performcd undcr 
Unitcd S t a t 6  Atomic Energ) Comrnision Contract 
.4T(45-I) 1830. Permksion to publish is gracefully 
acknowledged. 

t R a u r c h  Scientist. Chemist? Dcplruncnt. 
Senior Racsrch Scienckt, Ph:riu and Instru- 

menu Drpsrtmcnt, Pacific R’ortliwet Laboratory, 
opcrared by Bartellc rLiemorii1 Institute for the 
United States Atomic E n r r c  Commission, Richland, 
\%‘a\hington. 

f Director, Division of Suclrar Jlcdicine, Uni- 
vcrsiiy of ICas’nington Hospital, Scartlc, \\‘ashinqton. 

3 I 

In the event of a n  inadvertcnt exposure of 
plant personnel to * T c ,  measurement of excreta 
would provide the best m a n s  of estimating 
body deposition, since its decay is not accorn- 
panicd by gamma-ray emission arid thcrcforc 
cannot bc dctccted by ~Iiole-Lody counting 
techniqucs. Technetium metabolism esperi- 
menu have been performed with humans using 
thc 6.0-hr D3mTcBf~) but  due to thc short half-life 
of this isotopc, the duration of the espcriments 
have becn 3 days or lest. In such a short time 
period one cannot accurately predict the long- 
 KC^ localization or retention of technctium in 
any particular organ of the body with any 
dcgrcc orcertainty. This  inforniation is required 
to aqsign exposure limits for pcnonncl who arc 
enqagcd in the handling of technetium isotopes. 

Accidental cspasurc ran lcad to dcposition of 
tlic rarlioisotopr in t‘nc body by both inhatation 
and ingestion. I t  is thucforc ofintcrcst to dcte:- 
mine the differcnca, if any, which rrsult in the 
lncalizatinn and subseqiicnt metabolic behavior 
of technctium follo\r*ing oral and intravenous 
administration. Intnvcnous administration 
would simulatc the Ixhavior of that portion of 
the tcclinetium which is rapirllp solubilized in 
r h r  lung and enters tlic Mood strcam a short time 
following csposure. Clcarly, ncither oral or 
intrawnous administration a n  simulate the 

i 525 
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mctaLoIic bcl~avior of teclinctium in the .lung 
wllicli is only slightly soluliii~cd. 

T]>c prcscnt study was uridcrtd.cn 10 r n a u r e  
tllc ]oiig-icnn rctciilioii arid localiutiuii of 
technetium in humans following Loth oral and 

atical modcls for die climination of 
urn in tlre excreta. 

DISTRIUUTIOS ,\ND LSCRETION O F  TECHNLTIUXl IN HUhlhSS 

Psrtcchnctate \as choscn as tlre clremiu] 
form in administering the tcclinctium in that 
thb is thc most Coriunon chciii iui form of the 
clerucrrt currently bung uscd in incdical and 
biological applicauons, and is die final chemical . 1 -. i:iuavcnou, administration, and to derive form in which technetium a p p u n  following iu 
purilication korn fusion product wates. 
seemed probable, therefore, that in the event of 
an accidental r.elcasc of technetium, irs chemical 
forni would IC w perteclmctatc. 

- rile tcdrirctium isotopes used'in tlS cxptri- Localization and distribution of the tedme- 
mcnt were """1'~ (T,,, = 60 days) and "Tc tium within the body was followed using a 
(Tin I 4.3 days). . Each isotope decays by shadow shield whole-body Briefly, 
electron capture and subsequent gamma-ray the counter consists of 400 lead bricks arranged 

&ion. The isotopes were prcpnred by Oak such that a gamma-ray resulting from lack- 
Ridge Sationd Laboratmy using high-energy ground cannot directly enter the detector, but a 

roton irradiation of 95 per cent enrichcd 9 6 M ~  person can be moved past the detector on a 
~ metal. The technetium was separated from movable bed propcIled by o ball-bearing screw 

the irradiated molybdenum at the VoIk Radio- and electric motor. A +in. thick by 9 3 - h  
&uGcal Co., Chicago, Illinoiz, using solvent diameter NaI(Tl) c q ~ t d  is used as the 
extrJction tccliniqucs and was ultimately pre- dctcctor and the pulses from this crystal arc 

pcrtechnctate in sterile water. a n d  ytcd by a 5 l2-chann~multicliannd analyzer 

( 

XI. METHODSr - 

. 

_ -  - - .  
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Fig. I .  Gamma-ray spectram of subject foilowing 
administration of "Tc - *rmTc. 
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Fig. 2. Per cent original dosc of " T c  remaining follo\t~ing 
intravenous administration. 

.4 slit system was ernploycd \\-liich covered the 
majority of the large crystal with 2 in. of lead 
escept for a I-in. wide slit. This permitted 
differential scanning ofthc subject as he traveled 
under the  crystal. 

Figure 1 shows a representative gamma-ray 
spectrum of a subject following administration 
of the technetium isotopa. The characteristic 
.gamma-ray photons of ';mTc occur at 0.201, 
0.570 and 0.810 MeV while those of 06Tc occur 
at  O.ii1,0.13+2 and 0.UQG hlc\'. Tlic sum peak 
a t  1.040 MeV is the rcsult of gamma-gamma 
cascades in the dccay of 9imT~, \ \ M e  thc peak at 
1.460 h4cV arises from the 'OK present in all 
human brings. 

Following administration of the technetium, 
total urinc and fcccs wcrc collrctcd from cach 

subject for a period of 8-10 days. During the 
first 3 days the distribution and translocation of 
the technetium \vas such that the whole-body 
countcr could not be directly calibrated to give 
tcchnctium retention. Instead, escretion anal- 
ysis was uscd KO dctcrminc body TCtCntiOn during 
this time by subtracting the mcasurcd trchne- 
tium in the excreta from that in the originally 
administcrcd dosc. Bct\vecn 3 and 8 days 
fnllo\cinq administmtion, the wholr-lmdy coun- 
ter rcsulls wcrc normalyxd to the retention 
dctcrmined by cscrction analysis and after 8 
days thc wholc-liody counter \\-as uscd to mcas- 
tire the retention. Figire 2 shows the good 
agr~ccmcnt Lctwccn tcchnctium rctciition as 
dctcrmined hy \chlc-hody counting 3nd sub- 
sequent cscrctiorr anal+. 

0008830 
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DISTRIBUTION AND EXCRET'IOS OF TECHSETIUM IX HUI\fAI\'S 

-- 
I 
0 Incnrs IO 

Fig. 3. Subject IO min post  intraveno? injecuon. 

l l i c  eycrcta samples collected from each of 
the subjects were countcd hncnt l i  thc large 
NaII'llj crystal in a fiscd gcornctry and the per 
cent oi'tibc udiiiiiiistcrcd dosc cxrrctcd dctcr- 
miiicd by comparing thc counting rate of a 
standard counted in an identical fdrion. I n  
each instance the standard error of counting 
never cxcedcd 5 pcr ccrit and  usually was 
las than 3 per cent. Blood and saliva samples 
were couritcd in a Sa1 (TI) well-type scinullation 
counter and the per ccnt of the adminisrcred 
dosc p e w i t  was again detcmiincd by com- 
paring the counting rates of the sample arid a 
standard. 

111. SUBJECTS 
The isotopes were administered as the per- 

teclincratc ion to e ight  normal human volun- 
teers, ages 22-43 yr. Initially, 20 pc of u5'"Tc and 
60 pc of '~Tc were adniiriistercd to thc pauenu. 
Four subjects rcccivcd an oral dose after an  over- 
night r a t ,  w l d c  thc remaining four subjects 
rcccivrd the dosc iiitravenoualy. For tllc fint 
week, subjcctt liorpitalircd at the Clinicid 
Research Center of the Univrrsicy of Washing- 

ton Hospitai. Samples of plasiiia, SWCJK, tears 
and intestinal mucosa wcrc collcctcd. After the 
first \vcek, subjects were allowed to collect 
spccirnctis OL limix. Obscrvau'ons wcrc made 
for 3 period of 60 days on some subjecu. Whole- 
body counts of die subjects prior to adminis- 
tration of thc tcchiietium isotopes showed only 
the praencc of "'Cs and 'OK, and none of the 
pcoplc had any history of contact with radio- 
active isotopes prior to the experiment. 

I\'. RESULTS AND DISCUSSIONS 

4.1. 1acoti:arioti end distribution of trchnrfivm 
Figures 3-6 show the distribution of techne- 

tiurn in humans with time following both oral 
and intravenous administration. In the case of 
intravenous administration, the technetium has 
already beyun to localize in the area of the 
bladder soon as 10 min after injection. Two 
hours following administration a distribution 
which was to Lccome cliaracteristic for all of the 
subjects rcprdlcss of adrninistntion route had 
occurred. The technetium had localized in 

. .. .-.- --.- 
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Fig. 4. Subject 10 min post oral administration. 
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Fig. 6. Subject 2 hr port  oral rdminirtrauon. ' 

relatively large concentrations in die region of 
the salivary-thyroid glands, stomach, liver and 
bladder. The specific activity of the saliva iuclf 
was cxceptionally high, approaching 95 per cent 
of the administucd dose pcr liter of saliva sonic 
2-3 hr following administration. After oral or 
intravenous doses, the saliva containcd 10 to 30 
t ima the concentration of technctium in the 
plasma. This concentration gradient ws main- 
tained for many days, aliliough tlrc total m o u n t  
in tlic salivary glands \vas small dtcr  thc first 
day, It WY not possible to accurately mcasurc 
the thyroid conccntration or pcrtccfinctatc in 
this etperimcnt due to the counting amngc-  
ment employed. Thc proximity of llic tliyroid 
and salivar)' glands gave rise to thc activiry peak 
in  thc area of thc liead as secn in Fig.  5 4 .  The 
np id  turnovcr of tcrliiictium in tlrc salivary 
glands was monitored by measuring saliva arid 
showed components o f 2 4  hr  and 1-2 days. n i e  
half-life ofthe activity in the arca ofthe head was 
approximately 12-24 hr, indicating sonic u r l y  
uptalrc of tcchnetiuni into t l x  thyroid, but its 
removal from this organ is probably quite mpid. 

When considering the immediate treatment of 
inadvvtcnt e.posure to T c  it would appear 
wortliwhilc to stimulate salivarion, since this 
could be a very eEectivc means ofdecreasing the 
systcmic burden of the isotope. 

Technetium wiu not concentrated in the 
lacrimal or sweat glands; Iio\vc\w, the specjfic 
activity of tlic nasal secretions was very large. 
In this connection it is interesting to point out 
that in thc case of exposure to pcrtechnctate, 
nasal and oral swabbing cannot be uscd as an 
indication of aposurc route due to the high 
eonccntrations of technetium which rapidly gcu 
to the saliva and nasal mucow. 

To further dchnc the localization of tlic tcch- 
nctiuni as excretion occurred, subjects wcrc 
studicd by photoscanning, localized surface 
counting with a siricldcd probe detector and by 
iritatinal biopsy. Figurc 7 shows a phornrcan of 
a subject 3 days following oral administration 
when approximatcly 30 per cent of the adrninis- 
tcred dose remained. The photoscan i l lus~ates  
localizau'on of the technctiunl predominantly 
in the bowcl apd in its contcnu. 

0008833 
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Fig. 8. Variation of blood concentrations or Tc following oral and intra\wrour administration. 

Subsequent photosuns and localized surface 
counts showed a more diAwe pattcm of radio- 
activity in the total bowel area. "here was no 
evidence of localization of the isotope in cithcr 
the liver or the kidney. 

In three subjects, biopsies of the stomach, 
duodenum and rectal mucosa were performed a t  
2, 7 and 19 days following adminutration. 
Table 1 contains the raults of these measure- 
menu and shows the general distribution of the 
technetium throughout the GI  tract. No appre- 
ciable activity was obsemed in rectal mucosa, 

while stomach and duodcnum mucosa had tech- 
netium concentrations ofsome 40-100 times that 
found in the plasma a t  camparable t ima. 

Figure 8 show the blood conccntrations of 
tcchnctium with time and indicatcs a rapid 
increase in the blood lcvcl nf technetium follow- 
ing' oral administration. Since no appreciable 
difJcrcnce in excretion occurred for the two 
groups of subjects during this time period, one 
can estimate the fraction of the orally admink- 
tered dose absorbcd by comparing the arcas 
beneath thc plawia concentration curve of the 

. 

.. 

Per ccnt of administered 
dose per  kilogram of tisruc Time following 

Method of rdrninismtion 
Su hject administration (&F) Stomach Duodenum Rectum 

I Oral 2 22.4 ,732 0.91 
2 Oral 7 8.2 6.3 0.54 

1.1'. I9 1.2 0.45 - 3 

... 
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Fig. 9. Daily urinary e.ceruon of intravenously adminkertd "'Tc. 

group to that of the inuavenous group. Such a 
comparison suggests chat some 96 per cent of the 
technetium which was administered oraIly was 
absorbed from the gut within the fint 2 days. 
(This comparison \vas made assuming that the 
total blood volumes for the respective groups 
were similar.) 

4.2 Excretion of ttcAnrlirrm 
Tcchnctium is cxcrcted \*cry rapidly in the 

urine rollowing both oral and intravenous ad- 
ministration. In this particular esperimcnt it 
\\'as not uncommon for a subject to cscretc 
between 8 and 12 per cent of the administered 
dose in the first C hr following intake. By the 
third day, howcver, technetium elimination via 
tlic urine had dccrcased io about 1 per ccntofthe 
adrninistercd dosc excreted pcr day (fhble 2). 

J'ccaI cxcretjon, by contriLst, reachctl iks inax- 

imum value 3 4  days folIo\ring administration. 
and thereafter decreased. Figure 9 and 10 
show the characteristic excretion patterns ob- 
tained from one subject following intravenous 
administration, \vhiIc Fig. 1 1  shows the average 
cumulati\*e excretion of technetium with time 
for all subjects invatigatcd. 

No diFTerencc was detectable benveen the I.\*. 
and oral groups in rclation to t11e rate, and route 
of cxcrction, or to thc aniount subsequently 
retained. 

The experimental data have been fitted to L 

thrcc-term esponentiai expression showing thc 
characteristic initial rapid decrease of the tcch- 
nctium in the urine during the fint 3 days 
followcd by longer half-lived componcnrz of 2.( 
and 10.0 days respectively. At 28 days followitit 
rxposurc, approsimately 0.OG per ccnt of thc 
dorc is cscrctcd pcr day via thc uriric. 
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Table 2. U M  m e t i o n  of fuhntLira /ohwins d 
and intrmmea adminisrrdwn a~ prrlcrhncmb 

hvmge  urinary anel ion ( x  adminbtcd dose txcrctcd/ Day following 
administration day) 

1 27.76 -c 8.5. 
2 2.G 5 1.55 
3 1.17 -c 0.10 
4 0.84 -1 0.20 
5 0.63 & 0.20 
6 0.52 -L 0.15 
7 0.41 2 0.16 
8 0.35 f 0.10 
9 0.37 = 0.18 

10 0.25 = 0.13 

14 0.16 0.04 
16 0.13 +. 0.05 

20 0.09 & 0.03 

2s 

1 1  0.23 & 0.08 

I8 0.11 = 0.04 
12 0.07 -c 0.m 

0.06 * 0.01 - 
Standard error of he mean. 

1007 
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i o  

1.0 

0. I 

l iar Frllowinq Adminirtrrt ion,  days 

Fig. 11. \'ariation of the daily urinar). excretion 
or icchncuum with rime. Oral and intravenous. 

Figure I2 can bc used to aumate  an iiiitial 
exposure to technetium ifone h o u r  the timc of 
exposure and the amount of tccknetium escretcd 
by way of the urine in a 24-lir pcriod following 
exposure. As an example, if one had measured 
0.00 I pc in a 24-hr u r b c  specimen obtained from 
an individual exposed some 28 d a y  prior to the 
urine sampling, his estimated intake of perrech- 
nctatc would have been 1.5 pc. 

4.3. I:c~entiwi nf ~rclrntliiitn 

Tlic reicnLion of teclinctium with time for a11 
eight sul?jccu in thk experiment has been avcr- 
ngcd arid is shown in Fig. 13. Oncc again the 
rctcntion has been fittcd to. a three-term cy- 
poncntial expression. SOhtiOn of his  equation 
for the time of 50 per ccnt retention (and tbcrc- 

fore 50 per ccnt excrction) giVa f = 2 or a 
biological TIE p. 2 days. The last term in die 
mathematical expression shows a half-life of 22 
Jays and Y prcviously mcntioncd is dcpcndcrit 
upon rlie turnover of technetium in the G.I. 
tract. 

S Uhf MARY 
It is or interat KO compare the results of the 

present investigation witl i  the biological param- 
etcn published in the ICKP Committee Report 
1I.I'J 'l*ablc 3 shows such D comparison and 
indicatcs, at least in the irisrance where tcchnc- 
tium isotopa arc present as pertechnetate, the 
iiccd I'or rc-cvaluatitig thc niaxirrlurn periniPiLlc 
body lurdcns, and air and water concentratiom 
to which individuals may be exposed. 

There seems to be little, if any, localization o i  
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Tab& 3. Comparison of bioLopkl parunukr obtnincd in prrrmf rcrcarrh rilh 
ICRP r m d a l i o n r  

ICRP Pracnc raennh 

EtTective half-life in body 1 day 2 days 

orgsru w h a  technetium loulira G I .  (LLI) G.I. (LLI), (3.1. (Si 
fraction absorbed on ingation ' 0.5 4.95 

- Kidney 
Liver - - ---A :-- A,-*. ---z-A---A---7- 
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05 rector 
Pacific Northwest. Laboratory 
X i  chl and, Was h i  ngton 

Dear Sir: 

INFORMATION ON RESEARCH PROJECTS INVOLVING HUMAN SUBJECTS 

The Subcomnittee on Energy Conservation and Power o f  the House Cornittee on 
Energy and Comnerce has announced an investigation i n t o  the health and safety 
policy of the kpartment o f  Energy ( D O E ) .  As detailed i n  the enclosed le t ter ,  
t h e  ? i d l a d  O-rations 3ff’ce,DOE ( D O E - R L !  has bew, x q a e s t e d  t o  ccoperate i,i 
collecting information on human experimentdtion projects funded by uOE m d  i t s  
predecessor agencies through contracts w i t h  DOE-RL. 

Your assistance is  requested i n  providing best availsble information on a l l  
such research funded by DOE a t  Hanford Laboratory or PNL. The enclosed le t ter  
conttinr quidance and a format f o r  your response. 

As discussed w i t h  Or. Sidney Marks on June 28, 1984, other DOE-RL contractors 
ies enclosed) and are being instructed t o  direct  

~ i S o m m h i B P W 3 3  
:$Costs for this e f for t  should be 

Very truly yours, A 

Harold E. Ransom, Director 
Energy Programs D i  v i  si0 n 

. Enclosures: 
1. 6/27/84 memo Ed ingtonllawence 
2. 7/5/84 le t te rs  Larson t o  RL Contractors (3)  

Jk (j ]$& 

R E C E I V E D  

0 0 0 8 8 4 2  \ “a,, 

jut .  0 9  1984 
R. P. YAR.Ou1. 



' w 

Unbd States Government Department of Energy 

Or- June 27, 1984 

A S L Y r n  
AITNOF: m-71 

S U W F :  ' Congressional Invest igat ion i n t o  Health and Safety Pol ic ies  of DOE 

rn Michael J. k ~ e n c e ,  Manager 
Bichland Operations Office 

. .  

The S u b c o d t t e e  on Energy Conservation and Power of the House Committee on 
Energy and Conmtrce'has announced an inves t iga t ion  i n t o  the h e a l t h  and 

of the Subcommittee have made it clear that this inves t iga t ion  will be as 
brozd as they deem necessary, and extend from ?as t  t o  present t o  f u t u r e  
pol ic ies .  

' . safe ty  po l i c i e s  of the Department of Energy.. I n i t i a l  discussions with s t a f f  

As a f i r s t  inquiry in the framework of this inves t iga t ion ,  the Department 
has been asked t o  provide a l i s t  of humrn experimentation p ro jec t s  funded by. 
DOE and its predecessor agencies,  going back t o  the days of t he  Manhattan 
Project. 
p ro jec ts  is a lso  t o  be provided. . 

I request your f u l l  and expeditious cooperation In c o l l e c t i n g  the required 
informatim,  if necessary with the as r i s tance  of the  na t iona l  and dedicated 
l abora to r i e s  and of f -s i te  cont rac tors  that may have been involved  i n  human 
axperimentation projects. 
the term '%man experiments", I w u l d  l i k e  - as a f i r s t  appt0xima:icn that 
might be expanded in  the f u t u r e  - to include experimental use of ionizing 
rad ia t ion  and r ad iooc t ivc 'ma te r i a l s  f o r  purposes of treatment of disease,  
and f o r  determining hazards of such agents t o  humans (including experiments 
aimed a t  providfng information necessary to  determine such hazards, e.&, 
those concerning the metabolic behavior of r ad ioac t ive  materials) .  For the 
moment, I v o d d  l ike  t o  exclude c l inical  f e a s i b i l i t y  s tudies  concerning 
radiopharmaceutical compounds fo r  medical d iagnos t ic  use. 

It is important that a f i r s t  l i s t i n g  be obtained as soon as reasonably 
possible ,  and, in any case, not later than l a t e  July 1984. 
to be included should be srmnnarized on f rc tsheets ;  the  format of which is 
attached t o  this memorandum. . As the Chainnan of the Subcommittee, 
Mr. Richard L Ottingct,  has expressed a particular interest in the  specff ic  
methods f o r  follow-up and long-term tracking of par t i c ipan t s  i n  these 
projects ,  I w u l d  l ike  your spec ia l  a t t en t ion  t o  this item, t o  be summarized 
under the  heading " F o l l o r u p  Data" in the Factsheet. I n  order  t o  provide us 
with hackground materials, u se fu l  s m r i c s  and reports ,  and s ign i f i can t  

. .  
Any support received from other agencies f o r  the support  of such 

AR there  is some quest ion as to the def in i t i on  of 

The information 
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publicat ions r e l a t e d  t o  these pro jec ts ,  I ask you t o  l i s t  such documentation 
under *'References", and t o  a t t ach  copies of p a r t i c u l a r l y  informative 
documents t o  the Factsheets. You may l eave  the item "Responsible Government 
Official(s)" blank, as I intend t o  iden t i fy  th io / thesc  persons as t h e  
Headquarters' Off icial(s} who had program-management r e spons ib i l i f7  f o r  t he  
project  involved. 

I appreciate  pour personal a t t e n t i o n  t o  this request  so that we may be most 
responsive t o  Mr. Ottinger's inquiry. Vr. J. W. Thiessen, Deputy Associate 
Director of this Office,  may be contacted f o r  f u r t h e r  d e t a i l s ,  i f  necessary, 
e i t h e r  by telephone (FTS 233-3153) or  by e l ec t ron ic  mall (DZALCDM ID 
DOE670) 

Attachment 

4 

3." & Charles w. Edington 
Associate Director,  Off ice  of 

Off ice  of Energy Research 
Health and Environneztsl Rcsearch 

. .  

00088124 * .  
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FACTSHEET HUMAN EXPERIMENTATION 

Project Same: Date Started: 
Date Terminated: 

Identif 1-at ion : 
P r i n c i p L  Invcstigator(s): 

Responsijlc Government Off i c l a l (  s) : 

Objective(s) of test: 

Short description: 

Follow-u; data: 

References : 

A t  tachmcrrt ( s ) : 



Department of Energy 
. Richland &rations Offia 

P.O. Box 550 
Richland, W8shington 99352 

JUL 3 

Donald K. Baldnin, Director 
Office of Grant and Ccntract Services 6 - 2 4  
University o f .  Washingtan 
Seattle, WA 98195 

Dear Sir: 

INFORMATION ON RESEARCH PROJECTS INVOLVING HUMAN SUBJECTS 

The Subcomnittee on Etergy Conservation and Power o f  the House Comnittee on 
Energy and Comnerce hts announced an investigation i n t o  the health and saftey 
policy of the Departmmt of Energy (DOE).  As detailed i n  the enclosed le t te r ,  
the Richland Operatiors Office DOE ( D O E 4 L )  has been reUiJeSted t o  cooperate i n  
collectiiig infomatior. oi l  lwman experimentation projects fundea by DUE and i t s  
predecessor agencies thmugh contracts w i t h  DOE-RL Operations Office. 

Your assistance i s  recuested i n  pmviding b e s t  available infonation on a l l  
such research contracts between your organization and DOE-RL. The enclosed 
l e t t e r  contains quidacce and a f o n a t  for your response. 
information as soon as i s  reasonably possible, b u t  no la ter  t h a n  July 17, 1984. 

. . Please provide this 

Our  contractor for  operat ion of Pacific Northwest Laboratory, Battel l e  
Memori a1 Inst i tute ,  will compile the responses. Please send your response to: 

Dr. Sidney Marks 
Bhttel IC, Yaci P'c ,Mrthw?st Labcratory 
P.O. Box 999 
R i  chl and, MA 99352 

Questions should also se directed to  Dr. Marks a t  (509) 375-2461. 

Very Truly Yours, 

EP D: PKC 

Enclosure: 
6-27-84 memo Ed ington/Lawrence 

. . -  

Contracting Officer 



Department of Energy 
Richland bptra'tions Office 

P.O. Box 550 
Richland, Washington 99352 

JUL 3 1984 

Pacific Northwest Research Foundation 
ATTN: Mavis Rowley 
1102 Columbia St .  ' 

Seat t le ,  UA 98195 

Dear Sir: 

INFORMATION ON RESEARCH PROJECTS INVOLVING HUMAN SUBJECTS 

The Subcornittee on Energy Conservation and Power of the House Cornittee on 
Energy and Comerce has announced an investigation into the health and saftey 
policy of  the Department o f  Energy (DOE) .  As detailed i n  the enclosed l e t t e r ,  
t k  Richlane Operations OfCice DOE (DOE-RL) has been reqJested t o  cnoperate i n  
collecting infomarion on numan experimentation projects funded by DOE and i t s  
predecessor agencies through contracts w i t h  DOE-RL Operations Office. 

Your assistance i s  requested in providing best available information on a1 1 
such research contracts between your organization and DOE-RL. The enclosed 
l e t t e r  contains quidance and a format f o r  your response. 
infomation as soon as i s  reasonably possible, b u t  no l a t e r  t h a n  July 17, 1984. 

Our contractor for operation of Pacific Northwest Laboratory, Battel l e  
Memorial Ins t i tu te ,  w i l l  compile the responses. 

Dr. Sidney Marks 
3clttcl I t ,  Pacif 5 ;  Northwest Ldbcrato;-y 
P.O. Box 999 
R i c h l a n d ,  WA 99352 

' '  Please provide this 

Please send your response t o :  

Questions shou ld  also be directed t o  Or. Marks a t  (509) 375-2461. 

EPD:PKC 

Very Truly Yours, 

Enclosure: 
6-27-84 memo Edington/Lawrence 

Contract ing Officer 

0008841 



United States Government Department of Energy 
I' U 

S'JBJLCT: Congreoafoaal Invest igat ion inio B d t h  and Safety Poucies  of DOE 

TO: Hlchscl J, L 8 W t t D C t ,  ? h a g e t  
Ricbland Operation6 O f f i C c  

The Subcoumltttt on Energy Conservation and Power of t h e  Rouse Committee on 
Energy and Commerce has announced an Investigation f n t o  the h e a l t h  and 
sa fe ty  pol ic ies  of the Departmeat of Encrgy. Xnltlal distussiona with s ta f f  
of thc Subcornittea have made l t  clear that this I n v e ~ t i g a t l o n  will be 86  
broad as  they deem necessary, sad extend from pas t  to present to  f u t u r e  
po 1 i c i  e s, 

. 

Aa a first inqulry i n  the framevork of this invest igat ion,  the Departncnt 
has bccn asked t o  provfdc a ll6t of hmun experinentation project8 fundcd by 
DOE and i t a  predacersor agcocLe6, going bock to the days of the Haahsttan 
ProJctt. 
projccts i s  aXso t o  bc provided. 

Any-support reeelved from othct agencies for thc  upp port of euch 

f tequcrt your f u l l  and txpcdftlous cooperation in c o l l e c t i n g  thc required 
information, if necessary with the s s s i s tanco  of the natfonal and dedicated 
lrboratotter and off-ritc  contractors tbat my have been involvcd in human 
experimentation projetto. 
the term "human experhentLi", f would l i k e  - as a f irst  apptoximrtion that 
night be axpandcd in the future - t o  include experinental u6e of ionizing 
tad lbt lon  and radioact ive  materials for purposes of treatment of diccaac, 
and for dctemlnlng hazards of  such agcnto'to humans ( inc luding expcrincntr 
alracd a t  providing information ncccooary t o  determine such hazards, tag,, 
those concerning the metabolic bchrvlor of radioactive materials). Pot the 
moment, I would l i k e  t o  exclude clinica.1 feasibility studfes concerning 
radiopharmaceutical compounds for medical diagnostic usc. 

It fa Inportant that  e f i r o t  I f s t i n g  bc obtained as SOOD.US reasonably 
possible, and, in any case, net later than late  Ju ly  1984, 
to bc included Ghould be eumrlred an frctsbetts, the format of which i s  
attached t o  thio memorandum, As the Chairman of the Subcornittee, 
Hr. Richard L Ottingar, has expressed a particular in teres t  in the specif ic  
mcthods for f o l l o w p  and long-term tracking of participants  i n  thcoe 
projects, 1 would l i k e  your special at t tn t ion  to  this i t e m ,  to be eummarized 
undar the hesdFog"'Fol1orup D a d '  i n  the Factsheet. In order t o  provide uo 
with background m a t c t i a l 8 ,  useful  sunmrfes and reports, and nigni f icant  

. - 
As there I s  somc question a8 to the de f in i t ion  of 

' 

The fnformrtlon 

. .  
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publications relsted t o  the to  projects,' I ask you t o  l i s t  ouch documentation 
under "Kef ereneed', and t o  attach copies of part icular ly  i n f o n a a t l v e -  
documcnta t o  the F a C t B h e C t S r  You may leave the i t e m  "Xesponelble Government 
OCffcial(e)" blank, 8s I fntend t o  ident i fy  this/these perrons as the 
Heedquarters' O f f i c l a l ( e )  vho had programlPdnagentnf responsibility for the 
projcc t Lnvolved, 

I appreciate your personal attention t o  this request so that we may be most  
rc6poaeivc t o  Hr. Octinger'o inquiry. Dr. J. W. Thitssen, Deputy Associate 
Ditcctor of thi6 Office, may bc contacted for  further d c t a i h ? ,  if necessary, 
c i t f i c t  by telephone (mS 233-3153) or by electronic =ell (DIALCDH ID 
DOE670) 

d & Charles W. E d a t o n  
deeociate Director a Off ice of 

Office of Energy Research 
Bealrh  and Environmental Resoarch 

At t a  chmcnt 
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FACTSUET W EWERIKENTATION 

Projcct Hnmc: Date Started: 
Date Temina Led: 

- 
1dcn:ificatfoa: 
Prim f pal Inves tlge tor (  e) 8 

Responsible Coverament Off Icis l (r):  

Short dcscrlption:  

Follow-up d a h :  

ReSareacts I 

~ t t e c h e n t ( r )  : 
i 
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i 
To: W.BAIR (DOE617) 

From: J.THIESSEN (DOE670) Posted: Tue 19-June-84 
16:33 EDT Sys 64 (64) 

Subject: Ottinger Inquiry 

ATTENTION: Dr. Sidney Marks 

Following i s  a copy o f  the letter from Ottinger t o  Hodel: 



June 7, 1984 . 

\ 

Honorable Donald P. Hodel 
Secretary 
Department of Energy 
Forrestal Bui  1 d i n g  

. Washington, D. C. 20585 

Dear Mr. Secretary: 

As you know, the Subcommittee i s  investigating the health and 
safety policies of the Department o f  Energy. 
requested fo r  this e f for t .  
experimentation project involving human t e s t  subjects and r a d i a t i o n  t h a t  
has been funded by the Atomic Energy Commission, the Energy Research and 
Development Administration and/or  DOE.. 

Your assistance i s  
Please prepare a l i s t  of each human 

The l i s t  should include, for each project: 

1. the project name, the f ac i l i t y  ( i e s )  a t  which i t  was 
conducted, and the dates d u r i n g  w h i c h  i t  was conducted ;  

2. the medical manager of the project, as well as the 
contracting off icer  w i t h i n  AEC, ERDA,  and DOE who was 
responsible for moni to r ing  the project; 

a brief 'description of the tes t s ,  w h a t  was done t o  the 
participants, including the objectives o f  the 
experiments, b o t h  therapeutic and experimental; 

3 .  

4. the policy and specific methods for  follow-up and 
long-term tracking of  the participants i n  these projects. 
Please note i f  no follow-up review or long-term tracking 
was conducted. 

In a d d i t i o n  t o  the human experimentation projects which the A E C ,  
ERDA, and/or DOE commissioned, please specify each project t h a t  these 
agencies provided support for or conducted joint ly  with other agencies 
such as NASA, the Defense Atomic S u p p o r t  Agency, and the Defense Nuclear 
Agency of the Department of Defense. 

June 25,  1984. 
. contact Jeanine Hull, Subcommittee counsel , a t  226-2424. 

Your cooperation i s  appreciated. Please provide  your response by 
If there are any questions regarding th i s  request, please 

Sincerely , 

Richard Ottinger 
Chai man, Subcommittee on Energy 
Conservation and Power o f  the 
Cornittee on Energy a n d  Comerce '. . 


