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Background  I nfornation 

H u m a n  E x p e r i a e n t a t i o n  Projects  I n v o l v i n g  Human Test  Subjects 

Medical r a d i a t i o n  research h a s  been conducted for many years for a var ie ty  
of reasons. I n  sone projects ,  such as the p r o d u c t i o n  a n d  use o f  plutonium 
d u r i n g  the war years,  there was a n  urgent need t o  o b t a i n  radiobiological 
d a t a  on cer ta in  radionuclides f o r  the purpose of es tab l i sh ing  safe ty  
c r i t e r i a  for protection of i n d i v i d u a l s  i n  the workplace. I n  other research, 
i t  was c l e a r  t h a t  the use of radiation provided considerable improvement i n  
the t reatnent  of ce r t a in  human diseases, such as cancer. I n  addition, there  
was a l so  a nezd f o r  basic knowledge a b o u t  the biological  e f f e c t s  produced t o  
determine whether repa i r  of  b i o l  ogical danage occurred, a n d  t o  ascer ta in  the 
t reatnents  necessary t o  promote recovery of the i n d i v i d u a l s  who had been 
exposed. Thus, depending upon  the magnitude of the problem, there  were 
instances i n  which humans were exposed t o  radiation for the purpose of 
deterinining the re1 at ionship between biological e f f e c t s  and r a d i a t i o n  dose, 
t o  determi ne the metabol i sm, deposi t i  on, and  e l  i m i  n a t i  on of radi oacti  ve 
substances of i n t e r e s t  which had  been inhaled or ingested by the i n d i v i d u a l ,  
o r  t o  deaonstrate the e f fec t iveness  of r a d i a t i o n  i n  the treatment of cancer 
o r  other diseases. 

Prior t o  the time t h a t  formal guidelines were promulgated, there  was a 
general practice t o  inform par t ic ipants  i n  h u m i n  volunteer  s tud ies  w i t h  
respect t o  the purpose of the experiment and  the poten t ia l  hazards invo lved .  
In  c l i n i c a l  s tudies  r e l a t e d  to  the use of r a d i a t i o n  or r ad ioac t iv i ty  f o r  
medical treatment purposes, such infomation was provided as a matter of 
routine. In a d d i t i o n ,  no proposed t reatnent  protocol by an individual  
physician could be used without approval of a l l  the c l i n i c a l  s t a f f .  I n  
November 1966, t he  Advisory Committee for Biology a n d  Medicine reconmended 
to the AEC t h a t  formal  procedures be es tabl ished i n  AEC 1 aborator ies  to 
ensure t h a t  e th ica l  p rac t ices  then extant were followed w i t h  respect  t o  use 
of human volunteers f o r  research purposes. 

In December of 1966, Dr. Charles L. Dunham, then Director of the AEC 
Division of 3iology and Medicine, directed the program di rec tors  of the 
laborator ies  t o  consider current  laboratory pract ices  and  r ev i se  their  
procedures, i f  necessary, t o  comply w i t h  the code o f  e th i c s  which the 
Surgeon General had  i n s t i t u t ed .  -. 

Subsequently, i n  1970, Dr. John R. Totter  not i f ied the l abora to r i e s  t h a t  the 
AEC had o f f i c i a l  l y  adopted the National I n s t i t u t e  of Health procedures w h i c h  
were described i n  the book1 e t  e n t i t l e d  "Protection of the Individual as a 
Research Subject." A t  an ea r ly  time, therefore,  t he  A E C  and i t s  labora- 
t o r i e s  were cognizant of  and sens i t i ve  t o  the need fo r  implementation of 
procedures t o  ensure a responsive code o f  e th ics  i n  t h e i r  research programs. t 

.- 



2 

The i n f o r m a t i o n  t h a t  i s  sunnarized on the attached f a c t  sheets  was 
obtained from several  sources. 
f i l  es a t  DOE Headquarters i n  Gerrnantown, Iiaryl and. For others ,  i t  was 
necessary t o  request our f i e l d  of f ices  to  obtain f a c t  sheets  from current or 
previous contractors.  
from sumnary reports  or from d a t a  published i n  the open l i t e r a t u r e .  
Pertinent information i s  recorded in the proceedings of two congressional 
invest igat ions:  
isotopes a n d  Radiation i n  the Life  Sciences, Hearings before the 
Subcon:;ri t t e e  on Research, Development a n d  R a d i a t i o n  of the J o i n t  C o m m i  t t e e  
on  Atomic Energy, [larch 27-30, 1961, and  ( 2 )  Hon. Alber t  Gore, Jr. 
( C h a i r m a n ) ,  Oversight - Human Total Body I r r ad ia t ion  ( T B I )  Program a t  Oak  
Ridge, Hearing before the Subcommittee on Inves t iga t ions  a n d  Oversight of 
the  House Comzi t t e e  on Science and7echnol ow, September 23, 1981. 

The more recent projects  a r e  documented i n  

I n  some instances, the i n f o r m a t i o n  has been obtained 

(1) Hon. Chet Hol i f i e l d  (Cha i rman) ,  Appl i ca t ions  of Radio- 

The i n f o r m a t i o n  cu r ren t ly  ava i l  ab l e  i s  necessarily incomplete, i n  p a r t  
because of the length of time t h a t  has elapsed since the beginning of these 
studies.  Many o f  the or iginal  records are current ly  unava i l ab le  because 
they have been l o s t  o r  destroyed. However, a1 t h o u g h  i t  i s  poss ib le  t h a t  
sone additional s tud ies  w i l l  s t i l l  be found,  i t  seems un l ike ly  t h a t  any 
s ign i f i can t  project  has been omitted. 

The reports  have been grouped i n t o  the f o l l o w i n g  categories:  

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Metabolism and Biological Effects  of Plutonium, Polonium, 
T h o r i  um, Urani urn, Radi um and Lead-212 
Testicul ar I r r ad ia t ion  
Llhole-body I r r a d i a t i o n  f o r  Treatment of Leukemia and Lymphoma 
Teletherapy w i t h  P a r t i c l e  Beams 
Other Teletherapy Studies  
Treatment o f  Polycythemia 
Hematological Effects 
Neutron Capture Therapy 
Other Radi  a t i  on Therapy 
B i  o l  og i  c a l  Effects  o f  Iodi ne-131 
Other Biological Effects  Studies  

The responsible government o f f i c i a l s  f o r  these s tudies  a re  l i s t e d  below 
in chronol ogi cal  order: 

D i  v i  si on 
o r  - 

Ti t le  - c 3  P eri od ti ame Agency Office - - 
€=o 42-45 Staf ford  1. Warren, M.D.* MED - 45-47 Robert S. Stone, M.D.* MED 

47-52 Shields Llarren, M.D.* AEC DBM 

54-67 Charles L .  Dunham, M.D.* AEC DBM 
67-72 John R. To t t e r ,  Ph.D. AE C DBM 
72-77- James L. Liverman, Ph.D. A E C / E R D A  DBER 
77-81 k ' i l l iam W .  Burr, M.D. DOE DSER/OHER 
81-date Charles N. E d i n g t o n ,  Ph.D. DOE OHER 

d=: - 
52-54 John C.  Bugher, M.D.* AE C DB M 

D i r e c t o r  
Director 
Director  
Director  
Director 
ActDi r/Director 
ActDi r/ActAssoc 

Director/Assoc 
D i rec tor  

*deceased 
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A bbrevi  a t  i ons : 

MED - Ranhattan Engineer D i s t r i c t  (1942-1945) 
AEC - Atomic  Energy Connission (1945-1975) 
ERDA - Energy Research & Developnent Administration (1975-1977) 
D O E  - Department o f  Energy (1977-date) 
DBM - Division of Biology & Medicine (1945-1974) 
DBER - D i v i s i o n  of Bioaedical & Environaental Research (1975-1981) 
OHER - Office of  Health and Environxental Research (1931-date) 
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__--------------------------------------------------------------------------- 
P r o j e c t  Category: Metabolism a n d  B i o l o g i c a l  Effects  o f  P l u t o n i u m ,  Polonium, 
Rad ium,  Thor ium,  Uranium and Lead-212 

Funding Source(s1: MED 
A E C  (one pa t i en t )  

----------------------------------------------------------------------.------- 
Xnsti t u t i o n ( s ) :  
University of Chicago, Clinton Laboratories ( O a k  Ridge) 

University of-Rochester, .University o f  Cal i forn ia ,  

Principal Investigator:  Robert S. Stone 

---------------------------.----------------------------------------------~----~~ 
O b j e c t i v e ( s )  o f  P r o j e c t :  To determine t h e  excretion r a t e  o f  plutonium i n  man 
i n  order t o  provide t h e  information necessary for  s e t t i n g  safety c r i t e r i a  f o r  
the several t h o u s a n d  M E D  workers hand1 i n g  p l u t o n i u m .  

Short Description: D u r i n g  the period 4-10-45 t o  7-18-47 a t o t a l  o f  18 pa t i en t s  
w i t h  an estimated f i f e  expectancy (because o f  exis t ing  disease)  o f  l e s s  t h a n  
10 years  were injected w i t h  on the average 0.3 microcurie o f  plutonium-239 
or -238 (range: 0.05 t o  6 microcurie) a t :  MED Hospital ,  Oak Ridge, TN 
(1 p a t i e n t ) ;  S t rong  Med. Hosp., Rochester ,  N Y  (11); B i  1 1  ings  Hosp., U. o f  
Chicago, I1 ( 3 ) ;  Univ. Hosp. UCSF, San Franc isco ,  C A  (3 ) .  

The p a t i e n t s  included 13 males and 5 females. By race there  were 15  whites 
and 3 blacks. The ages of 13 were 45-65 years,  4 were 18-45 and  one was 4 years  
old. Body excretions were col l ec t ed  and measured fo r  plutonium content  f o r  
several  weeks a f t e r  inject ion.  These d a t a  have been analyzed many times h 
efforts t o  f i n d  the best  mathematical parameters. . 

Fol low-up Data: Six of the pa t i en t s  died i n  l e s s  t h a n  1 year, three i n  1 to 3 
years,  three i n  8 t o  14 years ,  and f o u r  a f t e r  20 years. One is s t i l l  l i v i n g  
(Dct. 1983) and  the status of one i s  unknown. None o f  the dea ths .  was r e l a t e d  
t o  p l u t o n i u m  exposure and  there i s  no evidence t o  suggest t h a t  p l u t o n i u m  
inject ion influenced the course o f  the diseases. 
deceased p a t i e n t s  h a v e  been studied for residual p l u t o n i u m  content. M i  t h  the 
excretion d a t a  these s tud ies  provide a basis f o r  estimating phtoniUm body 
burdens from p l u t o n i u m  urinary excretion rates.  

. .  . 

The bodies of four of the 
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Principal Inves t iga tor (s ) :  N. E. Si1  bers te in  (Polonium) 
J .  B. Hursa (Lead-212) 
W. H. Sweet (Uranium) 

-------~------------------------------------,------------------------------~~~ 

O b j e c t i v e ( s )  o f  P r o j e c t :  Data on the d i s t r i b u t i o n  and metabolism o f  these 
substances i n  the body was needed f o r  e v a l u a t i o n  o f  the hea l th  hazards o f  
exposure t o  these and r e l a t ed  substances. 

S h o r t  Desc r ip t ion :  I n  1947 a t  Rochester, four human subjects  were in jec ted  
intravenously w i t h  0.17 t o  0.3 microcurie of polonium per k g  body weight, 
and  a f i f t h  subject  was given polonium ora l ly .  
rates were measured. 

Fecal and urinary excretion 

In  Boston, Hexavalent u r a n i u m  was g i v e n  t o  12 terminal b r a i n  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 Alamos the mean t r a n s i t  times for  microspheres l a b e l e d  w i t h  
uranium-235 t h r o u g h  the gas t ro in t e s t ina l  t r a c t  was studied i n  57 normal 
a d u l t s .  Par t i . c le  s izes  were a b o u t  100 t o  a few hundred micrometers 
diameter. The mean t rans 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 tes t ina l  absorptions of 1.3, 8.1 and 16.0% were found. 
Excreticn ra tes  were compared w i t h  those for two subjects  who received 
lead-212 intravenously. 
was studied.  

The uptake and  re tent ion of lead i n  red blood c e l l s  
. .  

Follow-up Data: All of the b r a i n  tumor pat ien ts  died of t h e i r  disease w i t h j n  
l e s s  t h a n  one and one-half years  a f t e r  entering the study. No follow-up was 
obtained i n  the other s tud ies .  
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Principal Inves t iga tor (s ) :  - __. - Goul d A. Andrews 
Cl arence-C . Lushbaugh 
R. M. Kniseley ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ - - - -  

O b j e c t i v e ( s )  o f  Pro jec t :  1) l o  explore the p o s s i b i l i t i e s  for  treatment of 
chronic leukemia, lymphoma and polycythemia w i t h  r a d i a t i o n ;  2 )  To obtain 
radiobiological data. 

Short Desc r ip t ion :  In 1957 ORAU began a program designed fo r  treatment of 
cancer patients and for assessment of the heal th  e f f ec t s  o f  t o t a l  body 
radiation. In 1964, NASA began t o  provide additional funds t o  include 
measuring the biological  e f f e c t s  of low radiat ion doses and low dose r a t e  
exposures. Nearly 200 pa t i en t s  were t reated w i t h  50 or 100 R i n  a Cs-137 
whole body i r r ad ia t ion  f a c i l i t y .  A few pa t ien ts  w i t h  acute leukemia were 
given doses o f  300 R or more. Detai led and systematic s tud ies  were made o f  
b l  ood c e l l  s ,  bone marrow, c l  i n i  cal  e f f ec t s  and s e l  ected 1 aboratory tes t s .  
I n  some of the pat ients  w i t h  h i g h  doses, the e f f ec t s  of autogenous and 
homo1 ogous bone marrow g ra f t s  were studied. 

Fol low-up Data: Measurements were.'con.tinued f o r  a t  l e a s t  6 weeks f o r  each 
patient.  The s tudies  were not designed t o  analyze the l a t e  e f f ec t s .  

- .  



S h o r t  Desc r ip t ion :  (1) During the years  1956 t o  1958, 67 pa t i en t s  were 
i r r ad ia t ed  w i t h  70 MeV x-rays from the synchrotron. Doses were 5250 R in 5 
weeks o r  6000 R i n  6 weeks. 
the oral  cav i ty  and carcinomas o f  the cerv ix  were treated.  

F o l l o w - u p  Data: In A u g u s t  1958, o f  the 67 pa t i en t s  t rea ted ,  25 had d ied  
within 2 years of s t a r t i n g  treatment. 
as o f  June 1962, 310 pa t i en t s  had  been t rea ted  b u t  survial  d a t a  i s  n o t  
given.  

(2 )  A cobal t-60 te le therapy  uni t :was  used - t o  t r e a t  227 pa t i en t s  w i t h  various 
types o f  neoplasms (Progress repor t  'dated July 1956). 

( 3 )  From 1972 t o  1979, Hodgk in ' s  disease and  o ther  lymphomas were t r ea t ed  by 
a combination o f  7 aparotomy t o  Improve staging and diagnosis, .  and  careful  1)' 
p1 anned r a d i a t i o n  t o  indicated organs  of i n v o l  vement. A number of malignan- 
c ies  were t r ea t ed  w i t h  u l t r a  h i g h  dose r a t e  e l ec t rons  t o  study the e f f e c t s  of  
t h i s  radiation. Chromium-51 rad ioac t ive  permanent imp1 a n t s  were a1 so evalu- 
ated. Head and  neck malignancies were subjected t o  combined treatment 
schedul es, including d r u g  pre-treatment and  spl i t -course radiation. T h e  
sens i t iz ing  q u a l  i t i e s  of hydr_oxyurea and cytosine arabinoside wore tes ted  on 
a ha i r  f o l l i c l e  indicating-system before being tes ted  on animal tumors and 
pat ients .  

Pa t i en t s  with bronchogenic carcinoma, tumors o f  

A subsequent report  ind ica tes  t h a t  

I O  I 8 8 b b  
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( 4 )  From 1963 t o  1965 j o i n t  study was being carr ied o u t  i n  conjunction w i t h  t h e  
Ear, Nose, and  T h r o a t  C l in i c  i n  an attempt t o  eva lua te  t h e  e f f e c t s  of pre- 
and  post-operative radiation treatment o f  various malignancies using the Van 
de Graaff x-ray generator, the rotat ional  cobal t-60 machine, a n d  the l i n e a r  
acce lera tor  e l ec t ron  beam, A l l  p a t i e n t s  were seen in the ENT C l in i c  and 
ratldornized for  treatment schedules. I t  was believed t h a t  some l u n g  
mal ignanies were made operable by i r radiat ion.  

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

(5 )  D u r i n g  the period 1952-1966, cobal t-60 a n d  cesium-137 te le therapy  units 
were used in a comparative c l i n i c a l  evaluat ion i n  the radiat ion treatment o f  
m a l i g n a n t  disease. Modification o f  a theratron-B t o  permit c l  i n i c a l  
employment of a cesium-137 source was achieved and the radiat ion 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 potent ia l  r o l e  of this 
radiation i n  c l i n i c a l  radiotherapy i n  comparison w i t h  cobal t-60 rad ia t ion  
and p a s t  and cur ren t  experience w i t h  o r t h o v o l  tage radiation. 

. --- 

(6) In 1966, t o  determine the e f f e c t s  of cob21 t-60 te le therapy on c e r t a i n  
k i n d s  of cancer two p a t i e n t s  were given 500 R t o  spleen and l i v e r .  One 
p a t i e n t  showed no hematologic changes when t h e  l i v e r  was i r r a d i a t e d ,  but a 
profound fa1 1 i n  circul a t i n g  white blood cel  Is occurred a f t e r  i r r ad ia t ion  o f  
t h e  spleen. 
u n d i s t i n g u i s h a b l e  from the changes occurring a f t e r  spleen i r r ad ia t ion ;  i n  
b o t h  instances the peripheral  w h i t e  count went fro7 a b o u t  100,000 t o  20,000 
w i t h  a f a s t  re turn t o  pretreatment levels. 

(7) D u r i n g  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 coba l t  t e le therapy  doses of 5000 roentgens i n  four weeks and the 
other  ha l f  received doses of 6000 roentgens i n  six week. Disappearance of 
dysphagfa and twelve months  survival were compared i n  each group. 

The other p a t i e n t  responded t o  l i v e r  i r r a d i a t i o n  i n  a way 

. .  ' 



Funding Source( s) : MED 
AE C _----___-_---___---_--------------------------------------------------.------- 

Xnsti tut ion(s) :  1)  U n i v .  of  Cal. R a d i a t i o n  Lab  ( A E C )  
2 )  Memorial Hospital , Hew York (MED) 
3) Metal 1 urgical Lab, M a n h a t t a n  Pro jec t  ( M E D )  

5) University of  Cincinnati ( A E C )  
I 4 )  ORAU ( A E C )  

Principal Invest igator(s1:  1) B .  Y.  A .  Low-Beer; P. M. Aggeler 
2 )  1. F. Craver 

. 3 )  J .  3. Nickson 
4 )  G. A. Andrews 
5) E. 1. Saenger 

Short  DescriptSon and Follow-up: 1) From 1943 t o  1950, a t o t a l  o f  32 
pat ien ts  were t rea ted  w i t h  X-rays generated by 100, 200, a n d  1000 kv. 
Individual exposures varied from 5 t o  50 R measured on the body surface a t  

body dose a s  measured on the skin. The ca lcu la ted  t i s sue  dose I n  the 
central  p l  ane o f  the body var ied from approximately 60 t o  264 R. The t o t a l  
elapsed time from the f i r s t  t o  the l a s t  t r e a m e n t  varied between 5 and 92 
Cays. T h e  32 pa t i en t s  t rea ted  i n  this manner were f o l  lowed hematologically 
for  periods a s  long as possible  a f t e r  t r ea tmen t  
observation f o r  any member of  t h e  group is six a n d  one-half years,  the 
average f o r  t h e  group as  a whole i s  approximately four years. 

’ each treatment. .The  t o t a l  accumulated doses varied from I00 t o  390 R t o t a l -  

The l o n g e s t  pe r iod  o f  

2)  From 1942 t o  1944,  pa t i en t s  were exposed using 180-185 kv x-rays t o  a 
t o t a l  dose of 300 R a t  dose r a t e s  of 10, 15 o r  20 R/day. Pa t i en t s  
se lec ted  w i t h  un t rea tab le  metastat ic  cancer b u t  ab le  t o  t o l e r a t e  procedure. 
S i x  pa t ien ts  received the planned 300 R. Two s t a r t ed  b u t  d i d n ’ t  f inish.  
Three pa t ien ts  followed longer than 6 months. No de te r iora t ion  o f  blood 
count or general health was a t t r i bu tab le  t o  r a d i a t i o n .  
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3 )  E i g h t  persons with incurable  neoplasms were given s i n g l e  exposure doses 
of 27, 60, and 120 R i n  t h e  period 1943 to  1944. Three p a t i e n t s  w i t h  
chronic diseases were given fract ionated whole-body i r r a d i a t i o n  of 100, 300 
and 500 R. 
21 R. No-blood a1 t e ra t ions  were noted  i n  the 23 R volunteer  group. In the 
others, the predominant . e f f e c t  was lymphocyte depression. 

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

T h r c e  volunteers  were g i v e n  fractionated i r r a d i a t i o n  t o t a l  i n g  

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

' i  
Eleven pa t i en 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 rad ia t ion .  

suppression, and 2 h a d  e a r l y  deaths (one pa t ien t  was t r ea t ed  twice). 

5 )  In the period 1961 t o  1962, pa t ien ts  wi th  metastat ic  o r  incurable  
neoplasms who had  not received previous radio- or chemotherapy were given 
whole-body gamma rad ia t ion  i n  doses varying from 85-336 R. C 1  i n i c a l  and 
hematol ogic parameters were fo l  7 owed f o r  6-8 weeks subsequently. 

O f  these, 5 showed incomplete suppression 
-of t h e 7  eukemia process, 5 showed apparent compl e t e  or near ly  compl e t e  

. .  . 

I 
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Funding Source(s): MED 
AE C 

___________________--~----------------_--------------------------------------- 
I n s t i t u t i o n (  5): 1) Argonne Cancer Research Hospital and Univ.  of Chicago 

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

( AEC 

, . . .  . .  

Principal Investigator(s1: 1 )  
2) 
3 )  

4 )  

R. D. Moseley, W .  M. S. Ironside,  P. V .  Harper 
3 .  S. Robertson 
N. 1. B e r l i n ,  3 .  L. Born, L. Dobson, J. G. 
Hamilton, L. Hollander, 3. H. Lawrence, 
B. V.  A. Low-Beer, M. Pollycove, 0. J. 
Rosenthal. ti. H. S tauffer ,  R. C. Steinkamp, ..__ ~ 

S. Uincheil 
C. C. Lushbaugh 

5 )  E. D. Grady 

Ob jec t ive ( s1  of P r o j e c t :  To develop t r eamen t s  f o r  cer ta in  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 z e d  i n  t i s sues  t o  be 

____________________---------------_----~---_-~--_-------~.-------------~-~~~_ 

i rradi ated. 

Short  Description: D u r i n g  the period 1939-1974, severa l  research pro jec ts  
were undertaken t o  improve therapy o f  cancer and other  diseases by methods 
u s i n g  radioisotopes. Radioisotopes (such E S  iodine-131, gal l ium-72, go1 d- 
198 and others)  were g i v e n  t o  pat ients  under r i g i d l y  c o n t r o l  1 ed conditions 
t o  determine whether t h e i r  treatment could be improved by absorption ( o r  
1 oca1 i zat ion)  of the r ad ioac t iv i ty  d i r e c t l y  i n  the  cancer. Pal 1 adi um-109 
was administered by d i r e c t  i n f i l t r a t i o n  t o  three pa t ien ts  t o  study tissue 
and tumor response. Small l - m i  1 1 icur ie  y t t r i  um-90 pel 1 e t s  were imp1 anted f o r  
t rea tnent  of cer ta in  cancers, notably metas ta t ic  breas t  and pros ta te  
carcinoma. 
established as  an agent s u i t a b l e  f o r  l oca l i z ing  radiat ion i n  an area by ' 

inject ing the ar tery supplying t h a t  area. Thir ty-f ive of 5 1  pa t i en t s  w i t h  
advanced and otherwi se uncontroll  ab1 e cancer benefited from intravascul  a r  
administration. 

In addition, y t t r i  um-90 oxi de pa r t i  cul a t e  r a d i  o i  sotopes was 
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Agents labe led  w i t h  phosphorus-32 were used to  t r e a t  a var ie ty  o f  
hernotological a n d  medical disorders. 
o f  bone metastases. 

Strontium90 was used i n  the treatment 

F011 ow-up Data: I n i t i a l  f o l 1  ow-up v i  s i t s  were as frequent as  required 
(weekly, monthly, etc.). 
basis. 
h i s tor ies ,  and appropriate supporting c l i n i c a l  1 aboratory s tudies  and 
diagnostic studies.  

A t  time of death, complete information was sought t o  determine cause o f  
death. k'hen avai lable ,  the postmortem findings were reviewed. 

Subsequent fo l  7 ow-ups were usua l  l y  on an  a n n u a l  
Fol low-up V i s i t s  include routine physical examinations and i n t e r v a l  

.. . 

? 
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2 )  H a r v a r d  Medical School  
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I 

. .  

Objecti v e ( s )  of P r o j e c t :  
1) To d e t e r m i n e  the b i o l o g i c a l  e f f e c t s  of i r r a d i a t i o n  t o  the s k i n  
2) To study t r a n s p l a n t a t i o n  of tissues a n d  whole o r g a n s  
3)  To e v a l u a t e  t h e  e f fec ts  o f  i n t e r n a l  i r r a d i a t i o n  from P-32, Y-90, Sr-90, 
and 1-131 when t h e r a p e u t i c a l  ly  u s e d  i n  c e r t a i n  diseases, and  the  e v a l u a t i o n .  
of  the h e m a t o l o g i c a l  r e s p o n s e  o b t a i n e d  from the i r  use 
4 )  To d e t e r m i n e  the d i s t r i h t i o n  of t r i t i m  i n  the human body r e s u l t i n g  from 
s u r f a c e  contami n a t i  on, i n h a l  a t i  on and  i n g e s t i  on 

, 

S h o r t  D e s c r i p t i o n  a n d  Fol 1 ow-up Data: 
l a )  S h i e l d e d  d i s k s  o f  1 - i n c h  diameter c o p t a i n i n g  P-32 were used. E x p o s u r e s  
were made by s e t t i n g  the  s o u r c e  d i r e c t l y  on the s k i n .  
h e a l t h y  v o l u n t e e r s  e a c h  were e x p o s e d  t o  d o s e s  o f  140 t o  1180 rep. T h e  d o s e .  
r e q u i r e d  t o  produce  a v is ible  r e a c t i o n  i n  80% o f  the  p e o p l e  was f o u n d  t o  b e  
between 170 and 200 rep. 
813 rep .  ( R e p o r t  d a t e d  1946.) 

TW g r o u p s  of t e n  
- -  

For an erythema the d o s e  was de t . e rmined  t o  be 635 t o  

l b )  E x p e r i m e n t s  c a r r i e d  o u t  on l i v i n g  human skin i n  situ d e m o n s t r a t e d  t h a t  
the i o n t o p h o r e s f s  of weak s o l u t i o n s  of t h o r i u m  X w 7  -crease i t s  
b i o l o g i c a l  e f f ec t s  a s  j u d g e d  by e ry thema  and p i g m e n t a t i o n ,  and  c a u s e  g r e a t e r  
p e n e t r a t i o n  as shown by a u t o r a d i o g r a p h y .  ( R e p o r t  d a t e d  1955.) 

t o  I 8 8 5 2  
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I C )  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. 
before  and a f t e r  treatment. (Report dated 1947.) 

Microscopic observations were made 

2 )  D u r i n g  the period 1960 t o  1963, one pa t i en t  ( i n  this r epor t )  received 
250 R t o t a l  body x-ray i r r ad ia t ion  t o  suppress the immune reaction t o  a kidney 
t ransplant .  Seven other pa t i en t s  received doses of 350 or 4 5 0  R. . The 
treatment apparently was n o t  successful b u t  survi Val time wasn't stated.  

3 )  During the period 1938 t o  1963, internal  i r r a d i a t i o n s  - -- 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 ca l  therapeutic and i r r ad ia t ion  e f f e c 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, 
lynphogranul oses and  thyro id  disorders,  including thyroid carcinoma. The  
pa t ien ts  receiving in te rna l  i r r ad ia t ion -ove r  the pas t  25 years have  been 
c l  osely fol  1 owed. A h i g h  percentage post-mortem examinations have been 
ob ta ined  on the deceased pat ients .  

4a) In 1950, six subjects  received a few millicuries o f  tritium by i n h a l a -  
t i o n  of i so topica l  l y  l abe led  hydrogen gas. Tritium concentration i n  wine 
was moni tored  f o r  15 subsequent days. 

4b) I n  1952, subjects  inspired HTO sa tura ted  oxygen fo r  4 t o  5 minutes. The 
HTO retained i n  the body d u r i n g  the exposure was obtained by subtract ing t h e  
HTO expired from the HTO inspired.. 

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

Venous blood and urine were monitored for  tritiun a c t i v i t y  f o r  2- 

4d) The lower arm o f  subjects was exposed for var iab le  lengths o f  time t o  
various a c t i v i t i e s  o f  HTO as  water vapor and t h e  H T O  i n  water. 
ac t iv i ty  i n  ur ine was monitored. 

Tritiun 
(1952.) 

4e) Air sa tura ted  w i t h  tritium oxide was c i r cu la t ed  for  one hour over a 
9.8 cm area o f  a male subject ' s  foreann. Absorption was estimated from the 
t r i  tiun a c t i v i t y  i n  ur-ine passed geveral hours f o l  1 owing exposure. 

5)  In 1951, fourteen human subjec ts  wire exposed over a small area &lo a?) 
on the foreann o r  abdomen t o  a water-vapor amosphere l a b e l e d  w i t h  tritium 
oxide  (HTO). A s i n g l e  human subjec t  was s i m i l a r l y  exposed over  his t o t a l  
s k i n  area while b r e a t h i n g  uncontaminated a i r .  Absorption of tritium o x i d e  
was estimated by measurement of t r i t ium oxide SUbSeQUently excreted i n  the 
subject 's urine. The d a t a  f r om these experiments indicated a 4 - f o l d  g r e a t e r  
absorption r a t e  t h a n  t h a t  measured e a r l i e r  i n  rats. 
es tabl ished the importance of the  s k i n  as a route of entry f o r  tritium oxide 
a n d  l e d  t o  reductions i n  the  a l lowable  concentration of tritium oxide i n  
a i r .  

2 
(1952.) 

These s tudies  
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AUGUST 31, 1981 

SENATOR HOWARD H. BAKER, J R .  
' U . S .  POST O F F I C E  BUILDING 

' KNOXVILLE, TN 37901 

S U S J : '  OAK RIDGE ASSOClATE@ ! J d I V E R S l T I E S  RESEARCH DEPARTVENT 
OF OAK RIDGE, TENNESSEE 

* DEAR SENATOR BAKER: 

I U N D E R S T a D  THERE HAS BEEN SOME ADVERSE C R I T I C I S M  OF THE RESEARCH 
CENTER I N  OAK RIDGE, IN BY THE NEWS MEDIA. 

I THINK THIS I S ' A  VERY UNFAIR PND L M J U S T I F I E D  ATTACK ON THE CENTER 
BY A SINGLE PERSON W D  DOES NOT REVEAL THE TRUE WORK THAT HAS BEEN 

W M L E  OF DETERMINlNG ADVANCED DISEASES O F  THE H U W  BEING W D  I N  
MANY CASES THEY HAVE FORGONE THEIR RESEARCH I N  ORDER TO SUSTAIN 
THE LIVES OF INDIVIDUALS. 

' .PERFOWED BY THE HIGHLY CAPABLE RESEAR~H SCIENTISTS THAT ARE MORE 

...... 
. . .  

. . . . .  
. .  

* .  . . . - . .  
. ' .  

. . .  
... 

; .. . .  * .  ' . . . . .  . .  

. . . . . .  

T~EREFORE, ps OUR REPRESENTATIVE OF T H I S  AREA, I T  I S  REQUESTED 
THAT YOU AYD YOUR STAFg TAKE EVERY MEANS POSSIBLE T O  SEE THAT THE 
NEWS MEDIA DOES NOT FAKE A P O L I T I C A L  FOOTBALL OF X I S  ORGAJdIZAli@4 

HAVING HbD RESEARCH T E S T S  PERFORPED THERE, , T H E I R  REPORT TO ME 

FGR THE CENEFIT OF ANY S l N G i E  INDIVIDUAL. 
. .  . .  . . .  

.. . . . . . .  . . .  : . . .  . .  REVEALED ?i?OBLE!/IS THAT WERE NOT DETERMINED BY THE UNIVERSITY OF 
. .  . . . . .  ... . .  TELYESSEE E D 1  CAL' CENTER. 

. .  

. .  
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..: : 

GLADYS D. GOSE 

CC: JOW J .  DWCAN - CONGRES5MN4 
SENATOR JIM SASSER 
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p r o j e c t  C a t e g o r y :  M e t a b o l i s m  and B i o l o g i c a l  E f f e c t s  of  P1 u t o n i u m ,  P o l  onium, 
Radium, Thorium, U r a n i m  and Lead-212 

P r i nc i p a l  1 nve s ti g a t o  r ( s : Ro bl ey E vans  - .............................................................................. 
O b j e c t i v e ( $ )  o f  P r o j e c t :  To d e t e r m i n e  the r e l a t i v e  u p t a k e  v i a  the g u t  o f  
radium and thorium. 
i n t e r p r e t a t i o n  o f  the t o x i c i t y  d a t a  o f  radium d i a l  p a i n t e r s .  

T h i s  i n f o r m a t i o n  was c o n s i d e r e d  t o  be necessary in t h e  

. Short D e s c r i p t i o n :  Dur ing  the p e r i o d  1961-1965, t r a c e r  d o s e s  of t h e  short- 
l i ved  n u c l i d e s  radium-224 and thor ium-234 were g i v e n  by mouth t o  20 
v o l u n t e e r s  (ages 63 t o  83 years),  and  the r e l a t i v e  a b s o r p t i o n s  measured.  
M e t a b o l i c  studies, c o n d u c t e d  o v e r  a p e r i o d  o f  21 days  f o r  Ra and 4 months 
f o r  Th, i n c l u d e d  measurements  o f  b l o o d ,  urine, feces and b r e a t h  samples, and  
on the whole  body and the u p p e r  20% o f  the  body w i t h  the GI t r a c t  s h i e l d e d .  

1 0 1 8 8 5 5  
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S h o r t  Descr ip t ion :  D u r i n g  the period A u g u s t  22, 1963 t o  May 6, 1971, 67 
volunteers  a t  the Oregon S ta 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 k v p  X-rays. 
exposures except t h a t  s ix were i r r ad ia t ed  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 for  e leven weeks. 
included s e r i a l  t e s t i c u l  a r  biopsies, sperm counts, and urinary o r  plasma 
s t e ro id  a n d  hormone evaluations. 

Radiation doses ranged from 8 t o  600 R i n  single acute 

Studies 

Fol 1 ow-up Data: Compl e t e  recovery as shown by a re turn t o  pre- i r rad ia ted  sperm 
concentrations and  germinal c e l l  numbers W E S  found  t o  be w i t h i n  9-18 months  
f o r  doses o f  100 rad and below, 30 months for doses of 200 and 300 rad and 5 
or more years  for  doses o f  400 and 600 rad. 



SUI':'sJzY FACTSHEET HUXN EXPER1I:EI:TATION - SFS2.002 

prirrcipal Inves t iga tor (s ) :  C. A l v i n  Paulsen 

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  radiationidosage t o  changes i n  g o n a d a l  
function, 2 )  t o  u t i l i z e  the radiat ion g o n a d a l  changes a s  means for  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 ionsh ips ,  3 )  t o  expl ore therapeutic and  medical 
protect ive measures with respect  to gonadal i - r rad iar ion ,  4 )  t o  explore our 
current concepts concerning radiat ion dosage expressed i n  physical tenns and 
t h e i r  re la t ion  t o  biologic e f f ec t s .  

)_____-___------_-L----------------~----------------------------------------~- 

Short  Desc r ip t ion :  D u r i n g  the period June 1, 1963 t o  February 1, 1973, 64 
volunteers a t  the k ' a sh ing ton  S t a t e  Prison were i r rad ia ted  by 250 k v p  X-rays. 
After appropriate base1 <ne studies were performed, subjects  received from 
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 ad ia t ion  t o  the t e s t i s  only. 
Tes t i cu la r  biopsies were performed prior t o  and  up t o  6 years  post- 
i r r ad ia t ion  t o  assess changes i n  the germinal epi thel  fum. Seminal f l u i d  
specimens were obtained a t  two-week i n t e r v a l s  t h r o u g h o u t  the study and were 
analyzed f o r  morphologic changes and changes i n  t o t a l  numb,er of sperm 
Urine specimens were obtained monthly for  evaluat ion of hormonal changes. 
Later, when the techniques were ava i l ab le ,  serum LH was measured by 
radioimmunoassay. Studies  of ul  t r a s t ruc tu re  changes i n  t e s t i s  t i s sue  were 
performed u s i n g  e lec t ron  microscopy. Subjects were f o l l  owed u n t i l  hormonal 
values  returned t o  nomal l e v e l s  and u n t i l  sperm counts returned t o  nomal 
ranges. 
eliminate the p o s s i b i l i t y  o f  defec t ive  offspring. Only i n d i v i d u a l s  desirjng 
vasectony were accepted f o r  the  study; b u t  i n  several  instances the 
volunteers changed t h e i r  mSnd and d i d  nct  desire  a vasectomy a t  the 
conclusion of the study. 
study and signed consent forms were obtained from subjects  and from spouses 
i f  subjects were married. Subjects were prison inmates only, t h u s  
eliminating the poss ib i l i t y  of conception d u r i n g  the study. 

Vasectomies were performed p r io r  t o  discharge from the study to 

Subjects were informed i n  de t a i l  regarding the 

Follow-up Data: Recovery o f  c e l l  morphology and function were found a f t e r  a 
maximum of 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  in  regard t o  



Principal Inves t iga tor Is ) :  (1) J .  I-!. Lawrence, C ,  A. Tobias 
( 2 )  John A.  Linfoot 
( 3 )  3 .  R. Castro -- - 

S h o r t  D e s c r i p t i o n :  (1) I n  t h e  period 1953-1959 the p i tu i t a ry  g l a n d s  o f  
pat ien ts  w i t h  advanced metastat ic  mammary carcinoma or other endocrine 
r e l a t e d  diseases were i r r ad ia t ed  w i t h  beams f r o m  the 184 i n c h  cyclotron at 
f i r s t  w i t h  the 340 meV proton beam, l a t e r  w i t h  t h e  900 meV alpha p a r t i c l e  
beam. Doses o f  24,000 t o  30,000 r a d  t o  the p i tu i t a ry  were given.  

(2) Heavy p a r t i c l e  i r r ad ia t ion  was used (1968) f o r  the i r r a d i a t i o n  o f  t h e  
p i t u i t a r y  i n  acromegaly, C u s h i n g ' s  disease, and chromophobe adenomas of the 
p i t u i t a r y  and  i n  metabolic disease such as diabet ic  retinopathy, metas ta t ic  
breast  and  p ros t a t i c  carcinoma where these are s e n s i t i v e  t o  hormonal control 
t h r o u g h  the p i tu i t a ry  or  the endocrine end organs of t h e  p i tu i t a ry .  
p a r t i c l e  i r r a d i a t i o n  was used for  d i r ec t  tumor i r r ad ia t ion  a t  o ther  s i t e s  i n  
the  body where the tumor boundaries can be adequately delineated. 

Heavy 

(3) Since 1975, 94 pa t ien ts  w i t h  1 oca1 ized unresectabl e carcinoma of  t h e  
pancreas have been i rradi ated u s i n g  he1 i m and heavier par t i  d e s .  

F o l 1  ow-up Data: (1) By April 1959, 103 pa t i en t s  had been treated.  C1 i n i c a l  
and  laboratory s tudies  were conducted every 4-8 weeks on survivors .  
nine of t h e  82 w i t h  m e t a s t a t i c  carcinoma were l i v i n g  i n  1959, the longes t  
being 4 years post i r r ad ia t ion .  

Twenty- 

- .  
(2)  Four hundred and twenty six pa t i en t s  have had  heavy p a r t i c l e  therapy. 
In the s e r i e s  of 66 pa t ien ts  w i t h  acromegaly, 90% have had a complete 
amel fora t ion  o f  t h e i r  disease process es tabl  i s h i n g  heavy p a r t i c l e  i r r a d i a t i o n  
t o  the p i t u i t a r y  as b e i n g  the optimal f o n  of  treatment a t  the present time. 
Highly successful resul t s  have a1 so been achieved i n  pa t ien ts  w i t h  C u s h i n g ' s  
disease and i n  10 pa t ien ts  w i t h  chromophobe adenomas. 
d iabe t ic  retinopathy are promi sing, b u t  require 1 onger f o l  1 ow-up f o r  
def in i t i ve  evaluation. 

The r e s u l t s  i n  

.. . 



sFS4.031 ( c o n ' t )  

( 3 )  Gany pat ients  proved t o  have  occu l t  l i v e r  metastases manifested w i t h i n  9 
nonths post treatment. I n  a d d i t i o n ,  loca l  and regional control o f  the 
primary neoplasm (approx .  20%) has been d i f f i c u l t  t o  obtain even w i t h  doses 
of 6000 rad i n  7 1 / 2  weeks. 
surgical bypass procedures s ince i r r ad ia t ion  has  n o t  been successful i n  
re1 i e v i n g  obs t ruc t ive  symptoms. Evidence o f  gas t ro in tes t ina l  i n j u r y  has 
been present i n  postradiat ion therapy i n  a2proximately 10% o f  patients.  

GEstric and b i l i a r y  obstruction have required 

1 0 1 8 8 5 9  
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Principal Inves t iga tor (s ) :  Jacob I. Fabrikant .............................................................................. 
Objective(s) o f  Project: To establ ish s te reo tac t ic ’  heavy-ion Bragg  peak 
radiosurgery f o r  b r a i n  disorders,  i nc l  u d i n g  in t racran ia l  ar ter iovenous 
mal f o ma t i  ons . 

S h o r t  Desc r ip t ion :  I n i t i a l  observations in 55 pa t i en t s  t rea ted  t o  date 
(1980-1984) indicate  t h a t  the  c l i n i c a l  object ives  of a decrease i n  (1) frequency 
o f  hemorrhages, ( 2 )  i n  neurol ogical def ic iencies ,  (3) subjec t ive  compl a i n t s  
i n c u d i n g  headaches, or ( 4 )  i n  frequency o f  seizures are  being achieved. 

Fol low-up Data: There have been no neurological complications of r ad ia t ion  
damage t o  the normal b r a i n  t i s sue ;  thus far,  no evidence o f  b r a i n  i n ju ry  o r  
progressive or f i x e d  neurological def ic iencies  have occurred as a r e s u l t  of 
the s t e reo tac t i c  radiosurgi cal procedure. 
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Principal Invest igator(  s): M. K1 igerman 
- S. Bush 

R. D. Moseley 
3. Bradbury .............................................................................. 

O b j e c t i v e ( s )  o f  P r o j e c t :  To conduct the necessary physical ,  b io log ica l ,  and 
c l i n i c a l  s tudies  t o  eva lua te  the efficacy, potent ia l  benefi t ,  and role o f  
p i o n s  i n  the  management o f  some types and stages of 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 A 1  amos National Laboratory u t i 1  i z i n g  negative pions 
produced by the 800 MeV LAMPF accelerator .  The program invol v e d  beam 
development, radiobiology s tudies ,  new dosimetry and p a t i e n t  posi t ioning 
techniques, and the evaluat ion of  d i f f e ren t  t o t a l  dose/fractionation 
schemes. D u r i n g  the program 234 pat ien ts  were t r ea t ed  with tumor si tes.  
including prostate,  head and  neck, rectum and col on, cervix,  brain,  
pancreas, and bladder; 
i n  l a t e  1981. 

The s tudies  began October 1974 and were terminated 

F o l l o w - u p  Dat-a: One hundred an.d ninety-six patients h a v e  been followed fo r  a 
minimum o f  18 months.  
pancreatic carcinoma t o  82% for  s tages  C and D1 adenocarcinoma of the 
prostate indicate  tha t  t h i  s modal i t y  d i d  not demonstrate advantages Over 
more t rad i t iona l  radiotherapy and was therefore  discontinued. 

Crude surv'ival data range from 11% for  unresectable 



Principal Inves t iga tor (  s): L. Cohen 

Objec t i  v e ( s )  o f  P r o j e c t :  The s c i e n t i f i c  object ive is t o  determine the 
effect iveness  o f  n e u t r o n  beam i r r ad ia t ion  as compared t o  standard p h o t o n  
i r r ad ia t ion  f o r  the management o f  cer ta in  malignant tumors. 

F. R. Hendrickson .............................................................................. 

Short Desc r ip t ion :  Pa t ien ts  are  iden t i f i ed  as being e l  i g i b l e  f o r  i nc lus ion  
i n  the c l i n i c a l  t r i a l s  based  on t h e  type, ex ten t  and loca t ion  o f  t h e i r  
cancer. Sui tab le  candidates have tumors t h a t  a re  t h o u g h t  to  be r e s i s t a n t  t o  
s t a n d a r d  therapies. Informed consent i s  obtained. These c l  i n i c a l  t r ia ls  
are conducted under t h e  auspices of the  Ins t i t u t iona l  Review Board. 
N a t i o n a l  cooperative t r ia l s  are car r ied  out i n  coordination w i t h  the 
Radiation Therapy Oncology Group (funded by the N a t i o n a l  Cancer Ins t i t u t e ) .  
Some pat ien ts  a r e  t rea ted  w i t h  neutron beam i r r a d i a t i o n  only. Others 
receive a combination of neutron beam i r r ad ia t ion  and  one o r  more standard 
modal i t i e s  such as photon i r r a d i a t i o n ,  surgery and chemotherapy. The 
program began i n  July 1975 and i s  continuing. 

. .  . 

Fa1 1 ou-up Data: Approximately 1400 pa t i en t s  have been re fer red  t o  t h i s  
f a c i l i t y .  
f o l  1 ow-up requirements. Physical examinations, 1 aboratory t e s t s  azd 
radiographic inves t iga t ions  a re  conducted regular ly .  
keep his scheduled appointments, every e f f o r t  i s  made t o  contact him. 
t h a n  1% o f  the pa t i en t s  t r ea t ed  a t  th is  f a c i l i t y  are considercd cu r ren t ly  

Pr ior  t o  treatment, pa t i en t s  must agree t o  comply w i t h  long term 

I f  a pa t i en t  does not  
Fewer 

l o s t  t o  follow-up. 



Principal Invest igator(s) :  M. L. Grim 
3. W .  J.  Carpenter 
1. H. Lanzl 
L. S. Skaggs 

- -  
Iu_ 

Short  Desc r ip t ion :  S t a r t ing  i n  1954, w i t h  t he  ACRH 2-MeV Van de G r a a f f  x-ray 
generator, a treatment f i e l d  of suf f ic ien t  size was made a v a i l a b l e  so t h a t  
pa t ien ts  w i t h  cer ta in  lymphomas could be t r ea t ed  from the neck t o  belw t he  
waist  a t  one time, i n c l u d i n g  a1 7 affected lymph nodes. T h i s  r e su l t ed  i n  
shorter o v e r a l l  treatment times and 1 owering o f  t o t a l  rad ia t ion  doses. 

The cobal t-60 ro ta t iona l  therapy machine, w i t h  i t s  m a l  1, high-specific- 
a c t i v i t y  source and  u r a n i u m  shield,  was designed and b u i l t  a t  ACRH. 
Patients w i t h  advanced carcinoma of the uterus  and cerv ix  and o ther  
m a l  ignancies who were t r e a t e d  w i t h  this c o b a l t  machine, sometimes i n  
combination w i t h  o ther  modal i t ies  such as the Van de Graaf, radium implants, 
surgery, or drugs, had favorable survival and cure ra tes .  

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

- -  . .  . 
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Prc jec t  Category: Therapy w i t h  High-Energy Electrons 

Principal Inves t iga tor (s ) :  M. L. Grim 
3.  W .  3 .  Carpenter 
L. S. Skaggs  
L. H. Lanrl ---------------------------------------------.---.------------------------..-- 

O b j e c t i v e ( s 1  o f  P r o j e c t :  To use hlgh-energy e lec t rons  from a scanning-beam 
1 inear  acce lera tor  in tumor treabnent, a1 one and  with other  treatment 
modal i t i e s  

Short  Description: S t a r t i n g  i n  1959, ACRH s c i e n t i s t s  devel oped a u n i q u e  
instrument fo r  e l  ectron-beam therapy combining a 7 inear  acce le ra to r  of the 
Standord type w i t h  a beam-scanning device. 
inves t iga t ion  of the c l i n i c a l  advantages o f  electron-beam therapy. The 
l i n e a r  acce lera tor  and  pencil beam scanning system were used i n  the 
treatment of d i f f e ren t  forms o f  cancer beginning i n  1959. The malignant 
growths t rea ted  included head and neck cancer, ches t  tumors, mycosis 
fungoides, s k i n  cancer, carcinoma o f  the urinary bladder, and others. 
1969, more t h a n  500 pa t i en t s  had  been i r rad ia ted  w i t h  the e l ec t ron  beam, and 
a remarkable feature  was the lack of a skin reaction i n  the  patients. 

T h i s  u n i t  was constructed f o r  

By 

Fol 1 ow-up Data: The 1 inear  accel e r a to r  was used successful l y  f o r  treatment of 
pat ien ts  w i t h  mycosis fungoides. 
which became possible  w i t h  th is  u n i t  led t o  eradication o f  these d i f f i c u l t  
l es ions ,  and i n  1970, Dr. Griem'reported very few recurrences up t o  5 years  
a f t e r  t r e a a e n t  i n  combination w i t h '  Van de Graaff x-rays. 

The h i g h  doses o f  e lec t rons  t o  the skin 



I .  S'JI':SRY FhCTSHEET HL!?3.( EXPERltXHTATION - SFS6.001 

Shor t  Desc r ip t ion :  In 1938 two pa t i en t s  w i t h  polycythemia vera were t r e a t e d  
with P-32. Over the next 10 years,  119 pa t ien ts  were t reated.  The pa t i en t s  
ranged i n  age from 19 t o  75 years. O f  these, 56.5% were male and 43.5% 
female. Typical doses were 2 t o  6 mCi of P-32. The pa t i en t s  u sua l ly  
received multiple doses over a period o f  several years. 

Fol low-up Data: A t  the time o f  a summary repor t  in 1949 there  had been 24 
deaths. The causes of d e a t h  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 ( 3 ) ,  cardiac f a i l u r e  (21, p o r t a l  thrombosis  
(11, and unknown (2). 
polycythemia i s  well known. 

The high incidence of leukemia as  a complication Of 
The incidence I n  this s e r i e s  was n o t  

_ -  s ign i f i can t ly  d i f f e ren t  from untreated series. . . .  - 
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S h o r t  Desc r ip t ion :  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 reaction o f  boron w i t h  neutrons t o  achieve l o c a l l z e d  
radiat ion o f  brain tumors. 
15, 1951, 10 pa t ien ts  w i t h  proved g l i o b l a s t o m a  were t rea ted  by neutron 
capture therapy a t  the graphi te  research reactor. The longest  su rv iva l  was 
186 days. 

A second s e r i e s  o f  9 pa t i en t s  were t rea ted  w i t h  higher neutron doses. 
pa t ien t  survived 18 months. 

I n  1959, a s e r i e s  using the Medical Research Reactor was s ta r ted .  F i f teeen  
pa t ien ts  were t reated.  S u r v i v a l  times were i n  the same range as f o r  t h e  
previous ser ies .  

Over a period o f  two years beginning February 

One 

. .  . 

Follow-up Data: k‘hole b r a i n  sec t ions  were obtained i n  a t  l e a s t  16 of the  
pa t ien ts  and  studied f o r  t i s s u e  reac t ions  t o  radiation. 
compounds then i n  use i t  was n o t  poss ib le  t o  achieve adequate tumor control 
w i t h o u t  unacceptable damage t o  normal t i s sues  and  the pro jec t  was 
discontinued. 

With the boron 

I O  t 8 8 b b  
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Principal Inves t i g a t o r ( s ) :  V .  Marcia1 
~ ~ ~ _ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ * - ~ - . - - -  

Objec t i  ve(s) of P r o j e c t :  l o  determine optimum f rac t iona t ion  o f  i r r a d i a t i o n  
for cancer, t o  e v a l u a t e  a sp l i t -dose  technique for radiotherzpy of cancer, 
and  t o  determine the e f fec t iveness  of  radiation therapy for  the regional 
lymph nodes areas as an a d j u v a n t  t o  surgery f o r  carcinoma o f  the breast. 

S h o r t  Desc r ip t ion :  In the period 1964 t o  1970, various f rac t iona t ion  regimes 
were s tudied (1 vs 5 per week and 3 v s  5 per week) t o  observc tumor  e f f ec t ,  
s u r v i v a l ,  and normal t i s sue  reactions. 
the. r e s u l t s  obtained by the usual uninterrupted radiat ion treatment h ' i t h  a 
similar dose given i n  'two separate two-week periods with a r e s t  i n t e r v a l  of 
two t o  three  weeks halfway in  the treatment ( sp l i t -dose) .  
operat ive i r r a d i a t i o n  of lymph node areas was studied t o  improve prognosis 
i n  pa t i en t s  w i t h  b reas t  cancer t rea ted  w i t h  radical mastectomy. 

Studies were conducted t o  coware  

F i n a l l y ,  post-  

- -  . . . .  

F o l l  ow-up Data: Results f o r  f rac t iona t ion  of i r r a d i a t i o n  showed t h a t  the 
c u r a b i l i t y  and complication r a t e s  were ident ica l  a t  3 years  i n  a group Of 
260 pa t ien ts .  



, 

Principal Invest igator ls) :  1 )  B. M. Dobyns 
2 )  Y. Marcia1 
3 )  R. W. Rawson 

Short  Descripti on and F o l l  on-up D a b :  

1) During a 25 year period, 7/1/51 t o  9/30/76, over  500 p a t i e n t s  w i t h  
hyperthyroidism were s t u d i e d  i n  g rea t  detai l .  D u r i n g  the f i r s t  few days 
a f t e r  t r eamen t  the observations essent ia l  ly r e f l ec t ed  una1 te red  function o f  
t h e  thyroid, b u t  with the passage of time, the observations r e f l e c t e d  the 
e f f ec t s  of radiation. 
b lood ,  a l t e r a t i o n s  i n  r a t e  of re turn o f  the rad ioac t iv i ty  t o  the thyroid, 
and the subsequent t e s t i n g  of the functional capacity of the gland permit an 
analysis o f  the e f f e c t s  o f  radiation. 

2 )  D u r i n g  the period 1952 t o  1958, radioiodine was used fo r  therapy o f  
hyperthyroidi sm and metastat ic  thyroid cancer. 
t o  100,000 r a d  t o  the thyroid. 
pulmonary metastases given 18 d i . .  1-131 received 40 t o  80 rad whole body. 
T h i s  pa t ien t  w a s  doing well six years  l a t e r .  

3)  In the 1948-1956 period, 22  pa t i en t s  were t r ea t ed  w i t h  therapeut ic  doses 
of 1-131 t o  destroy thyroid t issue.  
of  55 pat ients ,  26 were known t o  be dead. 

The changing pat terns  o f  iodinated compounds i n  the 

Therapeutic doses gave 2,000 
Whole body doses up t o  20 rad. One pat ien t  with 

Doses ranged from 95 t o  329 mCi .  In 1960, 
Others being followed. 

I O  1 8 8 b Q  
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Funding Source( s) : A E C / E R D A / D O E  

I n s t i t u t i o n (  s) end Principal Investigator:  
Argonne Cancer Research Hosp i t a l  

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

1. P. M. Ejarque 
2. L. 0. Jaccbson 
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 
S1 om-Kettering Inst .  for Cancer Research 

9. J. S. Laughlin 
Univ.  Cal i fornia ,  Berkeley 

Univ.  Cal i fornia ,  Los Angeles 

Univ. Minnesota 

Univ .  P i sa  ( I t a l y )  

Univ. h'ashi ngton 

10. M .  Pollycove 

11. 3. F. Ross 
12. G. V .  Taplin 

13. M. B. Becaner 

14.  6. Monasterio, 

15. W. B. Nelp 

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

Objective(s1 o f  Project:  Tracer studies using various radionuclides 

Short Desc r ip t ion :  D u r i n g  the.period 1950-1980 many t r zce r  studies were 
conducted on human subjects  for-Xhe: purposes o f  studying the physiology and 
metabolism of  l abe led  substances. Usually only a few subjects are involved 
i n  each study. 
been a systematic follow-up. 

(1) Progesterone-4 1 abel ed w i t h  carbon-14 was used t o  study progesterone 
metabol i sm i n  two patients.  
who was 10 weeks pregnant was given 28.3 uCi.  
l a t e r  because of severe s i c k l 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 s u e s  studied. Storage of the hormone i n  the f a t  
compartments were found.  (1958.) 

. 

No l a t e  e f f ec t s  a re  expected and in  general ,  there  has not 
Brief description o f  the studies are: 

* .  

Doses were 5.27 and 37.81 uCi. A t h i r d  pa t i en t  
A therapeutic abort ion 6 days 

? 



( 2 )  450 uCi o f  DL-glutamic a c i d - 1 4 1 4  were injected i n  a pa t i en t  t o  
invest igate  whether synthesis of Bence-Jones protein i s  r e l a t e d  t o  t h a t  o f  
myeloma globulin. Urinary and  expiratory CO-2 were measured. (1958.) 

( 3 )  Metabolim of  glucose studied w i t h  C-14, by CO-2 in expired a i r  samples. 
(1958.) 

( 4 )  Sequential s tudies  were made o f  the body potassium con ten t  o f  man i n  
various cardiac disease s t a t e s ,  In a1 dosteroni sm, a n d  in  hypertension w i t h  
suspected hypera1 dosteronism. A spec ia l  study was made of the re1 at ionship 
between plasma potassium sh i f t s  a n d  total-body content of potassdun i n  man 
:S t i z t i c g s  disease s ta tes .  They are also rwasuring the e f f e c t  o f  magnesium 
deficiency on l e v e l s  of sodium, potassium, magnesium, and  calcium i n  plasma, 
cerebrospinal f l u i d ,  b ra in  and ske le ta l  nuscle. (1968.) 

( 5 )  Retention curve data with Ca-45, Sr-85, and r ad ium were obtained. (1959.) 

(6) An-arm coY3tFr was used t o  measure a c t i v i t y  i n  b l o o d  t o  determine the 
clearance of I - Rose Bengal i n  the 1 iver.  The curve has two  exponential 
components, in te rpre ted  a s  r e f l ec t ing  hepatic uptake and excretion rates.  
(1960.) 

- 

(7, 8 and 15) (1965.)  A study was conducted t o  measure the  long-term retention 
and l oca l i za t ion  of technetium i n  humans f o l l o w i n g  b o t h  o r a l  and  intravenous 
a d m i n i s t r a t i o n  and  t o  der ive  mathematical models fo r  excretion, which are  very 
useful i n  determining 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 b o t h  medical and occupational standpoints. 

959c a n d  96Tc were administered t o  8 subjects  by physicians a t  the 
University o f  k ' a s h i n g t o n  Hospital i n  Sea t t l e .  The subjects  were 
hospital  ized a t  the University of Wash ing ton  C l  i n i ca l  Research Center f o r  
the f i r s t  week. 
60 days. 
for t h e i r  services.  
providing the equipment, making the  whole body counting and excreta  
measurements and analyzing t h e  data. The  PNL pa r t i c ipa t ion  was funded by 
AEC b u t  n o t  the University of Washington par t ic ipa t ion .  

( 8 )  A study was conducted t o  determine the uptake, re ten t ion ,  d i s t r ibu t ion  
a n d  excretion of promethium i n  humans fo l  1 owing b o t h  o ra l  a n d  intravenous 
administration and  t o  study the e f fec t iveness  of DTPA i n  removing promethium 
from the body. These concentrations were r e l evan t  t o  possible  exposure o f  
plant  personnel. (1967.) 

143PmC13 was administered t o  14 volunteers  by physicians of the Hanford 
Environmental Heal t h  F o u n d a t i o n  (HEHF). Nhol e body counti ng and excreta  

0 surements were made by PNL f o r  one year  f o l  1 o w i n g  administration o f  the 
f44Prn. S ix  of the volunteers  were a1 so in jec ted  w i t h  
i n t e r v a l s  before a n d  a f t e r  the a d m i n i s t r a t i o n  of the f63ppm B o t h  the HEHF 
and PNL contr ibut ions t o  the study were funded by AEC. 

Whole body counting and  excreta measurements were made f o r  
The University of Wzshington obtained and reimbursed t h e  subjects  

The par t ic ipa t ion  by PNL personnel was l imi ted  t o  

.. . . 

A a t  various 
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( 9 )  (1977-1982.) 

( 9 a )  To extend the knowledge of tumor mtabolism and t o  define the  l o c a l i -  
zation and  improve the diagnosis of  cancer i n  animal models and  man, studies 
have been i n  progress over the seven year period (1977-1984). 
The spe r i f i c  aims a re  a s  follows: (1) To synthesize from d i f f e ren t  radfo- 
labe led  precursors a l a rge  var ie ty  of: (a )  N-13 and C - 1 1  l abe led  amino acids 
using enzymatic procedures. 
( c l  l-(C-ll)-2-deoxy-D-g1 ucose. ( 2 )  To mpl oy the synthesized compounds f o r  
quant i ta t ive  assessment of  regional perfusion, t r a n s p o r t ,  and metabol i sin t o  
improve treatment of cancer, cancer d i a g n o s i s  and the monitoring of treatment 
response. 

( b )  C-11 radiolabeled carboxylic acids. (c )  

( 9 b )  To inves t iga te  the a l t e r a t i o n  i n  metabolic pat terns  r e l a t e d  t o  cancer, 
methionine, tecnnetium-99m and iodine-131 were used. These were used i n  
various compounds f o r  the study of t h e i r  metabolism i n  bone, parathyroid 
tissue, 1 i v e r ,  l u n g ,  pancreas and brain. Research was directed t o w a r d s  basic 
metabol i c  pat terns  and t h e i r  a1 te ra t ion  by mal i g n a n t  processes and by therapy, 
and a? so towards the development o f  useful diagnostic t e s t s  f o r  e a r l y  mal lg-  
nancy. 

(10) Various hematological studies included: (1959.) 
a] i n  35 patients i ron k ine t ics  with Fe-59 and c e l l  volume w i t h  P-32 
b) su rv iva l  of red c e l l  s, white ce l l  s and p l  ate1 e t s  w i t h  P-32 

d i i  sopropyl f l  uoro-phosphonate, 
c) intermediary metabolism of glucose and uric acid w i t h  C-14 glucose 

and C-14 uric acid. 
d )  hear t  function w i t h  1-131 albumin. 
e )  CO-60 vitamin 8-12 absorption. 

. (11) The metabolic turnover of zinc-65 was studied, u s i n g  a t o t a l  body 
counter. (1966.) 

(12) a )  1-131 Hippuran was compared w i t h  other renogram agents and found to 
have the higher renal excretion efficiency. 

b) 1-131 cholegraf in  was used i n  35 pat ien ts  t o  measure plasma volume 
as a s u b s t i t u t e  for  human serum albumin. 

c) 1-131 Rose Bengal was used t o  study hepatic blood flow compared w i t h  
the col loidal  go1 d-198 disappearance rate .  

d)  Sr-85 was used as a t r ace r  f o r  calcium metabolism. 
Sr-90 and more avai 1 ab1 e than' Ca-47. (1959. 

T h i s  i s  safer than 

(13) A r a d i o i s o t o p e  technique'.for.measuring regional blood f l  ow was uti1 ized 
to measure the e f f e c t  o f  i o n i z i n g ' r a d i a t i o n  on the bowel i n  experimental 
animals. 
studied In women receiving r a d i a t i o n  therapy for  carcinoma o f  the cervix. 
They were studied before radiat ion,  immediately a f t e r  rad ia t ion  and ,642 
weeks a f t e r  r a d i a t i o n  when healing had occurred. 
diseases  o f  the  colon.such as u l ce ra t ive  c o l i t i s  and  d i v e r t i c u l i t i s  were 
invest ioated t o  f ind o u t  i f  there  were detectable  disturbances i n  regional  
ci rcul a t i  on. 

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

In addi t ion,  o t h e r  

( 1963-1 968, ) 



(14 )  To e v a l u a t e  the  mechanisms c o n t r o l  1 i n g  pulmonary  c i rcu l  a t i o n ,  s t u d i e s  
were c a r r i e d  o u t  i n  normal and p a t h o l o g i c  s u b j e c t s ,  i n  b a s a l  c o n d i t i o n s  and 
unde r  v a r i o u s  s t i n u l  a t i o n s .  The d a t a  conf i rmed  the re1 a t i o n s h i p s  p r e v i o u s ' l y  
f o w d  between pulmonary  b l  ood v o l  m e ,  s t r o k e  v o l  ume and t o t a l  b l  ood v o l  ume 
and  p r o v i d e d  new m a t e r i a l  f o r  an i n t e g r a t e d  e v a l u a t i o n  o f  mechanisms 
c o n t r o l l i n g  t h e  pulmonary c i r c u l a t i o n .  (1960-1965.) 

(15) S e e  item (7). 



SUI:’.XRY FACTStiEET H U : M  EXPERIFXXTATION - SFS12.002 

Principal Inves t iga tor (s ) :  C. A. Hawley 

O b j e c t i v e ( s )  of P r o j e c t :  To o b t a i n  quan t i t a t ive  information on the k i n e t i c s  
o f  radioiodine transport  from the point of r e l ease  t o  the atmosphere t h r o u g h  
the en t i r e  a i  r-vegetation-cow-milk sequence i n  the human food chain. 

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

S h o r t  Desc r ip t ion :  The prel iminary experiment was conducted d u r i n g  May and 
June o f  1963. The experiment was conducted near the southern boundary of 
the INEL (formerly the NRTS). 
re1 eased almospherical l y ,  and  deposited on pasture area downwind from the 
r e l ease  p o i n t .  S i x  dairy cows were placed on the contaminated pasture and 
seven human volunteers  consumed portions of the resul t ing contaminated m i l k  
over an 18-day period. 

D u r i n g  September 1964, approximately the same quantity and  chemical form of 
Iodine-131 was atmospherical l y  re leased t o  an area designated the 
Experimental Dairy Farm located on the  INEL (approximately seven mites 
northeast of t h e  Idaho Chemical Processing P1 ant). 
were on the t e s t  area d u r i n g  the time of cloud passage and were l a t e r  
subjected t o  i n h a l  a t ion  thyroid dose measurements. 

D u r i n g  November 1965, the 1964 experiment was repeated using s imi l a r  
quant i t ies  and forms of Iodine-131- i n ‘ t h e  ’same area. 
seated i n  the t e s t  area next t o  h i g h  volume a i r  samplers t o  c o r r e l a t e  
inhalat ion uptake with the amounts of iodine present i n  the air. 

Follow-up Data: Due t o  the r e l a t i v e l y  short h a l f - l i f e  of Iodine-I31 ( e igh t  
days) and  the 1 w  thyroid doses received by the human volunteers  ( ingest ion 
dose, range 230 t o  630 rnrad; i n h a l a t i o n  dose, range 6.1 t o  15 mrad) no 
fo l low-up d a t a  acquis i t ion was considered necessary. 

Approximately one cu r i e  of Iodine-131 was 

Three human vo lunteers  

Seven volunteers  were 
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............................................................................. 
Projec t  Category: Netabol i c  and Physiological Studies 

Principal Invest igator(  5): C. W. S t i l l  

Ob jec t ive ( s )  of P r o j e c t :  The determination of the metabolic f a t e  of 
radionuclides ingested or i n h a l e d  by humans i n  good heal th ,  and ca l ib ra t ion  
of b o t h  s t a t i c  and  ro ta t iona l  scanning instruments fo r  the d i r e c t  i n - v i v o  
measurement a t  in te rna l ly  deposi ted radionucl ides. 

____-_______________--------------.~-.-----~------------..---~-~-~---------~-~ 

Short  Description: 
s tudies  endeavor, wh ich  consisted of t h i r t een  individual  experiments conducted 
d u r i n g  t h e  period May 1965 t o  January 1972. A l l  of the e ight  persons involved  
were empl oyed by the ID-AEC, a n d  a1 1 were associated w i t h  the Analyt ical  
Chemistry Branch of t h e  Health and Safety Div is ion .  Four o f  the  exper imnts  
involved inha la t ion  of Argon-41 ( a  n o b l e  gas w i t h  a h a l f  l i f e  of 1.8 hours) 
and n i n e  experiments resu l ted  i n  the volunteers swal 1 owing  i n s o l u b l e  
polyethylene capsul es containing microcurie amounts of radioact ivi ty .  

E i g h t  human volunteers were i n v o l v e d  w i t h  the  human 

Fol 1 ow-up Data: The short ha1 f 1 i f e  of  Argon241 and i t s  smal 1 residence time 
i n  the body resul ted i n  very m a l  1 radiat ion doses t o  the  volunteers. The 
inso luble  capsules  required about 24’hours t o  pass through the body and 
produced very m a l l  doses due t o  the quan t i t i e s  of radioisotopes i n v o l v e d  AS 
a consequence, no fo l  1 ow-up data acquis i t ion was considered necessary. 
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