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Ms. Robin Gradison 
ABC News 
1 7 1 7  DeSales Street ,  N.W. 
Washington, D.C. 20036 

Dear Ms. Gradison: 

T h i s  i s  i n  response t o  your Freedon of Information request (FOI number 
101684055) concerning human experimentation projects funded by, or conducted 
under the auspices of the Department of Energy, the Energy Research and 
Development Administration, o r  the Atomic Energy Commission. 

We have recently prepared summaries of projects involving human t e s t  
subjects in response t o  a request for information similar to  yours. 
of those project summaries i s  enclosed along with a description of the 
general approach used i n  conducting these studies and other background 
information. 
the  information t h a t  you have requested. 

Subsequent t o  your review of the enclosed, we would be available t o  discuss 
t h i s  matter further. 

A copy 

We believe t h a t  t h i s  material will provide you w i t h  much of 

Si ncerely, 

Charles W. Edington 
Associate Director, Office of  

Office of Health and Environmental 
Health and Environmental Research 

Research, Office of Energy Research 

Enclosures: 
As stated 

cc: Carole J. Gorry, MA-232 
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SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SFS1.002 
I 

Funding Source(s): AEC 

I n s t i t u t i o n ( s ) :  Massachusetts I n s t i t u t e  o f  Technology 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pr inc ipa l  Inves t iga to t ( s ) :  Rob1 ey Evans 

O b j e c t i v e ( s 1  of P r o j e c t :  To determine the  r e l a t i v e  uptake v i a  the  gut  of 
radium and thorium. T h i s  information was considered t o  be necessary i n  the 
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  da ta  of radium d i a l  pa in te rs .  

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

S h o r t  D e s c r i p t i o n :  D u r i n g  the per iod 1961-1965, t r a c e r  doses of the shor t -  
l i v e d  nuc l ides  radiurn-224 and thorium-234 were g i v e n  by mouth t o  20 
vo lun tee r s  (ages  63 t o  83 years ) ,  and the r e l a t i v e  absorpt ions measured. 
Metabolic s tud ie s ,  conducted over a per iod o f  21 days f o r  Ra and 4 months 
for  Th,  inc luded  measurements of blood, urine, f eces  and breath samples, and 
on the whole body a n d ' t h e  upper 20% of the body w i t h  the GI t r a c t  sh ie lded .  
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SUMMARY FACTSHEET HUHAN EXPERIMENTATION - SFS1.003 

............................................................................. 
Projec t  Category: Metabol ism and Bio logica l  Effects of P l u t o n i u m ,  Pol onium, 
Radium, Thorium, Urani um and Lead-212 

Funding Source(s): MED/AEC 

Inst i tut ion(s) :  U n i v .  o f  Rochester (Polonium,  Lead 212)  
Los Alamos Scient i f ic  Laboratory (Uranium) 
Massachusetts General Hospital (Urani um) 
Oak Ridge Nat iona l  Laboratory (Uranium) 

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

Principal Invest igatods) :  N. E. Silberstei n (Polonium) 
3 .  B. Hursa (Lead-212) 
W .  H. Sweet (Uranium) 

-_---------_--------________________^___-------------------------------------- 

Objec t ive(s )  of Projec t :  Data on the distribution and metabol ism of these 
substances i n  the body was needed f o r  evaluation of the  h e a l t h  hazards of 
exposure t o  these and related substances. 

S h o r t  Description: In 1947 a t  Rochester, four human subjects were injected 
intravenously w i t h  0.17 t o  0.3 microcurie of polonium per kg  body weight, 
and a f i f t h  subject was given p o l o n i u m  orally. 
rates were measured. 

Fecal and  urinary excretion 

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 studied a t  Oak Ridge (Oct. 1953-Oct. 1959). 

In 1965 a t  Los A1 amos the mean t r ans i t  times for microspheres l abel ed w i t h  
uranium-235 t h r o u g h  the gastrointestinal t r a c t  was studied i n  57 normal 
adults. Par t ic le  sizes were a b o u t  100 t o  a few hundred micrometers 
diameter. The mean t rans i t  times were 34.5 f 1 6 . 6  hours. 

In 1967 a t  Rochester, lead-212 was administered by m o u t h  to three human 
subjects. Gastrointestinal absorptions of 1.3, 8.1 and 16.0% were found. 
Excretion rates were compared with those for two subjects who received 
lead-212 intravenously. The uptake and retention of lead i n  red blood c e l l s  
was studied. 

Fol low-up Data: A1 1 of the bra in  tumor patients died of their  disease w i t h i n  
l ess  t h a n  one and one-half years a f t e r  entering the study. No fol low-up was 
obtained i n  the other studies. 
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SUWMARY FACTSHEET HUMAN EXPERIMENTATION - SFS2 001 

............................................................................. 
Project Category: Effects of Radiation on the Human Testes 

Principal Investigatods):  Carl C. Heller ( succeeded by Mavis Rowley 

Object ive(s1 o f  Projec t :  To o b t a i n  da t a  on the effects of ionizing r a d i a t i o n  
on tes t icular  cytochemistry and function i n  man 

Feb. 27, 1973) .............................................................................. 

Shor t  Description: During the period Augus t  22, 1963 t o  May 6, 1971, 67 
volunteers a t  the Oregon State  Prison were subjected t o  t es t icu lar  i r r a d i a t i o n  
by 140 k v p  X-rays. 
exposures except t h a t  six were irradiated a second time, one a t h i r d  time, and 
one was given weekly irradiations of 5 R per week fo r  eleven weeks. 
included ser ia l  tes t icul  a r  biopsies, sperm counts, and urinary o r  plasma 
steroid and hormone evaluations. 

Rad ia t ion  doses ranged from 8 t o  600 R i n  s ingle acute 

Studies 

F o l l  ow-up Data: Complete recovery as shown by a return t o  pre-irradiated sperm 
concentrations and germinal c e l l  numbers was found t o  be within 9-18 months  
for  doses o f  100 rad and below, 30 months for doses of 200 and 300 rad and 5 
or more years for doses of 400 a n d  600 rad .  

1003454 



SUMMARY FACTSHEET EXPERIMENTATION - SFSZ. OOZ 

Principal Investigator(s): C. Alvin Paulsen 

Objec t ive(s )  of Projec t :  1) To re la te  radiation dosage t o  changes in gonadal 
function, 2) to  u t i 1  ize the r ad ia t ion  gonadal changes as  means for s t u d y i n g  
pi t u i  tary- tes t is  interrelationships,  31 t o  expl ore therapeutic and medical 
protective measures w i t h  respect t o  gonadal irradiation, 4 )  to explore our 
current Concepts concerning r a d i a t i o n  dosage expressed in physical terms and 
their  relation t o  b i o l o g i c  effects. 

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

S h o r t  Description: Dur ing  the period June 1, 1963 to February 1, 1973, 64 
volunteers a t  the Washington State Prison were irradiated by 250 k v p  X-rays. 
After appropriate base1 ine studies were performed, subjects received from 
7.5 R t o  400 R x-ray irradiation o r  sham irradiation t o  the t e s t i s  only. 
Testicular biopsies were performed prior t o  and up to 6 years post- 
irradiation t o  assess changes in the germinal epithel ium. Seminal f l u i d  
specimens were obtained a t  two-week in te rva ls  throughout the study and were 
analyzed f o r  morphologic changes and changes in t o t a l  number of sperm. 
Urine specimens were obtained monthly for evaluation of hormonal changes. 
Later, when the techniques were available,  serum L H  was measured by 
radioimmunoassay. Studies of ultrastructure changes in t e s t i s  t issue were 
performed using electron microscopy. Subjects were fol 1 owed u n t i  1 hormonal 
values returned t o  normal l e v e l s  and unti l  sperm counts returned t o  normal 
ranges. 
eliminate the possibi l i ty  o f  defective offspring. Only individuals desiring 
vasectony were accepted for the study; b u t  in several instances the 
volunteers changed their  mind and d i d  not 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 possibil i ty of conception d u r i n g  the study. 

Vasectomies were performed prior to discharge from the study t0 

Subjects were informed in detail regarding the 

Fol low-up Data: Recovery of c e l l  morphology and function were found a f te r  a 
maximum of 501 days. 
temporary s t e r i l i t y ,  b u t  i s  very resis tant  t o  complete s t e r i l i t y .  

I t  was concluded t h a t  man i s  very sensit ive i n  regard to  

1003455 



SUMMARY FACTSHEET HUWM EXPERIMENTATION - SFS3.001 

Principal Investigator(s):  Goul d A. Andrews 
C1 arence C.  Lushbaugh 
R. M. Kniseley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Objec t ive(s )  of Project :  1) To explore the  possibi l i t ies  for treatment of 
chronic leukemia, lymphoma and  polycythemia with radiation; 2)  To o b t a i n  
radiobi ol ogi cal da t a .  

Short  Description: In  1957 ORAU began a program designed for treatment of 
cancer patients and for assessment of the health e f fec ts  o f  total  body 
radiation. I n  1964, NASA began t o  provide additional funds t o  include 
measuring the biological effects  of low radiation doses and low 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 f ac i l i t y .  A few patients with acute leukemia were 
given doses of 300 R or more. Detailed and  systematic studies were made of 
blood cel I s ,  bone marrow, c l in ica l  effects and selected laboratory tests.  
I n  some of the patients with high doses, the effects of autogenous and 
homo1 ogous bone marrow grafts were studied. 

Follow-up Data: Measurements were continued for a t  l eas t  6 weeks f o r  each 
patient. The studies were n o t  designed t o  analyze the l a t e  effects .  
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SUEiMARY FACTSHEET HUHAN EXPERIRENTATION - SFS4.001 

P r i n c i p a l  Inves t iga tor (s1 :  (1) J.  H. Lawrence, C. A ,  Tobias 
( 2 )  John A.  L i n f o o t  
(3) J. R. Castro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O b j e c t i v e ( s )  o f  P r o j e c t :  To determine poss ib le  benef ic ia l  e f f e c t s  i n  var ious  
neoplast ic  and metabol i c  diseases 

S h o r t  D e s c r i p t i o n :  (1) I n  the per iod  1953-1959 the p i t u i t a r y  g lands o f  
p a t i e n t s  w i t h  advanced metas ta t i c  mammary carcinoma o r  other endocrine 
r e l a t e d  diseases were i r r a d i a t e d  w i t h  beams from the 184 i n c h  c y c l o t r o n  a t  
f i r s t  w i t h  the  340 meV proton beam, l a t e r  w i t h  the  900 meV alpha p a r t i c l e  
beam. Doses of 24,000 t o  30,000 rad  t o  the p i t u i t a r y  were given. 

( 2 )  Heavy p a r t i c l e  i r r a d i a t i o n  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, Cushing's disease, and chromophobe adenomas o f  the  
p i t u i t a r y  and i n  metabol ic  disease such as d iabet ic  re t inopathy,  metas ta t i c  
breast  and p r o s t a t i c  carcinoma where these are s e n s i t i v e  t o  hormonal c o n t r o l  
through the p i t u i t a r y  o r  the endocrine end organs o f  the  p i t u i t a r y .  Heavy 
p a r t i c l e  i r r a d i a t i o n  was used f o r  d i r e c t  tumor i r r a d i a t i o n  a t  o ther  s i t e s  i n  
the body where the tumor boundaries can be adequately del ineated. 

( 3 )  Since 1975, 94 p a t i e n t s  w i t h  l o c a l i z e d  unresectable carcinoma o f  the 
pancreas have been i r r a d i a t e d  us ing hel ium and heavier p a r t i c l e s .  

Fol l o w - u p  Data: (1) By A p r i l  1959, 103 p a t i e n t s  had been treated. C 1  i n i c a l  
and l a b o r a t o r y  s tud ies were conducted every 4-8 weeks on surv ivors .  
n ine  of the 82 w i t h  metas ta t i c  carcinoma were 1 i v i  ng i n  1959, the 1 ongest 
being 4 years post  i r r a d i a t i o n .  

(2)  Four hundred and twenty s i x  p a t i e n t s  have had heavy p a r t i c l e  therapy. 
I n  the ser ies  o f  66 p a t i e n t s  w i t h  acromegaly, 90% have had a complete 
amel io ra t ion  of t h e i r  disease process e s t a b l 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 being the opt imal  form o f  t reatment a t  the present time. 
H i g h l y  successful r e s u l  t s  have a1 so been achieved i n  p a t i e n t s  wi th Cushing's 
disease and i n  10 p a t i e n t s  w i t h  chromophobe adenomas. 
d i a b e t i c  re t inopathy  are promising, b u t  requ i re  longer  f o l  low-up f o r  
d e f i n i t i v e  evaluat ion.  

Twenty- 

The r e s u l t s  i n  
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SFS4.001 ( con ' t 1 

(3) Many patients proved t o  have occult l i v e r  metastases manifested w i t h i n  9 
months post treatment. In a d d i t i o n ,  local 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. Gastric and bi l iary obstruction have required 
surgical bypass procedures since i r r a d i a t i o n  has not  been successful i n  
relieving obstructive symptoms. Evidence of  gastrointestinal i n j u r y  has 
been present i n  postradiation therapy i n  approximately 10% o f  patients. 



SUNNARY FACTSHEET HU)QAN EXPERIMENTATION - SFS4.002 

Principal Investigator(s): Jacob I. Fabrikant 

Objective(s1 o f  Project: To establ ish stereotactic heavy-ion Bragg peak 
radiosurgery for  brain disorders, incl u d i n g  intracranial arteriovenous 
mal formations. 

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

Short  Description: I n i t i a l  observations i n  55 patients treated to date 
(1980-1984) indicate tha t  the c l in ica l  objectives of a decrease i n  (1) frequency 
of hemorrhages, ( 2 )  i n  neurological deficiencies, ( 3 )  subjective compl aints  
incuding headaches, o r  ( 4 )  i n  frequency of seizures are being achieved. 

Fol 1 ow-up Data: There have been no neurological compl ications o f  radiation 
damage t o  the normal brain tissue; t h u s  far ,  no evidence of b r a i n  injury or 
progressive or fixed neurological deficiencies have occurred as a r e su l t  of 
the stereotactic radiosurgical procedure. 



SUKMARY FACTSHEET H W N  EXPERIHENTATION - SFS4.003 

P r i n c i p a l  Inves t iga tor (s ) :  M. K 1  igerman 
S .  Bush 
R.  D. Moseley 
J. Bradbury .............................................................................. 

O b j e c t i v e ( s )  of P r o j e c t :  To conduct the necessary phys ica l ,  b i o l o g i c a l ,  and 
c l i n i c a l  s tud ies t o  eva lua te  the ef f icacy,  p o t e n t i a l  benef i t ,  and r o l e  o f  
p ions i n  the management o f  some types and stages o f  s o l i d  tumors. 

Short Descr ip t ion:  This  program was a j o i n t  e f f o r t  between the U n i v e r s i t y  of 
New Mexico and the  Los Alamos Nat ional  Laboratory u t i l i z i n g  negat ive  p ions 
produced by the 800 MeV LAMPF accelerator .  The program i n v o l  ved beam 
development, rad iob io logy  studies,  new dosimetry and p a t i e n t  p o s i t i o n i n g  
techniques, and the e v a l u a t i o n  o f  d i f f e r e n t  t o t a l  dose/ f rac t ionat ion  
schemes. 
i n c l u d i n g  prostate,  head and neck, rectum and colon, c e r v i x ,  bra in ,  
pancreas, and bladder. 
i n  l a t e  1981. 

Dur ing the program 234 pa t i en ts  were t rea ted  with tumor s i t e s  

The s tud ies began October 1974 and were terminated 

. 

Fol l ow-up Data: One hundred and n ine ty -s i x  pa t i en ts  have been f o l  lowed f o r  a 
minimum o f  18 months. 
pancreat ic  carcinoma t o  82% f o r  stages C and Dl adenocarcinoma o f  the  
pros ta te  i n d i c a t e  t h a t  t h i s  modal i t y  d i d  no t  demonstrate advantages o v e r  
more t r a d i t i o n a l  radiotherapy and was there fore  d i  scont i  nued. 

Crude s u r v i v a l  data range from 11% f o r  unresectable 



S W R Y  FACTSHEET HCRWN EXPERIWENTATION - SFS4.004 

P r i n c i p a l  I nves t i ga to r [  SI: L. Cohen 
F. R. Hendrickson 

O b j e c 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  o b j e c t i v e  i s  t o  determine the  
e f fec t i veness  o f  neutron beam i r r a d i a t i o n  as compared t o  standard photon 
i r r a d i a t i o n  f o r  the management o f  c e r t a i n  malignant tumors. 

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

S h o r t  D e s c r i p t i o n :  Pat ien ts  are i d e n t i f i e d  as being e l  i g i b l e  f o r  i n c l u s i o n  
i n  the c l  i n i c a l  t r i a l  s based on the type, ex ten t  and l o c a t i o n  o f  t h e i r  
cancer. Su i tab le  candidates have tumors t h a t  are thought t o  be r e s i s t a n t  to 
standard therapies. Informed consent i s  obtained. These c l i n i c a l  t r i a l s  
are conducted under the auspices o f  the I n s t i t u t i o n a l  Review Board. 
Nat iona l  cooperat ive t r i a l s  are c a r r i e d  out i n  coord ina t ion  w i t h  the 
Radiat ion Therapy Oncology Group (funded by the  Nat iona l  Cancer I n s t i t u t e ) .  
Some p a t i e n t s  are t rea ted  w i th  neutron beam i r r a d i a t i o n  only. Others 
rece ive  a combination o f  neutron beam i r r a d i a t i o n  and one or  more standard 
m o d a l 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  J u l y  1975 and i s  cont inuing. 

F o l  1 ow-up Data: Approximately 1400 pa t ien ts  have been r e f e r r e d  t o  t h i s  
f a c i l i t 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  t e n  
f o l  1 ow-up requirements. 
rad iographic  i n v e s t i g a t i o n s  are conducted regu la r l y .  I f  a p a t i e n t  does n o t  
keep h i s  scheduled appointments, every e f f o r t  i s  made t o  contact  him. Fewer 
than 1% o f  the p a t i e n t s  t r e a t e d  a t  t h i s  f a c i l i t y  are considered c u r r e n t l y  

Phys ica l  examinations, 1 aboratory t e s t s  and 

l o s t  t o  follow-up. 



SUI.WRY FACTSHEET H W N  EXPERIHENTATION - SFS5.001 

Funding Source(s): AEC 

Insti tution(s):  (1 University of California, San Francisco 
(2) University of Arkansas 
(3) ( 4 )  Argonne Cancer Research Hospital 
(5) U n i v .  of Michigan 
( 6 )  Oak Ridge  Inst. of Nuclear Studies  
( 7 )  C E E R ,  Puerto Rico 

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

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

Objective(s1 o f  Project: Development and Evaluation o f  Teletherapy Methods 

Shor t  Description: (1) Dur ing  the years 1956 to 1958, 67 patients were 
irradiated 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 cavity and carcinomas o f  the cervix were treated. 

Patients w i t h  bronchogenic carcinoma, tumors of 

Fol low-up Data: In August  1958, of the 67 patients treated, 25 had died 
w i t h i n  2 years of s tar t ing treatment. 
as o f  June 1962, 310 patients had been treated b u t  survial data i s  not 
given. 

(2) A cobalt-60 teletherapy u n i t  was used t o  t r ea t  227 patients w i t h  various 
types of neoplasms (Progress report dated July 1956). 

(3)  From 1972 t o  1979, Hodgkin 's  disease and other lymphomas were treated by 
a combination o f  laparotomy to improve staging and diagnosis, and careful ly  
planned radiation t o  indicated organs of invol vement. A number o f  mal ignan- 
cies were treated w i t h  u l t r a  h i g h  dose rate electrons to study the effects  o f  
this radiation. Chromium-51 radioactive permanent imp1 ants were a1 so evalu- 
ated. Head and neck malignancies were subjected to combined treatment 
schedules, including drug pre-treatment and spl i t-course radiation. The 
sensi t i  zi ng qual i t i e s  of hydroxyurea and cytosi ne arabinoside were tested on 
a hair f o l l i c l e  indicating system before being tested on animal tumors and 
patients. 

A subsequent report indicates t h a t  

1 0 0 3 4 b 2  



SFS5.001 ( con ' t) 

( 4 )  From 1963 t o  1965 j o i n t  study was being c a r r i e d  out  i n  conjunction w i t h  the 
Ear, Nose, and Throat  C l i n i c  i n  an attempt t o  e v a l u a t e  the e f f e c t s  of pre- 
and pos t -opera t ive  r ad ia t ion  t reatment  of var ious  malignancies  u s i n g  the Van 
de Graaff x-ray generator ,  the ro t a t iona l  cobal t-60 machine, and the l i n e a r  
a c c e l e r a t o r  e l e c t r o n  beam, A l l  p a t i e n t s  were seen i n  the ENT Clinic and 
randomized f o r  t rea tment  schedules. I t  was be l i eved  t h a t  some lung 
mal ignanies  were made operable  by i r r ad ia t ion .  

Fo l  low-up Data:  One p a t i e n t  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 of co lch ic ine  and rad ia t ion  was s t i l l  a l i v e  and gave no 
evidence of the d i sease  a f t e r  2 years .  

(5) Dur ing  the  per iod 1952-1966, cobal  t-60 and cesium-137 t e l e the rapy  units 
were used i n  a comparative c l i n i c a l  eva lua t ion  i n  the rad ia t ion  t reatment  of 
malignant  disease.  
employment of a cesium-137 source was achieved and the r ad ia t ion  from this 
i so tope  was appl ied c l i n i c a l l y  t o  e v a l u a t e  the p o t e n t i a l  r o l e  of this 
r ad ia t ion  i n  c l  i n i c a l  radiotherapy i n  comparison w i t h  cobal t-60 r ad ia t ion  
and pas t  and c u r r e n t  experience w i t h  orthovol tage  rad ia t ion .  

(6) In 1966, t o  determine the  e f f e c t s  of cobal t -60 t e l e the rapy  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 liver. One 
p a t i e n t  showed no hematologic changes when the l i v e r  was i r r a d i a t e d ,  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 a d i a t i o n  of 
the spleen. The o the r  p a t i e n t  responded t o  1 iver i r r a d i a t i o n  i n  a way 
undis t inguishable  from the changes occurring a f t e r  sp leen  i r r a d i a t i o n ;  i n  
both in s t ances  the per iphera l  white count went from about 100,000 t o  20,000 
w i t h  a f a s t  r e tu rn  t o  pretreatment  levels. 

(7)  During the  per iod  1964-1967 i n  a study of the optimal tumor dose i n  
r ad ia t ion  therapy of cancer of the esophagus, h a l f  of the  cases  t r e a t e d  
received c o b a l t  t e l e t h e r a p y  doses of 5000 roentgens i n  four  weeks and the 
o the r  h a l f  rece ived  doses of 6000 roentgens i n  six weeks. Disappearance o f  
dysphagia' and twelve months surv iva l  were compared i n  each group. 

Modif icat ion of a theratron-6 t o  permit c l i n i c a l  



SUMMARY FACTSHEET H W N  EXPERIMENTATION - SFSS. 002 

Principal Investigator(s): M. L. Griem 
J. W .  J.  Carpenter 
L. H. Lantl 
L. S. Skaggs .............................................................................. 

Objec t ive(s )  of  Projec t :  To use new high-energy research machines t o  apply 
x-rays and gamma-rays t o  cancer patients 

Short  Description: S t a r t i n g  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 sufficient size was made avai lable  so t h a t  
patients w i t h  certain lymphomas could be treated from the neck to below the 
waist a t  one time, including a l l  affected lymph nodes. T h i s  resulted i n  
shorter overal l  treatment times and 1 owering of t o t a l  radiation doses. 

The cobal t-60 r o t a t i o n a l  therapy machine, w i t h  i t s  mal 1 ,  high-specific- 
ac t iv i ty  source and uranium shield, was designed and b u i l t  a t  ACRH. 
Patients with advanced carcinoma of the uterus and cervix and other 
malignancies who were treated w i t h  th i s  cobalt machine, sometimes i n  
combination with other modalities such as the Van de Graaf, radium implants, 
surgery, or drugs, had favorable surv iva l  and cure rates. 

Studies were a l so  carried o u t  on use of a variety o f  radiation-sensitizing 
agents, i n  an e f for t  t o  achieve cures w i t h  lower doses of radiation. 

l 0 0 3 1 1 b 4  



SUMMARY FACTSHEET HUMN EXPERIHENTATION - SFSS. 003 

Principal Investigator(s): M. L. Griem 
J. GI. J. Carpenter 
L. S. Skaggs 
L. H. L a n t l  .............................................................................. 

Objec t ive(s )  of Pro jec t :  To use high-energy electrons from a scanning-beam 
1 inear accelerator i n  tumor treatment, a1 one and w i t h  o ther  treatment 
modal i t i e s  

S h o r t  Description: S t a r t i n g  i n  1959, ACRH sc ien t i s t s  developed a unique 
instrument for e l  ectron-beam therapy combining a 1 inear accelerator o f  the 
S tandord  type w i t h  a beam-scanning device. 
investigation of the c l in ica l  advantages of electron-beam therapy. The 
1 inear accelerator and penci 1 beam scanning system were used i n  the 
treatment o f  different  forms o f  cancer beginning i n  1959. 
growths treated included head and neck cancer, chest tumors, mycosis 
fungoides, skin cancer, carcinoma of the urinary b l a d d e r ,  and others. By 
1969, more t h a n  500 patients had been irradiated w i t h  the electron beam, and 
a remarkable feature was the lack of a skin reaction i n  t h e  patients. 

This unit  was constructed for 

The m a l i g n a n t  

Fol 1 ow-up Data: The 1 inear accelerator was used successful l y  f o r  treatment Of 
patients w i t h  mycosis fungoides. 
which became possible with th i s  unit led t o  eradication of these d i f f i c u l t  
lesions, and i n  1970, Dr. Griem reported very few recurrences up t o  5 years 
a f t e r  treatment i n  combination with Van de Graaff x-rays. 

The h i g h  doses of electrons to the skin 
, 
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SUKIMRY FACTSHEET HUHAN EXPERINENTATION - SFS6.001 

............................................................................. 
Project Category: Control o f  Polycythemia by Marrow Inhibition 

Fopding Source(s): Un iv .  of California, AEC ( a f t e r  1945) 

Insti tution(s):  U n i v .  of  California Radiation Laboratory 
.............................................................................. 

Short  Description: In 1938 two patients w i t h  polycythemia vera were treated 
w i t h  P-32. Over the next 10 years, 119 patients were treated. The patients 
ranged i n  age from 19 t o  75 years. 
female. Typical doses were 2 to 6 m C i  of P-32. The  patients usual l y  
received multiple doses over a period of several years. 

Of these, 56.5% were male and 43.5% 

Fol l ow-up  Data: A t  the time of a summary report i n  1949 there had been 24 
deaths. The causes o f  death were ar ter iosclerosis  (51, leukemia (51, 
neoplasm (3) ,  coronary occlusion ( 3 ) ,  cardiac f a i lu re  (21, portal thrombosis 
(11, and unknown (2). 
polycythemia i s  well known. 
significantly different  from untreated series. 

The h i g h  incidence of leukemia as a complication o f  
The incidence i n  this series was not 

1 0 0 3 4 b b  



S U W Y  FACTSHEET W N  EXPERIHENTATION - SFS7.001 

............................................................................. 
P r o j e c t  Category: Hematological E f fec t s  

Funding Source(s1: MED 
AEC 

I n s t i t u t i o n ( s ) :  1)  U n i v .  of Cal. Radiation Lab ( A E C )  
2 )  Memorial Hospi ta l ,  New York (MED) 
3 )  Metal lurgical  Lab, Manhattan P r o j e c t  ( M E D )  
4 )  ORAU ( A E C )  
5) Univers i ty  of Cincinnat i  ( A E C )  

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

Pr inc ipa l  I n v e s t i g a t o d s ) :  1) B.  V. A. Low-Beer; P. M. Aggeler 
' 2 )  L. F. Craver 

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

.............................................................................. 
Objec t ive ( s )  of P r o j e c t :  To determine changes i n  the b l  ood-forming organs 
and the  per ipheral  blood a s  an index of exposure t o  total-body i r r a d i a t i o n .  

Shor t  Descr ip t ion  and Follow-up: 1) From 1943 t o  1950, a t o t a l  of 32 
p a t i e n t s  were t r e a t e d  w i t h  X-rays generated by 100, 200, and 1000 kv. 
Indiv idua l  exposures var ied  from 5 t o  50 R measured on the body sur face  a t  
each treatment. The t o t a l  accumulated doses va r i ed  from 100 t o  390 R t o t a l -  
body dose a s  measured on the s k i n .  The c a l c u l a t e d  tissue dose i n  t h e  
c e n t r a l  p l ane  of the body v a r i e d  from approximately 60 t o  264 R. The t o t a l  
e lapsed  time from the f i r s t  t o  the l a s t  t reatment  var ied  between 5 and 92 
days, T h e  32 p a t i e n t s  t r e a t e d  i n  t h i s  manner were fo l  1 owed hematological l y  
f o r  per iods as long a s  poss ib l e  a f t e r  treatment. 
observa t ion  f o r  any member of the group i s  six and one-half  years ,  the 
average f o r  the group a s  a whole i s  approximately four  years.  

2 )  From 1942 t o  1944, p a t i e n 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. P a t i e n t s  
sel ec t ed  w i t h  un t r ea t ab l  e me tas t a t i c  cancer b u t  ab1 e t o  to1  e r a t e  procedure. 
Six p a t i e n t s  r ece ived  the planned 300 R. Two s t a r t e d  b u t  d i d n ' t  f i n i sh .  
Three p a t i e n t s  f o l  lowed longer  than 6 months. No d e t e r i o r a t i o n  of blood 
count o r  general hea l th  was a t t r i b u t a b l e  t o  rad ia t ion .  

The l onges t  per iod of  

I 
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SFS7.001 (con ' t )  

3) E i g h t  persons w i t h  incurable neoplasms were given single exposure doses 
of 27, 60, and 120 R i n  the period 1943 t o  1944. 
chronic diseases were given fractionated whole-body irradiation o f  100, 300 
and 500 R. Three volunteers were given fractionated irradiation to ta l ing  
21 R. No-blood a l terat ions were noted i n  the 21 R volunteer group. In the 
others, the predominant effect  was lymphocyte depression. 

4 )  Three groups of patients were treated i n  the period 1965 t o  1966 

Three patients w i t h  

1 1 chronic hematol ogi  c disorders 
2) neoplasm 
3 )  acute leukemia i n  relapse 

Eleven patients with acute or  subacute leukemia were treated with 200 t o  
900 R of total  body irradiation. 
of the leukemia process, 5 showed apparent complete or nearly complete 
suppression, and 2 had ear ly  deaths (one patient was treated twice). 

' Of these, 5 showed incomplete suppression 

5) 
neoplasms who had n o t  received previous radio- or chemotherapy were given 
whole-body gamma r a d i a t i o n  i n  doses varying from 85-336 R. 
hematologic parameters were fol lowed for 6-8 weeks subsequently. 

I n  the period 1961 t o  1962, patients with metastatic or incurable 

C 1  inical  and 



SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SfS8.001 

S h o r t  Description: Neutron capture therapy uses the localization of boron i n  
tumors and  the reaction of boron with neutrons t o  achieve localized 
r a d i a t i o n  of brain tumors. 
15, 1951, 10 patients w i t h  proved glioblastoma were treated by neutron 
capture therapy a t  the graphite research reactor. The longest survival was 
186 days. 

Over a period o f  two years beginning February 

A second ser ies  o f  9 patients were treated w i t h  higher neutron doses. 
patient survived 18 months. 

One 

In 1959, a series using the Medical Research Reactor was started. Fifteeen 
patients were treated. 
previous series. 

S u r v i v a l  times were i n  the same range as for the 

Fol1 ow-up Data: Who1 e brain sections were obtained i n  a t  l e a s t  16 of the 
patients and studied for t issue reactions t o  radiation. 
compounds then i n  use i t  was not  possible t o  achieve adequate tumor Control 
w i t h o u t  unacceptable damage t o  normal tissues and the project was 
discontinued. 

With the boron 
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SUM4RY FACTSHEET HUMAN EXPERIMENTATION - SFS9.001 

Funding Source( s) : MED 
AE C 

.............................................................................. 
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 )  Lawrence Berkeley Laboratory (MED/AEC) 
4 )  Oak Ridge  Associated U n i v .  ( A E C )  
5) Piedmont Hospital , Atlanta  ( A E C )  

( AEC 1 

Pr inc ipa l  Inves t iga tor (s ) :  1)  R. D. Moseley, W. M. S. I rons ide ,  P. V .  Harper 
2 )  J.  S. Robertson 
3)  N. I. Berlin,  J .  L. Born, L. Dobson, J. G. 

Hamilton, L. Hollander,  J. H. Lawrence, 
B .  V.  A. Low-Beer, M. Pollycove, D. 3 .  
Rosenthal, H. H. S t a u f f e r ,  R. C. Steinkamp, 
S. Wi nchel 1 

4 )  C. C.  Lushbaugh 
5) E. 0. Grady 

O b j e c t i v e ( s 1  o f  P r o j e c t :  To develop treatments f o r  c e r t a i n  medical d i sorders  
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 s u e s  t o  be 
i r r a d i a t e d .  

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

Short  Description: During the period 1939-1974, s e v e r a l  research p r o j e c t s  
were undertaken t o  improve therapy of cancer and o ther  d i s e a s e s  by methods 
using radioisotopes.  Radioisotopes (such a s  iodine-131, g a l  1 ium-72, go1 d- 
198 and others) were given t o  p a t i e n t s  under r i g i d l y  con t ro l  l e d  condi t ions  
t o  determine whether the i r  t reatment  could be improved by absorpt ion ( O r  
l o c a l i z a t i o n )  o f  t h e  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 ladium-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 p a t i e n t s  t o  study tissue 
and tumor response. 
treatment of c e r t a i n  cancers,  no tab ly  m e t a s t a t i c  b r e a s t  and p r o s t a t e  
carcinoma. In add i t ion ,  y t t r i  um-90 oxide p a r t i  cul  a t e  radi oi sotopes was 
e s t a b l i s h e d  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 a d i a t i o n  i n  an a r e a  by 
i n j e c t i n g  t h e  a r t e r y  supplying t h a t  area. Thi r ty- f ive  of 51 p a t i e n t s  with 
advanced and otherwise uncontrol 1 ab1 e cancer benefi ted from i n t r a v a s c u l  ar 
adminis t ra t ion.  

Small l-mi 11 i c u r i e  y t t r i  um-90 pel 1 e t s  were imp1 anted f o r  

1 0 0 3 4 1 0  



SFS9.001 ( c o n ' t )  

Agents l a b e l e d  w i t h  phosphorus-32 were used t o  t r e a t  a v a r i e t y  o f  
hernotological and medical disorders. S t ron t i um90  was used i n  t h e  t reatment  
o f  bone metastases. 

F o l  low-up Data: I n i t i a l  f o l  low-up v i s i t s  were as f requent  as requ i red  
(weekly, monthly, etc.). 
basis. Fol low-up v i s i t s  i n c l u d e  r o u t i n e  phys ica l  examinations and i n t e r v a l  
h is to r ies ,  and appropr ia te support ing c l i n i c a l  1 aboratory s tud ies and 
d iagnost ic  studies. 

A t  t ime of death, complete in fo rmat ion  was sought t o  determine cause of 
death. 

Subsequent f o l  1 ow-ups were usual l y  on an annual 

When avai 1 ab1 e, the postmortem f ind ings  were reviewed. 



S W R Y  FACTSHEET HUNAN EXPERIHENTATION - SFS9.002 

Pr inc ipa l  I n v e s t i g a t o r ( s ) :  V .  Marcia1 

Objective(s) o f  P r o j e c t :  To determine optimum f rac t iona t 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 t o  determine the e f f e c t i v e n e s s  of rad ia t ion  therapy f o r  the regional  
lymph nodes a reas  as an adjuvant t o  surgery f o r  carcinoma of the breas t .  

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

S h o r t  D e s c r i p t i o n :  In the  per iod 1964 t o  1970, var ious  f r a c t i o n a t i o n  regimes 
were s t u d i e d  (1 vs 5 per week and 3 vs 5 per week) t o  observe tumor e f f e c t ,  
s u r v i v a l ,  and normal t i s s u e  react ions.  Studies were conducted t o  compare 
the results obtained by the  usual uninterrupted r ad ia t ion  t reatment  w i t h  a 
s i m i l a r  dose g iven  i n  two separa te  two-week periods w i t h  a rest i n t e r v a l  of 
two t o  three weeks ha1 fway i n  the t reatment  (spl i t-dose). F ina l  l y ,  post- 
ope ra t ive  i r r a d i a t i o n  of lymph node areas  was s tudied  t o  improve prognosis 
i n  p a t i e n t s  w i t h  b r e a s t  cancer t r e a t e d  w i t h  rad ica l  mastectomy. 

F o l  1 ow-up Data:  Resul ts  f o r  f r ac t iona t ion  of i r r a d i a t i o n  showed t h a t  t h e  
c u r a b i l i t y  and complicat ion r a t e s  were iden t i ca l  a t  3 yea r s  in a group of 
260 pa t i en t s .  

1003412 



SUHMARY FACTSHEET H W N  EXPERIHENTATION - SFS10.001 

P r i n c i p a l  Invest igator(s1:  1 )  B. M. Dobyns 
2 )  V. Marcia1 
3)  R. W. Rawson 

.............................................................................. 
Objec t ive(s )  o f  Pro jec t :  To determine the physiological  and morpholbgical 
effects of iodine-131 rad ia t ion  on the thyroid of humans 

S h o r 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 p a t i e n t s  with 
hyperthyroidism were s tudied  i n  g r e a t  d e t a i l .  D u r i n g  the f i r s t  few days 
a f t e r  t reatment  the observa t ions  e s s e n t i a l  l y  r e f l e c t e d  una1 tered funct ion of 
the thyroid,  b u t  w i t h  t h e  passage of time, the observa t ions  r e f l e c t e d  t h e  
e f f e c 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 i n g  o f  the funct ional  capaci ty  of the g land  permit an 
a n a l y s i s  of the e f f e c t s  of r ad ia t ion .  

2)  D u r i n g  the per iod  1952 t o  1958, radioiodine was used f o r  therapy of 
hyperthyroidism and m e t a s t a t i c  thyroid cancer. 
t o  100,000 rad t o  t h e  thyroid.  
pulmonary metastases  given 18 m C i  1-131 received 40 t o  80 rad whole body. 
T h i s  p a t i e n t  was doing well six y e a r s  l a t e r .  

The changing p a t t e r n s  of iodinated compounds in t h e  

Therapeut ic  doses gave 2,000 
Whole body doses up t o  20 rad. One p a t i e n t  with 

3) In  the 1948-1956 per iod,  22 p a t i e n t s  were t r e a t e d  w i t h  t h e r a p e u t i c  doses 
of  1-131 t o  destroy thyro id  tissue. 
of 55 patients,  26 were known t o  be dead. 

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

1003413 



SUHMARY FACTSHEET HUMAN EXPERIMENTATION - SFSll .001 

Funding Source( 5 ) :  MED 

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

l b )  New 'fork University 
I C )  Oak Ridge National Laboratory 
2) Harvard Medical School 
3 )  Lawrence Radi a t i  on Laboratory 

Oak Ridge Associated Universities 
4 )  Oak Ridge National Laboratory 

General Electric Company 

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

H. Vodapick 
4 )  E. C. Anderson, E. P i n s o n ,  V .  Lote & C. W. 

Del ong 
5 )  C. W. Delong 

Principal Investigator(s): l a )  3 .  E. Wirth and J. R. Raper 

.............................................................................. 
Objective(s1 o f  Project: 
1) To determine the biological effects  o f  i r r a d i a t i o n  t o  the s k i n  
2) To study transplantation of tissues a n d  whole organs 
3) To evaluate the effects  of internal i r r a d i a t i o n  from P-32, Y-90, Sr-90, 
and 1-131 when therapeutically used i n  certain diseases, and the evaluation 
of the hematological response obtained from their  use 
4)  To determine the distribution of tritium i n  the human body result ing from 
surface contamination, inhalation and ingestion 

Short Description and Follow-up Data: 
l a )  Shielded disks of l-inch diameter containing P-32 were used. Exposures 
were made by setting the source direct ly  on the skin. 
healthy volunteers each were exposed to  doses of 140 t o  1180 rep. The dose 
required to produce a vis ib le  reaction i n  80% of the people was found t o  be 
between 170 and 200 rep. 
813 rep. (Report dated 1946.) 

Tho groups of ten 

For  an erythema the dose was determined t o  be 635 to 

l b )  Experiments carried out on l i v i n g  human s k i n  i n  s i tu  demonstrated that 
the iontophoresis o f  weak solutions of tho r ium X w 7  m c r e a s e  i t s  
biological effects  as judged by erythema and pigmentation, and cause greater 
penetration as shown by autoradiography. (Report dated 1955.) 

1003414 



SFSll .001 ( con' t )  

IC) Fifteen subjects were exposed on their  l e f t  fourth finger t o  200-600 R 
of 130kv x-rays in a single exposure. 
before and a f t e r  treatment. (Report da ted  1947.) 

2 )  During the period 1960 t o  1963, one patient ( i n  th i s  report) received 
250 R t o t a l  body x-ray irradiation t o  suppress the immune reaction t o  a kidney 
transplant. Seven other patients received doses of 350 or 450 R. 
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 irradiations using P-32, Y-90 and 
1-131 were continued and their  c l inical  therapeutic and irradiation effects  
studied in patients with polycythemia, chronic leukemias, mu1 t i p l e  myeloma, 
lymphogranul oses and thyroid disorders, including thyroid carcinoma. The 
patients receiving internal irradiation over the past 25 years have been 
closely fo l  lowed. A high percentage post-mortem examinations have been 
obtained on the deceased patients. 

Microscopic observations were made 

The 

4a) I n  1950, six subjects received a few mil l icur ies  of tritium by inhala- 
t i o n  of isotopical l y  labeled hydrogen gas. Tritium concentration i n  urine 
was monitored for 15 subsequent days. 

4b) I n  1952, subjects inspired HTO saturated oxygen for 4 t o  5 minutes. The 
HTO retained i n  the body during the exposure was obtained by subtracting the 
HTO expired from the HTO inspired. 

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

4d) The lower arm of subjects was exposed for  variable lengths of time t o  
various a c t i v i t i e s  o f  H T O  as water vapor and the HTO i n  water. Tritium 
activity i n  urine was monitored. (1952.) 

4e) Air saturated w i t h  tritium oxide was circulated for one hour over a 
9.8 cm2 area of a male subject's forearm. Absorption was estimated from the 
t r i  ti  m ac t iv i ty  i n  urine passed several hours fol 1 owing exposure. (1952.) 

5)  In 1951, fourteen human subjects were exposed over a smal 1 area (dl0 d) 
on the forearm or abdomen t o  a water-vapor atmosphere labeled with tr i t ium 
oxide (HTO). A s ingle  human subject was similarly exposed over h i s  to ta l  
skin area whi 1 e breathing uncontaminated a i r .  Absorption of t r i  ti urn oxide 
was estimated by measurement o f  tritium oxide subsequently excreted i n  the 
subject's urine. The d a t a  from these experiments indicated a 4 - f o l d  greater 
absorption rate t h a n  t h a t  measured ea r l i e r  in rats. These studies 
establ ished the importance of the skin as a route of entry for tritium oxide 
and led t o  reductions in the allowable concentration of tritium oxide i n  
air .  

Venous b lood  and urine were monitored for t r i t i u n  ac t iv i ty  for 2- 

1 003475 
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Funding Source( 5 ) :  AEC/ERDA/DOE 

I n s t i t u t i o n (  s) and Pr inc ipa l  Inves t iga tor :  
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 Alamos S c i e n t i f i c  Laboratory 
6. C. C. Lushbaugh 

P a c i f i c  Northwest Laboratory 
7. T. M. Beasley 
8. H. E .  Palmer 

S1 oan-Kettering Ins t .  f o r  Cancer Research 
9.  J. S. Laughlin 

U n i v .  Ca l i fo rn ia ,  Berkeley 
10. M .  Pollycove 

U n i v .  Ca l i fo rn ia ,  Los Angeles 
11. 3. F. Ross 
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Univ. Minnesota 
13. M. B. Becaner 

Univ.  P i s a  ( I t a l y )  
14. G. Monasterio 

Univ. Washington 
15. W. 6.  Nelp 

.............................................................................. 
Objec t ive(s1  of  Pro jec t :  Tracer studies u s i n g  var ious rad ionucl ides  

S h o r t  D e s c r i p t i o n :  D u r i n g  the period 1950-1980 many t r a c e r  s t u d i e s  were 
conducted on human sub jec t s  f o r  the purposes of studying the  physiology and 
metabol ism o f  1 abel  ed substances. Usual l y  only  a few sub jec t s  a r e  i n v o l  ved 
i n  each study. 
been a systematic  follow-up. 

No l a t e  e f f e c t s  a r e  expected and i n  genera l ,  t h e r e  has n o t  
Br ie f  descr ip t ion  o f  the s t u d i e s  are: 

(1) Progesterone-4 1 abel ed with carbon-14 was used t o  study progesterone 
metabolism i n  two pa t ien ts .  
who was 10 weeks pregnant was given 28.3 uCi. 
1 a t e r  because of s eve re  sick1 e c e l l  anemia was performed. A c t i v i t y  i n  
maternal and f e t a l  t i s s u e s  s tudied.  Storage of the hormone i n  the f a t  
compartments  were found. (1958.) 

Doses were 5.27 and 37.81 u C i .  A t h i r d  p a t i e n t  
A therapeut ic  abor t ion  6 days 
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(2) 450 uCi of 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 synthesis of Bence-Jones p r o t e i n  i s  r e l a t e d  t o  t h a t  Of 
myeloma g lobu l in .  Ur inary  and exp i ra to ry  CO-2 were measured. (1958.) 

(3) Metabolism of glucose s tud ied  w i t h  C-14, by CO-2 i n  exp i red  a i r  samples. 
(1958.) 

(4) Sequent ia l  s tud ies  were made o f  the body potassium content  of man i n  
var ious card iac disease states, i n  a1 dosteroni sm, and i n  hypertension wi th 
suspected hyperaldosteronism. A spec ia l  study was made of the r e l a t i o n s h i p  
between plasma potassium s h i f t s  and to ta l -body content  o f  potassiun i n  man 
i n  var ious disease states. They are a l s o  measuring the e f f e c t  o f  magnesium 
def ic iency on l e v e l s  o f  sodium, potassium, magnesium, and ca lc ium i n  plasma, 
cerebrospinal  f l u i d ,  b r a i n  and ske le ta l  nuscle. 

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

- 

(1968.) 

(1959.) 

(6) An arm coyt&er was used t o  measure a c t i v i t y  i n  b lood  t o  determine the 
clearance o f  I - Rose Bengal i n  the l i v e r .  The curve 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 excre t ion  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  of technetium i n  humans f o l l o w i n g  both o r a l  and in t ravenous 
admin i s t ra t i on  and t o  de r i ve  mathematical models f o r  excret ion,  which are very 
use fu l  i n  determining the r a d i a t i o n  dose t o  humans f r o m  technetium isotopes i n  
the  body. They are impor tant  from both medical and occupat ional  standpoints. 

9 5 m T ~  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 r e d  a t  t he  U n i v e r s i t y  of Washington C 1  i n i c a l  Research Center fo r  
the  f i r s t  week. 
60 days. 
f o r  t h e i r  services.  
p rov id ing  the equipment, making the  whole body count ing and excreta 
measurements and ana lyz ing  the data. The PNL p a r t i c i p a t i o n  was funded by 
AEC bu t  not  the 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 ion ,  d i s t r i b u t i o n  
and excre t ion  of promethium i n  humans f o l l o w i n g  both 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 
from 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. (1967. ) 

143PmC13 was administered t o  14 vo lun teers  by physic ians o f  the  Hanford 
Environmental Heal t h  Foundation (HEHF). Who1 e body count ing and excreta 

surements were made by PNL f o r  one year f o l l o w i n g  admin i s t ra t i on  o f  the 
'"Pm. Six o f  the vo lun teers  were a l s o  i n j e c t e d  w i t h  
i n t e r v a l s  before and a f t e r  the admin is t ra t ion  o f  the pJfPm. Both the HEHF 
and PNL con t r i bu t i ons  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  of Washington obtained and reimbursed the  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  

A a t  var ious  



SFS12.001 (con ' t )  

(9 )  (1977-1982.) 

(9a) TO extend the knowledge of tumor metabolism and to  define the local 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'cific aims are as follows: (1) To synthesize from different radio- 
labeled precursors a large variety of: (a) N-13 and C-11 labeled amino acids 
u s i n g  enzymatic procedures. 
( c )  l-(C-ll)-2-deoxy-D-g1 ucose. ( 2 )  To empl oy the synthesized compounds for 
quantitative assessment of regional perfusion, transport, and metabol ism to  
improve treatment of cancer, cancer diagnosis and the moni tor ing  of treatment 
response. 

(9b) To investigate the a1 teration i n  metabolic patterns related t o  cancer, 
methionine, technetium-99m and iodine-131 were used. These were used i n  
various compounds for the study of their  metabol ism i n  bone, parathyroid 
tissue, 1 iver, 1 ung, pancreas and brain. Research was directed towards basic 
metabol i c  patterns and the i r  a1 teration by mal ignant processes and  by therapy, 
and a l so  towards the development of useful diagnostic t e s t s  for ear ly  malig- 
nancy. 

(b)  C - 1 1  radiolabeled carboxyl Sc acids. (c )  l - ( C -  

(10) Various hematological studies included: (1959. 
a) i n  35 patients iron kinetics w i t h  Fe-59 and c e l l  vol ume w i t h  P-32 
b) survival of red c e l l  s, white c e l l  s and p l  a t e l 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 )  heart  function w i t h  1-131 albumin. 
e) Co-60 vitamin 8-12 absorption. 

(11) The metabolic turnover of zinc-65 was studied, us ing  a total  body 
counter. (1966.1 

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

b) 1-131 cholegrafin was used i n  35 patients t o  measure plasma volume 
as a substi tute for human serun albumin. 

c) 1-131 Rose Bengal was used t o  s tudy  hepatic blood flow compared w i t h  
the coll oidal go1 d-198 d i  sappearance rate. 

d) Sr-85 was used as a tracer for calcium metabolism. T h i s  i s  safer than 
Sr-90 and more available than Ca-47. (1959.) 

(13) A radioisotope technique for measuring regional blood f l  OW was uti1 ized 
to  measure the effect  of ionizing radiation on the bowel i n  experimental 
animals. In humans the effect  of ionizing r a d i a t i o n  on the colon was 
studied i n  women receiving radiation therapy for carcinoma of the cervix. 
They were studied before radiation, immediately a f te r  radiation and 6-12 
weeks a f te r  radiation when healing had occurred. 
diseases of the colon such as ulcerative c o l i t i s  and d i v e r t i c u l i t i s  were 
investigated to f i n d  out i f  there were detectable disturbances i n  regional 
circulation. (1963-1968.) 

In addition, other 
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(14) To e v a l u a t e  the mechanisms cont ro l  1 ing pulmonary c i r c u l  a t ion ,  studies 
were c a r r i e d  o u t  i n  normal and pathologic  subjects, i n  basal condi t ions  and 
under var ious  stimul at ions.  The data  confirmed the re1 a t ionsh ips  prev ious ly  
found between pulmonary b l  ood vol ume, s t roke  vol  ume and t o t a l  b l  ood vol  ume 
and provided new mate r i a l  f o r  an in tegra ted  eva lua t ion  of mechanisms 
con t ro l l i ng  the pulmonary c i r c u l a t i o n .  (1960-1965.) 

(15) See item ( 7 ) .  
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Project Category: Metabolic and Physiological Studies 

Principal Investigator(s): C. A. Hawley 

Object ive(s1 o f  Project :  To obtain quantitative information on the kinetics 
of radioiodine transport from the p o i n t  of release to  the atmosphere through 
the entire air-vegetation-cow-milk sequence i n  the human food chain. 

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

Short  Descr ipt ion:  The prel iminary experiment was conducted d u r i n g  May and 
June of 1963. The experiment was conducted near the southern boundary o f  
the INEL (formerly the NRTS). 
released atmospherical ly ,  and deposited on pasture area downwind from the 
release point. S i x  dairy cows were placed on the contaminated pasture and 
seven human volunteers consumed por t ions  of the resul t i n g  contaminated m i  1 k 
over an 18-day period. 

During September 1964, approximately the same quantity and chemical form of 
Iodine-131 was atmospherical ly released t o  an area designated the 
Experimental Dairy Farm 1 ocated on the INEL (approximately seven m i  1 es 
northeast of the Idaho Chemical Processing P1 an t ) .  
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 to  i n h a l  ation thyroid dose measurements. 

During November 1965, the 1964 experiment was repeated u s i n g  similar 
quantities and forms o f  Iodine-131 i n  the same area. 
seated i n  the t e s t  area next to h i g h  volume a i r  samplers to correlate 
inhalation uptake w i t h  the amounts of iodine present i n  the air. 

Follow-up Data: Due to the re la t ive ly  short ha l f - l i f e  o f  Iodine-131 (eight 
days) and the low thyroid doses received by the human volunteers (ingestion 
dose, range 230 to  630 mrad; inhalation dose, range 6.1 t o  15 mrad) no 
follow-up data acquisition was considered necessary. 

Approximately one curie of Iodine-131 was 

Three human volunteers 

Seven volunteers were 

I0031180 



t 

SUMMARY FACTSHEET HU);AN EXPERIMENTATION - SFS12.003 

............................................................................. 
Project Category; Metabolic and Physiological Studies 

Principal Investigatorls): C. W. S t i l l  

Object ive(s1 o f  Projec t :  The determination of the metabol ic  fa te  o f  
radionuclides ingested or inhaled by humans in good health, and calibration 
of both  s t a t i c  and rotational scanning instruments for the direct  i n - v i v o  
measurement a t  internally deposited radionuclides. 

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

Short Description: E i g h t  human volunteers were involved with the human 
studies endeavor, which consisted of thirteen individual experiments conducted 
during the per iod  May 1965 t o  January 1972. A l l  of the eight persons involved 
were employed by the ID-AEC, and a l l  were associated with the Analytical 
Chemistry Branch of the Health and Safety Division. Four of the experiments 
involved i n h a l a t i o n  of Argon-41 ( a  noble gas with a half l i f e  of 1.8 hours) 
and nine experiments resulted i n  the volunteers swal lowing insoluble 
polyethyl ene capsul es containing microcurie amounts of radioactivity. 

Fol 1 ow-up Data: The short ha1 f 1 i f e  of Argon-41 and i t s  small residence time 
in the body resul ted i n  very small radiation doses t o  the volunteers. The 
insoluble capsules required about 24 hours t o  pass through the body and 
produced very mal 1 doses due t o  the quantities of radioisotopes invol ved. As 
a consequence, no fol 1 ow-up d a t a  acquisition was considered necessary. 

IO0348 I 



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  of boron i n  
tumors and the reac t ion  o f  boron w i t h  neutrons to  achieve  l o c a l i z e d  
r ad ia t ion  of brain tumors. 
15, 1951, 10 p a t i e n t s  with proved gl ioblastoma were t r e a t e d  by neutron 
capture  therapy a t  the  graphi te  research reactor.  The longes t  s u r v i v a l  was 
186 days. 

Over a period o f  two years  beginning February 

A second series of 9 p a t i e n t s  were t r e a t e d  w i t h  h i g h e r  neutron doses. 
p a t i e n t  survived 18 months. 

In  1959, a s e r i e s  using the Medical Research Reactor was s t a r t ed .  Fifteeen 
p a t i e n t s  were t r ea t ed .  
previous series. 

One 

Surv iva l  times were i n  the same range a s  f o r  t h e  

Fol low-up Data:  Whole bra in  sec t ions  were obtained i n  a t  l e a s t  16 of the 
p a t i e n t s  and s tudied  f o r  t i s s u e  reac t ions  t o  rad ia t ion .  
compounds then i n  use i t  was not poss ib l e  t o  achieve  adequate tumor con t ro l  
without unacceptable  damage t o  normal t i s s u e s  and the p ro jec t  was 
discontinued. 

With the boron 
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Funding Source(s) :  MED 
AEC 

.............................................................................. 
Insti t u t i o d s ) :  1) Argonne Cancer Research Hospital and U n i v .  o f  Chicago 

2 )  Brookhaven National Laboratory (AEC)  
3 )  Lawrence Berkeley Laboratory (MED/AEC) 
4 )  Oak Ridge Associated Univ .  ( A E C )  
5 )  Piedmont Hospi ta l ,  At lanta  ( A E C )  

( A E C )  

Pr inc ipa l  Inves t iga to r ( s ) :  1 )  R. D. Moseley, W .  M. S. Ironside, P. V .  Harper 
2 )  J .  S. Robertson 
3 )  N. I. Berlin,  J. L. Born, L. Dobson, J. G. 

Hamilton, L. Hollander, J. H. Lawrence, 
B. V .  A. Low-Beer, M. Pollycove, D. J .  
Rosenthal, H. H. S t au f fe r ,  R. C. Steinkamp, 
S. Winchell 

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

O b j e c t i v e ( s 1  o f  P r o j e c t :  To develop t reatments  f o r  c e r t a i n  medical d i sorders  
w i t h  rad io iso topes  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 s u e s  t o  be 
i r r ad i  a ted .  

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

Shor t  Description: During the period 1939-1974, s eve ra l  research p r o j e c t s  
were undertaken t o  improve therapy o f  cancer and o ther  d i seases  by methods 
us ing  radioisotopes.  Radioisotopes (such as  iodine-131, ga l  1 ium-72, gold- 
198 and o the r s )  were g i v e n  t o  p a t i e n t s  under r i g i d l y  con t ro l  led condi t ions  
t o  determine whether their t rea tment  could  be improved by absorpt ion ( O r  
l o c a l 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 ladium-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 p a t i e n t s  t o  study tissue 
and tumor response. $mal 1 l-mi 1 1 i c u r i e  y t t r i u m 9 0  pel 1 e ts  were imp1 anted f o r  
t reatment  o f  c e r t a i n  cancers ,  no tab ly  m e t a s t a t i c  b reas t  and p r o s t a t e  
carcinoma. In addi t ion ,  y t t r i  um-90 oxide p a r t i c u l a t e  rad io iso topes  was 
e s t a b l i s h e d  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 a rea  by 
i n j e c t i n g  the a r t e r y  supplying t h a t  area. 
advanced and otherwi se uncontrol 1 ab1 e cancer benefi ted from in t r avascu l  a r  
adminis t ra t ion.  

Th i r ty - f ive  of 51 p a t i e n t s  with 
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Agents labeled w i t h  phosphorus-32 were used to  t r ea t  a variety o f  
hemotol ogical and medical disorders. 
o f  bone metastases. 

Strontium-90 was used i n  the treatment 

Fol 1 ow-up Dqta: I n i t i a l  f o l  1 ow-up v i  s i ts  were as frequent as required 
(weekly, monthly,  etc.). 
basis. Fol low-up visits  include routine physical examinations and interval 
histories, and appropriate supporting c l in ica l  1 aboratory studies and 
diagnostic studies. 

A t  time of death, complete information was sough t  t o  determine cause o f  
death.  When available, the postmortem findings were reviewed. 

Subsequent fo l  1 ow-ups were usual ly on an annual 
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P r o j e c t  Category:  Metabol ism and B i o l o g i c a l  E f f e c t s  o f  Plutonium, Polonium, 
Radium, Thorium, Uranium and Lead-212 

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  C a l 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  Laborator 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 excret ion r a t e  o f  p lu ton ium i n  man 
i n  order  t o  p rov ide  the in fo rmat ion  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 ng p l u t o n i  um. 

Shor t  Descr ip t ion:  Dur ing t h e  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  
w i t h  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 microcur ie  o f  plutonium-239 
o r  -238 (range: 0.05 t o  6 microcur ie)  at :  
( 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); Un iv .  Hosp. UCSF, San Franc isco ,  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. By race there were 15 whi tes 
and 3 blacks.  
01 d. Body excret ions were c o l  l e c t e d  and measured fo r  p lu ton ium content  fo r  
severa l  weeks a f t e r  i n j e c t i o n .  These data have been analyzed many t imes in 
e f f o r t s  t o  f i n d  the  bes t  mathematical parameters. 

MED Hosp i ta l ,  Oak Ridge, TN 

The ages of 13 were 45-65 years, 4 were 18-45 and one was 4 years 

Fol low-up Data: S ix  o f  the p a t i e n t s  d ied  in l e s s  than 1 year, th ree  i n  1 t o  3 
years, t h r e e  i n  8 t o  14 years, and four 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 t a t u s  of 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 there  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  t h e  course o f  the diseases. The bodies o f  four 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. With the 
excre t ion  data these s tud ies p r o v i d e  a basis f o r  es t imat ing  p lu ton ium body 
burdens from p luton ium u r i n a r y  excre t ion  rates. 


