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Foreword

published Human Radiation Experiments: The Department of Energy Roadmap to the Story

and the Records (“The DOE Roadmap”). The Roadmap summarized work undertaken at the

direction of Secretary of Energy Hazel R. O'Leary to find, declassify, and make publicly
available DOE records related to human experimentation. This effort was also a part of Secretary
O’Leary’s larger openness initiative, which commited the Department to conduct business as
openly as possible as well as to provide information needed to assess past agency activities.

IN FEBRUARY 1995, the Department of Energy’s (DOE) Office of Human Radiation Experiments

This volume is a supplement to the Roadmap, as well as a continuation of the Secretary’s
openness initiative. Along with methodological and historical descriptions, topical discussions,
and records series descriptions, the Roadmap included summaries of approximately 150 human
radiation experiments associated with DOE and its predecessors. Those summaries are
included here, along with summaries of over 275 additional studies that have since been
identified, documented, and confirmed. Taken together, these summaries describe a wide range
of activities from the early 1940s through the early 1970s. The intent is to be as inclusive as
possible in identifying human radiation research projects associated with the Department and its
predecessors.

Many people have contributed to this volume, including those listed on the facing page and a
number of the people acknowledged previously in the Roadmap. Particular credit is due

Dr. Darrell Fisher, Ph.D., for his research skills and to the staff of the Lawrence Berkeley
Laboratory Archives and Records Management Office, who provided special research services.
Elly Melamed, Cindy Shindledecker, Alyson Burgess and Daphne Zweifel provided the
outstanding organizational and document management skills that made this publication possible.
It has been a privilege and pleasure to work with everyone connected with this important project.

Ellyn R. Weiss, Special Counsel and Director
Office of Human Radiation Experiments

U.S. Department of Energy
July 1995
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Introduction

’ I \HIS DOCUMENT CONTAINS a listing,
description, and selected references for
documented human radiation experi-

ments sponsored, supported, or performed by

the U.S. Department of Energy (DOE) or its
predecessors, including the U.S. Energy Re-
search and Development Administration

(ERDA), the U.S. Atomic Energy Commission

(AEC), the Manhattan Engineer District (MED),

and the Office of Scientific Research and De-

velopment (OSRD). The list represents work
completed by DOFE’s Office of Human Radia-

tion Experiments (OHRE) through June 1995.

The experiment list is available on the Internet
via a Home Page on the World Wide Web
(http://www.ohre.doe.gov). The Home Page
also includes the full text of Human Radiation
Experiments: The Department of Energy
Roadmap to the Story and the Records
(DOE/EH-0445), published in February 1995,
to which this publication is a supplement .

This list includes experiments released at Sec-
retary O’Leary’s June 1994 press conference,
as well as additional studies identified during
the 12 months that followed. Cross-references
are provided for experiments originally re-
leased at the press conference; for experi-
ments released as part of The DOE Roadmap;
and for experiments published in the 1986 con-
gressional report entitled American Nuclear
Guinea Pigs: Three Decades of Radiation Ex-
periments on U.S. Citizens. An appendix of
radiation terms is also provided.

Basic guidance for identifying experiments is
contained in Executive Order 12891, issued
January 15, 1994, and in a January 19, 1994
White House memorandum entitled “Retrieval
and Inventory of Records of Human Radiation
Experiments.” These authorities define human
radiation experiments as:

Experiments on individuals involving inten-
tional exposure to ionizing radiation. This
category does not include common and
routine clinical practices, such as estab-
lished diagnosis and treatment methods,
involving incidental exposures to ionizing
radiation;

and

Experiments involving intentional environ-
mental releases of radiation that (A) were

designed to test human health effects of ion-
izing radiation; or (B) were designed to test
the extent of human exposure to ionizing
radiation.

For more information about environmental re-
leases, please see The DOE Roadmap.

Criteria for Listing
Experiments

SEVERAL ADDITIONAL CRITERIA were used in
compiling the list. First, clear evidence that an
experiment took place was required. Given the
fragmented and highly disparate nature of the
documentation, this was often a challenge.
Many documents refer to proposed studies,
and in other cases documents provide incon-
clusive leads that require further research. The
experiments listed below have been confirmed
through research in primary and secondary
sources.

Second, the list is limited to experiments con-
ducted or supported by DOE, its predecessor
agencies, or agency contractors. Starting in the
late 1940s, hundreds of hospitals and other
institutions did work with scores of radionu-
clides and radioactively labeled compounds.
Much of this work involved human radiation
experiments. Apart from distributing licenses
and isotopes, DOE and its predecessors had
no active role in most of these experiments.
The agency did, however, operate its own
cancer hospitals and other research facilities
where human subjects were used in radiation
research. Moreover, the agency contracted
with universities and other institutions for hu-
man radiation research. Such experiments are
included.

The third consideration for inclusion on the list
was evidence that an experiment involved
exposure of human subjects to radiation. Stud-
ies involving only human tissue samples were
not included. Research involving various drugs,
hormones, minerals, or other substances also
was not included unless radiation was involved.

In judging whether a procedure was a “com-
mon and routine clinical practice,” a human
radiation experiment included any of the follow-
ing situations where radiation was adminis-
tered:
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* without realistic expectation of a benefit to
the subject;

* totest or determine the potential useful-
ness of a treatment for other individuals;

* to healthy human subjects; and

e to an individual to calibrate radiation detec-
tion instruments.

Several types of procedures did not fall within
the scope of human radiation experiments.
These included procedures where

* workers occupationally exposed to radia-
tion were measured for potential internal or
external radiation exposure by routine do-
simetry, bioassay, or whole-body counting
methods;

* workers were assayed after accidental in-
ternal or external radiation exposures;

* individuals were treated with chelating
agents for removal of accidental or occu-
pational internal contamination;

* patients were measured for internal radio-
activity as part of a legitimate medical, di-
agnostic or therapeutic process; and

* preexisting internal deposition of radionu-
clides were assessed, measured, or stud-
ied in body fluids, excreta, blood, cells, or
tissue samples.

Basic Categories of Human
Radiation Experiments .

THERE ARE SEVERAL common and recurring
categories of human radiation experiments:

Tracer studies involved use of radioisotopes as
tools to learn more about the properties of
other biological compounds, transport path-
ways, and processes in the body. Tracer stud-
ies also involved using isotopes as labeling
agents where a drug was labeled with a radio-
active isotope, including studies conducted to
gain knowledge of the effect of radiation upon
humans.

All radionuclide metabolism studies in human
subjects were considered as human radiation
experiments. These tests involved the study or
analysis of radioisotope uptake, retention, and
excretion, and were done to learn more about
the specific behavior of elements in the body.

Biological effects of radiation were often deter-
mined during dose response studies.
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Radionuclides were used in diagnostic studies
to research human physiological conditions, or
to calibrate radiation detectors or imaging sys-
tems.

Finally, experimental treatments for disease,
cancer perhaps the most prominent, involved
the use of various radiations and radioactive
materials. Over time, many of these therapies
moved from the experimental stage to the rou-
tine. The point at which they ceased to be ex-
perimental may be difficult to draw with preci-
sion. The reviewers have used their best judg-
ment in listing those treatments that appear to
have been experimental at the time they were
administered. Particularly in the case of the
AEC cancer hospitals, thé choice has been to
be inclusive in listing these treatments.

The Process of Identifying
Experiments

SEVERAL STEPS were involved in locating and
reviewing documentary evidence related to
human radiation experiments. To start, OHRE
staff and other personnel searched records
with information of potential value. This selec-
tive search covered records in work spaces,
offices, Federal Records Centers, the U.S.
National Archives, and other archival reposito-
ries.

When documents were found that might con-
tain information related to human radiation
experiments, the documents were copied and
provenanced. Provenancing involves noting the
location of the original document (site, series,
box, and folder). The copies were sent to
OHRE through a document processing facility,
the Coordination and Information Center (CIC).
The CIC numbered and indexed the docu-
ments, optically scanned them, and produced
copies for distribution to DOE public reading
rooms and other interested parties. Copies of
the documents were also provided to the Advi-
sory Committee on Human Radiation Experi-
ments, which President Clinton established in
1994 to review all human radiation studies
sponsored or supported by the Federal govern-
ment from 1944 to 1974.

About 218,000 document pages are included in
this collection. In addition to basic document
indexes, sophisticated full-text searching capa-
bilities and full access to the document images
are available through the Internet World Wide
Web Home Page noted on page 1.
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Many varieties of documents reference expeti-
ments. These include reports from laboratories
or contract correspondence between research-
ers and agency officials, researcher notes,
medical files, experiment protocols and pro-
posals, and research bibliographies. Refer-
ences usually contain fragmentary information,
and considerable research in primary and sec-
ondary sources is often necessary to verify and
describe a specific experiment. This research
involved gathering all documents related to a
particular experiment and comparing the infor-
mation with published journal literature. Much
of the information on human radiation experi-
ments was published in the open scientific liter-
ature.

Summarizing and Listing
Experiments

THE EXPERIMENT SUMMARIES provide a concise
description of what occurred based on the
information that could be found. The focus has
been on learning when and where the experi-
ment took place; type and dosage of radiation
used; how radiation was administered; why the
experiment was conducted; numbers and types
of subjects involved; experimental results; and
funding sources for the experiment. Each
experiment summary is followed by a reference
section which lists citations to information
sources. In addition, case files have been
prepared with information concerning each
experiment listed.

- Challenges

IN PREPARING THIS LIST, and in continuing the
work to find experiments, a variety of chal-
lenges have been encountered. One issue
relates to subject populations. With some
exceptions, little evidence exists about how
researchers chose experimental subjects or
what factors went into such decisions. More
details are often available about the composi-
tion of subject populations, but information in
this area is hardly complete.

Another obstacle is dating: references to ex-
periment dates are often incomplete, as some
studies were conducted over several years. In
many cases, the date given in the experiment
summary is an estimated date based on avail-
able information.

The use of informed consent—or any degree
of consent at all—is also very difficult to docu-

ment for many experiments dating before the
standard requirements issued by the National
Institutes of Health in 1974. Contemporaneous
professional literature typically does not provide
much detail about consent issues, nor do con-
tracts, progress reports, or other information
sources.

In addition, it can be difficult to determine the
role of the Federal government in some experi-
ments. Studies occurring at AEC research hos-
pitals or other agency facilities have an obvious
connection to the Government. Yet experiments
done in private hospitals often do not. The AEC
provided grants, contracts, and other forms of
direct support for human radiatiorn experiments,
and examples are included in the list. Funding
status, however, is not always clear. To the ex-
tent it is available, funding information is in-
cluded in the experiment summaries.

About This List

THIS LIST IS ARRANGED BY LOCATION and incor-
porates studies previously published in The
DOE Roadmap. These studies are listed first
for each location and have retained numbers
original assigned to them in The DOE
Roadmap. In some cases the descriptions
have been revised based on new information,
and this is indicated at the end of the summary.
In addition to the studies previously published
in The DOE Roadmap, more than 275 addi-
tional studies have been summarized.

The notation # # # indicates where the newly
published summaries begin for each location.

Human radiation experiments took place at a
number of DOE sites and laboratories and at
the three AEC cancer research hospitals.
These include Argonne National Laboratory in
lllinois, Brookhaven National Laboratory in New
York, Hanford sites in Washington State, Idaho
sites in Idaho, Lawrence Berkeley Laboratory
and Lawrence Livermore National Laboratory
in California, Los Alamos National Laboratory
in New Mexico, Oak Ridge sites in Tennessee,
and the University of Chicago’s Argonne Can-
cer Research Hospital in lllinois. The primary
focus for the DOE search has been these sites
and closely related facilities, which are listed
under separate headings. For more information
about these DOE sites and the history of their
involvement in human radiation experiments,
see The DOE Roadmap.
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The list also includes some experiments con-
ducted at universities and private hospitals that
were supported by DOE and its predecessors.
These are listed under the heading Other (OT).
“Please note that this search has been primarily
for experiments that took place prior to 1974,
the year in which broadly applicable guidelines
for the protection of human research subjects
were adopted.

In producing this list, a number of summaries
were prepared that did not appear to meet the
criteria for final inclusion, i.e., they did not ap-
pear to be funded by DOE or its predecessors,
or there was no definitive documentation indi-
cating that they actually took place. Although

they have not been included in this pubiication,
the documentation and summaries have been
retained by OHRE, provided to the Advisory
Committee on Human Radiation Experiments,
and are available for review.

Finally, while this list represents our best effort
to identify human subject research performed
or sponsored by the Department and its prede-
cessors up to 1974, the passage of time and
the state of the agency's historical records pre-
clude any claim of absolute completeness. A
wealth of valuable data has been uncovered
and is presented here. As indicated above, the
experiment list and all primary source docu-
ments are available on the Internet. O




List of Experiments

Plutonium Injection

Argonne National Laborator

PI-1. Plutonium Injection Studies

DURING 1945 TO 1947, 18 persons were in-
jected with amounts of plutonium at the Man-
hattan Engineer District Hospital in Oak Ridge,
Tennessee, (1 patient), at Strong Memorial
Hospital in Rochester, New York (11 patients),
at Billings Hospital of the University of Chicago
(3 patients), and at the University Hospital of
the University of California in San Francisco (3
patients). Excreta were obtained from patients
and sent to Los Alamos for plutonium analysis.
These data were used to establish mathemati-
cal equations describing plutonium excretion
rates.

This research was funded by the Manhattan
Engineer District; follow-up studies were sup-
ported by the U.S. Atomic Energy Commission
and the U.S. Energy Research and Develop-
ment Administration. (This experiment was
referenced in the Markey report and included in
The DOE Roadmap of February 1995.)

References

Durbin, P.W. Plutonium in Man: A Twenty-Five
Year Review. Berkeley: Lawrence Radiation
Laboratory, UCRL-20850, 1971.

Durbin, P.W. “Plutonium in Man: A New Look

at the Old Data.” Section 7, Chapter 2 in Radio-
biology of Plutonium, edited by B.J. Stover and
W.S. Jee, pp. 469-530. Salt Lake City: The
J.W, Press, 1972.

Langham, W.H., H. Bassett, P.S. Harris, and
R.E. Carter. Distribution and Excretion of Pluto-
nium Administered Intravenously to Man. Los
Alamos: Los Alamos Scientific Laboratory,
LA-1151. Republished in Health Physics. Vol.
38, 1980, pp. 1,031-1,060.

Stannard, J.N. Radioactivity and Health: A His-
tory. Office of Scientific and Technical Informa-
tion. 1988, pp. 350-355. O

ANL-1. Radium as an Experimental
Therapy for Treating Mental
Disorders at Elgin State Hospital in
Elgin, lllinois

PATIENTS IN A state mental hospital were in-
jected with radium as an experimental therapy
for mental disorders. The experiment appears
to have been conducted at the Elgin State Hos-
pital, in Elgin, lllinois, between 1931 and 1933.
Documents indicate that 70 to 450 micrograms
of radium-226 (Ra**°) were injected. This ex-
periment occurred prior to the establishment of
the Argonne National Laboratory and the U.S.
Atomic Energy Commission. Argonne National
Laboratory later collected records and at-
tempted to locate the subjects. Researchers
believed that if the patients could be located
and body content measurements made in the
1950s, a valid retention curve for radium in hu-
mans over several decades could be con-
structed. Argonne National Laboratory made all
later measurements.

The records contain information regarding ra-
dium content of the located subjects, medical
information relating to the subjects’ admission
to the hospital, periodic medical examination
results, and causes of death and death certifi-
cates for deceased subjects. (Previously de-
scribed in #31 on the original list of 48 experi-
ments released by DOE in June 1994; included
in The DOE Roadmap of February 1995, and
since revised)

References

Looney, W.B., R.J. Hasterlik, and A.M. Brues.
“A Clinical Investigation of the Chronic Effects
of Radium Salt Administered Therapeutically.”
American Journal of Roentgenology, Radium
Therapy, and Nuclear Medicine. Vol. 73, 1955,
pp. 1,006-1,037.

Miller, C.E., R.J. Hasterlik, and A.J. Finkel. The
Argonne Radium Studies: Summary of Funda-
mental Data. Chicago: Argonne National Labo-
ratory and Argonne Cancer Research Hospital.
ANL-7531 and ACRH-106.
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Norris, Speckman, and Gustafson. “Studies of
the Metabolism of Radium in Man.” American
Journal of Roentgenology, Radium Therapy,
and Nuclear Medicine. Vol. 73, 1955, p. 785.

Rowland, R.E., A F. Stehney, and H.F. Lucas.
"Dose-Response Relationship for Ra-
dium-Induced Bone Sarcomas.” Health Phys-
ics. Vol. 44 (Suppl. 1), 1983, pp. 15-31.

Schlundt, H., J.T. Nerancy, and J.P. Morris,
“Detection and Estimation of Radium in Living
Persons. V. Retention of Soluble Radium Salts
Administered Intravenously,” American Journal
of Roentgenology and Radium Therapy. Vol.
30, 1933, pp. 515-522. O

ANL-2. Effect of Phosphorus-32 on
Hemoglobhin Metabolism in
Polycythemia Rubra Vera

“THIS STUDY was conducted by the Health Divi-
sion of the Metallurgical Laboratory at the Uni-
versity of Chicago at the University Hospital's
Hematology Clinic (six patients) and at the Uni-
versity of Minnesota (one patient). Five pa-
tients were administered 15 to 40 microcuries
of phosphorus-32 (P*?), and two patients were
injected with undetermined amounts of P*2in a
study of the metabolism of hemoglobin in man.
These experiments took place between Octo-
ber 1944 and June 1945. (Previously described
in #10 on the original list of 48 experiments
released by DOE in June 1994 and included in
The DOE Roadmap of February 1995)

References

Schwartz, S., E.J. Katz, L.M. Porter, L.O. Ja-
cobson, and C.J. Watson. Studies of the He-
molytic Effect of Radiation. Chicago: Metallurgi-
cal Laboratory, CH-3760, July 10, 1946. Na-
tional Archives and Records Administration,
Record Group 326, U.S. Atomic Energy Com-
mission, MED/AEC, Metallurgical Labora-
tory/Arganne National Laboratory, Classified
Correspondence Files, Box 23X, 2 of 4, Folder
651. O

ANL-3. Plutonium Ingestion Study

IN MAY 1946, six male employees of the Metal-
lurgical Laboratory of the Manhattan Engineer
District in Chicago drank a water solution con-
taining about 0.18 nanocurie of plutonium-239
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(Pu®®). The purpose of this study was to inves-
tigate the gastrointestinal absorption and fecal
excretion rate of ingested plutonium. Re-
searchers also hoped to use the results to im-
prove the interpretation of previously collected
data on persons occupationally exposed to
plutonium. Participation in this experiment was
voluntary, and the amounts of plutonium in-
gested were sufficiently low to be barely de-
tectable in urine and feces with instrumentation
available in 1946. At least two of the subjects
were still alive in 1994. (Previously described in
#7 on the original list of 48 experiments re-
leased by DOE in June 1994 and included in
The DOE Roadmap of February 1995)

References

Russell, E.R. Monthly Summary for Biochemi-
cal Survey Section. U.S. Department of En-
ergy: Chicago Operations Office, Center for
Human Radiobiology, Plutonium Documents,
June 20, 1946. O

ANL-4. Arsenic-76 Biodistribution and
Excretion Studies

THIS STUDY WAS CONDUCTED by the Argonne
National Laboratory in 1947 in Chicago. Twelve
hospital patients were injected intravenously
with arsenic-76 (As™), administered as potas-
sium arsenite, to study the uptake, retention,
distribution, and excretion of arsenic. The sub-
jects included five males and seven females,
all between the ages of 18 and 67 years and
hospitalized with leukemia, Hodgkin’s disease,
polycythemia rubra vera, melanocarcinoma,
and carcinoma of the parotid. Amounts of As™
administered were 0.5 to 15.4 millicuries.

This study showed that As rapidly distributed
throughout the body, failed to localize in tumors
or lymphatic tissue, and was rapidly excreted in
urine and via the intestinal tract. The study was
supported by the U.S. Atomic Energy Commis-
sion. The therapeutic administration of As™
trioxide was attempted in 1948 on 19 patients
with tumors of the hematopoietic system. This
therapy resulted in no significant remission of
disease. (Previously described in #11 on the
original list of 48 experiments released by DOE
in June 1994 and included in The DOE
Roadmap of February 1995)
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References

Jacob, L.O., M.H. Block, E.K. Marks, E.
Skirmont, and E. Simmons. Clinical Studies on
the Treatment of Leukemia, Hodgkin’s Dis-
ease, and Related Diseases with Various
Doses of Radioarsenic. Chicago: Argonne Na-
tional Laboratory, Biology and Medical Divi-
sions, ANL-4227, November 1, 1948,

pp. 14-15.

Neal, W.B., L.O. Jacobson, H. Ducoff, and T.
Kelly. Arsenic-76 Preliminary Studies Progress
Report. Chicago: Argonne National Laboratory,
Biology Division, CH-3830, June 1, 1947,

pp. 1-16. National Archives and Records Ad-
ministration, Record Group 326, U.S. Atomic
Energy Commission, MED/AEC, Metallurgical
Laboratory/Argonne National Laboratory, Clas-
sified Correspondence Files, Box 23, Box 3 of
5, Folder 699. O

ANL-5. Whole-Body Counter Calibration
with Sodium-24

THIS STUDY WAS CONDUCTED at Argonne Na-
tional Laboratory, in the early 1950s, to test
and calibrate a sodium iodide scintillation coun-
ter. Three individuals ingested a few
microcuries of sodium-24 (Na?*) and the so-
dium iodide scintillation counter apparatus was
used to determine the gamma-ray activity of
Na* in the subjects. The three subjects were
Argonne employees. (Included in The DOE
Roadmap of February 1995)

References

Marinelli, L.D., C.E. Miller, P.F. Gustafson, and
R.E. Rowland. “The Quantitative Determination
of Gamma-Ray Emitting Elements in Living
Persons.” American Journal of Roentgenology,
Radium Therapy, and Nuclear Medicine. Vol.
73, No. 4, April 1955, pp. 661-666. O

ANL-6. Uptake of Tritiated Thymidine by
Human Tumor

IN 1962, A sTUDY was conducted on the uptake
of thymidine labeled with tritium (H®) by human
tumors. This study was a cooperative effort
between the Departments of Pathology and
Surgery, Northwestern University Medical Hos-
pital, Chicago, and Argonne National Labora-
tory. Four male patients between the ages of

54 and 69 years old were included in the study.
Three were in the terminal stages of various
forms of cancer.

All subjects were injected with 10 microcuries
of H-labeled thymidine prior to their previously
scheduled surgery. Samples consisting of tu-
mor and normal abdominal tissues were re-
moved during surgery and later were analyzed
for H®. Samples were also collected during the
autopsies of the terminal subjects.

The results showed similar growth in both can-
cerous and noncancerous cells, a finding that
was in agreement with previous animal studies.
This project was partly funded by the U.S.
Atomic Energy Commission. (Previously de-
scribed in #9 on the original list of 48 experi-
ments released by DOE in June 1994 and in-
cluded in The DOE Roadmap of February
1995)

References

Baserga, R., G.C. Henegar, W.E. Kisieleski,

and H. Lisco. “Uptake of Tritiated Thymidine by
Human Tumors In Vivo."” Laboratory Investiga-
tion. Vol. 11, No. 5, May 1962, pp. 360-364. Q
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ANL-7. Hematological Effects of Total-
Body X-Ray Irradiation

DURING 1943 AND 1944, researchers at the
Manhattan Engineer District's (MED) Metallur-
gical Laboratory, at the University of Chicago
conducted studies of blood changes in patients
after total-body irradiation (TBI) at Billings Hos-
pital, University of Chicago, and in volunteer
laboratory staff members. A total of 14 subjects
ranging in age from 23 to 75 years participated,
and were divided into three groups as follows:
(Group 1) 8 patients (both male and female)
with incurable neoplasms; (Group 1) 3 male
and female patients with generalized, chronic
ilinesses; and (Group i1} 3 normal male volun-
teers. Subjects were exposed to fields of x-ray
radiation at various levels.

Group | subjects each received a single expo-
sure of 27, 60, or 120 roentgens. Group |l sub-
jects each received multiple exposures up to a
total of 100, 300, or 500 roentgens. Group lil
subjects each were exposed to a total of 21
roentgens over a period of 3 days. Study sub-
jects were exposed to total-body radiation at
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various exposure levels specifically to better
measure radiation-induced changes in circulat-
ing blood at differest dose levels and intervals
post-exposure. This information was needed to
improve the scientific basis for radiation protec-
tion of MED workers.

These studies showed that the most consistent
effect of total-body irradiation in Groups | and Il
was the reduction of white blood cells that are
formed in lymphoid tissue. No effect was ob-
served in Group llI. This latter finding sug-
gested that the existing radiation protection
limit for occupational exposure of 0.1 roentgen
per working day was protective against directly
detectable radiation injury, and that routine
monitoring of the blood components would not
be a practical method for assessing usual oc-
cupational radiation exposures. This work was
supported by the Manhattan Engineer District.
(This experiment was referenced in the Markey
report.)

References
Nickson, J.J. "Blood Changes in Human Be-

ings Following Total-Body Irradiation.” Chapter -
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ANL-8. Studies on the Biochemical
Effects of Total-Body X-Rays in
Humans

STUDIES WERE CONDUCTED between 1943 and
1946 at the Manhattan Engineer District's
(MED) Metallurgical Laboratory at the Univer-
sity of Chicago on the effects of radiation, pro-
cess chemicals, and toxic metals in man. The
purpose of these studies was to identify bio-
chemical indicators of tissue damage after ex-
cessive exposures. Some of the data used in
these studies were obtained by observing the
effects of radiation in patients treated for can-
cer (solid tumors) with external x-rays or with
internally administered phosphorus-32 (for
polycythemia vera). These were standard pro-
cedures for cancer therapy at the time. How-
ever, a separate group of four healthy, volun-
teer Metallurgical Laboratory employees was
administered total-body x-rays (30 roentgens at
the skin surface) to evaluate various blood
changes and other observable biochemical
responses.

One of the four subjects received 15 daily ex-
posures of 2 roentgens of radiation from x-
rays, while the three others each received 3
daily exposures of 10 roentgens. Adenosine
triphosphate (a normal compound in the body
that is active in glucose metabolism and en-
ergy production) levels were then evaluated in
samples of white cells from each subject.

Inconsistent changes in white blood-cell phos-
phorus were observed among the four subjects
after total-body x-ray radiation. The study also
included review of various biochemical and
tissue-function changes in Manhattan Project
workers.exposed to different types of radiation
and toxic metals during the course of their em-
ployment at sites including: Los Alamos, the
Metallurgical Laboratory, iowa State University,
Ames, Oak Ridge, and Washington University
in St. Louis.

It was concluded that white blood-cell chemis-
try was an important factor in assessing the
radiation sensitivity of workers to radiaticn, and
that a test for urinary excretion of uranium was
the best method for determining worker expo-
sures to uranium. This work was supported by
the Manhattan Engineer District.
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ANL-9, Studies of the Metabolism of
Arsenic-76

STUDIES WERE CONDUCTED between 1946 and
1948 at Argonne National Laboratory on the
tissue localization, metabolism, and excretion
of arsenic-76 (As’®) in animal and human sub-
jects. The purpose of these studies was fo pro-
vide a basis for calculating the radiation dose
to a particular tissue or organ in preparation for
the clinical use of As’.

Two hospital patients (one with Hodgkin's dis-
ease and one with lymphatic leukemia) were
administered 2.7 or 3.0 millicuries of As™ as
sodium arsenite by intravenous injection. Mea-
surements were then made of the amounts of
As’™ excreted in urine and feces for 7 days
post-injection.
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Large differences were observed in the rates of
excretion of As”® by human subjects when
compared to rates in laboratory animals, sug-
gesting a species-dependent biological reten-
tion. Arsenic levels in circulating blood were
also determined. A third human subject (a mor-
ibund 65-year-old female with carcinoma of the
parotid) was given 500 microcuries As™ by
intravenous injection 20 hours before death in
anticipation of post-mortem tissue studies. The
distribution of As™ in liver, kidneys, spleen, and
17 other organs and tissues was determined at
time of death. This work was supported by the
U.S. Atomic Energy Commission.
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ANL-10. Effects of Single-Dose X-Rays to
the Nail Fold Area

IN 1947, RESEARCHERS in the Health Division of
the University of Chicago exposed hands of
subjects to x-rays in order to identify and ex-
amine changes that may occur in the skin of
people occupationally exposed to radiation.
Fifteen subjects participated in this study. Four-
teen subjects were hospitalized cancer patients
who were receiving x-ray therapy to parts of
their body other than their hands. The other
subject was a member of the hospital staff who
occasionally prepared radiation materials for
patient treatment.

The 14 patients received between 200 and 600
rads of radiation from x-rays to the cuticle of
the left fourth finger. The staff member was
exposed to radiation from a radium plaque
placed on the skin. Skin biopsies were ob-
tained before the treatment and for up to 2
weeks after, and were examined microscopi-
cally for radiation-induced changes.

The results indicated that some patients
showed temporary reddening of the skin and
enlarged or broken blood vessels. No perma-
nent changes to the skin occurred at or below
the 600-rad dose level. This study was funded
by the U.S. Atomic Energy Commission. (This
experiment was referenced in the Markey re-
port.)
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ANL-11. Studies on the Therapeutic
Potential of Arsenic-76

BETWEEN 1948 AND 1953, studies were con-
ducted at the Departments of Medicine and
Surgery at the University of Chicago and
Argonne National Laboratory on the value of
arsenic-76 (As®) as an internally administered
radiotherapeutic agent. The purpose of these
studies was to determine the effects of As™ on
the hematopoietic (blood-forming) tissues of 24
hospital patients with leukemia, and on the po-
tential effectiveness of As as a treatment for
several different malignant tumors in an addi-
tional 19 patients.

Arsenic-76 (17 to 90 millicuries) was adminis-
tered intravenously to 24 patients with tumors
of the hematopoietic tissues, 2 with polycythe-
mia vera, and 1 with a metastatic carcinoma of
the stomach. Arsenic-76 was found to be about
as effective as any of the commonly used ther-
apy agents; remissions were induced in some
cases of leukemia, multiple myeloma, and met-
astatic carcinoma.

In a follow-up study, the researchers studied
the biological effects of As™ on normal hemato-
poietic tissues, such as the liver, spleen, and
bone marrow. Tissue biopsies were obtained
before and after administration of As™ from 19
patients with leukemia, polycythemia vera, and
multiple myeloma. The amounts of As™ admin-
istered ranged from 12 to 88 millicuries. Pa-
tients received one to four As’® injections. Nor-
mal tissue biopsies were evaluated for signs of
cellular destruction after As™ injection.

Results of these studies showed that As™ oc-
casionally produced celtular damage and de-
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creased cellularity, but there was little evidence
of cytolysis or inhibition of cellular proliferation.
Results were similar to those observed earlier
with nitfrogen mustard chemotherapy. This
work was supported by the American Cancer
Society, the U.S. Public Health Service, and
the U.S. Atomic Energy Commission.
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ANL-12. Elimination of Intravenous
Carbon-14-Labeled Sodium
Bicarbonate

IN THE EARLY 1950s, conducted in the Division
of Biological and Medical Research, Argonne
National Laboratory compared human excre-
tion rates of injected carbon-14 (C')-labeled
sodium bicarbonate to rates observed in ani-
mals. The purpose was to provide a basis for
computation of permissible human doses of
this isotopic compound.

Ten microcuries of C**-bicarbonate in isotonic
solution were injected into an unspecified num-
ber of healthy volunteers. Expired CO, was
collected during the following 3 hours with the
subjects at rest, and measured for C'* activity.
Ninety-five percent of the radioactivity exhaled
as CO, was eliminated during this period.
These results were then compared with isotope
excretion data from other species.

It was concluded that a hypothetical intrave-
nous injection of 20 to 40 millicuries of C'“-bi-
carbonate or the inhalation of a comparable
amount of C*O, would be required to give a
70-kilogram man a total radiation dose of 1
roentgen equivalent over his entire life span.
The research was supported by the U.S.
Atomic Energy Commission.

10

References

Buchanan, D.L. “Elimination of Intravenous C™
Bicarbonate by Man.” Division of Biological and
Medical Research Quarterly Report. Chicago:
Argonne National Laboratory, ANL-4571,
November-January, 1950-1951, p. 101. O

ANL-13. Study of Dextran Metabolism
Using Carbon-14

IN THE EARLY 1950s, scientists at Argonne Na-
tional Laboratory administered carbon-14
(C'*)~labeled dextran to an unreported number
of subjects to determine its metabolic fate. Af-
ter administration, the patients’ urine, feces,
and exhaled breath were monitored for tracer
C' and C'“Q,. The available literature sug-
gested that an isotonic solution containing 6
microcuries per gram was used. The amounts
administered are unknown.

The results indicated that human dextran me-
tabolism was similar to dexiran metabolism
measured in rats and dogs. About 50 percent
of the administered dextran was excreted un-
changed during the first 3 days, while a large
part of that remaining in the animals oxidized
into CO, over a longer period of time. After ad-
ministration, neither dextran nor any of its met-
abolic products was excreted by way of the
intestinal tract. This work was supported by the
U.S. Atomic Energy Commission.
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ANL-14. Whole-Body Counter Calibration
and Evaluation of Techniques
Using Potassium-42

A SERIES OF STUDIES was conducted at the
Argonne National Laboratory in the 1950s and
1960s to calibrate a whole-body counting ap-
paratus, and to evaluate whole-body counting
technigues. In 1955, potassium-42 (K*?) was
administered orally (or possibly by intravenous
injection) to as many as 75 subjects, and
whole-body radioactivity measurements were
made. Urine samples were also collected and
analyzed for K*? content at various times after
administration. The amounts administered var-
ied for each group of subjects, but some are
known to have received 0.54, 2.0, or 5.0
microcuries. Some of the subjects received
multiple doses. Twelve of the subjects have
been identified as Argonne employees. Other
employees also participated in similar but unre-
ported experiments.

In the mid-1960s, Argonne scientists collabo-
rated with workers at the Department of Medi-
cine of Loyola University Stritch School of Med-
icine in Hines, lllinois, and with others at the
Bionucleonics Department of Purdue University
in Lafayette, Indiana, in investigations of the
precision of whole-body potassium assays
made at Argonne and Purdue University. In
this study, 44 healthy subjects participated in
whole-body counting studies before and after
oral or intravenous administrations of an unre-
ported amounts of K*2. Because measure-
ments of the latter were not made until 2 to 5
days (4 to 10 half-lives) after administration
and “relatively high count rates” were reported,
the amounts administered may have been very
substantial. In other collaborative studies with
researchers at Loyola University, 250
microcuries were administered. These investi-
gations were supported by the U.S. Public
Health Service and by the U.S. Atomic Energy
Commission.
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ANL-15. Whole-Body Counter Calibration
Using Hospital Patients
Administered Cesium-132

BETWEEN 1955 AND 1964, measurements of -
radionuclides in subjects from natural sources
and from fallout from atmospheric weapons
testing were made at Argonne National Labora-
tory using the whole-body counter. The whole-
body counter was calibrated for potassium
measurements by administering known
amounts of potassium-42 (K*?) to subjects,
both Laboratory employees and hospital pa-
tients. The whole-body counter was also cali-
brated for cesium by administering known
amounts of cesium-132 (Cs'®) to a separate
group of hospital patients. The number of sub-
jects and the amounts administered for calibra-
tion purposes were not stated. These subjects
showered, dressed in activity-free garments,
and were then counted for 50-minute measure-
ments. The calibration factors were used over
a period of several years to determine trends in
fallout uptake. This work was supported by the
U.S. Atomic Energy Commission.
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ANL-16. Absorption and Dissolution of
Atmospheric and Inhaled Radon

IN 1956, nine Argonne National Laboratory em-
ployees participated in experiments to study
the natural levels of radium in subjects by mea-
suring radon gas exhalation. In order to im-
prove the accuracy of radium estimates, scien-
tists at Argonne National Laboratory sought
ways to distinguish between radon produced in
the body and radon absorbed by the body from
the environment. This required two new experi-
ments: one to measure the amount of atmo-
spheric radon absorbed through the skin, the
other to estimate the amount of atmospheric
radon that is dissolved in the body.

In the first experiment, two subjects were im-
mersed for several hours in an atmosphere
containing elevated levels of radon gas. During
the period of exposure, they breathed from a
radon-free air supply. The purpose of this ex-
periment was to measure the amount of ex-
haled radon that might result from the absorp-
tion of environmental radon through the skin.
One subject was exposed for several hours in
a room in which the radon concentration was in
the range of 120 to 144 picocuries of radon per
liter of air. The same subject was later exposed
for several hours while enclosed to the neck in
a bag containing 180 picocuries of radon per
liter of air. A second subject was exposed for
several hours while enclosed to the neck in a
bag containing 310 to 340 picocuries of radon
per liter air.

In a second experiment, eight subjects, includ-
ing one who participated in the first experiment,
were exposed for either 8 or 72 hours in a
room where the radon gas was maintained at
elevated levels in the range of 48 to 107
picocuries of radon per liter of air. The sub-
jects’ radon exhalation rates were measured at
the end of the exposure period in order to pro-
vide baseline information for the interpretation
of radon exhalation data from subjects ex-
posed to environmental radon.

The goal of both experiments was to provide a
measure of the natural radium content of sub-
jects based on the exhalation of radon inter-
nally generated from the decay of natural ra-
dium. These experiments were funded by the
U.S. Atomic Energy Commission.
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ANL-17. Studies of the Use of Tritium and
Carbon-14-Labeled Bile Acids in
Metabolic Studies

IN THE EARLY 1970s, investigators at Argonne
National Laboratory participated in experiments
to study the role of bile acids in galistone for-
mation. These experiments were conducted
through various phases at the Mayo Clinic, in
Rochester, Minnesota. The work was part of an
effort to determine whether bile acids labeled
with tritium (H*) were useful in human meta-
bolic studies and also to determine whether
compounds labeled with stable isotopes could
be used in the place of radioactively labeled
compounds.

Two healthy subjects were injected intrave-
nously with 46 microcuries of chenodeoxycho-
lic acid (a bile acid) labeled with H*and 10
microcuries of chenodeoxycholic acid labeled
with carbon-14 (C'%). This series of experi-
ments was conducted to determine the meta-
bolic fate and excretion routes of various la-
beled bile acids. In another series, bile acids
labeled with carbon-13 (C'®) and C'* were ad-
ministered orally to an unknown number of
fasting patients. Bile and serum samples were
obtained for the evaluation of bile acid content.
The purpose was to validate the use of
C™-labeled bile acids in the measurernent
against conventional methods based on C'*-
labeled acids; to validate bile acid kinetic mea-
surements based on serum sampling; and to
establish procedures for the simultaneous
measurement of all bile acids. The estimated
radiation doses to subjects were 2.8 millirems
from H® and 21.0 millirems from C'*-committed
effective dose equivalent to the whole body.

Both experiments indicated that radioactively
labeled as well as stable isotope-labeled bile
acids are suitable for kinetic studies of bile ac-
ids in humans. Methods using stable isotope
labels were intended to increase patient com-
fort, eliminate the need for hospitalization, and
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eliminate the use of radioactive tracers for the
measurement of bile acid kinetics. The U.S.
Atomic Energy Commission, U.S. Energy Re-
search-Development Administration, the Na-
tional Institutes of Health, and the U.S. Public
Health Service funded these experiments in
conjunction with the Eli Lilly Research Founda-
tion, Eli Lilly and Co., and Mead Johnson and
Co.
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BNL-1. Effectiveness of lodine-131 in
Diagnosing and Treating Graves’
Disease and Metastatic
Carcinoma of the Thyroid

IN 1950, BROOKHAVEN National Laboratory con-
ducted a study on the use of iodine-131 (") to
treat patients with metastatic carcinoma of the
thyroid or with Graves' disease. Patients for the
study were sent to Brookhaven from Memorial
Hospital in New York City.

In the study, a therapeutic dose of 4 to 360
millicuries of 1'*' was given to the patients; the
exact dose depended in part on the number of
metastases and on previous radiation treat-
ment. Graves' disease patients who were un-
suitable for surgical therapy were treated with
1" in doses of 6 to 20 millicuries. The patients
were monitored for hematological damage.
Metabolic studies were also conducted, includ-
ing study of the effects of radiation dose on
renal tubular function. Twelve patients partici-
pated in the study, ranging in age from 15 to 63
years. Of the 12 patients, 8 were female. The
study was conducted in conjunction with the
Memorial Hospital and was funded by the U.S.
Atomic Energy Commission. (Included in The
DOE Roadmap of February 1995)

References

Farr, L.E. “Observations of Renal Function in
Patients Receiving Internally Administered Ra-
dioactive Isotopes.” In Symposium on Radiobi-
ology, A.A.A.S., Cleveland, Ohio. December
30, 1950.

Memorandum. L.E. Farr to BNL Committee on
Use of Radioactive Isotopes in Human Studies.
January 20, 1950. Brookhaven National Labo-
ratory Project H-1. Brookhaven National Labo-
ratory, Clinical Research Center, Bldg. 490,
Human Medical Research Protocols.

Memorandum. BNL Committee on Use of Ra-
dioactive Isotopes in Human Studies. January
20, 1950. Brookhaven National Laboratory
Project H-1. Brookhaven National Laboratory,
Clinical Research Center, Bldg. 490, Hyman
Medical Research Protocols. Q

13




Human Radiation Experiments Associated with the U.S. Department of Energy and Its Predecessors

BNL-2. Boron Neutron Capture Therapy

BROOKHAVEN NATIONAL LABORATORY con-
ducted boron neutron capture therapy (BNCT)
on 45 patients from 1951 to 1961. The patients
all were suffering from aggressive and other-
wise untreatable types of brain tumors, such as
glioblastoma multiforme or malignant glioma;
ail had received conventional radiation treat-
ments. The purpose of BNCT was to attack
more precisely the tumors with radiation, de-
stroying the tumor cells. The patients were
injected with a discrete amount of boron that
was intended to deposit in the tumor. The tu-
mors were then bombarded with a beam of
neutrons that was directed to the boron and
thus aimed at destroying the tumor.

The results of this therapy were unsuccessful.
Patients who were treated with BNCT generally
lived only as long as those patients, with the
same types of brain tumors, who were treated
with conventional radiation therapies. This
work was funded by the U.S. Atomic Energy
Commission. Currently, advances in technol-
ogy that deliver higher concentrations of boron
to tumor tissues for potentially improved ther-
apy have brought about the return of BNCT. As
a result, Brookhaven is currently involved in
BNCT research and clinical trials. (BNCT was
referenced in the Markey report; this summary
was included in The DOE Roadmap of Febru-
ary 1995, and since revised.)
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BNL-3. lodine-131 Used to Measure
Thyroid Function in Young
Children with Nephrotic Syndrome

SCIENTISTS AT BROOKHAVEN National Labora-
tory conducted a series of experimenis using a
group of young children suffering from ne-
phrotic syndrome (kidney disease). In 1951,
eight of these children, ages 2 to 6 years, with
renal functions varying from 14 to 225 percent
of normal and with varying degrees of edema
or lack thereof, were studied after administra-
tion of iodine-131 (I'*').

A uniform ability by the thyroid gland to extract
radioactive iodine from the blood was noted.
The maximum uptake by the gland varied from
30 to 60 percent of the administered doses,
which ranged from 3 to 5 microcuries. These
data were evaluated against comparable data
obtained in normal children. The scientists con-
cluded that there is no impairment of the thy-
roid gland in its ability to take up iodine in
young children with the nephrotic syndrome.
(Included in The DOE Roadmap of February
1995)




Brookhaven National Laboratory

References

Farr, L.E., J.L. Gamble, C.G: Foster, and J.S.
Robertson. “Thyroid Function in Young Chil-
dren with Nephrotic Syndrome.” Quarterly
Progress Report April 1-June 30, 1951. Upton,
NY: Brookhaven National Laboratory, Medical
Department, 1951, p. 119. Bldg. 490, Annual
Periodic Reports. O

BNL-4. Radioactive Chlorine, Bromine,
and Sodium in Extracellular Fluids

FRom 1952 10 1953, the total volume of extra-
cellular fluids in 15 subjects was studied at
Brookhaven National Laboratory. Five chroni-
cally ill hospital patients were injected with
chlorine-38 (CI*®) and sodium-24 (Na?*). Ten
other patients were injected with CI*® and bro-
mine-82 (Br®2). Total radiation doses were
planned so that the weekly dose limit of 0.3 rad
would not be exceeded. Blood samples were
drawn at various times after injection and the
radioactivity measured. During the course of
this experiment, urine, red blood cells, pleural
fluid, gastrointestinal fluid, and spinal fluid were
also measured for CI*®® and Br®2. The subjects
were considered to be “normal” for purposes of
this study. The U.S. Atomic Energy Commis-
sion funded this study. (Previously described in
#3 on the original list of 48 experiments re-
leased by DOE in June 1994 and included in
The DOE Roadmap of February 1995)
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BNL-5. Measurement of the Turnover Rate
of Sodium in Nephrotic Children
Using Sodium-24

BROOKHAVEN NATIONAL LABORATORY con-
ducted an experiment in 1954 on children suf-
fering from nephrotic syndrome to study the
rates of exchange of sodium in edema fluid, in
ascitic fluid, and in the ptasma. Sodium-24

(Na**) as sodium chloride was injected intrave-
nously and the plasma Na** disappearance
curve was analyzed and compared to the Na**
appearance curves in the two fluids. it was
found that in both fluids the ratio of (a) the rate
of change of the Na? concentration to (b) the
difference between the Na?* concentration in
the plasma and that in the fluids, increased
with time during the first few hours after injec-
tion. (Included in The DOE Roadmap of Febru-
ary 1995)
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BNL-6. Degradation Rate of
lodine-131-Labeled Normal
Albumin Using the Whole-Body
Gamma Spectrometer

IN 1954, Brookhaven National Laboratory con-
ducted metabolic studies in humans with
iodine-131 (1'®')-tagged serum albumin. In prior
studies, plasma protein fractions labeled with
1'8" had been administered to normal subjects
and to patients. A gamma spectrometer was
constructed to determine transfer rates of
locally injected 1'** serum albumin and other
substances tagged with gamma-emitting iso-
topes.

in this study, the biological half-time of
I'*'-labeled human albumin was determined by
two methods. The first method was the calcula-
tion from serum and urine samples following
injection of 59 microcuries of 1'*'. The second
method used the whole-body gamma spec-
trometer to measure the amount of labeled al-
bumin present in the body at stated intervals
following injection of 6.6 microcuries of '3,
Plasma-specific activity and urinary excretion
were followed up to 60 days after injection. The
rate of disappearance of the labeled albumin
was measured in two patients. The first was a
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49-year-old woman with chronic cystic mastitis;
the second was a 40-year-old woman who had
previously had a mastectomy. This research
was supported by the U.S. Atomic Energy
Commission. (Included in The DOE Roadmap
of February 1995)
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BNL-7. Studies on the Metabolism of
Plasma Proteins in the Nephrotic
Syndrome

THis STUDY WAS conducted at Brookhaven Na-
tional Laboratory from 1955 to 1956. The sub-
jects were six children in various phases of the
nephrotic syndrome using iodine-131 (1'*"), in-
cluding one child who had recovered from the
iliness, and nine normal subjects, consisting of
eight men and one woman, all between the ages
+ of 21 and 29 years. These subjects were given
intravenous tracer doses of radioiodinated hu-
man plasma albumin and radioiodinated human
gamma globulin. Three of the children were then
given intravenous injections of radioiodinated
human iron-binding globulin. The amount of ac-
tivity administered was not to exceed 1.5
microcuries |'3! per kilogram of body weight.

The disappearance of specific radiciodinated
plasma protein from circulation and its cumula-
tive appearance in the urine were studied; the
urinary excretion of nonprotein radioiodine was
also investigated. This study was supported by
grants from the National Institutes of Health, the
U.S. Public Health Service, the Muscular Dystro-
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phy Association of America, the Playtex Park
Research Institute, and the U.S. Atomic Energy
Commission. (Included in The DOE Roadmap of
February 1995, and since revised)
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BNL-8. Metabolism Studies with Acetate
Labeled with Carbon-14

IN 1857 AND 1958, scientists at‘Brookhaven
National Laboratory conducted studies to in-
vestigate carbon acetate metabolism. Forty to
200 microcuries of 1-C'~labeled acetate or
2-C'“~labeled acetate were intravenously in-
jected into subjects, including diabetics who
had fasted and were denied insulin on the day
of the experiment. Some of the subjects were
cancer patients (nondiabetics); and others
were patients with severe diabetes. More than
13 studies were conducted using varicus treat-
ment combinations involving diet, fasting, insu-
lin, or prednisone. The total number of subjects
was about 20, both men and women, ranging
in age from 12 to 60 years.
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After medical staff administered the intrave-
nous trace dose of C'“-labeled acetate, metab-
olism products such as triglycerides, choles-
terol, ketone bodies, glucose, pyruvic and al-
pha-ketoglutaric acids, and carbon dioxide
were isolated from the blood, urine, and breath,
and analyzed for C' content. The study was
supported by the U.S. Atomic Energy Commis-
sion. (Included in The DOE Roadmap of Febru-
ary 1995)
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BNL-9. Metabolic Studies with
Manganese-54

IN 1957, Brookhaven National Laboratory con-
ducted human metabolic studies with the iso-
tope manganese-54 (Mn%%). This study was the
first to use Mn* in human subjects. Manga-
nese had been assumed to participate indi-
rectly in hematopoiesis (blood formation). Two
or more patients were injected with Mn>* and
followed to determine count-rate at the body
surface, blood radioactivity, and excretion
rates. Blood taken from one of the patients 66
days after injection contained almost the entire

radioactivity in the red cell fraction. This re-
search was supported by the U.S. Atomic En-
ergy Commission. (Included in The DOE
Roadmap of February 1995)
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BNL-10. Magnesium Metabolism Studies
in Humans with Magnesium-28

IN 1958, Brookhaven National Laboratory used
magnesium-28 (Mg®) to study the in vivo distri-
bution and retention of magnesium in humans.
Ten adults, 3 men and 7 women, were studied
at the metabolic wards of the Brookhaven Medi-
cal Research Center Hospital. All but one of the
men suffered from hypertension.

Nine of the subjects received intravenous injec-
tions of the isotope; two were studied after oral
administration of Mg?. The intravenous dos-
ages, which ranged from 20 to 104 microcuries,
were slowly administered to prevent toxic symp-
toms. Excretion rates were analyzed by measur-
ing Mg® in urine and stool specimens. This
study was conducted with support from the U.S.
Atomic Energy Commission. (included in The
DOE Roadmap of February 1995)
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BNL-11. Whole-Body Counting Technique
Used to Study Turnover of
Globulins Labeled with
lodine-131

IN 1959, Brookhaven National Laboratory con-
ducted studies on the turnover of beta- and
gamma globulins labeled with iodine-131 (1%).
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The investigators used both the conventional
method of blood and urine sampling and a new
technique that used the whole-body gamma
spectrometer. The new device allowed scientists
to measure the retention of labeled globulins
over long periods of time following administration
of low levels of isotopes, particularly internally
deposited gamma emitters.

One patient participated in these studies; he was
placed in the whole-body counter 34 times. The
subject was a multiple myeloma patient who was
injected with the 1'*'-labeled globulins on three
occasions. The amount of iodine activity in the
labeled globulins ranged from 17.0 to 50.16
microcuries. The study was supported by the
U.S. Atomic Energy Commission. (Included in
The DOE Roadmap of February 1995)
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BNL-12. A Study of Metabolic Pathways
of Carbohydrate Formation
Using Carbon-14

STUDIES WERE carried out at Brookhaven Na-
tional Laboratory to study the metabolic path-
ways by which subjects in various metabolic
states form glucose. In this study, the subjects
were three men with bronchogenic carcinoma,
three male diabetics, and one 13-year-old fe-
male diabetic. On the day of the experiment, the
subjects were denied food and insulin and then
were injected with C'-acetate. Carcinoma pa-
tients received 200 microcuries, diabetic patients
received from 40 to 100 microcuries as a single
1- to 2-minute injection. Breath samples were
collected and analyzed. Some of these patients
participated in multiple studies.
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In a related study, two moderately diabetic sub-
jects fasted and were orally administered 0.5 to
1.0 gram of C"*-labeled ethanol per kilogram of
body weight. The blood and urinary glucose
were isolated. The results indicated that in one
patient about 1 percent as much C'* was pres-
ent in total-body glucose as had been excreted
as CO, after 2.5 hours. In the other patient about
2 percent as much was present. Both patients
had excreted about 25 percent of the total ad-
ministered C' by the end of 24 hours. This re-
search was partly supported by the U.S. Atomic
Energy Commission. (Included in The DOE
Roadmap of February 1995)

References

Shreeve, WW.,, and M. Conovitz. “A Study of
Metabolic Pathways of Carbohydrate Formation
in Diabetes by Means of Carbon-14." Quarterly
Progress Report July 1-September 30, 1955.
Upton, NY: Brookhaven Nationai Laboratory,
Medical Department , 1955, p. 45. Bldg. 490,
Annual Periocdic Reports.

Shreeve, WW., A R. Hennes, and R. Schwartz.
“Production of C**Q, from 1- and 2-C'*-Acetate
by Human Subjects in Various Metabolic
States.” Metabolism. Vol. 8, September 1959,
pp. 741-756. O

BNL-13. Analysis of Blood Glucose
Following Intravenous Injection
of Carbon-14

IN 1959, at Brookhaven National Laboratory,
diabetic and nondiabetic patients were given
intravenous injections of 40 to 150 microcuries
of lactate or pyruvate labeled with carbon-14
(C'%. The injections were followed by serial
analysis of blood glucose for C** content. Subse-
quently, glycogen was injected in an attempt to
estimate relative glycogen labeling. Seven dia-
betic and three nondiabetic subjects were used
in this study. The effects of insulin, tolbutamide,
and glucose load were also studied in the same
patients. This study was funded by the U.S.
Atomic Energy Commission. (Included in The
DOE Roadmap of February 1995)
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BNL-14. The Metabolism and Fate of
Tritiated Thymidine in Humans

THIS STUDY WAS CONDUCTED in 1959, at
Brookhaven National Laboratory as part of an
investigation of H3-thymidine as a label for DNA
of proliferating cells in vivo and in vitro systems.
In this study, H*-thymidine metabolism was stud-
ied in selected patients following intravenous
injection. All patients were beyond reproductive
age and were judged to have short life expec-
tancies.

In two control patients with normal hematopoi-
etic (blood-formation), thymidine labeled with
tritium (H°) rapidly cleared the plasma and dis-
tributed in a volume as large as total-body water
within a few minutes after injection. Two of the
subjects selected for this initial investigation
were patients with brain tumors, judged to have
short life expectancies, and to be in hematopoi-
etic equilibrium at the time of study. This re-
search was supported by the U.S. Atomic En-
ergy Commission. {Included in The DOE
Roadmap of February 1995)
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BNL-15. Study of Carbon-14—Labeled
Ascorbic Acid Metabolism

A RESEARCH COLLABORATION in the early 1970s
between Brookhaven National Laboratory and
Verwoerd Hospital in Pretoria, South Africa, re-
sulted in a study of ascorbic acid (vitamin C)
labeled with carbon-14 (C') metabolism in
Bantu tribesmen with a disease called hemosid-
erosis. This disease is similar to scurvy and is
common among the South African Bantu. It in-
volves excessive iron accumulation and failure
to utilize ascorbic acid. This research was con-
ducted to determine the metabolism of ascorbic
acid.

Four adult Bantu men who had been diagnosed
with hemosiderosis and scurvy participated in
this study. Ascorbic acid labeled with carbon-14
was given orally, after which blood samples,
urine samples, and respiratory CO, samples
were collected and analyzed. The results indi-
cated that most of the C'* was excreted primarily
by respiration and secondarily in the urine. This
work was jointly supported by the U.S. Atomic
Energy Commission and the South African
Atomic Energy Board. (Included in The DOE
Roadmap of February 1995)
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BNL-16. Dose—Response Relationships
Between lodine-131 Adminis-
trations and Hematopoietic
Effects

IN APPROXIMATELY 1951, physicians in the Medi-
cal Department of Brookhaven National Labora-
tory conducted a study to examine the relation-
ship between the level of exposure to radiation
from internally administered iodine-131 (1'*') and
the extent of radiation-induced effect to the he-
matopoietic (blood-cell-forming) system in ex-
posed subjects. The scientists sought to deter-
mine a reliable indicator of I"*' radiation-induced
effect; the most accurate method of estimating
the radiation dose delivered to tissue relative to
the amount of 1" administered; and the predict-
ability of a prior tracer study of the radiation dose
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delivered to the hematopoietic system by admin-
istration of a large amount of I'*".

Study subjects were 33 patients with various
metabolic rates associated with myxedema (a
condition associated with a low thyroid activity),
hypothyroid (slight depression of thyroid func-
tion), euthyroid (normal thyroid function), and
hyperthyroid (overactivity of the thyroid). Some
subjects had a history of prior I"*! administra-
tions in tracer or therapeutic amounts.

Subjects received tracer amounts of I'*', fol-
lowed a few weeks later in at least 18 cases by
the administration of a therapeutic amount of 1",
for total amounts of between 52 and 247
millicuries. All doses were administered orally.
Blood and urine specimens were collected at
intervals and analyzed for radioactivity. Differen-
tial white cell counts were obtained for at least
30 days after each 1" administration to monitor
changes in the lymphocyte and neutrophil
counts over time relative to pre-treatment.

The results suggested a that there was a rea-
sonably good correlation between therapeutic
amounts of ' and the hematopoietic system
response, and that the magnitude of the radia-
tion dose to the hematopoietic system from any
given amount is influenced by a variety of fac-
tors, primarily the individual's metabolism of io-
dine.

The lymphocyte count was found to be the most
sensitive and reliable measure of the magnitude
of the radiation effect induced by exposure to
1'3'. The fall in the lymphocyte count following
administration of large amounts of I" correlates
well with the microcuries administered, but
poorly with the integrated blood concentration of
1'*! together with a factor representing the inte-
grated amount of 1'*! remaining in the body. This
study was supported by the U.S. Atomic Energy
Commission.
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BNL-17. Estimation of Body Water
Volume and Potassium in
Children Using Tritium and
Potassium-42 as a Tracer

BETWEEN 1951 AND 1956, researchers in the
Medical Department of Brookhaven National
Laboratory conducted a physiological study to
evaluate the use of water labeled with tritium
(H?; tritiated water) in estimating total-body water
and exchangeable potassium compared with an
established antipyrine-based methodology.
Study subjects included nine children ranging in
age from 3 to 8 years, who were hospitalized in,
or had been recently discharged from, the ne-
phrotic unit at Brookhaven National Laboratory.
All had protein in their urine, but eight were free
of edema (swelling due to presence of abnor-
mally large amounts of fluid in the spaces be-
tween cells of body tissues).

Three microcuries of potassium-42 (K*) per kilo-
gram of body weight, 75 microcuries of H®, and
400 milligrams of antipyrine in 10 milliliters of
saline were administered simultaneously to each
subject by intravenous infusion over a period of
1 hour. Blood samples for body water estima-
tions were obtained from each subject at 2, 3,
and 4 hours after infusion and continued at inter-
vals up to 14 days. Urine samples also were
obtained for H® analysis. The data were used to
examine the biological clearance of H®, H® kinet-
ics, and body water mixing, and to calculate and
compare estimates of total-body water and ex-
changeable potassium based on H* and antipy-
rine indications.

The results indicated that H® equilibrium was
completed in all subjects within 30 to 40 minutes
of H? infusion. Total body water volumes esti-
mated using H® were almost identical to those
obtained using antipyrine. Estimates of ex-
changeable potassium obtained by either
method ranged between 1.5 to 1.8 grams per
liter per kilogram of body weight. This study was
funded by the U.S. Atomic Energy Commission.
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BNL-18. Cerebrospinal Fluid Studies
Using Chlorine-38, Potassium-42,
and lodine-131

BETWEEN 1952 AND 1953, physicians in the De-
partment of Surgery at Harvard University, the
Department of Neurosurgery at Massachusetts
General Hospital, and the Division of Medicine
of Brookhaven National Laboratory collaborated
on a study to examine the formation and cycling
of cerebrospinal fiuid. The two study subjects
had histories of cerebrospinal fluid blockage as
a result of spinal tumors. The blockages re-
sponded to surgical treatment in both cases.
Potassium-42 (K*?) and chlorine-38 (CI*®) were
selected as dual tracers for intracellular and ex-
tracellular ions. Human serum albumin labeled
with iodine-131 (I"®") as a tracer was used in one
patient to determine the volume of subarachnoid
space.

Following the injections of the tracers, the re-
searchers monitored the activity of the cerebro-
spinal fluid in the lateral ventricles and the lum-
bar subarachnoid space by assaying the radio-
activity levels of the plasma for 5 hours. The in-
vestigators concluded that the amount of cere-
brospinal fluid created daily is small and that
fluid creation is not the sole responsibility of the
choroid plexus, as was previously hypothesized.
. This study was supported by the National Insti-
tutes of Health, the U.S. Public Health Service,
and the Associated Universities, Inc., and the
U.S. Atomic Energy Commission.
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BNL-19. Study of Manganese Metabolism
Using Manganese-56 as a Tracer

IN THE MiD-1950s, researchers in the Medical
Department of Brookhaven National Laboratory
conducted a study to describe and determine
the kinetics of the turnover of manganese-56
(Mn%) in tissue, and to better understand the
transport mechanisms directly from the blood-
stream. Study subjects were 14 patients—7
males and 7 females—between 40 and 71 years
of age. Of these, six had Parkinson's disease,
three had metastatic cancer, two were hyperten-
sive, one had heart disease, one had diabetes,
and one had rheumatoid arthritis.

Between 15 and 20 microcuries of Mn%, as the
sulfate in saline solution, with 3.6 micrograms of
stable Mn®, were administered to each subject
by intravenous injection following overnight fast-
ing. Venous blood samples were obtained in
quick succession after the administration, with
the interval between samples increasing to 5
minutes. The samples were promptly assayed
and weighed.

The study concluded that Mn® dispersed rapidly
throughout the body, with the most rapid uptake
occurring in the liver. From these data, the sci-
entists concluded that mitochondrial uptake of
manganese was the primary cause of the exten-
sive retention and rapid tissue uptake. This
study was supported by the U.S. Atomic Energy
Commission.
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BNL-20. Experimental Systemic Therapy
of Bone Tumors Using Gallium-72

BETWEEN 1954 AND 1958, the Medical Depart-
ment of Brookhaven National Laboratory studied
the effectiveness of gallium-72 (Ga™) in therapy
of bone cancers. Twenty-one patients were
treated with Ga’2 for advanced bone malignan-
cies. Most of the patients had diffuse bone me-
tastases secondary to breast or prostate cancer;
the remainder had primary bone malignancies.
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All had exhausted conventional therapy before
admission to Brookhaven National Laboratory
Research Hospital.

The patients were intravenously injected with 1
microcurie of Ga’2, in the form of gallium citrate,
per kilogram of body weight. Complete blood
and platelet counts were analyzed for damage to
cells in the circulating blood and blood-forming
tissues. Total-body doses of 75 rads or less
were delivered, but the hematologic findings
were similar to the effects seen with the adminis-
tration of 150 to 200 rads of external x- or
gamma radiation. The enhanced effect of the
internal radiation exposure (compared to other
patients receiving the same dose external to the
body) was attributed to the localization of Ga™ in
the bone.

The research also found that the effect of large
doses of radiation on the bone marrow ap-
peared to be cumulative to a point beyond which
regeneration was not possible. It was also found
that a total white count below 1,000 and a plate-
let count below 25,000 could be tolerated for
weeks without infection or gross bleeding and
with uitimate recovery. This study was sup-
ported by the U.S. Atomic Energy Commission.
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BNL-21. Investigation of Carbohydrate
Formation Using Carbon-
14-Labeled Acetate

BETWEEN 1956 AND 1957, the pathway of carbo-
hydrate formation was investigated using
carbon-14 (C') by researchers at the Medical
Department of Brookhaven National Laboratory.
The study was conducted in two parts to include
both diabetic and nondiabetic subjects.

In the first part, four patients hospitalized with
various types of cancer were selected as the
nondiabetic subjects. They included three
males, aged 40 to 60 years, and one 63-year-
old female. Subjects fasted 15 to 24 hours be-
fore being administered between 190 and 500
microcuries of C'*labeled sodium acetate by
intravenous injection. Blood samples were ob-
tained approximately 2 hours later and the blood
sugar (glucose) was isolated and analyzed for
the distribution of fatty acid carbons in the ring of
the blood glucose.

In the second part, the diabetic group was com-
posed of three females ages 11, 34, and 38
years, and two males ages 55 and 59 years.
After fasting, they were administered &0 to 100
microcuries of C'-labeled acetate solution by
intravenous injection. Similar analyses were per-
formed to assess carbohydrate formation.

This study confirmed earlier findings and
showed no differences in the formation of carbo-
hydrates by normal and diabetic subjects. This
work was supported by the U.S. Atomic Energy
Commission.,
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BNL-22. Studies on the Retention of
Vitamin B,, Using Cobalt-60 and
Cobalt-58 Tracers

FROM 1957 TO 1967, researchers at the Medical
Research Center of Brookhaven National Labo-
ratory conducted studies on the rate of loss of
vitamin B, using cobalt-58 (Co®) and cobalt-60
(Co®) as tracers. The purpose of these studies
was to evaluate the biological retention half-time
of vitamin B,, and to demonstrate its rate of loss
from the body after administration of large
amounts of the vitamin.

Ten clinic and hospital patients (males and fe-
males) with a variety of diagnosed blood dis-
eases participated as study subjects. Each sub-
ject also received either an intravenous or an
intramuscular injection of 0.3 to 3.0 microcuries
of Co®-labeled vitamin B,,. Two subjects re-
ceived intramuscular injections of 2 to 5
microcuries of Co®-labeled hydroxocobalamin, a
chemical analog of vitamin B,,. The first injection
occurred in 1957. Six of the 10 subjects received
nonradioactive cyanocobalamin or hydroxoco-
balamin therapy at varying intervals after the
injection to their respective metabolism. Whole-
body counting of patients administered
radiocobalt-labeled vitamin B,, began in early
1963 and continued through 1968.

This study showed that there is no single biologi-
cal half-time for vitamin B,, in man; rather, the
biclogical half-time changes continuously over
time. The study also showed that large dosages
(500 to 1,000 micrograms) of vitamin B,, or hy-
droxocobalamin caused a decrease in biological
retention half-time, while small dosages of vita-
min B,, (100 micrograms) had no detectable ef-
fect on rate of loss. This work was supported by
the U.S. Atomic Energy Commission.
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BNL-23. Use of lodine-124 for Scanning
Brain Tumors

THE APPLICABILITY OF iodine-124 as an imaging
agent and tracer for certain proteins was investi-

gated in a collaborative study between
Brookhaven National Laboratory, the School of
Medicine at Wake Forest University in North
Carolina, and Massachusetts General Hospital.
The study, which took place between 1958 and
1962, involved a combination of laboratory and
clinical studies aimed at identifying the
physiochemical properties and functions of se-
rum proteins in cancer. The objective was to
demonstrate that human fractionated globulin
could be labeled with iodine-124 (1'*), and that
such a preparation could be concentrated in suf-
ficient amounts in brain tumor tissue to be de-
tected by positron scanning.

The study group consisted of three patients with
brain tumors that had been scanned previously
with either radioactive copper or arsenic.
Gamma globulin labeled with ['** was injected
and multiple scans were conducted to determine
how effectively the labeled protein concentrated
in tumors. A typical level of administered activity
was 260 microcuries of 1'%, Up to five scans
were performed on each patient.

The experiment showed that 1'** could be used
as an imaging agent for positron scanning, but
the limited number of cases precluded any
meaningful comparison with I**', The research
was funded by the American Cancer Society
and the U.S. Atomic Energy Commission.

References

Lippincott, S.W., C. Corcoran, C.R. Jensen, J.E.
Jesseph, K. Rai, S. Aronow, M.W. Greene, and
W.H. Sweet. “Labeling of Human Globulin with
lodine-124 for Positron Scanning of Neoplasms.”
Journal of Nuclear Medicine. Vol. 5, 1964,

pp. 193-199. O

BNL-24. Studies of the Proliferation of
Leukemic and Multiple Myeloma
Cells Using Tritiated Thymidine

BETWEEN 1959 AND 1961, researchers at the
Medical Research Center of Brookhaven Na-
tional Laboratory conducted a series of studies
to better understand the growth characteristics
of normal and malignant (leukemia and multiple
myeloma) cells. Thymidine labeled with tritium
(H®) was used as a tracer of the biological pro-
cess involved.

In one study, three patients with confirmed diag-
noses of multiple myeloma participated as study
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subjects. There were two males and one female,
ages 60, 69, and 44 years, respectively. Tritiated
thymidine was administered to each subject in
single intravenous injections. One subject re-
ceived a second injection after an interval of 45
minutes. Bone marrow samples were obtained
by aspiration from each subject 30 to 60 minutes
after the injections. The samples were fixed and
processed for examination by autoradiography.
It was found that approximately 60 minutes after
injection only about 3 percent of the myeloma
cells were labeled. The generation time of the
label ranged from 2 to 6 days.

The study of leukemic cells involved four sub-
jects with various types of myelogenous leuke-
mia. The subjects were two males and two fe-
males, aged 62, 65, 60, and 73 years, respec-
tively. Tritiated thymidine was administered to
each subject in a single intravenous injection.
Samples of blood and one sample of bone mar-
row were obtained from each subject at intervals
up to 24 hours after injection. The bone marrow
samples were fixed and processed for examina-
tion by autoradiography.

This study showed that the average generation
time for normal neutrophil precursors was ap-
proximately 48 hours. The researchers con-
cluded that the study results did not support the
general concept of acute leukemia as a disorder
of rapid proliferation. This research was sup-
ported by the U.S. Atomic Energy Commission.
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BNL-25. Study of the Role of Sodium in
Hypertension Using Sodium-22

BETWEEN 1959 AND 1961, researchers at the
Medical Research Center of Brookhaven Na-
tional Laboratory studied the role of sodium in
hypertension (high blood pressure). Subjects in
the study were nine hypertensive patients, in-
cluding seven males aged 48 to 66 years and
two females aged 42 and 56 years; and nine
normotensive (normal blood pressure) patients,
including three males aged 39, 56, and 60
years, and six females aged 17 to 52 years.
Some subjects were hospitalized for treatment
of underlying diseases at the time of the study.

Between 2.6 and 7 microcuries of sodium-22
(Na®) were administered orally with a low-so-
dium diet to each subject. Using a whole-body
counter, the total-body retention of Na?2 was
measured in each subject at 1- to 3-day intervals
for 6 to 11 months following administration.

Comparisons of the values obtained indicated
that the biological retention half-time of Na® was
significantly longer in hypertensive subjects than
in normotensive subjects, and that hyper-
tensives may have a larger sodium pool than
normotensives. This work was supported by the
U.S. Atomic Energy Commission.
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Laboratory, Clinical Research Center, Bldg. 490,
Human Medical Research Protocols. Q

BNL-26. Study of iron Absorption and
Loss by Whole-Body Counting
Using Iron-59

DURING THE LATE 1950s AND EARLY 1960s, sci-
entists at the Medical Research Center of
Brookhaven National Laboratory, possibly in
collaboration with researchers at Mount Sinai
Hospital, New York, conducted a series of stud-
ies to better understand and to develop im-
proved methods for evaluating iron metabolism
in patients. Study subjects included patients with
normal iron metabolism and/or patients under
treatment for iron metabolism disorders due to
underlying diseases. Some subjects participated
in more than one study. Iron-59 (Fe*) as ferrous
citrate was administered to the subjects as a
tracer of the biological processes of interest.
Whole-body counting was also explored as a
technique for determining the amount of iron
retained in the body at different intervals after its
intake.

Between 1959 and 1961, researchers at the
Medical Research Center of Brookhaven Na-
tional Laboratory conducted two related studies
to determine and evaluate iron absorption, turn-
over, and loss as measured by whole-body
counting using Fe® tracer. Fifty female patients
participated as study subjects in one of the two
studies, including 14 with polycythemia vera
(malignant overproduction of red cells), 6 with
longstanding menorrhagia (excessive menstrual
bleeding), 4 with aplastic anemia, 10 with vari-
ous chronic nonmalignant conditions, and 16
patients whose iron metabolism was normal.
Approximately 40 of these subjects also partici-
pated in a follow-up study.

In both studies, 1 to 10 microcuries of Fe*® as
ferrous citrate were administered orally to each
subject, followed by a drink of water. No food
was given for 1 hour. Several 2- to 10-minute
body counts were obtained for each subject over
the 8- to 10-hour period following the ingestion
of Fe®* to determine body Fe®*® content. Whole-
body counts were also obtained at intervals over
periods up to several months to measure Fe*®
retention and subsequent loss. These studies
demonstrated the benefits of using Fe® with
whole-body counting in studying iron metabo-

lism. This research was supported by the U.S.
Atomic Energy Commission.
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BNL-27. Plasma Binding Capacity for
Vitamin B,, Using Cobalt-57
Tracer

DURING THE EARLY 1960s, researchers at
Brookhaven National Laboratory and the Long
Island Jewish Hospital in New York conducted
studies on the plasma binding capacity for vita-
min B,, (cyancobalamin) using cobalt-57 (Co®)
as an isotope label. Subjects included four hos-
pitalized patients with normal serum vitamin B,,
levels, and four patients with known pernicious
anemia in remission who were receiving routine
monthly therapeutic injections of vitamin B,,.
Three subjects received an intravenous injection
and five subjects received an intramuscular in-
jection of 2.5 to 5.0 microcuries of Co*"-labeled
vitamin B,,. Blood samples were drawn at vari-
ous intervals over a 48-hour period and the Co*
activity was measured in the separated plasma.
Total plasma vitamin B,, volume was calculated.

These studies provided new information about
the plasma binding capacity for vitamin B,,, and
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demonstrated the presence of protein carriers
involved in vitamin B, transport in plasma. This
work was supported by the U.S. Atomic Energy
Commission.
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BNL-28. A Short-Term Comparison of
"~ Calcium and Strontium
Metabolism Using Calcium-47
and Strontium-85

DURING THE EARLY 1960s, scientists at
Brookhaven National Laboratory compared the
behavior of strontium and calcium using
calcium-47 (Ca*’) and strontium-85 (Sr®®). Study
subjects were six patients (four females and two
males) between the ages of 30 and 73 years,
with different clinical conditions reflecting various
degrees of skeletal involvements.

Subjects were administered 20 microcuries of
Ca* and 5 microcuries of Sr* intravenously in
the form of their chloride salts. Blood samples
were collected at 4, 12, and 24 hours and on
days 2, 3, 4, 5, 7, and 10 after injection. Twenty-
four hour urine and stool samples were collected
from each patient for 10 days after administra-
tion of the isotope. The concentrations of Ca¥
and Sr® were measured in the excreta and
blood samples. Body retention was determined
by whole-body counting daily for the first 10
days, then every second day for the next 20
days.

This study showed no differences between the
rates at which the skeleton absorbs Ca* and
Sr® during the first 10-day period. However, dif-
ferences between the rates developed subse-
quently, and Ca* and Sr* metabolism over the
long term could not be predicted from data ob-
tained within 10 days of administration. This
work was supported by the U.S. Atomic Energy
Commission.
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Calcium-47 and Strontium-85 in Man.” Radiation
Research. Vol. 19, No. 1, 1963, pp. 104-119. Q

BNL-29. Study of Tryptophan Metabolism
Using Carbon-14 ’

IN THE EARLY 1960s, researchers at Brookhaven
National Laboratory examined the effects on
tryptophan metabolism in humans of the admin-
istration of tryptophan-2 labeled with carbon-14
(C") with and without unlabeled tryptophan car-
rier. Loading studies were conducted to allow
the detection of abnormal metabolism which
might not have been detected otherwise. Study
subjects were six volunteer patients ranging in
age from 45 to 72 years; three males (two
whites and one black) and three females. They
were hospitalized on the metabolic ward with
achondroplasia with osteoarthritis {(one subject),
alcoholism with gallstones (one subject), multiple
myeloma (three subjects), and breast cancer
(one subject).

Under controlled dietary and drug conditions,
each patient was administered 17 to 78 milli-
grams of DL-tryptophan-2 with 96 to 157
microcuries of C**as a tracer. All doses were
administered orally except for one intravenous
injection of DL-tryptophan-2-C*.

Samples of expired air, urine collected for four
consecutive 24-hour periods (one before and
three after administration), and blood were ob-
tained from each patient. These samples were
then analyzed for C' activity from labeled car-
bon dioxide (C**Q,) and tryptophan metabolites
relative to standard (control) vaiues. About 19 to
36 percent of the total C'* administered was ex-
creted in the urine, with or without the loading
dose of uniabeled tryptophan. This study was
supported in part by the American Cancer Soci-
ety, the National Cancer Institute, and the U.S.
Atomic Energy Commission.
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BNL-30. Use of lodine-131 and Tritium
Tracers in Studies of
Vasopressin Metabolism

IN 1960, researchers at the Medical Research
Center of Brookhaven National Laboratory stud-
ied the usefulness of iodine-131 (I"') and tritium
(H®) as radioactive labels on vasopressin in
studies of vasopressin metabolism in humans
under various physiological and clinical condi-
tions. Vasopressin, which was isolated from beef
pituitary glands, is an antidiuretic hormone.

Five ambulatory hospital patients were selected
for this study. They included patients with both
normal and elevated blood pressures. Two sub-
jects were given arginine vasopressin (AGV)
labeled with I'*! (approximately 0.8 microcurie);
another subject was given AGV [abeled with
tritium (6.25 or 12.5 microcuries); the remaining
two subjects were given labeled forms of AGV.
Blood samples were drawn at intervalsup to 3 -
hours after injection and the levels of ' and H*
in the plasma were measured. The results
showed that 1'*' and tritium were effective labels
for studying vasopressin metabolism under vari-
ous conditions. This work was supported by the
U.S. Atomic Energy Commission.
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BNL-31. Metabolism of Carbon-
14-Labeled Acetate in Diabetics

IN 1960, a study was conducted at the Medical
Research Center of Brookhaven National Labo-
ratory to learn more about the metabolism of
acetate in diabetics. Four subjects—two with
juvenile-type diabetes in severe ketoacidosis (a
condition resulting from severe insulin defi-
ciency) and two with stable adult-type diabetes
and mild ketosis—were included in the study.

None of the patients received insulin within 24
hours of the experiment and none received long-
acting insulin within 72 hours. The stable dia-
betic subjects received 30 milligrams of predni-
sone 3 and 9 hours prior to injection of acetate.

Subjects then received 50 to 100 microcuries of
sodium acetate labeled with carbon-14 (C**) by
intravenous injection.

Blood samples were collected at later time inter-
vals for analyses for C'*-ketone bodies and C'*-
glucose (blood sugar). Urine samples were col-
lected at 2 and 6 hours for analysis for C'*in
ketone bodies and glucose. The breath of the
stable diabetics was sampled at intervals for
C'-labeled carbon dioxide. This study showed
that ketone bodies in diabetes are not part of the
metabolic process that converts acetate to car-
bon dioxide. The study was funded by the U.S.
Atomic Energy Commission.
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BNL-32. Study of Vitamin B,, Metabolism
Using Cobalt-58 and Cobalt-60

IN 1960 AND 1961, researchers at the Medical
Research Center of Brookhaven National Labo-
ratory studied the metabolism of vitamin B,, after
administration by different routes, to determine
the effect of the administration route. Four hospi-
tal patients with ilinesses unrelated to vitamin B,,
metabolism participated as subjects.

Two patients were given double tracers of 2
microcuries of cobalt-60 (Co®®)—labeled vitamin
B,, administered by intravenous injection, fol-
lowed 3, 4, and 7 days later by oral administra-
tions of 3.56 microcuries of cobalt-58
(Co*®)-labeled vitamin B,,. Cobalt-58 and Co®
radioactivity retained by these subjects was
measured at intervals for up to 60 days.

Two other subjects first were given 20
microcuries per 0.21 micrograms of Co®-labeled
vitamin B,, orally followed after 30 and 42 days,
respectively, by intravenous administration of 15
microcuries per 0.20 micrograms of Co®-labeled
vitamin B,,. Plasma radioactivity levels were
measured for another 35 and 48 days, respec-

27




Human Radiation Experiments Associated with the U.S. Department of Energy and Its Predecessors

tively. Whole-body turnover rates of ingested
and injected vitamin B,, were measured over
250 days.

The results indicated there was little difference
between the excretion rates of orally and intra-
venously administered vitamin B,,. The research
was supported by the U.S. Atomic Energy Com-
mission.
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BNL-33. Studies of Strontium Metabolism
Using Calcium-47 and
Strontium-85

BETWEEN 1960 AND 1962, researchers at the
Medical Research Center of Brookhaven Na-
tional Laboratory conducted a series of studies
to characterize the short- and long-term metabo-
lism of strontium in the human body and to com-
pare it with that of calcium. Strontium-85 (Sr®)
and calcium-47 (Ca*) were used as tracers of
the biological processes involved in subjects
with either bone disease or normal calcium bal-
ances.

Long-term biological turnover of Sr* was studied
among 10 subjects; 6 males ranging in age from
54 to 73 years, and 4 females, ages 57 to 73
years. All 10 subjects were ambulatory patients
in good physical condition, but had primary diag-
nosis of nonmetastatic cancer with 10 to 13
years survival after surgery for: cancer of the
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breast (2 subjects) or thyroid (1 subject); thyroid
cancer, status unspecified (1 subject);
pseudomyxoma peritonei (mucuslike material in
the abdominal cavity) with diabetes (1 subject);
hypopituitarism secondary to a pituitary tumor (1
subject), Paget’s disease of bone (1 subject);
and osteoporosis, alone or with osteoarthritis (3
subjects). Of these, eight subjects had associ-
ated skeletal disease, but six had normal cal-
cium balances and possibly served as compari-
son subjects.

Single intravenous injections of 10 to 14
microcuries of Sr®® were administered to eight
subjects. Forty microcuries Sr* were adminis-
tered orally to each of the other two subjects.
Urine and feces were collected for 24-hour peri-
ods for 20 to 48 days after the Sr*® administra-
tions and were analyzed for Sr®®. Urinary excre-
tion of calcium was measured daily for each
subject. Whole-body retention of Sr®® was mea-
sured weekly in the whole-body counter. Based
on 100 to 320 days of observation, the biological
retention half-time of strontium was estimated to
be 843 days. Data were insufficient to distin-
guish between two mathematical models devel-
oped to describe the life-time biological turnover
of Sr¥ in humans.

In a related study, the same researchers exam-
ined the effects of prolonged daily ingestion of
stable strontium on the long-term turnover of
strontium fixed in bone. Four female patients
participated as subjects, including three who
participated in the long-term Sr®® turnover study
(above). Ten microcuries of Sr*® were adminis-
tered intravenously to each subject. From 130 to
240 days after Sr®® administration, the subjects
were given daily dietary supplements of 1,100
grams of calcium gluconate (two subjects) or
570 grams strontium lactate (two subjects).

The Sr® turnover rates determined for this pe-
riod were found not to be statistically different
from the pre-Sr®® administration, suggesting that
the exchange of bone-fixed strontium is not influ-
enced directly by the amount of stable strontium
or calcium available for exchange.

Subsequently, the research team conducted a
further study to compare the short-term kinetics
of Ca* and Sr® in humans. Six patients—two
males aged 30 and 56 years, respectively, and
four females between the ages of 53 and 73
years (none of whom was included in the long-
term kinetic studies)— participated as subjects.
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Of these, three had muitiple myeloma, and the
three others had essential hypertension, sclero-
derma, and chylous ascites (serous fluid in the
abdominal cavity, “dropsy”), respectively. Their
degrees of disease-related skeletal involvement
ranged from “normal’ (one subject) to “exten-
sive” (one subject). ‘

A moderately alkaline saline solution of 2
microcuries of high-specific-activity Ca* chloride
and 5 microcuries of Sr¥® chloride tracers was
administered by intravenous injection. Blood
samples were collected at 4, 12, and 24 hours, .
andon days 2, 3, 5, 7, and 10 after administra-
tion of the radionuclides. Daily urine and stool
samples were collected from each patient during
the same period. Plasma, urine, and stool sam-
ples were measured for radioactivity. Whole-
body retention of Sr*® was measured by gamma
spectrometry, daily for the first 10 days, and
twice weekly for the next 20 days.

The results indicated that similarities observed
between strontium and calcium metabolism in
the short term (10 days) are not predictive of
their kinetics in the long term. This work was
supported by the U.S. Atomic Energy Commis-
sion.
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BNL-34. Study of the Metabolism of
Cesium-137

BETWEEN 1960 AND 1962, researchers in the

"Metabolic Section of the Veterans Administration

Hospital, Hines, lllinois, and the Medical Re-
search Center of Brookhaven National Labora-
tory collaborated on a study of cesium-137
(Cs™) metabolism in humans. A total of 15 hos-
pitalized patients participated in the study.

Eleven of the 15 subjects reportedly had good
nutrition, normal kidney function, and healthy
gastrointestinal tracts. Nine of the subjects were
males, ages 45 to 66 years, 7 of whom had ma-
lignant diseases including Hodgkin's disease (2
subjects); lung cancer (3 subjects); multiple my-
eloma (1 subject) and lymphoma (1 subject);
and 2 had chronic lung diseases. The other six
subjects were females, ages 48 to 66 years,
with cancers of the colon (two subjects), breast
(two subjects), or uterus (one subject), or Hodg-
kin's disease (one subject).

Single administrations of between 10 and 50
microcuries of Cs' chloride were given by intra-
venous injection to eight subjects, and orally to
the other seven subjects. Cesium-137 activity
was measured in samples of blood, urine, and
feces obtained from 11 of the subjects at inter-
vals over periods ranging from 9 up to 160 days
after the Cs' administration. Five subjects also
had whole-body counts about three times a
month. The distribution of Cs'*” was also studied
in tissues obtained from five of the subjects after
their deaths from their disease which occurred 3
to 165 days after the Cs'" administration.

The investigators found that Cs' taken orally
was rapidly and almost completely absorbed into
the bloodstream where it was cleared quickly
and deposited preferentially in muscle. The ma-
jor route of excretion was found to be through
the kidney into the urine. Estimation of the bio-
logical half-time for cesium by analysis of ex-
creta (two subjects) was found to be 50 and 60
days, respectively. Estimates of biological reten-
tion half-time by whole-body counting ranged
from 54 to 114 days with an average of 75 days.
This research was supported by the U.S. Atomic
Energy Commission.
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BNL-35. Study of Tryptophan Conversion
to O-Aminophenol Using
Carbon-14

A sTUDY IN 1961 by researchers at Brookhaven
National Laboratory determined that tryptophan
(an essential amino acid), was metabolized to o-
aminophenol, a urinary product of tryptophan.
This process was shown using carbon-14 (C'%)
as a tracer.

Thirty-nine milligrams of DL-tryptophan-7a-C*
containing 51 microcuries of C'* were adminis-
tered orally to one female patient with multiple
myeloma. Expired carbon dioxide (CO,) and
urinary output were collected for the next 12 to
24 hours, respectively. Of the administered C",
5 percent was found to have been excreted as
expired C'0, in 12 hours, and 14 percent was
excreted in the urine in 24 hours. The metabolite
o-aminophenol-2-C'* was identified in the urine.
The study was supported by the U.S. Atomic
Energy Commission.
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In 1961, five Marshallese and five Americans
were administered chromium-51 (Cr¥")-labeled
red cells by intravenous injection to determine
their blood volumes. In 1962, eight unexposed
Rongelap Island natives and seven Americans
participated in an identical procedure. Another
group of 25 subjects may have undergone the
same study during the period 1961 to 1962.

In 1963, 21 Marshallese islanders were adminis-
tered Cr® and 1 milliliter of water labeled with
tritium (H®) to determine red cell mass, blood
volume, lean body mass, and total-body water.
Similar body-water and lean-body-mass studies
were conducted on residents of Enewetok Atoll
in 1965 and 1966.

These studies showed that there was a slight
tendency for the Marshallese to be anernic. it
was determined that the anemia was character-
istic of the Pacific island study population and
not the result of exposure to fallout radiation.
This work was supported by the U.S. Atomic
Energy Commission.
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BNL-36. Total-Body Water and
Hematologic Studies in the
Pacific Islanders Using
Chromium-51 and Tritium

BETWEEN 1961 AND 1966, a medical team from
Brookhaven National Laboratory conducted a
series of studies on persons, both natives and
others, living in the Marshall Islands. These is-
lands and some of the population were contami-
nated with radioactive fallout as the result of an
unexpected distribution of fallout from a nuclear
test on Bikini Atoll in 1954.
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BNL-37, Study of Iron Metabolism in
Humans with Aregenerative
Anemia Using Iron-59 and
Chromium-51

IN APPROXIMATELY 1962, researchers at the
Medical Research Center of Brookhaven Na-
tional Laboratory conducted a study to better
understand the effect of anemia (low red blood-
cell count) on iron metabolism in humans. This
study involved four male and three female pa-
tients, ranging in age from 5 to 68 years, who
had aregenerative anemia (reduced capacity to
replace red blood cells), and two normal sub-
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jects. Subsequently, the Brookhaven research-
ers collaborated with medical scientists at the
Karolinska Hospital in Stockholm, Sweden, to
increase the size of the study group. Twenty
anemia patients and 37 others of unspecified
health status participated in the collaborative
Swedish-American study.

Subjects initially were orally administered 250
micrograms of iron as ferrous sulfate or
gluconate together with 0.5 to 5.0 microcuries of
iron-59 (Fe*®) as a tracer to evaluate iron ab-
sorption and excretion. At Brookhaven, red
blood-cell mass was measured in patients using
a standard test involving administration of
chromium-51 (Cr®"). On completion of the ab-
sorption study, all patients received 1 to 10
microcuries of Fe* as ferrous citrate by intrave-
nous injection for other evaluations.

From the results of these studies, it was con-
cluded that anemia has an effect on iron absorp-
tion; however, the relationship was not well de-
fined. The initial study was supported solely by
the U.S. Atomic Energy Commission. The sec-
ond study in this series was supported jointly by
the Swedish Nutritional Foundation, the O. and
E. Ericsson Foundation, and the U.S. Atomic
Energy Commission.
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BNL-38. Metabolism of Zinc-65

IN 1962 AND 1963, researchers in the Metabolic
Section of the Veterans Administration Hospital,
Hines, lllinois, and the Medical Research Center
of Brookhaven National Laboratory, investigated
the metabolism of zinc-65 (Zn®). A total of 19
hospitalized patients participated as study sub-
jects, including 4 males ranging in age from 56
to 73 years and 4 females ranging in age from
45 to 60 years. Subjects had been diagnosed
with cancer of the breast (three female sub-

jects); lung (two subjects) or larynx (one sub-
ject); rheumatoid arthritis (one subject); or
chronic pulmonary disease. These subjects
were well-nourished, had normal kidney function
and disease-free gastrointestinal tracts, and re-
ceived 10 to 12 milligrams of stable zinc in their
daily diet.

Tracer amounts (20 to 53 microcuries) of Zn®® as
chloride were administered to each subject in
single intravenous injections. Serial blood sam-
ples were obtained with declining frequency af-
ter the first day following the Zn® administration
throughout the study period. Zinc-65 activity in
these samples and in 24-hour urine samples
and all fecal samples was determined through-
out the study. Retention of Zn®® was estimated in
two subjects by whole-body counting.

Eleven subjects participated in the tissue distri-
bution phase of this study. These subjects, in-
cluding seven males ranging in age from 56 to
90Q years and four females ranging in age from
32 to 67 years, had advanced malignant dis-
eases of various types, including: bronchogenic
cancer (three subjects); cancers of the colon
(two subjects), breast (one subject), pancreas
with ascites (one subject); Hodgkin’s disease
(one subject); fibrosarcoma with bone involve-
ment; and hepatoma (liver tumor) (one subject).
Each subject received 100 microcuries of Zn%
with 0.001 to 2.0 milligrams of stable zinc chlo-
ride in a single intravenous injection. Samples of
blood, urine, feces, and solid tissues were ob-
tained for radioassay at autopsy, 1 to 71 days
after the Zn® administration.

The study found that Zn® levels in blood de-
creased rapidly while concentrations in whole
blood (most notably red blood cells) remained
high. Zinc-65 uptake was found to be highest in
the liver, spleen, and kidney, followed by glandu-
lar organs, such as the pancreas and prostate
gland. This work was supported by the National
Cancer Institute and the U.S. Atomic Energy
Commission.
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BNL-39. Study of Fatty Acid Synthesis
Using Tritium and Carbon-
14-Labeled Glucose and Lactic
Acid

BETWEEN 1962 AND 1964, investigators at the
Medical Research Center of Brookhaven Na-
tional Laboratory and the Department of Physiol-
ogy, University of Cincinnati School of Medicine,
collaboratively conducted a study to examine the
relative efficiency of glucose and lactic acid as
sources of hydrogen in fatty acid synthesis, us-
ing tritium (H®) and carbon-14 (C'") as tracers.
Study subjects included lean diabetics, obese
mild diabetics, and obese nondiabetics who had
fasted overnight.

Subjects received H*-labeled and C'*labeled
glucose or similarly labeled lactic acid by intrave-
nous injection. Blood samples were drawn at
various intervals after the injection, and the H?
and C'" activity in the plasma triglycerides (fatty
acids) and plasma water and the concentration
of plasma triglycerides were determined.

The study showed that triglyceride fatty acid
synthesis did not depend solely on glucose; the
availability of other hydrogen sources, such as
the oxidation of lactic acid, was even more im-
portant. This study was supported by the U.S.
Atomic Energy Commission.
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BNL-40. Study of the Metabolism of a
Bladder Carcinogen Using
Carbon-14

IN APPROXIMATELY 1963, Brookhaven National
Laboratory researchers conducted a study of the
metabolism of 3-hydroxyanthranilic acid using
carbon-14 (C'*) as a tracer. Three-hydroxyan-
thranilic acid is a metabolite of tryptophan that at
the time of the study had been confirmed as a
bladder carcinogen in mice, and had been ob-
served in abnormally high levels in patients with
bladder cancer.

Fourteen milligrams of carboxyl-labeled 3-
hydroxyanthranilic acid containing 51 micro-
curies of C'* were administered orally to a 51-
year-old female subject with achondroplasia (ab-
normal conversion of cartilage into bone).

Twenty-four-hour collections of expired carbon
dioxide and urine, and blood samples drawn at
0,0.5, 2,4, 8,12, and 24 hours after the admin-
istration, were analyzed for C' activity. Within 6
hours, 40 percent of the administered activity
appeared in expired air as C*0,; 35 percent
and another significant amount of activity were
found in the urine and circulating blood, respec-
tively, within 24 hours. This study was supported
by the U.S. Atomic Energy Commission and in
part by the American Cancer Society, the Na-
tional Cancer Society, and the National Cancer
Institute.
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BNL-41. Study of Metabolism of Lactate
and Pyruvate with Diabetes
Using Carbon-14 Tracer

IN 1963, RESEARCHERS at the Medical Research
Center of Brookhaven National Laboratory con-
ducted a series of 17 studies of the effects of
diabetes, insulin, tolbutamide (an anti-diabetic
medication), and glucose on the metabolism of
carbon-14 (C'%)-labeled lactic and pyruvatic ac-
ids. The study subjects included four patients
(two males and two females, ages 32 to 60
years) with diabetes of varied severity. Two
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other subjects, females ages 32 and 37 years,
were nondiabetics.

All subjects were administered 50 microcuries of

labeled lactate or C'*-labeled pyruvate in 10
to 25 miilliliters of normal saline by intravenous
injection. Insulin in an amount proportional to
body weight was either injected § to 10 minutes
before intravenous injection of the C'*-labeled
lactate or pyruvate, or infused 30 to 45 minutes
prior to, and 45 to 60 minutes after injection of
the labeled compound. Twenty-five grams of
glucose were injected 20 minutes before injec-
tion of the C'*-labeled compound. Tolbutamide
was administered 15 to 20 minutes before the
labeled compound.

Breath samples were collected 15, 30, 45, 60,
90, 120, 180, and 240 minutes after injection of
the labeled compounds and measurements
were made of carbon dioxide exhaled by the
subjects. Blood samples were also obtained to
measure the concentration of C**-labeled lactate
and pyruvate in the blood.

This study showed that the insulin does not pro-
mote the utilization of lactic acid compared to its
effect on the utilization of glucose. This work
was funded by the U.S. Atomic Energy Commis-
sion.
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BNL-42. A Study of Calcium Metabolism
in Parathyroid Deficiency Using
Tracer Calcium-47

IN 1963, RESEARCHERS in the Medical Research
Center of Brookhaven National Laboratory in-
vestigated the effects of parathyroid hormone
deficiency on calcium metabolism. Calcium-47
(Ca*) was used as tracer in the study of calcium
metabolism in a 64-year-old female patient with
hypoparathyroidism (decreased function of the
parathyroid glands) following an operation for a
goiter (disease of the thyroid gland) approxi-
mately 6 years previous. Hypoparathyroidism is
associated with low levels of parathyroid hor-

mone and is characterized by low levels of cal-
cium in the blood and neurologic disorders.

The control group consisted of two males, 79
and 80 years old, with normal calcium metabo-
lism.

The patient and normal control subjects were
fed a normal diet with controlled levels of cal-
cium and phosphorus for 10 days prior to receiv-
ing the Ca* tracer. Each subject in the study
received 20 microcuries of Ca* administered
intravenously as calcium chloride. The levels of
Ca* were measured daily in the blood, urine,
and feces for 10 days. Retention of Ca* in the
body was measured with whole-body counts at
Brookhaven.

This study provided information that was used to
formulate a computer model of calcium biokinet-
ics in the body. This study was funded by the
U.S. Atomic Energy Commission.
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BNL-43. The Study of Menstruation and
Resulting Iron Deficiency Using
Whole-Body Counting

IN 1963, SCIENTISTS at the Medical Research
Center of Brookhaven National Laboratory stud-
ied iron absorption among nine women with vari-
ous menstrual histories, including six parous
(borne children) women with histories of heavy
menses and related hypochromic anemia (ab-
normally low hemoglobin content in red cells),
and one nulliparous (not borne a child) unmar-
ried woman with normal menses and a normal
blood count. A post-menopausal patient with
marked iron-deficiency due to phlebotomy
(bloodletting) treatment for polycythemia vera (a
malignant excess of red blood cells), but no
blood loss during the study period, served as a
comparison subject.

One to 10 microcuries of iron-59 (Fe*) in 250
micrograms of carrier (stable) iron were adminis-
tered orally to each subject following an over-
night fast. Serial body counts were obtained
over the subsequent 4 to 10 hours to establish
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each subject's Fe® activity level. Each patient's
hemoglobin, microhematocrit, red blood-cell
count, and red cell indices were determined on
the day of Fe* administration, together with
plasma iron and unsaturated iron-building ca-
pacities. Between days 10 and 30, several blood
samples were obtained from each patient and
measured for Fe* level.

The results of this study showed that menstrual
blood loss in women with excessive bleeding
was 110 to 550 milliliters, whereas normal
women lost only 33 to 59 milliliters of blood dur-
ing menstruation. The heavily menstruating
women were found to have much greater iron
absorption compared to normal women. This
research was supported by the U.S. Atomic En-
ergy Commission.
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BNL-44. Characterizing Gamma Globulin
Levels in Multiple Sclerosis with
lodine-131

IN 1964, researchers from the Medical Depart-
ment of Brookhaven National Laboratory in co-
operation with scientists from medical depart-
ments at Bowman Gray School of Medicine of
Wake Forest University, North Carolina; the Uni-
versity of California, Los Angeles; and the Jew-
ish Chronic Diseases Hospital, New York con-
ducted a study involving 21 patients with estab-
lished cases of multiple sclerosis. The objective
of this study was to determine the level of
gamma globulin in the blood and cerebrospinal
(brain and spinal cord) fluid and the exchange
rate between the two. Male and female hospital-
ized patients between 29 and 66 years of age,
who had been symptomatic from 5 to 25 years,
were studied.

Gamma globulin obtained from normal donor
serum was labeled with iodine-131 (1'"), using
an established technigue. Between 0.5 and 2.0
milligrams of I"*'-labeled gamma globulin with 15
to 150 microcuries of I'*! were administered
intrathecally (through the covering of the spinal
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cord into the space between it and the spinal
cord) to all the patients.

After the required samples of cerebrospinal fluid
and blood were obtained, at least two of the
same patients and four other multiple sclerosis
patients received by intravenous injection be-
tween 1.2 and 2.4 milligrams of I"*'-labeled
gamma globulin with a radioactivity of between
29.1 to 152 microcuries. Blood samples were
obtained. The amount of I"*' activity was deter-
mined in the serum, in urine, and by whole-body
techniques. Cerebrospinal fluid samples were
obtained by spinal taps. The procedure was re-
peated with selected subjects, using 29 to 152
microcuries of gamma globulin labeled with 1'**
injected intravenously.

This study showed that gamma globulin trans-
ferred about 12 times faster from the cerebrospi-
nal fluid to the plasma than the reverse path.
This research was supported in part by the Na-
tional Multiple Sclerosis Society and the U.S.
Atomic Energy Commission.
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BNL-45. Study of the Metabolism of
Scandium Using Scandium-46 as
Tracer

IN 1964, researchers at the Veterans Administra-
tion Hospital, Hines, lllinois, and Brookhaven
National Laboratory conducted a collaborative
study of the metabolism, tissue distributicn, and
biological turnover of radioactive scandium using
scandium-46 (Sc*) as a tracer. Study subjects
were six male and six female patients, ranging in
age from 52 to 77 years, with various chronic
diseases, including cancer.

Fifty microcuries of several Sc*-labeled com-
pounds were administered intravenously. Blood
samples were drawn 1, 4, 8, 24, 48, and 72
hours after administration of the tracer. Urine
and stool samples were collected throughout the
study. Scandium retention in the body was mea-
sured by whole-body counting of selected sub-
jects over a period of 1 to 7 months. Tissue
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samples were obtained at autopsy from three
subjects who died as a consequence of their
disease during the study, and levels of Sc* were
measured.

This experiment showed that scandium uptake
was greatest in the spleen and that the biological
retention half-time was about 1,400 days. This
research was supported by the U.S. Atomic En-
ergy Commission.
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BNL-46. Use of Whole-Body Counting to
Evaluate the Metabolism of
Proteins Labeled with lodine-131

IN APPROXIMATELY 1964, researchers from the
Medical Research Center of Brookhaven Na- -
tional Laboratory, in collaboration with medical
personnel from the Jewish Chronic Disease
Hospital, New York and the Bowman Gray
School of Medicine at Wake Forest University,
North Carolina conducted an extensive study on
serum proteins in neoplastic (abnormal cell
growth, such as a tumor) diseases.

Two proteins, gamma globulin and albumin, both
labeled with iodine-131 (I"*"), were administered
to normal subjects and patients with various dis-
eases (including multiple myeloma, breast can-
cer, and lymphomay) to measure the degradation
rate of these proteins in the serum. lodine-
131-labeled gamma globulin and albumin con-
taining 17 to 60 microcuries of I"*' were adminis-
tered by injection. Serum and urine samples
were measured for radioactivity and total-body
counting techniques were conducted to measure
retention and clearance times. Over 70 subjects
were employed in this study and monitoring con-
tinued for as long as 60 days.

In addition to establishing the turnover rate of
proteins in certain diseases, this experiment
demonstrated that whole-body counting was
preferred over serum/urine sampling for accu-
racy and simplicity. This research was sup-
ported by the U.S. Atomic Energy Commission.
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BNL-47. Study of Skeletal Discrimination
Between Calcium and Strontium
Using Calcium-47 and
Strontium-85

A STUDY WAS CONDUCTED at Brockhaven Na-
tional Laboratory during 1964 to 1965 on the
uptake and metabolism of calcium and strontium
in bone. Calcium and strontium are chemically
similar, and the purpose of this study was to de-
termine whether the skeleton discriminates be-
tween uptake of strontium and calcium during
normal bone formation. Seven healthy male sub-
jects ranging in age from 53 to 80 years were
selected for this study and placed on a regulated
diet in the metabolic ward of the hospital.

Plasma calcium levels were evaluated and
found to be within normal range before the sub-
jects were injected intravenously with 20 micro-
curies of caicium-47 (Ca*) and 15 microcuries
of strontium-85 (Sr*®) as chlorides. Concentra-
tions of Ca*” and Sr® were measured in 24-hour
urine and fecal specimens daily for 10 days.
Plasma concentrations of Ca*” and Sr* were
also measured periodically for 10 days. The
whole-body retention of Ca* and Sr*® was deter-
mined by direct in vivo counting in the Brook-
haven whole-body counter for 30 days post-in-
jection.

This study showed that strontium predicted cal-
cium uptake, retention, and excretion, but that
calcium was slightly preferred to strontium by
the skeleton as a mineral constituent. This re-
search was supported by the U.S. Atomic En-
ergy Commission.
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BNL-48. Evaluation of Thyroid Function
and Anatomy Using Technetium-
99m Pertechnetate and lodine-131

BETWEEN 1964 AND 1966, a study was con-
ducted at Brookhaven National Laboratory to
evaluate thyroidal uptake of technetium-99m
pertechnetate (Tc®™Q,) relative to health status
of the subject, and to compare this imaging pro-
cedure with other thyroid function tests. A total of
208 studies were conducted using 193 patients
hospitalized for evaluation of suspected thyroid
disease or for other non-thyroid-related rea-
sons.

Between 2.0 and 2.6 millicuries of Tc®*"0, were
administered intravenously to the subjects, and
its distribution was monitored in the 143 non-
thyroid—suppressed subjects, using a sodium
iodide (Nal) crystal detector over the neck area.
A phantom containing 3 percent of the activity
administered to the subjects was used as the
standard. Many patients also underwent a
protein-bound iodine test before or after the
Tc®"0, study; the test used an unreported
amount of iodine-131 (I"*') given orally, followed
by thyroid counting for 1'*' for 24 hours. Blood
samples obtained from 47 patients after the
Tc¥™™0, scanning procedure were analyzed to
determine the Tc™™ activity per liter of plasma.
Thyroid size, the ratios of Tc®"0, in the thyroid
to that in the plasma, and thyroid technetium
space were calculated.

Technetium-99m pertechnetate imaging was
found to have some advantages over the 1"
test in the diagnosis and monitoring of thyroid
disease, and was recommended for physiologi-
cal and anatomical studies of the thyroid. This
study was supported by the U.S. Atomic Energy
Commission.

References

Atkins, H.L., and P. Richards. “Assessment of
Thyroid Function and Anatomy with Technetium-
99m as Pertechnetate.” Journal of Nuclear Med-
icine. Vol. 9, No. 1, January 1968, pp. 7-15. Q

36

BNL-49. Metabolic Study of Technetium-
99m-DTPA as an Improved Brain
and Kidney Scanning Agent

IN THE LATE 1960s, researchers at the Medical
Research Center of Brookhaven National Labo-
ratory studied the metabolism of diethylenetria-
minepentaacetic acid labeled with technetium-
99m (Tc™™-DTPA) as a basis for its use as an
improved brain and kidney scanning agent. Hos-
pitalized patients participated in the study.

Five hundred microcuries of Tc®*™-DTPA were
administered intravenously to each of 12 sub-
jects believed to be free of kidney disease. Re-
tention of activity was evaluated in a whole-body
counter. Blood and 24-hour urine samples were
measured to determine the Tc®*™-DTPA ex-
creted by the body. Two patients received injec-
tions of 3 microcuries of Tc®"-DTPA and were
whole-body counted several times over a 24-
hour period. Three patients were injected with
12 millicuries of Tc®*™-DTPA and underwent sev-
eral profile scans during the following two hours.
A single patient received 13 millicuries and was
whole-body scanned after 1 hour. One patient
was injected with 14 millicuries and underwent
seven serial kidney scans during the following 2
hours. It is unclear whether the Iatter 7 patients
were a subset of the first 12, or if the original
subject pool was actually 19.

The results indicted that Tc*™-DTPA is distrib-
uted uniformly throughout the extracellular
space without concentration in any organ and is
rapidly cleared from the body.

The study further showed that Tc*™-DTPA is
effective as a brain and kidney imaging agent
and also has use as an imaging agent in vascu-
lar studies. This study was funded by the U.S.
Atomic Energy Commission.
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BNL-50. Study of Tryptophan Metabolism
in Humans with Various Types of
Anemia Using Carbon-14

IN THE LATE 1960s, Brookhaven National Labo-
ratory researchers studied tryptophan metabo-
fism in humans with various types of anemia
using tryptophan labeled with carbon-14 (C'*) as
a tracer. The purpose of this study was to iden-
tify abnormalities in tryptophan metabolism in
advanced anemia. Seven hospitalized patients,
ranging in age from 12 to 67 years, with red cell
anemias were selected as study subjects.

Tryptophan (approximately 12 to 31 milligrams)
with approximately 100 microcuries of C'* was
administered orally to each patient with a loading
dose (2 grams) of unlabeled tryptophan. Ex-
haled carbon dioxide was collected from each
subject for 27 hours to be analyzed for C*O,.
Urine was also collected and analyzed for C*
levels.

Study results indicated abnormal enzyme activi-
ties. Some enzymes involved in tryptophan me-
tabolism are associated with some types of
anemias. The study was supported by the U.S.
Atomic Energy Commission.
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BNL-51. Studies on the Effects of a High-
Calcium Diet on Osteoporosis,
Using Calcium-47

IN 1987, SCIENTISTS at the Medical Research
Center of Brookhaven National Laboratory con-
ducted a study of the role of dietary calcium in
osteoporosis in humans. Seven patients, includ-
ing two females and five males ranging in age
from 58 to 89 years, participated in the study. All
exhibited slight to severe symptoms of osteopo-
rosis. Five of the seven were non-ambulatory as
a result of the disease.

Subjects were fed a diet high in calcium and
phosphorus for approximately 20 days. During
the latter 10 days, calcium-47 (Ca*) tracer stud-
ies were conducted. Each patient received 25
microcuries of Ca* as calcium chloride by intra-

venous injection. Blood samples were drawn at
1 and 6 hours and daily thereafter for 10 days
postinjection. Complete 24-hour collection of
urine and feces and whole-body counting was™
continued for 10 days to measure retention of
Ca* by the body. Patients then received a cal-
cium supplement for an additional 20 days. Dur-
ing the latter 10 days of this period, the tracer
study was repeated.

This study showed that a diet high in calcium
had a small, positive impact on osteoporosis.
This work was funded by the U.S. Atomic En-
ergy Commission.
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BNL-52. Studies on the Conversion of
Pyruvate and Lactate to Glucose
Using Carbon-14

A COLLABORATIVE STUDY was conducted in 1968
by researchers at Brookhaven National Labora-
tory and Case Western Reserve University,
Cleveland, Ohio, on the conversion of lactate
and pyruvate to glucose. Three normal sub-
jects—two males and one female between 22
and 42 years of age—were studied at the
Clinical Research Center, University Hospital,
Cleveland.

After fasting overnight, the subjects were in-
jected with 50 microcuries of sodium L-lactate-3
labeled with carbon-14 (C'4). The remaining six
subjects, all females between the ages of 17
and 64, were studied at the Medical Research
Center, Brookhaven National Laboratory. Three
of these subjects were administered 50
microcuries of C'*-labeled DL-lactate-2; the oth-
ers received 50 microcuries of C'“labeled
pyruvate-2. A blood sample was obtained from
each subject 1 hour after injection and the glu-
cose isolated and measured for radioactivity.

The results of this study suggested that metabo-
lism of lactate in humans followed the observed
path for animals. The study was funded by the
National Institutes of Health and the U.S. Atomic
Energy Commission.
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BNL-53. Study of Glucose Metabolism in
Patients with Gout Using
Carbon-14—Labeled Glucose

IN 1968, RESEARCH findings were published de-
scribing the metabolic pathway of sugar (glu-
cose) in patients with elevated levels of uric acid
{hyperuricemia) and gout. This study was con-
ducted at the Intermediary Metabolism Re-
search Unit, University of Natal, Durban, South
Africa. A researcher from Brookhaven National
Laboratory also collaborated on the study. A
group of 10 male patients, ages 39 to 51 years,
with elevated blood uric acid levels was studied.
Eight of these 10 had experienced previous at-
tacks of gout. Ten males subjects, ages 37 to 47
years, with normal uric acid levels were included
as controls. Five of the 10 hyperuricemic pa-
tients had histories of abnormal glucose toler-
ance, as did 3 of the control group. All subjects
in the study were Indian.

All subjects fasted for approximately 10 hours
before testing and were given an oral glucose
load to which had been added glucose labeled
with carbon-14 (C'%). The test was repeated 2
days later, using glucose-6—C". Approximately
25 microcuries of C'¥ were used in each test,
except for two cases where individuals received
50 microcuries of each labeled compound. Re-
spired carbon dioxide was collected from sub-
jects 60 and 120 minutes after administrations of
the radioactive material for C'“Q,analysis. Blood
samples were drawn at the same time. Radioac-
tivity levels were measured in the samples.

The study showed that glucose was metabolized
in essentially the same way by both groups. This
work was supported in part by the South African

38

Energy Board, the South Africa Council for Sci-
ence and Industrial Research, the Rockefeller
Foundation, and the U.S. Atomic Energy Com-
mission.
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BNL-54. Experimental Lymph Node
Imaging with Technetium-99m
Suifur Colloid

IN 1968 TO 1970, scientists at the Medical Re-
search Center of Brookhaven National Labora-
tory conducted experiments to determine the
suitability of technetium-99m (Tc*™)-sulfur col-
loid for imaging lymph nodes. Subjects for this
study included an unstated number of cancer
patients with various malignancies. The lymph
node studies were not considered an essential
aspect of patient management.

A gelatin-stabilized preparation of Tc®™-sulfur
colloid was prepared. After testing the prepara-
tion in laboratory animals, the Tc™™-sulfur colloid
was administered in amounts of 240 to 1,800
microcuries by subcutaneous injection to the
feet of the cancer patients. In addition, a female
patient with metastatic breast cancer was ad-
ministered 2,200 microcuries of Tc®™-sulfur col-
loid subcutaneously in the left side of her abdo-
men. The uptake and retention of the injected
material in nearby lymph nodes was measured
by rectilinear scanning and a scintigraph cam-
era,

The results of this study showed that the best
time to scan was 2.5 to 3 hours after injection.
The investigators concluded that this technique
had application for diagnostic imaging of Hodg-
kin's disease (a malignancy of the lymphatic
system). These studies were supported by the
U.S. Atomic Energy Commission.
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BNL-55. The Comparison of Two Forms
of Tryptophan in Patients with
Scleroderma, Using Carbon-14
as a Tracer

FrROM 1968 10 1971, researchers from
Brookhaven National Laboratory conducted a
study to compare the metabolic patterns of two
forms of tryptophan (the D- and L-isomers) in
patients with scleroderma (chronic hardening
and shrinking of connective tissue in any organ
of the body, including the skin) using tryptophan
compounds labeled with carbon-14 (C'%) as a
tracer. The purpose of this study was to evalu-
ate abnormal tryptophan metabolism in sclero-
derma patients. The study subjects were five
females with scleroderma, ranging in age from
40 to 60 years.

Each subject was given orally between 17 and
113 miilligrams of one or more forms of C** -la-
beled tryptophan, having between 10 and 114
microcuries C', together with 2 grams of unla-
beled L-tryptophan. Fifteen-minute samples of
expired C*O, were collected for a 4-hour period
after the administration and at 2-hour intervals
thereafter, and were analyzed for C'* activity.
Four consecutive 24-hour urine coliections were
also analyzed.

The study showed that scleroderma patients
have an altered metabolic step in the tryptophan
metabolic pathway. This study was supported in
part by the American Cancer Society, the Na-
tional Cancer Institute, and the U.S. Atomic En-
ergy Commission.
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BNL-56. Metabolic Studies on Normal and
Acromegalic Subjects Using
Carbon-14-Labeled Pyruvate

IN 1969, RESEARCHERS from Brookhaven Na-
tional Laboratory and the Department of Endo-
crinology and Metabolism at Karolinska Hospital,
Stockholm, Sweden, collaborated on a study of
human metabolism of pyruvate. A total of 32
studies were performed on 6 acromegalic pa-
tients and 17 non-acromegalic subjects. (Acro-
megaly is an endocrine disorder also called pitu-
itary gigantism that is characterized by abnormal
growth and swelling of the face, hands, and
feet.)

Four of the non-acromegalic (normai) subjects
were given human growth hormone prior to the
study. All subjects were administered 20
microcuries of carbon-14-labeled pyruvate (2-
C'“-sodium-pyruvate) by intravenous injection.
This was followed by injection of 100 micro-
curies of tritium (H%)-labeled water in normal sa-
line. Patients remained at bed rest for 2 hours.
Breath samples were collected at 15, 30, 60,
and 120 minutes after injection and analyzed for
C'-labeled carbon dioxide. One hour after injec-
tion, a blood sample was drawn and analyzed
for labeled and unlabeled glucose, free fatty ac-
ids, and H3-labeled water.

These studies showed that acromegalics with a
diabetic tendency exhibited a lowered glucose
tolerance and impaired pyruvate oxidation. This
study was supported by the U.S. Public Health
Service and the U.S. Atomic Energy Commis-
sion.
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BNL-57. Measurement of Whole-Body
Potassium Using Potassium-42
as Tracer and a Cesium-137
Gamma Source

IN 1969 AND 1970, scientists in the Medical De-
partment of Brookhaven National Laboratory,
examined the total-body distribution of potas-
sium using potassium-42 (K*?) as a tracer and a
whole-body counter. Objectives inciuded in vivo
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calibration of the counter and determination of
the normal range of potassium values as a func-
tion of age, gender, body weight, and other pa-
rameters. Participating in the study as subjects
were 425 normal volunteers, including obese
children.

Some subjects were administered K*; others
were exposed to a broad beam cesium-137
(Cs'™") source. Total body counts were taken at
0.5, 3, 6, 24, and 30 hours after intravenous in-
jection of 0.3 microcurie of K*2. Subjects also
were counted over a broad beam Cs™" source
to determine the absorption correction factor for
potassium-40 (K*) in the body. As part of a
study on the measurement of lean body mass,
the grossly obese children and the children of
normal body weight were orally administered 0.1
microcurie of K*2 and were then counted in the
whole-body counter to compare measurement
results. The levels of potassium in the study
population were measured and expressed as a
function of age and gender.

The study showed that the calibration factor was
about +3 percent for the study group, which var-
ied in body weight from 26.8 to 145.5 kilograms.
This work was supported by the U.S. Atomic
Energy Commission.
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BNL-58. Studies on the Kinetics of
Halothane Using Bromine-82

IN THE EARLY 1970s, researchers at the Medical
Department of Brookhaven National Laboratory;
the Department of Anesthesiology of Columbia
University, New York; and the University of Liv-
erpool, England, conducted collaborative studies
on the uptake, distribution, and excretion of halo-
thane, an inhalation anesthetic, that had been
labeled with radioactive bromine-82 (Br?).

Four volunteer subjects inhaled 2.5 microcuries
of Br¥-labeled halothane in a single breath. Ac-
tivity in the body was measured by whole-body
counting at 1-minute intervals. Subjects also
received an oral administration of 2.5
microcuries of Bré?-labeled ammonium bromide
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to determine, by comparison, whether Br®? dis-
sociated from the halothane after administration.

The study showed that concentrations ¢f halo-
thane were initially high in upper parts of the
body and low in lower parts of the body. Diffu-
sion equilibrium throughout the body was
reached in about 24 minutes. This work was
supported by the U.S. Atomic Energy Commis-
sion.
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BNL-59. Comparison of Technetium-99m
and lodine-123 for Thyroid
Imaging

IN THE EARLY 1970s, researchers in the Medical
and Chemistry Departments of Brookhaven Na-
tional Laboratory, evaluated technetium-99m
(Tc*®™ and iodine-123 (1'?) to determine their
relative effectiveness as thyroid imaging agents.
One hundred patients were included in the
study. Of these, 5 were hypothyroid (having ab-
normally low thyroid activity), 77 were euthyroid
(having normal thyroid activity), 15 were hyper-
thyroid (having abnormally high thyroid activity),
2 had chronic thyroiditis, and 1 had subacute
thyroiditis.

Each subject first received between 2.5 and 3.0
millicuries of Tc®™ pertechnetate (Tc*™Q,) intra-
venously and was examined by a gamma cam-
era scanning instrument 30 minutes later.
lodine-123 (100 to 350 microcuries) as sodium
iodide was then administered orally to most sub-
jects; some received 60 to 75 microcuries of 1'%,
Uptake measurements and scintiphoto-graphic
images were obtained 18 hours later. Two pa-
tients participated in repeat studies.

Overall, I'* was found to be superior to Tc™™ as
a thyroid imaging agent. This was attributed to
the greater concentration of I'* in the thyroid,
although some unexplained discrepancies be-
tween Tc®™ and I'2 images were found. This
research was funded by the U.S. Atomic Energy
Commission.
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BNL-60. Studies on Calcium Metabolism
and Chronic-Renal Failure Using
Calcium-47

IN A COLLABORATIVE STUDY conducted in the
early 1970s, researchers at the Medical Re-
search Center of Brookhaven National Labora-
tory, the Nassau County Medical Center, and
the Health Sciences Center, State University of
New York at Stony Brook, investigated caicium
metabolism in humans with chronic renal (kid-
ney) failure using calcium-47 (Ca*) as a tracer.
Study subjects were two groups of patients with
chronic renal failure who had undergone treat-
ment for kidney disease prior to the study. The
first group consisted of four males and two fe-
males between 46 and 63 years of age with
slight-to-mild kidney failure. The second group
consisted of seven subjects—five females and
two males between the ages of 17 and 53
years—with severe kidney failure.

All subjects ingested a constant diet with fixed
calcium and phosphorus levels for 7 days before
and 10 days after administration of the Ca*
tracer. Experimental subjects received 20
microcuries of Ca” intravenously. The level of
Ca* was measured in the blood 1 and 6 hours
after injection and daily thereafter for the next 9
days. Stool and urine samples were collected
over a 24-hour period and monitored for radioac-
tivity. The concentration of Ca* remaining in the
body was measured with the Brookhaven whole-
body counter.

This experiment showed that calcium metabo-
lism in the group with mild kidney failure did not
differ significantly from the normal population.
Those with severe kidney failure exhibited a
number of significant changes in the metabolism
of calcium and phosphorus. This research was
funded in part by the U.S. Atomic Energy Com-
mission.
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BNL-61. Studies of Glucose Tolerance in
Obese Humans Using Glucose
Labeled with Carbon-14 and
Tritium

IN APPROXIMATELY 1970, researchers at
Brookhaven National Laboratory used glucose
(simple sugar) labeled with carbon-14 (C'#) and
tritium (H®) to study the human response to corti-
sone glucose tolerance testing. Ten female sub-
jects of normal weight between 17 and 35 years
of age, and 19 obese females between 17 and
52 years of age, were included in the study. All
nonobese subjects were in the hospital for at
least 48 hours prior to metabolic studies and on
diets of 1,600 to 2,000 calories, with 200 to 250
grams of carbohydrates per day. Obese sub-
jects received 1,800 to 2,000 calories daily, with
200 to 300 grams of carbohydrates.

All subjects received an oral dose of glucose in
an amount proportional to body-surface area.
The glucose contained 40 to 50 microcuries of
glucose-1-C' and 250 to 500 microcuries of
glucose-1-H®. Blood samples were drawn at 30-
minute intervals and analyzed for tritiated glu-
cose and tritiated water. Breath was monitored
almost continuously for C'*O,. Body water space
was also determined using tritiated water (250 to
500 microcuries of H*OH) administered intrave-
nously to the fasting subjects. Blood samples
were drawn at 1 and 2 hours to measure H* ac-
tivity. All subjects also received a conventional,
uniabeled intravenous cortisone glucose toler-
ance test.

This study indicated metabolic differences be-
tween obese and nonobese subjects. This re-
search was supported by the U.S. Atomic En-
ergy Commission.
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BNL-62. Measurement of Total-Body
Calcium, Sodium, Chlorine,
Nitrogen, and Phosphorus by
Neutron Activation Analysis

IN 1970 AND 1971, researchers at the Medical
Research Center of Brookhaven National Labo-
ratory examined the feasibility of using neutron
activation analysis to measure levels of total-
body calcium, sodium, chlorine, phosphorus,
and nitrogen in humans. A total of 17 patients
ranging in age from 15 to 70 years participated
as subjects. This group consisted of four fe-
males with metastatic breast cancer, four fe-
males and two males with osteoporosis, two
females with chronic kidney failure, and one
male with Cushing’s disease.

The subjects were exposed to a uniform neutron
depth flux from 14-MeV (million electron volt)
neutrons. Two 15-minute counts were then
taken, using a whole-body counter.

The results indicated that the amounts of cal-
cium, sodium, chlorine, nitrogen, and phospho-
rus in the subjects’ bodies could be determined
using neutron activation. The average radiation
dose to patients using this technique was esti-
mated to be 0.637 rem. The researchers con-
cluded that the technique held promise for use in
medical research and diagnosis. This work was
supported by the U.S. Atomic Energy Commis-
sion.
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BNL-63. Effectiveness of Technetium-
99m-DTPA in Measuring
Glomerular Filtration Rate

IN 1970 AND 1971, researchers at Brookhaven
National Laboratory compared the effectiveness
of technetium-99m-diethylenetriamine-
pentaacetic acid (Tc®™-DTPA) with that of so-
dium iothalamate labeled with iodine-125 (1'%),
for measuring glomerular filtration rates in evalu-
ation of kidney disease. Technetium-99m and
12 were used as tracers in this study. The sub-
jects were 11 patients under investigation for
hypertension (high blood pressure) who had
normal or slightly diminished kidney function, as
determined by other methods.

Each subject received a single intravenous in-
jection of approximately 3 millicuries of Tc%®™-
DTPA and 50 microcuries of 1'**-sodium
jothalamate. Urine samples and nine blood sam-
ples were obtained from each patient at regular
intervals during the 24 hours after the adminis-
tration. Measures of plasma concentration and
urinary excretion of Tc*"-DTPA were obtained
from each subject, using a known standard of
Tc®™"-DTPA for comparison.

The results indicated that Tc®™-DTPA, rapidly
prepared by a kit method, was an effective agent
for measuring glomerular filtration rates in sus-
pected kidney disease. This research was sup-
ported by the U.S. Atomic Energy Commission.
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BNL-64. Total-Body Neutron Activation
Analysis

BETWEEN 1970 AND 1972, scientists at the Medi-
cal Research Center of Brockhaven National
Laboratory, developed a method for analyzing
total-body content of the elements calcium, so-
dium, chloring, aluminum, and potassium. This
method involved exposing a subject to a broad-
beam neutron source and counting certain
neutron-activation products in the human, using
a whole-body counter. The neutrons were gen-
erated by an external plutonium-238, beryllium
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oxide (Pu®*0,-Be) neutron source as fourteen
50-curie sources arranged in a planar array. The
levels of nitrogen-13, calcium-49, sodium-24,
chlorine-38, and aluminum-28 produced in the
body by neutron activation were determined
from the resulting gamma-ray spectrum.

One male subject was irradiated for 5 minutes,
then counted 3 minutes after exposure. The
same patient was later exposed to a source of
14-MeV (million-electron-volt) neutrons (from an
accelerator) and counted 6 minutes after expo-
sure for comparison of activation product spec-
tra. The radiation absorbed dose to the subject
was estimated to be 277 -millirems for each ex-
posure.

The results of the study indicated that the pluto-
nium/beryllium array produced a neutron source
that was more uniform than the 14-MeV neutron
source for total-body neutron activation analysis
and body composition studies. This research
was supported by the U.S. Atomic Energy Com-
mission.
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BNL-65. Study of the Effects of a High-
Sucrose Dietary Intake Using
Carbon-14

IN 1973, researchers at Brookhaven National
Laboratory studied the acute and chronic effects
of a high-sucrose (table sugar) diet intake on
plasma triglyceride (a form of fatty acid) levels in
comparison to those produced by a high-starch
diet. Twenty females and three males between
the ages of 16 and 47 years were included in the
study. All but two females and one male were
grossly overweight.

Subjects were hospitalized and given a diet con-
sisting of 2,200 to 3,000 calories per day, of
which 50 percent were from carbohydrate, 15
percent from protein, and 35 percent from fat.
After overnight fasting, subjects received an oral
dosage of sucrose labeled with 40 microcuries
of carbon-14 (C'). Blood was sampied fre-
quently during the first 3 hours for measurement

of C'*-labeled glucose and at 0, 1, 3, 6, and 12
hours for C'*-labeled triglycerides in the plasma.
Breath was collected during the first 3 hours af-
ter ingestion and measured for C'“-labeled car-
bon dioxide. Other diets were also studied.

Among other findings, this experiment showed
that triglycerides peaked very rapidly (3 to 6
hours) after ingestion of sugar. This research
was funded by the U.S. Atomic Energy Commis-
sion.
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BNL-66. Studies of the Uptake of
Metabolites of Tryptophan Using
Carbon-14

IN THE MID 1970s, researchers at Brookhaven
National Laboratory studied the uptake of me-
tabolites of tryptophan using carbon-14 (C'%) as
a tracer. This was done to determine if reliable
metabolism studies could be conducted using
tryptophan and several of the isomers labeled
with C*, and if tryptophan metabolites are
bound to proteins in blood. Study subjects were
volunteers and included five white female sclero-
derma patients 40 to 60 years in age.

Tryptophan, or D- or L-kynurenine, or D- or 1-3-
hydroxykynurenine was administered to each
subject in amounts ranging from 10 to 50
microcuries of C'*, depending on the compound.
Ten milliliters of blood were drawn from each
subject after administration of tryptophan and
analyzed for C'* content.

The study provided new information on metabo-
lites and showed that the amino acids were
bound to proteins in circulating blood. This study
was supported in part by the U.S. Department of
Health, Education, and Welfare and the U.S.
Energy Research and Development Administra-
tion.
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the Society for Experimental Biology and Medi-
cine. Vol. 149, 1975, pp. 1,063-1,068. O

BNL-67. Comparison of Tryptophan
Metabolism Using Carbon-14—
Labeled Tryptophan

IN 1975 AND 1976, Brookhaven National Labora-
tory researchers collaborated with the South
African Atomic Energy Board, Pretoria, South
Africa, to evaluate tryptophan metabolism in
South African gold miners and compare it with
that of previously studied American female
scleroderma patients. Six white male patients at
a South African hospital volunteered for the
study. These subjects were between 40 and 60
years of age and suffering from silicosis-induced
scleroderma.

A 2-gram loading dose of unlabeled tryptophan
was administered to each subject. Five days
later, 9 to 31 milligrams of carbon-14 (C')-
labeled tryptophan kynurenine-keto, or hydroxy-
I-kynurenine-keto labeled with 21 to 26 micro-
curies of C'* was orally administered to each
subject 1 hour after breakfast. Urine was col-
lected for consecutive 24-hour periods after ad-
ministration and analyzed for C" activity.

This study confirmed the earlier finding that
some scleroderma patients have an altered step
in the tryptophan metabolic pathway. The rela-
tionship between silicosis of the lung and later
development of scleroderma was unexplained
by the study. The study was supported by the
South African Council for Scientific and industrial
Research, the National Institutes of Health, and
the U.S. Energy Research and Development
Administration.
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BNL-68. Changes in Body Composition
with Age Determined by Total-
Body Neutron Activation
Analysis

IN 1975 AND 1976, several related studies were
conducted at Brookhaven National Laboratory
involving use of total-body neutron activation
analysis to determine body levels of calcium,
phosphorus, and potassium. The populations
studied included 40 white women, 39 white men,
28 black women, and 21 black men. Each of the
subjects received a 5-minute total-body expo-
sure to a planar array of 14 neutron radiation
sources. The source of external neutrons was
14 capsules each containing 50 curies
plutonium-238 mixed with beryllium. The neutron
flux activated stable elements in the irradiated
subject, and the subsequent gamma emissions
from the body were then counted in the
Brookhaven whole-body counter.

In the first study, the age-related changes in
body chemical composition were measured in a
normal black population ranging in age from 30
to 80 years. The levels of total-body calcium,
phosphorus, sodium, and chlorine were mea-
sured by gamma counting for neutron-induced
calcium-49, aluminum-28, sodium-24, and
chlorine-38. These data were compared to val-
ues observed on a normal white population in a
previous study. This study showed that black
men and women had significantly higher total-
body calcium, phosphorus, sodium, chlorine,
and potassium than that of a white population
with the same ages and sex. However, the rates
of mineral loss with aging were similar.

Two additional studies reported changes in body
chemical composition with age in adult males
and females and the effect of aging on bone
mass mineral loss in adult women. These stud-
ies showed that women lose calcium at 0.37
percent per year before the age of 50 and 1.1
percent per year afterwards, and that men lose
calcium at 0.7 percent per year. The rates of
total-body phosphorus and potassium loss are
directly related to that of calcium. These studies
were supported by the U.S. Energy Research
and Development Administration.
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BNL-69. Study of Krypton-79 Biokinetics

IN 1976, investigators of the Applied Science and
Medical Departments, Brookhaven National
Laboratory, studied the total-body retention and
clearance of krypton gas using the isotope
krypton-79 (Kr’®). Krypton is a noble gas pro-
duced during uranium fission in nuclear power
plants (mainly Kr®), and little information was
available at that time on the metabolism of kryp-
ton in man. The purpose of this study, therefore,
was to determine the uptake of krypton by the
body and its short-and longer-term biclogical
retention after inhalation using Kr®.

Twelve male and four female adult volunteer
subjects with no known respiratory disorders
participated in this study. The subjects ranged in
age from 30 to 61 years, and in weight from 124
to 234 pounds. These broad ranges were cho-
sen to determine differences in retention accord-
ing to age, respiratory volume, and percent body
fat. Each of the subjects inhaled 130 to 1,250
microcuries of Kr'® gas mixed with normal
breathing air during exposures of about 10 min-
utes, and were then counted in the Brookhaven
whole-body counter to determine body retention
of Kr'® over time.

This study showed that krypton deposited in dif-
ferent body compartments (lungs, muscles, and
fatty tissues), each clearing at different rates,
with retention half-times ranging from a few sec-
onds to almost 10 hours. Krypton was retained
longest in fatty tissues. Longer retention times
correlated well with increasing amount of body
fat, which acted as a repository in the body for
krypton. This research was supported by the
U.S. Energy Research and Development Admin-
istration.
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BNL-70. Study of Xenon-127 Retention

IN 1976, investigators of the Applied Science and
Medical Departments, Brookhaven National
Laboratory, studied the total-body retention and
clearance of xenon gas using the isotope xenon-
127 (Xe'?). Xenon was used in nuclear medi-
cine clinics in routine studies of lung ventilation
and perfusion as an aid to diagnosis of pulmo-
nary disease. The purpose of this study was to
determine the uptake of xenon by the body and
its short-and longer-term biological retention af-
ter inhalation, and how these values are infiu-
enced by amount of body fat.

Seven male and five female volunteer subjects
with no known pulmonary disease participated in
this study. The subjects ranged in age from 29
to 61 years, and in weight from 110 to 306
pounds to determine differences in man accord-
ing to age, respiratory volume, and percentage
body fat. Each of the subjects inhaled up to 100
microcuries of Xe'?” gas mixed with normal
breathing air during exposure periods of 10 to 30
minutes, and were then counted in the
Brookhaven whole-body counter to determine
body retention of Xe'? over time. The subjects
then repeated the study at different concentra-
tions of Xe'? in breathing air.

This study showed that xenon totally cleared
from the body three days after inhalation and
that longer retention times correlated well with
increasing amounts of body fat, which acted as
a repository in the body for xenon gas. The re-
sults of this study were used to estimate radia-
tion doses to nuclear medicine patients undergo-
ing diagnostic examinations. This research was
supported by the U.S. Energy Research and
Development Administration.
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HS-1. Ingestion of lodine-131 in Milk by
Hanford Employees

IN 1963, milk from dairy cows fed iodine-131
(1"*') was consumed by eight General Elec-
tric/Hanford workers either as a single dose or
as several daily doses. During the study, the
amount of iodine in the cows' diet was increased
from 5 milligrams per day to 2 grams per day.
The resulting uptake by the human thyroid was
-determined in Hanford’s whole-body counter
facility. Participants were Hanford scientists who
had volunteered to drink the milk and be
counted over a period of approximately 1 month.
This work was supported by the U.S. Atomic
Energy Commission. (Previously described in
#41 on the original list of 48 experiments re-
leased by DOE in June 1994 and included in
The DOE Roadmap of February 1995)
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HS-2. Intentional Release of lodine-131 at
Hanford in 1963

IN JuLy 1963, the Hanford Laboratory conducted
a study that involved the release of 120 micro-
curies of iodine-131 (I"*') into the environment.
These releases were designed to characterize
the dispersion of radiation. The purpose of the
experiment was to enable scientists to deter-
mine the fraction inhaled by men, the amount
taken up by the thyroid, and the retention half-
time of radioiodine in human thyroid.

Two volunteer subjects (Hanford employees),
were stationed in the expected path of the radia-
tion cloud. These subjects intentionally inhaled
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1" from the release and were subsequently
measured for thyroidal uptake of I'*'. These ex-
periments were performed under contract with
the U.S. Atomic Energy Commission. (Included
in The DOE Roadmap of February 1995, and
since revised)
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HS-3. Absorption of Tritium Oxide
Through the Skin

IN 1951, scientists in the Biology Section, Radio-
logical Sciences Department, General Electric
Hanford Company examined the percutaneous
(through the skin) absorption of tritium (H?)
oxide-labeled water vapor in animals and hu-
mans. A total of 14 subjects participated in the
study.

Twelve subjects were exposed over about 10
square centimeters on the forearm, and two
were exposed on the abdomen. One of the arm-
exposed subjects also received atmospheric
whole-body exposure while breathing H*labeled
air through a respirator. Urine samples were
collected from all 14 subjects over a 48-hour
period.

The study results indicated that absorption of H?
through the skin and lungs from an H®-contami-
nated atmosphere contributed similarly to the
total-body burden as exposure by H3-water va-
por. As a result of this finding, the researchers
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recommended a 50 percent reduction in the per-
missible maximum level for atmospheric tritium
oxide. This study was funded by the U.S. Atomic
Energy Commission. (This experiment was ref-
erenced in the Markey report.)

References

Del.ong, C.W., R.C. Thompson, and H.A.
Kornberg. “Percutaneous Absorption of Tritium
Oxide.” American Journal of Roentgenology,
Radium Therapy and Nuclear Medicine. Vol. 71,
No. 6, June 1954, pp. 1,038-1,045. O

HS-4. Calibration Studies Using Zinc-65

IN 1959, researchers at the General Electric
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