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3,5 Batielie
Pacific Northwest Laboratories

P.O. Box 999
Richland, Washington U.5.A. 99352

Teleph 5094
eeprone BT 375-2461
Telex 15-2874

Qctober 25, 1984

P. K. Clark

Energy Programs Division
Richland Operations Office
U. 5. Department of Energy
216 Federal Building
Richland, Washington 99352

Qear Paula:

The enclosed is a copy of the material on human experimentation solicited
by OHER staff for transmission to Representative Ottinger, which I picked
up during a recent visit to DOE Headquarters. Much of our input is
included in modified form. I understand that there may be some network
coverage of this issue soon with Jim Kane, Dr. Trivelpiece's deputy,
interviewed.

Sincerely,

o~
Sidney Marks, M.D.
Associate Manager .
Environment, Health and
Safety Research Program

SM:gm

Enclosure

-

X prated 1,

»
: bce: WJ Bair
'E§t‘” ; RP Marshall.
i BL Matthews
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*See Previous Concurrences .

Hanorable Richard L. Qttinger

Chairman, Subcommittee on Energy
Conservation and Power

House of Representatives

Washington, D.C. 20515

Dear Mr. Chai}man:

This 1s in response to your letter requesting certain information about project

involving human test subjects and radfation that have been funded by the
Department of Energy and its predecessor agencies.

An enclosed memorandum cutlines the approach that was taken to assemble the -

pertinent information and 1ists in chronological arder the Government officials

respons1b1e for the studies.
Also enclosed are summaries of the projects, grouped by tapic.

lfe trust that this information will be useful to you in your investigation. We

continue to search for additional information and will forward such information

if it covers projects not reported by this letter.

Sincerely,

DONALD PAUL HODEL
13 Enclosures

cc:
Honorable Carlos J. Moorhead }
Ranking Minority Member T

beec: ES (4)
cp-1 (2)
ER-1
ER=2
ER-60
ER-§22
.ER=70 (2)
FR-T1 :

MA-1

MA-3 .
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INFORMATION: Response to Request from Honorable Richard L. Ottinger T

The Secretary DATE

This memorandum and the attached summary fact sheets have been prepared in . Sruack

response to Mr. Ottinger's letter, requesting certain information about i

projects involving human test subjects and radiation that have been funded

by the Department of Energy and its predecessor agencies. B

Medical radiation research has been conducted for many years for a variety (o sweo.
of reasons. In some projects, such as the production and use of plutonium

during the war years, there was an urgent need to obtain radiobiological MTALSTSIG.
data on certain radionuc)ides for the purpose of establishing safety
criteria for protection of individuals in the workplace. In other researchjoure™ ™™

it was clear that the use of radiation provided considerable improvement in
the treatment of certain human diseases, such as cancer. In addition, thergwarcsvacs
was also a need for basic knowledge about the biological effects produced td
determine whether repair of biological damage occurred, and to ascertain the wimasrsic.
treatments necessary to promote recovery of the individuals who had been .
exposed. Thus, depending upon the magnitude of the problem, there were oate
instances in which humans were exposed to radiation for the purpose of
determining the relationship between biological effects and radiation dose, | rre.swsot

to determine the metabolism, deposition, and el imination of radfoactive N R T
substances of interest which had been inhaled or ingested by the individual]mmassa

or to demonstrate the effectiveness of radiation in the treatment of cancer |

or other diseases. e
Prior to the time that formal guidelfnes were promul gated, there was a | AT, symBoL

general practice to inform participants in human volunteer studies with | ...
respect to the purpose of the experiment and the potential hazards involved. INTIALS/SIG,

In clinical studies related to the use of radiation or radicactivity for eeeeerussionas
medical treatment purposes, such information was provided as a matter of oATE
routine. In addition, no proposed treatment protocol by an individual .
physician could be used without approval of all the clinical staff. In nra. sruecr
November 1966, the Advisory Committee for Biology and Medicine recommended |........ aes
to the AEC that formal procedures be established in AEC laboratories to nmaLssia.
ensure that ethfcal practices then extant were followed with respect to use |........
of human volunteers for research purposes. o
) ATQ, SYMBOL,

INTIAL S/SIG,
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DOE F 1325.10

In December of 1366, Dr. Charles L. Dunham, then Director of the Division of ——
Biology and Med1c1ne, directed the program directors of the laboratories to
consider current laboratary practices and revise their procedures, if

necessary, to comply with the code of ethics which the Surgeon General had ;.'

1nst1tuted.

Subsequent1y, in 1970, Dr. John R. Totter notified the laboratories that the
AEC had officially adopted the Natfional Institute of Health procedures which
were described in the booklet entitled "Protection of the Individual as a
Research Subject." At an early time, therefore, the AEC and its labora-
tories were cognizant of and sensitive to the need for implementation of
procedures to ensure a responsive code of ethics in their research programs.

The information that is summarized on the attached fact sheets was
obtained from several sources. The more recent projects are documented in
files at DOE Headquarters in Germantown, Maryland. For others, it was

necessary to request our field offices to obtain fact sheets from current or|

previous contractors. In some instances, the information has been obtained
from summary reports or from data published in the open 1{terature.
Pertinent information 1s recorded in the proceedings of two previous
congressional investigations: (1) Hon. Chet Holifield (Chairman),
Applications of Radio-isotopes and Radiation in the Life Sciences, Hearings
before the Subcommittee on Research, Development and Radiation of the Joint
Committee on Atomic Energy, March 27 30, 1961, and (2) Hon. Albert Gore, Jr.
{Chairman), Oversight - Human Total Body Irradiation (TBI) Program at Oak
Ridge, Hearing before the Subcommittee on Investigations and Oversight of
the House Committee on Science and Technology, September 23, 1981.

The information currently available is necessarily incomplete, in part
because of the length of time that has elapsed since the beginning of these
studies. Many of the original records are currently unavailable because
they have been lost or destroyed. However, although it is possible that
some additional studies will still be found, 1t seems unlikely that any -
significant project has been omitted.

The reports have been. grouped 1nto the following categor1e5°

1. Metabolism and Biological Effects of Plutonium, Polonium,
Thorium, Uranium, Radium and Lead-212
Test1cu1ar Irradiation
Whole-body Irradiation for Treatment of Leukemia and Lymphona
Teletherapy with Particle Beams
Other Teletherapy Studies
Treatment of Polycythemia
Hematological Effects
Neutron Capture Therapy
Other Radiation Therapy
Biological Effects of lodine-131
Other Biological Effects Studies
Metabolic and Physiological Studies

0008b92
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The responsible government offictals for these studfes are Tisted belcw
in chronological order: B '

Division o
. . : or R
Pariod ‘Name Acency 0ffice Title
42'45 Sufford Lo ull’i‘eﬂ. "-_Do, MED
45-47 Robert S. Stone, M.D.* MED
47-52  Shields Varren, M.0.* AEC DBM Director
52-54 John C. Bugher, M.D.* AEC DBM Director
54-67 Charles L. Dunham, M.D.* AEC DBM Director
67-72 John R. Totter, M.D. - AEC DBM Director .
72-77 James L. Liverman, Ph.D. AEC/ERDA  DBER Director
77-81  William ¥. Burr, M.D. . DOE DBER/OHER ActDir/Director
81-date Charles W. Edington, Ph.D. DOE - OHER ActDir/ActAssoc
Director/Assoc
Director
*decaased '
Abbraviations:

MED - Manhattan Engineer District (1942-1945)

AEC - Atomic Energy. Commaissfion (1945-1975)

ERDA - Energy Resesarch & Development Administration (1975-1977)
DOE - Department of Energy (1977-date)

D8BM - Division of Biology & Medicine (1945-1974)

DBER - Division of Bicmedical & Environmental Research (1975-1981)
OHER - 0ffice of Health and Envirormental Research (1981-date)

We trust that this information will be useful to Mr. Ottinger in his {nvesti-

gation. We continue to search for addftional {nformation and will forward
such {nformation if it covers projects not reported by this memorandum.

-~

A1vfn W. Trivelpfece
Director, Office of
Energy Research
12 Attachments

ER-73:JSRobertson:1w:353-5355:9-6-34

bec: ES (49 ER-622
@ (2) ER-70 (2)
ER-1 ER-71
ER-2. MA-1
ER-60 MA-3
ER-61

0008693
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(2-79)

The responsible govermment officials for these stbdies are listed below
in chronological order:

Division
or
Paricd Name Agency Office Title
42-45 Stafford L. varran, M.D.* MED
45-47 Robert §. Stone, M.D.* MED
47-52 Shields tvarren, M.D.® AFC oBM Director
52-54 Jonn C. Bugher, M.D.* AEC oM Director
54-67 Charles L. Dunhamn, HM.D.* AEC DosM Director
67-72 John R. Totter, M.D. ALC : oM Director
72=77 Janes L. Livemnan, Ph.D. ADC/EPDA  DBER Director
77-31 william #/. Burr, M.D. DOE DEER/QHER ActDir/Director
8l-date Charles W. Edington, Ph.D. DOE CHER ActDir/Actassoc
Director/Assoc
Director
*deceasad
Abbreviations:

. MED - Manhattan Engineer District (1942-1945)

AEC - Atomic Energy Camission (1945-1975)

ERDA - Energy Research & Develogmment Administration (1975—1977)
DOE - Department of Enargy (1977-date)

DBM = Division of Biology & Medicine (1345-1974)

DBER - Division of Biomedical & Envirommental Research (1975-1981)
OHER - Office of Health and Envirormental Reszarch (198l-date)

v trust that this information will be useful to you in your investigatiom.

We continue to search for additional information and will forward such
Cnformation if it covers projects not reportad by this letter.

Sincerely,

h69800

DGIALD PAUL HODEL

cc: Honorable Carlos J. !oorhead MA-3
Ranking Minority Mamber

8 84
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* HOUSE OPMCE BURDMEG AeaX N0, 3
- PIONE (207 110-3424
» RENARD ( JTTINGIR, ALY, DMBAAN
TWWY, wASM. munoomm' .
K ovorn oms.  pancoars . w U.S. HOUSE OF REPRESENTATIVES
8 7. BAOTMAL,
..“:..”:‘.‘:'.'.‘.‘n“:?n’?m “x omoa SUBCOMMITTEE ON ENERGY CONSERVATION
ALSERT cw&m . AND POWER
JOMNM D. DINGELL, MICH. £ C ormee
w. e, weeass COMMITTEE ON ENERGY ANO COMMERCE
FTAR DwacTon ' WASHINGTON, D.C. 20515

) ' - June 7, 1984

Bonorable Donald P. Hodel
Secretary

Department of Energy
Forrestal Building
wWashington, D.C. 20585

Dear Mr. Secretary:

As you know, the Subcommittee is investigating the health and
safety policies of the Department of Energy. Your assistance is
requested for this effort. ©Please prepare a list of each human
experimentation project involving human test subjects and
radiation that has been funded by the Atomic Energy Commission,
the Energy Reseazch and Development Administration and/or DOE. -

The list should include, for each project:

1. the project name, the facility (ies) at which it was
conducted, and the datas during which it was conducted;

2. the medical manager of the project, as well as the
contracting officer within AEC, ERDA, ané DOE who was
responsible for monitoring the project;

3. a brief description of the tests, what was done to the
participants, including the objectives of the
experiments, both therapeutic and experimental;

4. the policy and specific methods for follow-up and
long-term tracking of the participants in these projects.
= Please note if no follow~-up review or long-term tracking
. was conducted.

 Mea g,

0008b97
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Honorable Donald P. Bodel
June 7, 1984
Page Two

- In addition to the human experimentation Projects which the
AEC, ERDA, and/or DOE commissioned, please specify each project
that these agencies provided support for or conducted jointly with
other agencies such as NASA, the Defense Atomic Support Agency,
and the Defense Nuclear Agency of the Department of Defense.

Your cooperation’is appreciated. Please provide your
response by June 25, 1984. If there are any questions regarding
this request, please contact Jeanine Hull, Subcommittee counsel,
at 226-2424.

Sincerely,

A Barol CHlinger—

Richard L. Ottinger
Chairman

W gy,

00084 qg o - 81 530



SUMMARY FACTSHEET HUMAN EXPERIMENTATION SFS1.001
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Project Category: Metabolism and Biological Effects of Plutonium, Polonium,
Radium, Thorium, Uranium and Lead-212 :

Funding Source(s): MED
AEC (one patient)

- D D D P D D D WD WS U R S N D R A W e N e D T S D WD WP MDD T D G S P D W S D S D AR A S P TR A G N R AR W WD W G G WD P TR R A S A s W

Institution{s): University of Rochester, University of California,
University of Chicago, Clinton Laboratories (Qak Ridge)

Principal Investigator: Robert S. Stone

Objective(s) of Project: To determine the excretion rate of plutonium in man
in order to provide the information necessary for setting safety criteria for
the several thousand MED workers handling plutonium.

Short Description: During the period 4-10-45 to 7-18-47 a total of 18 patients
with an estimated 1ife expectancy (because of existing disease) of less than
10 years were injected with on the average 0.3 microcurie of plutonium-239

or -238 (range: 0.05 to 6 microcurie) at: MED Hospital, Oak Ridge, TN

(1 patient); Strong Med. Hosp., Rochester, NY (11); Billings Hosp., U. of
Chicago, IL (3); Univ. Hosp. UCSF, San Francisco, CA (3).

The patients included 13 males and 5 females. By race there were 15 whites
and 3 blacks. The ages of 13 were 45-65 years, 4 were 18-45 and one was 4 years
0ld. Body excretions were collected and measured for plutonium content for -
several weeks after injection. These data have been analyzed many times in
efforts to find the best mathematical parameters.

Follow-up Data: Six of the patients died in Tess than l.year, three in 1l to 3
years, three in 8 to 14 years, and four after 20 years. One is still living
(Oct. 1983) and the status of one is unknown. None of the deaths was related
to plutonium exposure and there is no evidence to suggest that plutonium
injection influenced the course of the diseases. The bodies of four of the
deceased patients have been studied for residual plutonium content. With the
excretion data these studies provide a basis for estimating plutonium body
burdens from plutonium urinary excretion rates.
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SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SFS1.002
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Project Category: Metabolism and Biological Effects of Plutonium, Polonium,
Radium, Thorium, Uranium and Lead-212

Funding Source{s): AEC

- > D T P D A MR WD A D WD S e W Y T AD R P S D MR W D A WP N UD AP WS AN D WD ED G D G D P D P W G D WP W T AP D D W U SR N G D S D D W A .

Institution(s): Massachusetts Institute of Technology

Principal Investigator(s): Robley Evans

Objective(s) of Project: To determine the relative uptake via the gut of
radium and thorium. This information was considered to be necessary in the
interpretation of the toxicity data of radium dial painters.

Short Description: During the period 1961-1965, tracer doses of.the short-
1ived nuclides radium-224 and thorium-234 were given by mouth to 20 i
volunteers (ages 63 to 83 years), and the relative absorptions measured.
Metabolic studies, conducted over a period of 21 days for Ra and 4 months
for Th, included measurements of blood, urine, feces and breath samples, and
on the whole body and the upper 20% of the body with the GI tract shielded.
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SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SFS1.003
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Project Category: Metabolism and Biological Effects of Plutonium, Polomum,
Radium, Thor1um. Uranium and Lead-212

Funding Source(s): MED/AEC

Institution(s): Univ. of Rochester (Polonium, Lead 212)
Los Alamos Scientific Laboratory (Uranium)
Massachusetts General Hospital (Uranium)
Oak Ridge National Laboratory (Uranium)

Principal Investigator{s): N. E. Silberstein (Polonium)
J. B. Hursa (Lead-212)
W. H. Sweet (Uranium)

Obaect1ve(s) of Project: Data on the distribution and metabolism of these
substances in the bady was needed for evaluation of the hea1th hazards of
exposure to these and related substances.

Short Description: In 1947 at Rochester, four human subjects were injected
intravenously with 0.17 to 0.3 microcurie of polonium per kg body weight,
and a fifth subject was given polonium orally. Fecal and urinary excretion
rates were measured. ,

In Boston, Hexavalent uranium was given to 12 terminal brain tumor patients.
Blood, urine and feces samples were obtained. Tissue samples were obtained
at biopsy and autopsy and were studied at Oak Ridge (Oct. 1953-Oct. 1959).

In 1965 at Los Alamos the mean transit times for microspheres Tabeled with
uranium-235 through the gastrointestinal tract was studied in 57 normal
adults. Particle sizes were about 100 to a few hundred micrometers
diameter. The mean transit times were 34.5 t16.6 hours.

In 1967 at Rochester, lead-212 was administered by mouth to three human
subjects. Gastrointestinal absorptions of 1.3, 8.1 and 16.0% were found.
Excretion rates were compared with those for two subjects who received
lead-212 intravenously. The uptake and retention of lead in red blood cells
was studied.

Follow-up Data: A1l of the brain tumor patients died of their disease within
less than one and one-half years after entering the study. No follow-up was
obtained in the other studies.

0008101



SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SFS2.001
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Project Category: Effects of Radiation on the Human Testes

Funding Source(s): AEC/ERDA

Institution(s): Pacific Northwest Research Foundation, Seattle, WA

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

Feb. 27, 1973)
Objective(s) of Project: To obtain data on the effects of ionizing radiation
on testicular cytochemistry and function in man

Short Description: During the period August 22, 1963 to May 6, 1971, 67
volunteers at the Oregon State Prison were subjected to testicular irradiation
by 140 kvp X-rays. Radiation doses ranged from 8 to 600 R in single acute
exposures except that six were irradiated a second time, one a third time, and
one was given weekly irradiations of 5 R per week for eleven weeks. Studies
included serial testicular biopsies, sperm counts, and urinary or plasma
steroid and hormone evaluations.

Follow-up Data: Complete recovery as shown by a return to pre-irradiated sperm
concentrations and germinal cell numbers was found to be within 9-18 months
for doses of 100 rad and below, 30 months for doses of 200 and 300 rad and 5
or more years for doses of 400 and 600 rad.
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Project Category: Effects of Radiation on the Human Testes

Funding Source(s): AEC/ERDA

D D D - D P R D P D P D D S G D P S ) G D D D D D WD W WD B D D D D D G D G b T 4 4D D AP W R R W D W S D D WP Gl GD W TN R W D e e

Institution(s): University of Washington

Principal Investigator(s): C. Alvin Paulsen

Objective(s) of Project: 1) To relate radiation dosage to changes in gonadal
function, 2) to utilize the radiation gonadal changes as means for studying
pituitary-testis interrelationships, 3) to explore therapeutic and medical
protective measures with respect to gonadal irradiation, 4) to explore our
current concepts concerning radiation dosage expressed in physical terms and
their relation to biologic effects.

Short Description: During the. period June 1, 1963 to February 1, 1973, 64
~volunteers at the Washington State Prison were irradiated by 250 kvp X-rays.
After appropriate baseline studies were performed, subjects received from
7.5 R to 400 R x-ray irradiation or sham irradiation to the testis only.
Testicular biopsies were performed prior to and up to 6 years post-
irradiation to assess changes in the germinal epithelium. Seminal fluid
specimens were obtained at two-week intervals throughout the study and were
analyzed for morphologic changes and changes in total number of sperm.
Urine specimens were obtained monthly for evaluation of hormonal changes.
-Later, when the techniques were available, serum LH was measured by
radioimmunoassay. Studies of ultrastructure changes in testis tissue were
performed using electron microscopy. Subjects were followed until hormonal
values returned to normal levels and until sperm counts returned to normal
ranges. VYasectomies were performed prior to discharge from the study to
eliminate the possibility of defective offspring. Only individuals desiring
vasectomy were accepted for the study; but in several instances the
‘volunteers changed their mind and did not desire a vasectomy at the
conclusion of the study. Subjects were informed in detail regarding the
study and signed consent forms were obtained from subjects and from spouses
if subjects were married. Subjects were prison inmates only, thus
eliminating the possibility of conception during the study.

Follow-up Data: Recovery of cell morphology and function were found after a
maximum of 501 days. It was concluded that man is very sensitive in regard to
temporary sterility, but is very resistant to complete sterility.
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Project Category: Whole Body Irradiation

Funding Source(s): AEC (92%) NASA (8%)
Institution(s): Oak Ridge Institute of Nuclear Studies (ORINS)
Oak Ridge Associated Universities (ORAU)

Principal Investigator(s): Gould A. Andrews

Clarence C. Lushbaugh

R. M. Kniseley
Objective(s) of Project: 1) To explore the possibilities for treatment of
chronic leukemia, 1ymphoma and polycythemia with radiation; 2) To obtain
radiobiological data.

Short Description In 1957 ORAU began a program designed for treatment of
cancer patients and for assessment of the health effects of total body
radiation. In 1964, NASA began to provide additional funds to include
measuring the b101091ca1 effects of Yow radiation doses and low dose rate
exposures. Nearly 200 patients were treated with 50 or 100 R in a Cs-137
whole body irradiation facility. A few patients with acute leukemia were
given doses of 300 R or more. Detailed and systematic studies were made of
blood cells, bone marrow, clinical effects and selected laboratory tests.

In some of the patients wi th high doses, the effects of autogenous and
homologous bone marrow grafts were studied.

Follow-up Data: Measurements were continued for at least 6 weeks for each
patient. The studies were not designed to analyze the late effects.
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Project Category: Teletherapy with Particle Beams

Funding Source(s): AEC
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Institution{s): (1), (2) Univ. of California, Berkeley
(3) Univ. of California, San Francisco

H. Lawrence, €. A. Tobias
hn A. Linfoot
R. Castro
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Objective(s) of Project: To determine possible beneficial effects in various
neoplastic and metabolic diseases

Principal Investigator{s):

——— —
[SS RSN o
L
L Cu .,
« O o

Short Description: (1) In the period 1953-1959 the pituitary glands of
patients with advanced metastatic mammary carcinoma or other endocrine
related diseases were irradiated with beams from the 184 inch cyclotron at
first with the 340 meV proton beam, later with the 900 meY alpha particle
beam. Ooses of 24,000 to 30,000 rad to .the pituitary were given.

(2) Heavy particle irradiation was used (1968) for the irradiation of the
pituitary in acromegaly, Cushing’'s disease, and chromophobe adenomas of the
pituitary and in metabolic disease such as diabetic retinopathy, metastatic
breast and prostatic carcinoma where these are sensitive to hormonal control
through the pituitary or the endocrine end organs of the pituitary. Heavy
particle jrradiation was used for direct tumor irradiation at other sites in
the body where the tumor boundaries can be adequately delineated. ~

(3) Since 1975, 94 patients with localized unresectable carcinoma of the
pancreas have been irradiated using helium and heavier particles.

Follow-up Data: (1) 8y April 1959, 103 patients had been treated. Clinical
and laboratary studies were conducted every 4-8 weeks on survivors., Twenty-
nine of the 82 with metastatic carcinoma were living in 1959, the longest
being 4 years post irradiation. '

(2) Four hundred and twenty six patients have had heavy particle therapy.

In the series of 66 patients with acromegaly, 90% have had a complete
amelioration of their disease process establishing heavy particle irradiation
to the pituitary as being the optimal form of treatment at the present time.
Highly successful results have also been achieved in patients with Cushing's
disease and in 10 patients with chromophobe adenomas. The results in
diabetic retinopathy are promising, but require longer follow-up for
definitive evaluation.

00081705
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(3) Many patients proved to have occult liver metastases manifested within 9
months post treatment. In addition, local and regional control of the
primary neoplasm (approx. 20%) has been difficult to obtain even with doses
of 6000 rad in 7 1/2 weeks. Gastric and biliary obstruction have required
surgical bypass procedures since irradiation has not been successful in
relieving obstructive symptoms. Evidence of gastrointastinal injury has
been present in postradiation therapy in approximately 10% of patients.
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Project Category: Teletherapy with Particle Beams

Funding Source(s): DOE ' ' .
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Institution{s): Lawrence Berkeley Laboratory

Principal Investigator{s): Jacob I. Fabrikant

Objective(s) of Project: To establish stereotactic heavy-ion Bragg peak
radiosurgery for brain disorders, including intracranial arteriovenous
malformations.

Short Description: Initial observations in 55 patients treated to date
(1980-1984) indicate that the clinical objectives of a decrease in (1) frequency
of hemorrhages, {2} in neurological deficiencies, (3) subjective complaints
incuding headaches, or (4) in frequency of seizures are being achieved.

Follow-up Data: There have been no neurological complications of radiation

damage to the normal brain tissue; thus far, no evidence of brain injury or
progressive or fixed neurological deficiencies have occurred as a result of
the stereotactic radiosurgical procedure.
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Project Category: Teletherapy with Particle Beams

Funding Source(s): AEC/ERDA/DQE, NCI
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Institution(s): Los Alamos National Laboratory

Principal Investigator{s): M. Kligerman
S. Bush
R. D. Moseley
J. Bradbury

Objective(s) of Project: To conduct the necessary physical, biological, and
clinical studies to evaluate the efficacy, potential benefit, and role of
pions in the management of some types and stages of solid tumors.

Short Description: This program was a joint effort between the University of
New Mexico and the Los Alamos National Laboratory utilizing negative pions
produced by the 800 MeV LAMPF accelerator. The program involved beam
development, radiobiology studies, new dosimetry and patient positioning
techniques, and the evaluation of different total dose/fractionation
schemes. During the program 234 patients were treated with tumor sites
including prostate, head and neck, rectum and colon, cervix, brain,
panﬁreas, and bladder. The studies began October 1974 and were terminated
in late 1981. .

Follow-up Data: One hundred and ninety-six patients have been followed for a
minimum of 18 months. Crude survival data range from 11% for unresectable
pancreatic carcinoma to 82% for stages C and Dl adenocarcinoma of the
prostate indicate that this modality did not demonstrate advantages over
more traditional radiotherapy and was therefore discontinued.
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Praject Category: Neutron Therapy Facility

Funding Source(s): Funded by NCI in a DOE-owned facility
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Institution{s): Fermi National Accelerator Laboratory

- Principal Investigator(s): L. Cohen
F. R. Hendrickson

Objective(s) of Project: The scientific objective is to determine the
effectiveness of neutron beam irradiation as compared to standard photon
irradiation for the management of certain malignant tumors.

Short Description: Patients are identified as being eligible for inclusion
in the clinical trials based on the type, extent and location of their
cancer. Suitable candidates have tumors that are thought to be resistant to
standard therapies. Informed consent is obtained. These clinical trials
are conducted under the auspices of the Institutional Review Board.
National cooperative trials are carried out in coordination with the
Radiation Therapy Oncology Group (funded by the National Cancer Institute).
Some patients are treated with neutron beam irradiation only. Others
receive a combination of neutron beam irradiation and one or more standard
modalities such as photon irradiation, surgery and chemotherapy. The
program began in July 1975 and is continuing.

Follow-up Data: Approximately 1400 patients have been referred to this
facility. Prior to treatment, patients must agree to comply with long term -
follow-up requirements. Physical examinations, 1aboratory tests and
radiographic investigations are conducted regularly. If a patient does not
keep his scheduled appointments, every effort is made to contact him. Fewer
than 1% of the patients treated at this facility are considered currently
lost to follow-up.
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Project Category: Other Teletherapy

Funding Source(s): AEC
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Institution(s): (1) University of California, San Francisco
(2) University of Arkansas
(3) (4) Argonne Cancer Research Hospital
(5) Univ. of Michigan
(6) Oak Ridge Inst. of Nuclear Studies
(7} CEER, Puerto Rico

R. S. Stone

H. J. Barnhard

. L. Griem

ames W. J. Carpenter
. Lampe

. Y. Comas

. Marcial
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Objective(s) of Project: Development and Evaluation of Teletherapy Methods

Principal Investigator{s):

M
J
1
F
v

Short Description: (1) During the years 1956 to 1958, 67 patients were
jrradiated with 70 MeV x-rays from the synchrotron. Doses were 5250 R in 5
weeks or 6000 R in 6 weeks. Patients with bronchogenic carcinoma, tumors of
the oral cavity and carcinomas of the cervix were treated.

Follow-up Data: In August 1958, of the 67 patients treated, 25 had died
within 2 years of starting treatment. A subsequent report indicates that
as of June 1962, 310 patients had been treated but survial data is not

given.

(2) A cobalt-6Q teletherapy unit was used to treat 227 patients with various
types of neoplasms (Progress repart dated July 1956).

(3) From 1972 to 1979, Hodgkin's disease and other lymphomas were treated by
a combination of laparotomy to improve staging and diagnosis, and carefully
planned radfation to indicated organs of involvement. A number of malignan-
cies were treated with ultra high dose rate electrons to study the effects of
this radiation. Chromium-51 radicactive permanent implants were also evalu-
ated. Head and neck malignancies were subjected to combined treatment
schedules, including drug pre-treatment and split-course radiation. The
sensitizing qualities of hydroxyurea and cytosine arabinoside were tested on
a hair follicle indicating system before being tested on animal tumors and

patients.
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(4) From 1963 to 1965 joint study was being carried out in conjunction with the
Ear, Nose, and Throat Clinic in an attempt to evaluate the effects of pre-

and post-operative radiation treatment of various malignancies using the Van

de Graaff x-ray generator, the rotational cobalt-60 machine, and the linear
accelerator electron beam. A1l patients were seen in the ENT Clinic and
randomi zed for treatment schedules. It was believed that some lung

malignanies were made operable by irradiation.

Follow-up Data: One patient having an inoperable gastric malignancy treated
with a combination of colchicine and radiation was still alive and gave no
evidence of the disease after 2 years.

(5) During the period 1952-1966, cobalt-60 and cesium-137 teletherapy units
were used in a comparative clinical evaluation in the radiation treatment of
malignant disease. Modification of a theratron-B to permit clinical
employment of a cesium-137 source was achieved and the radiation from this
isotope was applied clinically to evaluate the potential role of this
radiation in clinical radiotherapy in comparison with cobalt-60 radiation
and past and current experience with orthovoltage radiation.

(6) In 1966, to determine the effects of cobalt-60 teletherapy on certain
kinds of cancer two patients were given 500 R to spleen and liver. 0One
patient showed no hematologic changes when the liver was irradiated, but a
profound fall in circulating white blood cells occurred after irradiation of
the spleen. The other patient responded to liver irradiation in a way
undistinguishable from the changes occurring after spleen irradiation; in
both instances the peripheral white count went from about 100,000 to 20,000
with a fast return to pretreatment levels.

(7) During the period 1964-1967 in a study of the optimal tumor dose in
radiation therapy of cancer of the esophagus, half of the cases treated
received cobalt teletherapy doses of 5000 roentgens in four weeks and the
other half received doses of 6000 roentgens in six weeks. Disappearance of
dysphagia and twelve months survival were compared in each group.
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Project Category: Treatment of Cancer with Supervaltage Machines

Funding Source(s): AEC
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Institution(s): Argonne Cancer Research Hospital

Principal Investigator{s): M. L. Griem

J. W. J. Carpenter

L. H. Lanzl

L. S. Skaggs
Objective(s) of Project: To use new high-energy research machines to apply
x-rays and gamma-rays to cancer patients

Short Description: Starting in 1954, with the ACRH 2-MeV Van ‘de Graaff x-ray
generator, a treatment field of sufficient size was made available so that
patients with certain lymphomas could be treated from the neck to below the
waist at one time, including all affected lymph nodes. This resulted in
shorter overall treatment times and lowering of total radiation doses.

The cabalt-60 rotational therapy machine, with its small, high-specific-
activity source and uranium shield, was designed and built at ACRH.

Patients with advanced carcinoma of the uterus and cervix and other
malignancies who were treated with this cobalt machine, sometimes in
combination with other modalities such as the Van de Graaf, radium implants,
surgery, or drugs, had favorable survival and cure rates. :

Studies were also carried out on use of a variety of radiation-sensitizing
agents, in an effort to achieve cures with lower doses of radiation.
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Project Category: Therapy with High-Energy Electrons

Funding Source(s): AEC
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Institution(s): Argonne Cancer Research Hospital

Principal Investigator{s): M. L. Griem
: J. W. J. Carpenter
L. S. Skaggs
L. H. Lanzl
Objective(s) of Project: To use high-energy electrons from a scanning-beam
linear accelerator in tumor treatment, alone and with other treatment
modalities

Short Description: Starting in 1959, ACRH scientists developed a unique
instrument for electron-beam therapy combining a linear accelerator of the
Standord type with a beam-scanning device. This unit was constructed for
investigation of the clinical advantages of electron-beam therapy. The
1inear accelerator and pencil beam scanning system were used in the
treatment of different forms of cancer beginning in 1959. The malignant
grawths treated included head and neck cancer, chest tumors, mycosis
fungoides, skin cancer, carcinoma of the urinary bladder, and others. By
1969, more than 500 patients had been irradiated with the electron beam, and
a remarkable feature was the lack of a skin reaction in the patients.

Follow-up Data: The linear accelerator was used successfully for treatment of -
patients with mycosis fungoides.  The high doses of electrons to the skin

which became possible with this unit led to eradication of these difficult
lesions, and in 1970, Dr. Griem reported very few recurrences up to 5 years
after treatment in combination with Van de Graaff x-rays.
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Project Categury: Contro] of Polycythemia by Marrow Inhibition

Funding Source{s): Univ. of California, AEC (after 1945)
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Institution(s): Univ. of California Radiation Laboratory

Principal Investigator{s): J. H. Lawrence
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Objective{s) of Project: Treatment of Palycythemia Vera

Short Description: In 1938 two patients with polycythemia vera were treated
with P-32. Over the next 10 years, 119 patients were treated. The patients
ranged in age from 19 to 75 years. Of these, 56.5% were male and 43.5%
female. Typical doses were 2 to 6 mCi of P-32. The patients usually
received multiple doses over a period of several years.

Follow~-up Data: At the time of a summary report in 1949 there had been 24
deaths. The causes of death were arteriosclerosis (5), Teukemia (5},
‘neaplasm (3), coronary occlusion (3), cardiac failure (2), portal thrombosis
(1), and. unknown (2). The high incidence of leukemia as a complication of -
polycythemia is well known. The incidence in this series was not
significantly different from untreated series.
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" Project Category: Hematological Effects

Funding Source(s): MED
AEC
Inst1tut1on(s) ) Univ. of Cal. Radiation Lab (AEC)
2) Memorial Hospital, New York (MED)
3) Metallurgical Lab, Manhattan Project (MED)
4) ORAU (AEC)
5) University of Cincinnati (AEC)

Principal Investigator(s):

1) B. V. A. Low-Beer; P. M. Aggeler
2) L. F. Craver
3) J. J. Nickson
4) G. A. Andrews
5) E. L. Saenger
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Objective(s) of Project: To determine changes in the blood-forming organs
and the peripheral blood as an index of exposure to total-body irradiation.

Short Description and Follow-up: 1) From 1943 to 1950, a total of 32
patients were treated with X-rays generated by 100, 200 and 1000 kv.
_ Individual exposures varied from 5 to 50 R measured on the body surface at
each treatment. The total accumulated doses varied from 100 to 390 R total-
body dose as measured on the skin. The calculated tissue dose in the
central plane of the body varied from approximately 60 to 264 R. The total -
elapsed time from the first to the last treatment varied between 5 and 92
days. The 32 patients treated in this manner were followed hematologically
. for periods as long as possible after treatment. The longest period of
observation for any member of the group is six and one-half years, the
average for the group as a whole is approximately four years.

2) From 1942 to 1944, patients were exposed using 180-185 kv x-rays to a
total dose of 300 R at dose rates of 10, 15 or 20 R/day. Patients
selected with untreatable metastatic cancer but able to tolerate procedure.
Six patients received the planned 300 R. Two started but didn't finish.
Three patients followed longer than 6 months. No deterioration of blood
count or general health was attributable to radiatian.
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3) Eight persons with incurable neoplasms were given single exposure doses
of 27, 60, and 120 R in the period 1943 to 1944. Three patients with
chronic diseases were given fractionated whole-body irradiation of 100, 300
and 500 R. Three volunteers were given fractionated irradiation totaling
21 R. No-blood alterations were noted in the 21 R volunteer group. In the
others, the predominant effect was lymphocyte depression.

4) Three groups of patients were treated in the period 1965 to 1966

1) chronic hematologic disarders
2) neoplasm
3) acute leukemia in relapse

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

5) In the period 1961 to 1962, patients with metastatic or incurable
neoplasms who had not received previous radio- or chemotherapy were given
whale-body gamma radiation in doses varying from 85-336 R. Clinical and
hematologic parameters were followed for 6-8 weeks subsequently.
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Project Category° Neutron Capture Therapy

Funding Source(s): AEC
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Institution(s): Brookhaven Mational Laboratory .

Principal Investigator(s): L. E. Farr
J. S. Robertson
R. Sweet
G. Brownell
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Objective(s) of Project: Brain tumor therapy

Short Description: Neutron capture therapy uses the localization of boron in
tumors and the reaction of boron with neutrons to achieve. Tocalized
radiation of brain tumors. Over a period of two years beginning February
15, 1951, 10 patients with proved glicblastoma were treated by neutron
capture therapy at the graphite research reactor. The longest survival was
186 days.

A second series of 9 patienfs were treated with higher neutron doses. One
“patient survived 18 months.

In 1959, a series using the Medical Research Reactor was started. Fifteeen
patients were treated. Survival times were in the same range as for the
previous series.

Follow-up Data: Whole brain sections were obtained in at least 16 of the
patients and studied for tissue reactions to radiation. With the boron
compounds then in use it was not possible to achieve adequate tumor control
without unacceptable damage to normal tissues and the project was
discontinued.
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Project Category. Other Radiation Therapy

Funding Source(s): MED
AEC .

Institution(s): 1) Argonne Cancer Research Hospital and Univ. of Chicago
(AEC) .
2) Brookhaven National Laboratory (AEC)
3) Lawrence Berkeley Laboratory (MED/AEC)
4) Qak Ridge Associated Univ. (AEC)
5) Piedmont Hospital, Atlanta (AEC)

1) R. D. Moseley, W. M. S. Ironside, P. V. Harper

2) J. S. Robertson

3) N. I. Berlin, J. L. Barn, L. Dobson, J. G.
Hamilton, L. Hollander, d. H. Lawrence,
B. V. A. Low-Beer, M. Pollycove, D. J.
Rosenthal, H. H. Stauffer, R. C. Steinkamp,
S. Winchell

4) C. C. Lushbaugh

5) E. D. Grady

Principal Investigator(s):

- o - -'-—--------—-----—-----—--—-—-\-—--—-——------—-——----—------—------—--------

Objective(s) of Proaect' To develop treatments for certain medical disorders
with radioisotopes that can be selectively localized in tissues to be

irradiated.

Short Qescription: ODuring the period 1939-1974, several research projects
were undertaken to improve therapy of cancer and other diseases by methods
using radicisotopes. Radioisotopes (such as iodine-131, gallium-72, gold-
198 and others) were given to patients under rigidly controlled conditions
to determine whether their treatment could be improved by absorption (or
localization) of the radioactivity directly in the cancer. Palladium-109
was administered by direct infiltration to three patients to study tissue
and tumor response. Small l-millicurie yttrium-90 pellets were implanted for
treatment of certain cancers, notably metastatic breast and prostate
carcinoma. In addition, yttrium-90 oxide particulate radioisotopes was
established as an agent suitable for localizing radiation in an area by
injecting the artery supplying that area. Thirty-five of 51 patients with
advanced and otherwise uncontrollable cancer benefited from intravascular
administration.
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Agents labeled with phosphorus-32 were used to treat a variety of
hemotological and medical disorders. Strontium-90 was used in the treatment

of bone metastases. -

Follow-up Data: Initial follow-up visits were as frequent as required
(weekly, monthly, etc.). Subsequent follow-ups were usually on an annual
basis. Follow-up visits include routine physical examinations and interval
histories, and appropriate supporting clinical laboratory studies and
diagnostic studies. '

At time of death, complete information was sought to determine cause of
death. When available, the postmortem findings were reviewed.
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Project Category: Other Radiation Therapy

Funding Source(s): AEC
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Institution(s): Center for Energy and Environmental Research, Puerto Rico

Principal Investigator(s): Y. Marcial

Objective(s) of Project: To determine optimum fractionation of irradiation
for cancer, to evaluate a split-dose technique for radiotherapy of cancer,
and to determine the effectiveness of radiation therapy for the regional
lymph nodes areas as an adjuvant to surgery for carcinoma of the breast.

Short Description: In the period 1964 to 1970, various fractionation regimes
were studied (1 vs 5 per week and 3 vs 5 per week) to observe tumor effect,
survival, and normal tissue reactions. Studies were conducted to compare
the results obtained by the usual uninterrupted radiation treatment with a
similar dose given in two separate two-week periods with a rest interval of
two to three weeks halfway in the treatment (split-dose). Finally, post-
operative irradiation of lymph node areas was studied to improve prognosis
in patients with breast cancer treated with radical mastectomy.

Follow-up Data: Results for fractionation of irradiation showed that the
curability and complication rates were identical at 3 years in a group of
260 patients.

0008720



SUMMARY FACTSHEET HUMAN EXPERIMENTATION - SFS10.001

Project Category: Biological Effects of [odine-131

Funding Source(s): AEC/ERDA
Institution(s): 1) Case Western Reserve Univ. (AEC/ERDA)
2) Univ. of Puerto Rico (AEC)
3) Sloan-Kettering Institute for Cancer Research (AEC)

Principal Investigator{s): 1) B. M. Dobyns
2) V. Marcial
3) R. W. Rawson
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Objective(s) of Project: To determine the physiological and morphological
effects of iodine-131 radiation on the thyroid of humans

Short Description and Follow-up Data:

1) During a 25 year period, 7/1/51 to 9/30/76, over 500 patients with
hyperthyroidism were studied in great detail. Ouring the first few days
after treatment the observations essentially reflected unaltered function of
the thyroid, but with the passage of time, the observations reflected the
effects of radiation. The changing patterns of iodinated compounds in the.
blood, alterations in rate of return of the radioactivity to the thyroid,
and the subsequent testing of the functional capacity of the gland permit an
analysis of the effects of radiation.

2) During the period 1952 to 1958, radioiodine was used for therapy of
hyperthyroidism and metastatic thyroid cancer. Therapeutic doses gave 2,000

to 100,000 rad to the thyroid. Whole body doses up to 20 rad. One patient with
pulmonary metastases given 18 mCi I-131 received 40 to 80 rad whole body.

This patient was doing well six years later.

3) In the 1948-1956 period, 22 patients were tfeated with therapeutic doses
of 1-131 to destroy thyroid tissue. Doses ranged from 95 to 329 mCi. In 1960,
of 55 patients, 26.were known to be dead. Others being followed.
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Project Category: Other Biological Effects

Funding Source(s): MED
Institution(s): la) Clinton Laboratory
1b) New York University
1c) 0ak Ridge National Laboratary
2) Harvard Medical.School
3) Lawrence Radiation Laboratory
O0ak Ridge Associated Universities
4) Oak Ridge National Laboratory
General Electric Company

Principal Investigator{s): la) J. E. Wirth and J. R. Raper
1b) Unknown
1c) M. Nikson
2) F. D. Moore
3) J. H. Lawrence
H. Vodapick
4) E. C. Anderson, E. Pinson, V. Lote & C. W
Delong
5) C. W. Delong
Objective(s) of Project:
1) To determine 'the biological effects of irradiation to the skin
2) To study transplantation of tissues and whole organs
3) To evaluate the effects of internal irradiation from P-32, Y-90, Sr-90,
and I-131 when therapeutically used in certain diseases, and the evaluation
of the hematolagical response obtained from their use
4) To determine the distribution of tritium in the human body resu1t1ng from
surface contamination, inhalation and ingestion

Short Description and Follow-up Data:

1a) Shielded disks of l-inch diameter containing P 32 were used. Exposures
were made by setting the source directly on the skin. Two groups of ten
healthy volunteers each were exposed to doses of 140 to 1180 rep. The dose
required to produce a visible reaction in 80% of the people was found to be
between 170 and 200 rep. For an erythema the dose was determined to be 635 to
813 rep. (Repart dated 1946.)

1b) Experiments carried out on living human skin in situ demonstrated that
the iontophoresis of weak solutions of thorium X wilT increase its
biological effects as judged by erythema and pigmentation, and cause greater
penetration as shown by autoradiography. (Report dated 1955.)
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‘1¢) Fifteen subjects were exposed on their left fourth finger to 200-600 R
of 130kv x-rays in a single exposure. Microscopic observations were made
before and after treatment. (Report dated 1947.)

2) During the period 1960 to 1963, one patient (in this report) received

250 R total body x-ray irradiation to suppress the immune reaction to a kidney
transplant. Seven other patients receijved doses of 350 or 450 R. The
treatment apparently was not successful but survival time wasn't stated.

3) During the period 1938 to 1963, internal irradiations using P-32, Y-90 and
1-131 were continued and their clinical therapeutic and irradiation effects
studied in patients with polycythemia, chronic leukemias, multiple myeloma,
lymphogranuloses and thyroid disorders, including thyroid carcinoma. The
patients receiving internal irradiation over the past 25 years have been
closely followed. A high percentage post-mortem examinations have been
obtained on the deceased patients. :

4a) In 1950, six subjects received a few millicuries of tritium by inhala-
tion of isotopically labeled hydrogen gas. Tritium concentration in urine
was monitored for 15 subsequent days. .

4b) In 1952, subjects inspired HTO saturated oxygen for 4 to 5 minutes. The
HTO retained in the bady during the exposure was obtained by subtracting the
HTO expired from.the HTO inspired.

4¢) Also in 1952, measured amounts of tritium as HTO were ingested by male
subjects. Venous blood and urine were monitored for tritium activity for 2-
1/2 to 5 hours subsequently.

4d) The lower arm of subjects was exposed for variable lengths of time to
various activities of HTO as water vapor and the HTO in water. Tritium
activity in urine was monitored. (1952.)

4e) Air saturated with tritium oxide was circulated for one hour aver a

9.8 cm2 area of a male subject's forearm. Absarption was estimated from the
tritiun activity in urine passed several hours following exposure. (1952.)
5) In 1951, fourteen human subjects were exposed over a small area {(~10 cm?)
on the forearm or abdomen to a water-vapor atmosphere labeled with tritium
oxide (HTO). A single human subject was similarly exposed over his total
skin area while breathing uncantaminated air. Absorption of tritium oxide
was estimated by measurement of tritium oxide subsequently excreted in the
subject's urine. The data from these experiments indicated a 4-fold greater
absorption rate than that measured earlier in rats. These studies i
established the importance of the skin as a route of entry for tritium oxide
and led to reductions in the allowable concentration of tritium oxide in
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Project Category: Metabolic and Physiclogical Studies

Funding Source(s): AEC/ERDA/DQOE
Institution(s) and Principal Investigator:
Argonne Cancer Research Haspital
1. P. M. Ejarque
2. L. D. Jacobsan
3. G. V. LeRoy
4, P. V. Harper
Argonne National Laboratory
5. R. E. Rowland
Los Alamos Scientific Laboratory
6. C. C. Lushbaugh
Pacific Northwest Laboratory
7. T.-M. Beasley :
8. H. E. Palmer
Sloan-Kettering Inst. for Cancer Research
9. J. S. Laughlin
Univ. California, Berkeley
10. M. Pollycove
Univ. California, Los Angeles
11. J. F. Ross
12. G. V. Taplin
Univ. Minnesota .
13. M. B. Becaner
Univ. Pisa (Italy)
14, G. Monasterio
Univ. Washington
15. W. B. Nelp
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Objective{s) of Project: Tracer studies using various radionuclides

Short Description: Ouring the period 1950-1980 many tracer studies were
conducted on human subjects for the purposes of studying the physiology and
metabolism of labeled substances. Usually only a few subjects are involved
in each study. No late effects are expected and in general, there has not
been a systematic follow-up. B8rief description of the studies are:

(1) Progesterone-4 labeled with carbon-14 was used to study progesterone
metabolism in two patients. Ooses were 5.27 and 37.81 uCi. A third patient
who was 10 weeks pregnant was given 28.3 uCi. A therapeutic abortion 6 days
later because of severe sickle cell anemia was performed. Activity in
maternal and fetal tissues studied. Storage of the hormane in the fat
compartments were found. (1958.)
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{2) 450 uCi of DL-glutamic acid-1-Cl4 were injected in a patient to
investigate whether synthesis of Bence-Jones protein is related to that of
myeloma globulin. Urinary and expiratory C0-2 were measured. (1958.)

(3) Metabolism of glucose studied with C-14, by CO0-2 in expired air samples.
(1958.)

(4) Sequential studies were made of the body potassium content of man in
various cardiac disease statas, in aldosteronism, and in hypertension with
suspected hyperaldosteronism. A special study was made of the relationship
between plasma potassium shifts and total-body content of potassium in man
in various disease states. They are also measuring the effect of magnesium
deficiency on levels of sodium, potassium, magnesium, and calcium in plasma,
cerebrospinal fluid, brain and skeletal muscle. (1968.)

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

(6) An arm co&g&er was used to measure activity in b160d ta determine the

clearance of I - Rose Bengal in the liver. The curve has two exponential
%ompon?nts, interpreted as reflecting hepatic uptake and excretion rates.
1960.

(7, 8 and 15) (1965.) A study was conducted to measure the long-term retention
and localization of technetium in humans following both oral and intravenous
administration and to derive mathematical models for excretion, which are very
useful in determining the radiation dose to humans from technetium isotopes in
the body. They are important from both medical and occupational standpoints.

95mre and 96Tc were administered to 8 subjects by physicians at the
University of Washington Hospital in Seattle. The subjects were
hospitalized at the University of Washington Clinical Research Center for
the first week. Whole body counting and excreta measurements were made for
60 days. The University of Washington obtained and reimbursed the subjects
for their services. The participation by PNL personnel was 1imited to
providing the equipment, making the whole body counting and excreta
measurements and analyzing the data. The PNL participation was funded by
AEC but not the University of Washington participation.

(8) A study was conducted to determine the uptake, retention, distribution
and excretion of promethium in humans following both oral and intravenous
administration and to study the effectiveness of OTPA in removing promethium
from the body. These concentrations were relevant to possible exposure of
plant personnel. {1967.)

143PmCI3 was administered to 14 volunteers by physicians of the Hanford
Environmental Health Foundation (HEHF). Whole body counting and excreta
Tigsurements were made by PNL for one year following administration of the

Pm. Six of the volunteers were also injected with P{ A at various
intervals before and after the administration of the Pm. Both the HEHF
and PNL contributions to the study were funded by AEC.
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(9) (1977-1982.)

(9a) To extend the knowledge of tumor metabolism and to define the locali-
zation and improve the diagnosis of cancer in animal models and man, studies
have been in progress over the seven year periad (1977-1984).

The spetific aims are as follows: (1) To synthesize from different radio-
labeled precursors a large variety of: {a) N-13 and C-11 labeled amino acids
using enzymatic procedures. (b) C-11 radiolabeled carboxylic acids. {¢) 1-(C-
(¢) 1-{C-11)-2-deoxy~D~-glucose. (2) To employ the synthesized compounds for
quantitative assessment of regional perfusion, transport, and metabolism to
improve treatment of cancer, cancer diagnosis and the monitoring of treatment
response.

(9b) To investigate the alteration in metabolic patterns related to cancer,
methionine, technetium-99m and iodine-131 were used. These were used in
various compounds for the study of their metabolism in bone, parathyroid
tissue, liver, lung, pancreas and brain. Research was directed towards basic
metabolic patterns and their alteration by malignant processes and by therapy,
and also towards the development of useful diagnostic tests for early malig-
nancy.

(10) Various hematological studies included: (1959.)

a) in 35 patients iron kinetics with Fe~5% and cell volume with P-32

b) survival of red cells, white cells and platelets with P-32
di{isopropyl fluoro-phosphonate.

¢) intermediary metabolism of glucose and uric acid-with C-14 glucose
and C-14 uric acid.

d) heart function with I-131 albumin.

e) Co-60 vitamin B-12 absorption.

{11) The metabolic turnover of zinc-65 was studied, using a total body -
counter., (1966.)

(12) a) 1-131 Hippuran was compared with other renogram agents and found to

have the higher renal excretion efficiency. '

b) I-131 cholegrafin was used in 35 patients to measure plasma volume
as a substitute for human serum albumin.

c) I-131 Rose Bengal was used to study hepatic blood flow compared with
the colloidal gold-198 disappearance rate.

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

(13) A radioisotope technique for measuring regional blood flow was utilized
to measure the effect of ionizing radiation on the bowel in experimental
animals. In humans the effect of ionizing radiation on the colon was
studied in women receiving radiation therapy for carcinoma of the cervix.
They were studied before radiation, immediately after radiation and 6-12
weeks after radiation when healing had occurred. In addition, other
diseases of the colon such as ulcerative colitis and diverticulitis were
investigated to find out if there were detectable disturbances in regional
circulation. (1963-1968.)
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(14) To evaluate the mechanisms controlling pulmonary circulation, studies
were carried out in normal and pathologic subjects, in basal conditions and
under various stimulations. The data confirmed the relationships previously
found between pulmonary blood volume, stroke volume and total blood volume
and provided new material for an integrated evaluation of mechanisms
controlliing the pulmonary circulation. (1960-1965.)

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

Funding Source(s): AEC

Institution(s): INEL

Principal Investigator{s): C. A. Hawley

Objective(s) of Project: To obtain quantitative information on the kinetics
of radioiodine transport from the point of release to the atmosphere through
the entire air-vegetation-cow-milk sequence in the human food chain.

Short Description: The preliminary experiment was conducted during May and
June of 1963. The experiment was conducted near the southern boundary of
the INEL (formerly the NRTS). Approximately one curie of lodine-131 was
released atmospherically, and deposited on pasture area downwind from the
release point. Six dairy cows were placed on the contaminated pasture and
seven human volunteers consumed portions of the resulting contaminated milk
over an 18-day period.

During September 1964, approximately the same quantity and chemical form of
lodine-131 was atmospherically released to an area designated the
Experimental Dairy Farm located on the INEL (approximately seven miles
northeast of the Idaho Chemical Processing Plant). Three human volunteers
were on the test area during the time of cloud passage and were later
subjected to inhalatian thyroid dose measurements.

During Movember 1965, the 1964 experiment was repeated using similar
quantities and forms of Iodine-131 in the same area. Seven volunteers were
seated in the test area next to high volume air samplers to correlate
inhalation uptake with the amounts of iodine present in the air.

Follow-up Data: Due to the relatively short half-1ife of lodine-131 (eight
days) and the low thyroid doses received by the human volunteers (ingestion
dose, range 230 to 630 mrad; inhalation dose, range 6.1 to 15 mrad) no
follow-up data acquisition was considered necessary.
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Project Category: Metabolic and Physiological Studies

Funding Source(s): AEC

Institution(s): INEL

Principal Investigator{s): C. W. Still

Objective(s) of Project: The determination of the metabolic fate of
radionuclides ingested or inhaled by humans in good health, and calibration
of both static and rotational scanning instruments for the direct in-vivo
measurement at internally deposited radionuclides.

Short Description: Eight human volunteers were involved with the human
studies endeavor, which consisted of thirteen individual experiments conducted
during the period May 1965 to January 1972. Al11 of the eight persons involved
were employed by the ID-AEC, and all were associated with the Analytical
Chemistry Branch of the Health and Safety Division. Four of the experiments
involved inhalation of Argon-41 (a noble gas with a half life of 1.8 hours)
and nine experiments resulted in the volunteers swallowing insoluble
polyethylene capsules containing microcurie amounts of radiocactivity.

Follow-up Data: The short half 1ife of Argon-41 and its small residence time
in the body resulted in very small radiation doses to the volunteers. The
insoluble capsules required about 24 hours to pass through the body and
produced very small doses due to the quantities of radioisotopes involved. As
a consequence, no follow-up data acquisition was considered necessary.
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Department of Energy

Richland Operations Office
P.Q. Box 550-
Richland, Washington 99352

Dr. James S. Rabertson, Director -
Human Health and Assessments
Division, ER-73, HQ

CONGRESSIONAL INQUIRY INTO FOLLOW-UP STUDIES ON HUMAN RADIATION
EXPERIMENTATION

In response to Charles Delisi’s memorandum of October 30, 1986, to
Michael J. Lawrence, enclosed is the Richland Operations Office (RL)
assessment of feasibility of obtaining follow-up information on studies
funded through RL.

 If we can be of any further assistance, please feel free. to call me on
FTS 444-7770 or Paula K. Clark of my staff on FTS 444-6681.

' J. J. Sutey, Director
SMD:PKC Site and Laboratory Management Division

Enclosure:
RL Assessment '
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o
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——d
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becc: SMD Off. file Recard Note: Response based on input
SMD Rdg file from PNL and HEHF £* Due to limited time
AMF Rdg file for response, offsite principal investi-
PK Clark, SMD gators were not contacted. PRa providel
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SMD SMD PRO occ COM SMD
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FEASIBILITY OF FOLLOW-UP OF HUMAN SUBJECTS

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

1. Identifying Subjects
Are the subjects identified in study records?

What actions are necessary to locate and access such records? Where
study records are no longer in existence, can the subjects be
identified by recollection of investigators?

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

Infarmation on individual studies is pravided below. Further work
would be required to identify and characterize any confidentiality
agreements. '

2. Locating subjects
Are the whereabouts‘of the subjects known?
What methods for locating the subjects might be emplayed?

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

QQ Medical follow-up

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

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

Studies Conducted by Onsite Contractors

Regarding the feasibility of follow-up for subjects in studies invelving
administration of tritium, 32P, '3pm and of ""Tc and %Tc, the principal
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uncertainty relates to the identification of the subjects. Locating human
subjects many years after the studies can be accomplished in some of these
cases by contacting currently active former associates of the subjects.

The following pertains to the four relevant studies:

Iritium Study (11.001. Number 1]12)

With regard to identification of subjects, about four subjects can be
identified readily. For the remaining ten subjects, the General Electric
Company can be queried as to the availability of their research notebooks
for 1952 for the Hanford Biology Laboratory. If availabls, the relevant
notebooks could be checked to see whether the names of subjects were
recorded at the time. An alternative would be to contact the principal
investigator for the study, who is no longer employed at Hanfard, to learn
whether he recalls or has records concerning the identity of subjects.

Regarding the need for such follow-up, the single total body exposure
resulted in an intake of about 3.3 mCi of tritium. The ICRP-recommended
annual limit on intake (ALI) for tritium is 3 x 10° Bg, or about 81 mCi.
The subject’s exposure, therefore, amounted to about 4 percent of an annual
limit. The dose incurred was probably only about 0.1 rem becausa of large
intake of water by the subject to speed excretion of the tritium (2 percent
of the annual dose 1imit for workers). The ather subjects had only limited
skin exposure on the forearm or abdomen, which would have caused anly a
small fraction of the dosa incurred in the case of the total body exposure.

Phosphorus-32 Stud .001, Number

The study involved three groups of individuals, consisting, respectively, of
three patients at the University of Oregon Medical School, two Hanford
valunteers who were injected and studied for calibration purposes at the
Swedish Hospital in Seattle, Washington, and five volunteers who ate
whitefish from the Columbia River.

The three medical schoal patients have been identified. It would be
necessary to access the medical school records to obtain further
information. However, the need for follow-up of the patients 1is
questionable because the radionuclide was administered for medical therapy.

The two volunteers administered 3P at the Swedish Hospital are identified.
The radiation doses to the valunteers injected for calibration purposes were
- 0.025 rem to the bane, 0.009 rem to the T1iver, and 0.005 rem to the whole
body. The respective annual exposure limits are 30 rem to bone, 15 rem to
liver, and 5 rem to the whole body.

Two of the five volunteers who ate the whitefish have been identified, and
there is a strong possibility that the others can be identified as well.

The ‘amounts of 32P {n the subjects one day after eating the whitefish were

70, 110, 89, 72, and 93 nCi for an average of 87 nCi, which would give a
total radiation dose of .005 rem to the bone, .002 rem to the liver, and
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.001 rem to the total®bady..

methiy Q A m
A1l subjects can'bé identified for the promethium project.

Estimated doses were 0.036 rem to the liver, 0.008 rem to bone, and 0.005
rem to the whole body in the case of injection of the promethium-143. In
the case of ingestion, the dose to the upper large intestine was 0.038 rem
and to the lower large intestine 0.077 rem. The annual occupational dose
Timits are 30 rem to bone, 15 rem to liver and intestine, and 5 rem to the
whole body. '

ech jum S 01, Number 109

The identity of the subjects will be available only if contained in .
University of Washington records. That source remains to be explored. The
jsotopes have relatively short half lives (4.3 days for %Tc and 60 days for
95™"T¢) and are rapidly eliminated from the body. The Maximum Permissable
Body Burden (MPBB) is not applicable to acute ingested or injected doses;
thus, it is inappropriate to compare administered quantities of
radionuclides with MPBB. It is more appropriate to compare the total dose
received with the annual occupational dose 1imit. The whole-bedy doses to
the subjects were estimated to be about 0.145 rem in comparison to the
annual occupational limit of 5 rem.

" Testicular Irradiati 002 - N nd 189

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

N 89

RL has no record of the names of the inmate volunteers at the Washington
State Penitentiary. The principal investigator of the Washington study was
unwilling to provide the names to RL in 1984. His position was that to do
so would be unethical unless he received a formal written request from the
person originally requiring the information (at that time the Congressional
inquiry was from Rep. Ottinger). He did agree to consult with the state
attorney general about a proper response if Dr. Edington would send a formal
request. RL has no knowledge of whether the information was provided.
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RL does have accass to records which allowed us to identify the Oregon
inmate subjects. When RL asked the Oregon State Corrections Department to
provide the last known addresses of these people, the request was refused
because the Department was unwilling to violate official state )
confidentiality policy. The State agreed to tell RL only which individuals
were still in the state prison system and to provide the date of release of
those who were not. This information was forwarded to Dr. Edington with a
memorandum dated November 19, 1984. :

The following information with regard to follow-up and confidentiality is
from DOE-EV-02405-3:

Page 2 - "To insure complete protection (confidentiality of identity)
of all subjects as required by federal human experimentation policies,
all data has been re-coded, so no reference can be found which will in
any manner identify any of the volunteers.”

Appendix B, Page 10 - From the consent form used: "I consent to the
publication of the results of the project with the understanding that I
shall not be personally identified.” "I have been advised that I may
withdraw my consent at any time."
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Telecopy to Dr. C.

Page 1 of 1

Edington, DOE, GTN

.

(sent by .e1ectrohic mail) 7#.2&/\, /b/Lo-;c.df

375-2461

August 20, 1984

TO: J. Robertson DOE1217 ) K
FROM: Sidney Marks, M.D. |
SUBJECT: Congressiona1 Response

Mavis Rowley has just informed me that the prisoners at the Oregon State
Penitentiary in Salem were followed with regular examinations from the
start of the study in 1963 until Dr. Carl Heller suffered a stroke early in
1973. The follow-up examinations were performed on inmates who remained in
prison and on any discharged prisoners who were willing to return for the
examinations. An assiduous effort was made to obtain such follow-up
exam1nat1ons on all subJects

Subsequent to Dr. Heller' s stroke, an effort was made to continue the
follow-up program, but the prison authorities refused to enter into an
arrangement with any other physicians, even if associated with the same
organization. At that point, they apparently indicated that examinations

by the prison physicians would suffice in following the health of the
- prisoners. They also had no interest in further examinations from a

scientific standpoint.

Please call if you have any questions.

SM:gm | ' [Ce@f) Him ov

..SEND
JSEND | & ot o
J.ROBERTSON -- Sent shovng &
{OFF

Off
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. EOINGIunt, USDOE-GTN
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0 D&.

N—

- TELECH
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Pacific Northwest Research Foundat1on
1102 Columbia Street.
Seattle WA 98104

July 19, 1984

Dr. Sidney Marks

Battelle, Pacific Northwest laboratory
P. 0. Box 999

Richland, WA 99352

Dear Dr. Marks:

Attached is a brief response to the request made by R, 0 Larson
in his letter of July 3, 1984,

- S1ncere1y,

Mavis Row1ey

MR:rs
Attachment
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ACTSUZET HUMAN Z¥PERIMENTATION

Proiccr haze:
Radistion
ystem,

Date S:zarted: 1963
Date Tetzinated: 1972

Identification: v
Principal Investigator(s): Carl G. Heller, M.D.,

Responsible Government Official(s):

Ph.D..(deceased)

-

Objective(s) of test:

g SEZ ATTACHED FOR NARRATIVE
?  Short description:
; Follow-up data:

>

\

)

3

5

]

3 References:

-~

e

N

Attachmentz(s):
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Project Name: The Effect of lonizing Radiation . o T pe
' on the Male Reproductive System

Cojective(s) of test:

“= = T)-To determine the exact-naiure cf-the cytological defect produced
in the development of the germinal epithelium and to relate the
extent of the defect to dosage and time;

2) To find the minimal dosage that would affect the germinal epi-
thelium;

B " 3) To determine the time of recovery from~an¥ given dasage;

4} To determine whether the higher dosages given would lead to
permanent damage of spermatogenic cells;

5) To determine the simultaneous effects of any dasage upon the -
Leydvg cell cyto]ogy. L.

- m———— - - . e e -

6) To determine the 1nf]uence ‘of any given dosace upon other para-
meters such as excretion of total gonadotropic hormane (FSH),
lutenizing hormone (LH), estrogens and androgens;

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

8) To complete a statistical analysis of the results obtained.

Short Description:

In 1963 Dr. Heller initiated a project to determine the effects of
graded doses of ionizing radiation upon the human male reproductive system.
Actual irradiations were begun in August of 1963 using volunteers. Be:iween
1963 and May of 1971 a total of 67 individuals received acute irradiztion
in varying doses.

During 1963, 1965 and 13967, ad hoc advisory/review comnittees were
assembled by the Atomwc Energy Commiss1on to give overview and dxrec;7on
to this program.

Follow-up data:

After Dr. Heller's acute health failure in December of 1872, several
proposals for longterm subject follow-up were presented.

Considerable discussion was held with various agencies about how
contact with the volunteers could be maintained in order to allow a life
time follow-up. No mechanism was found to allow or implement 2 long term
contact.

EEST COPY AVAILABLE

References:

There have been numerous publications on this project a2nd its
f:ndwnos begvnnwng in 1963 and extending through 1874, The attached

..... 0008 anoc *r manrv of them.
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TELECOPY TO T W. EDINGTON, USDOE-GTN

. Project Name: The Effect of Ionizing Radiation ' page 3

on the Male Reproductive System

SIBLIOGRAPHY

G..Heller, G. V. Heller, and M. J. Rowley, Human sp erﬁato*enesws

"~ An est1mate of the durat1on of each cell association and of each

ceii type. Il International Congress of Endrocrinology, June 30 -
July 5, 1968, Mexico City, Excerpta Med. Found. Int. Conar. Ser.
184, 1012 1018 (1969).

G. 1He11er F. Teshfma and M. J. Rowley, Duration.of transport of
spermatozoa through the human male ductular system. Fert. Steril.
21, 390-396 (1970).

J. Rowley and C. G. Heller, Quantitation of the' cells of the
seminiferous epithelium of the human testis employing the Sertoli
cell as a constant. Z. Zellforsch. 115, 461-172 (1971).

G. Heller, P, Wootton, M. J. Rowley, M. F. Lalli, and D. R. Brusca,
Action of radiation upon human spermatogenesis. Excerpta Med. Found.
Int. Congr. Ser. 112, 408-410 (1966).

F. Oakberg, Mammalian gametogenesiS'and species comparisons in
radiation response of the gonads. In Effects of Radiation aon Meiotic
Systems, pp. 3-15. Int. Atomic Energy Agancy, Austria, 1968,

J. Rowley, J. D. Berlin, and C. G. Heller, The ultrastructure of
four types of human spermatogonia. Z. Zellforsch, 112, 139-157 (1971).

G. He]ler, M. F. Lalli, J. E. Pearson, and D. R. Leach, A method
for the quantification of Leydig cells in man. J. Reprod Fert.,
25, 177-184 (1971). §

R. Brusca, J. M. Kastella, and C. G. Heller, Ur1nary testosterone
excretion 2s an index of taesticular secretion. In Proc. US Endrocinol.
Soc., Chicago (F. G. Hofman and N. P. Christy, Eds.) p. 142

" J. P. Lipincott, Philadelphia, Pennsylvania, 1966

0

J. Rowley, D, R. Leach, G. A. Warner and C. G. Heller, Effect of
graded doses of ionizing radiation on the human testis.
Radiat. Res. 539, 665-678 (1974).
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July 25, 1984 | ' \ -
Mrs. Paula K. Clark
Administrator
PNL Programs Division
Richland Operations Office
Department of Energy
PO Box 550
. Richland, WA 99352

Dear Paula:

I have enclosed PNL fact sheets relative to human experimentation conducted
at the Hanford site in accordance with our earlier conversations. The fact
sheet and cover letter for Dr. Heller's study as submitted by Mavis Rowley
are enclosed.

I discussed with Dr. Finch of the University of Washington yesterday his
submitted fact sheets concerning two studies conducted at the University in
the 1950s. The additional information acquired during that conversation
has been incorporated into the fact sheets, which are enclosed with the
cover letter from Dr. Finch. In the first paragraph in his cover letter,

. Dr. Finch refers to two studies on iron absorption. However, he did not
submit fact sheets for the two studies nor do the enclosed articles to
which he refers cite any involvement of human subjects. He also has no
recollection of using human subjects in the studies. They, therefore, fall
outside the scope of this inquiry.

Or. Paulsen will be unavailable to provide a fact sheet on his study until.
early in August. In the meantime, he communicated with me by telephone
that he had made an effort to arrange for follow-up of the prisoner sub-
jects but that both the subjects and the cognizant authorities felt that
the subjects might be compromised by a follow-up procedure. Therefore, he
was unable to develop and carry.out a follow-up plan.
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Letter to P. Clark
July 25, 1984
Page 2

The enclosures comprise all materials collected to date. I will forward
‘additional fact sheets as they are received.

Sincerely,

M
Sidney Marks, M.D.
Associate Manager

Environment, Health and
Safety Research Program

SM:1m
Enclosures
cc: W. J. Bair wo/enc1osures
. J. J. Fuquay wo/enclosures

R. P. Marshall wo/enclosures
W. R. Wiley wo/enclosures
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TACTSHEET HUMAN EXPERIMENTATION

Proicet Bame: Unknown. Date Started: 1951
Project involved study of Date Terminated: 195]
absorption of tritium oxide
through skin.

Identification:- Unknown

Principal Investigator(s): Chester W. Delong, Biology Laboratory, Gemeral Electric
' Company, Richland, WA

Responsible Government O[fic‘al(s)

Objective(s) of test: 10 determ1ne the rate of absorption-of tritium oxide through
the intact skln of man.

e -

Short deseripiion: Fourteen human subjects were exposed over a small area (v 1G cm?)
on the forearm or abdomen to a water-vapor atmosphere labeled with tritium oxide (HTO).

A single human subject was similarly exposed over his total skin area while breathing
uncontaminated air. Absorption of tritium oxide was estimated by measurement of
tritium oxide subsequently excreted in the subjects' urine. The data from these experi-
ments indicated a 4-fold greater absorption rate than that measured earlier in rats.
These studies established the importance of the skin as a route of entry for tritium
ox1de and led to reductions fn the allowable concentration of tritium oxide in air,

Follow-up dats: No follow-up was conducted because of small dose to subjects
(see Attachment 1),

References! Delong, C. W,, R, C. Thompson, and H. A, Kornberg, 1954,
Percutaneous absorption of tritium oxide, Am, J. Roentgenol.
Radium Therapy Nucl. Med. 71, 1038-1045. -

Attachcent(e): 1 - Memo of 06-22-84 from Roy C. Thompson to Sldney Harks
2 - Copy of above reference. ,
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Racific Northwest Laboratories

Date June 22, 1984

To Sid Marks

From - Roy C. Thompson M
Subject HUMAN EXPERIMENTATION

CELETED,

-~

P
PEERRTA

e e
R Al Y et e & :
O W L IR e ST e L

Project Number

Internal Distribution _ .
RECEIVED
JUN 221324
S MARKS

St b 2. Aud QA
2064 3/0 /b

The only experimentation on humans that I can recall having been done in the _
Biology Department since 1950 when I joined the Department, is that described
in the attached reprint. These were studies of the absorption of
tritium-labeled water through the intact skin. Fourteen human subjects

(unidentified) were exposed over a small area (~10 cm

on the forearm or

abdomen to a water vapor atmosphere labeled with tritium oxide; and a single

subject (not identified, but known to be

GELETED

) was similarly

exposed over his total skin area, while breathing uncontaminated air.

The purpose of these experiments was to determine the rate of absorption of

tritium oxide through the intact skin.

Studies had previously been done with

rats as subjects. The human data indicated about a 4-fold greater absorption
rate than that measured in rats, and were important in establishing the fact
that respiratory protection a1oneawas not adequate to protect workers expdSed
to tritium oxide., As a direct consequences of these studies, the allowable
air concentration of tritium oxide was reduced by a factor of two.

Surviving records do not indicate the concentrations of tritium attained in

-~

the exposed subjects. It can be estimated from the data reported, however,
that single total body exposure must have resulted in an intake of approxi-
mately 3.3 mCi of tritium. The ICRP-30 annual limit on intake (ALI) for
tritium is 3 x 109 Bq or about 81 mCi. The experimental exposure therefore
amounted to about 4% of an ALI, which should have delivered a total body dose

0008747
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Sid Marks

June 22, 1984

Page 2 .

Subject: HUMAN EXPERIMENTATION

-

of about 200 mrem. The actual dose delivered was probably less than half of_
this, since the subject consumed large quantities of water to speéd excretion
of the tritium oxide. Similar estimates cannot be made for the other
subjects, but their exposures, and consequent radiation dose, must have been
very much lower than that of the total body exposure.

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

RCT: pmb
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FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. Project involved Date Started: Sept. 1967
study of metabolism of promethium in Date Terminated: 1 year
humans and effect of DTPA on metabolism after
and excretion start

Identification: Unknown

-

Principal Investigator(s): H. E. Palmer, Occupational and Environmental
Protection Department, Pacific Northwest Laboratory (PNL), Richland, WA

Responsible Government Official(s):

Objective(s) of test: The study was conducted to determine the uptake,
retention, distribution and excretion of promethium in humans following
both oral and intravenous administration and to study the effectiveness
of DTPA in removing promethium from the body. These considerations were
relevant to possible.exposure of plant personnel. )

Short description: 1%3pPmCl; was administered to 14 volunteers by physi-
cians of the Hanford Environmental Health Foundation (HEHF). Whole body
counting and excreta measurements were made by PNL for one year following
administration of the 1%3Pm. Six. of the volunteers were also injected
with DTPA at various intervals before and after the administration of the
143pm, Both the HEHF and PNL contributions to the study were funded by
AEC . :

Follow-up date: There was no follow-up after one year because of the low
doses to the human subjects. The estimated doses were .036 rem to the
1iver, .008 rem to the bone, and .005 to the whole body for injection,
and .038 rem to the upper large intestine, and .077 rem to the lower
large intestine for the ingestion cases.

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

Attachment(s): Stated reference.
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FACTSHEET HUMAN EXPERIMENTATION

Project Hame: Unknown. Project was an Date Started: July 1965
investigation of the distribution and Date Terminated: 60 days
excretion of technetium in human subjects. after

start

Identification: Unknown

Principal Investigator(s): T. M. Beasley and H. E. Palmer, Pacific
Northwest Laboratory (PNL) and W. B. Nelp, University of Washington
Medical School

Responsible Government Official(s):

Objective(s) of test: The study was conducted to mezsure the long-term
retention and localization of technetium in humans following both oral
‘ and intravenous administration and to derive mathematical models for
excretion, which are very useful in determining the radiation dose to
humans from technetium isotopes in the body. They are important from
both medical and occupational standpoints.

Short description: 95™Tc and 26Tc were administered to 8 subjects by
physicians at the University of Washington Hospital in Seattle. The
subjects were hospitalized at the University of Washington Clinical
Research Center for the first week. Whole body counting and excreta
measurements were made for 60 days. The University of Washington -
obtained and reimbursed the subjects for their services. The parti-
cipation by PNL personnel was limited to providing the equipment, mak-
ing the whole body counting and excreta measurements and analyzing the
data. The PNL participation was funded by AEC but not the University of
Washington participation.

Follow-up data: Follow-up continued for 60 days:. Later follow-up con-
sidered unnecessary because of low dose to subjects (estimated to be
0.145 rem)

References: Beasley, T. M., Palmer, H. E., and Nelp, W. B., "Distribution
( ?nd E;cretion of Technetium in Humans,” Health Physics 12, pp. 1425-1435
1966).

00087150 Mttachment(s): Stated reference.
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FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. The project involved " Date Started: Dec. 1963
the development and calibration of instru- Date Terminated: Feb. 1964
mentation for measuring 32P in vivo at en- ' .
.vironmental levels.

Identification: Unknown

Principal Investigator(s): H. E. Palmer, Hanford Laboratory, General
Electric Company, Richland, WA

‘Responsib1e Government Official(s):

Objective(s) of test: To determine the counting rate of a known quantity
of 32P as a result of ingestion of fish.

Short description: A calibration factor was needed for measuring the total
body content of 32P in people who consumed whitefish and other species of
fish taken from the Columbia River during the period when nuclear reactor
coo1ing water was emptied into the River. Five subjects were injected
with 34P, Three of the subjects injected were patients at the University
of Oregon Medical School and received the 32P as part of the therapy for
blood diseases. The other two subjects were injected with very low
levels of 32P by physicians from the Swedish Hospital in Seattle for
calibration purposes only.. ' ‘

Follow-up date: No follow-up because of low doses to volunteers. The-
doses to the two volunteers injected for calibration purposes were ,025
rem to bone, .009 rem to liver and .005 rem to the total body.

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

Attachment(s): Stated reference



Pacific Northwest Research Foundation
1102 Columbia Street.
Seattle WA 98104

July 19, 1984

Dr. Sidney Marks

Battelle, Pacific Northwest 1aboratory
P. 0. Box 999

Richland, WA 99352

Dear Dr. Marks:

Attached is a brief response to the request made by R. 'D. Larson
in his letter of July 3, 1984,

Slncere1y,
Mavis Row]ey

MR:rs
Attachment
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TACTSHEZET HUMAN EXPERIMENTATION

Project Kazme: . Date Started: 1963
Date Teraminated: 1972

[1

ezt ¢ Icnizing Radiation
rcductive System.

Identification: ) - :
Principal Investigator(s): Carl G. Heller, M.D., Ph.D. (deceased)

Responsible Government Qfficial(s):

Objective(s) of test:

SEE ATTACHED FOR NARRATIVE
Short description:

Tollow-up data:
References:

Attachment(s): .

0008153 .
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Ff‘L)JELL Nathe ! Mg crliect Vi 1UHILINIY Radiariun . Puyec «
on the Male Reproductive System '

Cbjective(s) of test:

1) To cetermine the exact nature of the cytological defect produced
in the development of the germinal epithelium and to relate the
extent of the defect to dosage and time;

2) To find the minimal dosage that would affect the germinal epi-
thelium; :

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

4) To determine whether the higher dosages given would lead to
- permanent damage of spermatogen1c cells;

5) To determine the simultaneous effects of any dosage upan the
Leydig cell cytology.

6) To determine the influence of any given dosage upon other para-
meters such as excretion of total gonadotropic hormone (FSH),
lutenizing hormone (LH), estrogens and androgens;

7) To determine the influence of any given dosage upon plasma levels
of FSH, LK and testosterone; and

8) To complete a statistical analysis of the results obtained.

Short Description:

In 1963 Dr. Heller initiated a project to determine the effects of
graded doses of ionizing radiation upon the human male reproductive system.
Actual irradiations were begun in August of 1963 using volunteers. Between
1963 and May of 1971 a total of 67 individuals received acute irradiation
in varying doses.

During 1963, 1965 and 1967, ad hoc advisory/review committeeélwere
assembled by the Atomic Energy Commission to give overview and direction
to this program.

Follow-up data:

After Dr. Heller' s acute health failure in December of 1972, severa]
proposals for longterm subject follow-up were presented.

Considerable discussion was held with various agencies about how
contact with the volunteers could be maintained in order to allow a life
time follow-up. No mechanism was found to allow or implement a long term
contact.

References:’

There have been numerous publications on this project and its
findings -beginning in 1963 and extending through 1974, The attached
bibliography references to many of them.



Project Name: The Effect of lonizing Radiation a : page 3
on the Male Reproductive System
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radiation response of the gonads. In Effects of Radiation on Meiotic
Systems, pp. 3-15. Int. Atomic Energy Agency, Austria, 1968,

6. M. J. Rowley, J. D. Berlin, and C. G. Heller, The ultrastructure of
four types of human spermatogonia. Z. Zellforsch,-112, 139-157 (1971).

7. C. G. Heller, M. F. Lalld, J. E. Pearson, and D. R. Leach, A method
for the quantification of Leydig cells in man. J. Reprod. Fert.,
25, 177-184 (1971).

8. D. R. Brusca, J. M. Kastella, and C. G. Heller, Urinary testosterone
excretion as an index of testicular secretion. In Proc. US Endrocinol. .
Soc., Chicago (F. G. Hofman and N. P, Christy, Eds.) p. 142.
J. P. Lipincott, Philadelphia, Pennsylvania, 1966.

9. M. J. Rowley, D. R. Leach, G. A. Warner and C. G. Heller, Effect of
graded doses of ionizing radiation on the human testis. 1 .
Radiat. Res. 59, 665-678 (1974).
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UNIVERSITY OF WASHINGTON

“. School of Medicine
Department of Medicine
Hematology Research, ZD~20

July 17, 1984 : ' .

Dr. Sidney Marks

Battelle, Pacific Northwest Laboratory
P.O. Box 999

Richland, WA. 99352

Dear Dr. Marks,

During the past twenty years, I don't believe we have had any .
support from the A.E.C. or Environmental Protection Agency.
However, we have collaborated with Earl Palmer in studies of
iron absorption, resulting in publication of two articles .
(#¥177 and #178). 1In addition we have recently begun to study
iron absorption with a subcontract and loan of equipment for

a total body counter. These studies in human subjects are
being carried out in Bangkok. Protocols have been approved

by our human subjects committee at the University of Washington.

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

Sincerely yours,

(At

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

e Y Tlagalof 270 =0 Avaiip ™
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FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. o Date Started: About 1852
Date Terminated: About 1958

Identification: Contract AT(41-5)-344 -
Principal Investigator(s): C. A. Finch

Responsible Government Official(s):

Objective(s) of test: Studies of blood preservation

Short description: This involves evaluation of red cell viability
employing Cr-51 tagged cells in human subjects. Cr-51 tagged cells were
injected in normal volunteers in quantities equal to those used clinically
in blood volume determinations. The number of volunteers is not known but
is believed to have been about 50 subjects. These studies led to the use
of adenine as a blood preservative.

Follow-up data: None
Réferences: See attached.

Attachment(s): List of publications.
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Contract AT(41-5)-344

References:

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

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

Gabio, B.W., Hennessey, M., Thomasson, J. and Finch, C.A.: Erythrocyte
Preservation. IV. In Vitro Reversibility of the Storage Lesion. J. Biol.
Chem. 215:357-367, 1955,

Donohue, D.M., Motulsky, A.G., Giblett, E.R., Pirzio-Biroli, G., . -
Viranuvatti, V. and Finch, C.A.: The Use of Chromium as a Red-Cell
Tag. Brit. J. Haemat. 1:249-263, 1955.

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

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

Donohue, D.M., Finch, C.A. and Gabrio, B.W.: Erythrocyte Preservation.
VI. The Storage of Blood with Purine Nucleosides. J. Clin. Invest.
35:562-567, 1956.

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

Donohue, D.M., G#ﬁrio, B.W. and Finch, C.A.: Preservation and Transfusion
of Blood. J.A.M.A, 161:784-788, 1956,

Hennessey, M., Finch, C.A. and Gabrio, B.W.: Erythrocyte Preservation.
VIII. Metabolic Degradation of Nucleosides in Vitro and in Vivo. J. -
Clin. Invest. 36:429-433, 1957.

Donohue, D.M. and Finch, C.A.: An Animal Assay Method for the Measurement
of Post-Transfusion Survival of Stored Blood. Vox. Sang.2:369-375, 1857.

Donohue, D.M., Gabrio, B.W., Huennekens, F.M. and Finch, C.A.:"The
Metabolic Pathways of Purine Nucleosides and the Use of Inosine in
Red Cell Preservation'" in Int'l Soc. of Blood Transf. (Proc. of 6th
Congress). Hollander L, ed. Karger Pub., Basel pp.290-293, 19S8.

Lange, R.D., Crosby, W.H., Donohue, D.M., Finch, C.A., Gibsen, J.G., II,

McManus, R.J. and Stumia, M.M.: Effect of Inosine on Red Cell Preservation.
J. Clin. Invest. 37:1485-1493, 1958.
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FACTSHEET HUMAN EXPERIMENTATION

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

Identification: Contract AT(45-1)-218
Principal Investigator(s): C. A. Finch

Responsible Government Official(s):

Objective(s) of test: Application of radiciron to quantitation of

erythropoiesis

Short description: Fe-55 and Fe-59 were injected in normal and diseased
. (anemic) subjects. The former are believed to have numbered about 20 and

the latter about 60-80 subjects. The quantities used in AEC-sponsored

studies were about 5-10u Ci. These studies Ted to a physiologic

classification of red cell production. .

Follow-up data: None
References: See attached.

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

References:

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

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

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

Bothwell, T.H., Hurtado, A.V., Donohue, D.M. and Finch, C.A!: Erythro-

kinetics. IV. The Plasma Iron Turnover as a Measure of Erythropoiesis.
Blood 12:409-427, 1957.
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August 10, 1984

Paula K. CTark

Richland Operations Office
U. S. Department of Energy
216 Federal Bildg.
Richland, WA 99352

Dear Paula:

7!

— Y

$pattelle

Pacific Northwest Laboratories
P.O. Box 999
Richland, Washington U.S.A. 99352

Telephone (509) 37% -2421
Telex 15-2874

I have enclosed the material regarding human experimentation just received
from Dr. Paulsen. I believe that this completes our submission since I
have received no communication from the University of Oregon and no further

word from the University of Washington.

Sincerely yours,

s

/

Sidney Marks, M.D.

Associate Manager

Environment, Health and
Safety Research Program

SM:gm

Enclosure
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August 6, 1984

Dr. Sidney Marks _ o
Battelle Pacific Northwest Laboratory
P.0O. Box 999

Richland, WA 99352

Dear Sidhey:

Enclosed is the material on our AEC supported research that
was requested. Sorry to be tardy.

If you require additional information beyond that listed in
the questionnaire or require clarification, please let me know.

Finally, the issue of follow-up. There was considerable
discussion regarding long-term follow-up. The consensus arrived
at between the inmate volunteers and myself was as follows: (1)
They did not want compulsory follow-up by law enforcement or
governmental authorities by such means as Social Security numbers
trace. This was considered an invasion of their rights. (2) They
understood that I, as the responsible medical investigator, would
be available to any volunteer that wished to see me regarding any
health problem. To date, I have only seen a handful of such men
in the past 14 years. During the study, we assisted the penitentiary
in medical consults on men who were not on our program. Indeed,
we arranged for extensive care in two men with serious medical
problens unrelated to our program. I mention this to establish the
fact that these actions on our part validated our credibility among
the inmate population.

Best wishes.

Sincerely,

/CZ(/“PJL/

C. Alvin Paulsen, M.D.
Professor of Medicine

CAP:.gg
cc: Anne Woolf
Grant & Contract Services

University of Was to
y hington Richard E. Berger
William J. Bremner
, Donald K, Clifton
: Edward M. Eddy
0 0 0 8 -i Charles M. Muller
b Z C. Avin Pauisen
Edward B. Perrin
Robert A, Stemner



FACTSEEET HUMAN EXPERIMENTATION

Project Name: The Study of Irradiation Effects  pare started; 8/63
on the Human Testis, including Histologic, Date Terminated; 12/70 -
Chromosomal and Hormonal Aspects . :

Identification: Contract #AT(45-1)225, Task Agreement #6
Principal Investigator(s): C. Alvin Paulsen, M.D.

vRenpcnsib'lc Governnent Official(s): o ' - . -

1) To relate radiation dosage to changes im,gonadal function, 2) to
Objective(s) of tes:: utilize the radiation gonadal changes as means for studying
pituitary-testis interrelationships, 3) to explore therapeutic and medical protective
measures with respect to gonadal irradiation, 4) to explore our current concepts concerning
radiation dosage expressed in physical terms and their relation to biologic effects.
Shott dcseription: After appropriate baseline studies were performed, subjects received
from 7.5r to 400r x-ray irradiation or sham irradiation to the testis only. Testicular
biopsies were performed prior to and up to 6 years post-irradiation to assess changes in
the germinal epitheliun. Seminal fluid specimens were obtained at two-week intervals
throughout the study and were analyzed for morphologic changes and.changes in total number
of sperm. Urine specimens were obtained monthly for evaluation of hormonal changes. Later
when the techniques were available, serum LH was measured by radioimmunoassay. Studies of
ultrastructure changes in testis tissue were performed using electron microscopy. Subjects
were followed until hormonal values returned to normal levels and until sperm counts
returned to normal ranges. Vasectamies were performed prior to discharge from the study
to eliminate the possibility of defective offspring. Only individuals desiring vasectomy
were accepted for the study; but in several instances the volunteers changed theéir mind
and did not desire. a vasectomy at the conclusion of the study. Subjects were informed in
detail regarding the study and signed consent forms were obtained from subjects and from
Follow-up data: Spouses if subjects were married. Subjects were prison immates only,

thus eliminating the possibility of conception during the study.

(see covering letter)

References: Attached is the publication list from our final technical report, dated
January 31, 1973. .

Attachment(s): coveririg letter
reference list

: . :.:?‘
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A Publications supported by this grant
AEC support has been directly involved in each of the publications
and presentations listed below, although some are not a part of the AEC

contract program, For example, establishment of the chromosome

laboratory enabled us to study other aspects of reproductive physiology.
Likewise, establishment of the radioimmunovassay und subsequent purchase
of the gamma counter allowed us to utilize radioimmuncassay in other
endocrine studies as well as in studies directly supported by this
contract. Therefore, appropriafe.credic has been givcﬁ‘to the contract
for each of the following:

RLO-1781-1 The Determination of Size and Concentration of Human Sperm
with an Electronic Particle Counter. D.L. Gordon, D.J. Moore, T.
Thorslund and C.A. Paulsen, The Journal of Laboratory and Clinical
Medicine, March 1965.

RLO-1781-2 Testicular Biovpsy in Man. I. Effect upon.Sperm Concentration.
D.L. Gordon, Arnold B. Barr, J.E. Herrigel, and C.A. Paulsen, '
Fertility and Sterility, July 1965,

RLO-1781-3 Effect of X-Irradiation of Testis on Plasma Testostcrone in
Normal Male Volunteers (abst). C.A. Paulsen, D,L, Gordon, G.R. Halling,

A. Barr and H.M. Gandy. Submitted but not presented, Second International
Congress on Hormonal Steroids, Milan, Italy, May 1966. .

RLO-1781-4 The Effects of X-Rﬁy Irradiation on the Human Testis (abst).
C.A. Paulsen. Society for the Study of Fertility, Cambridge, England, -
July 1966,

RLO-1781-5 Efficacy of Coulter Counter in Determining Low Sperm
Concentrations. D.L, Gordon, J.E, Herrigel, D.J. Mvore, and C.A. Paulsen.
American Journal ol Clinical Patholegy, January 1967.

RLO-1781-6 Third Year Comprehensive Progress Report, Contract AT(45-1)-
1781 March 1966,

RLO-1781-7 Premature Menopause XO/XX/XXX/XXXXX Mosaicism. D.L. Gordon,
and C.A, Paulsen. American Journal of Obstetries and Gynecology,
January 1967.
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RLO-1781-8 Klinefelter's Syndrome and Its Variants: A Hormonal and.
. Chromosomal Study. C.A. Paulsen, D.L. Gordon, Richard W. Carpenter,
B H.M.Gandy, and W.D, Drucker. Recent Progress in Hormone Research,
' Vol. 24, 1968.

A . 125 '
v wws -+ RLO-1781-9 Metabolism of Labelled I-HCG by the Rat Ovary. D.H.
e Espeland, F. Naftolin, and C.A. Paulsen. Gonadotropins 1968, ed..E.
Rosemberg, Geron-X, 1968.

RLO-1781-10 Comprehensive Progress Report, April 1969.

RLO-1781-11 Progress Report, An Addendum to Comprehensive Progress
Report of April 14, 1969. Prepared March 10, 1970.

RLO-1781-12 7Plasma and Urinary Follicle-Stimulating Hormone Levels in
Oligospermia. John M. Leonard, Robert B. Leach, Margaret Couture, and -
C. Alvin Paulsen. J. Clin. Endocr. 34:209-14, 1972.

RLO-1781-13 Effects of X-Ray Irradiation on Human Spermatogenesis.
T.W. Thorslund and C.A. Paulsen. From, Proceedings of the National
Symposium on Natural and Man-Made Radiation in Space. Ed. E,A. Warman,
NASA Document NAS No. 2440, Jan. 1972, pp. 229-232.

RLO-1781-14 Germinal Cell Loss During Human Spermatogenesis. Arnold B.
Barr, Donald J. Moore and C. Alvin Paulsen. J. Reprod. Fert. 25: 75-80,
1971. :

RLO-1781-15 Electron Microscopy of the Human Seminiferous Tubules.

Oscar Vilar, C. Alvin Paulsen and Donald J. Moore. From: The Human Testis,
Eds. Eugenia Rosemberg and C. Alvin Paulsen, Plenum Press, New York-
London, 1970.

RLO-1781-16 Effects of HCG, HMG, HLH and HGH Administration on Testicular
Function. C. Alvin Paulsen, Duane H. Espeland and Edward L. Michals.
From: The Human Testis, Eds. Eugenia Rosemberg and C, Alvin Paulsen, h
Plenum Press, New York-London, 1970.

RLO-225-1 Progress Report and Request for Remewal (Terminal Period) 1970-71.

S RLO-225-2 Final Progress Report of AEC Contract No. AT(45-1)-225, -
: Task Agreement No. 6, January 31, 1973.
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MAIL READ UNREAD

To: W.BAIR (DOE617)

Cc: J.ROBERTSON  (DOE1217)

Cc: J.THIESSEN  (DOE670) ‘

From: ~ J.ROBERTSON (DOE1217) Posted: Tue 21-Aug-84 13:09 EDT Sys 64 (3)
Subject: Reply to: CONGRESSIONAL RESPONSE
--More--
This is regarding Sid Marks' message re follow up in prisoner studies.
This will be useful to have in the record. Thanks much. Regards
. JSR -

Disposition: File
Filed

Disposition: L
Argument(s) must be specified (eg LINESIZE linmax).

Disposition:
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(sent by electronic mail)

00081761

375-2461

August 20, 1984

T0: J. Robertson DOE1217
FROM: Sidney Marks, M.D.
SUBJECT: Congressional Response

Mavis Rowley has just informed me that the prisoners at the Oregon State
Penitentiary in Salem were followed with regular examinations from the
start of the study in 1963 until Dr. Carl Heller suffered a stroke early in
1973. -The follow-up examinations were performed on inmates who remained in
prison and on any discharged prisoners who were willing to return for the
examinations. An assiduous effort was made to obtain such follow-up
examinations on all subjects. :

Subsequent to Dr. Heller's stroke, an effort was made to continue the
follow-up program, but the prison authorities refused to enter into an
arrangement with any other physicians, even if associated with the same
organization. At that point, they apparently indicated that examinations

by the prison physicians would suffice in following the health of the

prisoners. They alsc had no interest in further examinations from a
scientific standpoint. :

Please call if you have any questions.
SM:gm

..SEND

.SEND

J.ROBERTSON -- Sent

10FF
off



A
% Dalielle
Pacific Norihwest Laboratories

P.O. Sus ¥&y
Richland, Washington L .5.A, 99232

Telephune 509 39¢ 4061

Telex 15-2874

September 6, 1984

Paula K. Clark

Energy Programs Oivision
Richland Operations Office
U. S. Department of Energy
216 Federal Building .
Richland, WA 99352 ’ -

Dear Paula:

I have enclosed a response from Dr. Wil Nelp to the DOE inquiry concerning
human experimentation. I believe that this study falls into the class of
excluded projects based on the criteriez set forth in the memorandum of

June 27, 1984, from C. W. Edington to M. J. Lawrence. The study discussed
by Dr. Nelp involves the diagnostic use of neutrons as a radiation modal-
ity, which differs slightly from the diagnostic use of radiopharmaceuticals
mentioned in the memo. However, it is a diagnostic rather than therapeutic
technique.

In any event, the material in the letter is available for &our
consideration.

Sincerely,

1 4
Sidney Marks, M.D.
Associate Manager
Environment, Health and

Safety Research Program

SM:gm
Enclosure .

CC: Marjorie Parker (wo/encl)



RECEIVED ™

SEP4 1984
UNIVERSITY HOSPITAL 3 takes
UNIVERSITY OF WASHINGTON
: : SEATTLE, WASHINGTON 98195 .
DIVISION OF NUCLEAR MEDICINE, RC-70 August 30, 1984

Sidney Marks, M.D. )
Battelle, Pacific Northwest Laboratory
P. 0. Box 999

Richland, WA 99352

Dear Dr. Marks:

I have received notification from our Grant and Contract Office and I
have also talked to Marjorie Parker in Richland regarding your request
for information on our previous contract with the A.E.C. that involved
human experimentation.

The contract of pertinence was A.E.C.-AT(45-1)-2225. 1 do not have the
contract files at the present time on this work; however, it is my
recollection that this work was first funded in 1969 and sponsorship was
concluded in approximately 1973.

The project involved total body heutron activation analysis. The first
phases revolved around developing the techniques and during the last
three years of the contract human subjects were studied by this method.

We originally studied females over the age of 35, most over the age of
55 and most with known bone wasting diseases, commonly osteoporosis.
During the course of the AEC sponsorship it is my estimation we studied
some 40 to 50 females in this category. We also studied chronically i1l
individuals suffering from kidney failure who were being_treated by
artificial kidney dialysis. In these individuals we studied their
calcium balance using the techniques. I estimate that some 25 adult
patients were studied in this category. The females were non-child
bearing.

The procedure involved the exposure of the subjects to a uniform Tow
flux high energy neutron field which delivered a maximum total body

exposure of 200 millirads. Using a RBE of 10, we estimate the total
body dose to be 2 rems, using a more conservative RBE of 3 or 4, it

would make it slightly less than 1 rem.

These patients in the beginning had a one-year follow-up examination of

the lens of the eye because of subtle concerns about cataract formation.
They were not followed beyond-that time for this specific purpose. We

0008169



-2-
Sidney Marks, M.D.
August 30, 1984

had no long-term follow-up on these individuals. I think it is most
unlikely that any of them have borne children and by all of our observations
and calculations it would be most unlikely that any adverse effects

could be attribtuted to these procedures due to the extremely low levels
of radiation,

I am sorry I don't have more detailed data to provide but I think my
recollection is reasonably accurate. If you have any further questions.
I would be happy to speak with you.

Most sincE:gJy, 7
L,/”;(2;7/%§ g '
Wil 8. N%LD.'

Professor of Medicine and Radiology
Head, Division of Nuclear Medicine

WBN:cf

cc: Grant and Contract Services
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Pacific Northwest Research Foundation
1102 Columbia Street
Seattle WA 98104

July 19, 1984

Dr. Sidney Marks

Battelle, Pacific Northwest laboratory
P. 0. Box 999

Richland, WA 99352

Dear Dr. Marks:

Attached is a brief response to the request made by R. D. Larson
in his letter of July 3, 1984.

Sincerely, ;45:7

Mavis'Rowley‘ ‘;7

MR:rs

- Attachment



FACTSUEET HUMAN INXPERIMENTATIION

Project Kezme:

Date Started: 1963
- The Effect c¢f. Icnizing Raciation Date Terzinated: 1972
cn the Male Keprcguctive System.
Identification:

Principal Investigator(s):

Carl G. Heller, M.D., Ph.D. (deceased)
Responsible Government 0fficial(s): -

Objecrive(s) of test:

SEE ATTACHED FOR NARRATIVE
Short description:

Follow-up data:

References:

Attachment(s):

0008112
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‘Follow-up data:

Ml w e (It e e SRR

on the Male Reproductive System

Cbjective(s) of test:

1) To determine the exact nature of the cytological defect produced
in the development of the germinal epithelium and to relate the
extent of the defect to dosage and time;

2) To find the minimal dosage that would affect the germinal epi-
- thelium; :

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

4) To determine whetler the'higher dosages given would lead to
permanent damage of spermatogenic cells; - '

5) To determine the simultaneous effects of any dosage upon the
Leydig cell cytology. .

6) To determine the influence of any given dosage upon other para-
meters such as excretion of total gonadotropic hormone (FSH),
Jutenizing hormone (LH), estrogens and androgens;

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

8) To complete a statistical analysis of the results obtained.

Short Description:

In 1963 Dr. Heller initiated a project to determine the effects of
graded doses of jonizing radiation upon the human male reproductive system.
Actual irradiations were begun in August of 1963 using volunteers. Between
1963 and May of 1971 a total of 67 individuals received acute irradiation
in varying~doses.

During 1963, 1965 and 1967, ad hoc advisory/review committiees were
assembled by the Atomic Energy Commission to give overview and direction
to this program. ’

After Dr. Heller's acute health fai]ﬁre in December of 1972, several
proposals for longterm subject follow-up were presented.

Considerable discussion was held with various agencies about how-
contact with the volunteers could be maintained in order to allow a life
time follow-up. No mechanism was found to allow or implement .2 long.term
contact.

References:

There have been numerous publications on this project and its
findings beginning in 1963 and extending through 1974, The attached
bibliography references to many of them,
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:'% Project Name: The Effect of lonizing Radiation - . page 3

on the Male Reproductive System
BIBLIOGRAPHY

G. Heller, G. V. Heller, and M, J. Rowley, Human spermatogenesis:
An estimate of the duration of each cell association and of each
cell type. III International Congress of Endrocrinology, June 30 -
July 5, 1968, Mexico City, Excerpta Med. Found. Int Congr. Ser.
184, 1012 1018 (1959) .

G. Heller, F. Tesh1ma and M. J. Rowley, Duration of transport of
spermatozoa through the human male ductular system. Fert. Steril.
21, 390-396 (1970).

J. Rowley and C. G. Heller, Quantitation of the cells of the
seminiferous epithelium of the human testis employing the Sertoli
cell as a constant. Z. Zellforsch. 115, 461-172 (1971).

G. Heller, P. Wootton, M. J. Rowley, M. F. Lalli, and D. R. Brusca,
Action of radiation upon human spermatogenesis. Excerpta Med. Found.
Int. Congr. Ser. 112, 408-410 (1966).

F. Oakberg, Mammalian gametogenesis and species comparisons in
radiation response of the gonads. - In Effects of Radiation on Meiotic
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J. Rowley, J. D. Berlin, and C. G. Heller, The ultrastructure of
four types of human spermatogonia. Z. Zellforsch, 112, 139-157 (1971).

G. Heller, M. F. Lalli, J. E. Pearson, and D. R. Leach, A method
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25, 177-184 (1971).

R. Brusca, J. M. Kastella, and C. G. Hel?er, Urinary testosterone
excretion as an index of testicular secretion., In Proc. US Endrocinol.
Soc., Chicago (F. G. Hofman and N. P. Christy, Eds.) p. l42.

J. P. Lipincott, Philadelphia, Pennsylvania, 1966.

J. Rowley, D. R. Leach, G. A. Warner and C. G. Heller, Effect of
graded doses of jonizing radiation on the human testis.
Radiat. Res. 59, 665-678 (1974).



FINCH PROTECTS
UNIVERSITY OF WASHIN & A<clepy

School of Medicine
Department of Medicine
Hematology Research, ZD-20

July 17, 1984

Dr. Sidney Marks

Battelle, Pacific Northwest Laboratory
P.0. Box 999

Richland, WA. 99352

Dear Dr. Marks,

During the past twenty years, I don't believe we have had any

- support from the A.E.C. or Environmental Protection Agency.
However, we have collaborated with Earl Palmer in studies of
iron absorption, resulting in publication of two articles
(#177 and #178). 1In addition we have recently begun to study
iron absorption with a subcontract and loan of equipment for
a total body counter. These studies in human subjects are
being carried out in Bangkok. Protocols have been approved
by our human subjects committee at the University of Washington.

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

Sincerely yours,

@Z{@u\cé\

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

00087115

4~East. Providence Hospital / 500 17th Avenue. C=39008 / Seattle. WA 98124 / Telephone: (206) 326~5521



~ FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. Date Started{ About 1952
~-Date Terminated: About 1958

Identification: Contract AT(41-5)-344
Principal Investigator(s): C. A. Finch

Responsible Government Official(s):

Objective(s) of test: Studies of blood preservation
Short description: This involves evaluation of red cell viability
employing Cr-51 tagged cells in human subjects. Cr-51 tagged cells were

. injected in normal volunteers in quantities equal to those used clinically
in blood volume determinations. The number of volunteers is not known but
is believed to have been about 50 subjects. These studies led to the use
of adenine as a blood preservative. :

Follow-up data: None
References: See attached.

Attachment(s): List of publications.
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INTRAERYTHROCYTIC ADAPTATION TO ANEMIA®

J. Torraxce, Pu.D.. P. Jacoss, M.D., A. RESTREPO, M.D., J. EscuBacH, M.D,,
C. LexrasT, M.D., axp C. A, FincH, M.D.

Abstract The role of erythrocyte 2,3-diphosphoglyc-
erate (2,3-OPG) in increasing the availabiiity of
hemoglobin oxygen in anemia was investigated.
Measurements of 2,3-DPG and of oxygen dissocia-
tion (P,) were carried out on. 57 normal subjects
and 114 subjects with anemia. Twenty normal non-
smoking males had a mean hemoglobin of 153 ¢
per 100 ml, a mean DPG of 4.83 mM and a mean
Py, of 27.1 mm of mercury. Twenty normal non-
smoking females had a mean hemoglobin lower by
2.6 g per 100 ml, a DPG higher by 0.5 mM and a

P, increased by 0.4 mm of mercury DPG. P, rose

Al:\' EMIA, by lowering the oxygen-carrving capaci-
ty of the blood, reduces the supply of oxvgen
to tissues. However, the fact that symptoms re-
sulting from anemia are often minimal or ab-
sent supgests the existence of mechunisms that
compensate for the decrease in arterial blood
oxveen content. One of these mechanisms in-
volves a reduced affinity of hemoglohin for oxy-
gen, mediated by an increase in red-cell 2,3-
diphosphoglyecerate  (2,3-DPG).** The role of
this mechanisim in the adaptation to anemia is the topic
of this report.

METHODS

A total of 171 subjects were studied. 119 at sea
level in Seattle, Washington, and 52 at 1330 meters
in Medellin, Colombia. Medellin subjects were
studied because local ecological conditions led to
more severe anemia than in the North American
patients; Medellin subjects consisted of seven nor-
mal males, 22 anemic males and 23 anemic females,
The Seattle subjects consisted of 69 subjects with
and 50 without anemia, the latter including 20
nonsmaoking females and 30 male subjects - 20
nonsmokers and 10 who smoked 10 or more ciga-
rettes daily. In all the anemic patients, the red-cell
production rite was below twice the normal level as
judzed by the reticulocyte index. Of the Seattle pa-
tients with anemia, two subgroups of 20 each, all
with hemoglobins less than 10 g per 100 ml, were
selected for further comparison. One group had
hypoproliferative anemia without renal disease and
the other had chronic renal disease, all hut twa pa-
tients being under dialysis therpy.

Venous blood was collected and transferred into

*From the depariments of Medicine and of Phyciolugy and Biophys-
ies. University of Washingion Schaol ol Aedicine, Seuttle. Washing-
ton, and the Depuniment of Intermul Medicine., Universidud Je Antio-
quiw Medeilin, Columbiu tno repeints of this urticle will be avail-
ables.

Suppurted by a reseurch pruat 15-ROE-HE-DA232) from the LS.
Public Heulth Service. by truning grants (T AMS 130 and AM-08Td1,
by a griant ¢HE. 121721 from the Natiomal Heart Institute and by the
Boeing Employees’ Muedical Research Fund

. progressively with decreasing hemoglobin con-

centrations. For each gram of hemoglobin fall, there

was a OPG increase of about 0.23 mM and a P,

increase of about 0.30 mm of mercury. Increases in
adenosine triphosphate also occurred but, because
of the smaller amount involved. had less effect
on the oxygen dissociation curve. A rise in inor-
ganic phosphate level had no demonstrable effect,
but in vivo pH changes appear of considerable impor-
tance. It was calculated that DPG-induced changes in
hemoglobin affinity for oxygen may compensate for
up to half the oxygen deficit in anemia.

’

vacutubes contiaining 1 mg of heparin per milliliter ~

of blood. In patients underzoing hemodialysis, sam-
ples were obtained immediately before dialysis.
Hemoglobin. concentration was determined as
cvanmethemoyglobin. A microhematocrit was read
from capillary tubes after centrifugation on the
Clay=Adams autocrit for 15 minutes at 14,490 X g,
Reticulocytes: were counted as the percentage of
2000 red cells. For estimates of the rate of erythro-
poiesis, the reticulocyte count was corrected on the
basis of red-cell count and hone-marrow maturation
time,* except that in patients with renal disewse, a
normal maturation time was aspumed.

Abbreviations Used
ATP: adenosine triphosphate
2.3-0PG: 2.3-diphosphoglycerate
0,-Hb: oxygen hemogiobin

- - oxygen dissociation
Po.: oxygen tension
TCA: trichloroacetic acid

Red-cell extraction for phoesphate partition was
carried out within one hour and usnally within 20
minutes after bleeding. For this purpose, 3 ml of
jce-cold. 20 per cent trichloroacetic acid (TCA) was
ndded to 2 ml of whole blood, and after centrifuga-
tion, 5 ml of supernatant fuid was taken for analy-
sis. The TCA was removed by five extructions ‘with
3 vol of diethyl ether, und the excess ether was
evaporated with a stream of nitrogen; the extrcts
were then stored at =20°C. A modifcation of the
procedure described by Robinson, Loder and de
Cruchy® was used for separation of the extrict into
various fractions, The extract was diluted to twice
its volume with distilled water and adjusted to a pll
of 7 to 11 with dilute ammonia. The solution was

“then washed into a colummn of Dowex | X 8, 1 by 3
em. The stepwise solutions shown in Table 1 were
used to obtain their respective fractions, The total
phosphiate content of cach fraction was determined
by the method of Bartlett® and wave values of DPG

Reprinted from the New Englond Jovrnal of Medicine
283:163-169 (Juiv 233, 1970
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Table 3. Separation of Extract into Fractions.

FracTion Ecuant Faachow Continy
| 50 m} of water & {norganic phosphate from
then 50 ml of plasma & red cells,

0.2% hydrochloric hexose monophosphate,

acid adenosine monophuse
phate, reduced nicotine
adenine dinucleotide &
monophosphogiycerate

- 2 100 mlof 0.I'N Hezose diphosphaie &

ammonium chioride adenosine diphosphste

3 200 miof 0.2 N am-  23.-DPG
monium chloride

4 200 mi of 0.5 N am- ATP
monium chioride .

3 ’ 100 ml of N hydro-  Unidentified phosphorus |
chloric acid compounds

and adenosine triphosphate (ATP) similar to those
reported by him.*

The oxygen-hemoglobin (O.-Hb) dissociation
curve was determined bv the mixing technic,* in
which oxygen satumtion is predetermined by mix-
ture of known amounts of fully oxvgenated and fully
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Figure 1. Relation between Hémoglobin Levef and Atfinity
for Oxygen (P,) (A) and between Hemoglobin Level and
2.3-0PG (B), in Seattie Subjects.

In this and in Figures 2 and 3 the triangles represent fe-
males, and the open circles males. The solid regression
fine is for the entire group, the dotted line for males, and

the dashed line for females. -

'
DPG was higher by 0.5 mM, and the P, wus in-
creased by 0.4 mm of mercuty. Ten smoking males
showed a slight but insignificant increase in hemo-

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

deoxypenated blood and the oxyyen tension (Po,) of
the mixture is directly meusured by means of a Po.
electrode.. Hemoglobin affinity for oxyuen taken
from the O.-HD dissocintion curve at pH 7.4 was
expressed as the P, (7.4) = that is, Po, in milli-
meters of mercury required for 50 per cent saturation
of the blood with oxygen at pH = 7.4.

RESULTS

The 20 nonsmoking normal males at sea level had

a mean hemoplobin of 15.32 & per 100 ml, a mean

DPG of 4.83 mM and a mean P,, of 27.1 mm of
mercury (Table 2). In 20 nonsmoking females the
mean hemoulobin was lower by 2.6 g per 100 ml,

*Whole blood rather than washed rey cells wus extrucied because
the previously used washing procedure’ caused a Jecreuse in the re-
covery of DPG and ATP. and plasma Jues not contain orgunic phos-
phates.

’, SumcTs No. or HemocLOSING oPG* ATP* : | % FaacTion 2° FaacTion 3¢
; Suancrs .
Stupien .
21100 mi mMfliter of mMiliier of mm Mg mMlititer'of mAtitirer of
ceils cells 3 celly vells
Seartle:
Normal subjects: .
Male nonsmokers 20 15.32=21.02 4.33 =0.3) 0.87 =0.20 271 =08 1.12=0.17 1.26 = 0.26
Fermnale nonsmokers 20 12.68 = 0.96 5.28 =050 0.80=0.17 21.5=0.9 1L15=0.16 1.22=0.14
Maie smokers 10 15.50 = 0.94 5.14=0.59 0.89=0.19 270= 1.3 1.30=0.10 1.33 =024
Anemic patients: 20 7.62= 130 6.62 = 0.86 1.68 = 0.40 29.1=1.6 1.75 =0.53 2,08 =083
With uremia .
Without uremia 20 7.38 =138 6T =119 1483045 30.2=1.9 1.79 =0.71 1.95 = 0.82
Medellin: ’
Normal males 7 16.04 = 1.18 5.42 =027 0.94 = 0.09 26.5=0.2 Li13=0.13 0.96=0.12
Anemic patients: 22 8.33 =238 748 =1.22 1.32=0.37 9= 1.4 1.59 = 0.46 1.37 2035
Males
Females 3] 7.04 = 28} 7.45= 1.64 1.32 2 0.45 292=23 1.64 = 0.39 1.52=0356
*= | SD. '

globin and DPG as compared to nonsmoking mules.
The relation between Nemoglobin level and P,,
(Fig. 1A) and between hemoylobin level and DPG
(Fig. 1B) was plotted for the Seattle subjects. The
same relation for Medellin subjects is shown in
Figures 2A and B. In both groups of subjects there
was a progtressive increase in Py, and DPG as the
hemoyglolin level fell. In the renal and nonrenal
subgroups composed of Seattle subjects with a
hemoglobin of less than 10 ¢ per 100 ml, there
were similiar mean hemoglobin levels, similar eleva.
tions in red-cell Py, and ontanic phosphate content
(Table 2). As shown in Figures 34 and 38, there
was a close relation between red-cell DPG and Py,
in both Scattle and Medellin subjects,

Anemia was associated with o rise in red-cell or-
wanic phosphates other than DPG as indicated by
the regression equations . relating  the various
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- . : Table 3. Regression Equations and Correlation Coefficients
- { for All 171 Subjects Studied.

i 1] ?
- . .

o ¢ Recrussion EQuation Stanoaan  Cosneta.

L { Eamotor Tiow Co

¢ p: i . ESTINATE  EFPICIENT®
o < 3 Fraction 3 (DPGi= =U.244 hemoglobin+ 888 =103 —0.654
_' . . Fraction 4 (ATP) = =106 hemoglubin + 1,93 =0.37 -0.341%

b——— " Fraciion 2 = —0.072 hemoglobin + 224 =039  —0.58§
——— rpatet Fraction § = =0.071 hemogiobin+ 2239 =036 <~0.418
Figure 2. Data in Medeliin Subjects. *r <0.001.

phosphate<containing  fructions to hemoxlobin con-
centration (Table 3). All fructions showed a sig-
nificant correlation (p less than 0.001) with P,
More than 80 per cent of the increased phosphute
in the four fractions listed was aceounted for by DPG
and ATP. Although the perventagze increase in red-
cell ATP was actually greater than that of DPG, the
ATP rise on a molar basis was less than a third of
the DPGC increase.

‘The possible relation between arterial pH and
changes in red-cell organic phosphate level was
evaluated in the Medellin female patients., Any
change in pH values in these patients was inciden-
tal since they had been selected on the basis of
anemia alone. That a relation existed between pH
and 2,3-DPC is shown in Figure 4A. In view of
this, an attempt was made to show the effect of pH
alone by correction of each DPG level for the ex-
pected chanpe related to anemia (Figx. 4B). A similar
correction is made in the P,, level for expected
changes related to anemiu (Fig. 4C). It is seen that
when the pH is 7.4, the changes in DPC and P,,
are those expected from the degree of anemia;
however, with acidosis, the changes in P, and DPG
failed to reach the level predicted whereas with
alkalosis, the level of Py, and DPC exceeds the lev-
el predicted from anemia alone.

DiscussioN
There is convincing evidence that ormanic phos-
phate modifies the affinity of hemoulobin for oxv-
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Figure 3. R'elation between P and 2.3.-DPG in Seattle
Subjects (A) and Medetin Subjects (B).
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gen. "3 This effect is evident when the P, curve of
hemoglobin in red-cell hemolysates is compared to
that of hemoglobin stripped of its organic phos-
phates,” and in the Py, measurements on the orghno-
phosphate-depleted red cells of stored bLlood in
vitrn,’® Of more physiclogic importance is the demon-
stration that organic phosphates increase in vivo in
response to hvpoxia and that this rise is associated
with a heightened availability of oxvgen to tissues.
A fall in blood oxyvuen content dne to decreased
oxvgen loading at high altitudes was shown to be
associated with a corresponding rise in both DPG
and P,.™" In patients with cardiae disease associ-
ated with decreased cardiuc output, compensatory
increases in both DPG and P,, have been demon-
strated.'? The regulation of red-cell DPC content
has thus come to be recognized as an important
adaptive mechanism to combat tissue hypoxia, =
In the present study the effect of decreased con-
centrations of hemoglobin on DPG and P,, was
examined over i wide range of hemoglobin concen.
tration. The two groups investigated were consid-
ered separately, not Decause &f the altitude
differences, which had little: effect. but hecause
the determinations, althouuh carried out by the
same investigators, were under somewhat different
laboratory conditions, Normaul men and women pro-
vided a base line for comparisan with anemic sub-
jects. A higher mean DPG was found in females as
compared with males in accord with two previous
wroups of subjects studied.™™ hut at variance with
one other.”™ Since the hemoglobin level in women
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Figure 4. Effect of pH in Medellin Females,
In A DPG level is related 10 in vivo pM. In B the difference
between aciual OPG and DPG level predicted on the basis
of the subject's hemoglobin concentrztion is related 10 in
vivo pH.
In C the dilference between actual P and that predicted
from the DPG level 1s related 10 1n vivo pH.
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is lower than that in men, the reciprocal increase in
DPC appeared consistent with the effect observed
in subjects with greater degrees of anemia, The re-
gression curves relating hemoglobin to DPC or P,
were similar in nude and female anemic subjects.

Anemin is well known to be associated with a
decreased affinity of hemoglobin for oxypen ™3t
These increases are cvonfirmed in the present study,
and their interrelitions with changes in red-cell
organic phosphates are demonstrated. Thus, in the
Seattle patients, for every gram per 100 ml of hemo-
globin decrease, there is a DPG increase of about
'0.23 mM and a P, increase of about 0.30 mm of
mercury. For each millimole increase in DPG, there
was a corresponding rise of about 1.25 mm of mer-
cury in the P,. ATP was also increased, but on a
molar basis was about a third of the DPG increaze,
Other organic phosphates in the red cell also in-
crease with anemia, but sinve these increases are
much smaller than those of DPG aor ATP (Table 2),
they probably have little effect in modifying hemo-
globin affinity for oxvyen.

The rise of these givcolvtic intermediates is con-
sistent with the fact that red-cell glyveolysis is stimu-
lated by deoxygenation.®= [t has been suygpested
that the Luebering-Rapoport shunt is an alternate to
the conversion of 1,3-DPGC to 3-phosphoglveerate
and that reciprocal changes may occur between the
levels of ATP und DPG.2¢* However, our studies of
normal subjects -at high altitude’ and of patients in
cardiac failure™ and the current report of people
with anemia all demonstrate increases in both com-
pounds and thus reflect an overall stimulation of
glycolvsis, This stimulation may Le the result of a
rise in deoxvgenated hemoglobin, which, by hind-
ing more organic phosphate than oxvhemoglobhin,
Jowers the free ormanic phosphate in the cell; alter-
nately, it has been mipgested that intracellular pH
changes may affect the activih of red-cell enzymes
and alter the DPG level.™ However, there can be
little doubt that when there is a rise in the relative
amount of deoxvgenated hemoglobin in venous
blood, there is also a rise in red-cell organic phos-
phates.

Extracellular inorganic phosphate levels may also
have a role in rezulating red-cell glveolysis -and
thus in controlling the level of intermediate com-
pounds such as ATP.® This effect was not demon-
strable in the 20 patients with renal anemia (Tuble
2), in which, despite an average increase in plasma
inorzanic phosphate to 7.4 mM, no significant
difference was found in ATP or DPG levels as
compared to a similar group of patients with non-
renal regenertive anemin whose plasma inorganic
phosphate levels were normal,

Undoubtedly, many variables inflnence the cor-
relation  hetween hemoglobin and DPG or Py,
Smoking, which iy kpown to affect the P, curve,
was examined in i group of otherwise normal sulb-
jeets (Table 3, Since the mean values for DPCG and

0008781

P,, in these smokers did not differ significantly
from those of the normal subjects, smwoking was
not taken into consideration in the study of anemic
subjects. Another possible cause of variation is the
aze of the red-cell population. Edwards and Rigas®
found that youny cells separated by centrifugation had
a Py, of 33.53 mm of mercury as compared with 27
mm in older cells. Bewuuse of this observation, subs
jects with=hemolytic anemia as defined by a reticu-
locyte output of mnre than twice hasal values were
excluded from the present study. Likewise, patients
with “enzyme and hemoglobin abnonmalities as-
sociated with altered P, were excluded.

‘Changes in pH are known to affect the P,, curve,
a shift toward the right accompanying acidosis, and
one toward the left aceompanving alkalesis (the
Bohr effect). Previous workers have also shown that

" severe acidosis tauses u decrease, and alkalosix an

increase in DPC. ™ Studies demonstrated such
effects in patients in whom pH changes had not
heen suspected on clinical grounds (Fig, 4). Even
though the response to pH change occurs almost
instantaneously whereas that to DPG has a half-time
of about six hours, the deuree’ of correlation ob-
served in this study is impressive and supports the
fact that DPG concentration is subject to the com-
bined effect of hemoglobin concentration and in
vivo pH. The regulating effect of DPG thus appears
to he the prime mechanism for modifyving heno-
globin affinity in -adjusting oxygen supply to tissue
needs. _ -

The importance of a shift in O-HD dissociation
curve in determining Po, tension in the tissue capil-
laries is shown in Figure 3. For instance, a subject
with a hemoglobin concentration of 7.5 g per 100
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The normal curve is shown at the top, and the anesmic
curves beiow. The dashed line is the unshilied curve. and
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observed. Il venous oxygen remains at 39.2 mm of mercu-
ry. the shift in the curve permils an increased oxygen ex-
traction from 2.5 to 3.5 vol per cent, if the required § vol
per cent were extracted, oxygen tension wouid be at 29.6
vol per cent.
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ml and an unshifted curve would release only 23 13
vol per cent of axygen to maintain a normal end-
tissue capillary Po, of 39 mm of mercury. A shilted
curve, as observed in these studies, vields an oxy-
wen release of 3.2 vol per cent. A normal release of
3 vol per cent either requires an increase in cardine
output of 33 per cent ubouve nemal or a lowering in 6
end-tissue capillany Po, to 29.6 mm of mercury. In

the absence of a shift, the release of 3 vol per cent 17
of oxyien would necessitate doubling the cardiae

output or lowering further Pvg to 26 mm of mer- .
curyv. Thus, a shift of the O,-Hb dissociation curve 18
to the right explains the relatively slight increase in

! cardine output and decrease in mixed venous Po, o,
. observed in anemic patients? as well as the mini-

mal symptomatology of moderate anemia.
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ABsTRACT. The in vito counting system described aceurately mensures the absolute
level of totel body *Fe, regardless of body size or isotape distribution. Those resuits
are acrornplished by: (1) counting enly tho Compion seatser radiution omitted from
the body rather thnn the full energy unscattered photons: (2) employing an optimum
srcangement of multiple Nal cryutal detectors; and (3} surrounding the subject with
tissue equivalent plassic pellets. This counting system provides an accurats and
eScient means for studyving iron absorption or Joss in man,

1. Introduction - .
During the past two decades, 3Fe has been used extensively to measure body
iron exchange in man. Its use requires a method that will accurately reflect
the total body isotope content regnrdless of its distribution within the body.
Whole-body counters can provide such a method provided the isotope reaches
a constant distribution within the body and body size can be standardized or

allowance maade for differences. %K, !3°Cs and *3Na are good examples of -

isotopes that can be measured relinbly by most whole-body counters, regardless
of the type of geometry or radintion detector used, becanse of their uniform
body distribution. Other isotopes, such as Fe and %%Zn, do not reach a
fixed distribution until one to several weeks after their administration. Thus,
changes in counting efficiency may have occurred due to changes in sclf-
absorption of y-rays within the body. Warner and Oliver (1966) have described
a whole-body counting method for $*Fe in which errors duc to absorption of
y-rays within the body were minimized by using two opposing collimated
detectors and employving the combined count of the Compton secatter und
photopeak region. Appreciable changes in detector responses still occurred,
however, when comparing a localized with a distributed source of radio-activity.
ze . P.ALD,
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Our objective has been to dgvelop a whole-body counter designed specifically
for iron absorption measurements, using the principles of the Warncr-Oliver
counter but attempting to overcome the residual geometrical and sclf-absorption
errors. ‘ .

Sdasda Shod

2. Preliinary studies

Several counter arrangements have bech developed which give a constant
count rate from a point source in air when placed in any position normally
occupied by the body, but when the source is placed in various positions within
a water-filled phantom, the count rates may vary by as much as a factor of two.
However, studies with such a counter (Palmer and Langford 1967) show that
if the Compton scatter region of the y-ray spectrum is uscd, rather than the ==
photopeak region which is normally used, the count rate becomes practically =
mdependent of the position of the source. Table 1 shows a comparison of ==
counts in the Compton scatter region versus the photopeak region for a 13°Cs =2
source (y-ray energy = (662 Mcv) placed in various positions from the centre == =
to the outside of a 25-4 cm diameter phantom. All counts in the Compxon-——_-
scatter region were within # 1-6%, whereas with photopeak energies, the count B
in the outside position was §3% higher than the centre.
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Table 1. Comparison of count rate in Compton 'scatter region with that in

b photopeak region for a point source of #3°Cs in cylindrical water phantom =
% ' =
3 Source position Comnpton scatter Photopeak =
y - (counts/min) (counts/min) =
. _44 . E
4 Centre of phantom 67,662 30,919 =
: Distance {rom centre: 2:5cm- 68,170 31,943 =
3 51 cm 68,357 34,343 =
: 7-6 e 69,231 38,207 =
3 10-2 ¢m 69,453 44,572 =
; 12:7 em 67,216 56,508 =
4 Average " 68,348 39,395 - =
3 Range , +16% +43%, =
: —1:6% —220/ =
3 =
4 =

Since the body is more nearly elliptical in shape, an ellipsoidal water phantom
was constructed from styToloam phstxc to provide phantom walls of low mass.=
The water-filled pluntom had a minor axis of 22-9 em, a major axis of 30-4 em=

- and was 30-3em high. TFour 15-2cm diameter by 10-2em thick 2 aI(’ll;:
detcctors were placcd arownct the phantom as shown in fig. 1; their optmmm»—
position was cmpirically determined such that a point source of $Fe placcd=

anywhere in the ph'mtorn on a plane parallel to the centre of all four detectors™

..
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Fig. 1. Water phantom used to determine optimum crystal position.

' ERECISION FeSSWHOLE BODY COUNTER

Fig. 2. %Fe whole-body counter demonstrating the wse of Delrin plastic placed
around the subject to obtain uniform thickness.
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gove the same count rate in the Compton scatter region. " The optimum
arrangement of the detectors for 3°I'e y-rays is 432 cm between the fuces of the
two vertical sets of opposing detectors, and 38-1 cm between the sides of the
detectors in the two horizontal sets. )

3. Whole-body counter

The detectors in the arrangement described above were placed in a shadow
shield type (Palmer and Roesch 1965) whole-body counter shown in fig. 2.
Diagrammatic scale drawings of the detector and shiclding configurations are
shown in fig. 3. This counter was designed to minimize the required lead
brick shielding. The subject is transported in a mobile carrier through and
beyond the major viewing area of the detectors.

T NalTI) DETECTORS

et L LEAD SHIELDING
16 ¢cm -

Fig. 3 (a).. "Seale drawing of detectors inside lead shielding (cnd view).

a
-
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TNt DETECTORS
e
10 ¢cm T wean swsgrome
Fig. 3 (). Scale drawing of a cross section of 33TFc counter (side view).
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The shiclding weighs about 5tons. The centre scction of 10-2 cm thick
Jead is 99-1 cm high, 40-6 cm wide and 91-4 cm long. The 5-1 em thick shadow
shielding cxtends out 61-0cm from cach side of the centre section and is
constructed so that background y-rays from the surrounding room cannot
directly enter any of the detectors without going through at least 7-6 em of’
lead. The opening through the lead bricks for the paticnt and carrier to pass
through the ‘counter is centred between the four detectors and is 50-8 em wide
and 30-5 cm high. The total length of the counter is 4-72 metres. The carrier
is driven by a stepping motor and chain drive that is controlled by a constant
speed pulser. When a multi-channel analyser is used, the speed can be
controlled by pulses from the live time scaler of the anulyser, so that errors
caused by the dead time of the analyser arc eliminated (Sheen, Palmer and

* Stringer 1967). The patient carrier is made of 0-32 cm thick aluminium, and
the inside dimensions are 20-3 cm deep, 46-4 cm wide and 2:13 metres long.
The radius of curvature of bottom corners of the carrier is 7-6 em. The cost
of the counter as shown in fig. 2 without the four detectors and counting
instruments was about $3,000, and the cost of the detectors was approximately
$10,000. -

The rather small tunnel through which the patient travels during a traverse
count has not presented any problems. However, the patients would fcel less
«confined during the counting procedure if the tunnel dimensions were enlarged
with the addition of more lead bricks to provide a proportional increase in
shadow shielding. : :

et 4 Ml oghel By s ool d
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d. Characteristics of the counter

The best results with patients would be expected if they were all of the
same size and had the same general body contour. The same effect can be
accomplished by layering small pellets of a heavy plastic called Delrin over the
person until level with the top of the aluminium carrier. The small Delrin
plastic has a density of 1-4 but the bulk density of the small 0-32 em pellets
is about the same as the human body. Delrin is a polymer of the molecule—
OCH.—and consists of 33% oxygen. 40% carbon, and 7% hydrogen. A
point source of %*Fe placed within a Delrin phantom provides a useful means
of assessing the distributional effects of **Te activity as they might occur
in vivo. The Delrin can be casily poured in around the subject, and after
counting it can be removed rapidly with a vacuum hose connected to a 40-gallon
tank in which the Delrin is stored. '

When a source of #Fe was placed anywhere in the Delrin-filled carrier, the
accumulated count rate during a 10-minute, traverse of the carrier was within
+4% for all positions in a Delrin thickness of 21-6 em. This was similar to
the results obtained earlier in the water phantom, even thongh the shape and
width of the carricr were slightly different. Fig. 4 shows the relative count
rate of the Compton scatter events as a point source is pluced in various positions -
in a vertical cross section of Delrin pellets.  This relatively constant counting
rate occurs over the entire Jength of the Delrin-filled carricr, except at 10 cm
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Fig. 4. Relative count rates obtained with differcht locations of a point source of
$*Fe in a vertical cross section of Delrin plastic pellets.

from each end whers it begins to drop. 10 cm or more of Delrin on each end
of the subject eliminates the end effect that would oceur if ¥*Fe in the top of
the head or bottom of the feet did not have scattering material completely
surrounding them.

Fig. 5 compares the y-ray spectra of twg measurements of a point source
of ¥Fe placed at two extreme positious in Delrin. Curve A was obtained when
the source was placed on top and near the side of the Delrin phantom, and
curve B when it was in the centre. A large reduction in photopeak counts
was obtained as the source was moved into the centre because of increased

‘18,909
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= ol L et | _
1009 -
2 un L. curve A f;
H \ Iy
3 s b \\ ll l
- \
2 by
§ ot F \\ . CuRveE : l‘ lﬂ‘
000 | \ \'f R
N | i Iy
008 - = } I'ny
—"\\ /l ‘\ ,’ |
mo}- ' N \J] “
\ .

’ 0.306 0400 €900 2.008 5.000 $.200 1.408
ENCREY 1MeV)

Fig. 5. Gamma.ray speetrum of $*Fe from two different couditions of absorption
by tissue equivalent material.
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- absorption of the y-rays, whereas the arca under the Compton scatter region
remained ncarly the sume. TFor the latter region, a slizht reduction of counts
in the region of S00 kev was offset by a comparable increase in codnts below
500 kev, with the result that the integral count ratc between 90 and 960 kev
remained constant. This explains why the use of the Compton scatter photons
provides a count rate that is independent of the location or distribution of the
radioactivity. ; .

Tig. 6 shows a spectrum from a 10-minute count of 1 .Ci of **Te in a human
subject packed in Delrin after the background of the counter and the subject
have been subtractad. The Compton scatter region of energy used in all
studies includes all events between 90 and 960 kev and is shown by the shaded
region of the spectrum. The 10-minute net count rate in the Compton seatter
Tegion was 144,000 with a background of 30,500, whereas the photopeak
measurements gave values of 43,000 and 4,200 respectively. The standard
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Fig. 6. Gamma-ray spectrum of a whoale.-body count in a subject containing 1 xCi
. of *¥e.

deviation of the net count, considering only counting statistics, is +0-31% : .
and *0-53% for the Compton scatter counts and photopeak counts respectively.
Therefore, the usc of Compton seatter allows both greater absolute accuracy
and precision for determining the total body content of ¥Fe. The background
for Compton scatter count of a subject added from 1,500 to 2,000 counts to the 3
counter Compton scatter background depending upon the body size. The
counter background remained quite constant from day to day within a three-
week period. Background counts measured during a 10-minute traverse on
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. 40 occasions over a one-month interval gave a standard deviation 2-2 times

the value for a singlc background count as determined Ly the Poisson distribu-
tion for radioactive decay, indicating cxcellent day-to-day stability of counter
background. To obtain count rates with low statistical error, 2 minimum
#%e whole-body activity of 0-20 uCi is required which gives a net whole-body
count rate equal to the counter background and a standard deviation of £1%
for a standard 10-minute traverse.

-

5. Discussion .

Several investigators have obtained improved whole-body counting results
with different isotopes using the combined counts of the photopeak and scatter
region or just the scatter region (Gibbs, Hodges and Lushbaugh 1066; Warner
and Oliver 1966; Genna 1966; Dudley and ben Haim 1968; and Naversten,
Lidén, Stahlberg and Norden 1069), and it has been suggested (Dudley and
ben Haim 196G8) that the majority of y-rays emitted in the body with energies
exceeding 1-0 Mev ultimately emerge from the surface although their energy
may be reduced and their angular distribution altered by Compton collisions.
Altbough this suggests that both photopeak and Compton events should be
used, much more constant count rates can be obtained when oniy Compton
scatter counts are used. Jeasurements on phantoms reported here indicate
that the total body content of 3Fe can Ue determined in any size person
within & maximum error of *2% when using the Compton scatter energy
band. The application of this technique to y-rays of other energzies has not
been investigated. The data shown in table 1 indicate that the method will
work with y-ray energies as low as 0-66 Jev, but a slightly diffcrent detector
arrangement may be required.

The counter employed here is simple to use and requires rather unsophisti-
cated instrumentation because of the broad Land of photon energies used.
We used a multi-channel analyser. but a single-channel analyser and scaler
will adequately perform the counting. All whole-body counts can be comparcd
dircctly with that of a standard with identical counting efficiency when placed
in a Delrin phantem. Slight instrumental changes affect standard and subject
comparably, so that the relationship Letiwween the two remains unchanged.
Counter materials are relatively inexpensive and easily assembled. Like other
types of shadow shicld counters it can be disassembled and built up in a different
location or can be mounted in a truck to service several locations.

RisuMmz

Compteur pour lo ¢orps enticr, employé paur [a mesure de précision du radio-fer in viro

Lo systéme pour Jo comptage in rive, déerit dans ce mémoire, mesure avee précizion le
niveau absolu do *Fe econtenu dans le corps entier, indépendamment do la grandeur du corps
ou do In distribution de ['isotope. Ces nésultats sont accompliv en: 1° compiunt seulownent o
rodistion difTusio de Comnpton, émire du corps plutot que les phutous non-diffusés avee ¢nergio
sompléta: 2° cinployant ua arrangement optitnum dex détecteurs multiples au cristal de Nal;
et 3* cntourant lo sujet de pastilles en monicro plastique équivalente an tizsn,  Ce systéme do

comptage fournit un moyen précis et effeetif pour {"étude de I'absarption ct de la perte de fer dans
'organismo humain.
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ZUSAMMENFASSUNG

Ein Gonzk&rperihlor fir grnauo Messungen vou Radio. Eisen in rive

Das beschricbene Syatermn fir Ziblung ©s rive misst genau das ahsolute Nivenu des Gesamt.
Xk3rpor.»*Fe, unnbhiingig von der I Grperprivse ader der Isotopenvertcilung. Dirse Ergebnisse
werden zustomle gebracht, indem man: (1) nur dic vom Xérper auspestrohlte Compton.
Streustrahlung ziihit, vichnche als die ungestreuten Photunen il volier Energie; (2) cine optimale
Anordnung der viclfachen Nal.Iristalldctektoren anwendet: und (3) den Subjekt mit den
. gewebedquivalenten Kunststoffpastillen umringt. Dirses Zithlsystem beschaflt cin gensucs und

effektives Mittel zum Studium der Cisensbsorption und -Veriust im Meuschenkdrper.

Peasome
C‘l:‘l“ﬂﬂ( AN RIMEPCHIIA AXKTIBNOCT! BCCro Tom, npn;\eu'ne.\luﬁ AR TOUHOrO j2wepeHIiR
pa.mxo:wmnnoro 7REE3A 12 IT0

Onicaiag CIcTemMa K CUETA In TIT0 NIMEPRCT TOWKO 35CCUOTHBIT YPOBEHR NOITMONO
copepranita *?Fe B Tele, HCIABHCUMO OT BEWIWIMBLI TE1A 1Lt PRCNDPEIEILIUIN 1130TONOS, It
PEIYBTATH! JOCTNFAOTEA: (1) CUETOM OZHOrO TOILKO PICCIAMHOLO KOMITOHOBCKOTO HITyNMEHIH,
FATYMEACMOTO  TCIOM, NPCANQUTITCIRNG CUETY MEPaCcCeMMbIN (POTOHOR € [IOIHOIT dHepred;
(2) npivencHuEN ONTHMLIBHOrD PaCNOACAKCHIIA JOIBWIOND WIICI3 JSTCKTOPOB € KENCTALIANL
Nal; (3) oxpyikestiiest CVOBEKTS THAHCIKDBHBAICHTHBLIMI TUIACTMICCOBLIMII INapnkamit. 3rva
QICTEMA CUYET2 MPCIOCTALINGT TOWHOC )1 IPMEKTIDHOE CPeICTBO LA NICLILI0BAHIA OOIIIOLLSKIL
AID1 NIOTEPH JKENE3a YeS10BeKOM.
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Principal Investigator(s): C,A, Finch

Responsible GCovernment Official(s):

Objective(s) of test: Application of radioiron to quantitation of erythropoiesis

Short description: These studies lead- to a physiologic classification of red
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Follow-up data: None.
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References: See attached.
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FACTSHEET HUMAN EXPERIMENTATION

Project Name: ) ‘ Date Started: About 1952
. Date Terminated: About 1958

Identification: Contract AT(41-5)-344
Principal Investigator(s): C.A, Finch

Responsible Government Official(s):

Objective(s) of test:  Studies of blood preservation

Short gfscription: This inyolyes evaluation of red cel] yiability employing
Cr Tagged cells in human subjects, These studies I&&& to the use of
3 adenine as a blood preservative,

Follow~up data: None

References: See attached.

Attachment(s):
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FACTSHEET HUMAN EXPERIMENTATION

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

Identification: Contract AT(41-5)-344
Principal Investigator(s): C. A. Finch

Responsible Government Official(s):

Objective(s) of test: Stqdie§ of blood preservation

Shortfﬁéscription: This}in%Tyés evaluation of red cell viability employing
Cr-51 Tagged cells in humad-subjects. Cr-51 tagged cells were injected in
normal volunteers in quantities equal to those used clinically in blood
volume determinations. The number of volunteers is not known but is
believed to have been about 50 subjects. These studies led to the use of
adenine as a blood preservative. '

Follow-up data: None

References: See attached.

Lot of pashilicats |
Attachment(s): Sza%edqéizgrenézi M, L/”/’ﬂ



FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. The project involved Date Started: Dec. 1963
the development and calibration of instru- Date Terminated: Feb..1964
mentation for measuring 32P in vivo at en- : .
vironmental levels.

Identification: Unknown

Principal Investigator(s): H. E. Palmer, Hanford Laboratofy, General
Electric Company, Richland, WA

Responsible Government Official(s):

0bject1ve(s) of test: To determine the counting rate of a known quantity
of 32p as a result of ingestion of fish.

Short description: A calibration factor was needed for measuring the total
body content of 32P in people who consumed whitefish and other species of
fish taken from the Columbia River during the period when nuclear reactor
coo]ing water was emptied into the River, Five subjects were injected
with 3¢P, Three of the subjects injected were patients at the University
of Oregon Medical School and received the 32P as part of the therapy for
blood diseases. The other two subjects were injected with very low
levels of 32P by physicians from the Swedish Hospital in Seattle for
calibration purposes only.

Follow-up date: No follow-up because of low doses to volunteers. The
doses to the two volunteers injected for calibration purposes were .025 ~
rem to bone, .009 rem to liver and .005 rem to the tatal body.

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

( Attachment(s): Stated reference

, 0008800



Health Physics Pergamon Press 1966. Vol. 12, pp. 605-608. Printed in Northern Ireland

DETERMINATION OF ®P IN -VIVO

H. E. PALMER
Battelle Memorial Institute, Pacific Northwest Laboratory, Richland, Washington

(Received 11 June 1963; in revised form 14 September 1963)

Abstract—A transmission proportional counter and a NaI{T1) scintillator, operated in coinci-
dence for detection of 3P beta rays emitted from the head, is better for in zito measurements
than a bremsstrahlung counter. The background is lower and is much less variable {rom person _
to person. Relatively little shielding is required. The **P body burdens of people who eat
whitefish from the Columbia River near Hanford can be measured by this method.

Fisu and waterfowl that feed in the Columbia
River downstream {rom the Hanford reactors
acquire some radionuclides that enter the niver
with the efluent water.?? 32P and %Zn are the
principal nuclides found, and suckers and white-
fish usually contain the greatest concentration
of these nuclides. Since sportsmen obtain and
eat the waterfowl and fsh from the Columbia
River below Hanford, a method of measuring
the low level body burden of these nuclides in
humans is needed. Since #Zn is a gamma
emitter, body burdens down to | nc can easily
be measured in a whole-body counter. FosTer!®
has described an experiment in which a subject
ate a weekly meal of whitefish and the accumu-
lation of the %Zn in the body was studied. 3P
does not emit a gamma ray and it is much more
difficult to measure. This paper describes a
method by which body burdens of P down to
40 nc can be measured.

Several reports have described the determi-
nation of P in the human body by detection
of bremsstrahlung.*% The bremsstrahlung
counter we have used is a4} in diameter by 3mm
thick NaI(TI) scintillator with a 0.001-in. thick
aluminum window. Body burdens of 3P down
to 200 nc can be detected with it. The principal
problem which prevents reliable measurements
of lower bedy burdens is that it is impossible to
distinguish between a bremsstrahlung photen
and a low energy gamma ray or secondary

® This paper is based on work performed under
U.S. Atomic Energy Commission Contract AT(43-
1)-1830. Permission to publish is gratefully ac-
knowledged.

photon. Therefore, the backgrounds of different -
people depend on their size, which influences the
scattering of surrounding background radiation,
and their body burden of gamma-emitting iso-
topes. Although significant improvement can be
made by applying corrections for these two
variables, the accuracy with which the individual
subject background can be estimated is still the
greatest limitation in low level bremsstrahlung
measurement.

A typical spectrum obtained with this brems-
strahlung counter placed at the head of a subject
containing about | me of 3P is shown in Curve
A of Fig. 1. Some of this spectrum, however, is
not due to bremsstrahlung. An absorber that
absorbs beta rays but does not significantly
absorb the bremsstrahlung produced Curve B
of Fig. | when placed between the counter and
the subject’s head. Curve B is the true brems-
strahlung spectrum. The difference between A
and B, Curve C, is the spectrum due to beta rays
emitted from the surface of the head. The areas
under curves B and C are equal, i.e. about the
same nwmber of counts are obtained from beta
rays as from bremsstrahlung. This indicated
that counting of only the beta rays should be
investigated. Ifthe background could be reduced
sufficiently, the minimurm detectable amount of
32P might be even lower than for bremsstrahlung
counting,

Counting the beta rays emitted through the
skin may not work for other pure beta-ray
emitters which are metabolized differenty than
phosphorus. Although phosphorus, like caleium,
is associated with bone growth, it is also an
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Frc. 1. Bremsstrahlung counter spectra.

essential component of all cells. The blood
contains several different compounds of phos-
phorus. Much of the 3?P in the body is circulated
in the blood stream and reaches the surface of
the body. Deposits of *Sr on the outside of the
skull could probably be measured since the skin
and tissue covering the skull is thinner than the
range of '°Y beta rays. The low energy beta
rays from #C have been detected from the ear
of a mouse.‘®

To reduce the background during the detec-
tion of beta rays, we placed a transmission type
proportional counter in front of the bremsstrah-
lung counter. This proportional counter was
l1~x 6 x 6in. and was divided into six small
counters, each having a cross section of | in.?
and a length of 6 in., by means of ground wires.
The thin windows were 0.008-in. Mylar plastic.
The counter was operated as 2 flow counter
using 90 per cent argon-l0 per cent methane.
The six anodes were connected together and in
coincidence with the Nal scintillator. Figure 2
shows a sketch of the counter. With this arrange-
ment a pulse in the Nal counter is analyzed
only when the radiation causes a pulse in the

X3 5 %
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DETERMINATION OF ®P [¥ VIVO

proportional counter at the same tme. This
discriminates against gamma- and X-rays and
counts every charged particle that enters both
counters. Inside a good lead shicld a large
share of the background in the bremsstrahlung
counter alone is due to relatively high energy
gamma rays that scatter so as to leave only a
little energy in the scintillator. The coincidence
requirement eliminates this kind of background.
Beta rays from the skin can go through the
proportonal counter with litte trouble and are
counted nearly as well as before in the Nal
scintillator. A Nal scintillator is used rather
than -a plastic’ scintillator because the better

* resolution provides easy energy calibration with

low energy photon sources.

The background of this coincidence counter,
for 40 to 1000 keV pulses in the Nal, was 12
counts/min when operated in the Hanford iron
room with a phantom head made of sugar.
With the coincidence circuit turned off it was
130 counts/min. Typically, the coincidence rate
was 20 counts/min when counting a subject
containing only normal amounts of YK and
137Cs. A pressed-wood beta absorber 4 ia. thick
placed between the head and the cournter re-
duced the rate to 15 counts{min, which is 3
counts/min above that of the phantom head.
This indicates normal beta background Som
the head is about 5 counts/min, probably from
9K beta rays. The other 3 counts/min are

{
GAS INLET
MYLAR WINDOW
!
GAS OUTLET

Frc. 2. Beta coincidence counter.
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Fic. 3. Retention of low level burdens of 3%P.

probably due to Compton recoil clectrons pro-
duced by gamma rays emitted from the body.
The background due to higher than normal
gamma radiation in a subject can be determined
. with the beta ray absorber over the counter.
All normal subjects counted so far have had
about the same beta ray counting rate, 45

containing known amounts of 32P. The average
counting rate a¢ the side of the head is 1.0
counts/20 min per nc of P in the body. The
range of rates was 15 per cent for the five

L subjects. Figure 3 shows the counts obtained

for two subjects. They were studied for several
) weeks and one of the subjects was reinjected
! _after 28 days, effective half-life for 32P was
about ays; this agrees with previous results
obtained with the bremsstrahlung counter at
higher activity levels of 3*P. A detailed study
of the influence of body size, excess fat, and
different head shapes on the counting rate has
not been made. The range of 15 per cent in
counting rate was obtained from the five subjects
who ranged in weight from 160 to 210 1b and in
height from 60 to 69 in. For very small or very
large people the counting rate per nc of P in
the body may vary more than 15 per cent. The
detection limit for the counter is about 40 nc of
3P at the 95 per cent confidence level, This is
much better than the bremsstrahlung counter

because the background is lower, shows much
less variation from person to person and can be
more accurately measured. ) _

The coincidence counter hasa higher counting
rate over the head than over any other body
extremity. In order to stay as far as possible
from organs such as the Liver, which concentrates
potendally interfering isotopes such as %Zn, it is
not used over the torso. Another advantage of
using an extremirty such as the head is that only
that extremity and the counter need be shielded;
an iron room is not needed. We found that the
counting rate with the head and countershielded
with lead 2 in. thick (total weight 1000 Ib) was
the same as in the fron room. Such small and
light-weight shielding requirements make it fea-
sible to add such a counter to the Hanford Mobile
Whole-Body Counter facility.t"-

One reason for developing a sensitive, in vive
counter for 3P was to measure people who eat
Columbia River fish. The significance of this
intake with relation to the maximum permissible
body burden has been discussed in another pub-
lication.™ Fivesubjects ate 2 b each of white-
fish which had been caught in the Columbia
River. After allowing 1 day for absorption of
the 32P, the subjects were measured for 20 min
with the coincidence counter and showed body
burdens of 70, 110, 89, 72 and 93 nc. The
amount of 3P in the whitefish ingested by the
first two subjects was not known but the last
three ingested 110 ne. The standard deviation
for the measured in zivo burdens was about 25
nc. The maximum permissible body burden
for occupational exposure is 6000 nc. This
counter is in use at the Bactelle-Northwest whole-
body counting facility . and has been used in
experiments on *P uptake from fish.

Acknowledgements—~Ve are indebted to Dr. Oscoop of
the University of Oregon Medical School and to the
Swedish Hospital in Seattle for allowing us to make
measurements on people with known burdens of 33P.
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Prolcct Kaoe: -The Study of Irradiation Effects Date Started; S/63
on the Human Testis, including Histologic, Date Terminated: 12/70
Chromosomaliand Hormonal Aspects .

Identificatilon: Contract #AT(45-1)225, Task Agreement 56
Principal Investigator(s): C. Alvin Paulsen, M.D. .

Recponsible Covernment Official(s):

1) To relate radiation dosage to changes in gonadal function, 2) to
Objcctive(s) of test:; utilize the radiation gonadal changes as means for studving
pituitary-testis interrelationships, 3) to explore therapeutic and medical protective
measures with respect to gonadal -irradiation, 4) to explore our current concepts concerning
radiation dosage expressed in physical terms and their relatior to biologic efiects.
Short description: After appropriate baseline studies were performed, subjec::s received
from 7.5r to 400r x-ray irradiation or sham irradiation to the testis only. Testicular
biopsies were performed prior to and up to 6 years post-irradiation to assess changes in
the germinal epithelium. Seminal fluid specimens were obtained at twc-week intervals
throughout the study and were analyzed for morphologic changes and chazzes in total number
of sperm. Urine specimens were obtained monthly for evaluation of hormonal changes. Later
when the techniques were available, serum LH was measured by radioimmncassay. Studies of
ultrastructure changes in testis tissue were performed using electron miCTOsCt.py. Subjects
were followed until hormonal values returned to normali levels and until sperm counts
returned to normal ranges. Vasectomies were performed prior to discharge from the study
to eliminate the possibility of defective offspring. Only individuals desiring vasectomy
were accepted for the study; but in several instances the volunteers changed their mind
and did not desire a vasectomy at the conclusion of the study. Subjects were informed in
detail regarding the study and signed consent forms were obtained from subjects and from
Folleow-up data: Spouses if subjects were married. Subjects were prison inmates only,

thus eliminating the possibility of conception during the study.

<

(see covering letter)

Refe¢rencesd: Attached is the publication list from our final technical report, dated
January 31, 1973. . :

Attacheent(s): covering letter
reference list
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TELE.

-357

Publications supported bv this crant

AEC support has been directly inyolved in cach of the publications
and presentations listéd below, although some are not a parct of the AEC
contract program. For example, establishment of the chrnmosomé
laboratory eﬁabled us to stﬁdy other aspécts of repruduckivc physiology.
Likewise, cstablishment ol the radivimmunvassay and subsequent purchase
of the gamma counter allowed us to utilize radivimmunoassay in other

endocrine studies as well as in studies divectly supporcted by this

contract. Therelfore. appropriate credit has been siven to the contracet
for each of the following:

RLO-1781-1 The Determination of Size and Concentration ol lluman $perm
with an Electrenie Particle Counter. D.ou, Gardon, n.J, Hoore, 7.
Thorslund and C.A. Paulsen, The Juurnal ol Labocatory and Glinical
Medicine, March 19685,

RLO-1781-2 Testicular Biopsy in Man., 1. Effect upon Spovm (uncentration.
D.L. Gordon, Arnold B. Barr, J.E. Herrigel, and C.A. Paulsen,
Fertility and Sterilicy, July 1965,

RLO-1781-3 Effect of X-Irrvadiation ol Testis on Plasma Tesctosteroue in
Normal Male Volunteers (absc). . C.A, .Paulsen, B.L. sovdun, G.K. lailing,
A. Barr and .M. Gandy, Submicted but not presented, Secound Llaternacional
Congress on Hormonal Stervids, Milan, ltaly, Mav 1966, BN
RLO-1781-4 The Effects of X-Ray [rradiation on the Human Testis (absc).
C.A. Paulsen. Society ror the Study of Ferrility, Cambridge. England,

July 1966. :

RLO-1781-5 Efficacy of Cuulter Ceunter in Determining Low Spuerm
Cuncentrations. D.L, Corden, J.E, Herrizel, D.J. MNoovre, and ¢.a, Paulsen.
american Journal of Clinical Pathology, January 197, ‘

RLO-1781-6 Third Year Comprehensive Progress Repore, Contract AT(45-1)-
1781 March 1Y66. :

RLO-1781-7 Premature Menopause XO/XN/XNN/XXXXX Mosaicism. D.L. Gurdon,

and C.A, Paulsen., American Journal of Obstecrics and Cynecology,
January 1967.
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_ RLO-1781-8 Klinefelter's Syndrome and Its Variants: A Hormonal and

Chromosomal Study. C.A. Paulsen, D.L. Gordon, Richard W. Carpencer,

H.M.Gandy, and W,D. Drucker. Recent Progress in Hormone Research,
Vol. 24, 1968.

125
RLO-1781-9 Metabolism of Labelled I-HCG by the Rat Ovary. D.H.

Espeland, F. Naftolin, and C.A. Paulsen. Gonadotropins 1968, ed. E.
Rosemberg, Geron-X, 1968. :

RLO-1781-10 Comprehensive Progress Reporc, aApril 1969,

RLO-1781-11 Progress Report, An Addendum to Comprehensivé Progress
Report of. April 14, 1969. Prepared March 10, 1970.

RLO-1781-12 Plasma and Urinary Follicle-Stimulacing llormone Levels in
Oligospermia. '~ John M. Leonard, Robert B. Leach, Margaret Couture, and
C. Alvin Paulsen. J. Clin. Endocr. 3%:209-1%4, 1972, :

RLO-1781-13 Effects of X-Ray Irradiation on Human Spermatogenesis.
T.W. Thorslund and C.A. Paulsen. From, Proceedings of the Nat_.onal
Svmposium on Natural and Man-Made Radiation in Swvace. Ed. E.A. Warman,

. NASA Document NAS No. 2440, Jan. 1972, pp. 229-232.

RLO-1781-14 Cerminal Cell Loss During lluman Spermatogenesis. Arrold B,

Barr, Donald J. Moore and C. Alvin Paulsen. J. Reprod. Fert. .’S: 7520,
1971. .

RLO-1781-15 Electron Microscopy of the Human Seminiierous Tubules.

Oscar Vilar, C. alvin Paulsen and Lunald J. Noore. Trom:  The ilmasn Testis,
Eds. Eugenia Rosemberg and C. Alvin Paulsen, Plenum Press, New York-
London, 1970.

RLO-1781-16 Effects of HCG, MG, HLH and HGH Administration on Testicular

Function. C. Alvin Paulsen, Duane ll. Espeland and Edward L. Michals.
From: The Human Testis, Eds. Eugenia Rosemberg and C. Alvin Paulsen,
Plenum Press, New York-London, 1970.

RLO-225-1 Progress Report and Request for Roenewal (Terminal Period) 1970-71.

RLO-225-2 Final Progress Report ol AEC Contract RNo. AT(H5-1)-:25,
Task Agreement_ No. 6, January 31, 1973,
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TACTSEEET HUMAN EXPERIMENTATION

Projeet ¥ame: Unknown. Date Started: 195]
Project involved study of Date Terminated:  195]
absorption of tritium oxide N ' ;.
through skin. ) . \

’ ’ \

Identification: Unknown

Princ{pal Investigator(s): Chester W. Delong, Biology Laboratory, General Electric

. Company, Richland, WA
Responsible Government Official(s): o0

Objective(s) of tegt, To determine the rate of absorption-of tritium oxide through
the intact skin of man.

Short desecription: Fourteen human subjects were exposed over a small area {(~ 10 cm?)
on the forearm or abdomen to a water-vapor atmosphere labeled with tritium oxide (HTO).
A single human subject was similarly exposed over his total skin area while breathing
uncontaminated air. Absorption of tritium oxide was estimated by measurement of
tritium oxide subsequently excreted in the subjects' urine. The.data from these experi-
ments indicated a 4-fuld greater absorption rate than that measured earlier in rats.
These studies established the importance of the skin as a route of entry for tritium
oxide and led to reductions in the allowable concentration of tritium oxide in air.

Follew-up dats: No follow-up was conducted because of small dose to subjects
' (see Attachment 1),

Referecces: Delong, C. W,, R, C. Thompson, and H. A, Kornberg, 1954,
Percutaneous absorption of tritium oxide, Am, J. Roentgenol.
Radium Therapy Nucl. Med. 71, 1038-1045.

Attachzent(s): 1 - Memo of 06-22-84 from Roy C. Thompson to Sidney Marks,
2 - Copy of above reference.

| i?éf/é"



> %Battelle

& Project Number
5
Pacific Northwest Laboratories

Internal Distribution

Date June 22, 1984
To Sid Marks
From Roy Thompson

Subject  HUMAN EXPERIMENTATION

The only experimentation on humans that I can recall having been done in
the Biology Department since 1950 when I joined the Department, is that
described in the attached reprint. These were studies of the absorption
of tritium-labeled water through the intact skin. Fourteen human
subjects (unidentified) were exposed over a small area (~10 cmz) on the
forearm or abdomen to a water vapor atmosphere labeled with tritium
oxide; and a single subject was similarly exposed over his total skin

‘ area, while breathing uncontaminated air.

The purpose of these experiments was to determine the rate of absorption
of tritium oxide through the intact skin. Studies had previously been
done with rats as subjects. The human data indicated about a 4-fold
greater absorption rate than that measured in rats, and were important
in establishing the fact that respiratory protection alone was not
adequate to protect workers exposed to tritium oxide. As a direct
consequence of these studies, the allowable air concentration of tritium
oxide was reduced by a factor of two.

Surviving records do not indicate the concentrations of tritium attained
in the exposed subjects. It can be estimated from the data reported,
however, that single total body exposure must have resulted in an intake
of approximately 3.3 mCi of tritium. The ICRP-30 annual 1imit on intake
(ALI) for tritium is 3 x 109 Bq, or about 81 mCi. The experimental
exposure therefore amounted to about 4% of an ALI, which should have
delivered a total body dose of about 200 mrem. The actual dose

0008810
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delivered was probably less than half of this, since the subject
consumed large quantities of water to speed excretion of the tritium
oxide. Similar estimates cannot be made for the other subjects, but
their exposures - and consequent radiation dose - must have been very
much Tower than that of the total body exposure.

Because of the very low doses involved, no 1ong-tefm follow-up was

planned or performed.
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Subject HUMAN EXPERIMENTATION

The only experimentation on humans that I can recall having been done fin
the Biology Department since 1950 when I joined the Department, is that
described in the attached reprint. These were studies of the absorption
of tritium-labeled water through the intact skin. Fpurteen human
subjects (unidentified) were exposed over a small area (~10 cmz) on the
forearm or abdomen to a water vapor atmosphere labeled with tritium
oxide; and a single subject was similarly exposed over his total skin
area, while breathing uncontaminated air.

The purpose of these experiments was to determine the rate of absorption
of tritium oxide through the intact skin, Studies had previously been
done with rats as subjects. The human data indicated about a 4-fold
greater absorption rate than that measured in rats, and were important
in establishing the fact that respiratory protection alone was not
adequate to protect workers exposed to tritium oxide. As a direct
consequence of these studies, the allowable air concentration of tritium
oxide was reduced by a factor of two.

Surviving records do not indicate the concentrations of tritium attainéa
in the exposed subjects. It can be estimated from the data reported,
however, that single total body exposure must have resulted in an intake
of approximately 3.3 mCi of tritium. The ICRP-30 annual 1imit on intake
(ALI) for tritium is 3 x 10° Bq, or about 81 mCi. The experimental
exposure therefore amounted to about 4% of an ALI, which should have
delivered a total body dose of about 200 mrem. The actual dose
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delivered was probably less than half of this, since the subject
consumed Targe quantities of water to speed excretion pf the tritium
oxide. Similar estimates cannot be made for the other subjects, but
their exposures - and consequent radiation dose - must have been very
much Tower than that of the total body exposure.

Because of the very low doses involved, no long-term follow-up was
planned or performed.
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Subject HUMAN EXPERIMENTATION

The only experimentation on humans that I can recall having been done in the
Biology Department since 1950 when I joined the Department, is that described
in the attached reprint. These were studies of the absorption of
tritium-labeled water through the intact skin. Fourteen human subjects
(unidentified) were exposed over a small area (~10 cmz) on the forearm or
abdomen to a water vapor atmosphere labeled with tritium oxide; and a single
subject (not identified, but known to be ~ BELEIED ) was similarly
exposed over his total skin area, while breathing uncontaminated air.

The purpose of these experiments was to determine the rate of absorption of
tritium oxide through the intact skin. Studies had previously been done with
rats as subjects. The human data indicated about a 4-fold greater absorption
rate than that measured in rats, and were important in establishing the fact
that respiratory protection alone was not adequate to protect workers exposed
to tritium oxide. As a direct consequences of these studies, the allowable
air concentration of tritium oxide was reduced by a factor of two.

Surviving records do not indicate the concentrations of tritium attained in
the exposed subjects. It can be estimated from the data reported, however,
that single total body exposure must have resulted in an intake of approxi-
mately 3.3 mCi of tritium. The ICRP-30 annual limit on intake (ALI) for
tritium is 3 x 109 Bq or about 81 mCi. The experimental exposure therefore
amounted to about 4% of an ALI, which should have delivered a total body dose
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of about 200 mrem. The actual dose delivered was probably less than half of .
this, since the subject consumed large quantities of water to speed excretion
of the tritium oxide. " Similar estimates cannot be made for the other '
subjects, but their exposures, and consequent radiation dose, must have been
very much Tower than that of the total body exposure.

Because of the very low doses involved, no long-term follow-up was planned or
performed.
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RECEIVED
Date - June 22, 1984 JUN 221324
To Sid Marks S MARKS
From ~ Roy C. Thompson M : S;:i_ﬁg'é%yim

Subject HUMAN EXPERIMENTATION

The only experimenfation on humans that I can recall having been done in the _
Biology Department since 1950 when I joined the Department, is th;t described
in the attached reprint. These were studies of the absorption of
tritium-labeled water through the intact skin. Fourteen human subjects
(unidentified) were exposed over a small area (~10 cmz) on the forearm or
abdomen to a water vapor atmosphere labeled with tritium oxide; and a single
subject (not identified, but known to be  DELETED Y was similarly

exposed over his total skin area, whi1e‘bréathing uncontaminated air.

The purpose of these experiments was to determine the rate of absorption of
tritium oxide through the intact skin. Studies had previously been done with
rats as subjects. The human data indicated about a 4-fold greater absorption
rate than that measured in rats, and were important in estabiishing the fact
that respiratory protection a]one;was not adequate to protect workers expdSed
to tritium oxide. As a direct consequences of these studies, the allowable
air concentration of tritium oxide was reduced by a factor of two.
Surviving records do not indicate the concentrations of tritium attained in
the exposed subjects. It can be estimated from the data reported, however,
that single total body exposure must have resulted in an intake of approxi-
mately 3.3 mCi of tritium. The ICRP-30 annual limit on intake (ALI) for
tritium is 3 x 109 Bq or about 81 mCi. The experimental exposure therefore
amounted to about 4% of an ALI, which should have delivered a total body dose
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of about 200 mrem. The actual dose delivered was probably less than half of
this, since the subject consumed large quantities of water to speed excretion
of the tritium oxide. Similar estimates cannot be made for the other
subjects, but their exposures, and consequent radiation dose; must have been
very much Tower than that of the total body exposure.

Because of the very low doses involved, no long-term follow-up was planned or
performed.
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PERCUTANEOUS ABSORPTION OF TRITIUM OXIDE*

By CHESTER W. DeLONG,t ROY C. THOMPSON, and HARRY A. KORNBERG
Biology Section, Radiological Sciences Department, General Electriec Company
RICHLAND, WASHINGTON

TRITIUM, the mass 3 radioactive
isotope of hydrogen, promises to be-
come 2 widely used tracer for hydrogen in
biological and chemical studies. Hazards
attendant on the handling of this isotope
are limited to those from internal radiation,
the energy of its beta particle being so
weak (maximum energy, 0.0185 mev.) as to
constitute no external radiation hazard. In
part, then, the problem of hazard evalua-
tion becomes one of studying the various
portals through which tritum, or com-
pounds containing tritium, may gain entry
to the body. The present paper is concerned
with the hazards arnising from a tritium
oxide contaminated atmosphere.

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

" sorption to the total body uptake from an

atmosphere of known tritium oxide content
can be readily calculated on the assump-
tion that all tritium oxide entering the
lungs is absorbed. This assumption has
been experimentally verified by several
investigators.™-3#1* The contribution from
absorption through the skin must be meas-
ured experimentally. The present investi-
gation was made to determine the rate of
percutaneous absorption of tritium oxide,
to.compare this with the rate of pulmonary
absorption, and to investigate the factors
which might be important.in determining
or changing the rate of absorprion. While
principal attention was focused on absorp-
tion from the vapor state, experiments
were also performed to compare the rate of
absorption of liquid water. '

To the extent to which tritium may be
considered a legitimate tracer for hyvdrogen,
the results of this study contribute to the

general problem of the permeability of the
skin to water. Positive proof of the inward
passage of liquid water has only recently
been reported.®* A preliminary note on our
demonstration of the percutaneous ab-
sorption of water vapor has appeared in
the literature,’ and a recent review by
Pinson!?® alludes to unpublished studies on
percutaneous absorption of “tritium oxide
performed at the Los Alamos Sdcentific
Laboratory.

METHODS

Subjects and Exposure Procedures. Subjects «-

emploved were CF-1 strain mice, rats of the
Sprague-Dawley strain, and human, adult,
white males. Except for a single toeal body
exposure of a human subject, all exposures
were to a circumscribed skin area. Unless other-
wise specified, exposures were for one hour at

30° C. Animals were exposed under nembutal’

anesthesia.

Two systems were employed for exposure of
the skin to the tritium oxide-labeled water
vapor. The first of these, illustrated in Figure 1,
consisted of a small cup containing tricium
oxide in warter® supported above the skin inside
of a containing chamber. This apparatus: will
be subsequently referred to as the ‘'static”
svstem. Because of inadequate saturation of the
air in the system and because of the danger of
spilling liquid tritium oxide solution on the skin,
a second type of apparatus, illustrated in Figure

2, was employed for the major portion of the-

investigation. This “dvnamic” system consisted
of a hydrator into which dried air was passed,
via a sintered glass gas dispersion rube, through
a warer solution of tritium oxide and thence
into a connected exposure chamber in which the
sarurated vapor was passed over the skin and
out into a dry ice trap. Control experiments

* [t will be recognized that the proportion of tritium exide in
the water sphutinns was, masswise, extremely smali, anul chat the

mnlecular species present which contained tritium was almost
exclusively HTO.

® This paper is hased on work performed under Conteact No. West-109-Ling-:2 for the Atomic Eneryy Commission.
1 I'resent address: The Seace College of Washington, Pullman, Washingron,
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demonstrated that saturation in the dynamic
system was maintained at 96 per cent of the
theorerical values. In certain of the experiments
in which the effect of vapor pressure was to
be studied, the solution in the hydrating vessel
contained varying proportions of dissolved
sodium hydroxide. :

The exposure chambers were held against the
skin area by application of slight pressure. The
juncrure was sealed with collodion in early
experiments, but this precaution was found to
be unnecessary.

Areas exposed were as follows: human sub-
jects, 9.8 cm.? either on volar surface of forearnmr
or on abdomen; rats, 6.6 ¢m.® on abdomen;
mice, 2.3 cm.? on abdomen. The areas to be
exposed on rats and mice were shaved a day
prior to exposure, and any animal whose skin
was nicked in the process was discarded. Ex-
posed areas on human subjects were not shaved.

The total body exposure experiment was con-
ducted in a gas-tight chamber approximately 4
feet on a side. Uncontaminated respiratory air
was supplied under slight pressure through a
nosepiece and mouthpiece. A continuous stream
of tritium oxide-labeled water vapor was passed
into the chamber at a rate of approximately
§ liters per minute. Exit air was passed through
a -large ionization chamber connected to a
recording micro-microammerter. Because of the
large volume of the exposure chamber it was
impossible to maintain exactly constant condi-
tions throughout the fifty-two minute exposure
period. The concentration of tritium oxide in
the chamber atmosphere varied from 3.7-3.8

_pc/liter with a weighted average of 4.2 uc/liter.

Temperature of the air avernged 30° C. and
the relative humidity averaged 7o per cent.
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¥ie. 1. *Static™ skin expusure appariatus.

Percutaneous Absorption of Tritium Oxide
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Fic. 2. "Dynamic” skin exposure apparatus.

The subject was unclothed except for Joose-
fitting shorts, and was perspiring freely during
most of the exposure period.

Rats were exposed to liquid physiological
saline containing tritium oxide by placing a 2
cm. layer of the liquid confined in the female
end of a hemispherical glass joint over the skin
area. Solutions emploved were warmed to 30°
C. before application. Following exposure, the
liquid was carefully removed, the exposed area
washed with detergent, thoroughly flushed
under a tap, and then dried.

Sampling and Counting. Tritium oxide ab-
sorption was measured by analyzing samples
of body water obrained by several different
methods. Rats and mice were sacrificed follow-
ing exposure, the carcasses ground, and total
body water separated by azeotropic distillation
with benzene. In rhe case of rars a cardiac blood
sample was also taken immediately following
exposure and analyzed as an indication of the
rapidity with which absorbed tricium oxide is
distributed in the body water. Sampling of
human subjects was confined to a series of urine
samples taken over a forty-eight hour period
following exposure, The peak urine activicy,
arrained several hours following exposure, was
used in calculations.

Counting of the samples for tritium activiry
was accomplished by une or both of the follow-
ing methods: (a) generation of hydrogen gas by
addition of the water, blood serum, or urine
sample to caleium metal and counting of the
gas in a G. M. tube filled to atmospheric pres-
sure and externally quenched; (b) addition of
the sample to calcium carbide fur conversion to
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acetvlene, which gas was then introduced into
an jonization chamber connected tu a vibrating
reed electrumerer. The currene produced was
measured as a fuscrion of the length of time
required to discharge a standard negative po-
tential. Currently the hydrogen-filled Geiger
counter has supplanted the vibrating reed
clectrometer because of ease and rapidity of
operation and maintenance. Results obtained
by either of these methods are reproducible
with +¢ per cent. Absolute values may be
subject to greater error due to uncertainties in
the absolute calibration of the instruments and
possibilities of slight isotopic fractionation in
the generation of gas samples. Such absolute
errors are not of significance in the present
study, since all conclusions are based on com-
parisons of counts. Details of the counting
procedure will be described by others.!?

Expression of Results, Results are expressed
in two forms. An absorption rate constant, X,
is in units of uc tritium oxide absorbed per em.?
skin area per minute per uc/cc. of tritium oxide
in the exposure atmosphere. In terms of experi-
mentally determined quantities, this constant
is calculated in the following manner:

A1C,

where U is the total volume of body water
(liters), C: is the activity of the body water
(uc/liter), A is the area exposed (em.Y), ¢ is

the duration of exposure (minutes), and C, is.

the activity of the exposure atmosphere (ke /cc.).
Results are also expressed as the quanuty of

C. W. DeLong, R. C. Thompson and H. A. Kornberg:

Jexe, 1954

water absorbed (in gg.) per minure per cm.?
skin area. The syinbol 3 is employed for this
quantity which is ealeulated in the fullowing
manner:

e
A8

Am

where S is the concentration of tritium in the

water empluyed, in pc/wg. This calcularion, of
course, assumes thac tritium oxide functions
as an ideal tracer for warer, both in biological
absorption and in the physical evaporation to

. form the saturated aumosphére. While this as-

sumption cannot be strictly valid, error intro-
duced by the assumption is no doubt smaller
than other errors inherent in this type of study.

The values for total volume of body water
were experimentally determined in the case of
the rats and mice, and estimated at 61.8 per
cent of total body weight in the case of the
human subjects.®

The plus-or-minus limits listed with values
of K and A are standard deviations of the mean
at the 9§ per cent confidence level.

RESULTS AND DISCUSSION

The results obtained from exposure of
the various species to a saturated or near
saturated water vapor atmosphere are re-
corded in Table 1. Data for male and female
rats and mice were calculated separately,
but no sex difference was apparent and the
results for both sexes were combined. The
results obtained using the.static exposure

‘ Tasrte T

PERCUTANEOUS ABSORPTION OF TRITIUM OXIDE FROM A SATURATED OR NEAR
SATURATED WATER VAPOR ATMOSPHERE AT 30° c.

Absorption Rate Constant
for Tricium Oxide= A
(uc/em./min./pefce.)

Warer absorprion rates
(ug./cm. 'min.)

Subi Method of Site of Pre-exposure S'\.:.’ of
UbJeSt  Eaposure  Exposure Treatment E‘.l )ecz; Based an Based on Based on Based on
xpose cardiae sample of cardiac sample of
blood toral body . biood totai body
sample water sample water
Rat Seatic Abdomen Unshaved 21 18 .co3 025% 010 Liid ey 1.65% .3t
Rse - Searie Abdomen  Shaved 23 ef2 % 017 .1al % 026 2.592 .48 4.C6% .¢a
Rat Dynamic  Abdomen Cloth cover- 23 75k .029 Lt89E.c3¢ §.592.87  s.70%1.06
ing (shaved) -
Rat Dynamic Abdomen Shaved 30 3t o L1588+ 018 s.60% .46 roek L35
Mouse  Dynamic Abdomen Shaved H - 67 = .16 - ==
Man Dvnamic  Forearm  Unshaved ” - .28 £ ¢35 - $.6 1.7
Man Seatie Abdomen Unshaved 2 — .3 -— e.s
Man Dynamic  Toeal body Unshaved ! - N - 17.8
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svstem are low to an uncertain degree for
reasons previously discussed. They are
included in Table 1 only for purposes of

qualitative comparisun. 1t should be noted .

that data published previously in a prelim-
inary note’ were obtained by the static
method and are therefore not in agreement
with the best values here reported. The
“static” data from rats included in Table1
do indicate quite clearly the enhanced ab-
sorption occasioned by shaving the exposed
area.

In all cases the values of K and 4 cal-
culated from cardiac blood samples are
lower than the corresponding values cal-
culated from samples of the total body
water, indicating a lag in the distribution
of the absorbed water. This effect wus
noted and studied more extensively with
short-term exposures by Pinson.’® With
respect to the eventual body burden, how-
ever, the values based on samples of total
body water are of primary significance,
since uniform distribution of the absorbed
activity must certainly occur within a pe-
riod of time which is short compared with
the biological half-life of tritium oxide in
the body. -

The experiment in whxch a series of rats
-were exposed with a laver of cloth covering
the skin area was designed to evaluate pos-
sible effects of clothing on percutaneous
absorption. The cloth employed was heavy
cotton material of the type commonly
found in laboratory coats and coveralls.
No effect was observed on total absorp-
tion, as indicated by the X values calcu-
lated from total body water samples. There
does appear to be an increase in the rate at
which the absorbed activity appears in the
circulation as evidenced by the values of X
calculated from the cardiac blood samples.

The data from human subjects are char.
acterized by a lack of agreement between
the results obtained for different exposure
sites. The agreement between the data
from 12 subjects exposed on the forearm
was quite good, considering the disparity
in physiques and the consequent error in
assuming a constant proportion of body

0008827
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water in all subjects. While the two expo-
sures to the abdomen were made tmng, the
static sy stem, the results are of qualitative
interest, since they indicate a higher rate
constant for the abdomen than for the fore-
arm. The quantitative difference is un-
doubtedly greater than chat indicated,
since all of the data obeained” with the
static system were Jow compared. with re-
sults obtained using the dyvnamic system.
The single toral body exposure experi-
ment indicates an absorption rate constant
about three times as great as the constants
calculated from forearm exposures. Several
factors must be considered in evaluating
this result. Iirst, it is obviously unsafe to
generalize too extensively from the results
of a single exposure. Second, the conditions
of this total body exposure were somewhat
different from those which existed in the
forearm exposures. While the forearm ex-
posures were performed in an essentially
saturated water vapor atmosphere, the
average per cent saturation during the
total body exposure was only 70 per cent.
This difference, while mﬁucncmz A values,
should not affect K values, as will be shown
in later discussion. Third, the subject in-
volved in the total body exposure was one’
of the subjects included in the forearm ex-
posure group, the X value from his forearm
exposure being 0.23, thus strengthening -
the evidence for a real difference in absorp-
tion rate between different skin areas.
Pinson!® has suggested that percutaneous
absorption of water vapor could be looked
upon simply as the reverse phase of the
physiological phenomenon of insensible
perspiration. If this is the case, and it
appears entirely reasonable, then the ex-
tensive data previously collected on in-

~ sensible perspiration should be pertinent to

an understanding of percutaneous absorp-
tion. Table 1t lists some of the results ob-
tained over the past thirty-five years, re-
calculated where necessary to a common
basis of ug. water loss per cm.? * per minute.
Where original data were given in terms of
the total body surface an average skin area
of 1.8 M* was assumed, and it wus further

14 ste B Pummad 11=1S
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INSENSIBLE WATER LUSS

"C. \V. DeLong, R. C. Thompson and H. A. Kornbery

Jese, 1954

I

THROUGH THE SKIN

LITERATURE VALUES

"—

Te——

- Porrion of Body Stg\l:icnof 02:,::{ /l;:s:) i Environment Reference Year
! Total body Living 13 —_ (1) 1917
Total body Living 2§-30 L - (18) 1931
Total body Living ag Liquid, 72° I, (25 * 1932
Index finger tip Living 120 7s° . (14) ~ g4t
2nd toe tip Living ' <9 50% rel. hum. ~
Pinna Living 32 .
Leg Living 1§-20 28° C. (17) rg42
Ball of foot Living . 180 75° F. ) 1945
Plantar surface, heel Living . 160 52% rel. hum,
Palm Living 150 :
Index finger tip Living 150
Lateral surface, arm Living | 140
Mid planear, foot Living 120
2nd toe tip Living tH]
Cheek Living 71
Mid forehead Living 70
Axilla Living 62
Posterior surface, leg Living . $3
Thigh and flank. Living 41
Mid epigastrium Living 37
Volar surface forearm  Living 29
Epigastrium - Living and dead 100* 75°F. (24} 1944
Epigastrium | Living and dead 1c0* 7s* F. {4) 1944
Total body Living 16 45° F. (s) 1948
. Total body _ Dead . 9 §0o% rel. hum,
Paim Dead . ag 4 C. 6) 1946
Sole Dead . 18 +0% rel. hum,
Axilla Dead 10
Epigastrium Dead 3.3
Total bedy Living 13 253* C, (8) .1948
§1% rel. hum. o
Palm Living 7o-150 =7° C. (16) 1951
Sole Living 50
Face Living 40
Arm, leg and trunk Living 7

® These studies indicate & maximum rare, since dried Oy was passed over the skin.

assumed that g2 per cent of the total in-
sensible water loss was via the lungs. These
figures represent net water loss and con-
stitute the balance between the outward

0008823

and inward movement of water through
the skin. As such, they bear no necessary
relationship to the magnitude of either of
these individual processes. If, however, the
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Percutaneous Absorption of Tritium Oxide
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1C43
Tance 111
EFFECT OF WATER VAPOK PRESSURE ON PERCUTANEOUS ANSOKPTION OF TRITICM OXIDE
Thenretical Esxperimental

. , No. of K
Expe. NaQH v . . * e e s a

, i apor Cone. of Vaper Cone. of rats (s ‘em 3 fmin o, O
No. M""‘_m’ jpressure T=C, Pressure TwC. exposed peice.) Gg./em./min.)

(mm. Hy) {ue/ce.) (mm. 4 [0

r ° 5.8 7.37 30.¢ 7.2 5= X 1R £.70 =.33

2 3 19.4 L Ak 20.3 .63 11 AR R 633 3.3% 2,39

3 13 19.7 2.39 10.3 2.3 11 302 04 [T

4 16 7.2 1.38 747 1.64 1] o9 s .3 3.26 x.c¢

g 18 3.0 t.09 .83 1.5 13 33Eles geidang,
é 29.4 c.9 o.18 1.3 ©.047 0 L2432 .c48 R ICE )

mechanism of inward and outward passage
of water through the skin is identical or
closely similar, one would expect that high
net water movement would be associated
with high rates of movement in both direc-
tions. It is evident from an inspection of
the data of Table 11 that the rate of net
water loss varies considerably in different
skin areas. The one series of studies which
included the volar surface of the forearm
shows a lower rate for this area than for
any other area measured. It thus appears
not unreasonable that the average total
body rate of percutaneous absorption
should exceed the forearm rate by several
fold; and, although based on 2 single de-
termination, the value of 0.84 pc/cm?/min
Juc/em.? atmosphere is probably a reason-
ably accurate measure of the total body
percutaneous absorption rate constant.
Data on the effect of water vapor pres-
sure on the percutaneous absorption of
tritium oxide in rats are summarized in
Table 1. These experiments were con-
ducted in a manner exactly similar to the
other exposures, except that the water
vapor pressure in the exposure atmosphere
was controlled by addition of sedium hy-
droxide in various concentrations to the
triium oxide solution in the hydrating
chamber of the “dynamic” exposure ap-
paratus. Table 111 lists both the calculated
vapor pressure and tritium concentration
of the atmosphere!¥ and their values as
determined experimentally by sampling
the atmosphere. Satisfactory agreement
was obtained, except for the two highest
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sodium hydroxide concentrations. In these
two cases the theoretical values were based
on extrapolation, and the experimental
figures are undoubtedly the more accurate
of the two. In calculating values of X,
theoretical C, values were used for experi-
ments 1-34 and experimental values for
experiments § and 6. Values of K and 4 in
Table 111 were based on tritium determina-
tions on the total bodv water from the
exposed animals. Blood samples were also
analyzed and led to values of X and 4

which were consistently about 70 per cent
of the total body water values, indicating
again a time lag in the equilibration of
absorbed tritium oxide. with the total

body water.

- It is evident from Table 111 that the rate

of water absorption (4) is diréctly propor.

tional to water vapor pressure. It is also

clear that the absorption of tritium oxide

from an atmosphere of constant tritium

. oxide content (X) is independent of total

watér vapor pressure. The direct propor-
tionality between water absorption and
water vapor pressure supports the hvpoth-
esis of a simple diffusion mechanism for
percutaneous absorption. From the hazard
standpoint, the results indicate that humid-
ity is not a factor to be considered in expo-
sure considerations.

The results of liquid water absorption
studies on the rat are shown in Table 1v.
Absorption rates were calculated from
analyses on total body water. The much
higher values obtained from unshaved an-
imals must be attribured to tritium-labeled

0. 9, Pages 31-33
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Taour 1V Similarly, for pulmonarv absorption, as.

FERCUTANEOLS ADSORPTION OF LIQUID suming complete retention of inhaled
WATER 0Y THE RAT tritium oxide, a value of §00 uc is obrained:

Exnt. No. of Auxifiary Yolume inspircid (107¢e.) X tritium o\idc concen-
Pt 0. Suxsary Jem./min. tration in atmosphere (5 X 107%5c,/cc.) = 500 pe.
No. Rats Treatment (ug-/em.}/min.) phere (5X107%uc/cc.) = 500 e
. - IFrom these calculations it is apparent that

1 17 Shaved prior toex- 15.2%3.0 percutaneous absorption and pulmonary
posure absorprion  contribute ‘approximately

2 5 Unshaved 31.3%4.7 allv } al body busd £ ericiun
3 s Shaved subscquent 10.6%3.5 equally to the total body burden of tricium
to exposure oxide acquired through exposure to an

water adsorbed on the hair and included in
the total body water determinations. Shav-
ing either before or after exposure reduced
the values. The results of experiments I and
3 are not significantly different considering
the small number of animals in experiment
3. The absorption rate appears to be two to
three times larger for liquid water than for
saturated water vapor. These results on
liquid water should be considered only as
preliminary findings; and the possibilicty of
extensive adsorption on the skin, resistant
to thorough washing, should not be over-
looked. So far as the eventual body burden
i1s concerned, howevcr, any such tighdy
adsorbed water is practically equivalent to
absorption. Pinson'! has reported no differ-
ence in the absorption rate from liquid
water or a saturated water Vapor atmos-
phere. -

RELATIVE HAZARDS OF PERCUTANEOUS
VERSUS PULMONARY ABSORPTION
OF TRITIUM OXIDE VAPOR

Using the value of 0.84 for the absorp-
tion rate constant for human total body ex-
posure (Table 1), a “standard man™" dur-
ing an eight hour period of exposure to the
presently established permissible max-
imum® will absorb 360 pc through his
skin:

Absorption rate constant (0.84)Xtotal skin area
(1.8 X10%em.5)*X time (480 min.)X tritium
oxide concentration in atmosphere {§X10™uc
Jee.) = 360 pe.

® This represents the total skin srea of 3 70 kg. and 170 em.
man.?

0008825

atmosphere contaminated with tritium
oxide.

The present permissible maximum level
for atmospheric tritium oxide contamina-
tion was established without consideration
of percutaneous absorption. A reduction in
the permissible maximum by a factor of
two is therefore suggested by the results
of the present investigation. The establish-
ment of percutaneous absorption as a
significant hazard also emphasizes the
inadequacy of respiratory protection alone
in tritlum oxide contammatcd atmos-
pheres. ‘

SUMMARY

The percutaneous absorption of tritium
oxide-labeled water vapor was studied in
mice, rats and man. In terms of ug. water
absorbed/cm.*/min. from a saturated water
vapor atmosphere, the rates found were:
for mice (abdomen), 20% ¢; rats (abdomen)
s.7+1.1; man (forearm) §.6+1.7. A single
total body exposure to A human at 70 per
cent relative humidity gave a rate of 18
pg/cm?/min. The rate of water vapor ab-
sorption in the rat was found to be directly
proportional to water vapor pressure. For
a constant Jevel of atmospheric tritium
pxide, absorption of tritium oxide was in-
dependent of total water vapor pressure.

It was shown that for humans the rate of
percutaneous absorption of tritium from a
tritium oxide contaminated atmosphere is
about the same as the rate of pulmonary
absorption from the same atmosphere.

Roy C. Thompson
Radiological Sciences Dept.
General Electric Co.
Richland, Washingten
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FACTSHEET HUMAN EXPERIMENTATION

Project Name: Unknown. Project was an Date Started: July 1965
investigation of the distribution and Date Terminated: 60 days
excretion of technetium in human subjects. . after

: ’ - start

t -

Identificztion: Unknown

Principal Investigator(s): T. M. Beasley and H. E. Paﬁmer.:Pacifiﬁ
Northwest Laboratory (PNL) and W. B. Nelp, University of Washington
Medical School

Responsible Government Official(s):

Objective(s) of test: The study was conducted to measure the long-term
retention and localization of technetium in humans following both oral
‘ and intravenous administration and to derive mathematical models for
excretion, which are very useful in determining the radiation dose to
humans from technetium isotopes in the body. They are important from
both medical and occupational standpoints. )

Short description: 95M¢c and °6Tc were administered to 8 subjects by
physicians at the University of Washington Hospital in Seattle. The
subjects 'vere hospitalized at the University of Washington Clinijcal
Research Center for the first week. Whole body counting and excrete
measurements were made for 60 days. The University of Washington
obtzined and reimbursed the subjects for their services. The parti-
cipation by PNL personnel was limited to providing the equipment, mek-
ing the whele body counting and excreta measurements and analyzing the
deta. The PNL participation was funded by AEC put not the University of
Weshington participation.

Foilow-up data: Follow-up continved for 60 days. Lzter follow-up con-
sidered unnecessary because ¢f low dose to subjects (estimzied to be
0.145 rem)

References: Bezsiey, 7. M., Pelmer, H. E., and Nelp, W. B., "Distribution
and Excretion of Technetium in Humzns," Hezlth Phvsics 12, pp. 1425-1435
(1966).

tezachment(s): Steted reference.
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~. " DISTRIBUTION AND EXCRETION OF TECHNETIGM _
SR IN HUMANS* .

o A T. M. BEASLEY,t H. E. PALMER{ and W, B. NELP§
T Battelle Memorial Institute, Pacific Northwest Laboratory, Richland, Washington

{Received 4 Oclober 1965; in revised form 10 December 1963)

Abstract—Widespread use of ®~Tc as a tracer in medicine and large scale scpnruion of
 "T¢ from fission product waste require that adequate knowledge of the metabolic properties of

_ technetium be known so that realistic exposure limits can be imposed for the isotopes of interest.

" The present paper discusses a metabolic a:pcnmem using *=Tc (60 day 7,,) and “*Tec
(4.3 dav T,,,) in which long-term excretion, retention and localization of these isotopes were
measured usmg whole-body coummg techniques. Following intravenous and oral administra-
tion both urinary and fecal excretion rates were measured and mathematical models were
derived for technetium climination. The latter should be helpful in estimating body burdens

of the weak beta-emitting **Te¢ following inadverient exposure.

1. INTRODUCTION
THE vsE of technetium isotopes in both medicine
and mezallurgy has recently stimulated interest
in the mewabolic behavior of this element follow-
ing intake into the body. **™Tc which decays by
isomeric transition (gamma-ray emission) and
has a hall-life of 6 hr has found widespread use in
biolegy and medicine both as a tracer and as a
diagnostic tool in nuclear medicine. **Tc which
decays by beta emission and has a half-life of
2 . 10 yris produced in relatively high yicld in
the fission of uranium-235 and plutonium-239.
ltis present, therefore, in rather high concentra-
tions in the fission product waste solutions which
result from the chemical processing of reactor
fuels. ®¥Tec is currently being separated in

kilo uantties from such wastes at the
, gram

atomic works near Richland, Washington.

* This paper is based on work performed under
United States Atomic Energy Commission Contract

AT(45-1)1830. Permission to publish is gratefully

acknowledged.

+ Research Scientist. Chemistry Deparument.

¢ Senior Research Scientst, Physies and Instru-
ments Department, Pacific Norithwest Laboratory,
operated by Bartelle Memorial Institute for the
United States Atomic Energy Commission, Richland,
Washingtion.

§ Director, Division of Nuclear Medicine, Uni-
versity of Wasnington Hospital, Scartle, Washingion,

In the event of an inadvertent exposure of
plant personnel to **Tc, measurement of excreta
would provide the best means of cstimating
body deposition, since its decay is not accom-
panicd by gamma-ray emission and therefore
cannot be detected by whole-body counting
techniques. Technetium metabolism experi-
ments have been performed with humans using
the 6.0-hr #mT¢,! but due to the short half-life
of this isotope, the duration of the experiments
have been 3 davs or less. In such a short time
period onc cannot accurately predict the long-
term localization or retention of technetium in
any particular organ of the body with any
degree of certainty. This information is required
to assign exposure limits for personnel who are
engaged in the handling of technetium isotopes.

Accidental exposurc can lead to deposition of
the radioisotope in the body by bnth inhalation
and ingestion. It is therefore ofinterest to deter-
mine the differences, if any, which result in the
localization and subsequent metabolic behavior
of technetium following oral and intravenous
administration.  Intravenous administration
would simulate the behavior of that portion of
the technetium which s rapidly solubilized in
the lung and enters the blood stream a short time
following exposure. Clearly, ncither oral or
intravenous administration can simulate the

3 1525
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metabolic behavior of technetium in the lung
which is only slightly solubilizcd.

The present study was underiaken 1o measure
the Jong-tenn retendon and localization of
technetium in humans following both oral and
intravenous administration, and to dcrive

St mathematical models for the climination of
" .. technctium in the excreta. ’

.

-

.
.

B I, METHODS o
“The technetiom isotopes uscd in this experi-
2 ment were *#Tec (T, = 60 days) and *Tc
" (T = 4.3 days). _Each isotope decays by
“electron capture and subsequent gamma-ray
-~ emission. The isotopes were prepared by Oak
* Ridge Natonal Laboratory using high-energy
" proton irradiation of 93 per cent eariched *Mo
. metal. The technetium was separated from
s the irradiated molybdenum at the Volk Radio-
" chemical Co., Chicago, Illinois, using solvent
- extraction techniques and was ulumatcly pre-
““"pared as sodmm pcrtcchnctatc in stcnlc water.

Ry

DISTRIBUTION AND EXCRETION OF TECHNETIUM IN HUMANS

.

Pertechnetate was chosen as the chemical
form in administering the technetium in that
this is the most conunon chemical form of the
clemuent currendy being used in medical and
biOIOgical applications, and is the final chemical
form in which technetium appears following its
purification [rom fission product wastes. It

. seemed probable, therefore, that in the event of

an accidental release of technetium, its chcmu:al
form would be as perieclmetate.

- Localization and distribution of the technc-
tium within the body was followed using a
shadow shield whole-body counter.® Briefly,
the counter consists of 400 lead bricks arranged
such that a gamma-ray resulting {rom back-
ground cannot directly enter the detector, but a
person can be moved past the detector on a
movable bed propelled by a ball-bearing screw
and electric motor. A 4-in. thick by 9%-in.
diameter Nal(T1) ecrystal is used as the
detector and the pulses from this crystal are
analyzed bya512-channel multichannelanalyzer

T
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Gamma-ray spectrum of subject following
administration of *Te

= *™Te.
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Fercenl of Administered Dose luulnlnj R

T "0~ Urine and Fecal Data-

’»_'A- Whole Body Counter Data -

. | :

1.0 —L i - !

0 10 20

3¢ &0

Time Following Administration, days

Fig. 2. Per cent original dose of *®Tc remaining followin
- g . - .
intravenous administration.

A slit system was employed which covered the
majority of the large crystal with 2in. of lead
except Jor a l-in. wide slit. This permirtted
differential scanning of the subject as he traveled
under the crystal. '

Figure | shows a representative gamma-ray
spectrum of a subject following administration
of the technetium isotopes. The characteristic
gamma-ray photons of %™Tc occur at 0.201,
0.570 and 0.810 MeV while those of *$T¢ occur
at 0.771, 0.842 and 0.806 McV. The sum peak
at 1.040 McV is the result of gamma-gamma
cascades in the decay of ™ T¢, while the peak at
1.460 McV arises from the *°K present in all
human beings.

Following administration of the technetium,
total urine and feces were collected from cach

0008830

subject for 2 period of 8-10 days. During the
first 3 davs the distribution and translocation of
the technetium was such that the whole-body
counter could not be directly calibrated to give
technctium retention. Instead, excreton anal-
ysis was uscd to determine body retention during
this time by subtracting the mcasured techne-
tium in the excreta from that in the originally
administered dosc. Between 3 and 8 days
fallowing administration, the whole-body coun-
ter results were normalyzed to the retention
determined by cxcrction analysis and after 8
days the whole-hody counter was used to meas-
ure the retention. Figure 2 shows the gond
agrcement between technetium retention as
determined by whole-bady counting and sub-
scqquent excretion analysis,



C e

R 7 B

Vot Loes.r

0008831

1428

DISTRIBUTION AND EXCRETION OF TECHNETIUM IN HUMANS

Relative Aclivlly

0 inches 10

Fig. 3. Subject 10 min post intravenous injection.

The excreta samples collected from each of
the subjects were counted bencath the large
Nal{'11j crystal in a fixed geometry and the per
cent of the adiinistered dose exercted was deter-
mined by comparing the counting rate of a
standard counted in an idendcal fashion. In
each instance the standard error of counting
never cxceeded 5 per cent and usually was
less than 3 per cent. Blood and saliva samples
were counted in a Nal(Tl) well-type scintillation
counter and the per cent of the administered
dosc present was again determined by com-
paring the counting rates of the sample and a

standard.
I111. SUBJECTS

The isotopes were administered as the per-
technetate jon to eight normal human volun-
teers, ages 22~43 vr. Initially, 20 uc of **"Tc and
60 uc of **Tec were administered to the patients.
Four subjects received an oral dose after an over-
night fast, while the remaining four subjects
received the dose intravenously. For the first
week, subjects were hospitalized at the Clinical
Research Center of the University of Washing-

ton Hospital. Samples of plasma, sweat, tears
and intestinal mucosa were collected, After the
first week, subjects were allowed to collect
specimens at home.  Observadons werc miade
for a period of 60 days on some subjects. Whole-
body counts of the subjects prior to adminis-
tration of the technetium isotopes showed only
the presence of *’Cs and *°K, and none of the
people had any history of contact with radio-
active isotopes prior to the experiment,

IV. RESULTS AND DISCUSSIONS

4.1. Jocalization and distribution of technetium

Figures 36 show the distribution of techne-
tiam in humans with time following both oral
and intravenous administration. In the case of
intravenous administration, the technetium has
already begun to localize in the area of the
bladder as soon as 10 min after injection. Two
hours following administration a distribution
which was to become characteristic for all of the
subjects regardless of administration route had
occurred. The technetium had localized in
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Fig. 4. Subject 10 min post oral administration,
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Fig. 5. Subject 2 hr post intravenous injection.
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Ralative Aclivily
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Fig. 6. Subject 2 hr post oral administration.

relatively Jarge concentrations in the region of
the salivary-thyroid glands, stomach, liver and
bladder. The specific activity of the saliva itsclf
was exceptionally high, approaching 93 per cent

of the administercd dose per liter of saliva some.

2-3 hr following administration. After oral or
intravenous doses, the saliva contained 10 t0 30
times the concentration of technetium in the
plasma. This concentration gradient was main-
1ained for many days, although the total amount
in the salivary glands was small after the first
day. It was not possible to accurately measure
the thyroid concentration of pertechnetate in
this experiment due to the counting arrange-
ment employed. The proximity of the thyroid
and salivary glands gave rise to the activiry peak
in the area of the head as seen in Figs. 5-6. The
rapid turnover of technetium in the salivary
glands was monitored by measuring saliva and
showed components of 24 hr and 1-2 days. The
half-life of the activity in the arca of the head was
approximately 12-24 hr, indicating some carly
uptake of technetium into the thyroid, but its
removal from this organ is probably quite rapid.

When considering the immediate treatment of
inadvertent exposure to ¥Tc it would appear
worthwhile to stimulate salivaton, since this
could be a very eflective means of decreasing the
systemic burden of the isotope.

Technetium was not concentrated in the
lacrimal or sweat glands; however, the specific
activity of the nasal sccretions was very large.
In this connection it is interesting to point out
that in the case of exposure to pertechnetate,
nasal and oral swabbing cannot be used as an
indication of exposure route due to the high
concentrations of technetium which rapidly gets
to the saliva and nasal mucosa.

To further define the localization of the tech-
netium as excretion occurred, subjects were
studicd by photoscanning, localized surluce
counting with a shiclded probe detector and by
intestinal biopsy. Figurc 7 shows a photoscan of
a subject 3 days following oral administration
when approximately 30 per cent of the adminis-
tered dose remained. The photoscan illusirates
localization of the technetium predominantly
in the bowel and in its contents.
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Fig. 8. Variation of blood concentrations of Tc following oral and intravenous administration.

Subsequent photoscans and localized surface
counts showed a more diffuse pattern of radio-
activity in the total bowel area. There was no
evidence of localization of the isotope in cither
the liver or the kidney.

In three subjects, biopsies of the stomach,
duodenum and rectal mucosa were performed at
2, 7 and 19 days following administration.
Table | contains the results of these measure-
ments and shows the general distribution of the
technetium throughout the GI tract. No appre-
ciable activity was observed in rectal mucosa,

while stomach and duodenum mucosa had tech-
netium concentrations of some 40-100 times that
found in the plasma at comparable times.
Figure 8 shows the blood concentrations of
technetium with time and indicates a rapid
increasc in the blond level of technetium follow-
ing oral administration. Since no appreciable
difference in cxcretion occurred for the two
groups of subjects during this time period, one
can estimate the fraction of the orally adminis-
tercd dose absorbed by comparing the arcas
beneath the plasma concentration curve of the

Table 1. Results of binpry specimens

Time following

Per cent of administered
dose per kilogram of tissue

Method of administration
Subject administration (days) Stomach Duodenum Rectum
1 Orat 2 2.4 23.2 0.91
2 Oral 7 8.2 6.3 0.54
3 L.V, 19 1.2 0.45 —

0008835
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Fig. 9. Daily urinary excertion of intravenously administered **®Tec,

group to that of the intravenous group. Such a
comparison suggests that some 96 per cent of the
technetium which was administered orally was
absorbed from the gut within the first 2 days.
{This comparison was made assuming that the
total blood volumes for the respective groups
were similar.)

4.2 Excretion of technetium

Technetium is excreted very rapidly in the
urine following both oral and intravenous ad-
ministration. In this particular experiment it
was not uncommon for a subject to excretc
between § and 12 per cent of the administered
dose in the first 6 hr following intake. By the
third day, however, technetium elimination via
the urine had decreased 10 about 1 per centofl the
administercd dosc excreted per day (Table 2).

Feeal excretion, by contrast, reached its max-

imum value 3—4 days following administration,
and thereafter decreased. Figures 9 and 10
show the characteristic excreton patterns ob-
tained from one subject following intravenous
administration, whilc Fig. 11 shows the average
cumulative excretion of technetium with time
for all subjects investigated.

No difference was detectable between the IV,
and oral groups in rclation to the rate, and route
of exeretion, or to the amount subsequently
retained.

The experimental data have been fitted to =
three-term exponential expression showing the
characteristic initial rapid decrease of the tech-
netium in the urine during the first 3 days
followed by longer hall-lived components of 2.(
and 10.0 days respectively. At 28 days following
exposurc, approximately 0.06 per cent of the
dosc 1s exereted per day via the urine,
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Fig. 10. Fecal excretion of intravenously administerd neTe,
Table 2. Urinary excretion of technetium following oral

Jrgns:x: dnoln 6 and intravenous administration as pertechnetnle
atterns ob- Average urinary excretion .
ntravenous Davs lollowing (% administered dose excreted/
‘he average administration dav) 100+
with ume ] 27.76 = 8.5° =7 stool
. .76 = 8. 1 L3
244 : 1.55 [y

-en the LV, 3 1.17 £ 0.18 ¢ 1 B Urine
:, and route 4 0.84 = 0.28
ibscquently 5. 0.63 = 0.20

6 0.52 % 0.i5
| fitted to a . g g;; fg:g
howing the 9 0’37 = 0'18
of the ".'Ch' 10 0.25 ; 0.13
st 3 days, 1 0.23 = 0.08
pent of 2.0 14 0.16 @ 0.04 Doy ofter cdministration
s, ‘in 16 0.13 2+ 0. .
;:-n \‘hf 18 0.]:: :ggi Fig. 11. Cumulative excretion of technetium.
e 20 0.09 % 0.03

22 0.07 + 0.3

25 0.06 + 0.02

0008831

* Standard crror of the mean.
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- Fig. 12. Variation of the daily urinary excretion

of technedum with time.

Figure 12 can be used to estimate an initial
exposure to technétium if one knows the time of
exposure and the amount of technetium excreted
Ly way of the urine in a 24-hr period following
exposure. As an example, if one had measured
0.U0! ucin a 24-hr urine specimen obtained from
an individual exposed some 28 days prior to the
urine sampling, his estimated intake of pertech-
nctate would have been 1.3 uc.

4.3, Nelention of technetium

The retention of technetium with time for all
cight subjects in this experiment has been aver-
aged and is shown in Fig. 13. Once again the
retention has been ftted to a threesterm ex-
poncntial expression. Solution of this equation

“for the time of 50 per cent retention (and there-

Opral and intravenous.

fore 50 per cent excrction) gives (=2 or a
biological Ty == 2 days. The last term in the
mathematical expression shows a half-life of 22
days and .as previously mentioned is dependent
upon the turnover of technetium in the G.I.
tract.

SUMMARY .

It is of interest to compare the results of the
present investigation with the biological param-
eters published in the ICRP Committee Report
11" ‘lable 3 shows such a comparison and
indicatcs, at least in the instance wherc techne-
tium isotopes are present as pertechnetate, the
need for re-cvaluating the maximum peninissible
body burdens, and air and water concentrations
to which individuals may be exposed.

There seems to be little, i any, Jocalization of
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Fig. 13. Retention® of technetium with time.

Table 3. Comparison of biological paramelers obtained in present research with

ICRP recommendations
ICRP Present research
Effective half-life in body 1 day 2 davs
fraction absorbed on ingestion 0.5 ~0.95
organs where technetium localizes G.I. (LLD) G.I. {LLD), G.I. (S
Kidney -—
Liver _

technetium in the kidney or liver, but intsead
it seerns to concentrate mainly in the GI tractand
stomach. Finally, urinalysis coupled with blood
analysis at early times provides the best method
of assessing body depositions of technetium as
pertechnetate following accidental exposure.
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-8 Richland Operations Office 7/9/84
b : P.O. Box 550
Do Richland, Washington 99352

JuL 5 184

Direcztor
Pacific Northwest Laboratory
Richland, Washington

Dear Sir: .
~ INFORMATION ON RESEARCH PROJECTS INVQLVING HUMAN SUBJECTS

The Subcommittee on Energy Conservation and Power of the House Committee on
Energy and Commerce has announced an investigation into the health and safely
policy of the Department of Energy (DOE). As detailed in the enclosed letter,
the Richlend Operations Jf¥<ce,DOE (DOE-RL) has beer. iequested to ccopera*e ia
collecting information on human experimentation projects vunded by uUE and 1ts
predecessor agencies through contracts with DOE-RL.

Your assistance is requested in providing best available information on all
such research funded by DOE at Hanford Laboratory or PNL. The enclosed letter
contzins quidance and a format for your response.

As discussed with Or. Sidney Marks on June 28, 1984, other DOE-RL contractors
are receiving requests (copies enclosed) and are bexng instructed to direct

questions and tneir responses to Dr. Marks. TIETEEECOMP 1) e tHESETLBSPOTSES

-vq, -L).i.

e (100 et e e ru e T NG S ey A “BCosts for this effort should be
¢ to HA progr 2o ,
Yery truly yours,
Harold E. Ransom, Director
Energy Programs Division
Enclosures:

1. 6/27/84 memo Edington/Lawrence
2. 7/5/84 letters Larson to RL Contractors (3)

L6 5

RECEIVED
JUL 091984

R. P. MARSHALL

0008842
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United States Government | Department of Energy

memorandum

DsTE June 27, 1984

REPLYTO
ATTNQF:  ER~-71

SUBJEST:  Congressional Investigation into Health aod Safety Policies of DOE

TO: Michael J. Las'tence, Manager
Richland Operations Office

The Subcommittee on Energy Conservation and Power of the House Committee on
Energy and Coomerce has announced an investigation into the health and
“safety policies of the Department of Enmergy.. Initial discussions with staff
of the Subcommittee have made it clear that this investigation will be as
brozd as they rdeem necessary, aad extend from nast to present to future
policies. :

As a first inquiry in the framework of this investigation, the Department
has been asked to provide a list of human experimentation projects funded by.
DOE and its predecessor agencies, going back to the days of the Manhattan

- Project. Any support received from other agencies for the support of such
projects is also to be provided.

I request your full and expeditious cooperation in collecting the required
information, if necessary with the assistance of the national and dedicated
laboratories and off-site contractors that may have beea involved in human
2vperimentation projects. As there is some question as to the definition of
the term "human experiments", I would like — as a first approximarica that
might be expanded in the future = to include experimental use of ionizing
radiation and radiocactive materials for purposes of treatment of disease,
and for detemining hazards of such agents to humans (including experiments
aimed at providing information necessary to determine such hazards, e.g.,
those concerning the metabolic behavior of radiocactive materials). For the
monent, I would like to exclude clinical feasibility studies concerning
radiopharmaceutical compounds for medical diagnostic use.

It is important that a first listing be obtained as soon as reasomably
possible, and, in any case, not later than late July 1984. The informationm
to be included should be summarized on factsheets, the format of which is
attached to this memorandum. . As the Chairman of the Subcommittee,

Mr. Richard L. Ottinger, has expressed a particular interest in the specific
methods for follow-up and long-term tracking of participants in these
projects, I would like your special attention to this item, to be summarized
under the heading “Follow—up Data" in the Factsheet. In order to provide us
with background materials, useful summaries and reports, and significant

0008843
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publications related to these projects, I ask you to list such documentation
~under "References", and to attach copies of particularly informative
documents to the Factsheets. You may leave the item "Responsible Government
0fficial(s)" blank, as I intend to identify this/these persons as the
Headquarters” Official(s) who had program-management responsibility for the
project involved. : '

I appreciate your personal attention to this request so that we may be most
responsive to Mr. Ottinger’s inquiry. Dr. J. W. Thiessen, Deputy Associate
Director of this Office, may be contacted for further details, if necessary,
either by telephone (FTS 233-3153) or by electronic mail (DIALCOM ID

DOE670). ' _
\-) "I L S
Charles W. Edingtom
Associate Director, Office of
Health and Environmertal Research
Office of Energy Research
Attachment

000884y



FACTSHEET HUMAN EXPERIMENTATION

Project Yame: ' Date Started:
: : ) Date Terminated:

Identification:
Principa: Investigator(s):

Responsisle Government Official(s):

Objective(s) of test:

Short descriptionm:

Follow-u§ data:

References:

Attachmert(s):

0008845



Department of Energy

Richiand bpcntions Office
P.0. Box 550
Richland, Washington 99352

Ju. 3 184

Donald K. Baldwin, Director

0ffice of Grant and Ccntract Services AS-24
University of. Washingion

Seattle, WA 98195

Dear Sir:
INFORMATION ON RESEARCH PROJECTS INVOLVING HUMAN SUBJECTS

The Subcommittee on Erergy Conservation and Power of the House Committee on
Energy and Commerce has announced an investigation into the health and saftey
policy of the Department of Energy (DOE). As detailed in the enclosed letter,
the Richland Operations Office DOE (DOE-RL) has been requested to cooperate in
collecting information on numan experimentation projects fundea by DUE and its
predecessor agencies through contracts with DOE-RL Operations Office.

Your assistance is recuested in providing best available information on all
such research contracis between your organization and DOE-RL. The enclosed
letter contains quidarce and a format for your response. Please provide this
information as soon as is reasonably possible, but no later than July 17, 1984,

Our contractor for operation of Pacific Northwest Laboratory, Battelle
Memorial Institute, will compile the responses. Please send your response to:

Dr. Sidney Marks
Battelle, Pacific Northwast Labcratory
P.0. Box 999
Richland, WA 99332
Questions should also se directed to Dr. Marks at (509) 375-2461.
Very Truly Yours,"
‘——E?34L1f'<9 tﬁff:-—s--
.“D. Uarson

EPD:PKC Contracting Officer

Enclosure:
6-27-84 memo Edington/_awrence

00088Ub-



"Department. of Energy

Richland Operations Office
P.0. Box 550
Richland, Washington 99352

JUL 3 1984

Pacific Northwest Research Foundation
ATTN: Mavis Rowley

1102 Columbia St.

Seattle, WA 98195

Dear Sir:
INFORMATION ON RESEARCH PROJECTS INVOLVING HUMAN SUBJECTS

The Subcommittee on Energy Conservation and Power of the House Committee on
Energy and Commerce has announced an investigation into the health and saftey
policy of the Department of Energy (DOE). As detailed in the enclosed letter,
the Richland Operations Of€ice DOE (DOE-RL) has been requested to cnoperate in
collecting information on human experimentation projects funded by DOE and its
predecessor agencies through contracts with DOE-RL Operations Office.

Your assistance is requested in providing best available information on all
such research contracts between your organization and DOE-RL. The enclosed
letter contains quidance and a format for your response. Please provide this
information as soon as is reasonably possible, but no later than July 17, 1984.

Our contractor for operation of Pacific Northwest Laboratory, Battelle
Memorial Institute, will compile the responses. Please send your response to:

Dr. Sidney Marks ~
3uttelle, Pacific Nosthwest Labcratovy
P.0. Box 999
Richland, WA 99352
Questions should also be directed to Dr. Marks at (509) 375-2461.
Very Truly Yours,
Rf’gf‘f!rQQL (fff:ao-~.__
EPD:PKC i Contracting Officer

Enclosure:
6-27-84 memo Edington/Lawrence

00088471
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,"United States Government Department of Energy

nemorandum.

DATE: June 27,'1934

AEPLY TO
ATINOF;  ER-71

- BYBJICT: COnzresaional‘Inveatigation into Bealth and Safety Policies of DOE

T0: Michael J, Lawrence, Manager
Ricbland Operations Office

The Subcommittee on Energy Conservation and Power of the Houge Committece on
Encrgy and Commerce has anoounced an iavestigation {nto the health and

safety policiss of the Department of Encrgy. Initial discussions with staff -
of the Subcommittes have made it clear that this investigation will be as

broad as they deem necessatry, and extend from past to present to future
policles.

As a f£irst inquiry in the framework of this (nvestigation, che Department ‘
has been asked to provide a list of human experimentation projects funded by
DOE and {ts predecessor agenciles, going bock to the days of the Manhattan
Projecct. Any support received f{rom other agencles for thc suppert of such
projects 45 also to be provided,

1 request your full and expeditious cooperation in collecting thec required
{nformation, if necessary with the assistance of the national and dedicated - ..
laboratories and off-sitc contractors that may have been involved in human
experimentation projects. As there {5 some¢ question as to the definition of
the term “human experiments", I would like = as a first approximation that
zight be expanded in the future =— to include expetrimental use of ionizing
radlation and radfoactive materials for purposes of treatment of disease,
and for determining hazards of such agents to bumans (including experiments
aimed at providing information nccessary to determine such bazards, e.g.,
those concerning the metadolic bechavior of radiocactive gaterials). For the
woment, I would like to exclude clinical feasidility studies concerning
radiopharmaceutical compounds for medical diagnostic usc.

It {3 Important that a first listing bc obtalned as soop 88 reasonably
possible, and, in any case, not later than late July 1984, The i{nformation
to be 1nc1uded should be summarized on factsheets, the format of which is '
attached to this memorandum, As the Chairman of the Subcommittee,

Mr. Richard L. Ottinger, has expressed a particular interest in the specific
pethods for follow-up and long-term tracking of participants in these
projects, I would like your special attention to this item, to be sumnarized
undor the heading "Follow-up Data" in the Factsheet, In order to provide us
vith background materials, useful summaries and reports, and significant

00088148 - o /
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publications related to these projects, I ask you to 1list such documentation
under "Keferences", and to attach coples of particularly informative-
documents to the Factsheets, You may leave the item "Rzsponsible Government
0f{1cial(s)" blank, &s I fotend to identify this/these persons as the
Headquarters’ Official(s) who had program-management responsibility for the
project involved,

1 appreciate your persopal attention to this request so that we may de most
regponsive to Mr, Ottinger’s inquiry. Dr. J. W. Thiessen, Deputy Assoclate
Director of this Office, may de contacted for further details, 1f necessary,
eithc:)by telephone (FIS 233-3153) or by electronic mail (DIALCOM ID
DCES70).

'Y

J .H cmm

Charles W. Edington

Assocfate Ditector, Office of
Bealth and Environmental Research

Off{ice of Energy Research

Attachment
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FACTSHEET HUMAN EXPERIMENTATION

Projeel Namc: ' Date Started:
_ : Date Terminated:

Identification:
Principal Investigator(s):

Responsible Government Official(s):

Objective(s) of test::

Shozt description:

Follow-up dats:

Refaetvences

{trachment{s):

!

‘\
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To: W.BAIR (DOE617)
From: J.THIESSEN (DOE670) Posted: Tue 19-June-84
16:33 EDT Sys 64 (64)
Subject: Ottinger Inquiry
ATTENTION: Dr. Sidney Marks

Following is a copy of the letter from Ottinger to Hodel:
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June 7, 1984

<

Honorable Donald P. Hodel
Secretary

Department of Energy
Forrestal Building

- Washington, D. C. 20585

Dear Mr. Secretary:

As you know, the Subcommittee is investigating the health and
safety policies of the Department of Energy. Your assistance is
requested for this effort. Please prepare a list of each human
experimentation project involving human test subjects and radiation that
has been funded by the Atomic Energy Commission, the Energy Research and
Development Administration and/or DOE..

The 1ist should include, for each project:

1. the project name, the facility (ies) at which it was
conducted, and the dates during which it was conducted;

2. the medical manager of the project, as well as the
contracting officer within AEC, ERDA, and DOE who was
responsible for monitoring the project;

3. a brief description of the tests, what was done to the
participants, including the objectives of the
experiments, both therapeutic and experimental;

4. the policy and specific methods for follow-up and
Tong-term tracking of the participants in these projects.
Please note if no follow-up review or long-term tracking
was conducted.

In addition to the human experimentation projects which the AEC,
ERDA, and/or DOE commissioned, please specify each project that these
agencies provided support for or conducted jointly with other agencies
such as NASA, the Defense Atomic Support Agency, and the Defense Nuclear
Agency of the Department of Defense.

Your cooperation is appreciated. Please provide your response by
June 25, 1984, If there are any questions regarding this request, please

. contact Jeanine Hull, Subcommittee counsel, at 226-2424.

Sincerely,

Richard Ottinger

Chairman, Subcommittee on Energy
Conservation and Power of the
Committee on Energy and Commerce
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Thanks for your help.



