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LETTER OF TRANSMITTAL

U.S. Housg or RRPRRSENTATIVES,
SubcommiTTEE ON ENERGY CONBRRVATION AND POWER,
CommiTrER ON ENERGY AND COMMERCE,
] Washington, DC, October 24, 1986.
Hon. Joun D. DiNGELL,
Chairman, Committee on Energy and Commerce, Rayburn House
Office Building, Washington, DC. .
DeAr MRr. CuairmaN: | am forwarding to you, for the Commit-
tee's use, a report prepared by the staff of the Energy Conservation

* and Power Subcommittee Litled, “American Nuclear Guinea Pigs:

Three Decades of Radiation Experiments on U.S. Citizens."” This
report deacribes materinl contained in Department of Energy docu-
ments on radiation experiments using human subjects.

A review of these documents reveals the frequent and systematic
use of humman subjects ns guinea pigs for radiation experiments,
Some of these experiments were conducted in the 1940's and 1950's,
and others were performed during the supposedlr more enlight-
ened 1960's and 1970's. The report describes in detail 31 experi-
ments during which about 695 persons were exposed to radiation
which provided lJittle or no medical benefit to the subjects, The
report notes that it scems appropriate to urge the Department ol
Energy to make every practicable effort to ldentify the persons who
served Bs cx rimentnraubjecls. to examine the long-term histories
of subjects for an increased incidence of radiation-associnted dis-
enses, and to compensate these unfortunate victims for damoges.

This report is the result of an ongoing Subcommitlee examina-
Ltion of the health and safety policies of the Department of Energy.
The previous Subcommittee Chairman, Mr. Otlinger, requested
from the Department documentation on experiments invelving
human test subjects and radiation, which were funded by DOE or
ita predecessor agencies. During the 99th Congress, the Subcommit-
tee initinted an intensive review of the documents, and requested
further information on specified experiments. This report is the
result of thal intensive review.

It should be noted that this report was prepored by the Subcom-
mitlee staff for discussion purpuses and may not represent the
views of ali Cornmitltee members, 1 bolieve the Committee and
others will find this report to be extremely useful in exnamining
issues of radiation health and safety and victims’ compensation.

Sincerely,
Eowanp J. Maukry, Chairman,

AMERICAN NUCLEAR GUINEA PIGS: THREE DECADES OF
RADIATION EXPERIMENTS ON U.S. CITIZENS

SummMAanry AND CONCLUSIONE

~Bocuments provided by the Departinent of Energy reveal the fve-
quenl. and systematic use of human subjects as guinea pigs for radi-
ation experiments. Suine experiments were conducled in Lthe 1940«
at the dawn of the nuclear age, and might be atlribuled Lo an igno-
rance of the long lerm effects of radiation exposure, or to the
atomic hubris that accompanled the making of Lthe [irst nuclear
bombs. But other experiments were conducted during the supposed-
ly more enlightened 19605 and 1970s. In cither event, such experi-
ments cannol boe excused.

These experiments were conducted under the sponsorship of the
Manhattan Project, the Atomic Energy Commisgion, or the Binergy
Research and Development Administration, all predeceysor apen-
cies of the Department of Energy. These experimenia spanned
roughly thirty years. This reportl presents the (indings of the Sub-
commiltee stafl on this project.?

Literally hundreds of indivlduals were exposed o radiation in ex-
perimenis which provided little or no medical benefit. to the sub-
jectn, The chiel objectives of thuse experiinenis were to directly
measure the biological effects of radioactive materinl; to mensure
doses from injected, ingesled, or inhaled radioactive substances; or
to mensure the time it took radionctive substances to pnss through
the human body. Awmerican citizens thus became nuclear calibra-
tion devices.

In many cases, subjects willingly participated in experiments,
but. they became willing guinea pigs nonetheless. In some cases, the
human sub'lects were captiva audicnces or populations thal experi-
menters might frighteningly have considered “expendable’: the el-
derly, prisoners, hospital patients sulfering from {erninal diseases
or who might not have relnined their full fuculties for informed
consent, For some huwman subjects, informed consent was not ob-
tained or there is no evidence that informed consent was granted.
For a number of these same subjects, the government covered up
the nature of the experiments and decejved the [amilics of de-
censed victims as o what ‘had transpired. In many experiments,
subjecls received doses that appronched or even exceeded presently
recognized limils for occupational radiation exposure. Doses were
as great as 98 times the ggdy burden recognized at Lhe time the
experiments were conducled.

" Thix seport doer pot necessmily reflect the clews of thie Menbwrs of the l'(.-r,
th
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A Inler section of this report, Description of Human Radiation
Experiments, provides details on 31 experiments, during which
about 695 persons were exposed. Experiinenls are listed by Calego-
ry and Nuinber us designated by the Departinent of Energy. Some
of the more repugnant or hizarre of these experiments are summa-
rized below.

During 1945 to 1947, as part of the Manhattan Project, 18 pa-
tients who were dingnosed ns having disenses which gave them ex-
pecled survivals of fess than {0 yenrs wero injected with pluteni-
um, to measure the quontity retained by the immnn body. These
experimentis were carried out nt the Manhattan District ¥{ospi(.al
ot Oak Ridge, Tennessee; Strong Memorial Ilospital in Rochester,
New York; the University of Chicago; and the University of Cali-
fornia, San Francisco. Despite the original diagnoses, seven of these

natients lived longer than 10 years, and five lived Jonger than 20

ars. Internal investigations by the Atomic Energy Commission
..und that informed consent was not grauled in the inilia) experi-

menla, since even the word "plutoniuin” was classilied durin
World War II; and living patients were nol informed that they ha
l{f.en ‘injected with plutonium until 1974. (Category 1.001, Number

From 1961 to 1965 al the Massachusetts Institule of Technology,
20 subjects, aged 63 to B3, were injected or fed radium or thorium
to estimnte internul doses and Lo measure passoge of these aub-
stonces through their bodies. Many of these subjects came from the
nearby Age Center of New England, n research facility established
lo invesligate the process of aging and the needs of the elderly.
These experiments thus represent a perversion of the Center's
sriginal purpose,since feeding the subjects radium and thoriumn did
not benefit them as individunls or the elderly populatlon as a
wholo. (Category 1.002, Number 118).

During the 1960s, at the Los Alamoe Scientilic Laboratory, §7
normal adulla were fed microscopic spheres containing radioactive
uranium and mangonese. ‘These experiments were designed to de-
termine how fost such apheres would pass through the human boudy

Ter ingestion. 1t wos believed that particles of this size could be
produced by the atmospheric reentry and burnup of rockets pro-
pelled by nuclear reactors, or of radioactive power supplies. (Cate-
gory 1.003, Number 106).

During 1946 and 1947, at the University of Rochesler, six pa-
tienta with good kidney function were injected with uranium sslts
to determine the concentration which would produce renal in‘jury.
One patient was diagnosed as being in a “hallucinatory state,” an-
other was considered suffering from “emotional maladjustment,”
ond a third, admitted to the hospital for a fifth titne, was described
as follows: “As he had no hume, he agreed willingly {o enter the
metabolic unit for specinl studies.” (Calegory 1.003, Number 119).

From 1963 to 1971, 67 inmates ol Qregon State Prison and 64 in-
mates at the Washington State Prison received x-rnys to their
testes Lo examine the elfecls of ionizing radiation on human fertili-
ty and testicular funcltion. These experlments were conducted by
the Pacific Northwest Resenrch Foundation and the University of
Wnshington. Subjects had to ngree to receive vansectomies afler

completion »f the experiments. ‘I'he Energy Research and Develop-

3

ment Administration planned to begin medical {ollow up of the ir-
radialed prisoners, butl these plans were dropped in 197G at the re-
quest of the U.S. Altorney In Portland after several irradiated in-
mates [iled suils against state nnd federal governments. (Category
2.00), Number 2 and Cnleﬁry 2002, Number 189).

Frorq 1953 to 1957, at Massachusetts General Hospital, Doston,
approximately 12 terminal brain tumor patients were injected with
vranium lo determine the dose at which kidney damoge began lo
occur, Most of Lhe patienls were described ns comatose or in a
“semi-coma.” (Category 9.001, Number 166).

From 1963 to 1965, at the Atomic Energy Commission Nationol
Reactor Testing Station in ldaho, radioactive iodine wans purposely
released on seven separate occasions. In one of these experiments,
seven human subjects drank milk from cows which had grazed on
iodinecontaminated Innd. This experiment was designed to meas-
ure the passage of jodine through the food chain into the thyroids
of the human subjects. In a second experiment, threc human sub-
jects were placed on the pasture during iodine relense, and seven
subjects were Plnoed on Lhe pasture in a third experiment. In nddi-
tion, “several” individuals were contaminaled during yet another
experiment. when vials of radioactive iodine accidentnlly broke.
Cows Frazed on contaminated land and their milk was counled in
four of the experiments; in the remaining three, radintion measure-
rlr’}%nls were made anly on the pasture. (Category 10.001, Number

).

During May 1945, at the Clinton Laboratory, Quk Ridge, Tennes-
see, iwo groups of 1( subjects were exposed to betn rays, Lo deter-
mine Lhe dose that would begin Lo cuuse reddening of the skin.
{Category 11.001, Number 611, .

During 1951 and 1952, at least 14 human subjects were exposed
W tritium in air, by immersion of body purts in water, or by drink-
ing. These experiments were designed to measure the retention or
excretion of tritivim by the humon body. The experiments were car-
ried out by the Los Alamos Scientific Laburatory, or the (ieneral
Electric Company in Richland, Washington. (Category 11.001, Num-
bers 112, 123, 125, 126, 127). -

During 1956, the U.S. Air Force sent mannei planes through ra-
diation clouds from atomic bomnb tests al Eniwelok and Bikini
Atolls in the Pacllic to measure radialion doses in the clouds and
{o the crew. (Category 11.001; Number 138).

During the enrfy 950s. Fosler D. Snell, a consulling firm, car-
ried out experiments for the U.S. Army by plnciuﬁ “synthetic” ra-
dioactive soil on Lthe hands of about (18 human subjects, and meas-
uring Lhe ability of different cleaning ngents to remove the con-
tomination. (Category 11.001, Number 134),

From 1961 to 1963, al_the University of Chicago and Argonne
National Laboratory, 102 human subjecta were fed real fallout
from the Nevada Test Site; simulnted fallovt particles thal con-
tained strontium, barlum, or cesiuin; or solutions of strontium and
cesium. This experiment was designed to measure human absorp-
tion and retention of these radioactive substances, (Category 11.00],
Number 186, Part A). ; ‘

During the early 1960s, at the Onk Ridge Instilute for Nuclear
Studies, 54 hospital patients with normal intestinal tracts were fed
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lanthanum-140. This experiment was designed to measure the rate
at which this radioactive substance passed through (he body. (Cate-
gory 11.001, Number 186, Part B).

. During the late 19608, at Columbin University and Montefiore
Hoapital, the Bronx, 12 terminal cancer patients were injected with

. radicactive calcium and strontium. This experiment. was designed
‘to compare the distribution of these two substances among body tis-
sues after autopsy. (Category 12,001, Number 15).

In 1967 at the Hanford Environmental Health Foundation and
the Battelle Memorinl Institute, both ot Richland, Wuahingl.on, ra-
dioaclive promethium was administered to 14 subjects by injection
or drinking. These experiinenis were designed to measure the pas-
sage of this substance through the body and the ability of a drug
(chelating ngent) lo increase the removal of promethium, (Category
12.00], Number 110). -

i ‘rinF 1963, at the Battelle Memorial Institute, Richland, Wash-
i» n, five suhjocts were injected with radionctive phosphorus. In
addition, five subjecls were fed fish from the Columbin River which
contained radioactive phosphorus, produced and discharged into
the river by reactors al the Atomic Bnergy Commission's Hanford
Site, These experiments were designed 1o estimate the doses (o
humans enting conlaminated fish. (Category 12.001, Number 1110,

In many of the repurted experiments, radintion was used ns

treatment for discases which were resistant to more conventional
methods. Most frequently, radintion was used in atlempls lo trent
cancer, leukemia, or other mnlignant disorders of the blood. The
Subcommitice stall does not question these applications, since pa-
tients were irradiated in an altempt Lo Lreal their diseases, and in
some cases the trcatment was successful. In (hese cases, the radi-
ation cxposure was meant {o carry some medical benefil for pa-
lients, and observation ol the ellects of exposure, which enhanced
understimding of radiaction elfects, was incidental to the treatment.
In some cases, however, lomg term medienl follow up ol the ‘surviv-
ing palients, which might have provided informalion for uselul
compnrison wilh other trentments that might scem promising, wns
no’  uducled.

. studies provided by the Department of Euergy amply demon-
strate the need lTor Jong term medical follow up, (‘,'alegory 1.out,
Number @Y, describes n retrospective study on the health of
humans exposed lo radiosictive iodine, and includes as a study pop-
ulation the group of Murshallese Islanders exposed to fallout from
zarly atomic bomb tests. This report noles that thyroid nodules,
sroduced by exposure lo rvadionctive iadine, did not first appear
ymung inhabitants of the ato)l- with the highest (allout until 9
years alter the lesting. Nodules began appearing some years laler
unong inhabitants of nlolls where the doses were lower; and aller
12 years, nodules were still being observed.

I{ there is one (hing the governmment can do for these experimen-
al victims and their fnmilics, even at this late date, il is 1o conduct
ong term medical Tollow up of populations exposed to radinactive
aaterial. That practice has been adopled by the Duofense Depart-
nent through its Nuclenr ‘Test Personnel Review, a registry for
nilitary pcrsi'wl exposed to falloul {rom atmaspherie nuclear

e A The pr - ohjeetives of the Review ate (o identify the ap-

b

proximately 200,000 Defense Department personnel involved in
such tesls, lo determine their expusures, (o identily incidences of
death or illness, and to assist velerans in claims for compensation,
If this effort can be carried out for military personnel acting in the
line of duty, surely a similar effort should bodpossible for the far
smaller number of peaceful atomic soldiers used as human subjects
in radialion experiments,

RECOMMRNDATIONS

1. IL scems upproprinle to urge the Departmentl of Energy to
make every practicable effort to identify the persons who served as
subjects for the experiments describied below, to examine the long
term hislories of subjects for an incrensed incidence of radiation-
associated diseanes, and to compensate these human guinea pigs for
dnmages they have suffered.

These victims face severe obstacles to compensation under cur-
rent lnw, embodied by the Federal Tort Claims Acl. The Depart-
ment of Energy should therefore bo encouraged lo work with the
Subcommitter o develop legislation thal provides adeguate comn-
pensation.

2, Human experimenta of this nature musl never be repeated.
Many of these experiments would not be allowed under current
federnl guidelines, and it is gratilying that experiments of this
nalure apparently did not continue after the enrly 19708,

T'wo overriding principles for human experimentation must be
followed: The first is thal Lhe risks of the expevimental Grentment
must be reasonable in relation lo anticipated hencelits. ‘The second
is that subjects must ba fully informed, and capable of understand-
ing the benelits and risks of the trentment. Curvent federul veguln-
tions embody these principles, with exceptions thal are clearly
spelled out in cares where hknowledge from the (reatment might
benelit sociely as a whole. The Appendix to this report describes
these federal regulations.

The Subcommitice is gratified that the Department of Encipy
fullows current regulntions in its own experiments. However, lru-.
sl history of human radintion experimentation makes it clear
that standards thal. were acceplable forly years ago appenr repug-
nant loday. It therefore scems npproprisle to urge that all applics-
ble federnl ngencies, including the Department of Energy, frequent.
ly review their regulalions to ensure that human experimenintion
is conducled under the highest ethical standards.

BackGrounn

“The investigation into human radintion experiments began as
part of an ongoing Subcommitlee examination ol the health and
safely policies of the Department of Epergy. In June HiR4, Repre-
sentative Richard Outinger, then Subtommittee Chairman, request-

_ ed from the Departiment a list of experiments involving human Lesl

subjects and radintion, which were funded by the Atomic Energy
Commission, the Encrgy Research and Development. Administra-
tion, or the Deprtiment of Encrgy. The former (wo n|'|i\.ncivs were

iredecessors of the Department of Energy. DOE res «d 1o this
initin] request in September 1984, enclosiog swmm ol mamy
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different experiments. [n Qctober 1984, Chairman Ottinger request-
ed further clarification and information on the human experiments
provided. DOE responded 1o this request in January 1986, provid-
ing supporling malerial and fuller descriptions of many of the ex-
periments, and in some cases reporting more experiments,

In January 1485, Representative Edward J. Markey became Sub-
commitlee Chairmen, and inilisted an intensive review of ail the
documeqls released by the DOE. Chairmen Markey also requested
further information on individual experiments in August, Novem-
ber, and December 1985, and in March 1986.

Review or RereAsep DocumMenTs

The initial information released by the Department of Ener
consisted ol: summary faclsheets on each of several human radi-

tion experiments. Each factsheet coninined an experiment title,
Jesignation of (ederal ngency or agencies funding the experiment, a
list of institutions conducting the experiments, description of the
experiment objeclive, a short description of the experiment, and
where known, the slutus of long term medica) follow up of experi-
mental subjects.

In response to the Subcommittee's Oclober 1984 request for fur-
ther information, DOE relvased additional material including dates
when experiments started nnd ended, nnmes of responsible govern-
menl officinls, nnd in some cases supporting documents, such as
scientific references or project reports. DOE also released some ma-
tfrmtl on experiments not previously reported in the summary fnct-
sheets.

DOE placed the experiments reported in 12 different categories:

1. Metnbolism and Biological Effects of Plutonium, Polonium,
Thorium, Uranium, Radium, and Lend-212.

2. Testiculnr Irradiation.

,3. Whole-body Irrndiation for Treatment of Leukemia and Lym-
phoma.

4. Teletherapy with Particle Beams,

6. Other Teletherapy Studies.

6. Treatment of Polycythemin,

7. Hemalological Effects.

8. Neutron Capture Therapy.

9. Other Radintion Therapy.

10. Biological Effects bf I-131.

11. Other Biological Effects Studies.

12. Metabolic and Physjological Studies.

In many of the reported cases, radiation was used as trealinent
for diseases which were resistant to more conventional methods.
Most frequently, radiation was used in altempts to treat cancer,
leukemia, or other maligant disorders of the Elood. The Subcom-
mittee staff doecs not question these applications, since patients
were irradinted in an attempt to treat tﬁeir diseases, and In some
casea the treatment was successful. In these cases, the radintion ex-
posure was meant to carry some medical benefitl for patients, and
observation of the effects of expusure, which enhanced understand-
ing of radiation effects, was incidental to the lreatment. The Sub-
committer stefl readily acknowledges the scientific ndvancement

1

produced by such observations and commends those scientists and
physicians who engoged In such research.

In many of the cases where radiation was used for medical Lreat-
ment, there was little long term medical follow up of the irradiated
patients. In part, this may have been due to the fact that the bene-
fits of medical radiation were clear: irradiated patients in some
cases showed higher survival rates than palients trealed with other
methods. Butl since radjation can nlso cause cancer, long term
follow up on surviving patients may have provided information for
a useful comparison with other present treatments or with treat- -
ments that might seem promising in the future.

The follow up provisions of one particular experiment, designat-
ed Category 4.004, Number 179, should be noted with approval. The
objective of this project is to determine the effectiveness of neutron
beam irradiotion as compared to standard irradiation for the man-
agement of cerlain malignant tumors. This project Is funded by the
National Cancer Institule and is carried out at the Fermi National
lécclerntor Laboratory, a facility owned by the Department of

nergy.

This project began in 1975 and is continuing today. Approximate-
ly 1400 patients huve been referred to the program. Prior o treat-
ment, patients must agree to comply with long-term follow up re-
quirements, which Include regular pi;ysical exaininations and rubu-
ratory tests. Every efforl is mnade fo contact palienls who miss
scheduled appuintinents, and fewer than ! percent of palients
treated ab this facility are currently considered lost to follow up.
The follow up efforts at this Fermilab projec! should be applauded,
and they represent a model that shoulcr be duplicated in other DOL
investigations of medical therapy.

In many of the other human experiinents which DOE reported to
the Subcommittee, however, subjects recelved little or no medical
benefit from their exposure. These experiments fall into two gener-
n) colegories: In one group, human subjects were injected with or
fed radioactive maleriol, nnd its passage through the body waus
monitored. The major objective of these experiments was to com-
pure resulls with mathematical models predicting radiation doses
for occupational or accidental exposure. Although these experi-
ments did provide information on the retention and absorption of
radioactive materlal by the human body, the experiments are none-
theless repugnant because human subjects were essentially used as
guinen pigs and calibration devices. In a second group of experi-
ments, the administration of radioactive material was actually in-
tended o cause damage to the human body, and the experimenters
sought to correlate the pmount of damage done with the dose re-
ceived. '

In some of the experiments described, the human subjects were
captive populations: the elderly, prisoners, and hospilal patients
who might not have retained their full faculties for informed con-
senl. In olher experinents, the subjects were volunteers, but they
were willing guinea pigs nonetheless. p )

The human radlation experiments nre described in detail in the
following section.
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DescrirrionN or IJUMAN RAMIATION EXrERIMENTS

Category and Number labels below are as designated by the De-
pariment of Energ?' in its respanses to the Subcommittee, In many
cages, occupationnl exposure limils are provided for coml;nrison
with the doses or amounts of radioactive malerial received by sub-

ects. Present dose limils are taken from Title 10, Code of Federal
lations, Part 20. The mmaximum permissible body burden is an
oocupational limit for the allowable amount of a given substance
that may be internally ‘deposited in an individunl. Il is generally
rocognired among the scientific communily that doses Lo Lhe gener-
nl population should be no more than one tenth the allowable doses
to radiation workers. Values presented below for maximum permis-
sible body burdens are token from NCRP-22, a handbook of the
National Commiittee on Radiation Protection, which is a non-gov-
mental organization that recommonds standards for radiation

.. ure,

in addition to the experiments described in the Summary and
Conclusions of this report, many experiments are of special concern
becouse of the circumstances of the persons used ns subjects, or be-

. cause of the doses which smne subjects received, relative to prusent

occupalional limits. In experiments where the radioactive material
administered was greater than the present maximum permissible
body burden, doses are clussified as potentially greater than
present occupational limits, since not all of the malerial adininis-
tered might have remained in the body. These experiments of spe-
cial concern ave listed below, and are followed by descriptions of all
experiments,

Category 1.00f, Number I. Subjecls were dingnosed us terininal
within 10 years; one subject was a child; nuv evidence of informed
consent; potential doses nuch greater than occupational limits.

1.002, Number 118, Subjects were elderly; potential doses greater
than occupational limits,

1,003, Number ]2. Subjects were terminal patlents; potentinl
doeeg greater than occupational limits,

03, Number 119. Subjects were hospital patienis; some doses
pruuuced kidney damnge.

2.001, Number 2. Subjects were prisuners; doses were grenler
than occupational Jimits.

2,002, Number 189, Subjects were prisoners; doses wore greater
than occupational limils.

3.001, Number 4% Doscs were greater than occupational limits.

9.001, Numbur 166. Subjects were lerminal brnin tumor patients,
and mosl were comatose; some duses produced kidney dnnage,

10.001, Number 173. Radioaclive jodine wos intentionally rve-
leased to the enviroument.

11.001, Number 61. Duses were greater than occupational limits.

11.001, Number 53. Doses were greater Lhan occupational limits.

11.001, Number 121. Subjects were hospilal patients; doses were -
. greater than occupational limits.

11.001, Number J24. Potentia) duses were greafer than occupa-
tional limits
13.001, l\'l'.IZT. Patential doses were greater than occupa-

Ltionnd limitd
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11.001, Number 133. Doses were greater than occupational limils.

11.001, Numnber 186, Part B. Subjects were hospital patients; po-
tentinl doses were greater than occupational limils. i

Category 12.00f, Number 15. Subjects were lerminal cancer pa-
tients; potential doses were greater than occupativnal limits.

12,001, Number 109, Potential doses were greater than vccupa-
tional bimits.

12,001, Number 128, Polential doses were greater thon occupa-
tional llmits.

Category 1. Melabolism and Biological Effects of Plutonium,
Polonium, Thorium, Uranium, Radium, and Lead-212

CATEQORY 1.00f, NUMBER 1|

Plutontum injections info humans

During 1945 1o 1947, 18 patients were Injected with plutonium.
These experiments were carried out by the Manhattan Project. The
fullowing lospltals were involved in the experiments, with the
number of patienis involved for cach indicated:

Manhatton District Hospital, Oak Ridge, Tepnessee (1),

Strong Memorial Hospital, Rochester, New York (11},

Billings Hospitnl, University of Chicago (8).

University Hospital, University of Californin, San Francisco €.

According to an Enerpy Resenrch and Development Administin-
tion (ERDA) fact gheet of Februavy 1976, the eationale (or this ex-
perimenl was that several thousand Manhaftan 'roject workers
had been involved in hundling plutonium, accurnte information
was needed on the retention and excretion of internnlly deposited
plutonium for setling safety criteria, and animnl experiments had

roduced conflicting datn which could not be exlrapolaled to
rnumnns.

In choosing subjects, the originnl crileria specilied that subjects
should be older, with relatively short life expectancies. All subjects
chusen were diagnosed as having exlsting diseases that gave them
nn expected survival of less than 10 years. Most were vver 45, bul
one subject was five years old, und another was 18, The oldest. pa-
tients were G8. The guantities of plutonium fnjected ranged from
1.6 to 98 times the bod bur%en value recognired al the Llime of the
experiments, where a body burdea Is the permissible occuputional
limit for an internally deposited radivisolope. 13 of the patients re-
ceived between 7 and 10 body burdens. Patients were monitored for
their excretion of plutonium. They received no medical benefits
from the iujections. '

"In 1967, a Berkeley radiobiologist lenrned that one of the injected
patients had lived for 20 years. She investigated the wheresbouts of
other patients, and in 1972 published n scientific paper noting that
four patients were then alive. In a subsequent follow up investiga-

* tion, the Department. of Energy delermined that 9 pnlients died

wilhin 3 years, one in B yeurs, one each in 1} and 14 years, and

four afler 20 years. One was lost Lo follow wp, auc was_still
living as of October 1984, In one case, the orignal d i of dis-
o : -
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In 1974, lollowing the report that four patients were still alive,
the Atomic Energy Commission conducted internal investigations

, to determine if the experimental patients had granted informed
; consent for their exposures. A report transmitted in August 1974

- found that experimenters had failed to obtnin informed consent in

tevera) instances. Formalized standards for patient consent Lo ex-
perimental procedures did not exist prior to 1946. In addition, even
the word “plutonium’” was classified unltil the end of World War 11.
The AEC, which succeeded the Manhattan Project, established a
policy of forinalized patient consent in 1947. One patient, injecled
in 1947, was the only subject injected after the AEC had been
formed. This patient's hospital record contained a stalement by nt-
iending physicians that the individual had been properly informed
- uf the experimental nature of the injection. The AEC could find no
vecords of consent for any other patient, and determined from oral
tvslimony that at least one patient had not been informed.
);\ this issue, a June 1983 Department of Energy memo conclud-
«u that:
Tho isaue of inforined consent, if raised, will be dilficult to deal with in the light
.+ presenl DOE ond Federal policies and procedures regording humun subjects.
“hese atre vautly more codilicd and explicit then any guidonee availuble ol the lime
*he injeclions were given. and the procedures uswil at (hat (ime would nol meet
‘tandards adopled and currently npplied by DOE and other federnl organirationa,
‘Memuo {rmn Nathaniel F, Bare (0 Alvin W, Trivelpicee. Director, Office of Foerpy
Hlesearch, Department of Energy, June 0, 1KLL

In 1973, the Center for Human Radiobiology (CHIR), Argonne Na-
tionul Laboratory, initinled n follow up sludy of surviving patients
and n programn to exhume decensed pallents for whom permission
could be obtained. These studies were designed to examine how
auch plutonium remained in the bodies of subjects. The 1974 AEC
‘ivestigations found that even by 1973 standards, informed consent
“ad not been obtained for these studics. A memorandum dated De-
-amber 21, 1972 from (name deleted), Argonne Nationnl Laborato-
?'. to [name deleted), Center for Human Radiobiology, contained
: 18 following instructions in regard to studies on the surviving po-
innts:

lease note that outaide of CHR we will never nee the word plutonium in regard

o these cascs. “These individunle are of lnicrost 1o us because they may have re-
: 'eived a radioactive mnterinl nt some time' is Lhe kind of statement to be made, if

_2 ve need Lo say anything ot sl {cmphasis in original). (Quoted in Division of Inapec-
i ‘on Report 44-2-328, U.S. Atomic Enerpgy Commisaion, August 16, 1974, p. 19.}

., Consequently, patients alive in 1973 were not informed that they
<1ad been injecled with plutonium in the 1940s. Relatives of de-
0 xased patients were told that exhiumation was necessary to deter-
™ nine the composition of an “unknown" mixture of injected radioac-
< ive isotopes. Injoction was also represented as having been an ex-
& rerimental treatment. for (he patients' diseases, a statement that Is
= 10t true. As a second AEC investigation concluded:

7 Rolative to the study undertnken in 1972, informed consent was nol ubtained fram
i urviving potienls who were the subject of (he aludy.

Consent, following improper disclosure, was obtained from the next of kin of an
shumed patient. Improper disclosure was made (o the next of kin of additional de-

eared palients who have nol been exhumed. (Division of lnspection Report 44-2-
0. U.S. Atomic Encrpy Commiesion, August 12, 1974, pp. 11, 12)
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As a result of the 1974 Investigation, the AEC contacted the doc-
tors of the four living patients, and asked the doctora o inform the
potients of the nature of the Manhattan Project injections. One
doctor did not tell his patient because he felt the Information
would be detrimental to her health; this patient has since died. The
other three patients were informed.

A scientific paper published in 1976 calculated doses to the In-
jected patients, and concluded from these calculations thel in epite

‘of the apparent lack of induced tumors among the patients:

The llver doses do not appear to be high enough 1o be carcinogenic, bul compnri-
son of the bonesurfaco dosos with radium doaca that have induced bone tumors in-
dicnlos that six of Lhese cases have reoeived doses high enough (o be considered car-
cinogenic. (ILE. Rowland and P.W. Durbin, Survival, causes af denth, and estimated
tinsue doscs In o group of humnn beinge injected with plutepium, in The Heallh Ef-
fects of Plulonium and Radium, J.W. Prees, Sall Lake City, 1470}

CATEQORY 1.002, NUMBER 118

Administration of radium and thorium to humans

During the period 1961-1965, doses of the nuclides Radium-224,
and 'I‘horlum-g.’ld were given to 20 volunleers, 13 men and 7
women, nged (3 o 83, Six subjeclts were injecled with radium, six
were injected with thorium, one ingested radium, one ingested tho-
rium, and six ingested both radium and thorium. These experi-
menis were funded by the AEC and enrried ont. nt the Masancliu-
sctts Institute of Technolopy.

The experiments were J;:signed to examine the metnbolism {romn

radjoactive substances that might be smilinr to those ingesied by
radivin dial painters in the earlier part of the 20th century, mony
of whom subsequently developed cancer of the juw or mouth. The
specific matler of concern was whether Thorium-228, which may
have been present in dial paints, would have contributed a signil-
cant dose to painters. After the subjects were fed or injected with
the radioactive substances, the substances were monitored by meas--
uring their presence in blood, in the breath, in excreted maiter,
and whole-body counting of the subjects. Patients were moni-
tored {or up to 120 days. .
Doses given lo patients were 0.2 Lo 2.4 microcuries of radium, or
1.2 to 120 microcuries of thorium. For comparigson, maximum per-
missible body burdens are 0.07 microcuries for Radium-224, and 20
microcuries for Thorium-234.

Most of the subjects were obtalned from the Age Center of New
England, Boston. A few were retired MIT employecs. The subjects
received no medical benefits from the experiment.

According to material received from the Department of Energy,
the Age Center of New England was a non-profit research facility
established in 1964 to investigate the process of aging and the
needs of the elderly. The Center’s pool of subjects consisled of sev-
ernl hundred "apparently healthy men and women™ over the nge
of 50 who had declared their willingness to be sludied in n variely
of research projects on aging. These subjects lived elsewhere and
had to be active enough to come to the Center to participate in re-
search.

In 1957, the first published nnnua) report of the Age Center de-
scribed the following ongoing reseach projects: “Correlales of Anxi-
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ely in Older Persons;” "The Nutrition of Apparently Normal Aging
Persons;” “Pnc‘)' dice and Older People,” and "A Thematic Analysis
of Later Life,” which oblained the atlitudes of elderly persons
through questionnaires and oral interviews. The AEC experiments
with Age Center subjects thus represent a perversion of the Cen-
ter's original purpose: Feeding the subjects radium and thorium
was of no direct benefit Lo the subjects or to the elderly population
as a whole, and wns not. related to phenomena connecled fo Lthe
nging process.

The study was conducted in two phases. In the first phase, sub-
jects were injected with either radium or thorium, and the passage
of the material through the body was measured. The principal
rcason for these experimentls war to calibrate counting equipment
that would be used in the second phase, which was the oral Inges-
1" -of mixtures of radium and thoriumm. Excrelion and whole body
c. .ting was alse monitored for the phase two patients, These ex-
peritnents were reported to the AEC in asnnual progress reports in
1964 through 196G.

In o January 2, 1985 letier 1o the Subcommitlee Chairman, the
Deparlment of Energy reported that no follow up had been con-
ducted on the health of the experimental subjects. The Age Center
no longer exists and one professor who conducted the study had
“no idea bow any records of survival history conld be oblained.
He stated that finding the patients, if still nlive, may be “like doing
a missing persons scarch.” The youngest volunteer would be ap-
proaching Rb years okl foday.

CATECORY O, NUMDER 12 -

Polonium administered to humans

From (943 to 1'M7, radionctive polonium wns injected into 4 hos-
pital patients, and given orally o a [ifth. Rales of excrelion were
mensured. These sludies were funded by the Manhattan Project
and the AEC, nnd were conducted at the University of Rochester.

: objective ol the experiment was to obtiin data on human ex-

creuon of polonium to obtain n corrclation with more extensive

data from rats. Hospitnl patlents were used ns subjects becnuse the
experimenters wanted persons who had not been expused to poloni-
um through work or accidents.

The experiments were described in a scientific publication; Stud-
ies of polonium metabolisim in human subjects, Chapler 3 of Diolog-
ical Studies with Polonium, Radium, nnd Plutenium, National Nu-
clenc Energy Serics, Volume V1-3, McGraw-Hill, New York, 1950,
All subjects had incurable disenses. Potient | was suffering from
Iymph cancer, and was injected with 22 nicrocuries of polonium.
Patient 2 had acule leukemin, was injected with 11 microcuries,
and died six days Iater, Patients 3 and 4 suffered from chronic feu-
kemia, and were injected with 12 and 9 microcuries, respectively.
- Patient 5 suffered from chronic leukemin, and ingested 18 micvo-
curies of pulonium. Excretion of polonium was followed, and an su-
topsy was cled on the deceased patient to delermine which

orgnns nbs the polonium, The age of the patients ranged from
oarly t(hirtie cavliv Finvdine
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The isotope administered is not specified, but. the most readily
available isolope at the time was Polonium-210. For comparison
with Lhe doses, the maximum permissible body burden for Poloni-
um-210 is 0.4 microcuries.

In Janaury 1985, the Department of Energy transmitted to the
Subcommittee summary factsheets on this, and many other experi-
ments. The factsheel for this experiment reported no follow up on
these experimental subjects.

CATRGORY 1,003, NUMBER 2%

Absorption of lead-212 by the human gastrointestinal tract

Lead-212 was fed to three human subjects and gastrointestinal
absorption and excrelion over 24 hours were examined. Similar
measurements were made on two human subjects injecled with
Lend-212, and the results for ingestion and Injection were ocom-
pared. These experiments were conducted to compare experimental
results with existing models used by the Intermmational Commission
on Hadiological Protection (ICRP) and the National Council on Ra-
diation Proteclion (NCRP), organizations which recommend radi-
ation exposure standards. These experiments were carried out nt
the University of Rochesler, were funded by the AEC, and were re-
ported in UCRL-18140, Lawrence Radintion Laboratory, Universily
of Californin, Berkeley, April 1968, pp. 217-232. The material from
the Department of Energy on this experlinent reported no informa-
tion on doses, and no fullow-up on the experitmentnl subjects.

CATEGORY 1.003, NUMBER 106

Some biological aspects of radionctive microspheres in humans

During the 196G0s, 57 normal ndulls were fed very small spheres
containing rndionctive Urunium-235 and Manganese-id, w deter-
mine how long it would take these spheres to pass through the
gastro-intesinal tract. The human subjecls received no medical ben-
efil from this experiment.

The experiment was designed to nssess the potenlinl hazards
from atmospheric reentry and burnup of rockets propelled by nu-
cleor reaclors, or of radionctive power supplies. Such burnup could
produce particles small enough to be inhaled or ingested. In order
to estimate internal radiation doscs that humans might receive
from such accideuts, information wns needed on the time that ra-
dioactive particles might remain in the body. The human subjects
were all workers at Los Alamos Scientific Laboralory, except. for
one individual who was the wife of the principal investigator.

During the experiment, subjects were given a gelatin capsule
containing U-235 nnd Mn-54, in spheres 100-200 microns in dinme-
ter (a micron is one-millionth of a meter). Both U-236 and Mn-64
emit radiation which would penetrate the gelatin. The Mn-b4

.spheres were coated with ceramic, the U-23b spheres were uncoat-

ed. Subjects each swallowed a capsule, and feces were collected nnd
counted to determine how long the capsules remained HI the body.

One subject. repeated ingestion of the sample 10 diff times to
provide nn estimnte of varintion within the same ind ul. “Sev-
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cral others” repented ingestion at different times of the day to pro-
vide an estimate of how resulls might change with titne of day.

The experiment was conducted at Los Alamos Laboratory, was
funded by the Atoinic Energy Commission, and wos reported in
document LA-8365, Los Alamos Scientific Laboratory, August 1965.

The factshoet which the Department of Energy supplied the Sub-
committee reported no follow up on these experimental subjects.

CATEGONY §.003, NUMBER 119

Injection of uranium sulls

During 1946 and 1947, six patients with good kidney function
ware injected in incrensing doses with uranium nitrate, enriched in
U-234 and U-235. The ubjectives of the experiment were to: deter-
mine the dose of uranium salt which produced renal injury; mens-
ure the rate of excretion of urnnium salts; and observe the elfects
»f modifying rates of excretion. These exporiments were carried out
at the University of Rochester, Atomic Energy Project.

The experiments are described in UR-87, duted June 1948, which
appprently wns a project. report to the Atomic Energy Commission.
The human subjects received no medical benefits from these ex-

riments, ond in fact the trealment scemed designed o induce

idney injury in at least one patient. It was recognized that urani-
umn salts could dumage the kidney, and the experiment planned lo
identify the concentration that would produce “just detectable
renal injury.” (UR-37, p. T) .

The experimental subjects were chosen from a large f:rou: of
hospilal patients; those selected had ressonably normal kidney
function. In addition, "The probability that the patient would bene-
fit from continued hospilalization and medicul care was also n
factor in the choice. When higher fevels of dosage were contemplut-
ed, individuals {rom the older age groups were preferred in view of
the remote possibility that late radiation effects might occur . . .”
(UR-37, pp. 8, 9). '

Pntient 1 was In the liospital because of rheumatoid arthrithis
and urethral strictures. Patient 2 was hospitnlized becouse of acute
alcololism, “hallucinatory state,” cirrhosis of the liver, and possible
ncural damage. Patient 8 was n young woman “in fairly good phys-
ical condition except for mild chronic undernutrition which was
thought to be secondary to an emotional maladjustment.” (UR-37,
p. 18) Patient 4 entered the hospltal because of chronic alcoholism
and bleeding (rom the gastrointestinal tract; 12 days afler uranjum
injection, patient 4 wns injected with citrate o examine its effect

in further removal of uranium. "Unflortunately, this solution was -

g0 hypotonic” thal blood appéared in the patient's urine and his
temperature rose Lo 39.5 degrees C (103 degrees F|."” (UR-37, p. 29).

Patient 5 suffered from chronic cough, had a history of rather
high alcoho) consumption, and was diaghosed ns hnving pneumonin
when he entered the hospital. Uranium doses had been successive-
ly increased wilh cach unew patient. Patient b showed trace
amounts of prolein in his urine, o sign of kidney disfunction, on
thie lust day before lenving the hospital. He was not followed up.
Patient. 6 remained iu the hospitnl from October 1946 to April
107, This wng his {ifth admission lo the hospital. Previous ding-
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noses had included heart disease, chronic alcoholism, and pneumo-
nin; thg present admission was for an uicer. “As he had no home,
he [Puhqnt '('3] agreed willingly to enter the metabolic unil for spe-
cial studies.” (UR-37, p. 41) Patient 6 received the largest dose, 70
::crog&mt;)[ tusfin;um perhki‘lio ram welg!}::.d and clinical analysis
ges 1a olerance had been reached" i inj

(U?'(—B’I, - ' for hidney injury.

The summary factsheet which the Department of Energy submil-
ted 1o the subcommitiee reports no follow up on the experimental
subjects. Funding for the experiment is not specified, but it pre-
sumnbly would be from the Manhattan Project, since the AEC was
nol established until 1947.

Category 2. Testicular Irradiation

CATEGORY 2.001, NUMBER 2

Testicular irradiation of inmates al Oregon Slate Prison

From 'August 1963 to May 1971, G7 volunteers at the Oregon
State Prison were subjected lo testicular irradiation by x-rays. Ru-
dialion doses ranged from 8 to GUO roentgen in single acute expo-
sures, except that six prisoners were irradiated a second time, one
a third time, and one was given weekly irradlations of b roentgen
per week for eleven weeks. For comparison, the present occupation-
al limit for exposure to reproductive organs is 5 roentgen per year.
These experiments were corried out by the Pacific Northwest Re-
search Foundation, Scattle; the Atomic Energy Commission provid-
ed a lotal of $1.08 million for these studies.

The objective of this experiment was to obtain duta on the effects
of jonicing radiation on human fertility and the function of testicu-
Jur cells. It was considered that data from animals could not be
readily extrapolated to humans. Studies included examination of
testicular tissue, sperin counts, and evaluation of urinary or blood
steroids and hormones.

Prisoners ranged in age Irom 25 o 52. Each inmate agreed to
have B vasectomy at the end of his lrradiation; consent of wives
was required for this procedure. All prisoners in the Oregon group
did eventunlly have voseclomies. Alr volunteers were required (o
sign statements of informed consent. Consent procedures involved
an qxglanal-ion of short terth and long term effects, Including the
possibility of testicular cancer. No Catholics were allowed as sub-
jects, Small sums of money were paid to prisoners: §56 to $10 for
each treatment, and $100 at the time of vaseclomy. However, ac-
cording to the Energy Research and Development Administration
“records suggest that. the prime incentive to participate mn{ have
been the feeling that they were making imporfant contributions to
the state of medical knowledge.” (ERBA ground information
on AEC human testicular irradiation projects in Oregon and Wash-

- jngton state prisons, March 1976, p. 2)

he prisoner irrndintion program was terminated in 1973 after
the principal investigator sulfered an incopacitating stroke, and be-
cause of “subsequent slate re-evaluation of correclional jnstitution-
al involvement in experimental programs.” (C.G. Heller et ol,
“Protection of the rights of welfare of prison voluntecrs: Policies
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followed throughout a 17-year medical research program,” unpub-
lished manuscript, p. 7) The same document noted that the vaseclo-
mies on subjects afler the experiment were necessary “to avoid any
possibility of contaminating the general population with irradia-
tion-induced mutants." (Ibid., p. §)

In a summary factsheet provided the Subcommitlee in January
1985, the Department of Energy described the follow up of experi-
mental gubjecta:

Complele rocovery ns shown by n return bo pre-irradisted sperm ooncentralions
and g:rminnl cell numbors was found to be within $#-18 months for doses of 100 rad

and below, 90 months for doses of 200 and 300 rad and 5§ or more yoars for doses of
400 and 600 rad.

The need for- follow up over a longer terin was recognired ns
rarly as 1971, in a letter from an AEC of(icial to Carl lieller, the
incipal investigator for the experiments. The letler concluded,

Thus, ] nm ruggesting thal you prepare a protoool for the long-lerm follow-up of
the irrodiated volunteers nfter their relense from the rosearch program. (Frank T.
Drooks, 1ivision of Biolory und Medicine, ARC, to Carl G. Heller, Pacific Northwest
Resvarch Foundation, Nuvembor G0, 19710

In its 1976 background information malerinl, the Energy Re-
search and Development Administration noted:

ERDA befieves thal there is n need for conlinued medicnl surveillance of prison-
ers involved in both seta of experiments [Oregon and Washinglon), nnd will explore
wilh priron officinls the best methods to achleve thik, Among heslth effects which
should be monitored is the porsibilily of Leaticular tumorn, voeurrlug after o long
latency petiod (25-30 years). (ERRDA hackground infiemation, March 1476, pp. 2-3.1

However, at the request of the US. Altorney in Portland,
Oregon, this follow up program was cancelled afler several irradi-
ated inmates filed snits against state and federal governments. In
Seplember 1976, the District Court for the District of Oregon dis-
missed Lhe suit against federal defendants.

The experitnents resulled in the publication of several scientific
papers. The most recent one cited was M.J. Rowley et al, Radiation
" search 59, 665-G78, 1974.

CATECORY 2.002, NUMUER [89

Testicular irradiation of inmates at Washington State Prison

During the period June 1968 to May 1970, 64 Inmates at the
Washington Stale Prison received lesticulnr irradintion from x-
rays. Each subject was irradiated once, and doses ranged from 7 o
400 roentgen. Following jrradiation, tissue snmples and sperm were
examined for indications of damage; urine snmples were examined
for hormone levels. The Atomic Energy Commission granted
$605,000 to support these studies, which were conducted by Univer-
sity of Wanshington researchers.

The objectlive of these studies was o determine the effects of ra-
diation on gonadal function. The studics were reportedly proposed
after a radiation accident at the AEC llanford facility. Three men
were overexposed, and no clear scienlific data was available to

. odvise I.luﬁ possible sterility effects, The experiments were de-

nine the minimum effective dose that would render
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The criterin for selection ‘were similar to the experiments with
Oregon inmates: Particlpants hed to agree to vasectomies afler
complelion of the experiment. However, several of the Washington -
inmales subsequently did not receive vasectomies: 2 declined and -
were released from prison; 1 declined and remained in prison; 1
was released before the scheduled vasectomy; 1 did not undergo
surgery for psychiatrlc reasons after mutual agreement with the
prison physician; 1 who had heart problems and a life sentence was
not vasectomized after mutual agreement (AEC Contract AT(45-1)-
2225, Task Agreement 6, Terminal Report, January 1973, p. 3) Be-
cause of the Jack of follow up information, il is not known if any
exﬁrimenlal subjects subsequently fathered any children.

e experiments were terminated afler a Human Subjects
review board at the University of Washington refused in July 1969
to authorize further irradiation of prisoners. (George W. Farwel),
University of Washinglon, to John R, Totter, Direclor, Division of
Biology and Medicine, Alomic Encg;y Commission, July 16, 1961

In the factsheet submitted to the Subcommittee in January 1985,
the Department of Energy had this description for fullow ap: “Re-
covery of cell morphology and function woeee found afler a mani-
mum of 501 days. It wae concluded that man is very sensitive in
regard lo temporary sterility, but is very resistant to complete ste-
rility.”” As with the Oregon prisoners, there was no long-term
follow up of subjects

Several scientific publicativng resulted from there experiments.
The most recent cited was T.W. Thorslund and C.A. Paulsen, in
Proceedings of the Nationul Symposium on Natura] and Mun-Mads
Rndiation in Space, NASA Document NAS Nu. 2440, pp. 229-232,
January 1972,

Category 8. Whole Body Irradiation

In most of the cases in this category reported to the Subcommit-
tee, whole body irradiation was used as treatmenl for discases
which were restslant to more conventional methods. Most frequent-
ly, whole body irradiation wus used in nttempts to treat leukemin,
cancer, or polycythemia vera (n disorder characlerized by excessive
levels of red blood cells in the blood), The Subcommittee stalf does
nol question the propricty of these particular applications, since
patients were irrndiated in om attempt to treat their diseases, and
in some cases Lhe treatmenl was successful. llowever, one case cov-
cred below appeared questionable.

CATRGORY 3.001, NUMRER 49

Blood changes in human beings following total-body irradiation

During 1943 and 1944, three groups of persons wera: given whole
body irradintion doses from x-rays. The first group was eight per-

. sons with cancer, The second group consisled of one cancer potient

and two persons wilth arthritic conditions. The third group wns
three normal volunteers. The objective of the study wns to observe
the changes in blood or blood cells following treatm Although
whole body irradiation was a recognized lrealment Fﬂ)mlignnn-
cies, it provided no benefit to the normin) subicets. received
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doses which were greater than maximum allowable occupational
expostres at the time. In addition, the treatinent seemed of little
uge for arthritis, and the Department of Energy reported in April
1986 that x-ray irradialion for arthritis "is not considered to be
standard practice." The experiments were conducted at the Univer-
sity of Chicogo and were funded by the Manhattan Project.

The experiment is described in a scientific pubJication, J.J. Nick-
erson, Blood changes in humans following total body irradiation, in
Industrial Medicine on the Plutonium Project, National Nuclear
Enorgy Series, Vol. 1V-20, pp. 308-337, McGraw-Hill, 1951. Page
309 contains the following comment on clinical treatment:

The people used in groups 1 and 2 were {ndividuals to whom the medical proles-
sion could olfer no treatmont that was at all specific or known o be helplul. The x-
ray exposures thal were given were ns likoly to benefit the patient os any other
known type of tronaiment, or perhaps even more likoly than any other. Since this
manuscript is concerned only with the effecla on the blood, the clinical condition of
tho patients is nol discussed ni any length,

Group 1 consisted of 8 patients with cancer of the throat, mouth,
breast, or larynx. These patients received total body doses of 27, 60,
or 120 roentgen in single doses from x-rays. Group 2 consiated of
one patient wilh cancer of the hand, one putient with chronic ar-
thrilis who Lad received no previous known radiation thernpy, and
one patient with joint stilfness and pain who had received local ra-
diation therapy to the knee. These patients received 500, 300, and
100 roentgen, respectively of total-hody doses in multiple doses
from x-rays. The radintion produced no significant change in the
arthritis of those two patients. Group 3 consisled of three young
male subjects who were normal in every known respect. These sub-
jects received 7 roentgen (r) on three successive days, for a total of
21 roentgen from x-rays o ench of them. Patients in groups | and 2
showed a (ecrense in the number of tymphocytes in the blooed fol-
lowing radiation treatment., Group 3 showed no change in blood
elements. For Group 3, Lhe experimenters commented that:

These cascs were of particular inlerest lo us innsmuch ns they Indicated that
ncute exposure W fnr more than the maximum permissible level of 0.1 r per wark-
ing day could not be expected 1o produce dingnostic chunges in the etements of the
peripheral blood which were studied. tbid., p. 3361

The summary facisheet which the Department of Enorgy submit-
led to the Subcommittee in January 1985 reported no follow up on
these subjects,

Cutegory 4. Teletherapy with Parlicle Beams

These experiments consist of applications of cyclotron beams in
atlempts to treat patients suffering from cancer or other malignan-
cies, The Lreatiment was applied because conventional methods of
therapy had often been unsuccessful in arresting the spread of dis-
ense. In some cases, the beam therapy proved more effective than
conventional methods, In other tests, this therapy offered no ad-
vanloges over existing melhods and was discontinued. One item re-
porled to the Subcommiltee did seem disturbing, because experi-
mental subjects received no apporent medical benefits. This item,
in Catepary 4.000, is discussed helow.
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CATRUORY 4.004, NUMDER 179

Neutron therapy facility

The follow up provisions of this experiment should be noted with
approval. The objective of this activity is to determine the effective-
ness of neutron beam jrradiation as compared to standard irradia-
tion for the managoment of certain malignant tumors. This project
is carried out at the Fermi National Accelerator Laboratory, a {a-
cility owned by the Department of Energy, and is funded by the
Nationai Cancer [nstitute. - :

The project began In 1975 and is continuing. Approximately 1400
patients have been referred to the program. Prior to treatment, pa-
tients must agree to comply with long-terin follow up requirements,
which include reguiar physical examinations and Jaboratory tests.
Every effort is made lo contact potients who miss scheduled ap-
peintments, ond fewer than 1 percent of patients treated at this fa-
cility are currently considered lost to follow up, The benefils of ra-
dintion therapy, when expressed as enhanced survival rates, may
be obvious, However, information on longer-term effects of radi-
ation treatment will be useful in cotnpariug resulls with other
techniques in use presently or which may be developed in the
future. The follow up efforts at the Fermilub profect should be ap-
plauded, and should scrve ns n model that ean he duplicated in
other DOE investigations ol medical thernpy.

CATRGORY 4.006, NUMDER &)

Biolvgical effects of heauy tons an human nervons system and vision

During the early 1970s, human subjects were placed within neu-
tron and ion beams at accelerntors in Berkeley and Seattle. These
experiments arose because astronauts had observed visual light-
streak effects while exposed lo cosmic rays in space ﬂight.'Ong. ob-
jective of the experiments was to explore “visual sensalions” in
{mmnns from exposure to ions. ‘Two subjecta observed light flashes
in neutron benms of peak energy of 640 million electron volts
(MeV); six subjects observed light flashes and dim but definite
streaks of 25 MeV peak energy; and two subjecls observed light
flashes ond streaks due to helium lons impinging upon buman
retina, 1

These experiments were conducted by the Lawrence Nerkeley
Laboratory and were funded by the Atomlc Energy Commission.
They were reported in Nuclear Science Abstracts in 1972 and 1973.
The summary factsheet provided by the Deparlment of Energy re-
ports no long term follow up on the human subjects.

Calegory 5. Other Teletherapy

Projects in this category involved cnses where palients whose
cancer was not responding to conventional trentment were treated
with various types of radiation [rom nccelerngors. As before, the
Subcommittee staff does not question the propriety of these experi-
ments because they contained a real possibility of benefit for pa-
tients.
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Category 6. Treatment of Polycythemia

This project wns n ten-year uttempt, beginning i :
C ( ! g in 1939, to treat
polycythemia vora with radiation. 'l'h'o radiatjon therap;' seemed
more successful than conventional means of treatment.

Category 7. Hematological Effects

Most of the experiinents in this category involved examination
of blood ch_ungcs of patients who were bging irradiated for purpme:
of disgnosis or treatment. The Subcommittee staff does not ues-
tion these experiments, since the patients benefited or potentinlly
benefited from l.h'e treatment, and the examination of blood
ch:ntgea could provide useful information in designing future treat-
ment, .

Category 8. Neutron Capture Therapy

Project's in this cntegory involved the use of beams of neutrons to
treat palients with brain tumors. The Subcommittee staff does not
question these experiments, since the radintion trentments were
mennt Lo benefit patients.

Categry 9. Other Radiation Therapy

‘ Most of these projects involved the exnmination of radionctive
isotopes for their nbility to treat malignant disenses or W nrsist. di-
nghosis by concentraling in lumor cells. One experiment, however
roised issues of concern and is discussed below. ‘

CATRGONY 9.001, NUMDER 160
Uranium injected into brain tumor patients

_ From 195? to 1967, nrproximnbely 12 terminal brain tumor pa-
tients wero injected with urenium to determine the dese at which
kidney domnge began to occur. These experiments were conducled

- Massachusetlts Genernl Hospital, Boston, with assistance from
e an Ridge National Laboratory, and were funded by the
Atomic Energy Commission.

The experiments were conducted to gain doto in deriving toler.
ance doses for workers in uranium processing and fabrication
ﬁ!unts. Inhaled or ingested uranjuwn salts nre ﬁnown to produce

idney dnmp e; !hese experiments were designed to identify the
doses nt which kidney damage began to occur. Data were also ob-
lained dupug these experiments on the excretion snd retention of
uranium in .the bod_y. All subjecls were terminal brain tumor pa-
tients whq Ehed within 18 months of the experiments.

An additionnl stated renson for conducling the experiment was
a8 an initial evaluation of uranium toxicity in developing therapy
to treal brain t.Umor. patients with U-235. However, this does not in
fact seem lo be an important reason fur the experiment, since no
efforl was made to actually treat the brain tumor patients with
this |wlew10reover. neutron capture therapy with U-236 has

:\it:nir b oven as an effective treatment for brnin tumor pa-
slS.
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Several scientific papers resulied from this experiment. One-
paper, Bernard et al., Proc. Health Physics Boc., 33-48, June 1966,
reported the injection of 11 patients, 10 of whom were in coma or
semi-coma. One of these patients died in 2.5 days, and one died 18
days alter injection. Doses ranged from 4 to 60 milligrams (mg) of
uranium..A second paper, A.J. Lussenhop et al.,, Am. J. Roentgenol.
79, B3-100, 1958, reported on the injection of five patients, four of
whom “were in coma or semicoma and remained po until their
demise.” Patienis were in{:ected with 4 to 15 mg uranium. The
three patients with the highest doses, 0.12 to 0.28 mg uranium per
kg bocﬁr weight, showed evidence of kidney loxicity. Based on com-

arisons with animal data, the experimenters delermined that a
ethal dose for humans would bave been 1 mg uranium per kg.

Another pnper, S.R. Bornard, Health Physics 1, 288-305, 1958, re-
ports on the injection of eight terminal brain tumor patients, slx of
whom were comatose. Doses ranged from 4 fo 60 mg uranium.
There may be some overlap among the patients covered by the
three scientific papers. This last paper referred to earlier studies
(which were the experiments reported in Category 1.003, Number
119), and notes that these studies lacked some information: "autop-
sy data were not oblained since none of the subjects were terminal
patients.” (S.R. Bernard, lbid., 288) Using terminal subjects thus
rrovided the “advantage” that the distribution of wranium in the
hody could be determined nfter autopsy.

Category 10. Biological Effects of 1-1.01
CATRGORY 10.001, NUMDER 6%

Study of changes in thyroids irradiated with rediouctive iodine

This project, begun in 1951, is a retrospective study of the health
of humans exposed W 1-131, chiefly for medical reasons. The sludy
has been carried out at Case Western Reserve University, and has
been funded sequentinily by the Atomic Energy Commission, the
Energy Research and Development Administration, and the De- -
pariment of Energy. This is not considered an experiment, bul the
project shows clearly the necessily and usefulness of long term
modical follow up of irradiated populations.

The sigpificant non-patient population in this study is the group
of Marshallese lslanders who were ex{posed lo radioactive iodine
from atomic bomb test fallout. The findings on this population
were described in TID-27160, a June 1976 Progress Report to the
Ene Research and Development Adminmtration. The report
noted the Jong latency period for the onset of clinical effects, and
ooox(x;nllenled on the likely relation between exposure and thyroid
nodules: &

The lengthy Interval in man js clearly shown in the Macshallese where In spite of
thorough annual physical esaminnlions the first palpable nudule was not found fur

N years and neoplnsma nre gtill appearing ni 22 yeovs. (p 0

To date B carcinomns linve been removed from 10 lndisidunls from severnl alolls,
4 from an atoll with extremely low exposure. Since &by is a population which
seldom i ever develops thyroid nodules, the telationship te the rur" jon which was
primarily rndioiodine is most impressive. (p. 4)

At the time of the lnst annual report we describied n 1 yeor ol

wen Yomd 301t aennentad Far nollinle hanine sdrnonmae Tia amn 1 nins

hnleae who
o e when



. -

[ PR DU 1Y = 1

KRG

1651y

JRN~@3-1934

22

the bizarre nuclear forms rooogmized as evidence of radiation offect. At the t
preparation of thia report, we have just uperntod and romoved severa) bnnigi:‘ 1:{
l“nzp;::' n(d;n;mm,from the thyrold of his mother who hnd developed masses in the
r. (p. = i
The faclor of long delay in the development of neoplaams is emphasized in bot
anlmals and men . , . . he firal Mnuﬁallme lesion did not dev:lop for 9 y:’:r:
Many of the early Icaions come fromn the sto}l with the highest fallout (Rongelap), It
wos quile some yeors loter that lesions began appoaring in people who were on the
nexl nearcsl atoll (Alingnoo} whore the dase hns been somewhat less. Whiie lesions
were appearing on the nearer ntollr, Lhe low dose received on an ntoll much further
away (Uterik) seemned to have produced no lesions, bul in the most rooent years, 8
|nle|dqnls hn\'e_ been uperated and 9 earcinomas found. These observations seem
emphasize the nnf: or’thn, lmz doae range. (p. 6.
ine years afler the 1954 thormonuclear bomb acci i
e I & b accident, the first thyroid neo-

CATRGORY 10.0031, NUMBER 105

1ilk containing I-131 fed to humans

In 1962, five hur‘nnn subjects drank milk containing radieactive
Iodme-l3l,. for periods of time ranging from 1 to 63 days. In the
first.experiments all subjects drank daily doses of I-131 milk for pe-
riods {romn 4 to 63 days. Doses each day were 150 or 1840 picocuries,
The largest dose was (840 picocuries per day for 63 days, for a total
of 115,920 picocuries, In a second experiment, two of the same sub-
jects drank single doses of 42,000 picocuries each. These experi-
ments were funded by the Atomic Energy Commission and carried
out by Oak Ridge National Loboratory.

The objective of the experimenl ‘was to validate calculations
which standard setting organizations were using to establish occu-
pationn) rndiation exposure limits. Subjects drank the milk, radio-
active iodine uslnka was measured by counting the nrea around
the ngy.r01d, and excrelion of iodine was alsv measured. Cows milk
contoining radionctive iodine was obtained from an AEC Agricul-
tural Nesearch Lnborulory. The Department of Energy reported
that no l'ol:::iv up of qhb{e‘(ils wag cogducted. These experiments
were repor in a scientific paper, S.R. ;

“hysics 9, 1307-1323, 1963, 7T SRR VA

CATPGONY 10.001, NUMDER 173

Planned radioiodine exposures to humans

From May 1963 to November 1065, radioactive {odine was re-
leased intentionnlly op~Beven scparate occasions. On three occa-
sions, human subjects \;ﬁosed. The experiments were funded
by the Atomic Energy Commission and were conducted at the No-
tional Reactor Testing Station in ldaho.

The experiments were designed to Improve knowledge of the
transport of radleactive iodine, which is produced by nuclear renc-
tors and nuclear bomb tesls, through the alr-vegetation-cow-milk
sequence in the human food chain. This information was consid-
ered desirable in developing reactor siting criteria, in the prepara-
tion of safety analysis reports, and as an aid to planning for emer-
gency action after a radiation accident.

Seven separate experiments were conducted, The general design
wng that radivactive iodine was released in gnseous form, and pre-
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ture.” Monitoring devices in the pasture delermined the riGioactiv-
ity deposited. A herd of cows was then led to the pasture to graze
for several days. The cows were milked and the milk monitored for
radioiodine. Humans were exposed either by drinking the milk or
by direct exposure to the released iodine gas. The experiments col-
lectively were called the Controlled Environmental Radioiodine
Tests (CERT).

During Experiment CERT-1, conducled in May 1963, one curie of
radioaclive iodine was released into the hot pasture. Six cows were
placed on the contaminated pasture. Cows wero milked twice a day,
and the milk from one cow saved for human Ingestion. Seven
human subjects each drank 0.5 liter of radioactive milk over a
period of 18 days. Radioactive lodine uptake was determined by
counting the thyroid of each subject. (IDO-12035, Controlled Envi-
ronmental Radioiodine Tests at the National Reactor Testing Sta-
tion, U.S. Atomic Energy Commission, June 1964).

Experiment CERT-2 was conducted in September 1964, Approxi-
molely one curie of radioactive iodine wes again released over the
hot pesture. Milk samples were ngain fesled, but were not con-
sumed by humnns. Instead, three human subjects were placed on
the pasture during iodine relase, and thelr thyroids counted after
exposure. This wns not a food chain experiment, but was designed
to measure the direct lodine dose from inhalation.

During Experiment. CERT-3, conducted In December 1964, and
CERT-4 and -5, both conducted in June 1965, no cows or humans
were exposed, and measurements were only made on the pasture.
Amounta of iodine rcleased were lower than in previous Llests.
CER'T-4 relcased 0.01 curie; CERT-5 0.1 curie; and the atnount re-
leased in CERT-3 was not specified. ({D0-12047, Controlled Envi-
roninentnl Rndioiodine Tests nt the National Renctor Testing Sta-
tiun, 1965 Progress Report, U.S. Atomic Energy Commission, Feb-
runry 1966) :

During Experiment CERT-6, conducted in summer 1966, radioac-
tive Jodine in the methyl jodide form wos rcleased. As the experi-
ment progress report states:

Unfortunntely, severaol of the vials, ench conloining 2 curies of methyl jodide-131,
were nccidentally broken In transil oy wore leaking whun received. Thoge thnt were
nat broken were subsequently upencd in the hot cell of the lduhe Chemical I'rocers-
ing Plopt (CPP) and tho nethyl iedide 2 Lo 6 curies) escaped Lo the atmosphere
from a Th-meter stack. The atack was Jocated 4 kilometers u;wind of the test grid nt
the Experimental Doiry Farm (EDF). (1D0-12063, Controlle Environmenial Radioi
dine 'l‘esé.:. Progress Report Number Twu, U.8. Atoruic Energy Commissiun, August
1966, p. 21

Six cows grazed over the 27 acre area of the EDF, and iodine con-
cenlration in their milk was determined by counting. In addition,
“Several Individuals were inadvertently esposed to airborne ra-
diolodine from the leaking and broken containers, and efforts were
made to oblain data on the retention of this form of iodine in
humans.” (Ibid., p. 2) These exposures from ruptured vials occurred
over a four-day period, and a few people recelved multiple expo-
sures; thyroids olP these individuals were counted. y

Experiment CERT-7 was conducted in November 1965; 1 curie of
I-131 in the gaseous molecular form was released over the pasture
al the EDF. Six cows grazed, and milk samples were counted. In
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nddition, seven human volunteers were placed scaled on the pas-
ture area. Uptake of radioactive maferinl was determined by count-
ing the subjects’ thyroids.

The Department of Energy reported {o the Subcommiltee that no
medical follow up of the experimental subjects in the CERT tesls
was performed. :

Category 11. Other Biological Effects
|
CATBEGORY 11.001, NUMBER 51

Rteactions of human skin to beta rays

During April and May 1945, two groups of 10 human subjects
were exposed fo Ylnstic disks contwining Phosphorus-32, which
emits beta rays. These disks were placed directly on the skin to
expose subjects. In one sel of experiments, 10 persons were exposed

7 140 to 250 rep (roentgen equivalent physical); in a second sel of
experiments, 10 subjecis reccived a series of four exposures each in
doses varying from G35 to 1180 rep. In most instances the forenrm
was (he point of exposure, exocept for three cnses in the second
seties where the inner mid-thigh was exposed. These experiments
were funded by the Manbaflan Project und were corried out in
Clinton Laboralory, Oak Ridge, Tennessce. (One roenigen equiva-
leut physical of beta rays is approximately one rem. For compari-
§on, present occupational exposure limils are 30 rem per year to
the skin, and 7% rem per yenr Lo hands and forearms.)

The objective of this experiment was W determine the bela ray
dose at which skin erylthema (reddening of the skin) would first be
seen, In the first sel of experiments, 8 of 10 subjects showed a “visi-
ble reaction" of mild tanning nt a dose of 250 rep. In the second set
of experiments, 6 sub{ecw showed erythema ot 635 rep, and 8
showed erythema at 813 rep. These experiments were reported in
J.E. Wirth and J.R. Raper, Chupter 12, Bivlogical Effects of Exler-
na) Bela Radintion, Nationnl Nuclear Encrgy Series, Volume 1V-
22E, McGraw-Hill, 1961,

'll'he Department of Energy veporled no follow up on these sub-

cls.

CATEGORY 11.001, NUMDER h)

Studies of radivun applied to hinnan shin

During 1955, experiments carried out on human subjects demon-
slrated that the biological effects of Thorium X (Radium-224), as
judged by erythema and skin pigmentation, can be increased by
using an electrical current to cause greater penotration of the skin
by radionclive materia). These experiments were carried out at
Nc_:w.Yorh Universily and were funded by the Atomic Energy Com-
mission. ;

Three subjects were exposed in these experiments, During the ex-
periment, squares of blotting paper snturated with Radium-224
were pln_ced on the forearms of each subject. An electric current
wis spplied for 20 minules to the paper on the left forearm, and no
current wags applied to the right forenrm. For each patient, the left
'fnrcnrm‘od intense reddening after 48 hours, and some shin

2h

pigmentation at 7h duys aller exposure; the right forearins showed
no visible reactions nt the same times. The Department. of Energy
estimnated that doses Lo the right forenrm were 360 vem, and 1000
rem to the leflt forenrms. Irrndialed lissues were surgically re-
moved, and no medical follow up on subjecls wns conducted. For

comparison with the deses, present occupational exposure limits

are 76 rem per year to the hunds and forearms. These experiments
were reported in AECU-BUGL, Atomic Encrgy (,'ogmms.vflon, a pu_bll-
cation presenled at the Sixteenth Annual Meeling of the Society
for Investigative Dermatology, 19565. This publication discusses the
application of Thoriwm X to certnin skin diseases, bul there is no
indication that any of the subjects received medicnl benefit from

the experiment. .
CGATEGORY 11.001, NUMNER 83

Analysis of illness of children receiving [etal frvadiation

In 1948, a program of rouline pelvis examination h): X-viry o.m"ly
in pregnoney for 1008 mothers who were Lo b'u'm‘ Ltheir first child
was carried out al Chiengo Lying-ln Hospital. The objective of the
exposures wus fo make delivery aand labor more predictable n_ml
cusier by mensuring the sizes of pelvis and fetal head. In preceding
and succeeding years, no ruch measuremenls were mnglc and these
groups erve ns a control population. The (-sl!nml(-(l Lissue dose to
the pulvis for irrndinicd mothers was 1.0 Lo 3 rem, Aboul hall of
there children were also exposed to i x-rny Jihus during the livst
duy of life. The estimated dose lo new-born infants was 0,0 rew.

The Atomic Energy Commission subscquently funded the Ar-
gonne Cancer Nesearch Hospital condut'l: anulyses of health ol
the exposed children. Botween 1962 and 1065 the parcuts of these
chifdren were contacled and nsked for information un disenses sl
hospitalization. The first study found an increaso in henign heman-
riomas, a lumor which produces skin dlscnlomllm!. but no incresse
in congenilnl malformations, aye diseascs, or mu[lgnuu( tumors. A
second survey made belween 1966 and 1970 ?onhrmcd the resulls
of the firsl follow up. The Department. of Energy commented in
1945 that, "It is hoped that further data will he obtained from
these subjects and if possible from their children.

(3ATI-XIOHY‘II.0()I. NUMNEI 112

Human absorption of tritivm oxide through skiu

During 1951, 14 humnn subjects were exporedl over n small aren
(about 10 square cenlimeterst an the forearm (12 subjects! or nbdo-
men (2 subjects) to n water-vapor ulmnspl'\em labeled with Lritium
oxide (ITO). A gingle subject was in addilion exposed over his lotal
skin nrea while breathing uncontaminated air. Absorplion of triti-

um oxide was eslimated by measurments of tritium excreled in

urine. The data from these experiments indicated that humans nb- -
sorbed iritium at n rale 4 times fasler LIym mcn'surc(! for rats.
These studics were funted by the Atomic Ewnergy Commission and
were conducted by the Genernl Electric Company, l'md. Wash- -

ingrton,
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The objective of these experiments was to determine the rate of
absorption of tritium oxide through human skin. This information
would assist in evaluating the hazord to individuals who. might
handle tritium, which had promise of becoming a widely used
. .tracer isotope for hydrogen. The Department of Energy reporled
thal no medicnl follow ‘up was carried out on these subjects. These
experiments were reported in C.W. DeLong et nl, Am. J. Roent-

genol. Rndium Therapy Nucl. Med. 71, 1038-1045, 1954,

CATEGORY 11,001, NUMBER 121

Effects of x-ruys on human fingers

During 1947, fifteen subjocts were oxposed in the nail fold srea of
the left fourth finger to doses of 200 to 600 roentgen. (For compari-

m, present occupational exposure Jimits are 75 roentgen per year
«0 the hands.) Fourteen of these subjects were patients being Lreat
ed by x-rays or radium for other purposes, but none of them had
received provious irradiation {o the hands. The other subject was n
std(T ynember who occasionally prepared radium materin) for trent-
menis. He wns observed before and nfter the preparation of an
item contnining 130 milligrams of radium. These experiments were
funded by the Atomic Energy Comsmission nnd were conducted at
the University of Chicago.

The objective of the experiment was to examine the changes
which may occur in the (ingers of persons occupationally exposed
lo radiotion. The {eft fourth finger was chosen for irradiation be-
cnuse the skin is fairly thin as compared to other fingers, and thia
finger is “less likely to have been subjected to previous trouma.”
Microscopic observalions were made of Lhe fingers before and im-
mediately after treatment, and for up to two weeks after treat-
ment. Some irrndiated patients showed temporary symploms such
ns enlarged or broken blood vossels, or reddening of the skin. The
report on the experiment noted no perinanent chnnges to the skin

Cthe finger, ond concluded with the statement, “It is propored
ant lest doses be given al higher levels.” (CH-39883, Effect of
Single Duse X-Roy to the Nail Fold Area of Human Subjects, Pre-
liminnry Report, July (947, p. 4) However, no further experiments
were reporlied. The Department of Energy reported no medical
lollow up of the subjects.

CATEGORY 11.001, NUMBER 123

Human absorption and excretion of tritium

_During 1950, humnn subjects were exposed to tritium in several
dilferent experiments. Subjecls were exposed to tritivm in air for
two h(_)urs. and the increase in tritium in body (luids was followed
over time. In o second' experiment, the armn of a mon wes immersed
up o U}e elbow in water containing Lritium, and the tritium in
qu\ ﬂu}da wns again followed. In o third experiment, n man drank
tritiwin in 0.2 liters of waler nnd absorption into the blood stream
was followed. Amounts of tritium administered were up to 3 milli-
cunce..(For comparison, the maximum permissible body hueden for

~ Seven : .
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funded by the Atomic Energy Commission and carried out at Los
Alamos Scientific Laboratory.

The objective of the experiment was Lo obtain information on the
human absorplion and excretion of tritium, to aid in the selting of
occupational exposure limits. The exact number of subjects exposed
in not clear, but it appears that one subjoct immersed an arm in
tritinted waler, one subject drank tritiated water, and seven sub-
jects were exposed to air containing tritium. These experiments
were summarized in AEBCU-937, The Absorption, Distribulion, und -
Excretion of Tritium in Men and Animals, U.S. Atomic Energy
Commission, November 19060. The Department of Energy reported -
no medica) follow up of subjects.

CATBQORY 11.001, NUMDER 125

Human absorption of tritium liquid and vepor .

During 1952, the Jower arms of subjects were exposed for vari-
nble lengths of time to tritiated water vapor and tritium in liquid
water, Tritinm activity in subjecls’ urine wans nionitored. The De-
partment of Energy provided no further details on this experiment,
and reported no follow up of subjects.

CATROONY 11.001, NUMBER }20

Human absorption of tritium by lung
During 19562, three subjects were exposed in five experiments lo

_tritinted water vapor. Subjects breathed Lritium-saturated oxygen

for 4 to 5 minutes. The tritium retained in the body during the ex-
posure was oblained by comparing the tritium Inhaled with the
tritium exhaled. Retention and excretion of tritium with time were
monitorod through blood and urine samples. This experiment was .
funded by the Atomic Energy Commission and carried oul at Los
Alnmos Scientific Laboratory.

Subjects inhaled from 0.8 to 1.0 millicuries of tritium. This can
ll)e compared with the maximum poermissibie body burden of 2 mil-
icuries.

The objective of the experiment was to obtain information on ab-
sorption and retention of tritium to aid in establishing occupalion-
nl exposure standards. The experiment is roporled in LA-14G5,
Lung Absorption of HTO by, Man Upon Inspiration of HTO Water
Vapor, Los Alamos Scientific Laboratory, June 1952. The Depurt-
ment of Energy reported no medical follow up of the subjects.

CATEGORY 11.001, NUMBER 127

Humuan absorption of ingested tritium water

During 1952, five experiments were conducted on three subjects
in which the subjects drank water containing tritium. Retention of
tritium in the body was examined by taking blood aund urine snin-
ples over time and counting. The experiments were funded by the
Atomic Energy Commission and were carried out at Los Alamos
Scientific Laboratory.

The objective of the experiments was to obtain duta that would
nssist in evoluating the mzm'd of ingested tritium. Two subjocts.
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1npgnnese-54; another subject was fed an unspecified amount. of
I-line-131 (J.I. Anderson and D.G. Olson, Henlth Physics 13, T19-

« 142, 1967). In a second set of experiments, individua) subjects were

! e 3.5 microcuries of Cesiutn-132, 1.9 microcuries of Potossium-42,

- or L1 microcuries of Manganese-54. In addition, 4 subjects inhaled

140co Pl
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A;gop-dl in amounts of 1.3 to 2.2 microcuries (D.G. Olson, Health
Pizysics 14, 439-447, 1968). In a third experiment, one subject wns
rd 1.5 microcuries each of Cobalt-60 nnd Cesium-137 (J.I. Anderson
:1d D.G. Olson, Health Physics 23, 825-332, 1972). :

The Department of Energy reported there was no medical follow

1p of any of these experimental subjects.
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OTHER SURJBCTS

Where some or all of the human aubjects nre lkely to be vulnernble Lo ooarcion or
undue influence, such as persons with acule or severe physical or meninl iflness, or
porsons who aro oconomicnlly or educationally disadvaninged, spproprinte addition-
ol saleguerds must be included in the aludy to profect the righte and welfare of
these subjocts. (46 FR 40.111)

11 ghould be noted thal under these requintions, the experiments previoualy do.
scribed with prisoners, nnd which used minors as subjects, would hinve been strictly
prohibited. In nddlition, mony olher experimenta used patients with rovere {linesses
or who were diaodvantoged, nud there is nu fndleation that safegunrds were incorpo-
. rated inw(’kﬂ experiments tv prolect these subjecta,

@)
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APPENDIX

e e ————— e

Curnene Fanruan Rrauiations o thr "rorgerion orF Hunan Sunavers

Current regulations on the use of iuman suhjects for cxperlinents are described
in Title 45, Code of Federnt flegulntions. Part 46 645 CFR 160 revised ne of Octoher
1, 1985. These regulntions endl for special requivements when pricouers, children, or
vlber specified enlegorics of persons nre used ns subyjects,

GRNERAL PROVISIONS

Experlinents on hitman uub')ocu mus!{ satlsly the fullowlng criterln:

(1) Rirks to subjects shiould be minintinyl.

(21 Riskn to subjecty should be rensamable i celation to anticlpard benetits, and
fhe importance of (he knowledge thot niny reasanably e exgeeted (o et

111 Subjircts shondd tne zetectedd in an equitalie nmnne.

L Gudioronesd consaont wfiabt be songht fiven each prostpective ~ashieet e The subjaCa
fegndly authorized representntive. nformed consent includes 1w chae thewceiption of
the riske and Benelita of the experimental procedure, G CERE6.011

ENESOE e

Hionedienl or behavioral remarch may involve privopers e abiste anhy i the
powrgusse ol the proposcd cewearch i ta:

(H study the pessible entises, effects, and provesses of inemvemtion or o crimianl
tehavim:

21 study pricons as institodivnnl sleactunes or prisoncrs o fnsceeenited pPerss;

e conduct resenrch on conditions particutarly af¥ectlng prisoners ay 1 clige e
example, vaccine (rinls vr other remearch on fiepatitis, whicl & more prevident
wimong privoncrs (hawn the genern] popninglms;

41 exnmine practices, both wecepled and experimentat, which tiwve the intent il
r'en'nul;mhlo pyubability of inproving the healllh or well-being of the subjeet. 115 it
A6..90%

CIHLANEN

A child ix un individual who lew nel sQained the legal age B consent te trem-
ments ur procedures involved in the reseasch, under the applicabile hows of the doca-
tion where the vescenrch in to be conducted (45 FR 6. 4021

A child may he used as n subjict onlyynpon receipt of permission from narents
nud arsent Trom the child, under conditions where (Iie chitd Is judged eapuble of pro-
viding ansent (45 FRUAUA0R, 10 permission und issent are obinined, sosearch ean e
cunducted only if ane of the Jullowiug conditions iv met:

{1) The resenrch poses no prenter U minlmnf risk 145 FR 46.404),

12) The rescarch presents more than minimal visk, but the procedure holds aut
the prospect of direet henefit Tor the indivhilual subjext or Is likely o contribate (o
Ihe subjecl’s well-being (45 FRt 16.405).

(3) The research presents more than minimnl risk, docr not hold out the prospect
of dirert henelit (o the subject, bul the procedure is likely to yield pencentizabie
knowledge aboul the subject’s disvrder vr condition which is of vital impurionee for
naderstnnding the disorder or condition 146 FIV 46.506).

G The reseanrch presentr o reasmble opposrhinsily 1o hather the underdanding,
prevention, or Mlevintion of o secioun problem alfecting the bealth or wellure of
chifdven ¢ FRU 65070

LI
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cach drank 1.6 millicuries of tritisnn; the third subject drank 6.2
millicuries in three separale experiments. For comparison, the oc-
™ cupalional body burden is Z muilicuries. The experiments are re-
o ported in LA-1464, The Absorption of Ingested Trilium Water and
the Waoter Dilution Volumte of Man, Los Alamos Scientific Labora-
lory, June 1952. The Department of Energy reported no follow up
@ on the subjects.
!
& ‘ CATEGORY 11.001, NUMDER 133

0
{N Radiation cxposure of aircrews in mushroom clouds

:&? The U.S. Air Force sent inauned planes through radiation clouds
< {"mushrooms and stems'’) from atomic bomb tests to mensure rodi-
P ation doses in the clouds and to the crews. The detonations were
art of Operation Redwing, a series of 17 nuclear tests in the mulli-
segatun range, al Eniwetok and Bikini Atolls in the Pacifie, from

May-July 19?(33. The planes, five different B-67Bs, mode 27 passes

through clouds from six different nuclear explosions, at titnes from

20 to 18 minutes afler detonation. 16 passes were enrlier than 45

minutes nnd 7 were carlier than 30 minutes alter detonation.
= Maximum radiation doses in the cloud were 800 rventgens per
iour. Total radiation doses to crew members were as high ns {H
roentgens by film badge. (For comparison, {he present maximumn
annuul dose for workers is nbout b roen{gen; one cliest x-ray repre-
senls U2 to (L0 younlgen.)

‘The vhjective of Lthe project was to oblain radiation dose informa-
tion, in the event that an “operationnl silnation” required flights
through such clouds, The informalion was to assist Air Fovee cam-
mands in planning lo insure the “most-cflective utilization, consist-
ent with crew snfely, of nircraft in cloud areas.”

Earlier operations had been conducted where drone nircraft. were
sent through clouds to obtain dose informnation. The report also
mentions manned pencirations made during Operation Teapol.
These passes were made from 17 to 41 minutes after detopation.
The report on Redwing deletes information on doses mensured
during the Teapot flights, and gives no refercnce to any other pub-
lished report on Teapot. ‘The Redwing flights are described in 1TR-
1320, Preliminary HReport, Operation Redwing: Early Cloud Pene-
(ratinns, Armed t‘xorces Special Weapons Project, Moy-July 1966.

On November 13, 1986, the Subcommitiee chairman released this
decument to make it availnble for a hearing belure Lthe Senate Vet-
crans Affuirs Committee the following day on compensation for
veferans pxposed (o atomic tes(s. The document was described in
subscquent. press accounts.

The Department of Energy reported no medical follow up on the
expused aircrews. lJowever, subsequent correspondence belween
the Subcommittce and the Defense Depactiment provided more in-
formation. The Defense Nuclenr Agency (DNA) reporled that seven
of the Redwing crew members received doses greater than five rem
by fikn hadge, and were notified by the Nuclear Test Personnel
fleview (NTPRJ, n program (o identily velerans exposed during
‘atomic testing. Under this program, persons with exposures grealer

than five rem jer year are notified and encouraged (0 undergo a
SR 4 el weavact Unternng Adminis!ra-
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tion hospital. None of these seven have reported medical problems
altributable to radintion exposure.

]!‘ addition, the NMedwing aircrafl were contaminated with radio-
active malerial as a result of flying through the clouds. The planes
were subsequently decontaminated by ground personnel. The DNA
relaing the exposure records of these personnel, as well as those of
all aircrew members, and all these personnel are recorded as part
of the NTPR. The DNA maintains a toll Iree number which veter-
ans who believe they were exposed to alomic tests can call lo
report. their circumstances. (Lelter from Licutenant General John
L. Pickitt, Director, Defense Nuclear Apency, to the Subcommiltee
Chairman, December 11, 1985.)

In December 1985, Chalrtann Murkey joined with Senator Cran-
ston to request a General Accounting Office investigation on
atomic cloud fly-through vperations, GAO was asked o determine
how many air crew members and how many ground presonnel
were expuvsed during Redwing and athor such operations, whal
doses these personnel received, and whal. follow up the Defense De-
partiment has conducted on all personnel.

CATRGORY n.im. NUMBER 134

Radivactive material placed vn human skin

In 1958, Fosler 1. Snell, a consulting tirm, placed synthetic ra-
dionctive soil on the palms of over one hundred human subjects,
ond examined the ability of dilTerent cleaning agents (o reniove the
radionctive material. The objective of this experisent was Lo deter
mine the elficiency of various cloaning ngents in removing rmdione
tive confaminants from “human skin and hal-."

Thesae experitnents were performed for {he Chemical and Radio-
logicnl Laboratories of the Department of the Army, and were re-
yorted in a U.S. Atomic Energy Comission technical publication,

emoval of Radionctive Contaminants froin luman Skin, NP-4945,
Junc 15, 1953. It appears Lthat al leost pnrt of the reason for con-
ductling the experiments was to provide information that could be
used on a battlefield during a nuclear exchonge, since there is a
reference to deconlamingtion “from the point of view of the soldier
in the feld."” (NP-4935, pp. 165,166)

For the experiments, a drop of a liquid mixture of radivactive
malerinl wos deposited on the palms or arms of human subjecis,
allowed to dry, and counted wﬁh a Geiger counter. The contamina-
tion waes then washed off with various cleaning agents, and the
skin counted again to determine efficiency ol removal. Inilial ex-
periments were conducted on metallic surfaces, then on rabbils nand

igs. Preliminary work was also done on bair removed f{rom
Kumnna, and then on 16 liuman subjects. Mast of this work was
done with a suspension of “synthetic soil,” a mixture composed
chielly of soi), sand, ond ciny, mixed with fissiom products. Some ex-
periments were performed with synthetic soil which had been irra-
dinted in a nuclear renclor, synthetic soil mixed with Carbon: 14, or
a sample of soil from the Nevado lest site. These other mixtures
did not adhere well to skin, and were not umed in laler experi-
ments, In these first human experiments, solulions regislering up
to 2,900 counts per minule were placed on subjecfs’ forearms or
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palms. These experiments showed that. it was most difficult to wash
radionctivity from pulms, and most subsequent experiments placed
the radioactive instetinl on palins only.

Subsequent experiments were conducled on about 102 different
human subjects, placing (arger amounts of radioactivity, typically
10,000 to 20,000 counts per ininute, on subjects’ palms. A variety of
detergents and hand creams were examined for their nbility to
remove the radionctive contamination. One scl of experiments wns
conducted with “radiological warfare agents,” composed of smail
pellets of zinc bromide which contained radlonctive Tantahun,
Droplets contanining 18,000 to 44,000 counts por minute of these
agents were placed on the palme of six human subjects.

One sel of cxrerimenls was conducted with employees at the

nsanto Chemical Company's Mound Laboralory, Minmisburg,
—.io. A mixture of contaminnnts conl.ainin‘z alpha emitters, and
not further identified, wus placed on the palms of four employees
and detergents tested for removel. In addition, detergents were
lested on the hands of three other employees “whose hands were
conlaminated in the pormal course of work.” (NP-4935, p. 162),

Except for the experimentis nt Mound Laborantory, the Depart-
ment of Energy hus nol been able to identily where Lhese expert-

“ments were conductixl or how the 118 human subjecls were ob-

tained. Subjects were male and female, and runged in age from 18
to 66, ‘Uhe Department of Encrgy veported ao medical follow up on
any of these subjeets, g

CATECORY 11001, RUMHER (8]

Medival follste up studics

In itx fnctsheel on this project, the Department of Fnergy de-
scribed follow up studies Lo assess the long range henlth of several
different populations which have been exposed to radintion. These
e'ydies have been lunded by the Alomic Energy Commisgion, the

xrgy Research and Development Admlinistration, and the De-
partinent of Energy. Some of them started in the 1960s, and they
continue nt present. The sludies are buing carried out at the Ar-
gonne Cancer Research Hospital (ACHR), Argonne National Labo-
ratory. The studies are described below:

1. gor 20 years. a joint study of more than 400 persons bearing a
considerable binly burden of rndium has been under way. Most of
these persons were painters of (he radiumn dinls on Juminous
walches at various plants in the Illinois River valley region during
1920-1930; others received radium chloride by injection or orally as
a medical Lreatment belween 1420 and 1933. Persons with a consid-
evable bady burden of radium were found to have characleristic de-
fects, destiructive changes, and tumors in the skeleton. These stud-
ies include nccurale estimnles of the body content of radium by
using t total bady counter; through analysis of the expired breath
for the gas radon, a radium decay product; by lilm exposurs {rom
subjects’ hodies; nnd through sfudics of the blood to reveal if de-

structive o lignant changes have taken place.
2. Al m follow up study is under way to exsmine nbout
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examinalions of their molhers. This study, which extended over
about 25 years, is described as Category 11,001, Number 83.

3. A follow up study is under way on patients who had received
radiation therapy for stomach ulcers. This study was funded by the
Department of Energy, snd revealed ‘some positive findings,"
which are not further specified. The study is now to be resumed
under supporl from the National Institutes of 1ealth,

4. During the 1450s, persons who received short treatments with
low-voltage x-rays for benign conditions of the head, neck, and
upper ‘thorax during childhood were studied for possible develop-
ment of carcinoma of the thyroid. All of the children with cancer of

‘the thyroid who had been treated or scen by the Invesl.i]',nlor had

been irradiated previously in such a way that the thyrold gland or

portions of it had been included in the radintion field.
CATBAUNY 11.001, NUMBRR 186, FART A

Human ingestion of fallout

Concern about problemns from the ingestion of fallout led fo stud-
ics using real fallout from the Nevadn Tesl Sile; simulated fullont
particles that contained Strontium-85, Barium-143, or Cesium-134;
and solutions of Sr-86 and Cs-134. During 1961 1o 1963, real and
simulnted lalloul and solutions of strontium and cegivm were fod
to 102 hhuman subjects. Absorption and retontion of thu ingested ra.
dioactivity wns measured by counting the bodies of subjects. These
experiments wore funded by the Atomic Energy Commission and
were carried out by the University of Chicago and the Argonne Na-
tiona) Laboratory. Subjectls were universily studentr or members of
the researchers’ sinflfs.

Several ditferent fallout or simulated fallout materials were pre-
nred. One sel of experimenty used microscopic spheres of rndioac-

ive strontium, cesium, or barium. A total of 27 volunteers ingested
the spheres. Transit time of the spheres through the gastrointesti-
nal tract was measured by counting excreted matler. A second set
of experiments used real fnllout, obtained from the Nevada Test
Site following land detonntion of Lhe nuclear test Small Boy, on
July 14, 1962. Fallout samples were placed in gelatin capsules and
were [ed to 10 subjects. In these and subscquent experiments, re-
tention of activity was followed,\by counting subjects’ {mdies.

Two types of simulated fallout were nlso prepared. They were
distinguished by the size of microscopic spheres used, which simu-
lated the size of fallout particles close to or far from the site of det-
onation. 21 subjecta were fed simulated local fallout, and 22 simu-
lated distant follout. Finally, 22 subjects were (el selulions of
strontium or cesium. The nmounts of radionctive material fed to
subjects in all experiments ranged from (1.4 to 2.5 microcuries of
Strontium-45, or 0.5 to 14 microcuries of Cesiimn-134. These vnlues
con be compared with the maximum permissible occupntional body
burdens of 60 microcuries for Strontium-R5, and A0 microcurics for
Cesiuimn-134.

The Departinent of Energy reported no Jong term m follaw
up on these subjects. These experiments were reported ientif

ANAl tin 4~n
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CATEGONRY §).004, NUMBER 186G, PART IV

Lanthanum-140 administered lo humans

The paper cited in Number 186, Part A, G.V.. LeRoy et al., re-
ported an earlier study in which b4 hospital patients were fed ra-
dioactive Lanthonumn-{40, and the passage of material through the

astrointestinal tract was meosured by counting excreted matter.
ft appears that the Department of Energy did not report (o the
Subcommitiee on alia experiment, but it was published in R.L.
Hayes et al., Henith Physics 9, 915-920, 1963, and the Subcommil-
tee obtained a copy of the original reference from tho Library ol
Congress, Congressional Research Service. This expe..nment was
carried out nt the Oak Ridge Institute of Nuclear Studies, and was
‘unded by the Atomic Energy Cotnmission. .

The objective of this experimenl was o mensure the movement
of rodionctive material through the human body, and estimate the

-dose ta Lhe lower Inrge intestine from materials that the body does

not absorb. The experimenlers noted that movement throngh the
body varied wilh individuals, nnd these experiments altempled lo
tensure the extent of such variation, -

Subjects were fed 10 or 20 microcuries of Lnnl-hu_num-MO. (For
comparison, the maximum permissible body burden Jor occuratlon-
al exposure ia 10 microcuries.) Movement of this substnnce t lroglgh
the body was examined by collecting fecal samples aud counling.
Subjects were patients from the clinical pmfrum_ nt the Oak Ridge
InsGitute, and ranged in age from 7 (o 76. All subjects were selected
because they had normnl intestinal tracts. which were not allecled
by their discascs, Subjects thus rcccivul.uu‘ mg.d.lcnl benelit from
(he experiment. To mensure vacinbility in individunlg, R subjecls
were Tod Tanthanum twice, nnd one was fed theee times.

Category 12. Metabolic and Physiological Studies
CATRGORNY §2.001, NUMBER 16

Strontium and calcium injected in terminal cancer patients

The material which the Department of Ener submitted to the
Subcommittee on this project included ANL~b 04, a 1959 report
from the Argonne National Laboratory. This report sm:nmarlzed
data on the retention by humans ol calcium, strontium, and
radium. One of the references cited was Schulert et al, Int. J. Ap-
plicd Rudiation and Jsotopes 4, 144-163, 1959, The Department of
Energy did not supply this reference, but the Subc‘ommltbee 'ob~
tained n copy of the original through the Library of Congress, Con-
gressional Resenrch Service. k Pe S -

In these particular experiments, rudioactive Calciwn-45 or Stran-
tiwn-H5 were Injecled into twelve terminnl cancer patients, nnd.lhe
distribution of each subsiance in tissue and boue was delermined
al autopsy. These experiments were carried out at Columbia Uni-
versity and the Monteliore Hospital, Brong, New York.

. The objective of Lhese experiments was to measure the absorp-

tion by different parts of the body of strontium, a product of nucle-
e Y B lnmnmmnc nf nnyclenr wenpons fn{l'out. In or_dcr};o

RH|

ers desired to determine the retention by different lissues of stron-
tium compared to calcium; strontium mimics calcium chemically
and concentrates in bone. As the scientific paper explained, sub-
jects were chosen so they could be pulopsied fairly svon afler injec-
tion: "Since autopsy analyses were employed, the patients were, of
neoessitaol’ Jimited life expectancy with cancer involvement, and
ﬁg)not considered ns normal healthy adults.” (Schulert et al,

Ten patlienls were injected with about 1.b micrucurie per kilo-
ﬁram body weight of Strontium-85, and abuvut 0.4 microcurie per

ilogram of Calcium-45, Tota)l doses would have been 64 to 114 mi-
crocuries of strontium, and 17 to 30 microcuries of calcium. For
comparison, the occupational maximuwmn permissible body burdens
are 60 microcuries for Strontium-85, and 200 microcuries for Calci-
um-45, These patients lived from 3 hours to 124 days. An additiona)
terminal patient injecled with stronltium only survived for 25l
days, and one patient injected with calcium only survived for 960
days. Palients ranged in age from 49 lo 72,

CATEGORY 12,001, NUMUEI 109

Technetium administered to humans

During 1965, Technelium-96 (metantablel nand N were adminis-
tered Lo B subjects. Rulention und absorption of (echnetinm were
monitored by counting the bodies of subjects nnd by counting vxcre-
tions. Doses were adiuinistered lo subjects at the Universily of
Washington, counling was carried oul hy the Uncilic Northwest
Laburatory, Richland, Waushington. The Atomie Energy Conmmis-
sion funded the work of the Pacific Northwest Laborntory.

Technetium is a product of nuclear f{ission sud ir presenl in
rather high coneentrations in wastes (rom nuclenr reactors. At the
time ol these experiments, lechnetivin was being separated from
nuclear wastes at the feders) facility near Richland, Washington.
In addition, Lechnetium was also used for wmedical diognoses. The
objective of these experimments was Lo oblain information on the re-
tention of technetiumn in the body, lo help assign occupalional expu-
sure [imits.

Four subjects were injected, and four subjects were fed techueli-
urn. Each subject received 20 microcuries of Te86mm and 60 micro-
curies of Tc-96. (For comparispn, the occupalional maximum per-
missible body burdens are 70 microcuries for Te5m and 10 micro-
curies for Tc-96.) Suinples of sweal, plasina, lears, urine and feces
were collected, and observatious were made for up to 60 dnys on
some subjects.

These experiments were reported in a scientific puper, T.M. Beas-
ley et al., Health Physics 12, 1425-1445, 1966. The Department of
Energy veporled there was no long term follow up of these subjects.

CATEGORY 12.001, NUMRER |19

Promethium administered lo humans
In 1967, Promelhium-143 was administered fo 14 subjects. Ab-

sorption and retention were followed by connting the bodies of sub-
jectn, and by mensuring the activily mn hlood and excretion sum-
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Jles. 6 subjects were injected with promethium and observed for re-
ention. 2 subjects drank orange juice with promethium in solution.
@) sub{'ccts were injecled with promethium and then injected with
™ he cheluting agent diethylenctrinmincpentaacetale (DTPA), and
0 he ability of DTPA lo remove promethiun {rom the body was ex-
imined, These experiments were funded by the Atomic Energy
mJommission ond were carried oul by the Hanlord Environmental
© Jealth Foundation and the Battelle Memorial Institute, both at
¢ Richland, Washington.
8 The experimentls were conducted to determine the uptake, reten-
12 sjon, distribution, and excretion of promethinm in humans. The in.
® ormation obtained wonld help to develop an excretion model for
™ lingnosis of promethium in humans, lo form a basis for radiation
0 :xposure, and to .determine the dose from accidental exposures.
" e considerations were relevant o occupational exposure of per-
v » handling promethium.

Injected subjecls received 0.1 microcuries of promethium. Two
bjects drank 10 microcuries of promethium. Administered prep-
irations were mostly I’N-148, but some Pm-144 wns also present.
Little promethinm wns relained by the two subjects who drank it.

= Jowever, about holl” of the injected promethium deposited in the
iver within n few minutes, and most of Lhe remaining promethivin
leposited in the bone within the next 5 hours. Subjects were fol-
owed for one year, during which this distribution remanined un-
thanged. The effectiveness of DTPA in enhancing excretion of pro-
nethium declined with time: When DT'PA was injected 30 minutes
ifter promethium, it removed 90 percent of the radionctive materi-
o aller 24 hours, il removed only 26 percent; and after 80 dnys, it
‘emoved only 5 percent.

These experiments were reported in a scientific pnper, H.E,
“nlmer, LC Nelson, Henlth PPhyaics 1R, 6361, 1970, ''he Depart-
nent ol Energy reporded (hat no follow up was conducted beyoud
he one year abservation nfter {he experiment.

CATEQGORY 12,001, NUMWER 111t

Phosphorus-22 injeeted tnfo humans

During 1963, live subjecls were injecled wilth Phosphorus-i2.
5 Mhree of the subjects were Jmtienls at the University of Oregon
] H H Y 9
 Medical Schuol who received the P-32 as part of the therapy for
slood discases. The vther two subjects were injected al the Swedish
in Hospital in Seattle for purroses only of calibrating equipment.
N These experiments were funded by the Atomic Energy Commission
Dand carried out by the BDatlelle Mewmorial lustitute, Richland,
Washington.
3 The reasons for carrying out these experiments were described in
A a seientific paper:
T Fishoond waterfowd thet feed in the Coluibin River downstrenm from the 1lan.
pl. lorel reactns ucquise some eadinnnclides that epter the river with the efiluent water
T 0 and G n mee the prineipal nuclides (ound, und suckers and whitefish usu-
Z alk: conluin the gremest cyneenlration of these nuclides, Sinee sportsmen obtnin
‘L and eat the witerfond und fish from the Columbia River below Bonford, a method
of measuring l&kwc-l bndy Lrden of these uuclides in humnna is needed. Since

G5-7m is » g nifter, bhadye bundens down to 1 ne [nanscuric] con ensily be
et et fwon bode comnlier. Focder ¢ has deseribed nn expeoment o whivh
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0 subject ate wt-eklr menl of whiteflsh and the accumulntion of the 66-Zn in the
body war studied. 321" dons nol emil. & ganumnn eny and i is mach more difficult to
mecasure. Thig puper describes n method hy which bady burdens of 12-P down fo 40
ne can be muasured. J1E. Palmor, Health Physics 12, 605-G0R, 1066, Nefercnces }
and 2 are rublicuﬂona designatod HIW-RON9L, 1064; and HW-SA-3010, 1963, These
nre prohably Ateniic Encrgy Commission documents,)

One subject was injecled with 425 nc of P-32. A second subject
was injected with 600 nc, then reinjected afler 28 days with 425 nc
more. Injection doses for Lthe other subjecls were not reported. This
same scienlific paper reported another experiment where humans
ale radioactive fish:

One ronson for developing a sensitive, in vivo counter for 32-1° wes to mncasure
people who eat Columbin River tikh, The significonce of this Intake with relntion \o
the maximum permissihle body burden has been’ discursed in another publiention.
(1) Five subjocis ate 3% Ib each of whitefish which had been cogelit in the Coluinbin
River. After nllowing 1 duy for absurption of the 32.P, the subjcla were mrarured
for 20 wmin with lhedeinllun] counter and showed Iody burdens ol 70, 110, £9, 72,
and 98 ne . , . . The maximum permisgible body burden Tor occoputionnl exposure is
00 nc.: (Jbid., 607. Referenoe 1 is TIW-RUS91.)

The Deparlment of Energy reported that no follow up was con-
ducted on these experimental subjects.

CATPGORY 12.001, NUMARIR 128

Humans inhaled tritinin

During 1951, six subjects cach inhaled “a few’ millicuvies of triti-
um. (For comparison, the mazimum pcrmissibl(-. vecupalionn) body
burden for tritiwmn is 2 millicaries.) Tritium concentrntion in urine
was monitored for the following 15 duys. There expoeriments were
funded hy the Alomic Energy Commission and were covried ouf af
the Los Alomos Scientific Luboratory, New Mexico.

The objective of this experiment was to investigale the rate of
appearance of tritium in urine. This knowledge would help i the
establishment of occupational exposure limits, No follow up on
{hese subjects was reporled.

CATEGOTY 12,000, NUMBER 174

Radivactive material administered fo humans o calitvate equip-
ment

Between 1965 and 1972, 8 individunls were involved in 13 differ-
ent human experiments, All eight were employees of the ldaho Di-
vision of the Atomic Encrgy Commission. 1n four experiments, sub-
jects inhaled Argon-4]; in nine experiments, subjecls swallowed
cappules containing microcurie amounts of radioactivily. These ex-
periments were funded and carried out by the Atomic Energy Com-
mission.

The objective of this experiment war to calibrate instruments
that weasure radivaclive substnnces inside the human body: such
instruments are usually used to exnmine workem accidentally ex-
posed or hospiltal palients recciving radionctive waterial for
dingnoslic purposes. A secondury objective of the experiments was
to exnmine the metabolism of radionuclides ingested or inhaled by

humans. - -y
Some of these experiments were reported in scientifi

erg. In
the Iirst set of cxperiments, one subjeet was fed one n:‘ric of




Hif

Manganese-54; another subject wns fed nn unspecified amount. of

[-dine-131 (J.I. Anderson and D.G. Olson, Health Physics 13, T19-
¢ 142, 1967). In a second set of experiments, individual subjects were
'fed 8.5 microcuries of Cesium-1J2, 1.9 microcuries of Potussium-42,
-or L1 microcuries of Mangancese-54. In addition, 4 pubjects inhaled

Argon-41 in amounts of 1.3 tu 2.2 microcuries (D.G. Olson, Health

Pirysics 14, 439-447, 19G8). In a third experimenl, one subject wans

rd 1.6 microcuries each of Cobalt-60 nnd Cesium-137 {J.1. Anderson

-1d D.G. Olson, Health Physics 23, 825-332, 1972). 3

The Department of Energy reported there was no medical follosw
ip of any of these experimentnl subjects.

38

OTHERN SUARJIBCTS

Where some or nll of Lhe human subjects are llkely to be vulnernble Lo overcion or
undue influence, such oa persons with ecute or severe physieal or mentnt illness, or
poreons who nro sconomically or educationally dinadvanlaged. spproprinte addition-
ol safeguards musl be included in the study to protect the rights and welfare of

these subjocls. (40 FR 40.111)

1t ghould he noled thal under there roguintions, the experiments previously do-
scribed with prlsoners, nnd which used minors os subjects, would hinve boen. strictly
prohibited. In addition, many other experiments uged patirnta wilh severe ilinesses
or who were dissdvantoged. and there is nue fndication (hat snfegunrds were incoryo-

. tated into the ergrerimenta (o prolect these subjects.

O

APPENDIX

L Y

Cunneny Punrnar Rrurta11ons ok tin I'noreenon oF Husan Sunsvers

Current regulotions on the use of human subjects Tor experfinents are descyibed
in Thle 45 Code of Federal Regulations. Part 46 645 CFR 161 revised ne of Octoher
1, 1985, These regulntions cndf for specinl coquirements whea prisosers, ehildren, ar
other specified enlegorics of persons nre used ns subjeets,

GHNERAL FROVISIONS

Experlinents on hiinnn subjocts must satisfy the followlng crlterl:

th) Risky to subjeets should e mininiizsl.

{21 Riskn Lo subjecty shuuld be repsunnble in relotion W anticlpated bendits, and
the importanee of the knowledge ot niny rensonably be exgected t resalt,

111 Subjects showdd Ine selocted in an rquilnble manner.

3 Bafrnned comarnt #hall Ine koisght By eacly primtprectivee wubiieet o thae subsjratCa
lepadly authorized sepesentative. Informed consent inchides 1 vl decriplivn of
the rigks and benelitse of the experimental proesilare, 05 CER 6.8

Ingson i

Hionuedleal or behaviora) 1emarch may involve prisoners we it andy il the
parpesne of the propossd research is Lo:

(1 study the pessibie canzes, effvets, and provesses of fnenmemGion or of crfiminut
lichavior

(2t study prirons as Institatlons! sleuclures or prisovers ue fmsarecred pessong;

CI conduet resenreh on condilions parlicularly nffecilog prissners oy a1 cliss i
example. vaccine trinls vr other remarch on iepatitis, which & more prevident
among prisoners than the genernd populatlons:

) exnmine practices, both nceepled and exporimental, which Gove the ntent and
r'enr»'mblr probability of iinproving the health ar well-befme of the subject, 145 FIR
462300

CINLHEN

A child ik nn iudividvual who has not wltained the tegal age e consent (o fremt-
ments or procedures involved in the reseasch, undir the applicedle Tiws of the loen.
tion where the veaearch in to be conducted (45 I 64021

A child may be used as n subject onlyyupon receipt of permizsion from novents
nnd assent [rom the child, wnder conditions whese (he ehild s Judged eapuble of pry-
viding nesend (48 FR AGA0R), U pecmiscion und wsent are obinined, rescorels enn be
conductid only if une of the fulfowing conditivns is met:

t1) The resenrch poses no grester um minimal risk 149 FR 46.4040,

(2) The rereorch presente more than minimial rvisk, but 1he procedure holds out
the prospect of direet benefil for (he individunl subject or Is likely lo cuntribule o
1he subjeet’s well-being 45 FR J6.105).

{3t The research prescals more than miniwnl risk, doer not hiold out the prospect
of direct hencfit (o the subject, bul the grocedure is likely to yield gencernliznble
knowledge nboul 1he subject’s disorder or condition which is of vital impartunce for
understnnding the dizoeder ov candition 1 ERV 46.506),

¢ The research prvsent(s o reasonable appartanily te hrther the undeedanding,
prevention, or mHlevintion of o serjour problem alfecting the henlils or wellre of
childven 445 FIU 460071
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