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TRANSURANIUM REGISTRY:
P R O G R E S S A N D E X P E CTAT I 0NS
INTRODUCTION
Since the transuranium elements are both very hazardous and extremely useful, it is vital that we know as much as possible about the disposition and effects of these elements when they accidentally gain entry
to the human body. It is anticipated that there will be a rapid increase
in the use of the already-discovered elements, and that in addition to present transuranium elements with atomic numbers from 93 to 103, many
new elements will be discovered with atomic numbers far above 103.’. ’
In anticipating the increasing benefits from these elements, we must be
ever aware of their potential hazards and continue a most \ ‘1’ gorous
program of evaluating and minimizing the hazard to employees and to the
environment in general. T o assist in the evaluation of these hazards, the
National Plutonium Registry was authorized by the U. S. Atomic Energy
Commission in August 1968. It is operated by the Hanford Emironmental Health Foundation with the cooperation of Battelle Northwest.
The name of the Registry was recently changed to U. S. Transuranium
Registry to indicate that all transuranic elements are included, since the
original title appeared to exclude transuranic elements other than plutonium. Since other nations have indicated an intention to estabkh
similar registries, use of the term United States better delineates the area
covered than does National. This paper discusses the purpose, pmgres~
and expecfations of the Registry.
Hanford Environmental Health Foundation, Richland, Wash. 99352
Supported by the U. S. Atomic Energy Commission.
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NEED FOR REGISTRY

Animal us Human Experiments
Maximum information must first be obtained by subjecting a variety of laboratory animals to the effects of the various compounds of transuranium elements, administered via all possible routes of entry. Our present permissible limits for plutonium are based on the results of such
experiments, still in progress, plus information on the toxicity of radium
in animals and in man. The metabolism of plutonium in the body differs
greatly from that of radium, especially under the usual methods of entry:
by inhalation and via wounds. Extrapolation from animals to man leaves
much to be desired. For example, Evans observed that the concentration
of radium to produce bone sarcomas in rats was 400 times as great as
that required in man.3 Hence, it is highly desirable to determine actual
toxicity of the transuranium elements in man.
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Experiments Using Humans
Many years ago, Langham and associates administered small quantities of plutonium citrate intravenously to men who were suffering from
incurable diseases, and determined the daily output of plutonium in urine
and feces over a comparatively long period of time.' The decay curve^
relating input with daily output are reasonably accurate for cases in
which plutonium citrate is injected in the veins. However, while many
accidental depositions have occurred, I do not know of one in which
plutonium citrate was injected into a vein. Deposition is usually by inhalation or via flesh wounds, and the plutonium is usually in the form
of the metal, the oxide, the nitrate or the fluoride. Most of these compounds are poorly soluble in the body fluids and are metabolized in the
body quite differently than is the intravenously-administered soluble
citrate.
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Animal Experiments
In animals receiving variable sized doses of plutonium by inhalation
and through wounds, malignant disease has been produced in lung, bone,
** lo
liver, nasal sinus, lymph node, skin and subcutaneous tissue.'.
*I

'3

3'

HEALTH RECORD
To our knowledge no serious injury which might be attributable to
plutonium deposition at work has occurred to date to man. However,
a lesion described as probably precancerous resulted from a relatively
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small subcutaneous deposition of plutonium in a wound.” Considuing
these things, it seem highly desirable to administer minute quantities of
plutonium to normal humans by inhalation to detumine whether human
metabolism of this element simulates that of animals. However, because
of the extremely long half life (24,400 years) of plutonium-239 ( 2 s o P ~ )
and the long residence time in the body, it could result in undue risk to
the volunteer. Pu-237 has been considered as a possible substitute for Pu239 in human tests because of its short physical half life (45 days). However, it is difficult to prepare in pure form and its specific radioactivity
is so great that amounts considered absolutely safe for administration
would be too minute to allow comparative human studies to be made.
E S T I M A T E OF I N T E R N A L D E P O S I T
While many internally-deposited radionuclides emit penetrating
radiation measurable outside the body, the alpha emission from plutonium
and many of the other transuranic elements, while locally very damaging, cannot escape from the body for measuring as an aid in determining
organ content. Estimates of internal deposit based upon urinary and/or
fecal excretion may be very inaccurate, especially for insoluble particulates. Relationship of delayed illness,such as malignancy, to chronic
work exposure may be difficult to determine without long-term studies.
Carefully conducted studies in depth of individuals at risk, as well as
epidemiological studies, are required to improve w r ability to determine
the degree of probability that a malignancy has resulted from a deposition of a transuranium element. From the above discussion one may
reasonably conclude that there is a real need for a Registry.
F U N C T I O N OF R E G I S T R Y
The function of the Registry is to ensure that the details of workers’
exposure to the transuranic dements of interest can be correlated with the
worker’s subsequent morbidity, postmortem and mortality record. I t accomplishes this by collecting, coding, analyzing and data processing
material on the health and health physics aspects of present and past exposed employees during life, and comparing these data with pathological,
bioassay and mortality findings after death.
NEW HORIZONS IN PREVENTIVE MEDICINE
The Registry represents one of the most advaqced programs in the
,
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field of preventive occupational medicine. Through periodic medical
examinations, autopsy studies, morbidity, mortality and nation-wide
Epidemiological studies, in addition to animal pharmacological studies,
every presently known method is being w d to determine the metabolism of transuranic elements in man, and what changes may result,
at a time when no serious effects have been observed. The U. S. Transuranium Registry differs in this respect from the Radium and Beryllium
Registries, which were started only after it was observed that many individuals were seriously ill apparently due to work exposures to these
elements. The Registry will try to determine the minimum deposition of
the transuranic elements which will cause serious deleterious effects during
the lifetime of the worker.
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0P E R A T 1N G M E T H O D S
The Registry endeavors to protect the interests of workers, employers,
and the public by serving as a national focal point for the acquisition and
dissemination of the latest and most precise information about the effects
of transuranic elements on man. This is done by data processing methods
of storage and retrieval. Permission forms for release of medical information and to perform autopsies have been developed, in accordance with
standard medical practice, and approved by counsel.
The study was started at the U. S. Atomic Energy Commission Hanford Project to evaluate methods of data collection and for securing permission for medical information and autopsy. Such permission is requested
by physicians at the time of periodic medical examination. Support for
the program has been most gratifying. After 12 months of operation,
770 transuranium workers have been identified and cooperation requested. 747 (97%) have signed medical reIeases and 205 (27%) have
authorized autopsies. In requesting autopsies, major stress is placed on
the fact that knowledge gained may help prevent illness in other employees.
Past, present and future transuranium workers constitute the population at risk and these are being compared with employees not at risk, with
respect to health, longevity and cause of death. A transuranium worker
is defined as one whose occupational activities offer reasonable opportunity to acquire internal deposition from unsealed sources of a n y of the
transuranium elements; quantities greater than those present as a result
of non-occupational e x p u r e s . Generally at contractor and certain
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licensee plants these are the employees who are placed upon routine bioassay of urine or feces for suspected transuranium elements, or have external whole body or organ counts to detect penetrating radiation emanating from certain internally-deposited transuranium elements. The Registry
has made provision for the receipt of information by telephone at any
time of the day or night.
A library for accumulating the latest information on the medical
and health physics aspects of the transuranic elements has k e n established. The information on record is being computerized for easy retrieval.

rough periodic medical
tality and nation-wide
~harmacologicalstudies,
.o determine the metaiat changes may result,
ved. The U. S. TransurRadium and Beryllium
observed that many invork exposures to these
minimum deposition of
leleterious effects during

AUTOPSY TECHNIQUES

s of workers, employers,
for the acquisition and
nation about the effects
lata processing methods
ase of medical informaed, in accordance with
:l.
iergy Commission HanIJ wid tor secumg perpermission is requested
3mination. Support for
' months of operation,
id cooperation requestmd 205 (277,) have
:jor stress is placed on
i t illness in other em-

constitute the populailoyees not at risk, with
L transuranium worker
er reasonable opportusources of any of the
ose pment as a result
mtractor and cm-tain
j

1002185

I

I

I

Recent findings in both laboratory animals and man have shown
that by far the highest organ concentration of plutonium is in tracheobronchial lymph nodes, when relatively insoluble plutonium compounds
are inhaled. Concentration may be high in other bronchial, mediastinal
and hepatic lymph nodes." In usual autopsy procedures, the thoracic
and mediastinal nodes are located with difficulty. When feasible, best
results may be obtained by securing a complete lung and mediastinal
contents, with the exception of the heart. The bronchial tube is filled
with 10% formaldehyde to maintain the anatomical structure of the
lungs and then immersed in 10% formaldehyde fog two days. The lung
is then cut in 3 to 5 mm sections with a meat slicer and viewed with an
x-ray film viewer. The lymph nodes are thus identified and made available
for bioassay.
LABOR R E L A T I O N S AND MEDICO-LEGAL
IMPLICATIONS
Coding and data processing methods are used to cloak the identity
of employees. Where the full cooperation of contractors and licensees is
obtained, all employees at risk are included in the study. This minimizes
the apprehension which might be engendered if only employees whose
estimated depositions exceed some arbitrary percentage of the permissible
burden were included. Under many conditions, estimates of organ depositions may be grossly inaccurate, even though the most acceptable
techniques and equipment are used in making the estimate. During the
more than a year in which the program has been very actively pursued at
Hanford, there have been no labor relations or medico-regal problems that

U. S. TRANSURANIUM REGISTRY PROGRESS A N D EXPECTATIONS

536

have come to our attention. The program has the wholehearted support
of the Atomic Energy Commission, which is asking for voluntary participation of contractors and licensees. Following the excellent results to
date at Hanford, many of the contractors and licensees have entered the
program and others will become a part of the program as soon as funds
and personnel are available to handle the expansion.
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CONCLUSION
Since the transuranium elements are both very useful and extkmely
toxic, it becomes necessary to study their metabolism and measure their
toxicity in man. While human testing would be helpful, it appears to be
too hazardous. A registry collects, codes, analyzes and data processes
material on the health and health physics aspects of present and past
exposed employees during life and compares these data with pathological,
bioassay and mortality findings after death. This appears to be the most
satisfactory method to detpmine whether the toxicity findings in animals
are applicable to man and to improve our ability to determine internal
deposition of the transuranium elements. The Registry’s progress to date
has been highly satisfactory.
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