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PREFACE

The Interagency Radiation Research Committee, established June 9, 1980 by the Secretary, Department of
Health and Human Services, pursuant to a Presidential Mandate, is the successor to the Committee on Federal
Research Into the Biological Effects of Ionizing Radiation. The Committee* is responsible for the preparation of
an agenda for Federally sponsored and conducted research into the biological effects of ionizing radiation and
for a strategy to accomplish the agenda.

Working Papers, prepared for the Committee and presented at the Public Meeting on March 10 and 11, 1980,
constituted the significant substance of that meeting. Authors of the Working Papers were given the opportunity
to modify their texts subsequent to the meeting.

Comments received from the general public and from scientists not involved in the presentations of the Working
Papers at the meeting, are included with the papers to which they most logically relate and are indexed
accordingly.

The authors' final versions of the Working Papers, together with the written public comments and summaries of
the discussions of the scientific issues which followed the presentations are provided here as the P~oceedings of
the public meeting.
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Welcome and Introductory Remarks

DR. FREDRICKSON: Good morning, ladies and gentlemen, l-'.d like to
welcome you here this morning, on behalf of a group which represents those
agencies of the Federal Government that support and conduct radiation
research. I refer to the Committee on Federal Research Into the Biological
Effects of Ionizing Radiation. The NIH is just a part of this committee
and is very glad to join its sister agencies in sponsoring this important
meeting.

This morning we are in a building called the Clinical Center. It
serves a dual purpose. It has to be a very good hospital and provide
service and care for people who are ill. But it a":o is a place well-
equipped to continue the inquiry, the search for truth that is scientific
research. This auditorium represents a similar duality. It is a place
where there can be declamations or virtuoso performances by soloists,
including coloraturas whose themes come from science or other arts. Of late,
it has also become a laboratory for the conduct of experiments that seek to
establish some reality or common agreement, particularly relating to the
social dimensions of discoveries or inventions that arise from science.

This meeting is one of those searches for consensus. Its origin partly
lies in an amendment to the Community Mental Health Centers Act, enacted on
November 9, 1978. Tacked on to the end of the Act, as important bits of
legislation sometimes are, was a tiny section that said that the Secretary
of HEW shall establish a comprehensive program of research into the biological
effects of low-level ionizing radiation.

And part of those directions that followed it, brief and terse, included
the sentence: "The Secretary shall conduct a comprehensive review of Federal
programs of research on the biological effects of ionizing radiation." This
was the result of congressional hearings that brought into the open many of
the tensions that surround the subject of ionizing radiation and make it also
a source of great social and political concern. In these hearings, some
criticized and questioned the role of government in managing this kind of
research. There was an implied challenge to the credibility of Federal
scientific programs, a charge that all of us who are scientists, either active
in the laboratory or responsible for program, must take very seriously.

One of the acts that followed this order was the creation of the Federal
committee whose long name I've just read to you. Its creator then, almost
a year ago, was the Secretary of HEW. Under a memorandum from the President,
dated February 21, 1980, this Committee was established by the Executive and
moved from its astral status as a voluntary group into a more formal structure
that is part of the presidential response to the recommendations of an inter-
agency task force on the health effects of ionizing radiation.



The Committee that is sponsoring this meeting is chartered to do
several things:

One, it is to coordinate ths planning, implementation and evaluation
of Federal radiation research programs. It is charged to identify research
priorities, to ensure that research is conducted and funded by the appro-
priate agencies under guidelines developed by the Committee, to assure that
the research needs of the regulatory agencies are addressed on a timely basis,
to review agency research budgets and comment upon them to the OMB, and to
develop criteria for Federal radiation research management following a review
of the current and past programs by the National Academy of Science. That
review is now being conducted by the Academy through a special committee,
some of whose members are here today.

The Federal Committee is also to perform many other tasks related to
radiation research. One of these tasks was found, not in the statute itself,
but in report language that accompanied the passage of the bill. There Mr.
Paul Rogers, then the chairman of the Committee that passed this act, charged
the Committee to assess, in consultation with the National Academy of Sciences
and appropriate Federal agencies, the needs and direction of future Federal
research programs, including the requirements for personnel and funding.

Thus from the hearing record that led to passage of this legislation
emerges a fundamental responsibility: the responsibility to shape, to examine
and reshape, and project for the future a strategy for the research on the
health effects of ionizing radiation.

This is a subject, as I've already indicated, of great concern to many
people, not only scientists but to everyone, because of the nature of radia-
tion and the necessary balancing of its obvious benefits and its clearcut
potential for doing harm.

Among the issues about which consensus is being sought in this last
quarter century, then, are some related to public participation in scientific
affairs. Today we hope to exercise, in an appropriate way, that opportunity
for people with varied interests and concerns about this subject to listen,
to have an opportunity for comment, and to play a role in the development of
an agenda for the future of radiation research.

During these last two weeks, we have witnessed a great concern about
what the Federal budget for science shall be — indeed the Federal budget
for all kinds of activities — in the face of the need to curtail inflation.
This concern makes this meeting especially important, for it's quite obvious
that we'll never have enough funds from Federal or other sources to answer
all the questions that are outstanding in our minds.



The need to define priorities and to select those that are most urgent
and which can most likely be solved by the application of science is part
of our task today and should form a central part of any Federal agenda. The
outcome of this meeting will be used to develop this agenda. The strategy
that emerges to complete the agenda will be the subject of comment and perhaps
change by the same Academy committee that is now reviewing all of the Feueral
programs for the research into ionizing radiation effects.

The Co-Chairman, along with me, of the Strategy Subcommittee is Mr. Frank
Arsenault of the Nuclear Regulatory Commission. I should like to thank him
and his committee for the tremendous amount of work performed in preparing
this meeting today. Two members of that committee, Dr. Oddvar Nygaard, an
expert currently with the Cancer Institute, and Dr. Charles Lowe, a long-time
colleague of mine who has been extraordinarily helpful in lending himself to
the many staffing and mundane requirements of observing the conduct of both
the Academy study and the preparation of the strategy, deserve the thanks of
all of us for the effort that has gone into preparing this particular exercise.

We're very greateful, too, for the service of the two persons who will
be co-chairmen of this meeting today. Professor Walter Rosenblith arrived
at a late moment to rescue us, as your programs will indicate, when Dr. Ivan
Bennett could not be present. He is the Provost of HIT, and old hand at
matters of radiation and hearings and looking for strategies, and we could
not have a better replacement than he.

Serving with him is Peter Barton Hutt of Covington & Burling, whose
experience has given him deep knowledge of science as affecting the Federal
regulatory process; he is also a veteran of exercises of this kind.

I know that they will bring us through the day and they will extract
the most from all of us in attempting to lock at a proposed Federal radiation
research agenda in the manner that it has been prepared.

So'le'tme now turn the meeting over to the first of our co-chairmen,
Dr. Walter Rosenblith. And again, Twfsh you all welcome and hope that this
will be a very good meeting on an extremely important topic.

DR. ROSENBLITH: Thank you very much, Don. Peter Hutt and myself are
going to try to be non-invasive and non-repressive Chairmen. The job
of the chairman has been defined in a variety of ways. One of them is:
to protect the time of the last speaker. We intend to do just that.

Next you will hear from Dr. Upton, who will talk about the background
and significance of current ionizing radiation research.





Background and Significance of Current
Ionizing Radiation Research Effort

DR. UPTON: Thank you very much, Mr. Chairman.

Ladies and gentlemen: I t i s indeed a great pleasure and privilege for me to
be here, since I have devoted the bulk of my professional career to the study
of radiation injury, and have been acutely conscious of the problems and issues
to be discussed today and tomorrow.

As summarized by Dr. Fredrickson, the current effort aimed at development of
a federal strategy for research i s a logical—perhaps inevitable—outgrowth of
attempts to arrive at ever-more precise and quantitative estimates of the
potential risks of radiation exposure. With the abandonment of the threshold
hypothesis, i t was inevitable that concerns about the risks of low-level radiation
would become increasingly pressing.

The threshold hypothesis was abandoned first in relationship to the production
of genetic injury, when i t was recognized that damage to a single DNA molecule
in a single germ cell might potentially be transmissable to offspring in the form
of a mutation or other genetic detriment. When the DNA repair process came to be
known, i t was hoped chat the repair might be more or less complete if the dose were
small enough, resulting in the total reversal or elimination of the init ial
molecular lesion. But then i t became obvious that DNA repair wasn't always complete,
and that in fact some forms of misrepair might themselves be important in the
production of mutational damage.

More recently, there has been increasing concern that the initiation of the cancer
process might involve mutation-like damage to somatic cel ls , in which case again,
damage to a single molecule in a single cell might conceivably under appropriate
circumstances contribute to an increased risk of cancer.

This range of problems first became a matter of worldwide concern in the 1950's,
during the f i rs t large-scale series of atmospheric tests of nuclear weapons.
At that time, public concern about the cumulative effects of undiminished
testing led to various national and international reviews of the biomedical
effects of low-leve.l radiation.

These reviews had, of course, been preceded by systematic assessments in the
scientific community, dating back to the 1920's. The National Council on Radiation
Protection and Measurements was an outgrowth of such pioneer efforts in this
country, and the International Commission on Radiological Protection was an
outgrowth on the international scene. Both have been concerned with the same kinds
of problems since about the same time.

The concern about fallout in the 1950's led to systematic review of the problem
by the National Academy of Sciences. The resulting reports of the MS Committee
on Biological Effects of Atomic Radiation—the so-called BEAR reports—were soon
followed by the establishment of the Federal Radiation Council. The United Nations
Scientific Committee on the Effects of Atomic Radiation also began actively
reviewing these concerns in the 1950's. During the past decade, the National Academy
of Sciences Advisory Committee on the Biological Effects of Ionizing Radiation—the
so-called BEIR Committee—has published an updated series of quantitative evalua-
tions of the risks of low-level radiation.



With the abandonment of the threshold hypothesis, quantitative risk assessment
is needed if one is to arrive at sound risk-benefit comparisons and wise choices
among policy alternatives.

Controversies in the scientific community about the estimates of the risk of
low-level radiation have intensified public concern in the recent past. I might
mention several of the controversial studies quickly in passing, although I
suspect that more will be said about them later today and tomorrow.

A study on the incidence of cancer in workers at the Hanford Nuclear Plant,
reported by Mancuso and co-workers, has suggested that the potential cancer
risks of low-level radiation are larger than have been estimated heretofore by
national and international committees of experts.

The same suggestion has recently been reiterated by John Goffman, a perennial
advocate of greater caution, in an article in "Health Physics" presenting his
own analysis of the Hanford data.

Another report suggesting the possibility that the risks of low-level radiation
have been underestimated was published by Najarian and coauthors, who have reported
an increased incidence of leukemia in workers at the Portsmouth Nuclear Submarine
Yard.

An additional source of concern is a preliminary report suggesting an increased
incidence of leukemia in military personnel exposed to radiation in the Smoky
test.

Also provocative is a report, by Lyons, suggesting an increased incidence of
childhood leukemia in the parts of Utah most heavily contaminated by nuclear
fallout from the Nevada test site.

Ihe controversy in the scientific community created by these reports has caused
public confusion, suspicion, and distrust. Furthermore, in Congressional hearings
on the subject—a succession of them have been held—there have been criticisms
of the process by which this kind of research was initiated, conducted, reviewed,
and supported. In short, there have been concerns about potential conflicts of
interest in the scientific establishment and among the agencies in government
responsible for the support of such research.

It was this atmosphere of public concern and public suspicion—in part a legacy
of the Watergate and Vietnam periods—that led the White House in May of '78 to
call upon the Secretary of HEW for the coordinated review which Dr. Fredrickson
mentioned. The review was to concern itself with research on the health effects
of ionizing radiation, the dissemination of information to the public, the care
and benefits of persons injured by exposure to radiation, and steps to reduce
adverse radiation exposure.

In response to the White House, the Secretary formed an Inter-Agency Task Force,
which in turn led to the Committee that Dr. Fredrickson mentioned. Ihe committee
has met regularly during the past year, under Dr. Fredrickson1s chairmanship. This
public meeting is an outgrowth of the Committee's efforts to assure an appropriately
broad review of problems within the scientific community and the public at large.



Major issues to be considered are summarized in the program booklet and will be
addressed by succeeding speakers. To me, one can boil them down into several key
questions. First of all, what do we know about the harmful effects of ionizing
radiation, particularly radiation at low doses and low dose rates? What is
actually known, and what are the limits of our knowledge? What reasonable
inferences can be drawn from the information we have? What is our potential for
improving our knowledge through further studies of human populations themselves,
or through appropriately conceived experimental approaches?

It has been argued—and I think that this issue will be dealt with later today—
that we cannot expect observations on irradiated human beings themselves to reveal
the magnitude of any risks that may exist at natural background radiation levels.
We must have some better understanding of the mechanisms of radiation effects—
some theoretical framework—in order to estimate risks by extrapolation into the
low dose range.

Another issue concerns how best to improve public understanding of this problem. In
addition to the scientific constraints, there are legal, ethical, and economic
constraints. What are they specifically? How can we best deal with them? If in fact
no amount of radiation can any longer be considered safe, we must talk no longer
about absolute safety but instead about acceptable risk, or relative safety. Again,
we must strive for numerical risk estimates, in order to compare adequately all
policy alternatives and to arrive at acceptable public polioy decisions.

It should be noted that the problem is not unique to radiation. As we turn from
assessment of the radiation risk in nuclear power, for example, to assessment of
the health impacts of alternative energy sources, we run into similar problems
in assessing the toxicity of fossil fuel combustion products. With these substances,
of course, the problem is infinitely more complex because of uncertainties
associated with pharmacological variables affecting the action of chemicals,
including such factors as variations in uptake, distribution in the body, activa-
tion by metabolic processes, deactivation, excretion, and so on.

The issues and problems we face with radiation also pertain to other environmental
agents, physical and chemical. It may be hoped, therefore, that this
meeting can serve to foster improved communication about these problems
between members of the scientific community and the public at large.
The issues are upon us, and urgent policy decisions hang in the balance.

I join Dr. Fredrickson in wishing you well. Thank you.





WHAT KNOWLEDGE IS CONSIDERED CERTAIN REGARDING HUMAN SOMATIC
EFFECTS OF IONIZING RADIATION?

G. W. Beebe

Clinical Epidemiology Branch
National Cancer Institute

Introduction

The title poses a much broader question than the mere
identification of effects. Our knowledge and our uncertainties
about somatic effects have dimensions other than the identity of
specific effects, e.g., the quality of radiation, its dose, and
dose-rate, the temporal aspects of the appearance and disappear-
ance of an effect, the size of the effect and the way it depends
on dose to target tissue, the influence of host factors, and the
influence of other risk factors that may interact with ionizing
radiation. With so broad a perspective, it seems desirable to
delimit the scope of the discussion and I shall do this by
restricting it to late effects, omitting acute effects, e.g.,
epilation, burns, fetal death, radiation pneumonitis, etc.

The title requires that we postulate at least general
criteria for certainty. At a minimum three conditions appear
necessary to me: (a) the vagaries of chance are effectively
eliminated; i.e., a high level of statistical significance is
attained, preferably coupled with high relative risk or a
regression relationship with dose; (b) alternative explanations
have been fully considered and seem unlikely; and (c) there is
consistency among studies, with other human observations, and
with any relevant experimental animal data.

Types of late somatic effects of ionizing radiation worthy
of consideration here are:

Lens opacification and cataract formation
Infertility
Birth defects
Deficiencies in growth and development
Somatic cell chromosomal aberrations
Malignant neoplasms



Nonspecific aging is omitted from the list as being highly uncer-
tain. Although the absence of such an effect cannot be conclu-
sively shown in man, the conclusions drawn from the earlier
studies thought to demonstrate the effect in experimental animals
have been questioned on methodologic grounds (1), and there is
now sufficient evidence to rule out the existence of any large
effect in man (2-4) .

Lens Opacification and Cataract Formation

From the experience of the cyclotron workers (5), of A-boinb
survivors (6), and of patients subjected to various therapeutic
radiologic procedures (7), we know that th^ human lens is vulner-
able to ionizing radiation, opacification being the clinically
significant defect, especially cataract formation. Our knowledge
is certain on at least the following points:

(a) ionizing radiation produces permanent opacifxcaLion of
the human lens, including clinically significant cata-
racts (8,9) ;

(b) the relative biological effectiveness (RBE) of neutrons
per rad is greater than that of gamma- or x-rays
(10,11) ;

(c) the effect is dose-dependent, but for both sparsely
ionizing and densely ionizing radiation there are prac-
tical thresholds for dose below which clinically signif-
icant cataracts do not appear (10).

With somewhat less certainty we may say that

(d) the BBE for neutrons is in the range 2-10 for cataracts,
and is probably dependent on dose (10,11);

(e) thresholds for clinically significant cataracts appear
to be in the range of 600-1,000 rads for sparsely
ionizing radiation, 75-100 for densely ionizing (10);
thresholds for subclinical opacification, if they exist
at all, are much lower (12) ;

(f) dose fractionation probably reduces the effectiveness
of sparsely ionizing radiation, but not of densely ion-
izing (10);
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(g) latency is variable and measured in months and years
(13); it is dose-dependent, shorter at higher doses (7).

In contrast, there is almost no quantitative information on dose-
response or on host factors that might influence the risk. In-
formation on progression from minor opacification to cataract is
very limited, but it does not appear that the number of cataracts
in A-bomb survivors has increased appreciably in the past 25
years (12) .

Infertility

Although transient effects on spermatogenesis are seen at
relatively low doses in the male, permanent sterility also is not
a low-dose effect. Perhaps because the sterilizing dose for
males exceeds the mean lethal dose to the whole body, and for
females is only somewhat less, quantitative data are fragmentary.
They derive from observations on patients exposed during criti-
cality accidents of nuclear-reactor installations, on A-bomb
survivors, on the Marshallese exposed to radioactive fallout, on
men given acute doses of x-ray to the testes, and on the Japanese
fishermen aboard the Lucky Dragon exposed to fallout from a U.S.
nuclear test (8). We may regard it as certain that sufficiently
high doses can induce permanent sterility, and that somewhat
lower doses may induce some degree of infertility or temporary
sterility, in either sex. Nothing else seems certain. Tempo-
rarily diminished sperm-counts are seen in the male with doses as
low as 100 rads. Continuous or highly fractionated low-dose
exposure has.not been shown to produce sterilization in the male.
In the female acute doses of 300-400 rads may result in permanent
sterility, depending on age; older women approaching menopause
seem more radiosensitive than younger women. Fractionation or
protraction of dose is reported to diminish the effect in the
female (8) .

Birth Defects

More than 50 years ago it became known that pelvic x-ray
early in pregnancy had teratogenic effects (14) , and the observa-
tions based on medical exposure have been extended by those on
the A-bomb survivors, especially in the direction of guantitation
(15,16) . They have also been strengthened by the results of ex-
tensive animal experimentation (8,9). Nevertheless, the certain-
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ties are few, partly because of the mixed neutron and gamma radi-
ation exposure from the Hiroshima bomb, but also because of the
paucity of human surveys, their relatively small size, and the
relatively gross anatomic nature of the defects that have been
looked for- There may perhaps be subtler effects that have not
been looked for, but it seems certain that irradiation of the
embryo or fetus can cause major defects at birth. Among these,
small head size and diminished intelligence are the most frequent.
It is also certain that the latter effects depend on gestational
age at the time of exposure (17) and upon dose (15). That there
should be a practical threshold for these gross changes in man
seems implicit in their definition and is supported by the find-
ings in experimental animals (9,18,19). The appropriate type of
dose-response function for each type of radiation, the size of
any threshold dose, the relative biological effectiveness of
neutrons, and the effect of dose-rate, however, all remain quite
uncertain.

Deficiencies in Growth and Development

Information on the effect of ionizing radiation on human
growth and development is found in the medical literature on the
effect of therapeutic irradiation on skeletal development, in the
reports on the Marshallese children (two 'ith ablation of the
thyroid) subjected to radioactive fallout in 1954, and in the
reports on the A-bomb survivors, both those exposed in utero and
those exposed postnatally. Most certain :s the diminished body
size and weight of A-bomb survivors exposed in utero, an effect
that, unlike head size, seems not to depend on gestational age at
exposure (20). Although there is cogent evidence that irradia-
tion of the embryo and fetus results in diminished body size not
only during childhood and adolescence, but also in adult life,
the growth and developmental effects of postnatal irradiation at
doses below therapeutic levels are by no means certain. The
early measurements of children exposed in Hiroshima and Nagasaki
show clear deficits in size and stature in relation to those not
so exposed (21-23), but it has never been possible to determine
whether the observed differences reflect the influence of radia-
tion or of inadequate nutrition following the bombings. The
observations on A-bomb survivors contain a number of suggestive
findings: (a) neutrons may be more effective than gamma rays in
reducing skeletal size following irradiation in utero (20); (b)
the possible diminution in body size following postnatal irradi-
ation is confined to those under age 12 at exposure; (c) city
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differences bespeak the possibility that the effect of postnatal
irradiation is greater for neutrons than for gamma rays; and (d)
the possible effect of postnatal irradiation on body size is not
seen below 100 rads (kerma) in Hiroshima (24).

Somatic Cell Chromosomal Aberrations

Nuclear bomb explosions (25), nuclear bomb fallout (26),
diagnostic x-ray (27), therapeutic irradiation (28), criticality
accidents (29), and work in the nuclear industry (30,31) have all
provided evidence that ionizing radiation breaks the chromosomes
of circulating lymphocytes. The effect is also seen in marrow
lymphocytes. Although radiation-induced chromosomal aberrations
have not been related to either the presence or the likelihood of
disease, the nature of the lesion is sufficiently close to the
intracellular events associated with radiation carcinogenesis to
be of special interest. In Hiroshima A-bomb survivors investiga-
tors have found clonal proliferation of chromosomal aberrations
to be an increasing function of dose (32).

Despite the existence of considerable data on radiation-
induced chromosomal aberrations, the certainties are few: (a)
evidence for the effect is overwhelming; (b) neutrons are more
effective than gamma rays (25); (c) some aberrations persist for
decades after exposure (25); (d) tha frequency of aberrations
increases with dose (25,31); and (e) for neutron radiation a
linear dose-response seems well established (33). For sparsely
ionizing radiation the dose-response function is probably non-
linear, perhaps linear-quadratic in shape (31). There is some
evidence that the radiation effect is greater among older per-
sons.

Malignant Neoplasms

Cancer is the most important of the late somatic effects of
ionizing radiation, and the one about which there is the greatest
fund of information. The main sources of human data are (a)
diagnostic and therapeutic radiation, e.g., patients with anky-
losing spondylitis treated by x-ray (34-36) and women receiving
chest fluoroscopies to monitor pneumothorax treatment of tuber-
culosis (37,38); (b) occupational exposure, e.g., radiologists
(39-41) and uranium miners (42)j and (c) A-bomb survivors (43)
and Marshallese exposed to fallout in 1954 (26). In addition.
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experimental research in radiation carcinogenesis has been a
major interest of radiation biologists and provides an extensive
body of parallel data on the central issues in man (9).

Types of cancer. There is considerable certainty in our knowl-
edge about the types and sites of cancer induced by ionizing
radiation, and about the sensitivity of various tissues and
organs to its carcinogenic action. The most important fact of
which we are certain is that radiation does not cause unique
forms of cancer. Rather, it increases the incidence of those
already familiar to us, but not in proportion to their natural
incidence (8,9). Also, a radiation-induced cancer cannot be
distinguished from a naturally occurring cancer. leukemia is by
all odds the most characteristic form of cancer induced by
ionizing radiation, but one prominent form, chronic lymphocytic
leukemia (CLL), is surely not caused by radiation (8,9). There
is also some guestion about "hairy cell" leukemia which is a
relatively "new" entity of low incidence. Among the solid tumors
we know for certain that radiation causes cancer of the thyroid,
female breast, lung, stomach, liver, colon, bone, and skin.
There is also good, but less certain, evidence involving the
lymphomas (except Hodgkin's disease) and multiple myeloma, kidney
and urinary bladder, and esophagus. There is no good evidence
that radiation causes cancer of the prostate, testis, uterus, or
cervix. For other sites there is some positive evidence of
association, but it is weak, e.g., ovary, brain, and salivary
gland. If, as it now appears, most forms of human cancer are
produced by ionizing radiation, we may have much to learn about
carcinogenesis from the few exceptions.

The relative sensitivity of various tissues and organs may
be measured in terms of either a proportion of the natural risk
(relative risk) or as an increment above it (absolute risk). If
sensitivity is measured on the basis of relative risk, the prob-
able sequence is: thyroid tissue, bone iarrow, lung tissue, and
breast tissue. But if absolute risk be the measure, then breast
is first and thyroid second, well ahead of both lung and bone
marrow (8) .

Much less is known about cell type, largely because of
sampling inadequacy and the infrequensy with which histologic
reviews are made in support of epidemiologic studies employing
death certificates. In general, it appears that most, if not
all, cell types characteristic of a given site are involved, but
CLL stands as an exception. There is uncertainty about the more
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malignant forms of thyroid cancer, as only the more common, and
relatively benign, papillary and follicular forms have been
positively associated with radiation (8).

Temporal patterns

Each carcinogenic effect has a natural history the temporal
aspects of which are essential to its understanding and to risk
estimation. A latent period is followed by a period of expres-
sion, and then by a post-expression period after the effect
subsides. We know most about the duration of the latent period,
least about the post-expression period. For leukemia and bone
cancer we can be certain that the minimal latent period will be
on the order of 2-4 years, although exposure to thorium-232 in
the thorium dioxide formerly used in certain radiographic proce-
dures may provide an exception (44,4 5). We also know that ths
minimal latent period fpr solid tumors is longer, although its
value is difficult to estimate for each type. For the thyroid it
is 5-10 years (26,46). For the breast it is certainly more than
5, perhaps between 10 and 15 (47). For other solid tumors it
appears to be at least 10. It is also certain that the minimal
latent period varies not only by type of cancer but also by age
at exposure. Patterns are not well established, but it appears
that for cancers of the breast, lung, and stomach, at least, the
minimal latent period depends on the interval between age at ex-
posure and age at which the natural incidence of that tumor first
becoiies appreciable (47,48) . Although the end point has not been
established with absolute certainty for leukemia (48) , it is
fairly certain that for both leukemia and bone cancer the period
of expression ends 25-30 years after exposure. In radium-dial
painters, of course, the exposure to radium-226 is a continuous
one and bone sarcomas continued to appear many decades after
occupational ingestion had ceased (49). For other forms of
cancer there is very little information about the duration of the
period of expression except that it must be at least as long as
that for leukemia and bone cancer. Although length of follow-up
is rarely as long as 4 0 years, there has been no indication that
excess cases were declining in a fashion that would portend
termination. In its BEIE I report (50) the National Academy of
Sciences (NAS) Committee made two estimates of the overall risk
of radiation-induced cancer (other than leukemia), one for an
expression period of 30 years, the other to the end of life. In
the May, 1979, draft of the BEIH III report the NAS Committee has
abandoned the shorter period and made estimates based on the
assumption that the risk extends to the end of life (8).
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Dose-response

There is no body of human data adequate to determine the
shape of the dose-response function for any tumor with certainty.
Although the linear model is generally used for radiation protec-
tion purposes, as it is believed to be generally conservative,
i.e., to overestimate risk at low doses, increasingly attention
is being given to other models derived from experimental data and
from theoretical considerations. A generic function embracing
all the commonly used models is, for a particular type of radia-
tion,

+ a1D + a2D
2> exp (-b1D - b2D

2)

where D is the dose and all parameters are assumed to be non-
negative. He may think of the linear term as representing that
part of the carcinogenic effect that is directly proportional to
dose, and the quadratic term as representing an additional carci-
nogenic effect of interacting lesions produced by independent
ionizing events but close together in space and time. The expo-
nential term is included to impart a downward trend at high dose
levels in response to the presumed influence of cell-killing
(51,52). If one or more of the coefficients should vanish the
function will reduce to a pure linear or a pure quadratic, with
or without cell-killing, or to a linear-quadratic without the
cell-killing term. An alternative model, suggested by Baurn (53),
takes the form of a power function of dose, the exponent depend-
ing on genetic factors, type of cancer, radiation quality, dose-
rate, etc. The suggestion is that the most susceptible individu-
als respond at lower doses, so that the dose-response curve rises
more steeply in the low-dose region. An implication of this
model is that linear interpolation from high-dose levels to low
may not always be conservative. There surely is some differen-
tial susceptibility to the carcinogenic influence of ionizing
radiation (54) but that there is a sub population of highly sus-
ceptible individuals sufficiently large to influence the shape of
the dose response curve has not been shown.

There is no certainty in our knowledge of dose-response
models, and this is one of the reasons why we cannot confidently
estimate the carcinogenic risk at low doses of sparsely ionizing
radiation. The best human observations are for breast cancer and
leukemia. The breast cancer data seem well fitted by a linear
function, but one with some positive curvature is not ruled out
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by the data (47). The leukemia data fit a linear-quadratic func-
tion slightly better than a linear, but a linear fit cannot be
excluded on statistical grounds (8). There is, moreover, no
logical necessity that a single doss-response curve, e.g., the
linear-quadratic, should be suitable for all forms of human
cancer.

Thresholds

For specified forms of cancer and types of radiation it
seems fairly certain that there are practical thresholds below
which it is extremely unlikely that the effect can be produced.
For external exposure to sparsely ionizing radiation this seems
to be true for bone cancer and skin cancer; the doses that would
be required are v<iry high, in the lethal range for man if deliv-
ered as a single acute whole-body dose (8). The experience of
the radium-dial painters suggests that perhaps 100 or more
microcuries of radium-226 and radiu:n-228 might be required to
produce bone sarcomas (55). In general, however, there is no
indication that thresholds limit the carcinogenic response to
ionizing radiation. On the other hand, the no-threshold
assumption is just that, one that cannot be proved or disproved
for most sites.

Relative biological effectiveness (RBE)

It seems clear from animal experimentation that densely
ionizing radiation, e.g., neutrons and alpha particles, is often
much more effective, per rad, than radiation that is sparsely
ionizing and that EBE probably varies inversely with dose. Un-
fortunately, human data provide no certain knowledge on that
point, although such human data as are available are consistent
with this view for most tumors. One exception is breast cancer,
for which current estimates of the RBE of neutrons relative to
gamma rays are about one with an upper 95 percent confidence
limit of 4.5 (56).

Dose-rate and dose-fractionation

For neutrons, experimental work on the mouse suggests that
the dose-rate may have little effect on dose-response at low
doses, and that a low dose-rate may enhance the effect at high
doses, but perhaps only for some tumors (57,58). For gamma
radiation it appears to be generally true that lower dose-rates
decrease the effectiveness of a given dose of radiation (59).
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In man there is no certain knowledge on the possible influ-
ence of dose-rate and dose-fractionation on the level of carcino-
genic response. There is, however, some information for leukemia
and breast cancer. Generally similar leukemia risk estimates
given in the BEIR I report (50) from the experience of U.S. radi-
ologists and A-bomb survivors have been cited to suggest that
dose-rate may not greatly affect the response to sparsely ioniz-
ing radiation, but the dosimetry for the radiologists is very
uncertain and little confidence can be placed in that comparison.
Parallel age-specific estimates for breast cancer following
exposure to radiation from the atomic bombs, from fluoroscopic
monitoring of pneumothorax in tuberculosis patients, and from
x-ray therapy for postpartuni mastitis (47), provide somewhat more
substantial evidence that dose-fractionation may not be important
in this particular tumor response, for in each case the dosimetry
is good.

Host factors

We do not know the full significance of host factors that
modify the risk of radiogenic cancer in man. This is true not
only for the more basic biologic factors such as immune compe-
tence, hormonal status, capacity for DNA repair, and genetic
composition, but also for demographic characteristics such as
age, sex, and ethnic background. Our certain knowledge is that
age it exposure is of fundamental importance, but determination
of its entire role awaits the completion of lifetime observa-
tions, as may in time be available for the A-bomb survivors.
Some of the significance of age has already been outlined in the
discussion of latency, where it plays an important role. In
addition, and apart from its effect on latency, it seems virtu-
ally certain that, at least for some tumors, and within the
limited period of observation available for the longest studies,
30 to 40 years, age at exposure also influences the level of
risk. For example, women in the second decade of life at expo-
sure have by far the highest risk of radiogenic breast cancer
whether risk is measured in absolute or in relative terms (47) .
In contrast, preliminary data on lung cancer among A-bomb survi-
vors suggest that individuals who ware 50 or older in 1945 may
have a greater risk than younger individuals (48). He also know
that age plays a central role in the leukemogenic effect of radi-
ation among the A-bomb survivors, influencing especially temporal
aspects of its expression. In those who were under age 15 in
1945, excess cases had vanished by 1960, and thereafter the
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effect was maintained by those who were at least 30 years of age
in 1945 (60). Finally, although apparently adequate epidemiolog-
ic surveys (61-63) have shown an excess of leukemia and other
cancers among children exposed in utero to diagnostic x-rays at
doses of only a very few rads, there is sufficient doubt as to
the oncogenicity of such exposure to exclude it from the class of
certain effects (8,64).

Sex probably has a greater influence on the magnitude of the
carcinogenic response of thyroid tissue than has age at exposure.
For other tumors the influence of sex is probably much less and
is less well established. In general, much more is to be learned
about the role of host factors, or of susceptibility, and this is
true of even such demographic variables as age and sex.

Other risk factors. The relevance, in radiation carcinogenesis,
of environmental risk factors other than ionizing radiation, lies
in the possibility of interaction, and especially synergistic
action, whereby the combined effect of radiation and other risk
factors differs from the sum of their independent effects, as
exemplified by cigarette smoke and asbestos in relation to lung
cancer (65). Studies of lung cancer among uranium miners have
also raised the possibility of an interaction between smoking and
exposure to radiation in producing lung cancer (42,66), but with-
out providing proof that the total effect exceeds the sum of the
separate effects. Small-scale studies of lung cancer (67) and of
breast cancer (68) among A-bomb survivors have focused on the pos-
sibility of interaction between radiation and other risk factors,
but without producing informative results. Although, therefore,
we lack certain knowledge about the interaction of ionizing radi-
ation with other environmental risk factors, the importance of
the latter in human carcinogenesis is so great (69) as to pose a
challenge to epidemiologic research as it has for experimental
research (9).

Projection models. Projection models are those that enable us to
project an observed experience into the future, or to take an
estimate derived from one population and apply it to another in
which the natural level of incidence may be guite different. The
absolute risk model assumes that the dose-related excess calcu-
lated from an observed experience is independent of the natural
level of incidence, will continue beyond the period of observa-
tion, and will apply to any other population. The relative risk
model assumes that the dose-related risk may be expressed as a
multiple of the normal age-specific risk of cancer. Knowledge of
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the adeguacy of either of these models is guite incomplete
because epidemiologic observations have not been made beyond 30
to 40 years at most, or for many populations having different
levels of natural cancer incidence. The preliminary indications
are that both models may be useful, but in different contexts,
the relative risk model for projecting a known radiogenic risk
beyond the period of observation in that same population, the
absolute risk model for projecting a known radiogenic cancer in
one population to another with a different level of natural
cancer incidence. The one point that is certain is that the
relative risk model does not apply across the board to individual
types of cancer.

Conclusion

We know a great deal about the effect of ionizing radiation
on human health, perhaps more than about any other environmental
agent. We know the effects, know that they are not unique to
radiation, know that their incidence increases with dose, and
know much about the various factors that influence their magni-
tude and their temporal distribution. And yet the practical
questions of the times exceed the limits of our knowledge. In
large part this is because we lack fundamental understanding of
mechanisms and are trying to create a coherent body of knowledge
empirically, with very little theory to guide us. And without
more certain knowledge of mechanisms the task is a formidable
one. The limitations of the epidemiologic approach to the
measurement of the human health effects of ionizing radiation
discourage any expectation that epidemiologic studies alone will
provide the answers to some questions, notably those concerned
with effects at low doses. Epidemiologic studies are observa-
tional, not experimental, in nature, and unless we are dealing
with large differences and large relative risks the hazards to
inference are considerable. At the very low dose levels that are
of the greatest practical interest to us, i.e., doses that range
from our background level of about 0.1 rad in the U.S. to not
more than a few rads per year of continuous irradiation, or up to
10 to 2 0 rads in a single dose, the underlying risks may be
beyond the resolving power of present epidemiologic methods to
measure directly. It is in the nature of things that statisti-
cally significant estimates based on small samples of low statis-
tical power will tend to be overestimates (70). Hence, we should
not be surprised if an occasional small study yields observations
suggestive of much higher risks than the consensus estimates put
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forward by expert committees after review of experimental find-
ings and the larger bodies of consistent human data (8,9). Al-
though by themselves epidemioloqic studies seem unable to provide
low-dose estimates worthy of great confidence, the hope is that
experinental and theoretical work will in time progress to the
point where it will provide sufficient structure for the analysis
of human data to enable satisfactory estimates to be made.
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DISCUSSION FOLLOWING THE PRESEMTATIOM

Issue Paper Wo. 1
Gilbert W. Beebe, Ph.D.

PROF. ROSEHBLITH: Doctor f>eebe's paper is now open for
questions and discussion.

DR. RADFORD: Edward Radford of the University of
Pittsburgh, and also Chairman of the REIR III Committee. I'd
like to comment on a couple of points that Dr. Beebe has men-
tioned.

First I would like to ask him a question and perhaps other
speakers will address this point -- whether in fact the chromo-
somal aberrations as a model for carcinopenesis is a valid
approach, especially for those cancers in which there has not
been, up to now, a clear relationship between specific chrono-
sonal aberrations and cancer?

Secondly, I would like to get Dr. Beebe to conment on his
statement that leukemia is the hallmark of radiation-induced
cancer, when it is now clear fron his own statements, that leu-
kemia is now relatively minor, in terms of the fraction of total
cancers induced for whole-body radiation, and secondly, because
it has very markedly different characteristics from the solid
tumors.

I would like to also ask if when he says the high-LET rad-
iation evidence goes toward linearity, he is referring to the
fact that it may well be stipralinear in the low-dose range and
therefore, the dose dependence of RRE is relatively changed by
that fact?

OR. BEERE: Of course I don't know whether chromosomal
aberrations provide a valid model, but it seems to me they pro-
vide _a m o d e l , something is happening inside the cell, and it
seems~to me that we need not depend upon it, yet we may use it
for reference and for insight.

With respect to leukemia as a hallmark, this is perhaps a
too traditional statement, but what I really mean is that the
relative risk for leukemia -- thinking now in terms of 1ow-LET
radiation -- the relative risk is so high that leukemia tends to
come up first, and by "hallmark", I simply meant something vis-
ible, a nark.

As to whether the high-LET dose response tends toward line-
arity, the data look that way, but as you know, we don't really
have the readings down in the very low-dose region, say for neu-
trons of 1 or 2 rads. Ve don't have empirical estimates that
would gainsay the allegation that there may be supraiinearity,
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Gilbert W. Reebe, Ph.D.

but insofar as we have information, it seems
looks linear.

to ne that it

DR. KIM:
Safety Officer
a radioloaical
of infornation

My name is John Kim; I an Chief Radiation
at Grace Hospital in Detroit, Michigan, and also
physicist. I'd like to add the following piece
about the correlation between chromosomal aberra-

tions and other effects.

There is a paper by Leenhouts and Chadwick which anpeared a
few years ago in "Advances in Radiation Biology, 1978." It seemed
to me that this article tried to correlate several things - cell
survival, chromosonal aberrations, somatic mutations, radiation-
induced malignancy -- they all seemed to be related.

They
I was not
Or. Beebe'
aware of.

have fairly good,
able to find this

interesting experimental evidence,
particular reference at the end of

s bibliography, something I'n sure Dr. Beebe might be

DR. BE ERE
reference.

I was not aware of it, and I thank you for the

MR. ROSEflRAUM: I an David Rosenbaun from EPA.
to make so'ie comments about curve fitting.

I would like

For nany of the data sets, including, for example, leukemia
in Hiroshima or Nagasaki, a great nany of the suggested curves
fit the data very well, so well that one could say the error
that one finds is less than one would expect, just from the fact
that you have a limited sample. The remarkable thing is that many
of the proposed curves fit many of the data sets that well.

The second thing I would like to say, is what's probably
obvious to a lot of people, that's the difference between the
reaction of the cell or a person and a population. Even if
everyone in the population had a purely quadratic dose response,
if people have varying sensitivities, which there is certainly
some evidence for, the total curve for the population not only
wouldn't necessarily be quadratic, but the projections from the
high-dose data that we all have to use, to the low doses, could
very well sizably underestimate the linear projection, could
sizably underestimate the population response, even though every
single member had a quadratic dose response.

DR. BEEBE: First, I
dose response models fits
really can't discriminate

think the reason why these different
so well is that the data are so few we
very well among them.
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RADIATION EXPOSURE AND HUMAN
SPECIES SURVIVAL

by Rosalie kartell, Ph.D., G.N.S..H,
Revised January I9B0

Introduction:

Few people would deny that ws are living in a crisis

time. The decisions which are made today will have a

profound effect on future generations; therefore, it is

extremely important to describe all the dimensions of

risk and address all of the pertinent questions basic to

these decisions.

The question which is most neglected at present—and

which is the ultimate question with respact to deciding

the future commitment to nuclear weapons and nuclear power—

is that of species survival. Can the human race continue to

exist in the face of increased pollution of air, land, water

and food with this industry's radioactive chemical pol-

lution? Are we engaged in futile planning for the energy

needs of a planet which will soon be unable to sustain basic

life functions? Are we preparing for a war in which

everyone loses?

The question of mild mutations, slow degradation of

the gene pool and slow species death with increased

nuclear technology, was raised by Hsrmann Muller and pub-

lished in a prophetic article in the Journal of the American

public Health Association in 1964 (1). The prestigious
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American Academy of Science Committee mentioned tH.s problem

in the 1972 and 1979 editions of their report on the Biological

Effects of Ionizing Radiation (2) but then failed to deal

with it.

It would be, of course, the ultimate in selfish exploita-

tion to charge health costs of today's life styles to those

who are yet unborn. Yet some persons might even embrace this

solution if it meant a level of ill health for future genera-

tions which would eventually stabilize. However, in the

minds of most rational concerned persons, the risk of

deliberate species extinction is not a negotiable in any

risk-benefit equation.

> In this paper, information available from scientific

sources without vested interests in the use of radiation will

be examined in the hope of elucidating the probable long-

term effects on the human species of widespread radionuclide

contamination. Distinguishing between problems of nuclear

war* catastrophic accident in a nuclear industry, waste

disposal, terrorist action, periodic accident situations and

routine so-called normal pollution seems fruitless as

these differ only in degree of pollution per time period.

If there is indeed a species death process involved, the

rate, of deterioration will depend on the rate of pollution,

but the result will be the same. J
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The Atomic Bomb Casualty COU.TU.SSion (A.B.C.C) : (Rsplaced
in 1975 by the Radiation Effects Research Foundation)

Using Japanese atomic borrib victim studies as a criterion

for determining the probability of species death from the

radioactive chemical pollution of nuclear industries is

questionable for several reasons. The primary reason would

be the fact that all basic data on A-boirib survivors is

classified by the United States government and kept secret

because of national security. These health effects are

viewed as a result of a military weapon, and thus secrecy

inhibits scientific peer review.

There are published research papers which give some

of the A-bomb victim information which has been screened

for release to scientific journals. The early genetic

papers and the scientific problems they pose are adequately

discussed in two published papers by Paul de Beliefeuille,

from the Department of pediatrics at the University of

Ottawa (3, 4 ) . The limitations in analytic ability to

detect genetic effects even if present, the selection of

only major genetic effects for study, and the many uncer-

tainties in A-boitib data do not allow the scientist to

conclude that there are no genetic effects. This was

even admitted by the A.B.C.C. in the report of their non-

findings (5). Dr. Alice Stewart has pointed out the deple-

tion of the population of Hiroshima and Nagasaki of persons

with poor capacity for survival'—the genetically damaged—
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because of disruptive social and health-delivery systems, and

because of death due to infectious disease (6). I have showi

the mathematical plausibility of Dr. Stewart's hypothesis

in written response to an Interagency Task Force report on

Ionizing Radiation in March 1979 (7) in the United States.

There is no way for scientific peers to assess the

second-generation Japanese A-boiab survivors1 radiation-

related illnesses without access to the basic data. The

effect of mild mutations in this population apparently want

unmeasured; nor was there any attempt to consider change of

genetic characteristics within families.

It is not then reasonable to base a decision with

respect to endangerment of the unborn on science pre-

ccreened and released by the U.S. military, science based

on an inappropriate and depleted data base, and science

which addresses only gross mortality rates and major

genetic diseases in first-generation offspring of the

exposed Japanese population. The key question of spacies

survival has not bean raised.

There are other major problems with the credibility of

A*B.C.C. research, such as its failure to include in all

analyses a correction for the medical X-ray exposure to

survivors since the bombing, failure to consider syndroma

effects of bioregulatory damage, and failure to apply

systems analysis techniques to the long-term interaction
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between biological effects on chromosomes and blood cells

and clinical signs of reduced ability to physically cope

with stress, scientists from many countries are now call-

ing for an international investigation of the methodology

and findings of the A.B.C.C. It is important to judge

A.B.C.C. work with the usual scientific criteria and peer

review, and to limit their credibility to matters for which

their scientific research is valid.

International Conunission on Radiological Protection (I.C.R.P.)

The I.C.R.P., a reorganization of the International

X-ray and Radiation Protection Commission, was formed in

London, England, in 1950. It became formally affiliated

with the World Health Organization in 1956, as a "non-

governmental participating organization." The I.C.R.P.,

together with the International Commission on Radiological

Units (I.C.R.U.) seems to have acquired an undeserved

reputation as an independent scientific advisory body on

worker and general public exposure to ionizing radiation.

Membership in the I.C.R.P. is contingent upon nomina-

tion by members of the International Congress of Radiology

and by I.C.R.P. members and is subject to approval and

selection by the I.C.R.P. International Executive Committee.

It is a self-perpetuating organization of scientists with a

vested interest in the use of radioactive material, not a

scientific society based on general professional excellence.
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I.C.R.P. recommendations for human exposure to ionizing

radiation and I.C.R.P. estimates of the probable effects of

such recommendations have become increasingly "political"

over the years. Instead of speaking directly to radiation

protection standards, I.C.R.P. members have' engaged in

risk/benefit statements favorable to growing commercial/

military and medical uses of radiation. In the most recent

I.C.R.P. publication, #26 (3), the recommended maximum

permissible bone marrow dose, for workers is actually

raised from the 30 rera per year dose recommended in 1965

to 167 rfcin per year. The 30-rem bone marrow dose corresponds

to between 6,000 and 7,500 chest X-rays (see Appendix),

or 1,200 pslvic X-rays. Raising this dose by a factor of

56 is equivalent to abdicating all responsibility for

worker health! It may be called an even more shocking

failure for I.C.R.P. than was its silence during the

controversy over exposures to workers in uranium mines.

I.C.R.P. has never taken a stand in favor of public or

worker health on any major controversial radiation issue.

The uranium mining "mistake™ has cost, or will cost,

about 1,100 lung cancer deaths in the United States. The

bone marrow exposure recommendation may well cause 100

times that number1

The I.C.R.P. recommended dose limits are based on a

"standard man" concept which is inadequate for handling

global genetic and environmental diversity. It is also

inadequate for predicting changes as the species develops

in time. Yet there is no on-going audit of I.C.R.P.
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predictions which could serve to alert a population to a

deteriorating health problem before it reaches crisis

proportions. I.C.R.P. has never set up an on-going

epidemiological survey, even though its 1959 publication,

#2, clearly stated that this was the only way such effects

could be detected.

It is then irrational to depend on the I.C.R.P.

recommendations of exposure levels of radiation as if they

were protective of the whole human species for all future

time. This group lacks credibility on several basesr

in its manner of organization, in its statements and in its

recommendations. No condemnation of individual members

of I.C.R.P. is here intended. "When they speak as a group,

however, they are not recognizable as a scientific society

concerned with human survival and/or research excellence

and deserve to be treated as persons with vested interest

venturing an opinion.

Early Research on Genetic Damage from Ionizing Radiation;

In a paper published in 1955, Macht and Lawrence

reported a significant increase in malformed offspring of

physicians with and without occupational exposure to

X-ray (9). They reported significant increases in all

birth defects (p=0.012) and heart disease (p=0-02) in

offspring of exposed physicians relative to offspring of

unexposed physicians. It was estimated that exposed

36



_ 8 -

physicians received about 2.5 r/year between the usual

age of comnencing clinical practice/ 20 years, and average

age at conception of offspring, 30 years.

In an article in Science in 1957, Theodore Dobzhanski

sums up the studies of mutagenic action of ionizing radia-

tion done between 1925 and 1957 in the following termss

"if anything,-radiation-induced mutants are more
destructive than the spontaneous ones. As far as
genetic effects are concerned, the only safe dose of
high-energy radiation is no radiation." (10)

There is a rather complete bibliography on the genetic

effects of radiation, known in 1957, after Part II of the

paper by Paul de Beliefeiulle in Acta.Radioloqica (4) .

Both human and animal studies confirm the existence

of genetic damage with radiation exposure and the ability

of scientists to measure such damage. Present scientific

pretense that damage is unmeasurable has no foundation in

scientific literature.

There is also reason to suspect malicious neglect in

the failure of the military and industrial nuclear industries

to keep careful reproductive history records on personnel

exposed to ionizing radiation over the past 35 years. The

present number of workers exposed to ionizing radiation in

the U.S. is about 7,000,000. The global number must be

staggering. Yet—since no epidemiological study of the

reproductive experience of nuclear workers has ever been

conducted (11)—no factual data supports the euphemistic
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predictions of the I.C.R.P. that genetic damage is now of

lesser concern than it was in 1957. Non-collection of data

is not an acceptable method of proof in scientific circles.

Tri-State Leukemia Survey Data;

The data collected in the United States between 1959

and 1962, in New York State, Maryland and Minnesota, is

one of the best sources of detailed information for scientists

not satisfied %*ith military secrecy and military/industrial

non-collection of data relative to this issue of species

survival. There are numerous published journal articles

based on the Tri-State data. A few will be referenced

here so that the interested scientist can further pursue

the question (12) .

Radiation exposures considered in the Tri-State Survey

were from diagnostic medical X-ray verified by the laboratory,

doctor or hospital involved. Levels of exposure were well

within I.C.R.P. proposed exposure guidelines for workers and

the general public (see Appendix).

Parental exposures prior to the conception of offspring,

in utero and post-natal exposures were considered for cases

and controls under 15 years of age. In the adult portion of

the data, diagnostic X-ray received one or more years prior

to leukemia diagnosis for cases or interview for controls

was considered. This both excludes X-ray taken for the
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purpose of leukemia diagnosis and allows for the body to

repair any damage it is able to repair. Adult exposures

were in small fractionated doses extended over a twenty-

year period (13).

The Tri-State Survey includes 1,700 cases, with a

comparable number of random controls. There was stratifica-

tion of controls to approximate age, sex and geographical

distribution of the cases. The survey includes 48 million

person-years of experience.

Table 1, constructed from one of the published

research papers on the Tri-State Survey (14), gives the

distribution of control children with and without pre-

conception, in utero or post-natal irradiation. The

children are further divided into those with and without a

diagnosis of certain indicator diseases one or more years

prior to the leukemia diagnosis for cases or interview for

controls. The indicator diseases were: asthma, urticaria,

eczema, pneumonia, dysentery and rheumatic fever. Such

proximate diseases are most likely to be the pre-leukemic

signs of system breakdown due to the leukernic process itself.

Children with these diseases within the year prior to

leukemia diagnosis, or interview for controls, were therefore

eliminated from this table.

INSERT TA3LE 1
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Using the non-irradiated control children as "noritial**,

expected numbers of irradiated control children with and

without the indicator diseases can be estimated. About

half the expected number with diseases ware observed in

the irradiated 1 to 4 year olds and slightly less than

expected ware observed in the other two age groups. The

deficit in irradiated children with indicator diseases in

the early years is not persistent into the older age

categories, indicating that most likely the "no disease"

irradiated children moved into the "disease" category at

a more rapid rate than did the non-irradiated children.

Table 2 is a cornparable report on the children dying

of leukemia at the time the survey was taken.

INSERT TABLE 2

It can easily be seen that there is no excess of children

with indicator diseases one or more years prior to leukemia

diagnosis in the non-irradiated children. The irradiated

children, on the contrary, show a striking (and statistically

significant) excess. One is reminded of Dobzhanski's remark

about the destructiveness of radiation-induced mutations.

The statistical model for quantifying the obvious difference

noted in these tables between spontaneous and radiation-

related leukemia is given in the Bross/itfatarajan article (14).
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What is of importance here is the observation that clinical

signs of pre-1 eukeroic indicator diseases appear earlier

when there is radiation-related damage of a child. It

should be obvious that, in a situation such as prevailed in

Hiroshima and Nagasaki after the bombing, such children

would be expected to die of the indicator diseases rather

than leukemia. Thus pre-leukemic children would die of

pneumonia, dysentery or other infectious disease.

Control children were randomly selected from the

population at a rate of 1 in 3,255 children. Hence the

deficit of indicator diseases among children in the

irradiated controls 1 to 4 years of age represented a large

number of children. In another published Tri-State Survey

paper, a more detailed analysis of the cases and controls

between 1 and 4 years was given (15) . In this analysis,

only childhood virus diseases contracted one or more years

prior to diagnosis for cases, or interview for controls,

were considered pathological indicator diseases. These

included measles, rubella, chicken pox, mumps, poliomyelitis,

herpes zoster, encephalitis and infectious mononucleosis.

There are more cases and controls in this analysis since

children with concurrent diagnoses of the indicator diseases

and leukemia (or interview) were not eliminated as was done

in the Bross/Natarajan paper (14). These children were

included in the "no disease" one or more years prior category

INSERT TA3LE 3
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Table 3 shows the distribution of control children on

pathologic factors:

0 no viral indicator or maternal history of
miscarriages and stillbirths;

1 childhood virus diagnosed one year or more
prior to interview;

2 maternal history of miscarriages and
stillbirths prior to this conception;

1 and 2 both pathologic factors present;

and on radiologic factors:

0 no maternal preconception irradiation and
no in utero radiation;

1 irradiation of mother before conception of
the child;

2 irradiation of the child in utero;

1 and 2 both radiologic factors present;

Expected values in a table such as this can be

generated assuming any combination of one column and one

row as "given". Of course, the marginal sums are usually

used, but in this particular table the marginal numbers are

random estimates of survivors in the Tri-State area alive

at or beyond age one. In order to estimate the distribu-

tion and size of the population lost as early embryonic,

fetal, neonatal or infant deaths, I mada two assumptions:

If ordinary diagnostic X-ray exposure has little
effect on the survival of offspring, then:

1. The non-irradiated children can be used to estimate the
proportions of children with pathologic factors in
the irradiated population; and

2o The children with no pathologic factor can be used
to estimate the proportions of children with radiologic
factors in the pathologic population.
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These are conservative assurnptions, since it might well

be argued that mothers with a prior history of stillbirths

and/or miscarriages might be expected to have more X-rays

during pregnancy. The Tri-State Survey was conducted

between 1959 and 1952, before there was broad medical

consensus on the harm of radiation exposure of pregnant

women. This consensus, of course, formed after the

excellent work of Dr. Alice Stewart in analyzing the

Oxford data (16/ 17) .

Observed proportions in the "no exposure" and the

"no pathology" categories were assumed to be "normal11,

and estimates for all other cozribinations of factors and

marginal totals were then estimated.

As can be seen in Table 3, the number of children

observed in each entry is less than the number expected

for that category under the assumption of no radiation

effect. Considering nine of the sixteen numbers as

independent, the probability of all being below the expected

number by random chance is 0.002. Therefore, this deficit

of children is significant and this cannot be considered a

random variation.

Further examination of this table indicates that the

assumption of nearly 100% survival for children with no

pathologic factor and two radiologic factors was most likely

wrong. The number of children lost because of these

exposures is undoubtedly greater than indicated here. For
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lack of a realistic way to estimate lost pregnancies in

this category (the 4th row), no estimate was attempted.

INSERT TABLE 4

In Table 4, the expected numbers were derived from

the non-irradiated children and those without pathologic

factors in the control series. It is evident that children

dying of leukemia are selected from both the irradiated and

those with pathologic factors at a higher-than-expected

rate. There is a near doubling of leukemic children above

the expected number for combined mother»s preconception and

in utero irradiation.

Again/ the interested scientist can read the journal

article (15) for further details and estimates of leukemia

risk among children X-ray survivors. It is not the purpose

of this paper to repeat analyses already published. What

is important here is the obvious under-representatioh of

control children among those with pathologic and radiologic

factors and the over-representation of these categories in

the sample of children dying of leukemia. The conservative

estimate of death rate indicated by the control sample

between conception and age one year is about 14 per hundred.

While Dr. Mole describes this as a "mechanism v/hich reduces

the likelihood of development of a malformed child"(18), it
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does not produce a "purified" super-race. Anyone acquainted

with random mutation models of living systems can attest to

the fact that many recessive genetic mutations are introduced

into the phenotypically non-damaged population for each

dominant mutation directly expressed by non-viable offspring (1)

The rapid increase in the proportion of diseased children

among irradiated, as evidenced in Table 1, is indicative of

this vulnerability of the superficially "undamaged".

Tri-State Adult Data;

The question which remains is that of the radio-

sensitivity of the irradiated population surviving to adult-

hood. In the adult sample there is no information on the

origin of cause of pathologic indicators/ but it is pos-

sible to assess the interaction between pathologic factors

and X-ray exposure.

INSERT TABLE 5

Table 5 contains selected information from a published

Tri-State paper by Viadana and Bross (19). Selection was

made here of pathologic indicators of susceptibility to myeloid

leukemia, other research on radiation-related leukemia (20, 21)

which was restricted to non-lymphatic types made this selection

necessary for preliminary study of the interaction of pathology

and radiation in adults.

There is strong indication that occurrence of these

diseases five or more years prior to the diagnosis of
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leukemia for cases (or interview for controls) significantly

increases the probability of succumbing to leukemia.

When these diseases (Tabla 5) were combined, the

relative risk of leukemia/ adjusted for age, was significant^

increased in males, females and coitibined categories.

INSERT TABLE 6

As a first approximation of the interaction between

disease and X-ray exposure, sex and age adjusted risks of

non-lymphatic leukemia for exposure to 15 rad or more

diagnostic X-ray (skin doss) relative to less than. 15 rad

exposure ware calculated. The X-ray dose had been fractionated

and spread over a period one to nineteen years prior to diag-

nosis or interview. Only ordinary diagnostic X-ray one or

more years prior to diagnosis (or interview) was included.

Persons with fluoroscopy and radiation therapy ware excluded.

It should also be noted that 15 rad skin dose from medical

X-ray is roughly equivalent to 0.4 to 1.7 rem bone marrow

dose. Conversion factors are given in an Appendix to this paper.

INSERT TABLE 7

When cases and controls, both having the indicator

diseases, are compared, there is a significant increase in

non-lymphatic leukemia with diagnostic X-ray exposure. Any

increase in X-ray resulting from having the indicator diseases

is controlled for in this analysis, therefore, it cannot be

argued that the indicator diseases were the cause of the "extra"

X-ray exposures.

Ufs
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INSERT TABLE 8

Using a previously developed technique of increasing

the age of each case and control proportional to their own

verified X-ray exposure history (20, 21), it was possible

to do a detailed analysis of the interaction between

diseases and radiation-related leukemia. "Each case and

control was "aged" by one year for each trunk exposure of

one rad, and by one-quarter year for each non-trunk

stxypop* re of one rad. The new combined measure *vas called

.<p: u.e age. It is obvious that the younger susceptibles

iij-̂  'lying during exposure ages 35 to 54. These are young

adults, capable of parenting, who tragically die during life's

most potentially fruitful years- Their death is hastened

by radiation exposure.

INSERT TABLE 9

Table nine, previously published (21), shows that males

with indicator diseases have 12 times the risk of non-

lymphatic leukemia during exposure age 35 to 44, and 7 times

the risk during exposure age 45 to 54. The excess deaths

begin occurring younger in males" than in females. This is

perhaps reflective of their shorter life span. In males,

70 to 80 per cent of the non-lymphatic leukemia deaths

prior to exposure age 54 hava indicator diseases. Their

deaths are hastened by radiation exposure.
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It is important to note that this analysis controls

for radiation and also demonstrates that such control

better identifies the high-risk group. What is being done

amounts to combining natural aging and radiation exposure

as measures of physiologic breakdown of the individual,

and then estimating leukemia incidence resulting from this

physical inability to cope. Table 10 demonstrates the

fact that using exposure age controls for increased leukemia

i.it : from radiation not only in ths whole sample, but also

in the subsamples created by considering male and female

separately, or by considering persons with and without

the indicator diseases separately.

INSERT TABLE 10

One more point should be noted. Just as natural

aging continues to diminish a person's physical ability

to cope with the leukemic process, a process perhaps

initiated two or three years earlier, so the aging

effect 6f X-ray is important even though the X-ray

follows leukemogenesis. For this reason it seems not

to be inappropriate to consider all X-ray exposures

more than one year prior to leukemia diagnosis in this

analysis, regardless of the length of the leukemia

induction period.
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A recent paper published by Bross, et al, (22)

reports a heart disease/leukemia syndrome in the irradiated

Tri-State Survey adults reminiscent of the indicator disease/

leukemia syndrome in the childhood cases. These diseases

apparently give evidence of the gross general damage done

by radiation when causing leukemia. The supposed discrediting

of the Bross research published in the same Journal issue (23)

is invalid, but discussion of that paper is beyond the scope

of the present text. Journal handling of this paper is

indicative of the unscientific harassment against any

scientist who tries to report findings on radiation-

related health effects. Juxtaposition of paper and critique,

where critique undermines credibility of data base and

presents invalid alternate models for a part (not the whole)

of the data, causes confusion. Scientists in search of

knowledge cannot resolve the factual questions (which should

have been settled before publication) and can be easily

deceived by a partial mathematical model not adequate to

explain all of the data.

It has been difficult to glean even this much factual

information in the present climate of national security

secrecy and defensive science. I would define the latter

as science-for-hire or science for the purpose of proving

the rectitude of a military, industrial or political position,

One could, of course, always wish for further detail and

broader categories of radiation exposure and/or medical
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indicators. Until we "cure" the malicious neglect inherent

in not systematically collecting information on workers and

the general public at risk, such information will not be

forthcoming,

The following broad strokes provide clues for predicting

the future of the human species with respect to exposure to

radioactive chemical pollution from nuclear industries:

1. Radiation-related leukemia is in general preceded
by a longer period of ill health than is non-radiation-
related leukemia.

2. Radiation-related embryonic, fetal, neonatal and infant
deaths do not produce a "sxiper race" by eliminating
"weaker" individuals. Death seems to deplete the
youngest group by at least 14% but, thereafter,
disease proneness increases in the irradiated children
more rapidly than in the non-irradiated children.

3. Both children and adults with pathologic factors are
more vulnerable to radiation-related leukemia.

4. It is both possible and probable that some irradiated
children and adults die of the pre-leukemic illnesses
before they develop the leukemia.

5. Mild mutations causing early appearance of chronic
diseases such as asthma, arthritis, diabetes, ischernic
heart, and atherosclerosis are transmittable to off-
spring and are indicators of increased susceptibility
to radiation effects.

6. Radioactive chemical pollution increases the proportion
of susceptible people in a population at the same time
as it increases the radioactive content of the environ-
ment with which these more vulnerable persons must
physically cope.

This last effect is what I would call a species death

process. At present the incidence rates of chronic diseases,

and the ages at which they are diagnosed, go unmonitored in

society. Public health effects caused by a highly sophisti-

cated nuclear technology, whether for weapons or commercial
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uses, are crudely measured by either predictive computer

models or by cancer deaths. The former lose credibility for

two reasons: Because of their association with the military

and industrial promoters of the use of ionizing radiation

for weapons and electrical generation; and because they

are forecasts not verified by an audit. Cancer death rates

are a very crude measure of the health status of a popula-

tion randomly exposed to a mutagen in the form of radio-

active chemicals. One could have a cancer epidemic with-

out its impacting death statistics for ten years.

The instinct of the public, which is beginning to react

strongly against invisible destructive radioactive chemicals

being added to air, food, water and land, seems truer than

the advice of some chemists, physicists and nuclear engineers.

Care of public health needs to be returned to the hands of

Public Health officials, and these officials need access to

the best available technology for monitoring human health.

Citizens need free access to all information on pollution

and risk in their living space, just as the worker has the

right to know the hazards connected with his or her work

place, persons at risk from high technology have the basic

human right to know that risk and to enter into decisions

regarding it at a level of collective bargaining. New

structures need to be developed in society to provide

orderly handling of the increase in technological and

industrial expansion (24). The failure to act in the

present crisis, -the failure to produce channels for creative

and life-protective responses, means opting for irrational

endangerment of human siirvival on the planet earth.
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Appendix

Estimated Skin and Bone Marrow Dose From

Diagnostic X-ray

Body Area

Head/Neclc

Thoracic
Spine

Chest

Abdomen

Pelvis

Limbs

Dental

Skin Dosa in mR
Average per film
1960 1970

279

1265

45

790

829

117

1138

300

980

44

960

610

100

910

Bone Marrow Doss
per film in mrad (1970)

12.8 - 24.0

10.8 - 65.7

0.75 - 6.82

8.5 - 200.6

7.93 - 296.46
(to fetus)

5.73 - 53.68

0.17 - 1.2

0.65 - 2.44

Data in the above table was compiled from:

"Population Exposures to X-ray U.S. 1964"

"Population Exposure to X-ray U.S. 1970" DHEW
Publ. (FDA) 73-8047

"Organ Doses in Diagnostic Radiology" DH2W
Publ. (FDA) 76-8030

"The Mean Active Bone Marrow Dose to the Adult
Population of the U.S.. from Diagnostic Radiology*
DNEW Publ. (FDA) 77-8013
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Table 1

Tri-State Leukemia Survey

Randomly Chosen Control Children
With -md Without Radiation,

With and Without Indicator Diseases
1 to 3 Years Prior to Interview*

Age
Children vith

No Radiation Excosure

No Disease Disease

Children with Preconception,
in utero or Postnatal Radiation

No Disease Disease

1-1* years
Obs
Exp

5-9 years
Obs
Exp

10-1^ years
Obs
Exp

79

72

13

16

60
(57.08)

(52 Ao)

30
(29 A

(5-92)

8
(8.60)

6
(6.55)

All ages
Obs 199 31* 3

(138.92)
17

(21.07)

•Children with indicator diseases within
one year of interview were eliminated
from this chart. Based on Table h in
"Genetic Damage from Diagnostic
Radiation" by I.D.J. Bross and N.
Natarajan. JAMA 237:2399-2^01 (1977).
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Table 2

Tri-State Leukemia Survey

Child Cases With and Without Radiation,
With and Without Indicator Diseases

1 to 3 Years Before Diagnosis*

Age
Children with

No Radiation Exposure
Children with Preconception,
in utero or Postnatal Radiation

i-'f years
Obs
Exp

5-9 years
Obs
Exp

10-1^ years
Obs
Exp

All ages
Obs
Exp

No Disease

27
(27.18)

O3.7lO

8
(7-36)

*t8
(if 8.28)

Disease

(2.82)

(2.26)

1
(1.61+)

(6.72)

No Disease

(51.6*+

11
d5A6)

If
(6.5*0

60
(73.6*0

Disease

12
(5-36)

(2.5*0

1,

(1.46)

23
(9.36)

•Children with indicator diseases within
one year of diagnosis of leukemia (or
interview for controls) were eliminated
from this chart. Based on Table h in
"Genetic Damage from Diagnostic
Radiation" by I.D.J. Bross and N.
Natarajan. JAMA 237:2399-2^01 (1977).
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Table

Tri-State Leukemia Survey

Randomly Chosen Control Children 1 to h Years
of Age With and Without Radiation Exposure,
With and Without Pathological Indicators*

Obs
Exp

Obs
Exp

Obs
Exp

Obs
Exp

Obs
Exp

Radiologic
Factors

0

1

2

1 and 2

Total

0

h-2

kk

20

22

128

Pathologic Factors
1

25

19
(26.19)

h
(11.9D

8
(13.09)

56
(76.19)

2

12

9
(12.57)

0
(5-71)

5
(6.29)

26
(36.57)

1 and 2

6

h
(6.29)

1
(2.86)

2
(3-1V)

13
(18.29)

Total

85

76
(89.05)

25
(V0.V8)

(Vit.525

223
(259.05)

•This is based on Table 2 in "Leukemia in Children
Exposed to Multiple Risk Factors" by R. Gibson,
et al. New Eng. Jr. Med. 279:906-909 (1968).
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r Table h

Tri-State Leukemia Survey

Leukemic Children 1 to ^ Years of Age
With and Without Radiation Exposure,

With and Without Pathological Indicators*

Obs
Exp

Obs
Exp

Obs
Exp

Obs
Exp

Obs
Exp

Radiologic
Factors

0

1

2

1 and 2

Total

0

21

22
(22.00)

10
(10.00)

17
(11.00)

70
(6*f.00)

Pathologic Factors
1

13
(12.5)

11
(13.09)

(5-96)

13
(6.55)

Uo
(38.09)

2 1

8
(6.0)

8
(6.28)

(2.86)

(3.1*0

2U
(18.29)

and 2

(3

(3

(1

d

1
(9.

.0)

.?,>
1
M)
6
>57)

I7
1>O

Total

^5
(>+2.50)

»f8
(¥f.52)

17
(20.2if)

M
(22.26)

151
(129.52)

•This is based on Table 2 in "Leukemia in Children
Exposed to Multiple Risk Factors" by R. Gibson,
et al. New Eng. Jr. Med. 279:906-909 (1968).
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Table 5

Tri-State Leukemia Survey — Adult Sample

The Relative Risk of Myeloid Leukemia
in Persons With 5 or More Years Prior Experience

With the Indicated Diseases

Male Female

Disease

Asthma

Hay Fever

Eczena

Goiter

Diabetes Mellitus

Herpes Zoster

Psoriasis Neuroderm

Tuberculosis

Pneumonia

Heart

Rheumatism

Relative
Risk

1.78

1.79

7-07**

2.29

7.63*

2.09

2.17

0.83

1.86*

h.K1?**

0.65

Proba-
bility

0.18

0.18

<O.OO1

0.36

0.03

0.11

0.25

0.70

O.Olf

* 0.001

0.83

Relative
Risk

lf.9*f*

1+.83

1.27

2.01

9-67

—

5.22

8.63**

1.13

2.97*

2.9*+*

Proba-
bility

0.02

0.29

O.Mt

0.13

0.17

—

0.08

0.002

oM
0.0^

0.02

* Significant on the % level.

•*• Significant on the 1$ level.
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Table 6

Tri-State Leukemia Survey — Adult Sample

Age-Adjusted Relative Risk of Leukemia
Given a Medical History of Related Diseases

Category

Male

Female

Combined

Number
of Cases

231

162

393

Number of
Controls

3^0

if 1 5

755

Relative
Risk

1.96

1.3-

t.68

Probability

/.0.01

<o.o5
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Table 7

Tri-State Leukemia Survey — Adult Sample

Sex and Age-Adjusted Relative Risk
of Non-lymphatic Leukemia

With Exposure to More Than 15 Rad Diagnostic X-ray
for Persons With and Without Indicator Diseases

Category

With disease

Without
disease

Summary

Number
of Cases

297

96

393

Number of
Controls

V59

295

75^

Relative
Risk

1.?9

1.12

1A7

Probability

£ 0.01

O.Mf

< 0.01
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Table 8

Tri-State Leukemia Survey — Adult Sample

Risk of Non-lymphatic Leukemia
for Persons With Indicator Diseases

Relative to Those Without Indicator Diseases
for Exposure Age+

Category or
Exposure Age+

15-31*

55-6V

65-7^

75-8^

85+

Male (age
adjusted)

Female (age
adjusted)

Summary

Number
of Cases

22

26

29

63

86

72

95

231

162

393

Number of
Controls

107

79

102

151

136

8h

96

3^0

M5

755

Relative
Risk

1.08

2.16**

h.8h**

I.hb

1A3

1.12

3.18**

1.91**

1 A3**

1.69**

Probability

0.77

4. 0.01

< 0.01

0.05

0.08

0.67

4. 0.01

<. 0.01

< 0.01

<0.01

+ Exposure Age is chronological age plus the number of rads
trunk medical X-ray plus one-fourth the number of rads
non-trunk medical X-ray.

** Significant on the \$ level.
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Relative Risk for Non-lymphatic Leukemia

for Males with Indicator Diseases, for Exposure Age

Exposure
Age

i5-3*f

35-M+

^ - ^

55-6U

65-7^

75-8>f

85 or more

Summary

Number
Cases

15

13

16

ho

50

kh

53

231

Number
Controls

50

22

53

81

63

35

36

3*to

Relative
Risk

1.31*

11.78

7.27

1.15

1.58

1.22

if.08

1.91

Proba-
bility

0.3^

0.00

0.00

0.59

0.12

0.56

0.00

0.00

Attributable
Proportion

1h%

17%

75%

8%

28JS

13#

70%

37%

This table appeared as Table 11 (page 3
in "Health Hazards Involved in the Production,
Storage and Use of Nuclear Weapons." Invited
Address. Proceedings, Japan International
Congress Against A- and H-bomb. Osaka, Japan.
August 1978.
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Table 10

Relative Risk of Non-Lymphatic Leukemia
with more than 15 Had X-ray Exposure
after Adjustment for Exposure Age*

Category

Male

Fe-viale

With
diseases

Without
diseases

Summary

Weighted
Over

Exposure age
and diseases

Exposure age
and diseases

Exposure age
and sex

Exposure age
and sex

Exposure age,
sex and
diseases .

Number
Cases

203

271

3^5

Number
Controls

268

301

196

373

569

Relative
Risk

1.21

0.79

0.88

1.06

1.02

Proba-
bility

0.18

0.11

O.51

0A8

0.56

* This analysis demonstrates that the sample
is adjusted for age, radiation effect and
sex.
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March 11, 1980

Ruth Clusen
Assistant Secretary for Environment
Department of Energy

Samuel 0. Thier
The David Paige Smith Professor of
Medicine and Chairman of the Department
of Internal Medicine, Yale University
School of Medicine

Dear Ms. Clusen and Dr. Thier:

Your program for the proposed federal radiation research
agenda has mixed together research on all types of ionizing radia-
tion — from whatever source.

While I personally find medically necessary radiation
acceptable, I do not find health-damaging ionizing radiation from
nuclear power plants and nuclear weapons facilities acceptable.

I feel distressed that your holding this conference on
the grounds of the National Institute of Health in some manner gives
the blessing of this great institution to nuclear power plants and
to nuclear weapons facilities.

I also feel distressed that your program has omitted the
human suffering that has been set in motion by weapons testing,
uranium mining, uranium enrichment, and weapon use.

What scientists have to say about radiation is important.
The program, by its design, has limited attendees to technical discussions
except during the dinner hour yesterday evening. I do not know how many
people chose to discuss rather than eat dinner.

I am writing to ask your permission to show, during the lunch
break between 12:30 and 1:30 p.m. a new slide show that premiered in
Washington, D.C., last night, entitled "A Trail of Victims."

It is a modest slide shov». And by focussing on victims of
nuclear power and nuclear weapons, it makes the distinction so far not
made explicit : that it is one thing to do research on radiation and
to know that it will be used when medically necessary for the welfare
of persons. It is quite another thing to do research on radiation
on behalf of persons and institutions which continue to avor-d seeing
in human terms the harmful biological effects of ionizing radiation
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— o n behalf of persons and institutions which advocate and pursue the
continued investment of taxpayer dollars into these medically unsound
products: nuclear weapons and nuclear power.

"A Trail of Victims," slides plus an accompanying tape, runs

20 minutes, it documents the medical effects of nuclear weapons and nuclear power.

I call on the scientists attending this public meeting to
pledge themselves to undertake research aimed only at medically
necessary ionizing radiation...and to eschew any research that condones
the unnecessary introduction into our biosphere of biologically
damaging ionizing radiation.

Yours sincerely,

Sally Wurtz, PhM). -> .
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(93 slides/20 -ji THE ATOMIC AGE: A TRAIL OF VICTIMS '

Title

Hiroshima

Bomb blast

Victims

1.

2.

3.

Continuing

Genetic

Crowd

Marines

4.

5.

6.

Bulldozer

Radiation 9.

Rubble 10.

Ralph in
uniform

11.

(START TAPE...Hold until narration begins)

Tiie V7orld entered the atomic age on August 6, 1945 when an
atomic bomb van dropped on the city of Hrioshiroa, Japan.

Three days later, another bomb incinerated the city of Nagasaki,

On those two days over 200,000 people died. Even today, the
victims of the first atomic bombings continue to suffer and
die because of exposure to radiation.

The latent period for development of cancer and other diseases
due to radiation exposure may span several decades.

And little research has been done on the possible long-term
genetic effects.

Over the past thirty years, thousands of Americans have also
been exposed to radiation as the result of nuclear technology
used for military and commericial energy purposes. The first
domestic victims of the Atomic Age are now coming forward...

(Jeanne Ralph) "My husband was a member of the United States
Marine Corps, First Battalion, 6th Regiment. He saw action
at Okinawa and Taipan, then was sent by the United States
government into Najasaki, Japan with the occupation troops
for general cleanup."

(.T. Ralph) "Men were sent into radiation areas to assist in
the cleanup of dea.i bodies, dead animals, to destroy ammuni-
tion dumps and to excavate half-stancing buildings. All of
this time they vjer»•breathing the dust particles, eating
contaminated food and drinking contaminated water."

More than 1,000 servicemen were involved in the cleanup
operations. The U.S. government says the levels of radiation
they were exposed ;o were (quote) "very small" (unquote).
However, prominent scientists point out that any amount of
radiation causes c-ill damage. No followup health studies
have been done on :he occupation troops.

(J. Ralph) "We wer.: married in 1950. Perhaps in the very
first few weeks of our marriage I realized that my husband had
had medical problens. He had constant dysentary, he had many
indigestion upsets, ha could not gain any weight, and he had
one cold after the other." The problems got worse, and in
1976 Harold Joseph Ralph was diagnosed as suffering frotn
multiple myeloma bone marrow cancer.

(J. Ralph) "This i;; the way he looked in his dress blues at
age 20--a very good looking man..."
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Ralph in
bed

12.

White House 13.

Bikini blast M.

Troops 15.

Trucks 16.

Smoky blast 17.

Trenches 18.

Document 19.

Broudy 20.

Helmet 21.

Silouettes 22.

Pat & Charles 23.
Broudy

"This is the way he appeared oiy month before he died, age
fifty-three, a broken human being, looking like a ninety-three
year old nun." Before her husband died in August, 1978 Jeanne
Ralph applied to the Veterans' Administration for service-
connected disability benefits. But the VA denied the claim,
as it has denied the claims from soma thirty other former
occupation soldiers suffering from leukemia, bone marrow cancer
or rare blood disorders.

Survivors of the Hiroshima and Nagasaki veterans went to the
White House to ask for help. (J. Ralph) "My husband responded
to his call of duty. Will the U.S. government respond to his
orphans' and widow's call of distress?"

Beginning in 1946, the government tested atomic devices in the
islands of the South Pacific. At least 75 tests were conducted
between then and 1958. Heavy radioactive fallout was measured
more than 300 miles away.

American servicemen in the area were exposed to significant levels
of radiation while observing the blasts and conducting experiraents
on the target islands.

Some of those same GI's were later marched into bomb test areas
when atmospheric weapons testing began at the Nevada Test Site
in 1951.

Thousands of soliders were moved in as close as one mile from
ground aero in Army experiments to determine whether they would
be adversely affected by the rigors of nuclear war.

Trenches and foxholes were the only protection available,
men were assured that they would be safe.

The

Declassified government documents show that the Army intentionally
exposed the troops to dangerous levels of radiation.

US Marine Corps Major Charles Broudy was first exposed to radiation
in 1948 while serving on ships contaminated by fallout in the
South Pacific. In 1957, he observed three above-around weapons
tests at Yucca Flats, Nevada.

Another GI involved in tha tests described what it was like:(Voice)
"As the last second ticked away, there was a sizzling flash.
I could see the bones in my arm; within a few seconds the shock
from the blast hit us..."

"It knocked me and several other soldiers about 15 feet. My
steel helmet was blown completely away. After a little while,
we were taken in trucks to ground cero to inspect th

Chnrles Broudy developed lymphosarcoma, a form of cancer. He
and Pat Broudy filed a claim with the Veterans' Administration.
At first, the VA denied that he had ever been stationed at Yucc
Flats; then Iai;ur, supplied a listing of rhe exposures he had
received.
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Broudy's

NAAV logo

Map/NTS

Ca taIan

Fallout

No danger

24.

25.

26.

Worker

St. George

Cloud

27

28

29

30.

31.

32.

Lyle

Woman
map

with

33.

34.

'Hearing 35.

Bruhn avid 36.
Catalan

Bruhn family 37.
on rocks

Brnhn faraily 3s .

Major Broudy died in October, 1977. The government continues
to assert that Pat must prove that the radiation he received
caused his cancer.

The National Association of Atomic Veterans has been formed to
help locate and document the claims of an estimated 250,000
veterans involved in the testing program who may now be suffer-
ing from illnesses caused by radiation.

(Music) "Along the trail you'll find me losing, while the spaces
are wide open, in the land of the old A.E.C..."

"Yahoo! while the scenery'is attractive, and the air is radioactive,

"Oh, the Wild West is where I want to be..."

(Elizabeth Catalan) "1 was 14 when they started doing ths testing,
and 1 tell people that 1 went out on the desert with my Dad and I
watched the blasts. I have seen mushroom clouds..."

"We would sit out in the car and watch the blasts go off in the
desert. Or we'd lie in bed at hom\and the sky would light up
early in the morning, and the ground would rumble. And this
was just a fact of lie that we accepted at the Lima I was
growing up."

Winds blew the fallout from the tests into the s:r-ull towns of
southern Utah, contaminating sh-aepherders, farmers and townspeople.

(Cuba Lyle) "Now, we were never warned, only sometimes over the
radio they'd tell us that there was going to b?. a blast and tha
one time I can remember where they had the children stay inside..."

"But other than that, thay gave us no warning of any kind."

Studies done by Dr. Joseph Lyons at the University of Utah have
documented increased leukemia rates among the children li\'ing
in the fallout path.

At Congressional hearings in Salt Lake City and Las Vegas,
residents o£ the area described the effects of the fallout on
their families.

Margaret Bruhn lost her husband to leukemia in 1964. Her young-
est daughter died from an enlarged thyroid in 1973. And her
daughter, Elizabeth, lost her first baby through a miscarriage.

(Elizabeth Catalan) "If you have never watched someone dying of
leukemia you don't really begin to understand w!iat it's like to
watch a man who was 41 years old, in the hai.uht of robustness,
an outdoorsmin who came and went, who led an active life and
Wits a leader in tho community, and suddenly he's reduced to
nothing..."

"There's no vay the government ran ever pay us back for the
things that W3 lost..."
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Crater

Johns

39. "If we have to say, I demand X amount of dollars to make you
do what is morally right, then compensate me."

40. Several hundred lawsuits have beBn filed, and legislation has
been introduced in Congress to compensate civilian victims of
the bomb tests. So far, no court rulings have been made. The
legislation does not cover veterans affected by tha tests.

41. Larry Johns is an attorney who has lived in Las Vegas since the
weapons testing program began in the 1950's. He has filed
claims on behalf of 175 former Test Site workers, thair widows
and children.

42. (Larry Johns) "We have not been told the truth about the effects
of testing, about tha effects of radiation, about, the hazards
of working at the Test Site: all of these things. People are
not prepared to accept any more statements from tha Department
of Energy..."

43. "I don't think people here want any more exposure to radiation,
in any form."

44.

45.

45.

Joseph Harding 47.
(black & white)

Harding 48.

Harding 49.

At the Nevada Test Site, sixty miles from Las Vegas, underground
bomb tests continue. At least 40 underground tests have released
radiation into the atmosphere.

Fallout has been detected as far away as tha Canadian border.
And like thousands of other workers in the nuclear weapons and
nuclear powsr industries, .employees at the Test Site are told
that there is little or no risk.

(Johns) "There has to ha now a recognition that no radiation is
safe. Now that's tha biggest hurdle to get over, for years now.
As long as there's a standard the government and industry
accepts as safe, then you can continously expose people t:o any-
thing under that and argua that you're not taking a risk."

(Joseph Harding) "I worked in an atomic uranium enrichment
plant in Padukah, Kentucky operated by Union Carbide nuclear
company, for 18% years from 1952 until 1971. I sacrificed my
life to Union Carbide Corporation and in an indirect way, to
the government and tha atomic energy program..."

"I started off at age 31, weighing 175 pounds and had never
been sick, and never taken any msdicine, never had any storaach
trouble, and what have you. But in 18% years I ended up with
sores all over my body, all my stomach's gone, my lungs are
ruined, I've got a crippled knee, my central nervous system
is ruined..." Joseph Harding has a list of former employees
at the Padukah plant. Of 200 who began working there with
him in the 195U's, he says that approximately 25 percent have
died of cancer.

(Harding) "I've been to close to fifteen specialists. I've been
told over and over: you have radiation damage, it's radiation
damage."
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50. Meaiiwhilc, his medical bills continue to mount. He is $30,000
in debt and Union Carbide refuses to compensate him for his
disability. The corporation lias never awarded compensation
to a worker for radiation-related injury.

51. Since World War II, the uranium enriched for use in nuclear
weapons and nuclear pouar plants has come from mines and mills
all over the Southwest.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Betty Yazsie 62.

Many of the workers in the uranium mines are Native Americans,
on whose land more than half of the precious ore is located.

Now, many of the miners are developing lung cancer from inhaling
radioactive dust and gas in mines that remained unventilated
through the 1950's and *60's. The husbands of all these Navajo
women died from lung cancer.

Henry Black, a Navajo, said he has never told anything about the
dangers of radioactivity when he went to work in the mines.

A doctor who treated several uranium miners says working in the
early mines was like lying under an X-ray machine day and night
for six months.

The Union of Concerned Scientists believes thac currently allo\*ed
levels of radon gas in the mines still present an unnecessary risk
to uranium miners.

the mining companies blow much of rhe deadly x-adon gas to the
surface, where it is dispersed freely into the air. Dangerous
levels of radioactive air plague New Mexico's uranium mining
district.

Millions of tons of radioactive wastes, and the ttfater contaminated
by them, pose a threat to nearby Navajo coFUiiunities. About 90
percent of the natural radioactivity of uranium ore remains
with the tailings for over 100,000 years.

A survey by the Environmental Protection Agency found that this
house and many others situated near an abandoned uranium mill
were built with radioactive tailings.

Ned Yazzie's home is radioactive. Fifteen years ago a mining
accident put him in a wheelchair for the rest of his life.
The company never gave him any compensation. He says that his
walls, his floor, his whole house is radioactive.

Juanita Jackson's husUmd died oE lung cancer. The widow and her
family live next to an old uranium mill and tailings dump. Her
children go to a scho-.il located within a ijuarter-of-a-mile of
an abandoned mill.

BefC.y Yazzie had two husbands who died of lung cancer. She
continues to carry their social security cards in hope that someday
they can be usad as proof to get compensation for her loss.
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Cartoon 63. In addition to ongoing exposure to radiation from miring,
•» there are accidents and spills. At Church Rock in New Mexico,

a dam released 100 million gallons of radioactive water and
1,100 tons of uranium tailings into a nearby river in July,
1979. Contaminated water in other parts of the country including
the uranium-rich Black Hi 1 Is of South Dakota, is blamed for
increased cancer rates downstream.

Ship Rod: 64. The highest price for increased nuclear energy development may
be paid by the Indian people. Many are opposing expanded
uranium mining on their lands, and demanding compensation for
their injuries through the courts.

The first major lawsuit to go to trial seeking compensation for
workers exposed to radiation was filed by 2 women, Dorothy Roberts,

.and Louise Nunnemaker. Their husbands ware security guards
at the Nevada Test Site when an underground weapons Lest ccdenamed
"Baneberry" came up through a crack in the earth in December,1970.

Harley Roberts evacuated 900 other workers caught in an 8,000
foot cloud of radiation. Then he was put out on a roadblock
and forgotten. Within four years, Harley and three other
exposed workers developed acute myeloid leukemia, and died,

(Dorothy Roberts) "Whether the government says wa win or lose,
in ray mind I'll know that the radiation killed him." In the
court trial, the government tried to prove that Roberts developed
leukemia from inhaling gasoline fumes when he worked at a service
station years aso.

Jane Crawford's husband, Phillip, was also exposed by the Baneberry
accident.

Phillip Crawford's car was so contaminated it was held for three
months. (Jane Crawford) "Everything ha tasted, sm-jlled, drank
or anything, was like sand, he said. Everything tasted like
sand." After several false diagnoses and a series of visits to
a VA hospital, he was told he had lyraphoma, a type of cancer.
He died in June, 1977.

71. (Crawford) "I do feel the government should be more careful with
what they're doing. I realize that even then, they were trying
their best to be as careful as they could, and under certain
circumstances, people make mistakes."

Dorothy
Roberts

Louise
Nunnemaker

liar ley
Roberts

Dorothy R.
(closeup)
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(with photo)

Jane Crawford 70.
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(profile)

Martha & Ed
Eaves

Martha Eaves 73.

72. Ed Eaves used ro drive a truck at the Test Site, until he became
ill ami was laid off. Martha Eaves explains her feelings about
working in the nuclear industry:

(Martha Eaves) "Look at all the youn;^ nion that's going to work
out there; what it's going to do to thorn, lie WJS young too, but
now look at him. He's an awfully good nvm, but he's had his life
ruined..."

Martha Eaves
(closeup)

74. "Hfl's suffered an awful, awful lot, more than anyone, knows.'
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7.5. Ed Eaves says he never would have worked at the Test Site
if he had known the risks. (Ed Eaves) "I would say, stop it
all. They know what it is, why experiment? They ought to
shut it down."

76. Workers at other nuclear facilities—including the Hanford
Nuclear Reservation in Washington state, the Lawrence Livermore
Laboratory in California, and the Naval shipyard in Portsmouth,
New Hampshire—have been found to be suffering from higher than
average rates of cancer or leukemia.

77. Residents living near nuclear weapons and nuclear power plants
are increasingly worried that they will become the next generation
of radiation victims.

For example, in Denver, Colorado, the Rocky Flats nuclear weapons
plant har, contaminated the air, water and soil of the metropolitan
area during the past thirty years of its operation.

79. On the basis of preliminary research, Dr. Carl Johnson, director
of the county health department, has found increases in the
cancer and leukemia rates of people living downwind of Rocky
Flats. An ongoing study of plutonium in human tissues conducted
by the Environmental Protection Agency points to considerable
levels of radioactive plutonium in the bodies of people living
near the plant.

80. Plutonium is one of the most lethal substances known. A
particle smaller than a grain of pollen, if inhaled, can cause
lung cancer. It can also-cause bone cancer and genetic defects.

81. It is still too early to know the long-term effects of the
radioactive releases from the Three Mile Island nuclear reactor
accident, since it often takes years for the results of radiation
exposure to appear.

82. Thousands of victims of the Nuclear Age--veterans, nuclear
workers, uranium miners and civilians—are suffering and dying.
And we may be producing more victims for the future.

83. (Dr. Bcrtell) "The American public has got to face up to the
consequences of a total commitment to nuclear weapons and nuclear
power and what this is doing to us as a nation." Dr. Rosalie
Bertell, a cancer researcher, participated ins press conference
in Washington, DC to announce a national drive to locate people
who have suffered from radiation exposure—to demand just
compensation—and to call for reduction of current radiation
exposure levels.

84. The effort to gain recognition and assistance for radiation
victims is sponsored by a coalition which includes the National
Council of Churches, the International Association of Machinists
and Aerospace Workers, scientists, health specialists, Native
American groups, peace and environmental organizations.

85. The NATIONAL CITIZEWS1 HEARINGS FOR RADIATION VICTIMS in
Washington, DC will provide a forum for persons who have suffered
from radiation exposure. A panel of prominent citizens will
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hear testimony aud will submit roconwionclations to tii'1 govern-
ment:; also scheduled are lobbying anJ workshops. Communities
around the country arc bocu'rij.nj* actively involved in seeking
out and offerin;; assistance to radialjon victims as the
beginning of a loug-f:erm effort.

86. We cannot ignore tlu huwn suffering caused by ionising radiation
and the larger questions of social and moral responsibility that
confront us all.

87. (Jeanne Ralph) "They were under orders. Not onj of those
veterans realized at that time that th^ outmoded VA Jaws would
never cover them if they suffered from the ill effects of their
exposure to radiation." (Pause 2 sec.)

88. (Ed Eaves) "You come up against a blank wall and can't do a
thing..." (Pause 3 sec.)

89. (Elizabeth Catalan) "We're not_ just, numbers on a piece of
paper..." (Pause 3 sec.)

90. (Silence/pause 5 sec.)

91. (Music) "Mid the yu>:ca's ar.d the thistles I'll watch the guided

missiles, while tha old FBI watches me, yahoo!..."

92. "Yes I'll soon make my appearance, as soon as I get my clearance,"

93. "Cause the Wild West is where I wanna be." (Music ends)
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Goals for the Citizens' Hearings

Time:

Place:

Agenda:

April 11-14,1980

Washington, D.C.

* Testimony by radiation victims before a
Citizens Commission on Radiation Policies

• Workshops on legal redress for victims

• Lobbying the Congress and Federal
Agencies

• Public Demonstrations

The purpose of National Citizens' Hearings for Radiation Victims is to provide a focus on radiation hazards to
humans from nuclear and related industries. The hearings are an escalation in the struggle to protect human
health from radiation injury and to compensate radiation victims. The federal government response to the grow-
ing public concern over ionizing radiation is to delay any meaningful action and to call for more studies. This
hardened attitude, dictated primarily by the Departments of Energy and Defense, has angered a growing number
of people who were exposed to radiation while serving in the military forces or as workers and residents living
unwittingly near unsafe and radiation-leaking nuclear facilities. For these citizens, who justly feel betrayed by
their government, the hearings are the first major concerted effort to develop assistance on a national level.

The hearings will serve another important purpose. While ionizing radiation is but one of many human-made
carcinogens, more is known about it than many others more recently discovered. A greater assumption of
responsibility with regard to health protection and compensation could set a vital precedent for other industries
which produce toxic substances.

Harold Joseph Ralph (center), 1945
A U.S. Marine in Nagasaki amid officially-
"harmless", radiation levels six weeks after
(he atomic bombing.

Harold Joseph Ralph, 1978 Fifty-four years old, he died of multiple myeloma bone
marrow cancer in a Chicago hospital.
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Endorsing Individuals
Rev. Ralph David Abernathy
Robert Alpern
Director, Washington Office
Unitarian Universalist Association
Deborah Beadle
Hanford Waste Facility Area Resident
Dr. Rosalie Bertell
Biostatistician, Ministry of Concern

for Public Health
Denny Bloomfield
President, Local 3-689
Oil, Chemical and Atomic Workers
David Brovver
Friends of the Earth

Rev. Kenneth R. Brown
North Shore Unitarian Society
Noam Chomsky
Professor of Linguistics, MIT
Rev. William Sloan Coffin
Riverside Church Disarmament Project
Barry Commoner
Samuel H. Day, Jr.
Former Editor, Bulletin of

Atomic Scientists
Daniel Ellsberg

Thomas Ensign
Citizen Soldier
Bernard Feld
Editor, Bulletin of Atomic Scientists

Betty Hawthorne Fronterhouse
Widow of Atomic Veteran
Thomas J. Gumbleton
Auxiliary Bishop of Detroit
Robert R. Holt
Professor of Psychiatry,
New York University
Dr. Homer Jack
World Conference on Religion and Peace
Michio Kaku
Nuclear physicist
City LIniversity of New York
Jonathan King
Professor of Biology, MIT
Dr. George W. Kneale
Dept. of Social Medicine,
Queen Elizabeth Medical Centre
Erwin Knoll
Editor, The Progressive
Kanji Kuramoto
President, Committee of Atomic

Bomb Survivors in the USA
Robert Jay Lifton, M.D.
Professor of Psychiatry,
Yale University
Mrs. Cuba Hall Lyle
Resident, St. George, Utah
Saul Mendlovitz
Professor of International Law
Rutgers University

Linus Pauling
Virginia A. Ralph
Widow of veteran-Nagasaki cleanup
Dorothy Roberts
Widow of nuclear test site guard
Rabbi David Saperstein
Union of American Hebrew

Congregations
Rep. Patricia Schroeder (D-Co.)
Patricia Smith
Three Mile Island Nuclear Plant

Area Resident
Gerard Soucy, RN
Nurses for a Non-Nuclear Future
Dr. Alice Stewart
Dept. of Social Medicine,
Queen Elizabeth Medical Centre
Ethel Taylor
National Coordinator,
Women Strike for Peace
George Wald
Nobel Laureate
Vivian Waterman
Rocky Flats Nuclear Weapons

Facility Area Resident
Gerald Wilkinson
National Indian Youth Council

(Organizations listed for identification
purposes only.)

Sponsoring Organizations
American Friends Service Committee/Fellowship

of Reconciliation (Nuclear Weapons Facilities Project)

Black Hills Alliance

Clergy and Laity Concerned
Committee for Veterans of Hiroshima and Nagasaki

Environmental Policy Center

Friends of the Earth

Health and Energy Learning Project
Internationa] Association of Machinists and Aerospace

Workers

Institute for World Order

National Association of Atomic Veterans

National Council of Churches

National Veterans Law Center
Physicians for Social Responsibility

SANE

War Resister's League

Women Strike for Peace

D I would like to help organize the hearings

D I enclose a contribution of
(make check payable to National Citizens' Hearings
for Radiation Victims)

D I or my organization will be an endorser

• Please send me:
Hearings Resource Packets ($1.00 each)
more copies of this leaflet ($2.00 per hundred)
copies of the "Radiation: The Human Cost"
brochure (10« each, $5.00 for 100)

• Send me "The Atomic Age: A Trail of
Victims," color slide show ($10 rental fee)

Name.

Street .

City . . State .Zip.

Return to: National Citizens' Hearings for
Radiation Victims
317 Pennsylvania Ave. SE
Washington, DC 20003 (202-543-0222)
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A Call for Citizens9 Hearings...
During the past 35 years, hundreds of thousands of soldiers, nuclear workers, and private citizens were
exposed to ionizing radiation from nuclear weapons detonations and from nuclear facilities. Yet, radiation
victims such as atomic veterans, nuclear workers, and unwitting citizens exposed to radioactive fallout are not
receiving recognition or compensation by responsible federal agencies. Outdated radiation exposure limits,
particularly for nuclear workers, remain unchanged and poorly enforced. Excessive medical radiation exposures
increase yearly unabated. And, large amounts of radioactive wastes continue to accumulate and are leaking into
the biosphere.

Since the potential for atomic energy was first realized, its uses for nuclear weapons, commercial electricity, and medical diagnosis and
treatment have been developed world-wide. Major public resources have encouraged the development of these industries on the
assumption that the benefits they offer far outweigh the risks.

There is little question that there are benefits derived from the use of ionizing radiation. As new evidence emerges, however, it is
necessary to re-evaluate the balance between risks and benefits. In re-addressing this balance, we must seek to avoid the conflict
between promoting radiation industries and protecting human health. Since there is general scientific agreement that there is no safe
level of ionizing radiation exposure, the question which remains unanswered is: how great are those risks?

Low-Jevei ionizing radiation affects individual cells which are necessary to the development of living organisms. Radiation damage to
single cells cannot be detected inside the human body until years after exposure, when disease such as cancer or genetic damage appear.
Recent Congressional hearings revealed that since the first atmospheric nuclear weapons tests, federal officials have suppressed
information indicating higher risks than those previously reported from radiation exposure. Numerous recent scientific papers report
an excessive number of cancers among people exposed to radiation.

W e Call for a national effort to dramatize the plight of radiation victims and to assist them in gaining
recognition and justice for their cause. NATIONAL CITIZENS' HEARINGS FOR RADIATION VICTIMS
will be held April 11-14, 1980 in Washington, D.C. The hearings will provide a highly visible forum for the
casualties oi radiation industries to relate their experiences, to seek medical compensation, and to call for a
reduction of needless exposures. Workshops and strategy sessions will also be included.

W e Cannot ignore the human suffering created by ionizing radiation and the larger questions of social and
moral responsibility that confront all of us. We call on individuals and organizations across the nation to
support and participate in the hearings and related activities, as the first step towards aiding radiation victims
and not repeating this legacy of human suffering.

. . .For the Victims of Radiation Industries

Orville Kelly
President, National Association of
Atomic Veterans

Everett Mendelsohn
Professor, History of Science
Harvard University

Karl Morgan
Professor, School of Nuclear Engineering
Georgia Institute of Technology

William Winpisinger
President, International Association of
Machinists and Aerospace Workers

: (list continues on page 4)

Helen Caldicott, M.D.

Elizabeth Catalan
Former resident of St. George, Utah

Harry Coppola
Atomic Veteran

John T. Edsall
Professor Emeritus of Biology
Harvard University

Joseph Harding
Former employee, uranium enrichment plant

William Howard
President, National Council of Churches

(Organizations listed for identification purposes only.)
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Radiation's Recognized Dangers
The type of radiation emitted from nuclear facilities is called ionizing radiation; it has the energy needed to

remove one or more electrons from an atom. The jonization of an atom creates an ion which is chemically
reactive and can damage living tissue. Ionizing radiation includes X-rays, gamma rays and alpha, beta, and
neutron radiation. Cosmic radiation and naturally-occurring radioactive elements such as uranium, radium and
thorium are all ionizing radiation and are referred to as natural "background" radiation. Ionizing radiation is
also the type used in medical X-rays, and the type found in atomic weapons fallout and all phases of the nuclear
fuel cycle from mining and milling to waste storage.

Many types of cancer are known to result from radiation. The most common type is leukemia but, recent
studies have shown that bone marrow and soft tissues like the pancreas, brain, kidney, lung, and large intestine
also develop radiation-induced cancers.

Former soldiers involved in atomic bomb tests and children living nearby the Nevada Atomic Bomb Test Site
show a leukemia death rate twice that expected. Similar findings have been recently reported among citizens liv-
ing near abandoned uranium mining wastes in Mesa County, Colorado. Excess cancer mortality amongst
nuclear workers has been reported at the Hanford nuclear facility in Washington, Los Alamos, New Mexico,
Lawrence Livermore Laboratory in California, and Portsmouth Nuclear Shipyards in New Hampshire. An epi-
demic of radiation induced lung cancer continues to grow among U.S. uranium miners as a result oi the federal
failure to implement adequate exposure standards. Exposure to needless medical X-rays, which constitutes the
largest single source of radiation exposure, is shown by studies to be correlated with cancer and other diseases.
Radiation exposure from the nuclear power reactor accident near Harrisburg, Pennsylvania has resulted in major
uncertainties for people living near the reactor site.

Information showing higher radiation risks has become available despite government attempts to suppress it.
The Department of Energy, which has had control over radiation health effects research, is relinquishing that
authority to the National Institutes of Health. The continuing studies at NIH may dramatically affect the use of
medical radiation, the rate of nuclear power development, the proliferation of nuclear weapons, and the growth
of other radiation industries in the near future.

Who Suffers from Radiation Effects?
* Workers involved in uranium mining

and milling

* Nuclear facility and transportation
workers (commercial and Federal)

* GI's exposed to nuclear weapons
radiation

• Medical and other X-ray
technologists

• Civilians living near nuclear
facilities (commercial and Federal)

• People exposed to needless medical
X-rays

* Civilians exposed to weapons test
fallout and abandoned mining Waste (H you would like to participate in the hearings, see p.4)
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I. INTRODUCTION

The demonstration that radiation can increase the rate of occurence
of germ-line mutation in plants and animals is now more than 50 years old
(Muller, 1927). This fact, at first primarily of interest to the experimental
geneticist, began to attract much wider attention in the 1950's, with the
continued testing of nuclear weapons and the advent of nuclear power.
Meanwhile, the role of diagnostic radiology in the practice of medicine was
steadily increasing. In the 1960's, further atmospheric contamination from
the testing of nuclear weapons was generally eliminated, and improved
radiologic techniques decreased medical exposures, but new genetic concerns
were aroused by questions of nuclear reactor safety and problems of radio-
active waste disposal. In the 1970's, questions of delayed somatic radiation
effects in ex-military personnel who participated in nuclear bomb tests in
the Southwest, and persons residing in this region, have raised in the minds
of some the possibility of concomitant genetic effects. Transcending all
these considerations are the implications of warfare employing nuclear
weapons.

It will be the purpose of this presentation to attempt to put the genetic
concerns created by these developments in brief perspective. We will consider
first the nature of spontaneous mutation, then the contribution of spontaneous
mutation to disease, then the state of our information concerning radiation-
induced genetic damage in higher organisms, including man, and finally, how,
as a result of recent technological developments, we may be able to improve
our appreciation of the extent to which current and potential radiation exposures
might be expected to influence human mutation rates. The difficulties in any
precise extrapolation from experimental organisms to man will be brought out.
Because the background of this audience is so mixed, I will keep the presenta-
tion quite general, but when I have finished, I will be happy to respond to
questions covering areas any of you might wish to explore further.
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II. THE NATURE OF SPONTANEOUS MUTATION

Classically, a mutation has been defined by the appearance in an
individual of an hereditary trait not present in the immediate ancestors of
the involved individual. Cytological studies of mutant individuals and their
progeny early revealed that in some instances, mutation could be correlated
with obvious changes in the chromosomes of the organism whereas in other
instances, there was no detectable cytological counterpart to the event. This
has led to the convention of distinguishing between chromosomal and point
mutations, the latter presumably very localized changes in a single gene, i.e.,
in that length of DNA which functions as an operational unit. However, it
has been clear from the beginning that this was a distinction of convenience,
since one can readily visualize successively smaller chromosomal changes which
finally merge into apparent point mutations.

The term 'spontaneous' as applied to mutation means 'without known
cause.' While some 'spontaneous* mutation may be due to irreducible error in
a system as complex as that involved in maintaining the integrity of the genetic
material, some portion of the mutant alleles encountered in population surveys
must surely be due to the action of environmental factors. There is, to begin
with, background irradiation. Infections with many of the viruses to which
man has traditionally been exposed, especially the arboviruses, can cause
chromosomal damage, and agents which result in visible damage to chromosomes
are usually mutagens. Recently it has been shown that i-'o breakdown of protein
produced by the charring of meat produces substances which are mutagenic for
bacteria (cf. Nagao et al, 1979), and that many of the common plant flavinoids,
some with, some without, metabolic activation, can also be mutagenic in
bacterial test systems (cf. Hardigree and Epler, 1978). Finally, in the past
food sources have often been contaminated by fungi producing aflotoxins, known
to be chromoclastic and mutagenic. It is unknown, to what extent the accumula-
tion of mutations in the present gene pool results from the action of various
environmental mutagens in the past, mutagens to which in some instances human
exposures are now being reduced.

In the higher organisms—such as Drosophila, mouse, and man—the usual
indicator of mutation has been a gross morphological departure from normal.
Fig. 1 illustrates several of the kinds of pedigrees which in man have been
used to document the occurrence of a mutational event, and upon which studies
of mutation rates have been based. In theory, a point mutation can either
find expression in the first generation after its occurrence, because it is
a dominant trait, or, as a recessive trait, not find expression for some
generations after its occurrence, the timing of first expression depending
on when it meets a similar recessive gene. In the past, the most reliable
estimates of human mutation rates have rested on autosomal dominant traits,
detected in the generation immediately following their origin. Accurate
estimates of mutation rates to dominant traits require extensive family
studies. There are now 13 sucl :f.imates, which we will consider in the next
section.



Unfortunately, for none of the dominant traits used in studies of human
mutation rates do we yet understand the precise biochemical basis. Until
recently, the molecular revolution has not touched the study of mutation in
higher organisms. This may be about to change, as illustrated by studies
on hemoglobin. In the last thirty years, subsequent to the demonstration
that the sickling phenmenon of red cells was inherited in a simple, precise
fashion and due to an abnormal hemoglobin molecule, over 300 additional variants
of hemoglobin have been described (summaries in Dayhoff, 1972 et seq; Schmidt,
1975). These all must be attributed to mutation events at some time in the
recent or remote past. Amino acid sequence studies of these hemoglobins have
revealed the range and subtlety of the mutation process. Hemoglobin A, which
constitutes some 97% of the hemoglobin of the normal adult, consists of two
a polypeptides, 141 amino acids in length, and two B polypeptides, 146 airino
acids in length. We will confine our considerations just to the known variants
of these two polypeptides. Most of the abnormal hemoglobins, primarily detected
by the technique of one-dimensional electrophoresis, are characterized by the
substitution of one specific amino acid for another. Fig. 2 illustrates how
a hemoglobin variant appears in an electrophoretic system. These can be explained
by a single base substitution in the triplet DNA code and indeed, it was the
consistency with which amino acid substitutions in human hemoglobin could be
reconciled with single base changes in the genetic code inferred from experiments
with bacteria that first strongly implied the universality of the genetic code
(Smith, 1962). Several abnormal hemoglobins (Freiberg, Niteroi, Tochigi,
St. Antoine, Tours) are characterized by the loss of one or more amino acids and
presumably result from code deletions which precisely encompass the information
for one or more amino acids. Three (Wayne, Tak, and Cranston) are characterized
by new sequences of amino acids towards the end of the a or 8 chain and appear
to be due to the deletion or addition to the DNA of one or two nucleotides, of
such nature as to result in a 'frame-shift' in the reading of the code. Hemoglobin
Grady is characterized by the addition of 3 amino acids in the a-polypeptide
and is presumably due to a small insertion in the code. There are 3 hemoglobins
(Constant Spring, Icaria, and Koya Dora), each characterized by the addition
of 31 amino acids to the a-chain; these must be due to a mutation of the 'stop'
or 'punctuation' codon. Fig. 3 is a pedigree illustrating the appearance
of an abnormal hemoglobin in a family through mutation.

In addition, there are mutations resulting in greatly impaired or absent
production of the a and 8 chain of hemoglobin A, resulting in the collection
of diseases referred to as the thalassemias (summary in Rabat and Koler, 1975;
Kazazian et al, 1977; neatherall and Clegg, 1979). On the basis of recent
biochemical studies, extending to the RNA and DNA level, the thalasscmias
correspond to a class of variants termed nulls. These are characterized by
a complete or near absence of gene product or by the presence of a gene product
with little or no activity. The majority of the many inherited human deficiencies
of metabolism, as summarized in Stanbury et al (1978), are due to homozygosity
for alleles which would be termed nulls. In relatively favorable experimental
animals, or in mammalian cells maintained in culture, it has been possible to
begin to obtain some insight into the relative frequency with which spontaneous
mutation results in these nulls, as contrasted with mutation resulting in
electrophoretic variants. In the most extensive study of germinal mutation
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thus far, in Drosophila, the rate is about 5:1 (Mukai and Cockerham, 1977).
There are as yet no comparable data for a mammal, but we are entitled to
suspect that in the higher organisms, "null' mutations, technically difficult
to detect with certainty in the past, may be the most frequent type of mutational
event.

Perhaps the most important point to be drawn from this brief review of
hemoglobin genetics is the enormous range of effects resulting from spontaneous
mutational events. At the one extreme are changes in the molecule which pro-
bably make no difference to its functioning. At the other extreme are changes
which result either in no activity of the structural gene or in a product actively
disruptive to the functioning of the normal molecules which are present. There
is no reason to believe the hemoglobin molecules are unusual in their genetic
complexity; every other one £f_ the body's many proteins is subject to ji similar
range of mutational damage. When we consider that the human haploid genome, with
a haploid DNA content corresponding to approximately 3 x 10^ nucleotide pairs, has
the potential of coding for some 3 x 106 genetic messages of 1000 nucleotides
each, or corresponding smaller numbers of more complicated messages, the full
range of our mutational potentialities becomes apparent.

The recent information concerning the nature of 'chromosomal' mutation
in man (as contrasted to 'point'), while not providing the variety of new insights
just reviewed, does demonstrate that the potentiality for chromosomal accidents
in man is not only enormous but realized. The first chromosomal mutation to be
demonstrated was the extra chromosome 21 responsible for Down's Syndrome, in
1959. As of this writing, clinical findings have been associated with abnormalities
(partial or complete duplications or deficiencies) of all of the 23 human chromosomes
except chromosome 2 (summaries in Borgoankar, 1975; de Grouchy and Turleau, 1977).
What is important in the present context is that most of these syndromes are
accompanied by severe physical defect and/or greatly reduced fertility or (usually)
sterility. Their presence is for the most part due to the fact that they are
replenished each generation through mutation.
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THE FREQUENCY OF HUMAN SPONTANEOUS MUTATION AND

HOW IT CONTRIBUTES TO DISEASE

The rate of appearance through mutation has now been derived for 13
dominatly inherited medical syndromes whose first appearance in a family
can be documented with reasonable accuracy*. The average of these rates
is 2 x 10~5/gamete/generation (summary in Vogel, 1975). It is generally
assumed that these traits result from mutation at a single specific
genetic locus and these rates are translated into locus rates, but it
could be that mutation at several different loci results in the trait
in question. Since each locus is represented twice in the adult, it
follows that each generation, some 52 persons per 100,000 births, will develop
one or the other of just these 13 diseases because of a fresh mutation.

A surprising development of recent years has been the demonstration that
some 40 to 50% of all spontaneous abortuses exhibit a chromosomal abnormality
(rev. in Jacobs, 1975; Car and Ge.deon, 1977, 1978). Assuming that only 15%
of pregnancies terminate in spontaneous abortions, it can be calculated that
at the developmental stage at which fetal material can first be recovered
for analysis (i.e., about 6 weeks), some 6% of all conceptuses are chromosomally
abnormal. The proportion might well be higher if one could study earlier
stages. Although a few of the fetuses with aberrant karyotypes arise on the
basis of a predisposing chromosomal abnormality in a parent, such as a
reciprocal translocation, most are completely de novo, i.e., must be classified
as due to new chromosomal mutations. At birth, about 500 in 100,000 children
exhibit one of these anomalies. (The estimate may increase as cytological
techniques continue to improve.) The mutation rate for chromosomal abnormalities
as calculated from liveborn children is 16.4/10,000/gamete/generation, so that
328 per 100,000 liveborn infants exhibit chromosomal mutations (Jacobs et al,
1974). Thus, also taking the data on dominant mutations discussed earlier into
consideration, we can be rigorous in the statement that among a cohort of newborn
infants, some 380 per 100,000 will develop disease due either to "point" or
chromosomal mutation.

*These syndromes are chondroplasia, aniridia, dystrophia myotonica, retino-
blastoma, acrocephalosyndactyly (Apert's syndrome) osteogenesis imperfecta,
tuberous sclerosis, multiple neurofibromatosis, multiple polyposis of the
intestine, Marfan's syndrome, polycystic disease of the kidney (adult form)
diaphyseal aclasia, and von Hippel-Lindau syndrome.
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It is clear the direct contribution of mutation to disease must be
substantially higher than the sum of the two sets of data just mentioned.
There are quite a number of sex-linked or dominantly inherited traits which
appear to be maintained in the population by mutation pressure, for which
mutation rate estimates are not yet available. There are also traits with
more complex genetic bases, to whose maintenance in the population mutation
pressure probably contributes. The U. S. Advisory Committee on the Biological
Effects of Ionizing Radiation has suggested that altogether some 6 percent
of newborns will sooner or later exhibit disease in which there is a genetic
component. Roughly 20 to 50% of these (i.e., 1200 to 3000 per 100,000 newborns)
are thought to develop their disease because of the pressure of fresh mutation
each generation. The United Nations Scientific Committee on the Effects of
Atomic Radiation (1977) has endorsed similar figures. On the basis of the
high relative frequency of null mutations in experimental organisms (as
mentioned earlier) and the steadily growing list of human diseases in which
key proteins are lacking (i.e., resulting ultimately from null mutations),
I have argued that even these Committee reports may have substantially under-
estimated the amount of mutationally-maintained recessively inherited disease
in the general population (Neel, 1978). It should be clear by new why the
geneticist worries over the possibility of increasing mutation rates.

III. RADIATION-INDUCED MUTATION IN EXPERIMENTAL ORGANISMS

We turn now to the experimental data which have aroused concern over the
genetic consequences of human radiation exposures. The literature on radiation-
induced mutation is enormous. In this section we shall attempt to restrict
ourselves to that portion of the literature most relevant to the human problem.
In particular, we shall deal with the evidence for germ cell point and chromosomal
mutation induced by moderate radiation doses (rarely over 600 rem) to cells in
the spermatogonial or oocyte stages. The reason for the dose restriction is that
the LD50 in man is approximately 450 rem; few people will ever survive an acute—
or prolonged—exposure delivery more than 600 rem.

Most of the early experimental work on the radiation genetics of animals
was conducted with Drosophila, a quite radiation-resistant fly, and relatively
large doses of radiation were employed. However, as interest in the genetic
effect of radiation on man increased, the work with Drosophila was extended
to low doses, it being possible to conduct experiments on a scale with
Drosophila that would be almost prohibitively expensive with a mammal. It
has been conclusively demonstrated that acute doses of X-ray as low as 5, 8, 25,
and 50 R produce mutations, in linear relationship with the results with
higher doses (Spencer and Stern, 1948; Glass and Ritterhoff, 1961; Shiomi et al,
1963). This demonstration is the basis for the belief that there is no threshold
to the genetic effects of radiation, any exposure having some mutagenic effect.

88



"Specific locus" tests in mice. Turning now to results obtained with
mice, the only extensively studied mammal, let us first consider the findings
as regards so-called point mutations. Most of the results which have been
obtained have utilized two specifically developed test strains, the nature
of which we can't go into here. The following facts concerning induced
mutations are especially relevant to the human problem.

1. The control mutation rates in these studies have been about 0.7 x
10~5/locus/generation for male mice and 0.3 x 10"^/locus/generation for female
mice—surprisingly close to the above-quoted human rates, in view of the
difference in length of life and number of cell divisions between conception
and gamete production.

2. Acute irradiation with x-rays of germ cells in the spermatogonial
stage in adults produces detectable mutations at a rate^of 1.7 x 10"' per
rad/average locus. The corresponding rate is 5.4 x 10""' for oocytes when
the data are limited to conceptions occurring within the first seven weeks
after irradiation. However, whereas the yield for spermatogonial radiation
continues essentially the same throughout the life of the mouse, there is no
evidence from the litters conceived seven weeks after the acute radiation
of females for any increase in mutation rates (rev. in Russell, 1972). -We
assume that for humans, most of the children conceived following a maternal
exposure would correspond to these "late litters."

3. When a total dose of 300 or 600 R of X- or gamma-radiation is
delivered over a prolonged period of time, or in small fractionated doses,,1 " \
the yield of mutation is reduced by a factor of about 3 in spermatogonia and
even more in oocytes (Russell et al, 1958, 1959; Carter, 1958) and again there
are no mutations recovered in the "late litters" of irradiated females
(Russell, 1963; Batchelor et al, 1969). The dose rate effect is maximal when
dose is reduced to 0.8 rad/minute and not further enhanced at rates of
0.001 or 0.009 rad/minute (rev. in Russell, 1963). Short of atomic disaster
of some sort, most human exposures will occur at low dose rates. The findings
suggest highly efficient repair mechanisms in female mice.

4. On the basis of amount of ionization attendant to the exposure,
neutron radiation is more effective than X-ray or gamma. With acute exposures
of the magnitude of 100 rad, the relative biological effectiveness (RBE) of
neutrons has been placed at about 6, but again there are no mutations recovered
in the late litters of treated females (Russell, 1965).

It is clear from these data that the amount of radiation required to
produce the same frequency of mutation as the spontaneous rate .(the so-called
"doubling dose") is highly dependent upon the type of radiation, the manner ir.
which it is delivered, the germ cell stage, and the sex of the irradiated animal.
For acute gamma irradiation of spermatogonia in male mice, the doubling dose is
roughly (7.7 x 10~5)/(1.7 x 10~O, or 41 R. For female mice, the apparent
doubling dose depends to a large extent on how long following the radiation the
mice are studied, but, assuming reproduction for 6 months following treatment,
is never less than in males. For either sex, with low level/intermittent chronic
exposure, the doubling dose increases by a factor of at least three. The
estimate of doubling dose for neutron exposure is so dependent upon
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circumstances that generalized statements are ill-advised.

The observations on the genetic effects of radiation on the mouse provide
an experimental framework for addressing the human problem, but many issues
arise in any effort at a precise treatment. Clearly, for any human scenario
one must specify with care the way in which the dose of radiation is delivered
and the interval between exposure and conception. Beyond this, however, there
are such imponderables in extrapolating from the mouse as the possibility of
better DNA repair mechanisms in man, of important differences between the human
and mouse oocyte (Brewen and Payne, 1979), or of differences in how genetic damage
is manifested in the life cycle. For the decisions ahead, we must also have
human data.

IV. HUMAN DATA

Given the many problems in simple extrapolation from mouse to man, the
importance of obtaining data on the genetic effects of radiation on man is
matched only by the difficulty in assembling such data. We come now to the
subject of the actual monitoring of human populations. Far and away the most
significant opportunity to date to investigate the possibility of an increased
mutation rate is the aftermath of the atomic bombings of Hiroshima and
Nagasaki, and it is to our data derived from complex studies involving many
Japanese and American scientists in these two cities that this section will
for the most part be devoted. An important aspect of this study, in contrast
to most other attempts to derive genetic data from human exposures, is the
relative accuracy with which the dose of irradiation sustained by the exposed
survivors can be established.

It should be clear from the outset that the question of whether radiation
will produce mutations in man was not the issue in the studies in Japan. Given
the experimental facts summarized in the foregoing section, plus the vast body
of other data available, it can scarcely be doubted that genetic damage was
sustained by the survivors of the atomic bombings. The problem for the past
30 years has been the responsible quantitation of that genetic effect, in a
sample of children which—it was realized from the outset—was probably (and in
the humanistic sense, fortunately) rather too small for the unequivocal
detection of genetic effects, given the radiation doses involved.

The design of the Japanese study. The design of an appropriate study on
the potential genetic effects of the atomic bombs was greatly facilitated by
the persistence in post-war Japan of a rationing system which made special
provision for pregnant women after the completion of the fifth month of
pregnancy. The addition of a brief questionnaire concerning their experience
with the atomic bombs to the data collected at the tiiae of pregnancy registra-
tion provided the basis for a prospective study. The outcome of the pregnancy
was noted on a special form by the physician or midwife in attendance. All
infants born to these registrants were subjected to a standard examination,
usually within a month of birth. However, in the event the child was in the
opinion of the attendant at birth abnormal in any way, an immediate physical
examination was provided by the study team. Autopsies were performed on all
still births or infants dying during the neonatal period for which permissions
were received. A subsample of children was reexamined at approximately age.
9 months.
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The parents of many of the children born in Hiroshima and Nagasaki in
the years immediately following the bombings had not been in these cities at
the time of the explosions. Furthermore, of the parents who had been in
either of the two cities, the amount of whole-body radiation received ranged
from the maximum compatible with survival in rare individuals—say 600 - 700
rem—to essentially zero for persons over 2500 meters from the hypocenter. There
was thus a wide range of radiation exposures among the parents of the infants
who comprised the study. As an illustration, between the years 1948 and 1954,
76,626 infants were registered, but only some 15% were born to parents one or
both within 2000 meters of the hypocenter—the so-called proximally exposed.

During the early years of the study, the indicators of a potential genetic
effect were all "morphological": congenital defect, stillbirth, birthweight,
sex-ratio, survival through the neonatal period and, for a subsample, physical
development at age 9 months (cf. Neel and Schull, 1956). In recent years,
with the emergence of new genetic technologies, the emphasis has shifted to
chromosomal examinations and biochemical studies directed towards the detection
of mutant proteins, such as those of hemoglobin already discussed. These latter
approaches, not available at the time the original study was organized, clearly
have the potential for yielding more clear-cut answers than the former, which
may reflect maternal (rather than foetal) genotype as well as a variety of
exogenous circumstances. The biochemical approach has the further advantage
that it detects so-called recessive mutations (as well as dominants) and since
these appear to carry very little disadvantage when heterozygous, they permit
a cross-sectional approach to a population whereas to employ dominant mutations/
congenital defects requires a cohort approach with periodic reexaminations.

Genetic theory suggests that an increased frequency of mutations in the
offspring of irradiated parents should increase the frequency of congenital
defects and stillbirths, decrease survival, impair physical development, and
alter the sex ratio in ways specified by the sex of the irradiated parent.
However, the magnitude of the effect following—for instance—a doubling of
the mutation rate is difficult to estimate, especially for such indicators as
birthweight or frequency of stillbirth.

The findings from the Japanese study. For purposes of the first analysis
of the morphological data, each parent was classified into one of 5 radiation
categories, ranging from zero exposure up to that producing gross radiation
sickness. With respect to the frequency of congenital defect and stillbirth,
as well as birthweight and physical development at age 9 months, there was no
hint of a consistent difference between groups of children based on category
of parental exposure. On the other hand, two of the indicators have shown
changes of borderline statistical significance in the children of the irradiated,
findings which not only can be viewed as reinforcing each other but which also
parallel certain of the effects observed in the mouse.
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The first of these indicators is the death rate among liveborn infants
(Neel, Kato, and Schull, 1974). The coefficients of regression of occurrence
of death on radiation dose was negligible for mother's exposure but significant
at the 5% level for father's exposure if one elects to apply a 'one-tailed1

test of significance to the regression. On the assumption that in the absence
of radiation, 1 in 200 live born Japanese children will die prior to age 17
because of nev? mutation (point or chromosomal) in their parents, one can
calculate that the "doubling dose" for mutation resulting in early death is for
fathers, 58.5 rem. For maternal exposure, on the other hand, there is no sugges-
tion of any effect. Assuming that most of the children in the study were conceived
at a time when, from the observations on the mouse, genetic effects in females
have disappeared, this segment of the data thus shows a striking parallelism to
some of the findings in experiments with the mouse. On the other hand, to select
as the basis for calculating doubling dose the only one among 5 indicators to
show a possible significant effect of course results in a biased estimate of
doubling dose, the bias lowering the estimate.

The situation with respect to the effect of parental exposure on the sex
ratio of their offspring is more complicated (Schull, Neel and Hashizume, 1966).
The data have been analyzed on three different occasions. The simplest hypothesis
in this context is that maternal radiation will depress the sex ratio, resulting
in a negative regression of sex-ratio on exposure, whereas paternal radiation
should increase the sex-ratio (positive regression). This pattern, with one
exception, is consistently observed in the data through 1955, although only one
of the regression coefficients reaches the 5% level of significance. However,
there was a "reversal" of the findings in the later years of the study, with
little suggestion of any effect in the final analysis. At present we are unsure
whether an early effect disappeared or whether the apparent time trend is due
to chance.

In 1967 a search for evidence of an increased frequency of chromosomal
abnormalities in the children born to survivors was initiated, using standard
procedures for karyotyping. As of the last report (Awa et al, 1978, see also
Awa, 1975), 2,202 control children and 4,320 Y-y had been karyotyped. In the
control group, 7 (0.32%) had been identified as having an abnormal chromosomal
constitution (4 with sex chromosome aneuploidy and 3 with balanced autosomal
rearrangements), whereas among the children of the exposed there were 20 with
abnormal chromosome constitution (0.47%), (10 with sex chromosome aneuploidy
and 10 with balanced autosomal rearrangements). Taken at face value, the
frequency of cytogenetic abnormality is approximately 50% higher in the children
of exposed than among the control children, but the difference is of course
well below the significance level. This study, like those on death rates
and the sex-ratio, is being actively pursued at the present time.

The most recent addition to the follow-up program is an effort—now
that the technology is at hand—to determine the frequency of mutation effecting
protein structure in the children of survivors and controls (description in
Neel et al, 1979). A series of some 30 proteins of the blood plasma and
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erythrocyte are being examined by one-dimensional electrophoresis for the
occurrence of unusal genetic variants; when one is observed, family studies
are carried out to see if the variant can be attributed to mutation in either
parent. At the same time, some 10 enzymes of the erythrocyte (enzymes which
are also being examined electrophoretically) are being examined for half-normal
levels of activity, such as might result from the presence of a null variant,
of the type discussed in an earlier section. These studies, which are the
human equivalent of the specific-locus test in the mouse, are still in their
early stages, but in time, together with the cytogenetic studies, should yield
less ambiguous results than the 'morphological' approach.

V. PERMISSIBLE EXPOSURES TO RADIATION.

Given the facts so briefly reviewed in the foregoing, it is readily
understandable that the past 30 years have witnessed a series of exchanges,
debates, and committee reports over the magnitude of the genetic risks
inherent in the increasing exposures to ionizing radiation. Our species
has been exposed to natural sources of radiation, as enumerated in Table 1,
from the dawn of time. With the introduction of X-rays and radiation therapy
into the practice of nedicine, plus military testing of nuclear weapons and
atomic power, some increase in exposures beyond background cannot be avoided.
The path of prudence is to assume no threshold to the genetic effects of radia-
tion exposure. The challenge to society then is to set 'permissible limits'
wherein the gain to the exposed individual and population appears to offset
the cost. Society must also make adequate provision for periodic reassessments
as new knowledge is developed.

Major efforts to define permissible limits were first undertaken by parallel
committees of the British Medical Research Council and the U. S. National
Academy of Sciences in the mid 1950's. Both Committees—which had maintained
a degree of liaison rare in an international setting—issued recommendations
which have not been greatly altered by subsequent developments. In 1956 the
U. S. Committee, guided to a large extent by the assumption that the doubling
dose in the mouse for the kind of a mixed spectrum of radiation exposures that
members of a human population might receive was surely between 5 and 150 jr,
and very likely between 30 and 80 _r, suggested that the members of a human
population should not on average receive from all sources more than 10 x_
over the period from birth to age 30, the approximate average age at reproduc-
tion in the U. S. Subsequently, up to half this suggested amount was 'reserved'
for medical exposures and the other half for industrial and military. In the
light of developments in experimental genetics described in Section III, the
U. S. Committee in a second report in 1972 raised the estimate of the doubling
dose for the usual kind of radiation received in the U. S. to between 20 and
200 rem and in its 1979 report, to between 50 and 250 rent. This range is
dicated not only by the problems in extrapolating from the mouse to humans but
uncertainty concerning the kinds of exposures humans will receive. The data
from Japan of course played a role in these estimates. However, despite the
revision upwards of the estimate of the doubling dose the suggested permissible
average exposure for populations has been, kept at 5 rem of man-made, non-medical
radiation up to age 30 (170 mrem/year). Thus if the doubling dose for humans
were 100 rem, the permissible dose would increase the spontaneous rate by 5%.
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Throughout all the various reports adopting similar figures runs the
theme that this is a maximum "permissible1 exposure. In fact, in practice,
population exposures have been very much below this guideline, as shown in
Table 1. Thus, the. amount of radiation actually being received from medical
and dental sources up to age 30 by the general population currently appears
to be no mere than 1 to 2% of a doubling dose (estimated conservatively at
100 rem for the mixed exposures of U. S. populations), and from other man-made
sources, about 1 to 2%. The medical and dental exposures of course vary
greatly from country to country; in general exposure to man-made sources of
radiation is a problem for the industrialized nations.

While theie is a certain intuitive comfort in knowing that in the United
States the population-wide increase in mutation rates is probably not more
than 1 to 2% of a rate with which our species has been living for a very long
time, even this increase has implications for disease frequencies. It is
in attempts to deal precisely with these implications that considerable
controversy arises, and will continue to arise for some time. In particular,
exposures are not uniformly spread over the population, and, apart from groups
who may elect occupations resulting in somewhat increased radiation exposures,
there is the issue of non-occupational groups who for one reason or the other
may have received exposures substantially higher than this population average.
Each discussion of the implications of the exposure of military personnel to
radiation, of the consequences of being downwind from a test site, or of an
accident in. a nuclear power plant, produces references to possible genetic
effects. Legal action to clarify responsibility is inevitable, and quite aside
from our need to develop a philosophy for this area, the scientific basis for
precise risk evaluation is still less than adequate.

VI. THE FUTURE

Where do we go from here? The available data suggest that for the population
at large, current levels of exposure to radiation should have altered mutation
rates very little. In my opinion, however, we must move to see this issue in
a broader framework. Our charge today is limited to a consideration of radiation
effects, but in developing a suitable perspective to the problem, it is important
to bear in mind that not only have we slightly increased the radiation in our
environment, we have introduced in trace amounts many mutagenic chemicals, which
in time will probably raise many of the same questions we have met to discuss
today. Earlier I mentioned some of the mutagenic agents to which our ancestors
were exposed, and to which our own current exposures are diminished. The larger
issue is where we stand on the total mutagenic balance sheet.

I suggest that in this situation, there is an urgent need for actual
data to meet the pervasive concerns that have and will continue to prompt
meetings such as this. In particular, data are needed on groups thought to
be at particular risk to mutation, from a variety of sources. Although my
charge was simply to review present knowledge, I would be remiss in meeting
this charge if I left you with no feeling for the improved understanding
the future may hold, and it is to the prospect of improving our data base
that I would like to direct the remainder of this presentation.
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I have already referred to the greater precision in understanding muta-
tion which comes from the study of protein variants as contrasted to medical
syndromes, and to our efforts to proceed in this direction with one-dimensional
electrophoresis and enzyme activity studies in Hiroshima and Nagasaki. Recently,
several biochemists have introduced two-dimensional electrophoresis as a means
of visualizing protein differences between organisms (Anderson and Anderson,
1977; Klose, 1977; Steinberg et al, 1977, and others). The first dimension
in the procedure separates the protein molecules according to their size, the
second dimension according to their charge. The use of autoradiography or of
new, very sensitive protein stains enables one to visualize several hundred
different proteins in a single preparation from white blood cells, red blood
cells, blood serum or hair follicles.

It has already been conclusively demonstrated that this technique can
demonstrate genetic variants of proteins with high reliability (Brown and
Langley, 1979; Elliott, 1979; Lee et al, in press). Just as in one-
dimensional electrophoresis, what would ordinarily appear as a single spot
(or band) appears as two. The great step forward, of course, is that now
a single preparation resulting from the application of a single sample to a
gel will be suitable to a search for genetic variation in many proteins.

Clearly, the reading of many such gels by eye would be extremely tedious.
Enter the computer. With experience, it will be possible to specify a standard
pattern for each of these preparations. It appears that computers can be
successfully programmed to detect departures from a standard image of this type
(Garrels, 1979; Bossinger et al, 1979). (There is of course already an enormous
experience with reduction by computer of the images obtained by satellites.)
When 2-D variants are detected, then, just as in current one-dimensional
electrophoretic procedures, one would have to determine if the variant protein
is in one or the other parent—in which case it is an inherited trait—or
whether it does not have a precise counterpart, in which case it may well be
a mutant.

It would be possible as of this moment to undertake a search for genetic
damage in high risk groups in this country, employing present one-dimensional
electrophoretic technology, as indeed we are doing at present in Japan, not only
with respect to radiation effects, as described earlier, but also in children
born to war-time workers in the manufacture of sulphur mustard gas. But with
developments such as just described in the offing, we may well be entering a
new era in the study of germ-line mutation at the protein level, in which the
efficiency of the search improves by a factor of 5 to 10. One might wish
to delay any large scale studies in this country until the new technology was
available. Lest I seem to be going overboard, let me make clear how much
laborious and rigorous work will be necessary to bring this technology on line.
Nevertheless, the potential is clear. The most telling use of this potential
in this country would be in the context of a "worst cases" approach, in which
a variety of "high risk" groups and suitable controls are defined and studied,
and findings pooled. The Japanese populations referred to earlier certainly
would also profit from this approach. Here in the U. S. a major effort to
define those populations subject to somewhat increased exposures to radiation
has been sponsored by the NRC. None of these populations (to my knowledge)
remotely approaches the children of the Japanese survivors in dosage.
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Although today we are meeting in the context of a concern over radiation
effects, as mentioned earlier, there are parallel concerns over the genetic
effects of a variety of chemicals to which we are currently exposed; these
new techniques would of course be relevant to studies of the potential genetic
effects of the chemical mutagens as well. On the basis of the experience to
date, it is in my opinion doubtful that even a very large study of the available
children of these exposed groups in the U. S. will yield statistically signi-
ficant "positive" findings. I suggest, however, that laborious and expensive
as the appropriate, probably "negative" studies will be, the cost of not under-
taking a serious approach to human mutation rates—continuing uncertainty of the
type mentioned, with challenges to all manner of industrial developments—is
even greater. Such studies might also be helpful in setting limits to legal
responsibilities.

Mutations also occur in somatic cells, and may, indeed play a major role
in oncogenesis. There has for some years been considerable interest in the
development of methods for detecting single mutant cells in a convenient tissue
such as blood. Such methods would permit each individual to be his own indicator
of possible genetic damage. Unfortunately, despite considerable effort, methods
for the detection of somatic cell mutations have not developed rapidly. There is
a further problem: at present we don't know how to relate somatic cell mutation
rates to germ line mutation rates. In this prospectus for the future, I would
suggest a careful correlation of studies on somatic cell mutation rates with
studies on germ line rates, so that we can begin to develop suitable conversion
factors.

In summary and closing, then, I repeat an opening statement: the evaluation
of the genetic effect of radiation, and, for that matter, of other pollutants,
on humans is a problem of great complexity, admitting of no quick and easy
answers. Considerable progress has been made; there is the prospect of new
methodologies that in the future could provide greatly improved insights into
the question.
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Table 1 . Sources of genetically significant radiation, as of 1972, according

to the Advisory Committee on the Biological Effects of Ionizing

Radiation.

Source

^a-ural radiation

Cosmic radiation
Redionuclides in the body
External gamma radiation

Total

[••'.an-made radiation

Medical ana dental
Fallout
Occupational exposure
Nuclear power (1970)
Nuclear power (2000)

77ire.ni

Whole
body
exposure

44
18
40

102

73
4
.8
.003

/year

Geneticallv
significant
exposure

90

30-60

__. ,. ., _ i
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LEGEND FOR THE FIGURES

Some examples of human dominant mutations.

2. Some examples of the detection of hemoglobin variants by the use
of one-dimensional electrophoresis, courtesy of Dr. D. L. Rucknagel
(A = normal, S = sickle cell hemoglobin, C = C hemoglobin).

3. An example of mutation involving the B-chain of human hemoglobin,
after Adams et al (1979).
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 2
Ja-nes V. Meel , M . D .

PROF. ROSENBLITH:
tions and conrcents.

Or. Heel's paper is now open for ques-

DR. MENOEZ: My name is William Menriez. I'm a research
associate at the Center for Policy Alternatives at MIT. I
have two related questions for Dr. Wee!.

The first is, in thinking about public policy decisions
relating to radiation protection, what would you recommend as
a suitable protection end point for measuring and quantifying
the genetic effects of radiation in exposed populations?

The second is, do you feel that use of explicit risk-
benefit calculations in policy decisions is justified, given
the present state of knowledge about the genetic effects of
radiation?

DR. NEEL: The first question dealt with the adequacy of
our end points. There are a variety of end points to v/hich we
might turn. As I have indicated, at the moment I favor bio-
chemical end points. We are aware of a growing number of
diseases in 'nan due to biochemical lesions. This is the whole
trend of modern medicine. I believe then we can nake a reason-
able case for relating biochemical change to ultimate disease
burdens in our population.

With respect to the risk-benefit side of your question,
I would concur with the inplication of your question, the diffi-
culties in adequate risk-benefit analysis. On the other hand,
implicitly or explicitly our society has proceeded for centuries
with risk-benefit analyses on which we based decisions. I believe
we need to be better at it, but I see no reason for backing
off fron attempting to conduct such analyses in this particular
area.

MR. RUSICK: My name is Don Busick fron Stanford.

The accusation that Or. Patel made with regard to the
classification of ABCC's data. Is the basic data classified,
and have you had access to it?

DR. NEEL: Sir, I must confess that for 33 years I have
been involved in generating those basic data. And to the best
of my knowledge, no part of that information has ever been
classified.
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D I S C U S S I O N F O L L O W I N G THE P R E S E N T A T I O N

Issue D a o e r M o . ?
J a m e s V. Ueel, M . o .

'•1R. H U T T : Let me raise one q u e s t i o n t h a t w a s raised by
P r o f e s s o r M i c h a e l B a r r a n of the F r a n k l i n P i e r c e Law C e n t e r in
a w r i t t e n conniunication. I do not b e l i e v e he is here t o d a y ;
I will t h e r e f o r e raise it for hin. He c o n t e n d s that f u r t h e r
e x p e n d i t u r e s of public m o n e y for b i o l o g i c a l r e s e a r c h is u n n e c -
e s s a r y at this s t a g e , Or. H e e l . He a r g u e s that we h a v e e n o u g h
i n f o r m a t i o n now and should p r o c e e d to p u h l i c p o l i c y n a k i n g
d e c i s i o n s w i t h o u t f u r t h e r r e s e a r c h . I w o u l d ask simply that
you r e s o o n d to his a p p r o a c h .

DR. N E E L : I r a t h e r doubt that ye w o u l d be h o l d i n g this
m e e t i n g today if there was c o n s e n s u s w i t h that point of v i e w .
I feel he is p r o b a b l y in a d i s t i n c t m i n o r i t y .

I c e r t a i n l y agree with D r . B e e b e , that we k n o w a great
deal about the q u e s t i o n a l r e a d y . Rut it is q u i t e c l e a r that
t h e r e ' s a very large s e g m e n t of the p u b l i c that d o e s n ' t t h i n k
we k n o w e n o u g h , and that that segment has s u c c e e d e d in s l o w i n g
down the d e c i s i o n n a k i n g p r o c e s s . I b e l i e v e , as I stated q u i t e
c l e a r l y , in a t r a d e - o f f in this c o m p l e x w o r l d , in w h i c h we oner-
a t e , in w h i c h we e n d e a v o r to i n c r e a s e our i n f o r n a t i o n base even
as we go ahead with some of the n e c e s s a r y d e c i s i o n s .

MR. J A R L O M : I'n S e y n o u r J a b l o n f r o * the National A c a d e m y
of S c i e n c e s .

I w o u l d like to exnand on w h a t D r . Neel had to say a b o u t
the c l a s s i f i c a t i o n of the data fron N a g a s a k i and H i r o s h i m a .
Mone of the data are c l a s s i f i e d . The m i l i t a r y have no c o n n e c -
tion with it w h a t e v e r .

MR. L U B E T T : Ronald L u b e t t .

It is p r o b a b l y a g e n e r a l i z e d q u e s t i o n to the a u d i e n c e .
From the data e i t h e r of some of the s u b - p o p u l a t i o n s in India
or sone of the groups in C o l o r a d o , a g a i n , r a t h e r high on b a c k -
g r o u n d r a d i a t i o n ; do you see a s i g n i f i c a n t i n c r e a s e m o r p h o l o g -
i c a l l y in terns of n u t a t i o n s e i t h e r s t i l l b i r t h s or the like?

DR. U E E L : You m e n t i o n e d first the p o p u l a t i o n of I n d i a .
So;ne y e a r s ago I v i s i t e d that area for the R o c k e f e l l e r F o u n d a -
tion to see if a study c o u l d be set up. The fact is we t h o u g h t
it w o u l d c o s t inillions and m i l l i o n s of d o l l a r s to launch an
a p p r o p r i a t e study t h e r e . As far as I k n o w , there has not been
a n y .
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DISCUSSION FOLLOWING THE PRESENTATIOM

Issue Paper Mo. 2
James V. Keel, M.O.

The ouestion you asked about Colorado, about getting naybe
three times as nuch radiation up hiqh as you oet at sea level,
has been bandied around for a long, long tine. And to my knowl-
edge -'- I'n glad you addressed the question more to the audience
than to nyself -- to tiy knowledge, as yet no concrete difference
that can be associated with this difference in elevation has
ewerneri.

P e r h a p s s o m e b o d y in the a u d i e n c e w o u l d like to expand on
t h i s .

DR. CALOl-JELL: Glyn Calriweil fron the C e n t e r s for D i s e a s e
C o n t r o l .

T h e CDC has run a birth d e f e c t s m o n i t o r i n g p r o g r a n for the
last 10 or 12 y e a r s , and I would a g r e e with D r . N e e l . I do not
b e l i e v e they c a n have shown a larqe d i f f e r e n c e b e t w e e n h i g h e r
e l e v a t i o n s and thos e p l a c e s with high b a c k g r o u n d r a d i a t i o n c o n -
pared to o t h e r parts of the c o u n t r y .

Oy the w a y , I think that data can be g o t t e n by w r i t i n g to
the C e n t e r . They h a v e a c o n g e n i t a l m a l f o r m a t i o n b u l l e t i n they
put o u t .

DR. KIM: I'm Jo h n Kim fron D e t r o i t , M i c h i g a n . I w o u l d like
to a d d r e s s this q u e s t i o n to D r . H e e l .

S i n c e y o u are deal i n g w i t h g e n e t i c p r o b l e m s , q e n e t i c a n o m a -
l i e s , a s i d e from the a t o m i c bomb s u r v i v o r s , is there any e f f o r t
by y o u r g r o u p or some other p e o p l e trying tn find out the p o s s -
ible e f f e c t s of r a d i a t i o n on the x e r o d e r n a p i g m e n t o s u n p a t i e n t s ?
T h e s e p e o p l e are the ones who have very s e n s i t i v e skin p r o b l e m s ,
and W i l n ' s t u m o r (there are some o t h e r r e l a t e d p r o b l e m s ) w ho
don't do very well with r a d i a t i o n . In ot h e r w o r d s , can you n e r -
haos adopt or use or try a b i o c h e m i c a l a p o r o a c h to some of t h e i r
c e l l s that you ni g h t be ab l e to c u l t u r e .

DR. M E E L : As you k n o w , ataxia t e l a n g i e c t a s i a is the d i s e a s e
a m o n q s t the in h e r i t e d which we n o s t a s s o c i a t e with unusual r a d i o -
s e n s i t i v i t y . I can tell you that t h e r e are e x t e n s i v e c e l l u l a r
a p p r o a c h e s to x e r o d e r m a p i q m e n t o s u n , a t a x i a tel angi ectasi a, Blurt's
s y n d r o m e , t h i s group of ge n e t i c d i s e a s e s w h e r e t h e r e seems to be
some d e f e c t in r e p a i r , t h e r e is a great deal of e x p e r i m e n t a l work
in p r o g r e s s at the p r e s e n t t i n e .
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D I S C U S S I O N F O L L O W I N G T H E P R E S E N T A T I O N

I s s u e P a p e r M o . ?
J a m e s V . !!eel , M . O .

O R . I/URTZ: I'n S a l l y W u r t z . I'm s o r r y to b e so p r a c t i c a l .
I w o n d e r w h e t h e r w h e n y o u l o o k f o r y o u r h i g h - r i s k p o p u l a t i o n
t h a t y o u w o u l d l i k e to s t u d y in t h i s c o u n t r y , D r . N e e l , w h e t h e r
you might be w i l l i n g to c o n s i d e r r o s t e r s of i n d i v i d u a l a t o m i c ,
n u c l e a r p o w e r p l a n t w o r k e r s w h o h a v e b e e n e x p o s e d to h i g h e r t h a n
u s u a l d o s e s d u r i n g t h e p a s t y e a r s . A l s o w h e t h e r t h e r e m i g h t be
s o m e w a y to i n c l u d e a s t u d y o f p e o p l e w h o h a v e w o r k e d in n u c l e a r
w e a p o n s f a c i l i t i e s o v e r t h e l a s t f e w y e a r s , e s p e c i a l l y R o c k y F l a t s .

A l s o , I w o n d e r w h e t h e r it n i g h t be p o s s i b l e to l o o k a t t h e
p o p u l a t i o n a r o u n d t h e T h r e e M i l e I s l a n d p l a n t . I u n d e r s t a n d t h a t
t h e r e w a s o n l y d o s i m e t e r s f o r o a m m a r a d i a t i o n , not. f o r a l p h a o r
b e t a r a d i a t i o n , a n d t h a t s o m e o f t h e p r i m a r y c o o l a n t o f t h e n u c l e a r
p o w o r p l a n t at T M I w a s p o s s i b l y r e d u c e d . T h e r e are a n e c d o t e s
t h a t c o w s d i e d a n d s u c h , no p e o p l e d e a t h s . B u t in t h e o f f s p r i n o
of t h o s e p e o p l e l i v i n n a r o u n d T M I t h e r e n i g h t be v e r y u s e f u l b i o -
c h e m i c a l e v i d e n c e ?

D R . HEEL: C e r t a i n l y . T h e c h o i c e o f p o p u l a t i o n s f o r s t u d y
is a d i f f i c u l t o n e t h a t s h o u l d be e n t e r e d i n t o c a r e f u l l y . I
w o u l d f e e l , f r o m my k n o w l e d g e , t h a t w o r k e r s in n u c l e a r p l a n t s , t h e
o c c u p a t i o n a l l y e x p o s e d , w o u l d be a p r i m e p o p u l a t i o n f o r c o n s i d e r a -
t i o n , p a r t i c u l a r l y s i n c e t h e d o s a g e t h e r e h a s b e e n so c a r e f u l l y
n o n i t o r e d o v e r t h e y e a r s .

On t h e o t h e r h a n d , f r o n my k n o w l e d g e o f t h e T h r e e M i l e I s l a n d
s i t u a t i o n , t h e a c t u a l r a d i a t i o n d o s e s f r o m e v e r y t h i n g w e k n o w to
p e o p l e w e r e v e r y , v e r y l o w . I d( n o t c o n s i d e r t h i s g r o u p a r o u n d
t h e T h r e e M i l e I s l a n d r e a c t o r a very s u i t a b l e c a n d i d a t e p o p u l a t i o n .
On t h e o t h e r h a n d , I t h i n k t h e d e c i s i o n a s to w h e r e w e go in t h i s
f i e l d i s g o i n g to d e p e n d on a v e r y c a r e f u l s t u d y by a l o t o f p e o p l e .
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INTRODUCTION

The attempts to understand radiation effects are an excellent example
of an effective combination of systematic, and in some cases, prospective
studies of human populations with research on experimental animal systems
at the molecular, cellular and organism levels. It is sixty-four years
since efforts first were made, by the Roentgen Society, to institute
radiation standards. As has been the case with several of the carcinogens
that are important to man, the first evidence of risk of toxic effects and
cancer were the observations made in humans. There is general agreement
that experimental animals, mammalian cells in vitro and perhaps even microbial
systems are appropriate for studies of various aspects of carcinogenesis
that can be qualitatively relevant to the human experience. But when
quantitative estimates of risk to human populations are required, data
obtained from the human experience become paramount. For this and other
reasons, Alexander Pope's advice is often quoted, sometimes even correctly.

"...The proper study of mankind is man
A being darkly wise and rudely great
With too much knowledge for the sceptic side
With too much weakness for the stoic's pride..."

The various commissions or bodies charged with the responsibility of advising
on radiation protection standards have approached the problem of genetic
and carcinogenic effects mindful of what underlies those words.

In the case of genetic effects the estimates of risk and judgements
about protection standards have had to be based on experimental work and
not on the human experience, for the simple reason there are no precise
data for genetic effects in man. Estimates of the risk of cancer due to
radiation exposure on the other hand, are currently based on data obtained
from a variety of human populations» in particular, from the atomic bomb
survivors. A continual reexamination of the estimates allows the winnowing
and sifting so necessary to arrive at ner insights and greater precision.
Data that are important to these studies continue to come from parallel
studies of genetic and carcinogenic effects of radiation in both human and
experimental animal populations but some of these studies are, however,
becoming compromised by increasing budgetary restrictions. It is important
to realize the role that radiation studies can play as a model for the
investigation of the many aspects of carcinogenesis that are of importance
to all forms of cancer; extrapolation is one very good example. It should
be realized that what is learned about radiation carcinogenesis has an impact
on cancer research in general.

Animal Experiments and Qualitative Extrapolation

The clear-cut benefit of the use of radiation in its various forms
in medicine and many areas of research and industry has made it imperative
to understand the risks and how to minimize them. This has encouraged animal
experiments that deal with the examination of hypotheses and models. From
these have come a knowledge of dose distribution, dose-response relationships,
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the effects of dose-rate, and protraction, the relation of radiation quality
to the risk of cancer, and the role of age, sex arid genetic factors in
carcinogenesis. Concepts or generalizations based on the understanding
of the results of such experiments can be extrapolated readily across species.
This constitutes what might be described as qualitative extrapolation and
has played an important role in providing a body of information essential
for the informed judgement required in the recommendation of protection
standards. The animal experiments have also probed the mechanisms of
carcinogenesis, and much of our understanding of carcinogenesis in general
has come from either the experimental work or the concepts derived by
researchers in radiation.

It is perhaps important to point out that radiation includes non-
ionizing radiation such as ultraviolet radiation (UVR). The Atomic Energy
Commission support of UVR studies was vigorous and intelligent and the
investment paid handsome dividends. The work with UVR, as well as ionizing
radiation, pioneered the studies of the role of DNA damage and its repair
in diseases including cancer. The knowledge about DNA repair, originating
largely in radiation studies, has had a tremendous impact on biology and
cancer research. The point of all this is that while extrapolation across
species can be made pragamatically it has long been realized that without
knowledge of mechanisms there can be only limited confidence in the relia-
bility of models or theoretical studies.

The available evidence suggests that the molecular lesions induced
in DNA are similar in kind and quantity in various species. Also, the
capability of repair of damage induced by ionizing radiation does not appear
to differ in any systematic species-dependent manner. Such is not the case
for ultraviolet radiation (UVR). Both the nature and the extent of repair
of UVR-induced pyrimidine dimers show marked species-dependent differences.
It should be noted that such differences have not led to any generalizations
that assist in the problem of extrapolation. Since these comparisons have
been made between animals, protected from UVR by handsome fur coats, and
humans, many of whom are quite inadequately pigmented to enjoy the pleasures
of the sun, it is not surprising that there are differences in the manner
that such damage is eradicated. Doubtless evolutionary pressures have played
a pirt in the development of repair and, in particular, for repair of the
damage induced by the ubiquitous ionizing radiation. So while the type
of initial events after irradiation are probably largely species-independent
(see upper parts of Figs. 1 and 2) the consequences, whether they be chromo-
some damage or late effects (Fig. 1), may show considerable dependence on
genotype.

The similarities in the radiation-Induced damage in cells of different
species are reflected in similarities in the radiosensitivity of mammalian
cells. The differences in the indices of radiosensitivity are as great
between different cell types in any single mammal as they are between species.
Despite this fact, there are considerable differences in the sensitivity
in some tissues between species. For example, humans will succumb to damage
of the bone marrow at lower doses than many other mammals, in particular,
small rodents. It becomes evident that an important factor in the differences
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between species both in the normal and irradiated state are time-dependent
factors.

The differences in the time of occurrence of the sequential events
after radiation in humans and mice are illustrated in the lower half of
Fig. 2. These differences in time indicate some important biological
differences that are of significance in the problems of extrapolation.
Some of the species-dependent differences in the kinetics of radiation-
induced damage, its repair and expression are understood quite inadequately
for the comparison of mechanisms of various effects.

In the case of the acute effects of whole-body irradiation, the design
and cell kinetics of the bone marrow and gut appear to be more suitable
in most rodents than they are in the human, to respond to the acute effects
on vital cell renewal systems. Some of these time-dependent differences
between species can have quite different effects on different processes.
For example, a very long cycle time in stem cells may bestow advantages
in capability for repair of damage. It is thought that the longer the time
between the induction of damage and subsequent replication, when the damage
will become fixed, the greater.the opportunity for repair. Rather crude
estimates of spermatogonial stem cell cycle times suggest that in man the
cell cycle time may be ten times as long as in the mouse. These time
differences may result in quite significant species differences in total
repair without any difference in repair capability or inducibility in repair
systems.

Our knowledge of both the comparative acute effects of radiation and
their underlying mechanisms is sufficient for reasonable predictions of
human risk and for the selection of treatment regimens for humans accidentally
exposed to acute doses of radiation.

General Approaches to the Problem of Extrapolation

Because of the great need for satisfactory methods of assessment of
the risks of exposure to various carcinogens, some intelligent thought,
many words and rather less good research have been expended in an effort
to understand the problem and to devise some reasonable solutions.

It has been suggested that the estimation of risk that may result
from exposure to any toxic agent requires a number of sequential steps (Hoel
et al_. 1975).

1. The selection of a suitable experimental design, for example,
the choice of an appropriate animal model. In the case of
radiation there is the great advantage that the absorbed dose
can be measured and species-dependent factors related to
pharmaco-kinetics and the metabolism of many chemical carcinogens
do not present a problem.

2. Extrapolation of the experimental results obtained at exposures
to high-dose levels of the agent to the effects at low-dose levels:
to carry out such extrapolation it is necessary to know either
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the precise nature of the dose-response relationships or to have
an acceptable model. The all-important initial part of the dose-
response curve is always difficult to establish experimentally.
However, with radiation it has been possible to carry out experi-
ments over a range of dosas and dose-rates that provide data
that are sufficient to test models of dose-response curves. The
models that are often used are of two types. There are those
that assume a dichotomous response such as the no threshold one-
hit model, and there are those models that deal with the distribution
of times to occurrence of tumors. Currently there is an increasing
acceptance of the so-called linear-quadratic model, a term that
is more biophysically satisfying than philologically correct.

3. Extrapolation across species of the estimated results to the
effect that might be expected at the low-dose levels in man:
there is little problem in the qualitative extrapolation of carcino-
genesis from experimental animals to man. (This would not be
completely true for chemical carcinogens.) The real problem is
the quantitative extrapolation of risk. It is important to realize
that concordance of the results of acute effects in different
species is no guarantee that it will be so for chronic or late
effects.

4. Risk assessment: two approaches to risk estimates have been
used, the absolute risk and relative risk. Both these estimates
relate either to incidence or mortality and unless the underlying
time distribution of tumor apperances or death is taken into
account, an important aspect of risk estimation is neglected.

Dose-Response Relationships

As the establishment of the dose-response curve is central to the
problem of extrapolation, it is worth examining how this problem has been
treated by students of radiation. The data for radiation-induced cancer
in humans are still insufficient to determine unequivocally the complete
shape of the dose-response curves. Furthermore, human studies have shed
little or no light on the mechanisms of tumorigenesis. Studies in radiation
carcinogenesis in experimental animals are useful for the investigation
of mechanisms, for the determination of time-dose relationships, such as
the effect of dose rate and fractionation, and to obtain dose response
curves at least of sufficient quality to test models.

The simplest models suggested for the dose-response curves for high
linear energy transfer (LET) radiation, such as neutrons, and low-LET
radiation such as gamma radiation are linear and curvilinear respectively
(Fig. 3). Nowadays the equations that describe the curves usually have
some correction for cell killing. It is not surprising that these models.
if it is appropriate to call them that, are too simple. First of all
it is clear that the mechanism of tumorigenesis, apart from initiation,
involves a number of different factors. For example, the mechanisms involved
in the production of hormonal dependent tumors must surely be different
from the production of a sarcoma. So there is no a priori reason that one
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model will be suitable for more than one or a small number of tumor types.
In tumor dose-response curves tumor incidence is often plotted as a function
of dose but the occurrence of a tumor involves not only the malignant
transformation of a cell but also the factors that influence the subsequent
expression (and repression). Many models for dose-response curves are
based solely on the dose response of initial events or transformation and
are not sufficient for what many workers believe to be a multistage process.
Various experiments indicate that with the radiation some of the transformed
cells do not express their tumor potential, and accurate dose-response
relationships for the induction or initial events of transformation are
not necessarily represented by the incidence of cancer as a function of
dose.

Since the induction and repair of the molecular lesions induced by
radiation appears to be similar in many species it is not unreasonable to
suggest that species-dependent differences in tumorigenesis are largely
due to differences in expression and not in the initial events. Time-to-
appearance of tumors must depend upon factors that influence expression.
We have shown that strain-dependent differences for UVR-induction of skin
tumors is due to differences in expression and not initial events (Fry
et a/L 1978). We need similar studies in different species to dissect out
Tfie radiation-induced initial or transformation events from the influence
of endogenous and exogenous factors that influence the cancer incidence.
The manner in which hormones can alter the dose-response relationships is
illustrated in Fig. 4. In humans there is a long time between the exposure
to radiation and the appearance of the tumors. During this time there is
the risk of exposure to factors that may alter the probability of tumor
expression.

The apparent impossibility of ever directly assessing the effects
of exposures to radiation, at doses in the range of background levels has
seemed to obscure the fact that modeling of the dose-response curve for
radiation effects, plus appropriate experimentation to test the cardinal
points, was not only possible but had been undertaken by such workers as
Upton et al., 1970; Grahn, 1970; Sacher, 1975; Ainsworth et a]_., 1975;
Kellerer and Rossi, 1977; Ullrich and Storer, 1978; and Storer, 1979.
Although some of this work was started two decades ago we are only now reaping
the rewards and are able to examine critically the models used for risk estimation.

There are two important lessons: first, advances in concepts and
insights come more slowly than technical developments, and second that
animal studies are playing a more important role in risk estimation than
perhaps was the case in the past. For example, studies on experimental
animals have shown the importance of the dose distribution that results
from the very specific deposition after exposure to radionuclides. The
total carcinogenic risk after exposure to radionuclides can only be made
when systematic studies are made of all sites of deposition. Experiments
in dogs have revealed that there can be a relatively high risk of carcinoma
in the nasal cavity after exposure to radionuclides such as 9 1Y and '**Ce
(Benjamin et al. 1979). The dose distribution and thus potential hazards
of certain radToactive elements can bej studied systematically in animals
(Diel, 1978; Bair et ail_. 1974). From the results of such studies it is
possible to make qualitative extrapolations that are important for
protection standards.
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Dose Response Curves

Much of the basis of the concepts of dose-response relationships
especially for cellular sequelae after acute exposure stems from the work
of Lea and colleagues (1947). Brues and Sacher (1952), Thomson (1953),
Boche (1954) and Lorenz (1954) realized the potential of protracted and
even duration-of-life exposure for studying the effects of low dose-rates
of irradiation. Sacher (1956, 1975) also combined theoretical studies and
models of chromosome aberrations with experimental investigations of the
dose-rate dependence for life-shortening and tumor induction. Life-
shortening, although considered an inappropriate measure by some who think
of cancer as the endpoint of prime interest, has the advantage that it can
be measured economically with accuracy. It measures the integrated radiation
effect and is suitable for the study of certain aspects of dose and dose-
rate dependence. The analysis of data obtained from such experiments is
based on the determination of the age-specific mortality rate and the fact
that the logarithm of the age-specific mortality rate, known as the
Gompertz function, increases linearly as a function of age over most of
the life-span. A single exposure to ionizing radiation early in life dis-
places the plot of the log-mortality rate upward in a dose-dependent manner.
Changes in dose-rate of lifetime exposures alter the slope of the log-mortality
rate in a dose-rate dependent manner. The presentation of Sacher1s analysis
is shown in Fig. 5 and it shows that data from exposures to a low LET-radiation
such as 60co gamma rays at dose rates of up to ^ 20 rad/day fit a first-
power trend (the so-called alpha term) and above this dose rate the relation-
ship of effect to dose fits a second power trend or beta term. With high
LET-radiation, such as fission neutrons, the data fit a first-power slope
over a wider dose-rate range. It can be seen that at the low dose-rates
(below ^ 20 rad/day) the effect of gamma rays becomes dose-rate independent
and total dose dependent, similar to but at a lower level than neutrons
(see also Fig. 6). Experiments, now in progress, are exploiting this technique
to study species differences with a view to establishing a framework for
extrapolation across species to humans by investigating radiation effects
in the dog (Norris et̂  al_. 1976), white-footed deer mouse, and mouse. These
three species provide a spectrum of life-spans and tumor types. In these
experiments the determination of the alpha term will be of considerable
importance for the basis of risk estimates. The range of dose-rates or
doses over which the first power term is predominant is of importance in
the choice of a suitable model for extrapolation from high to low doses
or dose-rates. Presumably the alpha terms for life-shortening are a
composite of those for various causes of death and, of particular interest
will be the determination of the alpha terms for different tumor types in
the dog and white-footed deer mouse.

Some of the results of Ullrich and Storer (1978) are consistent with the
general linear-quadratic model but the important experimental finding was
that the form of the dose-response curve is dependent on the tumor type.
The difference in the shape of dose-response curves for different tumor
systems is a reflection of the different mechanisms of carcinogenesis involved
in different tissues or organs. These differences in dose-response relation-
ships are very important when considering the methods of extrapolation.
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The quite different approach of Kellerer and Rossi (1972)
based on microdosimetric and biophysical aspects, has resulted in a general
theory of the interaction of radiation and cells. The work of Rossi and
colleagues has had considerable impact on the selection of the method of
extrapolation from data obtained at high doses to risk estimates after low
doses.

Based on the assumption that the slopes of the mortality rate for
mouse and man are in an inverse ratio of radiosensitivities it was noted
by Grahn et al_. (1978) that the mortality ratio (a form of relative risk)
was related to the life-shortening, independent of species-dependent
differences in life-span. In short, the percent life-shortening may be
similar across species. From the mouse data it was calculated that a dose
of 250 rads would result in a loss about 450 days in the human life span
and about 2.2% life-shortening in both species.

Grahn et &\_. (1978) have extended the use of duration-of-life exposures
at differentUbse-rates to the examination of the dose effects on tumorigenesis.
These studies have resulted in the conclusion that the induced tumor rate
as a function of dose-rate is positively correlated with the spontaneous
rate which suggests that the relative risk or mortality ratio is an appropriate
measure of estimating excess tumor risk for low-levels of radiation.

Comparison of Estimates of Risk of Radiation-Induced Cancer in Humans and
Mice.

When we come to extrapolating risk of radiation-induced cancer across
species there is a notable paucity of published work. There is a number
of possible reasons for this. The work on radiation carcinogenesis has
concentrated on attempts to determine dose-response relationships for a
number of tumor types. Another objective was to derive what Mole (1970)
has termed useful generalizations about the influence of both physical
and biological factors. While useful inferences have been possible from
some of the collations of data from different species, much of the work
has been carried out independent of any theoretical framework or encompassing
hypothesis. Perhaps equally important is the fact that data from human
experience, although very important for radiation protection are inadequate,
and this has discouraged efforts to investigate methods of extrapolation.
Clearly, the need of reliable methods of extrapolating risks of cancer and
other toxic effects is mounting as we move from the stage of the development
and use of purely screening techniques in the field of chemical agents to
risk estimates and should be the spur on which to capitalize in the study
of radiation effects.

If extrapolations across species are to be made it is important to
understand the relationship of susceptibility of radiation-induction to
the natural or "spontaneous" incidence of tumors. This is the type of
question for which animal experiments are particularly well suited. However,
there is a very limited amount of suitable data for the evaluation of the
influence of natural incidence on susceptibility. It is perhaps not a
trivial point that the majority of studies in experimental radiation

119



carcinogenesis have been done with tissues and organs with relatively high
natural incidences of tumors.

A comparison of the natural incidence and the susceptibility to
radiation-induction of tumors is shown in Table I. It is not possible to
make any generalizations from these meager data but as can be seen from
Table I the induction by radiation is more effective in the mice with the
higher natural incidence. These results combined with the more extensive
studies of Sacher (1975) and Grahn et al_. (1978) lend support to the con-
tention that relative risk is the appropriate method of risk estimation for
interspecies comparison and extrapolation.

Estimates of risk for various tumor types in both humans and mice
require sufficient data obtained in an appropriate manner. Recently a
considerable body of data from large-scale mouse experiments have become
available (Ullrich and Storer, 1979) and estimates of risk of various radiogenic
cancers in man are now being attempted. Thus, it is possible to carry out
comparisons of the risk estimates for these two species. For the purpose
of illustration and with the hope of stimulating discussion and further
work I have used the simplest approach to the problems of extrapolation
and set down the estimates of risk for humans expressed as a percentage
increase in incidence above the natural incidence per rem. I have given
two estimates for mouse, the first is based on the coefficient of the slope
of the plot of age-corrected incidence as a function dose delivered at
a low dose rate (8.3 or less rad/day) for each specific tumor type. The
coefficient for the slope derived in this manner is an approximate estimate
of the alpha term in the equation I = aD + eD2 where I is incidence, D is
dose and a and e are coefficients.

The second and higher value is an estimate based on the slope of the
dose-response curve derived by a linear interpolation forced through zero.
As the data used are from a dose-range of 0-200 the squared-dose or B term
is certainly having some influence. This is also the case in the method
used for the human data.

It is important to realize that the estimates of risk that are shown
in Table II are relative risks and it is not clear how much the method of
analysis or the biological factors has influenced the result. It is perhaps
of some importance that with different assumptions the use of mortality
ratios was a satisfactory method of determining radiation-induced life-
shortening and demonstrated that the relative risk was comparable in man
and mouse (Grahn et aj_. 1978).

When the percentage increase per rem above the natural incidence is
compared across species a number of the species-dependent factors should
become considerably less important. It would be preferable to make the
comparison of the excess risks per rem from estimates based on the alpha
term or initial slope of the dose-response curves. Such estimates have
been made for the mouse data but not for the human data.
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Although no one would disagree with Schneiderman et al_. (1975)
colorful descriptions of caution when tackling the problem of extrapolation
from mouse to man the remarkable similarity in the response of man and
mouse when examined in the manner shown in Table II is encouraging; and
hopefully not just fortuitous.

The method that has been used to make the comparison of the effects
of radiation on car.cinogenesis in the human and the mouse is crude and
particularly in the case of the human the estimates have the uncertainties
dictated by assumptions and the relatively small amount of data. One
assumption is that cancers in man and mouse are similar in more important
ways than just in having the same name. Not everyone would agree that the
thymic lymphoma is analogous to acute lymphocytic leukemia in man.

The problem of differences between the heterogeneity of the human
and the experimental animal populations has already been pointed out as
a concern when extrapolations are made. The results in Table II, if they
are not fortuitous, suggest that heterogeneity may not be such a problem
as was expected. The similarity between the results for a human population
with presumably maximum heterogeneity with those for highly inbred strains,
in some cases for cancers considered to be mouse strain-dependent, raises
a number of questions. If as was indicated in Table I that the magnitude
of the radiation response for carcinogenesis was influenced, if not
determined, by the natural incidence. Estimates of relative risk may be
more similar for certain tumor types for a number of species than most
workers have considered likely. The evidence, in the case of breast cancer
in humans, on the contrary, suggests the absolute risks are very similar
in populations with significantly different natural incidences.

Another aspect of susceptibility is the role of inherited defects.
If it is established that heterozygotes for such genetic defects as ataxia
telangiectasia are more cancer prone than normal subjects then studies of
susceptible "subpopulations" will take on an even greater importance.

Time-to-Appearance or to-Death Models

Not all estimates of risk for humans have taken into account the
distribution of the times of appearance of tumors although it is obvious
that the impact of a cancer occurring 5 years after exposure is tragically
greater than one appearing 25 years later. Kaplan and Meier (1958), and
Hoel and Wai burg (1972) showed the usefulness of analyzing the data on the
basis of time to occurrence.

Experimentally, the term "latent period" has various meanings
depending on the organ, the endpoint, and the methods of detection of the
selected endpoint. For example, the latent period for skin tumor development
may be from the time of exposure to the appearance of the first tumor of
a size that can be recognized. As very small tumors can be recognized in
the skin the estimate of time of appearance may not be much greater than
the time for the necessary cell divisions for the growth to a size that
can be seen by the eye, and any time that may exist between the exposure
and the onset of tumor growth. The latent period, for lung tumors, if based
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on the time from the exposure to time of death due to the tumor, will depend
very much on the degree of malignancy and site of the tumor. Admittedly,
most of the natural history of a tumor is over by the time it is detected.
Despite the lack of understanding of the biology of the latent period,
Blum (1959) and Druckrey (1967) suggested a log normal distribution with
the median time to tumor dose-dependent. Nowadays the Wei bull distribution
is favored (Cook et ^1. 1969; Peto, 1972). Albert and Altshuler (1973)
have applied the Blum method and contend that not any one model is appropriate
for every tumor. This seems a reasonable conclusion since Land and Norman
(1978) have shown that the time of appearance of some radiogenic cancers
is independent of radiation dose. Albert ejt aj_. (1978) compared the
induction of skin cancer in rats and humans and noted that the temporal
curve of radiation-induced tumors in humans could be superimposed on that
for rats by changing the scale by a factor of 37. The results suggest
the time-response is approximately proportional to life spans of the two
species. Grahn (1970) suggested that a scaling factor of 30 would be
appropriate for the mouse to man extrapolation (Fig. 7). Very recently
scaling factors for radionuclide induced bone tumors have also been
suggested (Raabe jet al_. 1980). It has been suggested (Evans, 1966) that
higher doses result in earlier appearance of tumors than with lower doses.
Unfortunately, there is no body of data that shows unequivocally the time
of appearance to be dependent on dose and independent of the change in
incidence that accompanies higher doses of the carcinogenic agents.

The distinction between advancement of the time of appearance of
tumors and the induction of tumors is not a trivial matter and is fundamental
to the understanding of mechanisms and susceptibility to cancer induction.

Further research is required before the potential of the time-to-
appearance or time-to-death models can be used for extrapolation of risks.
In particular, we need to know much more about the biology of latent periods.

In vitro Systems

The expense of large-scale experiments is high which makes the use
of in vitro systems attractive. More importantly, in vitro systems make
it possible to investigate facets of the mechanism of carcinogenesis that
are difficult or impossible to study in whole animals. The fact that the
investigator using in vitro systems does not have to wait three or more
years to analyze his results certainly is a bonus.

The number of experiments designed to obtain quantitative data at
low doses or for determination of dose response curves for radiation-induced
transformation is still quite small (Borek and Hall, 1973; Terzaghi and
Little, 1976; Han and Elkind, 1979; Miller et al_. 1979; Lloyd et al_. 1979).
Two in vitro transformation systems have been used, one consists of
explants from Syrian hamster embryos and the most commonly used system is the
C3H 10T| cell line derived from mouse fibroblasts. Most of the tumors
that have been induced with these systems have been sarcomas.

These systems have produced interesting results but how applicable
the results are to the human is still unclear. In the case of the d3H 10T£
cells we are dealing with an established cell line. The change from a
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primary culture to an established line involves loss of growth control one
of the major characteristics of a cancer cell. A further problem is the
intriguing but not completely understood influence of cell density on
induced transformation rates. With repeated passage the spontaneous
transformation frequency increases but early passage cells have a low
spontaneous transformation frequency in comparison to the induced rate.
The system is attractively sensitive as 1 rad of X-rays may induced about
10~4 transformation. This susceptibility is consistent with the finding
that the fibroblast of both the mouse and the rat are very sensitive in vivo
even to mechanically induced changes in their microenvironment. Inert
plastic discs placed subcutaneously will induce 100% incidence of sarcomas.
This suggests that the mouse fibroblast can behave in vivo in a similar
manner to its behavior in the culture dish. However, as fibroblasts in
dogs in vivo do not show the same degree of susceptibility and no
systematic studies of fibroblasts from other species have been done in vitro,
there is little hope at present of extrapolating from the in vitro data
on a quantitative basis and with an understanding of species-dependent
differences.

The present role for in vitro transforming studies would seem to be
the investigations of mechanisms, particularly of the interactions of
radiation and other agents, cell age-dependency, and time-dose relationships.
It is clear that radiation is a complete carcinogen but the initiation and
"promoter" capabilities are less well understood.

Studies of cell-age dependency and of repair of initial or trans-
formation events are needed. Obviously if the in vitro studies can be
extended to other species, and also to epithelial systems a data base for
inter-species comparison could be developed. The complexity of the dose
response curves obtained after both single and split doses of X-rays (Miller
i-ill* 1979) are a stimulus to both modeling and experimental testing of
hypotheses about mechanisms. The in vitro systems will be invaluable in
studying the influence of time between fractions on the transformation
rate for the determination of interaction times and their relation to such
biological effects as chromosome damage.

The hope, and as yet it remains a hope, is that radiation-induced
transformation studies can be carried out on human cells in culture. Both
radiation-induced cell killing and mutation have been assessed in human
fibroblasts. The very low frequency of transformation plus the difficulties
in unequivocal proof of neoplastic transformation have precluded the
demonstration of radiation-induced transformation. The use of cells derived
from persons with diseases characterized by increased proneness to cancer
has considerable potential (Borek, 1980).

Future Research Goals *

1. Establish the role of genotype in the mutagenic and carcinogenic
racnnnca +n rarlistinnresponse to radiation

Develop test systems that allow a separate examination of the initial
events or transformation and the expression of those events that result
in overt tumors. Such systems could not be used to test the hypothesis
that the species-dependent differences are not due to differences in
the initial events but their expression.
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3. Continue the research on the mechanisms of radiation carcinogenesis.

4. Continue studies that will elucidate the factors that determine the
different dose-response curves for different tumors.

5. Initiate studies that will provide the data necessary to test models
for the neutron dose-response curve. The current understanding of the
neutron dose-response curves for both mutagenesis and carcinogenesis
is not adequate for the precise interpretation of data obtained from
survivors at Hiroshima where the contribution of neutron radiation
was considerable.

6. Investigate dose patterns and distribution for internal emitters after
exposure by various routes. Certain radionuclides have been found to
concentrate at unexpected sites and cause tumors.

7. Investigate the species-dependency of interactions of various agents
and nutritional factors with both external irradiation and internal
emitters.

8. Determine the role of radiation as a promoter in both in vitro and in
vivo systems. •

9. Develop new in vitro cell systems including ones derived from human
tissues. There is a major need for epithelial cell and bone marrow
stem cell in vitro systems that are derived from different species,
including humans. The use of cells from persons with relevant genetic
defects may provide very useful test systems.

Summary

Various species of experimental animals, but in particular the mouse
has proved to be good model systems for predicting qualitatively the human
response to irradiation.

While extrapolations of genetic risks from mouse to humans has a long
history and a record of considerable success there have been few attempts
to extrapolate quantitatively the findings for somatic effects. However,
there seems reasonable prospects for making extrapolations across species
on a more quantitative basis. An ability to extrapolate risks from exposures
to various carcinogenic agents from experimental animal systems and from
in vitro systems is an urgent need and radiation studies provide the model
for the development of suitable methods of extrapolation.

Accurate measurement of dose, a remarkable store of knowledge about
radiobiological responses at the molecular, cellular, and whole-organism
level, and the body of data on radiation effects in both man and experi-
mental animals make radiation studies the sensible choice of a model for
the development of methods of extrapolation. The principles derived from
such studies will make the much more difficult task of extrapolating risks
from exposures to chemical carcinogens an easier one.
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TABLE I

RELATIONSHIP OF NATURAL INCIDENCE AND SUSCEPTIBILITY
RESPONSE TO Y RADIATION

NATURAL INCREASE IN TUMOR
INCIDENCE INCIDENCE PER RAD

TUMOR TYPE MOUSE STRAIN (PER CENT) (PER CENT)

OVARIAN

OVARIAN

MAMMARY GLAND

MAMMARY GLAND

MYELOID LEUKEMIA

MYELOID LEUKEMIA

RFM
BALB/c

BALB/c
B6CFT/ANL

RFM (f
RFM ?

2.4
6,4

7.5
1.2

4,0
3.0

0.39

1.2

0.067
0,01

0.14
0.09
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TABLE II

ESTIMATES OF LIFETIME RISK OF RADIATION-INDUCED CANCERS IN RELATION TO NATURAL
INCIDENCE OF CANCER IN HUMANS AND MICE

CANCER TYPE OR SITE

PERCENT INCREASE PER REM

HUMAN MOUSE
LOW DOSE RATE HIGH DOSE RATE SOURCE OF DATA

©

BREAST

LEUKEMIA
CHRONIC GRANULOCYTIC

LEUKEMIAS (HUMAN)
MYELOGENOUS LEUKEMIA

(RFM MOUSE)

ACUTE LEUKEMIA (HUMAN)
THYMIC LYMPHOMA

(RFM MOUSE)

0.3

1.1-3.6

0,6-1.5

0.5 0.9

0.5

0.7

3.5

ULLRICH ET AL. 1979

UPTON ET AL. 1970

ULLRICH ET AL. 1979



FIGURE LEGENDS

Fig. 1. A schematic representation of some of the major events after
exposure of a whole organism to radiation.

Fig. 2. Time scales for radiation-induced events in two species.

Fig. 3. Schematic dose-response curves for tumor incidence after
exposure to high and low LET radiation with linear interpolations
through selected points of the curves.

Fig. 4. Age-adjusted incidence of Harderian gland tumors in B6CF-,/Anl
female mice as a function of JANUS reactor neutrons.

Fig. 5. The relationship of lrfe shortening to daily dose for mice.
The relationship for &uCo gamma (y) and fast neutrons (n) is
plotted on double logarithmic scales. Data from: Sacher
(1973, 1975), life shortening: Grahn (1970).

Fig. 6. Schematic to illustrate the change in relative biological
effectiveness with dose.

Fig. 7. Tumor death rates in mouse and man taken from D. Grahn (1970).
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 3
R. J. Michael Fry, M.O.

MR. FARBER: Stewart Farber. I was wonderinq whether you'd
like to comment on some of the recent data that had co>rie out on
saccharin, the differences between nice and nan, based on more
extensive human studies. I understand there is going to be a
rethinking of the ban on saccharin?

OR. FRY: The sinple answer is "no", I'm afraid.

MR FARBER: It seems that your intent to use radiation as
a model for chemical carcinogenesis, that the evidence on
saccharin would contradict the ability to take data from mice and
apply it to nan.

DR. FRY: What did you say, it's contradictory?

MR. FARBER: It would seem that more intensive review on the
effects of saccharin -- saccharin is less of a human risk than
based on mouse studies, and regulatory agencies are going to have
to rethink the problem of saccharin and the effect on the human
populati ons.

DR. FRY: I hesitate to say anything, because it's very
difficult to make any meaningful remarks, especially where, in
the case like saccharin, one has absolutely no idea what the com-
parative doses are.

Until we understand a good deal more about dose estimates
from chemicals we are not going to be able to do nuch -- because
extrapolation fron even so-called high doses to low doses is a
conjecture.

MR. HUTT: Doctor Fry, let me ask one question.

What kind of future experimentation would you suggest in
order to improve our knowledge about the extrapolation problem?

DR. FRY: First of all, as Doctor Beebe has pointed out,
we are going to have to understand more about mechanisms, so those
studies which are related to mechanisms are of importance. As I
pointed out, the ability to separate the initial events and those
factors that influence the expression are essential.

Thirdly, I think it is now possible to start examining models
and testing these models for methods of extrapolation, with accumu-
lating evidence of radiation effects in nan, as Doctor Beebe has
referred to, and we are accumulating data for dose response curves
for animals. It is now possible to do some fairly good examination
and formulation of methods of extrapolation.
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 3
R. J. Michael Fry, H.O.

DR. McCLELL/U!: Roqer McClellan, Lovelace Research Institute,
Albuquerque, 'Jew Mexico.

I was concerned, perhaps, that the presentation of Doctor
Fry's may have been too subtle in drawing a linkage between
animal data and nan, and the comment of the last questioner, I
think, emphasized that, perhaps the subtlety in the presentation
was there.

In fact, I think that if we look at the larqe body of
aninal data that has ben developed over the last 30 years, and
relate it to the more limited experience in terms of those
em'rtemiol om'cal studies of opportunity in human populations,
that we are drawn to the conclusion that, contrary to the expec-
tation of the previous questioner, there is not something else
out there in terns of extrapolation that we need to seek.

I think that it is inpnrtant to recoanize that the human
exneriences that we do have, by and large, are experiences of
opportunity in terms of selected populations, limited nodes and
tynes of exposure, those human data ?.re the data which are qoinq
to continue to be used as -- to develop our basic radiation pro-
tection standards and our nuisance.

I think a very important role of animal experimentation is
to nrovide a bridge from that human data into a wide ranqe of
situations in which man nay be exposed.

We have heard reference to some of those situations in earlier
questions this morning in terms of reference to workers in defense
facilities, workers in power plants, et cetera. I think that our
experience with laboratory aninals to date, in terms of the field
of internal emitters, for example, and our ability to manipulate
laboratory aninal systems has shown us that we can take the limited
base of human data and extranolate it to those situations that one
of the orevious questioners referred to, and do it with consider-
able confidence.

And that despite that questioners fears, there really isn't
something else out there that we need to be concerned with in terms
of extrapolation.

OR. FRY: I should say that I apologize to Doctor McClellan
because of the time shortage. I had to remove a couple of slides
about the use of animal experimentation for studying particular
problems in radionuclides, that he has been so actively involved
in, and for which he kindly supplied some information.
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Questions: -

"What is our current knowledge about the effects of differences
in schedules of delivery of a given dose of ionizing radiation
(dose rate, fractionation) and "quality" of radiation (LET) on
biological systems and how can this information be used to
predict the effects of low doses of radiation in man?"

Answer by: Eric J. Hall, D.Sc.
Radiological Research Laboratory
College of Physicians and Surgeons
of Columbia University
New York, N.Y. 10032

C O N T E N T S

A. The Problem of Small Radiation Doses

B. The Biological Effects of Ionizing Radiations

C. Cell Killing

i Temporal Distribution of Dose

ii Radiation Quality

D. Mutagenic Effects

i The Problem State

ii Temporal Distribution of Dose

iii Radiation Quality

E. Carcinogenesis and Leukemogenesis

i The Problem State

ii Temporal Distribution of Dose

iii Radiation Quality
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/L_ THE PROBLEM OF SMALL RADIATION DOSES

Public attention has focussed on the potential biological effects of low
doses of radiation in the range of 1 millirad to 1 rad. This is the dose level
involved in the exposure of the public to radiation from nuclear power installa-
tions, or in the routine use of medical diagnostic x-rays. To some extent the
whole perception of radiation risks stems from the ability of the physicist to
measure incredibly lew doses of radiation. This in turn is a function of the
physical properties of ionizing radiations which makes it a simple matter to
detect doses as small as 1 millirad with a relatively simple and inexpensive
device such as a Geiger counter. Doses a thousand times as large are needed to
produce a measurable biological effect even in the controlled environment of the
laboratory, while doses ten to a hundred times as great are necessary to
demonstrate unequivocally an effect in a human population. This is in striking
contrast to the situation for chemicals, many of which are considerably more
potent mutagens and carcinogens than radiation, while being much more difficult
to detect, much less to measure. Many chemicals produce biological effects that
are readily observed at dose levels that are very difficult to detect, while for
radiation doses many times larger than that which can be detected are needed to
produce any measurable biological effect at all. Consequently, there is a much
greater awareness of the potential hazards of low levels of radiation than of
other potentially harmful agents, while in fact radiation is a relatively weak
carcinogen and mutagen.

The direct approach to predicting the effects of low doses of radiation
in man would be to study large human populations irradiated in the past, due to
acts of war, medical diagnosis or therapy, or the industrial use of radiation in
times when safety standards were not formulated. This approach has severe
limitations.

£• THE BIOLOGICAL EFFECTS OF IONIZING RADIATIONS

Ionizing radiations are known to produce a spectrum of effects on biological
materials. These effects may be divided into three categories.

a) Cell killing. Radiation can kill cells in the sense that they lose their
ability to divide and reproduce indefinitely. This is the endpoint of relevance
to radiation therapy, where the object of using radiation is to kill cancer cells,
without producing too much damage to the surrounding normal tissues, b) Muta-
genesis. Radiation may produce mutations in germ cells, which may be expressed
as abnormalities in some future generation. In this case the individual exposed
to the radiation is not the one who is at risk for suffering the deleterious
effects, c) Carcinogenesis and leukemogenesis. Radiation may produce effects on
somatic cells that lead to carcinogenesis or leukemogenesis. Presumably the first
step in this process involves a mutation although this has not been clearly
demonstrated. Whatever the mechanism, the change that occurs is heritable. In
the case of the somatic effects of radiation, the person exposed is also the person
at risk.

In considering the possible deleterious effects of the small doses of radiation
to which the general public are exposed, it is the latter two endpoints, namely
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mutagenesis and carcinogenesis, that are relevant and important. The cell killing
effects of small doses of radiation are relatively unimportant and yet it is for
this endpoint that the bulk of laboratory data have been obtained.

C. CELL KILLING

(i) Temporal Distribution of Dose

The variation of biological effect with the temporal distribution of dose
(fractionation and dose rate) has bpen investigated in great detail with cell
killing as an endpoint. The results are relatively clear cut and well documented.
In general, the reduction of dose rate during continuous irradiation, or the
fractionation of an acute exposure into a number of smaller doses spread out over
a period of time, leads to a reduced biological effect. The classical dose rate
effect, of great importance in radiotherapy, results from the repair of sublethal
damage that takes place during a long radiation exposure (Lajtha and Oliver, 1961;
Bedford and Hall, 1963; Hall, 1972). The survival curve from mammalian cells
irradiated with x or gamma rays in acute exposures has a characteristic shape;:
when surviving fraction is plotted against dose on a semi-logarithmic plot there is
a broad initial shoulder followed by a steeper and straighter portion (Figure 1).
This threshold type of response implies that damage must accumulate before a lethal
effect can be evident. There is an abundance of evidence which implies that sub-
lethal damage can be repaired with a half-time of approximately 1 hour (Elkind,
1960). If radiation is delivered in a series of exposures separated by long
enough for sublethal damage repair to take place, or if radiation is delivered in
a continuous exposure at low dose rate, the survival curve becomes progressively
shallower. As the dose rate is further reduced, a point is reached when all sub-
lethal damage is repaired during the exposure and there can be no further dose
rate effect due to this cause. A limiting slope is reached for the cell survival
curve (Figure 1). In rapidly dividing cell .systems, proliferation may occur
during the radiation exposure if the dose rate is low enough and the exposure
time is long compared with the length of the mitotic cycle. This may lead to a
further reduction in biological effect as the'dose is progressively lowered
because cell birth will tend to balance cell death (Hall, 1978). The dose rate
effect described above has been investigated with mammalian cells grown in
culture, with a number of normal tissue systems in laboratory animals. At very
low dose rate a steady state cell population can be maintained under continuous
irradiation in a number of renewal tissues, as long as the death rate per cell
generation is less than the birth rate. The dose rate that can be tolerated
varies with the species and type of tissue concerned. The testes appears to be
the most sensitive tissue studied; reproduction can be maintained in male rats
and mice for ten generations or more under continuous exposure at a dose rate of
2 rad per day, but a slight increase in dose rate above this level results in
depletion of the testes cell population. At the other extreme, the small
intestine in the rat has been shown to maintain cell division and a steady state
cell population, albeit smaller than normal, under continuous exposure at dose
rates as high as 400 rad per day. The blood forming tissues are intermediate
between these two extremes; red cell production in the rat can be maintained at
close to normal levels for months during exposure to 50 rad per day.
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(ii) Radiation Quality

When ionizing radiations deposit energy in biological materials, ioniza-
tions and excitations occur which are not by any means distributed at random.
The events tend to be localized along the tracks of individual ionizing particles,
in a pattern that is dependent upon the type of radiation involved. Linear energy
transfer (LET) is the energy transferred per unit length of track (Zirkle, 1954),
and is a quantity used to specify the quality of radiation in terms of the
ionization density. It is useful as an approximate method of specifying radiation
quality, although it has limitations because it is an average quantity. For
example, heavy charged particles of different velocity may produce different bio-
logical effects even though they have the same average LET.

Equal doses of different types of ionizing radiations do not produce equal
biological effects. In comparing different radiations, it is customary to regard
250 kV x-rays as a standard. The relative biological effectiveness (RBE) of other
radiations is defined by the ratio of doses of x-rays compared with the test
radiation that produce equivalent biological effect. When comparing a sparsely
ionizing radiation such as x-rays with a densely ionizing radiation such as neutrons
or alpha particles, the shape of the dose response curve differs for the two types
of radiation as illustrated in Figure 2. As a consequence it is found that the
RBE is a strong function of dose with RBE increasing as the dose decreases.

A number of studies have been performed in which RBE has been investigated
as a function of the LET of the radiation (Barendsen, 1964; Barendsen et al.,
1960 and 1963). The relationship has a "humped" form as shown in Figure 3, with
a maximum biological effectiveness corresponding to an LET of around 100 keV/ym.
RBE increases approximately with the square of the LET between 1 and 100 keV/ym,
but beyond this value of LET the RBE falls rapidly to lower values.

D. MUTAGENIC EFFECTS

(1) The problem state.

There are essentially no useful data in the human for the mutagenic effects
of ionizing radiations (BEIR report, 1972; UNSCEAR report, 1977). The largest
body of individuals exposed at one time were the Japanese survivors of Hiroshima
and Nagasaki, numbering about 112,000, who received radiation doses of up to
several hundred rads. In spite of the high doses involved, a careful study of the
first generation progeny of those irradiated shows no increase in the number of
genetic defects. Although negative, this result is of great importance since it
at least demonstrates that the mutagenic properties of radiation are relatively
weak. It is necessary therefore to rely largely on specific locus mutation data
in mice to establish absolute risk estimates for genetic effects in man.

(ii) Temporal distribution of dose.

Certainly in the mouse there is a clear-cut reduction in the mutation rate
produced by gamma rays when the ddse rate is reduced (Russell, 1963a, 1963b,
1965a, 1965b). Supporting this conclusion is a wide range of experimental studies,
that provide information on the change of genetic effect with dose rate and with

140



fractionation, which involves studies with plant systems, and with insects such
as the fruit fly (Drosophila) for which the most detailed radiation genetic data
are available (BEIR report, 1972; UNSCEAR report, 1977).

(ii) Radiation Quality

At least two quite extensive studies have been performed with mammalian
cells in culture to assess the influence of LET on mutation rate (Cox et al.,
1977). One of these studies involved fresh explants of human cells, the other
an established cell line derived from a hamster. As shown in Figure 4, the
mutation yield as a function of LET has the same general shape as that found
for cell killing, i.e., a humped form with a most effective radiation having
an LET between 100 and 200 keV/um. It is also found in mutation studies with
cells in culture that the relative biological effectiveness for mutation pro-
duction is larger than for cell killing by a factor of about 2 for radiations
having an LET close to the maximally efficient value.

E. CARCINOGENESIS AND LEUKEMOGENESIS

(i) The problem state.

The basis for risk estimates for carcinogenesis in the human are on
somewhat firmer ground because there is a great deal of evidence which shows
beyond any question that radiation can produce leukemia and solid tumors in
the human (BEIR report, 1972; UNSCEAR report, 1977). This experience includes
the Japanese survivors, the ankylosing spondylitics as well as a variety of
patients receiving radiation for therapeutic or diagnostic purposes. The most
useful data available refer to limited numbers of individuals exposed to large
doses of radiation delivered at high dose rate. The present public health
hazard of interest involves the possible carcinogenic potential of radiation
in the low dose range (1 mrad to 1 rad) applied to large human populations of
thousands or millions; this is the situation involved when the use of x-rays
for diagnostic purposes are considered or when one attempts to evaluate the
hazards of nuclear power. In this case direct observations of the effects cf
radiation on irradiated populations does not provide any useful or meaningful
data; never has it been possible to demonstrate unequivocally a link between
irradiation and an elevated incidence of malignancy in human populations exposed
to a rad or less. In practice what is done is to use the data for small human
populations exposed to big doses of radiation and extrapolate backwards to small
doses, assuming that the effectiveness of the irradiation per rad remains the
same. This is an assumption that has frequently been called into question and
what is urgently needed is information as to whether this extrapolation represents
or leads to a prudent and conservative estimate of the risks of exposure of bio-
logical materials to low doses of radiation.

In assessing the magnitude of the public health hazard involved in low
doses of radiation in a practical situation, the extrapolation involves not
only an extrapolation from high doses to low doses, but the even more difficult
extrapolation from a single acute exposure delivered in a fraction of a second
to low dose rate protracted irradiation. A further complication arises because
the most widely used carcinogenesis data involve the Japanese survivors of
Hiroshima and Nagasaki, and the evaluation of these data are made extremely
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difficult because the radiation was a mixture of neutrons and gamma rays. The
evaluation of the biological effectiveness of the irradiation per rad is
complicated by uncertainties concerning the relative effectiveness of neutrons
compared with x- or gamma rays.

The assessment of the validity of the extrapolation from high dose to
low dose, from acute exposure to protracted exposure, and from a mixture of
neutrons and gamma rays to gamma rays alone depends entirely upon the avail-
ability of good data from experimental systems, since no comparable information
is available from human studies.

(ii) Temporal Distribution of Dose.

It is clear from the data obtained with a wide range of biological end-
points, that a reduction in dose rate usually results in a reduced biological
effect. This reduction in the ultimate biological effect is a result of re-
covery or repair of biological damage during prolonged exposure (Elkind and
Sutton, I960). This recovery or repair appears to be a general biological
phenomenon, i.e., when any potentially toxic agent is administered over a long
period of time as opposed to a single acute dose, the amount of the agent that
can be tolerated is usually greater and often substantially greater. That is
to say, a "dose rate phenomenon" is widely known and appreciated to apply
ubiquitously. A variety of mechanisms could be evoked to explain this phenomenon,
including the metabolism or excretion of a toxic agent in the case of chemicals,
the development of tolerance to the insulting agent, cell proliferation as well
as actual repair of the lesion. In radiobiology, the word repair has come to
have a relatively specific meaning, namely the mending or restitution by
enzymatic mechanisms of damage to the DNA molecule inflicted by the radiation.
In the case of low LET radiations such as x-rays, the ubiquity of the phenomenon
of repair is striking for radiation effects in general.

While this is true for most biological endpoints, and usually for carcino-
genesis, it may not always be true for tumorogenesis. In laboratory animals,
examples can be found even for quite large radiation doses, where splitting the
x-ray dose into a number of fractions, or spreading the neutron dose out over a
period of time at low dose-rate increases the tumor incidence (Ullrich, 1976,
1977, and 1979). Particular caution is needed in the case of small radiation
doses, for two reasons. First, it is pertinentto note that in a number of
experimental animal tumor systems, small doses of radiation of the order of 10
to 50 rads actually decrease the cancer incidence relative to the spontaneous
natural rate (Ullrich et al., 1976). It must be admitted that this has been
observed usually in systems where the spontaneous natural cancer rate for the
particular tumors studied was unusually high. However, the possiblity cannot be
excluded that the same is true for some human cancers, and that small doses of
radiation actually lead to a decrease in the tumor incidence. In this situation
it is highly unlikely that reducing the dose rate will further reduce the tumor
incidence; the reverse is more likely to be true, though the relevant experiments
have not been performed. Second, the data from in vitro oncogenic transformation
studies indicate that the dose response relationship has a complex shape at the
low dose end (Miller, Hall, and Rossi, 1979). This is illustrated in Figure 5.
With in vitro systems it is possible to obtain more precise dose response data
over a wider range of doses, and down to lower dose levels, than are possible in

142



experimental animals, much less in the human. It is evident from such data that
the use of a naive linear extrapolation from high dose data could lead to either
an overestimate or an underestimate of the true incidence at low doses and low
dose rate, depending upon the dose range over which the extrapolation is made.
Further, in vitro data show clearly that over a certain dose range (10-100 rad)
fractionation of an x-ray dose enhances transformation frequency compared with a
single.expos lire to the same total dose (see figure 5). Fractionation or a re-
duction in dose-rate leads to a reduction in effect for most biological endpoints,
but it is uncertain that this always applies to tumorogenesis too.

(iii) Radiation Quality.

In the case of carcinogenesis in laboratory animals, a detailed investi-
gation of tumor production as a function of radiation quality, covering a wide
range of LET values has not been performed, and indeed it is difficult to
visualize how such a study could be accomplished. What has been done with a
number of tumor types has been to compare neutrons with x or gamma rays. This
is less satisfying since neutrons cannot in general be adequately characterized
'-'. „ vitigle LET value; on the other hand neutrons represent the high LET radiation
of ..:> t pragmatic interest. Many studies of this type can be found in the
liter >*i-.re (Shellabarger et al., 1974; Shellabarger et al., 1978; Ullrich et al.,
'9W, i977 and 1979; Upton et al., 1970; Vogel, 1978).

In all cases, neutrons are much more effective than x or gamma rays in
producing tumors at a given radiation dose. In most instances the relative
biological effectiveness increases with decrease of dose, and in those instances
where the effects of sufficiently small doses could be ascertained with adequate
accuracy, RBE values of 50 or more were frequently observed. Large RBE values are
not seen for oncogenic transformations in vitro, where the RBE values observed are
comparable to those obtained with cell killing as an endpoint.

Figure 6 shows a compilation of initial slopes of dose-response curves for
tumors in laboratory animals induced by exposure to fission neutrons or low dose-
rate gamma-rays. The data were assembled by Dr. Michael Fry (personal communication)
from the published work of Ullrich et al., 1976, 1977 and 1979, as well as other papers
in the literature. A number of important conclusions can be drawn from Figure 6,
First, in all cases neutrons are much more effective than gamma-rays in inducing
tumors. Indeed gamma-rays at low dose-rate are very ineffective in producing some
types of tumors up to quite substantial doses. Second, the relative rate at which
the different tumors are produced differs for neutrons and gamma x-rays. For
example, harderian gland tumors are produced more readily than ovarian tumors by
neutrons, but the reverse is true for gamma-rays. Consequently, the relative
biological effectiveness (RBE) of neutrons compared with gamma rays is different
for the various tumor types. Two examples, close to the extremes, are illustrated
in Figure 7. The RBE for ovarian tumors in a particular strain of mice is only
about 8, while for the production of lung adenocarcinoma the RBE is close to 60.
Thus for carcinogens as an endpoint, as for cell killing, the neutron RBE is a
strong function of the type of tissue irradiated.
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LEGENDS FOR FIGURES

Figure 1: Illustrating the dose-rate effect due to (a) repair of sublethal radiation
damage, and (b) cell proliferation. The dose-response curve for cells irradiated with
x- or y-rays in acute exposures (lower solid line) has a broad initial shoulder. As
the dose rate is reduced, the slope of the survival curve becomes shallower, and the
extrapolation number tends towards unity, reflecting the repair of sublethal damage
that takes place during the exposure. A limiting slope is reached (upper solid line),
corresponding to complete repair. If the dose rate is further reduced, below a critical
value which varies with the cell cycle of the population exposed, cell proliferation may
occur during irradiation and there will be an additional dose-rate effect as the
exposure is further protracted. (From Hall EJ: "Radiobiology for the Radiologist",
Harper and Row, Hagerstown, 1978.)

Figure 2: Cell survival curves for hamster cells cultured in vitro and exposed to
graded doses of either x-rays or low energy neutrons. For the sparsely ionizing
radiation (x-rays) the survival curve has a pronounced initial shoulder at low doses,
while for neutrons cell survival closely approximates to an exponential function of
dose. Because of this difference of survival curve shape with LET, the RBE varies with
dose or with survival level.

Figure 3: Variation of RBE with LET for survival of mammalian cells of human origin.
The RBE rises to a maximum at an LET of about 100 keV/u» and subsequently falls for
higher values of LET. Curves 1, 2, and 3 refer to cell survival levels of 0.8, 0.1,
and 0.01, respectively, illustrating that the absolute value of the RBE is not unique,
but depends on the level of biological damage, and therefore on the dose level.
(From Barendsen GW: Curr. Top. Radiat. Res. Q. 4:293-356, 1968)

Figure 4: RBE-LET relationships for freshly-isolated human diploid fibroblasts. Open
symbols, mutation induction: closed symbols, inactiyation. The diamonds, circles,
triangles and squares refer to 250 kVp x-rays, 4He ions, 10B ions and 14N ions
respectively. (From Cox et al., 1977)

Figure 5: Transformation incidence as a function of dose for C3H 10T% cells cultured in
vitro and exposed to single or split doses of x-rays. Closed symbols refer to single,
open symbols to split doses. The time interval between split doses was 5 hours (From
Miller Hall and Rossi, 1979)

Figure 6: The initial slopes of dose-response curves for excess tumor incidence as a
function of dose for various malignancies in mice-exposed to neutrons or gamma-rays.
The slopes are straight line interpolations between the originandthe data point of
lowest dose.

Figure 7: Two tumors selected from the previous figure to illustrate that the order of
radiosensitivity is not necessarily the same for Y-rays and neutrons. As a consequence
the neutron RBE is large for some tumors and small for others.
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D I S C U S S I O N F O L L O W I N G T H E P R E S E N T A T I O N

I s s u e P a p e r !J o. 4
E r i c J. H a l l , O . S c .

MR. P E T E R S O N : I am H a r o l d P e t e r s o n , of the N u c l e a r R e g u l a -
tory C o m m i s s i o n . I w o u l d l i k e to ask D r . H a l l . T h e l a s t s l i d e
b o t h e r s me b e c a u s e I an c u r i o u s if y o u c o u l d show t h a t a n a i n .
T h e v e r t i c a l a x i s is the n u m b e r of e v e n t s per s u r v i v i n g c e l l .
I w o n d e r if you w o u l d c a r e to c o n m e n t on w h a t i m p a c t cell s u r v i -
v a l , p a r t i c u l a r l y for the f r a c t i o n a t e d d o s e s , n i g h t h a v e on an
i n t e r p r e t a t i o n of a h i g h e r e f f e c t at l o w e r d o s e r a t e s .

O R . H A L L : S i n c e the t r a n s f o r m a t i o n i n c i d e n c e is down a b o u t
1O-'1, a n d s i n c e the i n t e r e s t i n g o a r t of the s l i d e is b e l o w 100
rad w h e r e t h e r e is very l i t t l e cell k i l l i n g , w h e t h e r y o u p l o t
on the Y - a x i s the t r a n s f o r m a t i o n i n c i d e n c e per s u r v i v i n q c e l l ,
per i n i t i a l cell at r i s k , or any o t h e r w a y y o u w i s h , m a k e s r e a l l y
very l i t t l e d i f f e r e n c e , s i n c e the d i f f e r e n c e in cell k i l l i n g w i t h
f r a c t i o n a t i o n is a "inch s m a l l e r e f f e c t than the f a c t o r of two
i n v o l v e d in t r a n s f o r m a t i o n d i f f e r e n c e .

M R . R I G E L S O N : F u n d for I n t e g r a t e d B i o m e d i c a l R e s e a r c h . I
w o u l d j u s t l i k e to m a k e o n e p o i n t t h a t has not b e e n b r o u g h t un
and t h a t is r a d i a t i o n can e f f e c t t h e b i o l o g y o f a q i n o . S o m e of
the p h e n o m e n a t h a t we a s s o c i a t e w i t h a g i n g , for e x a m p l e , a t h e r o -
s c l e r o s i s -- y o u are a w a r e of t h e work w i t h r e g a r d to n e u t r o n
r a d i a t i o n e f f e c t s on a t h e r o s c l e r o s i s in a dog n o d e ! g i v i n g us a
p a t t e r n in the dog of r a d i a t i o n of the m y o c a r d i u m and t h i s r e s e m -
b l e s e x a c t l y w h a t one sees in n a n . T h i s is a d o s e - r e l a t e d e f f e c t .
I t h i n k a s p e c t s of t h i s as M a r t i n ' s w o r k in S e a t t l e , and Gary
H i r s c h ' s w o r k w i t h s t e u c e l l s and so f o r t h , a r e a p p r o p r i a t e to
c o n s i d e r t h a t r a d i a t i o n , and h e r e we are f a c e d w i t h d o s e - r e s p o n s e
r e l a t i o n s h i p s as is true for all of t h i s , may e f f e c t the p a t t e r n
of li fe s u r v i v a l .

In a n o t h e r a r e a I t h i n k it i m p o r t a n t t h a t we r e m i n d o u r s e l v e s
t h a t D o n G l a s e r , at the U n i v e r s i t y of California at B e r k e l e y ,
has s o n e e x c e e d i n g l y s o p h i s t i c a t e d i n s t r u m e n t a t i o n w h i c h s h o u l d
be f u n d e d n a m e l y , C y c l o p s and t h e D u m b w a i t e r , w h i c h a l l o w us to
pick up m u t a t i o n a l c h a n g e s in h u n a n cell l i n e s l i n e s . But it
can be a u t o m a t e d , and it w o u l d add v e r y d r a m a t i c a l l y to o u r
a b i l i t y to pick up if t h e s e t h i n g s a r e c l i n i c a l l y d e v e l o p e d ,
c h a n g e s o c c u r r i n g in h u m a n p o p u l a t i o n s .

M R . H U T T : Oo y o u w i s h to r e s p o n d , O r . H a l l ?

D R . H A L L : I think t h a t w a s a s t a t e m e n t r a t h e r than a q u e s -
t i o n . I w o u l d a g r e e , in p r i n c i p l e , t h a t in some w a y s r a d i a t i o n
e f f e c t s m i m i c natural a g i n g . W h e n t a l k i n g a b o u t n e u t r o n e f f e c t s
and R 3 E s of n e u t r o n s , I think it is r a t h e r i m p o r t a n t to d i s t i n -
g u i s h real high R B E s from R B E s t h a t are a r t i f i c i a l l y e l e v a t e d
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper No. 4
Eric .). Hall , D.Sc.

because of the preferential absorption of the neutrons in the
fatty tissues. It is rather important to distinguish what is a
really hiqh IU3E and what is one that is artificially high because
of problems in dosi-ietry.

D1. KIM: John Kim, Harper Grace Hospital, Detroit, Michigan,
again. I have three points I would like to discuss.

I en.ioyed your beautiful graphs. They're very nicely done.
Rut I don't seen to find then at the end of your documentation
here. And there are no references for some of us that are more
scientifically oriented than some others. Some of us might like
to have some of this, I would really appreciate some of these
references.

Thirdly, the node of presentation and the language you have
adopted for your talk was basically something that I might hear
in radiation theraoy and oncology departments -- RBE, LET and
temporal distribution and so forth -- they are very clear and
nice in terms of comparative studies for killinq, mutation and
cancer. I have a snail question which maybe some of us might
also like to know more about here. That is, in diagnostic
radiology, some radiologists are concerned about the radiation
effects on pregnant women or potentially pregnant women. They
talk about such things as the 14-day rule. This is related to
the temporal distribution of dose in a way because as you prob-
ably know, during the menstrual cycle, maybe during the first,
say, two weeks, the cells basically go through meiosis before
they become fertilized. If there is any chance of a woman becom-
ing pregnant and as soon as the fetus is formed, the cell goes
through the mitotic process. And I have read an interesting
paper done by the Canadians not too long ago that, if you have a
choice of having to expose a potentially pregnant woman, it's
probably better to do it in the first half of the cycle because
during meiosis some of the damaged chromosomes go through what
they call the "filter process," which is built into the meiotic
mechanism. So, a greater portion of the chromosomes with aber-
rations may not become functional; they get dropped out automat-
ically by a biological screening process, while during mitosis
some of these nay actually survive and, therefore, may carry on
the damage and he more deleterious.

Is this something of a nature that might relate to temporal
effects?
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D I S C U S S I O N F O L L O W I N G T H E P R E S E N T A T I O N

I s s u e P a p e r M o . 4
E r i c J. Hall , O . S c .

M R . H U T T : Let m e r e s p o n d to t h e f i r s t two p a r t s of y o u r
q u e s t i o n . T h e p r o c e e d i n q s o f t h i s m e e t i n g will be a v a i l a b l e
s o m e t i m e a f t e r J u n e 1. You all h a v e f o r m s f i a t y o u c a n fill
o u t . In t h o s e p r o c e e d i n q s will a p p e a r w h a t e v e r s l i d e s , I
u n d e r s t a n d , will be s h o w n t o d a y . T h e y w i l l a l s o i n c l u d e w h a t -
e v e r a d d i t i o n a l r e f e r e n c e s t h a t t h e s o e a k e r n a y w i s h to a d d .

S o , I t h e n w i l l l e a v e to O r . Hall t h e t h i r d of y o u r t h r e e
q u e s t i o n s .

n°,. H A L L : T h e t h i r d p o i n t t h a t y o u r a i s e is r a t h e r a
d i f f e r e n t c o n t e x t to the t o n e of t h e m e e t i n g so f a r . You h a v e
z e r o e d in on a s p e c i f i c and i m p o r t a n t h a z a r d of r a d i a t i o n , w h i c h
is the e f f e c t of snail d o s e s of r a d i a t i o n on t h e d e v e l o p i n g
e m b r y o and f e t u s . Y o u r d e s c r i p t i o n of t h e p r o b l e n s d u r i n g g e s -
t a t i o n a r e n o t n e c e s s a r i l y c o i n c i d e n t w i t h my u n d e r s t a n d i n g of
t h e m from t h e l i t e r a t u r e or f r o n t h e e v i d e n c e t h a t has b e e n
p r e s e n ted.

B u t I w o u l d a q r e e w i t h y o u , c e r t a i n l y , t h a t t h e e f f a c t of
a g i v e n d o s e of r a d i a t i o n b a s e d on p r i n c i p a l l y , a q a i n , a n i n a l
s t u d i e s , d o e s i n d e e d vary q u a l i t a t i v e l y a n d q u a n t i t a t i v e l y w i t h
t h e p e r i o d of q e s t a t i o n d u r i n q w h i c h it is g i v e n . A d o s e g i v e n
v e r y e a r l y , w i t h i n t h e f i r s t few d a y s a f t e r c o n c e p t i o n , w o u l d
p r o d u c e m o s t l y d e a t h of t h e e m b r y o . A d o s e q i v e n a l i t t l e l a t e r ,
a f t e r t h e f i r s t six w e e k s , is l i k e l y to o r o d u c e a m a l f o r m a t i o n .
D o s e s a f t e r t h a t in t h e a n i n a l a r e r e l a t i v e l y not q u i t e so e f f e c -
t i v e but in the h u n a n t h e y do a p p e a r to p r o d u c e c h a n q e s in t h e
c e n t r a l n e r v o u s s y s t e m .

N o w , w h e n y o u ask t h e Q u e s t i o n w h i c h r a d i o l o q i s t s , d i a a -
n o s t i c r a d i o l o g i s t , a r e a l w a y s as'<inq -- w h e t h e r or not the
M - d a y r u l e s h o u l d be a p p l i e d ; w h e t h e r p o t e n t i a l l y f e r t i l e w o m e n
s h o u l d r e c e i v e a f i l m t h a t i n v o l v e s the a b d o m e n or p e l v i s -- y o u
a r e t h e n i n v o l v e d in an e x t r e m e l y d i f f i c u l t r i s k - b e n e f i t s i t u -
a t i o n . T h e 1 4 - d a y r u l e is v e r y d i f f i c u l t to a p p l y b e c a u s e if
y o u d e l a y a p r o c e d u r e u n t i l t h e n e x t n e n s t r u a l c y c l e , t h e w o m a n
m a y t h e n be p r e q n a n t w h e n s h e c o m e s in t h e n e x t t i n e and y o u
w i l l h a v e to d e l s v it for n i n e m o n t h s . And if y o u h a v e to d e l a y
it for t h a t l o n g , it c a n ' t b e very i m p o r t a n t in t h e f i r s t p l a c e .

T h i s is the s o r t of c y c l i c a l a r g u m e n t t h a t y o u go t h r o u q h .
S o , i t ' s a v e r y , very c o m p l i c a t e d r i s k - b e n e f i t s i t u a t i o n . A n d
I t h i n k r a t h e r o u t s i d e of t h e s c o p e of t h e c e n t r a l d i s c u s s i o n
h e r e today, b u t , n e v e r t h e l e s s , i t ' s a very i m p o r t a n t o n e .
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 4
Eric J. Hall, n.Sc.

DR. CYR: Howard Cyr, from the Bureau of Radiological
Health. Do you have any in vivo data to support your observa-
tions, using the split-dose techniques.

DR. HALL: Ho.

DR. CYR: Why is that so? 3ecause of the great anount of
data required to observe such an effect in aninals?

DR. HALL: I think the principal reason is that the experi-
ments haven't been done. They would be very difficult to do in
terms of the number of animals.

OR. WIJRTZ: I an somewhat embarrassed to be up here again.

I have made some observations that I would like to share.
Based on the speakers who have spoken and the people in the
audience who have introduced themselves, it seems like nost of
the people here are intimately involved with radiation research.
I noticed we know a lot about radiation, and that we're learning,
Or. Hall mentioned his end point is cell killing. Radiation
can kill. The qentlenan from Michigan is perhaps the only one
who has mentioned the medically useful effects of radiation.

I hope that I represent more than myself here today. What
I want to say is that we have in this country gone into two
areas of radiation, nan-nade radiation an<\ radiation that we do
not need. If killing is the end point of radiation, nuclear
weapons and their production is one, and nuclear power and its
production is the second. That is a choice that we as a society
have nade.

Now, one of the speakers spoke to us about risks and bene-
fits. Does it mean that everyone in this room takes it as a
foregone conclusion that the benefits of nuclear weapons and
nuclear power outweigh the risks? I an not adept at asking
these questions, but I think the time has come to realize that
it is broader than that. By doing research, you are doing
research on a lethal technology.

There is Plutonium in the cells of New York City residents,
in their vertebrae, in their lungs, in their kidneys. Plutonium
is a nan-made product. Why is there plutoniun there? That is
where I am coming from. What I a'n saying, is you people derive
your incone fron doing research that supports nuclear weapons
and nuclear power, and I would suggest to you that we women,
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DISCUSSIOM FOLLOWING THE PRESENTATION

Issue Paper No. 4
Eric J. Hall, O.Sc.

many of us women -r and men, too; thank you -- do not believe
that radiation, nan-made radiation fron nuclear weapons and
nuclear power is something that we should as a society, polit-
ically and socially, elect to continue.

MR. HUTT: Dr. Wurtz, I would simply make this request.
You were invited here precisely to make this viewpoint known
to all of us, and we are very pleased that you are doing that.
I would ask only that you address a question to the speaker, if
you have one. Or, if not, you could perhaps save your points
until the general discussion. I don't wish to cut you off,
however,

DR. WURTZ: Thank you very much.

OR. HALL: I would like to respond, if I may.

MR. HUTT: Please do, Dr. Hall.

OR. HALL: Firstly, I don't think you should be enbarrassed*
to be getting up again, since many of the faces that confront n\e
are faces that I know well. I think one of the purposes of this
meeting is ^o extend coverage to groups with whon we do not nor-
mally interact, in response. So, I don't think you should be
embarrassed getting up frequently.

How I would like to address the question that formed the
first part of your comment. That is the question of cell killing
as an end point. My first slide, in fact, indicated that we
addressed three end points: cell killing, mutation and carcino-
genesis. For cell killing, you referred to nuclear power and the
potential of nuclear weapons. When I think of cell killing by
radiation, however, I think of radiation therapy, not the antici-
pated killing of individuals by nuclear power or by nuclear
weapons, but the killing of cells by design in radiation therapy.

And one of the important things to remember in this context
is that in the United States, according to the recent Patterns of
Care study, about half of all cancer patients receive radiation
therapy at some time in the management of their disease, and about
one-eighth of all cancer patients, amounting to 80,000 people a
year, are cured of their cancer by the use of radiation therapy,
which is already no mean achievement.
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper No. 4
Eric J. Hall , O.Sc.

So, the killing of cells is a very important end point
where radiation is used in medicine and constitutes one of the
very important and very effectve benefits which weighs heavily
in the scale pan against the admittedly deleterious effects of
radiation.

The other point I would like to make is while there are,
of course, individuals who snake their living, their daily bread,
doing radiation research, which support nuclear power, I for
one an not in that category. I would please ask you not to say
so. I derive my income from doing research involved with the
treatnent of cancer, not with the propagation of nuclear power
or any other such nuclear technology. So, please get the facts
correct before you lay that charge against me.

MR. HUTT: Or. Hall, thank you very much.
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Irwin D.J. Bross. Ph.D.
Director of Bioitatidics

Roswell Park Memorial Institute
666 Elm Street

Buffalo. N.V 14263
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February 28, 1980

Dr. Charles U. Lowe
Special Assistant to the Director
NIH Building 1, Room 103
Bethesda, Maryland 20205

Dear Dr. Lowe:

I would like to submit additional material for the record of
the March 10 § 11, 1980 meeting of the Committee on Federal Research
Into the Biological Effects of Ionizing Radiation.

This material deals with an emergency situation that now
exists with respect to the venting of radioactive gases from Three Mile
Island into the atmosphere (as proposed by the President's Commission).
This directly involves Issue Paper No. 4 which, unfortunately, is being
given by a professor of radiology. The issue here involves nuclear
radiation in the gas phase.

As my submission for the record, I would like to include:

(1) A brief introductory statement which I enclose with this
letter.

(2) My letter to President Carter appealing for reconsideration
of the proposed venting into the atmosphere.

(3) Brief versions of the attachments to the letter to the
President.

Again let me emphasize that this submission is in addition to
the material previously submitted to you.

Verjnsincerely yprirs,

in D.J. Bross, Ph.D.
Director of Biostatistics

IDJB/mak
Enc.
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INTRODUCTORY STATEMENT ON VENTING AT THREE MILE ISLAND

News reports indicating that the Presidential Commission has

recommended venting of radioactive gases at the damaged Three Mile

Island containment would suggest that the President has been misinformed

about current knowledge of the effects of differences in schedules of

delivery of a given dose of ionizing radiation. This is the subject of

Issue Paper No. 4 of the March 10 5 11 meeting.

While there may be differences of opinion or controversy

concerning the short-term and long-term effects of various schedules, it

would seem the responsibility of Dr. Donald S. Fredrickson to inform the

President that there is now considerable scientific evidence in favor of

the hypothesis that health effects per rad (or rem) are greater at low

doses than at high doses.

The fact that the scientists that have produced the factual

evidence that supports this view have been excluded from the presentations

at this meeting should not prevent this evidence from being reported to

the President, hopefully in time to avert the epidemic of genetic

damage and cancer that would result from the proposal to vent into the

atmosphere.

In support of the position that the proposed schedule of

venting will produce the maximum genetic damage in the population downwind

from TMI, the following documents are submitted:

(I) A letter to President Carter from Dr. I. Bross, dated

2/28/80.

(II) A copy of an abstract of a new report, "A 1980 Reassessment

of the Health Hazards of LowLevel Ionizing Radiation",

based on an invited lecture by Dr. Bross at the cancer

center of the University of Heidelberg in October 1979.

(Ill) An explanation in plain English, "Why the Cancer Risk-

Per-Rad is Maximized at Low Doses".

(IV) Copies of correspondence between NRC and Dr. Bross.
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February 28, 1980

President Jimmy Carter
White House
1600 Pennsylvania Avenue
Washington, D.C. 20500

Dear Mr. President:

Although there is little chance that you will see or hear
about this letter, it contains an urgent warning concerning the health
and safety of hundreds of thousands of Americans who live downwind or
downstream from Three Mile Island.

According to the news reports, the Presidential Commission has
recommended venting the radioactive gases at TMI into the atmosphere.
This is said to be necessary to get the clean-up started. It is also
said that by venting very slowly, the hazards from the gases will be
minimal.

The latter statement sounds plausible and statements like this
have been made for 25 years, but it is flatly contradicted by the
scientific evidence on low-level radiation hazards that is available in
1980 (A). No matter what the rate of venting may be, the total radioactivity
vented is the same. What is now clear (see the attached report that
summarizes the new findings on this question) is that the amount of
genetic damage in the exposed population will be maximized by slow
release over an extended period. A brief non-technical scientific
explanation for this is appended (B).

The assertion that this venting is necessary is also a serious
technical error that derives from the mind-set of federal regulators,
not from the technical evidence. There is a technical option which
would not require any venting of radioactivity into the atmosphere. It
is called "entombment" and with this option all of the radioactivity
presently in the containment would remain in the containment. It could
not be a danger to the health and safety of persons living in the
general area of Three Mile Island. The basic idea of entombment is
simply to immobilize the radioactivity in the air and water or elsewhere
in the entombment in concrete. In effect, the containment would be
partially filled up with concrete by remote-controlled processes.
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President Jimmy Carter
February 28, 1980
Page 2

The NRC will not consider this option because the current
regulations require a_ plant t£ be_ in good operating condition when it is_
entombed. TMI is obviously not in such condition. An exchange of
letters between NRC and myself (C) is enclosed. It may sound incredible
that a federal regulatory agency should take the position that the
radioactivity should be vented, dumped into the river, or trucked out,
and the health and safety of hundreds of thousands of persons endangered
before it is willing to consider the entombment option. Read the letters
for yourself and you can see why the Commission was misinformed.

Let me stress that this letter concerns a public health
question and that "pro-nuke" vs. "anti-nuke" issues are irrelevant here.
The NRC regulation makes sense in ordinary circumstances but not in the
TMI accident situation. Entombment is a major option here which should
be seriously considered on its own merits and should not be ruled out by
fiat.

In terms of costs, it is by far the most economical option.
This is true whether the costs are measured in dollars, energy, workers'
lives, or residents' lives. I believe it is the only practical option
and that it will be the eventual choice. Hence, before an irreversible
step such as venting into the atmosphere is taken, a step that is clearly
unnecessary with entombment, this option should at least get careful
consideration.

I urge you to instruct the Presidential Commission to reconsider
its recoinmendation and to prohibit venting until they have at least
taken the trouble to consider the new evidence on low-level radiation
hazards. As can be seen from the Abstract for my new report (which is
based on an invited lecture given last October in Heidelberg at the
Cancer Center), the proposed venting will maximize the risks of cancer
and other manifestations of

rom TMI.

Very sincerely

D.J. Bross, Ph.D.
director of Biostatistics

IDJB/mak
Attachments: (A) A 1980 Reassessment of the Health Hazards of Low-

Level Radiation Hazards.
(B) Why the Cancer Risk-per-Rad is Maximized at Low Doses.
(C) Correspondence with NRC
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Abstract

A decade ago the risks of leukemia from exposures to low

levels of ionizing radiation were estimated by- linear extrapolation

from data on persons exposed to much higher levels. In recent years,

however, a number of scientific studies have reported excess risks

where the data was on persons actually exposed to low-level radiation.

The new findings are incompatible with the estimates based on the

Linear Hypothesis although these estimates continue to be used in

public health. Fifteen studies involving low-level nuclear radiation

and ten studies involving diagnostic radiation are listed and briefly

described. Most of these studies have positive qualitative findings

but a few also have quantitative estimates of risk such as doubling

doses. The qualitative findings would be extremely unlikely at the

estimated exposure levels (which represent average exposures well under

5 rads or rems) if the extrapolative estimate of over 100 rads of the

Federal Interagency Task Force Report were correct. The quantitative

estimates from the data on persons exposed to low-level radiation give

doubling doses in the vicinity of 5 rads and are also incompatible with

the extrapolative estimates. The failure of the Linear Hypothesis to

fit the new facts seems to reflect a greater efficiency-per-rad in

producing genetic damage for the low-dose range than for the high-dose

range.
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WHY THE CANCER RISK-PER-RAD IS MAXIMIZED AT LOW DOSES

While at first it might seem surprising that the risk of
cancer and other manifestations of genetic damage will be greater on a
per-rad basis for low doses extended over a long period of time than for
high doses given in a short period, there is now little scientific
question that this is actually the case.

•This means that the proposed venting of radioactive gases from
the Three Mile Island containment in small amounts over a longer period
of time is not any safer for those living in the TMI area than an accidental
loss of containment of the same amount of radiation. Spreading out a
given total dose minimizes the short-term biological effects but actually
maximizes the much more serious long-term effects which involve genetic
damage.

There is a simple scientific explanation of why the effects
are maximized by repeated low-dose exposures. We now know that the
immediate cause of radiation-induced cancers is the production of a
break-point or damage to the complex biochemical structure of the DNA of
human genetic material. As Dr. B.N. Ames recently reported in Science,
204(4393): 587-593, 1979:

"Damage to DNA appears to be the major cause of most cancers
and genetic birth defects, and it may contribute to aging and heart
disease."

There are two steps in the causation of cancer. First, the
production of the break-point by the ionizing radiation. Second, the
reproduction of this misinformation by cloning of the damaged cell. The
misinformation must be reproduced many millions of times before the
effects can be seen clinically. This is why low-level radiation effects
are subtle and occur many years after the actual exposure.

At low levels of ionizing radiation it is unlikely that there
will be a single break point produced in a given cell and extremely
unlikely that there will be more than one. However, at high levels of
radiation two or more break-points may occur. This heavier damage is
likely to be "wasted" for the production of cancer since it may block
the reproduction of the damaged cell. In effect, the cancer is caused
and cured at the same time.

Because the break-points produced at high doses are "wasted"
so far as the production of cancer is concerned, the risk of cancer on
a per-rad basis is less at high doses than at low doses. This is not a
theoretical point because in the data from the Rochester epidemic of
breast cancer produced by high doses of x-ray given for post-partum
mastitis this can be seen from the dosage-response curve (JNCI, 60(4):
727-728, 1978). My invited lecture at Heidelberg cites more than 20
scientific reports that support this finding on efficiency of genetic
damage per rad.

Hence, the proposed venting of radioactive gases at TMI will
not be safe and will actually result in the maximum risk of genetic
damage and cancer for the population downwind from the containment.
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DeaT

A few months ago, the American public breathed a sigh of
relief—the danger from the Three Mile Accident was over. This now
seems to have been premature. An August 14, 1979 news story from AP
(copy enclosed) suggests that•mismanagement by General Public Utilities
may result in far greater hazards from the nuclear waste disposal than
from the original accident.

The situation is as follows:

1. The plant was damaged beyond repair but GPU is determined
to cover up this fact.

2. The only technology now available for disposal of this
plant that will permit adequate protection of the public and the workers
is entombment. My letter to Dr. Kemeny on this point is enclosed.

3. Any other technology would require disposal of the radioactive
wastes by venting into air, dumping into the river, or transport of
large amounts of such material by truck or other means. Any o_r all of_
these will expose workers and the public to dosages of radioactivity
which will result in far more deaths and disabilities than the original
accident.

4. Testimony in New Jersey involving inclusion of entombment
costs in the current utility rates illustrates that even if a nuclear
power plant .is shut down when it_ JLS_ intact and functioning, there is at
present no better technology for disposal available than entombment.
The Bechtel report involves "paper" technology, methods that have never
been previously used or tested or applied on the large-scale operations
required here. Clean up of the present shambles is clearly a job which
is several orders of magnitude more difficult than clean up of an
intact installation. The Bechtel report is the same kind of technical-
sounding claptrap that the DOE subcontractors produced on the West
Valley clean up. (See enclosed note on lying with Mickey Mouse arithmetic).
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5. I suspect that the purpose of this scheme is to stall
action indefinitely by exploiting the almost automatic environmentalist
reaction. What with environmental impact statements, the litigation
could go on for years. It could take 5 years before it is finally
admitted that the installation will have to be entombed. In the mean-
time with the decision in limbo., the Three Mile Island installation
would continue as a passive threat to the public health and safety. If
there were dumping, it will be an active threat.

6. In view of the continuing and deliberate mismanagement by
General Public Utilities, it is essential that the Presidential Commission,
or Congress, or both, consider the nuclear waste disposal problem that
resulted from the Three Mile Island accident as well as the accident
itself. I believe that the federal and state agencies should advise GPU
to start to develop plans for entombment as an alternative to the Bechtel
report. The decision-making on waste disposal should be taken away from
GPU since the utility is completely unqualified for this task.

A critical factor in all this (although it is not so evident)
is the new research on the health hazards of low-level ionizing radiation
that shows that the NRC permissible levels are in fact dangerous levels.
The 5 rem dose to workers permitted each year is probably more than a
doubling dose for leukemia and genetic damage and other health problems.
Thus, even if the clean-up is in compliance with present standards, the
exposures during the clean-up and after its theoretical completion would
produce heavy mortality and morbidity among the workers. It would also
endanger the general population down-wind or down-stream from the dumping
or on the routes used in transport of radioactive materials.

Despite the apparent technological complications the situation
here is as simple as 1,2,3. One, there is (according to recent measure-
ments) enough radioactivity loose at this site to kill a lot of people.
Two, with entombment the radioactivity stays on site. Three, with any
other plan the radioactivity has to be dumped somewhere and any attempt
to do this can kill both workers and the public. Clearly, no dumping
whatever should be allowed until there is a final decision on disposal
since there can be no excuse for unnecessarily jeopardizing human health
and safety.

Very sincerely yours,

Irwin D.J. Bross, Ph.D.
Director of Biostatistics

IDJB/mak

Attachments: (1) AP News Story (8/14/79)
(2) Letter to Dr. John Keraeny (07/30/79)
(3) "How to Lie With Mathematics"

166



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D. C. 20555

Irwin 0 . J . Bross, Or., Ph.D.
Director of Biostati s t i e s
Roswell Park Memorial Inst i tute ©WiV ?] orn«
666 Elm Street "EC0
Buffalo, New York 14Z63

Dear Dr. Bross:

I am writing in response to your letters of August 16 and October 4, 1979,
to Dr. Parsont regarding your concerns about Three Mile Island. Dr. Parsont
requested that I respond to your suggestion that entombment is the only
technology that will permit adequate protection of the public and the
workers. I regret that this answer to your letters has been delayed.

First, with regard to the best method of dealing with Three Mile Island,
Unit 2. No decision has been made as to whether to recover and restart
the plant or to decommission it, nor has .the licensee submitted any pro-
posals to the NRC in this regard.

Secondly, with regard to your suggestion of entombment. It appears to
me that there are a number of items which must be accomplished whether
the plant is recovered and returned to service or decommissioned. For
example, in either case the reactor fuel must be removed from the reactor
vessel, put in a safe configuration, stored on site or shipped off site
for disposal. There are several reasons why these actions have to be
performed. First, heat generation (approximately 250 kilowatts at present)
is continuing in the reactor core due to the radioactive decay of fission
products in the fuel material. This heat must be removed. Secondly,
current NRC regulations do not allow a licensee to leave a reactor core
in place without adequate safeguards. That is, the plant could not be
entombed without providing for long-term cooling of the reactor core and
adequate safeguards; therefore, the fuel in the reactor vessel must be
removed.

In order to remove the fuel, the reactor building must be made accessible
for long-term occupancy by the on-site personnel. To permit long-term
occupancy of the reactor building, the contaminated water and air in this
building must be removed and the building must be decontaminated. Commit-
ments to specific clean-up choices have not yet been made. On November
21, 1979, the Commission issued a Statement of Policy and Notice of Intent
to Prepare a Programmatic Environmental Impact Statement directing the NRC
staff to prepare a programmatic environmental impact statement on the
decontamination and disposal of radioactive wastes resulting from the
March 28, 1979, accident at Three Mile Island, Unit 2; a copy of this
statement is enclosed for your information. This programmatic environ-
mental impact statement will focus on the environmental issues and alter-
natives associated with the performance of these clean-up activities.
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Or. Irwin D, J. Bross -2-

I trust this response has addressed your concerns about entombment of the
Three Mile Island, Unit 2, facility.

Sincerely,

Richard H. Vollmer, Director
Three Mile Island Support

Enclosure:
Statement of Policy and Notice

of Intent to Prepare a
Programmatic Environmental
Impact Statement dated
November 21, 1979

16*



Irwin D.J. Brois. Ph.D.
Director ol BiotUtiitin

Roswell Park Memorial Institute
666 Elm Street

Bullalo. N.Y. 14263

No oomioni ><*>• W W M Mould M conMniM M nllKlint oMKM foMioni ol Ih. •dmmanal.on ol
Honwll Park Memorial MMuM or el M» N.V. SUM HMHi D w m g

February 1, 1980

Richard H. Vollmer, Director
Three Mile Island Support
United States
Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Vollmer:

Thank you for your letter of January 18, 1980, commenting on
the entombment option for the damaged installation at Three Mile Island
and enclosing a notice of intent for an environmental impact statement
dated 21 November 1979.

I can't believe that you mean what your letter says, so I will
try to continue this dialogue. For one thing, what you say seems to
contradict the last paragraph of the notice.

As 1 read you, you say in effect: We have rules and regulations
that an installation roust be neat and tidy before we would permit entombment.
To follow these rules we will have to take the radioactivity now in the
containment (where it is not harming anyone) and vent it into the atmosphere
or dump it into the river (where it will be a serious hazard to the
health and safety of the public). We are going to put workers into the
containment (where the radioactivity will still be at dangerously high
levels after dumping) to tidy things up so that we can, in the end,
decide what to do (and probably end up entombing the whole thing). In
other words, we are determined to go by the book even if this means we
end up with the same concrete mausoleum and, in the process, we waste
hundreds of millions of dollars and kill or harm the workers and the
citizens of at least three states.

I can't believe it.

The Three Mile Island accident did not go "by the book" and
NRC and DOE and everyone else have got to consider solutions which are
not in the book. I take your point about heat generation. However,
this simply means that there must be a self-contained cooling system
(e.g. a piping system) in the concrete for this purpose. As a child in
the early K)30's at Boulder Dam, I saw this technology (which is really
a part of the process of putting in the concrete). True, there may
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Richard H. Vollmer
February 1, 1980
Page 2

have to be additional heat-exchangers here to get the concrete to set
properly, but apart from the current NRC regulations (which I hope can
be modified to save a few hundred lives) there is no reason to remove
the fuel rods. Entombment would be ample protection against this
immobilized radioactivity.

My basic points are:

(1] As long as the radioactivity is immobilized in concrete
inside the containment it won't hurt anyone. On the other hand, if it
is dumped it will vitiate the whole point of the expensive containment
and will produce an environmental disaster.

(2) The entombment can be done remote--by machines and not
men. Hence, the system can be put in place without serious exposure to
workers and at a fraction of the cost of "going by the book".

(3) This NRC offhand dismissal of what should have been the
first option considered hardly indicates that clean-up would be "done
consistently with the public health and safety, and with awareness of
the choices ahead". Instead it shows a "regulatory mentality" which is
determined to "go by the book" when the book needs to be rewritten.

From DOE I would expect this (see my enclosed Draft Environmental
Impact Statement for the West Valley clean-up). I was hoping for more
from NRC. I did, at least, get a coherent and organized statement from
you (which I probably wouldn't have received from DOE) so there is at
least a basis for dialogue. What I would like to hear from you is that
NRC would consider and at least get a preliminary feasibility study on the
entombment option (even if it means changing some regulations). I
believe Congress would help you if new laws are needed for the changes.

rector of Biostatistics

IDJB/mak
Enc.
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COMBINED EFFECTS, IONIZING RADIATION
PLUS OTHER AGENTS

(What is known, from cellular and animal systems,
about the combined effects of ionizing radiation
and other agents (physical, chemical, and
biological), and is this knowledge adequate
to predict responses in man?)

Issue Paper
prepared by

M. M. Elkind
Division of Biological and Medical Research

Argonne National Laboratory
Argonne, Illinois 60439

Today's world is shrinking in the sense that the waste products of
expanding, industrialized societies have been increasing in concentration
and diversity. These products are frequently liberated into the environ-
ment and many have the potential for biological activity. Environmental
biological activity also comes from natural sources, for example, from
sunlight and from the ionizing radiation due to cosmic rays and earth-
bound radioactivity. In addition, current-day diagnostic and therapeutic
medicine frequently involves the use of one or more agents, each of which
may be potentially able to produce untoward ancillary reactions. In some
cases, the end effects produced by environmental and medical agents are
biologically similar to those produced by radiation. Consequently, the
possibility must be considered that one or more of these agents may
produce in man combined effects not readily predictable from a know-
ledge of their individual actions.

In this Issue Paper we consider: what is known of the combined
effects of various kinds of agents when acting together with ionizing
radiation; whether or not combined effects suggestive of unexpected
interactions have been detected in people; and to what degree responses
in man can be predicted from available laboratory data.

End Points
Radiation can produce a variety of short- and long-term changes in

animals and people. The short term changes—which in the extreme may
result in tissue ulceration or death—generally are a result of the
killing of relatively rapidly dividing cells related to essential cell
renewal systems of the body (e.g., skin, intestinal mucosa, and blood
forming organs). The compromising of cell renewal systems occurs
particularly when whole-body exposures are received. After only partial
body or nonlethal whole-body exposures, a variety of long-term sequelae
may result. The latter may reflect degenerative changes in tissues and
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organs in which, because cell turnover is slow, cell death is slow.
However, cells that survive radiation exposure may give rise to late
effects that reflect their altered metabolism, altered genetic con-
stitution, or altered properties of growth. Late-appearing degenerative
and other changes are quite effectively integrated by measuring reduc-
tions in life span and considerable data exist on the dose-dependent
reductions in longevity in mice due to y-rays and fission-spectrum
neutrons (2,2).

Relative to public health, concern centers on small acute doses,
on small fractionated doses, or on small total doses protracted over
long periods (i.e., low dose rate exposures). In such cases, the
principal cause of life shortening is usually cancer induction. A
cause-effect connection between somatic mutation and cancer is a
popular hypothesis although somatic mutation by itself is not sufficient
to account for other factors that influence the growth of transformed
cells like hormonal status, compensatory repopulation, and
perturbations in the immune competence of the host. This latter group
of ancillary factors may reflect changes, in varying degrees, in the
viability of the cells relevant to them. Thus, in addition to somatic
mutation in target cells, survival of target cells as well as the
survival of cells that can interact with target cells, may be important
in oncogenesis. In the instance of fetal irradiation, developmental
changes may also be registered. Lastly, the mutation of germ cells may
lead to teratogenic effects as well as to less severely altered offspring.

Thus, the end points of interest due to radiation alone, or
radiation in combination with other agents, include developmental,
genetic, and transformational changes—ir> relation to teratogenesis,
mutagenesis, and oncogenesis, respectively. Since each end point
depends upon viability for expression, cell killing must also be
considered. The foregoing end points are of principal concern in
respect to low doses; they are also of importance in respect to mid-
to-high doses but for these dose ranges, and particularly in regard
to late-appearing lesions, the bases for the syndromes observed are
not fully worked out.

Modes of Combined Effect
If two or more agents can produce by themselves the same

biological effect, this knowledge is usually not adequate to predict
the quantitative aspects of their combined action. In some instances,
even the qualitative nature of their combination may not be predict-
able. The essential reason for this uncertainty is that different
agents may induce a particular end effect in part via different
molecular, cellular, and/or possibly physiological changes and
consequently, a large variety of modes of interaction are possible.
As will be illustrated further in the discussion to follow, assessments
of modes of interaction require a knowledge of the mechanisms whereby
particular end points are produced by particular agents. However, it
is also important to know in the first instance if the changes due to
the agents interact.
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MODES OF COMBINED ACTION

DOSE (of A)

z
o

FR
AC

T
SU

RV
IV

IN
G

C
1

O.I '

O.OI

0.001

) 1
**-*L 1

B >

\

_ SYNERGIST

2
1

\
\

IC \

ADDITIVE"

3 4
1 1 ' 1

ANTAGONISTIC 7

\ ^

\ A

v INDEPENDENT

SYNERGISTIC ADDITIVE

2 3
DOSE (of A1)

Fig. 1. Schematic representations of modes of Interaction of agents A and B In respect to ce l l survival,
le f t , or Induced frequencies (e .g . , mutation and neoplastlc transformation of ce l ls , or tumorigenesis),
f ight. Frequency and dose are in arbitrary units. Terminology patterned after that recommended by the
ICRU (3).



Some insight into the nature, and the mode, of the interaction of
two agents may be obtained from measurements of the influence each has
on the dose response of the other. This is illustrated schematically
in Fig. 1 where two kinds of dose responses are shown; on the left, the
reduction in surviving fraction with dose (as illustrated, surviving
fraction is usually plotted on a logarithmic scale and dose on a linear
scale); and on the right, the increase in the frequency with dose of
cell end points like mutation and neoplastic transformation, or animal
end points like tumorigenesis (induced frequencies are usually plotted
on linear-linear coordinates). What is shown in Fig. 1 is the effect
that a dose B of agent _B (left part), or a dose Bf of agent B1 (right
part), has on the dose-response curve for agent A. or for agent k1,
respectively. Four conditions may be identified and are characterized
in respect to cell survival as follows. If graded doses of A following
dose B result in a survival curve of the same shape as when treatment
with J> is omitted, then the effect of J3 is independent of that due to
A. If after B, the survival curve is the same as the portion of the curve for
A corresponding to doses greater than the dose of A survival-equivalent
to dose B (2 units of A. in Fig. 1), then the effect of £i is additive to
that of _B. And if following dose B, graded doses of A^ result in a
curve lying above that marked "independent," or below that marked
"additive," then antagonistic (or protective), or synergistic action,
respectively, is indicated. The application of these terms to the dose
dependence of the frequency of induced events is readily apparent from
the curves in the right part of Fig. 1.

Some qualifications need to be applied to the foregoing definitions.
In respect to cells, for example, it is known that dose-responses may
depend on growth phase at the time of exposure. If such a dependence is
not the same for two different agents, questions of population selection may
have to be resolved before an intracellular mode of interaction may be identified
with confidence. Although not likely, the terms in Fig. 1 may be appli-
cable only within certain dose ranges and different terms may apply in
different dose ranges. Further, the terms used may have different
meanings to a cell biologist, to a physiologist, or to an epidemiologist
as the material to follow will illustrate. Lastly, when survival varies
exponentially with dose, or induced frequencies vary linearly with dose,
it should also be noted that additive and independent actions are not
distinguishable. Nonetheless, these terms will suffice to identify, if
only provisionally in some cases, the nature of the interaction of radiation
with another agent.

Combined Effects in Experimental Systems
With the nomenclature set down in the preceding section, we are now

in a position to review what is known from laboratory studies. For present
purposes, it suffices to draw examples from cell and animal experiments.

CELL STUDIES. By far the largest amount of data derives from studies
of animal and human cells grown in culture primarily because of the
facility with which such data may be obtained. Also, as concerns combined
effects, cell killing is the principal end point that has been pursued
this too reflecting relative ease of measurement. A series of examples
follow.
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• X-rays plus physical agents. Studies have been performed
demonstrating that the damage due to X-rays interacts with that due
to nonionizing radiation, heat, or other types of ionizing radiation.

X-vays plus ultraviolet (UV) light. Survival studies with Chinese
hamster cells have shown that damage due to far-UV light interacts
with X-ray damage additively (see 5 and citations therein). A
qualitatively similar result is obtained when near-UV light
simulating the short wavelength part of the sun's spectrum on
earth is used although quantitatively the degree of additivity
is less.

X-rays plus hyperthermia. Raising the temperature of cells before,
during, and/or after irradiation results in enhanced cell killing
because of synergistic interactions {5,6). Qualitatively similar
results have been reported for normal and tumor tissues in rodents,
and preliminary trials of heat and radiation are being introduced
in the treatment of cancer (?).

X-rays plus fast neutrons. In contrast to X- and v-rays, which
produce damage in biological material by setting electrons into
motion, fast neutrons produce damage mainly by energizing protons.
The proton, being some 1800-times more massive than the electron,
is characterized by a greater rate of linear energy transfer (LET)
when they recoil from neutrons of average energy one to a few
tens of MeV. Thus, by comparison, X- and y-radiations are low
LET in quality compared to fast neutrons or charged particle beams
made from atomic nuclei. Fast neutron beams are biologically more
effective than X- or y-rays (8). However, although the survival
dependence on dose following neutron exposure is qualitatively and
quantitatively different from that for low LET radiations, the
damage registered by X-rays is partly additive to that due to
neutrons (9).

• X-rays plus chemical agents. A variety of data exist indicating
that radiation and certain chemicals, including Pharmaceuticals and some
drugs used in cancer therapy, produce interactive effects. Examples follow.

X-rays plus oxygen, oxygen-like molecules, and sulfhydvyl compounds.
The presence of molecular oxygen in solution at the time of irradia-
tion is well known to enhance the effectiveness of radiation in
respect to essentially all end points. Since oxygen at sensitizing
concentrations is usually without effect by itself, this action is
clearly synergistic. Similarly, a class of compounds that have
similar electron affinic properties to oxygen produce similar
effects at both cellular, tissue, and whole animal levels (see 10).
Metronidazole, a well-established antiparasatic drug, has electron
affinic properties and is an effective sensitizer of hypoxic cells.
In contrast, compounds containing SH-groups, are typical of a class
that are able to protect cells, tissues, and animals under conditions
where the compounds alone have minimal effect. As with electron
affinic agents, radioprotectors of the SH type act, in part, at a
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physical-chemical level by altering the effective magnitude of
the dose that is available to produce biological lesions. Most
of the information about physical-chemical sensitizers and
protectors comes from studies in which cell killing is primarily
responsible for the effect. However, because of the radiochemical
nature of the mechanism of action of these molecules, it is quite
reasonable to expect qualitatively similar changes in respect to
other end points.

X-rays plus pharmaaeuticals. A pharmaceutical like Metronidazole
is effective when present during radiation exposure since, because
it is electron affinic, it acts like oxygen. Other drugs may be
given before and/or after irradiation with considerable effective-
ness. For example, the cancer treatment drug actinomycin D is of
this type (5) as is the antimalarial quinacrine. In both cases,
the mode of interaction relative to cell killing is largely additive.
In contrast, the cancer therapy drug nitrogen mustard—a compound
that has come to be characterized as radiomimetric because it produces
effects similar to radiation—nevertheless, was found to act
independently of X-rays in cell killing (11). Additional insights
of the combined effects in cells and animals of radiation and
chemicals which are in use in cancer therapy are emerging from
a program of the National Cancer Institute directed at devising
improved strategies for the treatment of cancer (12).

X-rays plus oaroinogens. An important class of carcinogens are the
polycyclic aromatic hydrocarbons produced by, or derived from,the
incomplete combustion of various natural substances (e.g., coal,
oil, tobacco, etc.). In respect to the transformation of cultured
mammalian cells to tumorigenic properties, it has been reported
that X-rays significantly enhance the transformation of Syrian
hamster embryo cells treated with benzo(a)pyrene even though the
concentrations of the carcinogen used had negligible effect upon
the X-ray survival of nontransformed cells (13).

X-rays plus promoters. Various kinds of chemical carcinogens
have been shown to be promoted (i.e., increased in effectiveness)
by other chemicals which are by themselves without effect.
Similarly, it has been reported that X-ray-induced transformation
can be enhanced by a chemical promoter (14).

•X-rays plus viruses. Some bacterial viruses are temperate in that
they may infect a so-called lysogenic host, become integrated into its genome,
and consequently are propagated from generation to generation; yet they may not
multiply or affect the host. A variety of agents, including ionizing
radiation, are able to induce viral replication and a lytic response in
the host. While the details are very likely different, and the mechanism(s)
yet to be fully elucidated, radiation can induce viral expression or enhance
viral production in mammalian cells (15, see also discussion in 16).
Further, in rodents this may lead to the cell transformation of newly
infected cells and cancer.
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ANIMAL STUDIES. Data of varying degrees of completeness exist for
both short- and long-term end points. Partly because of practical con-
straints that limit the amount of data and therefore the resolution of
in vivo measurements when two kinds of treatments are being compared,
and partly because of inherent limitations in such comparisons, it is
frequently not possible to be confident about the mode of interaction
at a cellular level. To begin with, to identify such interactions from
tissue or whole animal effects, a source of uncertainty may develop from
cell-specific differences in action as already noted. An additional
complexity comes from the possibility that in an animal, tissue systems
may interact. To illustrate, the expression of tumorigenesis by a
chemical treatment added to a radiation .treatment may be less than that
due to radiation alone, for example, if the radiation transformed cells
in question require for tumor development a growth factor (e.g., a
hormone) the availability of which is reduced by the chemical treatment.

Considerations of the foregoing type make evident that the modes
of interaction of two agents at a tissue or whole animal level may reflect
different mechanisms than at a cellular level. Furthermore, the two
agents may have—or at least may appear to have—different modes of
interaction depending on the end point.

To illustrate, radiation plus a chemical may act synergistically
in killing animals due to the sterilization of stem cells of the blood
forming system even though these two agents may act independently in
lethally affecting the relevant target cells, i.e., hematopoetic stem
cells. Since the end point in this case reflects the proportion of stem
cells surviving the combined treatment (as explained below), independent
modes of cell killing may act synergistically in animal killing as long
as some degree of cell lethality results from each agent. The foregoing
is true even if the respective survival curves of the stem cells are
exponential (i.e., no requirement for damage accumulation).

In contrast, let us assume that in the animal sublethal doses of radiation
or a chemical may induce leukemia linearly with dose. Now, the existence
of independent action at a cellular level could lead to the conclusion of
independent action at an animal level. The reason for the apparent
difference in the modes of action in these two cases is that animal death,
due to failure of the blood forming system,requires that hematopoetic
stem cell survival be reduced to a certain critical level. Hematopoetic
stem cells are ordinarily present in considerable excess of that level.
Thus, the survival curve of animals has a broad threshold regardless of
the lethal agent or the shape of the survival curve of individual stem
cells treated with that agent. Consequently, some degree of cell killing
by one agent will reduce the width of the threshold for the second agent
thus producing synergism. The induction of leukemia, however, may be
linearly proportional to the number of cells transformed with dose.
Hence, the lack of a shoulder makes it possible in this case to observe
action that is independent although the result may be referred to as
additive because the net frequency is the sum of the individual
frequencies.
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With the foregoing cautions in mind, a series of examples are
presented that demonstrate enhanced as well as independent action between
radiation and another agent.

• X-rays plus physical agents. Interactions, at least additive in
nature, have been observed in respect to X-radiation plus heat in regard
to normal as well as to tumor tissues responses (.7). Because these studies
were related to cancer therapy, short-term end points mainly reflecting
cell survival were used but in some instances, late tissue-degenerative
changes were also scored. Additive action has also been reported in mouse
intestinal mucosa when neutron and electron exposures (i.e., a high LET
radiation and a low LET X-ray-like radiation, respectively) were applied
in quick succession (17).

• X-rays plus chemicals. The extensive literature that is developing
from both animal and cell studies as a result of the program of the National
Cancer Institute (12) pertains mainly to short-term end points reflecting
cell killing. In a number of instances, conclusions
about mode of interaction in normal or tumor tissues have been reached
consistent with similar conclusions derived from studies with cells in
culture. In instances where apparent discrepancies exist, it has not been
always clear whether or not inherent differences in cell responses, or
inherent differences in the end points (as noted earlier) are responsible.

Tumor induction due to combined action has been studied although the
mode of the combined effect is not consistently evident because of limited data
having limited resolution. A number of observations have involved low
LET radiations—e.g., X-rays, y-xays, or g-rays, the latter from isotopic
sources—plus chemical carcinogens. For example, skin papillomas in mice
are reported to be produced synergistically by topically applied
3-tnethylcholanthrene plus g-irradiation although skin cancers were reported
in the same study to be induced only additively (18). Additivity was also
reported in the induction of mammary adenomas in rats for the same polycyclic
aromatic hydrocarbon plus X-rays (19). Repeated small exposures (20 R) of
the head, plus the topical application of 7,12-dimethylbenz(a)anthracene
to the tongue of Syrian hamsters, produced an excess of papillomas and
of nonlingual oral tumors (20). X-radiation plus the carcinogen urethan
were reported to act additively in producing lung tumors in mice while
the immune suppressant cortisone also increased the induction due to
radiation without urethan (21).

A few observations have been made using high LET radiations. Fission-
spectrum neutrons plus 3-methylcholanthrene act additively (22), whereas
the estrogen-like synthetic hormone, diethylstilbesterol and 0.43 MeV
neutrons act synergistically (23), in producing mammary cancers in rats.
Polonium a-particles plus benzo(a)pyrene administered together to the
trachae of Syrian hamsters are also reported to act synergistically in
inducing lung cancer (24).

In many of the studies noted above, specific schedules of administra-
tion of the two agents were used and frequently this was found to make a

178



difference. For practical reasons, only limited information exists in
a given case about the importance of the sequence of administration,
or the use of single, repeated, or continuous administration of one
agent or the other. The persistence of interactive damage can also be
relevant as illustrated by the observation that the topical application
to the skin of mice of the carcinogen 4-nitroquinoline-l-oxide, at
intervals after 8-irradiation of the skin from 11 to 408 days, resulted
in about the same level of malignant skin cancers whereas no effect was
observed due to the radiation or to the carcinogen alone (25).

Designations of modes of interaction in animal experiments may be
ambiguous in some instances. As noted in reference to Fig. 1, when
dose-responses are linear (or exponential in the case of survival), a
distinction cannot be made between additive versus independent action.
Thus, if the total incidence due to two agents is the sum of their
individual incidences, the term "additive" may be correct if the dose
dependencies are linear. If they are not linear, then in terms of the
damage produced—not the incidences produced—the agents may act
independently.

• X-rays plus viruses. A number of examples exist in which ionizing
radiation can induce the expression of viral properties frequently
culminating in tumorigenesis. The induction of thymic lymphomas (26),
bone tumors (27), and mammary tumors (28) in mice are examples. In each
case, synergistic action results from the radiation-induced expression
of apparently endogenous oncogenic viruses.

HUMAN STUDIES. In respect to data resulting from studies of humans,
there are a few examples that indicate the likelihood that combined
effects may be greater than expected from independent action.

• Uranium mining and lung cancer. Uranium is usually found in the
earth at near equilibrium with its daughter products one of which is
the chemically inert, but radioactive,gas radon. Epidemiological studies
have been conducted of the relationship between lung cancer (of various
histological types) to the amount of exposure to radon, to smoking habits,
and to other characteristics of miners in the United States (29). The
relationship of these factors to nonmalignant respiratory diseases was
also examined. The results of the study indicate that the excess
mortality due to malignant and to nonmalignant lung disease is related
to exposure to radon and its daughter products, which are largely
a-particle emitters, and that probably excessive smoking also plays a
role in increasing lung cancer at least by hastening its appearance (SO).

• Radiation treatment of tinea capitis. Between about 1910 and 1959,
it was not uncommon to treat children with advanced cases of tinea
capitis (ringworm of the scalp) with large doses of radiation (from
500-800 rads). Usually some five different exposures were administered
during one treatment session. Shielding with a lead sheet or with plaques
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was generally used to protect the face, eyes, and ears. Subsequent
simulation of the irradiation procedure indicated that even though only
100 kV X-rays were used, substantial doses were received by the brain,
eyes, thyroid, and ears (31,32).

Compared to matched controls, excess brain, thyroid, and parotid
tumors were detected. In addition, excess skin cancers were also
observed a substantial proportion of which were just outside of the
hair-covered regions of the scalp and on the face (32). About one-fourth
of the individuals treated were nonwhite; no skin tumors were detected in
this group. Sunlight-induced skin cancer is very rare in pigmental versus
nonpigmented skin.

Thus, it would appear that an enhanced expression of skin tumors
resulted from the combined effects of ionizing and nonionizing radiations
in white patients treated for tinea capitis.

• Cancer therapy and tumorigenesis. It is, no doubt, biologically
significant that many of the agents effectively used for the sterilization
of tumor cells are also capable of inducing cancer (33). Further, as
treatment procedures become more effective, with the consequent result
that more patients may be cured or more patients will at least have an
increased life expectancy, the likelihood of detecting treatment-induced
new primary cancers increases. This situation is illustrated in connec-
tion with the treatment of Hodgkin's disease since relatively high
frequencies of non-Hodgkin's disease lymphoma and acute myeloid leukemia
are being detected (34,35).

The improved treatment of cancer with radiation and/or drugs almost
always involves large doses of both kinds of agents. It is not unexpected,
therefore, that new primary cancers would be induced (33). To date the
results do not support the inference that the combination of radiation
and chemotherapy is more effective in inducing new cancers than either
modality alone although such a conclusion may become justified in time as
more data are collected (64).

• Radiation-induced cancer and occupational hazards. Studies of the
atomic bomb survivors in Japan have made clear the cancer-inducing
potential of high doses of both high and low LET radiations. Efforts
have been made to explore the possibilities that, in some instances, the
occupational histories of the survivors may have contributed to the leukemia
induced. The data available do not clearly support such associations
although a tendency for a higher risk was noted among survivors exposed
to benzene or its derivatives, and to medical X-rays (Z6).

RECAPITULATION

From the material reviewed, the questions raised in this Issue Paper

may be answered as follows.

It is clear from cell studies, and confirmed in a general way by
animal studies, that radiation produces effects that are interactive with
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those due to other physical agents, chemicals of various types, and viruses.
Our understanding is limited, however, in respect to the mechanisms of
action in cells and, accordingly, even less penetrating in respect to our
comprehension of effects in animals. In the first instance, the foregoing
lack of knowledge reflects our incomplete understanding of the complexities
of the effects of radiation acting by itself in living systems. Since the
other agents considered involve mechanisms of action which also may be
subtle and involved, combined actions perforce must be even more complex.
Thus, the conclusion follows at this time, that we are unable to predict
responses in humans due to combined action because of our incomplete
understanding of individual and combined responses of radiation and other
agents in experimental systems.

Our present inability to deal adequately with combined effects does
not reflect deficiencies in laboratory-derived knowledge alone. The likely
connection between lung cancer, uranium mining, and smoking makes clear
that human epidemiological data are needed to help identify specific problems
and the specific interactants that warrant laboratory study. While it is
highly unlikely that mechanisms can be discerned from epidemiological data
alone, the foregoing example illustrates that without epidemiological data
the experimentalist may miss important leads. After all, it is not likely
that an animal radiobiologist, who may have been studying the late effects
of oc-particle irradiation of the lung, will have been prescient enough to
have used in his studies a colony of mice that smoke.

Thus, the study of possible public health hazards due to the combined
effects of radiation plus other agents is one that should be converged
upon simultaneously by the laboratory investigator and the epidemiologist-
public health specialist. What is clear is the likelihood that agents
biologically active in their own right may interact. Indeed, an important
and significant guiding principle can be extracted from current knowledge.
Relative to induced cellular changes—e.g., cell killing, altered differen-
tiation, mutation, and neoplastic transformation—agents that register
lesions in the genetic substance of a cell are likely to produce interactive
effects. Such effects may become expressed in individual cells, in tissues,
or in whole organisms.
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Ho. 5
Mortimer M. El kind, Ph.D.

MR. ROBINSON: Walter Robinson, Consulting Radiation
Physicist from Lancaster, Pennsylvania.

Dr. Elkind, I'd like to ask you if you could just comment
on the various papers that have been written trying to correlate
the possibility of plutoniun-210 on tobacco leaves from fallout
being the causative agent to lung cancer.

DR. ELKIIJD: I understand that is a hypothesis, but I don't
feel that I can constructively comment on it. But I understand
it is an active hypothesis as a causative agent of lung cancer
but frankly I don't think I can add to that.

f)R. KIM: Dr. Elkind, you and a few other speakers have men-
tioned the importance of learning more about the fundamental
mechanisms. Is your laboratory doing something about this by
cooperating with, say, DMA recombinant experts or biochemists and
30 forth, or is that the wrong question?

DR. ELKIND: My answer can be quite to the point. Yes.

DR. KIM: Thank you.

DR. ELKIND: So are the laboratories of a number of other
people here, I should add.

PROF. ROSENBLITH: Further questions or comments?

MR. HUTT: Dr. Elkind, I would ask you just one question.
Admittedly, you have made the point that we need more knowledge
about the causes before we can go much further. Bit putting
that aside, what additional important research would you target
in studying this issue of synergism or additive effects?

DR. ELKIND: I'm not sure quite what you mean by "causes".
But this is such an open-ended problem. Radiation by itself is
sufficiently complicated but when you add other agents that pro-
duce similar effects, it seems to me that the only way we can get
at that issue is first to have epidemiological studies go for-
ward to try to identify in hunans where there may be hot spots
of activity that people in the laboratory should pursue. The
instance of uranium miners who smoked is a good example of that.
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Issue Paper No. 5
Mortimer M. El kind, Ph.D.

Second, at the other extreme -- to reiterate, and to make
a point made by others once again -- try to identify the basic
mechanisms involved, the unifying principles, so that whether
it be via model building or an unraveling of the relevant bio-
physics, biochenistry and biology, we can try to understand and
predict where these interactions will occur..
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WIUIAM G. MIUIKEN, Governor

MAURICE S. REIZEN, M.D., Director

STATE OF MICHIGAN

DEPARTMENT OF PUBLIC HEALTH
3500 N. LOGAN, P.O. BOX 30035, LANSING, MICHIGAN 48909

January 30, 1980

Ms. Suzanne L. Fremeau
Committee on Federal Research Into
the Biological Effects of Ionizing Radiation

National Institutes of Health
Bethesda, Maryland 20205

Dear Ms. Fremeau:

I wish to call your attention to the following published
studies which I believe bear directly on questions 5 and 6 in
the attached notice.

The experiments were designed to examine possible effects of
low dose irradiation on resistance to infection and are based on
the assumption that, despite repair, radiation damage due to chronic
exposure could accumulate during a time interval before exposure to
an infectious agent or an antigenic challenge.

I would be pleased to comment more fully if the Committee
requested additional information.

Sincerely yours,

Byron &. Berlin, M.D.
Coordinating Physician
Bureau of Disease Control
and Laboratory Services

BSBte.r

IH6
GREAT
LAKE
STATE

"Equal Health Opportunity for AlF
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1. Antibody Responses Induced by Aqueous and Emulsified
Influenza Virus Vaccines in Mice Exposed Daily to X-Rays

Journal 0 Immunology, Vol. 89, No. 6 December, 1962
Pages 906 through 909.

2.- Antibody Responses After Injection of Aqueous and
Emulsified Influenza Virus Vaccines in Mice Chronically
Exposed to Gamma Rays

Radiation Research, Vol. 18, No. 2, February, 1963
Pages 223 through 230.

3. Radiosensitivity of M Antibody Response in Mice
Injected with Killed Influenza Virus.

Radiation Research. Vol. 26, No. 4, December, 1965
Pages 554 through 566.
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University of Illinois at Urbana-Champaign
DEPARTMENT OF PHYSIOLOGY AND BIOPHYSICS • 524 BURMLl HALL ' UHANA, ILLINOIS 61801

PHYSIOLOGY: (217) 333-1735 • BIOPHYSICS: (217) 333-1630

January 28, 1980

Dr. Eliot Stonehill
National Institutes of Health
Building 31, Room 10A52
Bethesda, Maryland 20205

Ref: Public Meeting Sponsored by the FREIR Committee

Dear Dr. Stonehill:

I have just learned, via the newsletter of the Radiation Research
Society, of the public meeting on a projected federal radiation research
agenda, sponsored by the Committee on Federal Research Into the Biological
Effects of Ionizing Radiation. I think it is most regrettable that a
meeting of such importance has not had more widespread publicity among the
appropriate scientific groups. In particular, the Committee (or its NRC
staff) has recently burdened those of us who have federally-funded grants
or contracts for radiation research with demands for information, most of
which could have been supplied more readily by the agencies. One would
think that both as an effective way of securing expert opinion and as a
matter of common courtesy we would have been sent announcements of the
proposed meeting.

At any rate, I appreciate the opportunity to comment on, and to ex-
press deep concern over, the proposed list of broad questions. This is
clearly a list of questions intended to ascertain the state of knowledge,
and to identify gaps in our knowledge, of certain areas of what might be
considered applied or human radiation biology. If the meetings of March 10
and 11 are to be followed by other meetings with other sets of questions,
perhaps no great harm will be done. But if discussions limited to this
extremely biased selection of questions are to serve as a major basis for
a federal radiation research agenda, consequences could be disastrous. Let
me support this contention by pointinq out, and commenting briefly on,
classes or groups of questions which are not addressed by the Committee:

1. How do levels of ionizing radiation exposure from any particular
application or activity and the genetic and somatic hazards of such
levels compare with the levels and hazards of agents used or produced
by alternatives? (Whether we consider medical applications, power
generation, industrial exposure, etc., even extremely accurate esti-
mates of risk may "be useless or lead to harmful decisions unless chosen
alternatives are demonstrably less risky.)

2. How could man-made ionizing radiation contribute to the welfare
of mankind if appropriate research and development were carried out?
To cite just one of several possible examples: One limitation to
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Dr. Eliot Stonehill
January 28, 1980
Page 2

broad application of the sterile-male method of insect control is
the overlap between doses to produce a high level of dominant lethal
mutations in sperm (= "sterilize") and the doses which cause acute
lethality in species of insects which have somatic cell renewal in
the midgut, i.e., virtually all insects except Diptera, Lepidoptera,
and wasps. Suitable dose-fractionation protocols can produce vigor-
ous sexually-sterile male beetles, as demonstrated in my laboratory
and confirmed by others. These and other modifications could be
developed for a host of other insects.

3. Have the emphasis on, or the level of financial support for,
basic radiobiological research been adequate in recent years? Most
investigators, especially in academic circles, favor support for
pure and for mission-oriented basic research. But probably nowhere
than in radiation biology can we find a better example of how mission-
oriented basic research brought about a spectacular and unexpected
practical break-through in another area. And the beauty of this is
that it has occurred recognizably within the working lives of most
of us. I refer to the understanding of mechanisms of and to the
development of screening methods for chemical carcinogens. This
understanding has come about only in the last 10 years, and stems
directly from cellular and molecular studies of repair after UV or
ionizing radiation. At least 2 of the most highly regarded tests
for carcinogenic activity, unscheduled DNA synthesis in cultured
human cells and the Ames test with repair-deficient bacteria, repre-
sent spinoffs from those studies.

Should there develop a federal research agenda designed to fill in
the gaps in knowledge revealed in discussing the Committee's questions—
actually, as phrased, a search for empirical data—it could only have an
adverse effect on other aspects of radiation research. I believe that there
are many who will agree with me that not only will some of the other aspects
be more important in the long run, they may be more pressing right now.

Sincerely yours,

Howard S. Ducoff
Professor of Physiology and Biophysics,
and of Bioengineering

HSD/pd
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Some Biological Variables in Mammalian Radiation Sensitivity

(What is the state of knowledge about differences in
response to ionizing radiation as a result of biological
factors such as age, sex, and genetically determined varia-
tions?)

Harvey M. Patt

Laboratory of Radiobiology
University of California

San Francsico, California 94143

There is an enormous range of sensitivity in the
radiobiological domain, and even for a given biological
object or process, expression of the purely random events of
radiant energy absorption is subject to a number of vari-
ables. Knowledge of factors that influence radiation sensi-
tivity is important for at least two reasons: 1) it pro-
vides a framework for understanding how radiation effects
are brought about and 2) it helps to uncover unifying prin-
ciples across diverse systems and species, providing a basis
for relative risk assessment of subsets of human popula-
tions. This paper provides an overview of some of the bio-
logical variables in mammalian radiation sensitivity, with
particular attention to the contribution of age, sex, and
genetic variations.*

Spectrum of Radiation Sensitivity

The amount of radiation required to produce responses
of biological significance can differ by a factor of a mil-
lion or more. Because of the broad spectrum of possible
effects, it is necessary to consider radiation sensitivity
in terms of the dose needed for a given effect. Thus, sen-
sitivity may refer to the destruction or degeneration of
cells as living entities or to the overall lethal effect on
the organism. Alternatively, it may refer to damage of a
more restricted nature, e.g., to genes and chromosomes; to
interference with fundamental processes, e.g., cell divi-
sion, growth and differentiation; or to production of
specific pathologic states, e.g., cataracts and cancers.
Yet, even with this proviso, differences in sensitivity are

The term radiation as used here will refer generally to
external radiation without regard to radiation quality or
conditions of exposure which are known to influence ra-
diobiological effectiveness and its modification. Although
the effects of internal emitters are similar, internal em-
itters pose problems related to rates of uptake, retention
and tissue localization that are also subject to biological
variables.
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astonishing. There is as much as a 10,000-fold difference
in dose requirements for growth inhibition or lethal action
among various biological objects from viruses and bacteria
to plants, animals and man. This range of sensitivity no
doubt reflects a matrix of interacting factors. Although
there is as yet no complete explanation, some of the contri-
buting factors are known; among these are physical factors
such as oxygen and temperature and biological factors such
as DNA content per chromosome or genome, chromosome ploidy,
states of cell proliferation and development, mechanisms of
cellular repair and dynamics of cell populations.

Inherent differences in the sensitivity of mammalian
cells and tissues to ionizing radiations attracted early
attention, and the principle was formulated that sensitivity
was proportional to the number of cell divisions and degree
of differentiation or development yet to be accomplished.
Because cell division and differentiation involve rather
sharp transitions in the life history of a cell, this prin-
ciple is consistent with the more general rule that activi-
ties in progress are less susceptible to irradiation than
the preparations for such activities. This means that a
cell would be most susceptible at a period preceding the
change from one activity pattern to another, e.g., just
before initiation of DNA synthesis, or mitosis or differen-
tiation. Related to this is the further generalization that
the recognition of injury depends on what a cell does after
its irradiation and when it does it. Thus, initiation of
proliferative activity is known.to unmask latent damage in
organs such as liver and thyroid, which are usually regarded
as relatively resistant. High sensitivity, however, is by
no means restricted to cells initiating proliferation or
differentiation; the normally nondividing small lymphocytes
are equally sensitive, and oocytes of the young mouse may
well be the most sensitive mammalian cell in respect to
lethality.

A number of studies have established that most of the
acute effects and all of the early life-threatening effects
of comparatively moderate doses of radiation reflect damage
in systems undergoing continuous cell renewal. The
integrity of tissues such as bone marrow, gastrointestinal
epithelia, and skin depends on continued cell production
and, as already noted, cell production is notoriously sus-
ceptible to interference by irradiation. Although mammalian
cells have a similar sensitivity in this respect, differ-
ences in the evolution of various changes, their conse-
quences, and opportunities for repair depend on the dynamic
organization of the system to which they belong. Hence, a
tissue response can be greater or less than the collective
response of its cell components in isolation. Differences
in cell population dynamics provide a basis for understand-
ing the smaller radiation dose required for lethality due to
bone marrow failure than that due to intestinal failure.
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They also provide an explanation for species differences in
depletion and recovery of the vital bone marrow-derived
blood granulocytes and for the greater sensitivity of rat
than mouse to intestinal death after acute irradiation.

Depending on the nature of the radiation exposure, a
number of sequelae are possible; in this context, it is
important to recognize that the evolution of delayed effects
is • not necessarily related to acute manifestations of dam-
age. Radiation carcinogenesis is a case in point. It is
interesting to compare sensitivity for transformation of
cultured mammalian cells with that of other cellular
radiobiological responses. The probability of clonogenic
cell sterilization and of visible chromosome aberrations
after 200 rads of X rays is about 0.9, whereas the probabil-
ity of a presumptive malignant transformation with this
dose, as seen in surviving cultured cells, may approach
0.01. If a tumor were to arise as a result of transforma-
tion of one or a few stem-type (clonogenic) cells, with the
same transformation probability as seen ijn vitro , a virtu-
ally 100 percent tumor incidence would be expected after 200
rads. This follows from the substantial number of stem
cells still surviving at this dose. Yet, leukemia incidence
in the Japanese irradiated in this dose range at Hiroshima
was 1 per 150. Although ijri vitro transformation studies
will no doubt contribute to our eventual understanding of
the molecular basis of cancer induction, it is clear that
many factors, such as nonspecific promotional phenomena,
immune surveillance, hormones, and other homeostatic mechan-
isms enter into the carcinogenic processes.

The influence of age, sex, and genetic background can
be viewed at the level of a cell, developing and fully
developed cell systems, and the organism as a whole. These
factors will now be considered in relation to cellular
effects, lethality, carcinogenesis, developmental abnormali-
ties and genetic effects.

Cellular Effects

When we consider age dependency at the cellular level,
it is necessary to distinguish between the age of the cell
and the age of the animal in which the cell resides. In
cells of diverse origin, the process of proliferation mani-
fests an age distribution, usually measured in fractions of
a day or a few days, as the cell moves from a presumptive
resting phase to initiate preparations for DNA synthesis,
then undergoes DNA synthesis, and finally organizes for
eventual division into twoij daughter cells. Position in the
proliferating cell cycle, which may be taken to denote age,
determines sensitivity to Various responses, e.g., inhibi-
tion of mitosis or DNA synthesis or production of chromosome
aberrations. These age-rejsponse relationships are generally
independent of the age (or sex) of the animal from which the
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cells are obtained. They are not a mere function of time,
but rather reflect the evolution of highly specific
processes. Thus, we can understand why irradiation before
LNA synthesis leads to chromosome aberrations while similar
exposure after DNA synthesis leads to chromatid aberrations.
Age or stage dependency of the proliferative cell cycle has
provided valuable insight into radiation effects at more
complex levels of organs, tissues and tumors.

An age-response distribution is also seen in germ cells
that undergo chromosomal reduction division (meiosis).
Oocytes, for example, are produced by mitotic division of
their progenitor oogonia only during a brief period of
embryonic life. They subsequently initiate meiosis but
become arrested toward the end of the first phase of the
reduction division (diplotene/dictyate); some may remain in
this dormant condition for many months or years, depending
upon the reproductive life-span of the species, e.g., up to
45 years in women. Radiation sensitivity varies as oocytes
age and progress along their developmental pathway, but the
magnitude of the effect also varies considerably between
species and within strains of a given species. The small
dictyate oocytes of mice are extremely sensitive to cell
death, much more so than similar-stage oocytes in the rhesus
monkey. Yet, when multilayered follicles are formed, mouse
oocyte sensitivity to cell death declines, and at this stage
of preovulatory maturation, sensitivity is comparable across
species. The criterion of sensitivity is an important con-
sideration; the very sensitive small dictyate oocyte of
rodents seems to be relatively resistant to induction of
mutations and chromosome translocations, but this cir-
cumstance is reversed for maturing and mature oocytes in
multilayered follicles.

In most mammals, oocytes enter the diplotene/dictyate
state about the time of birth. Tn rodents, oocyte sensi-
tivity to cell death increases during the first few weeks
after birth and then decreases, corresponding to ovarian
(follicle) development. With sexual maturity, the oocyte
response becomes stabilized. Scattered information suggests
that qualitatively similar biphasic changes occur with age
in other species, including primates. Comparatively little
is known about oocyte sensitivity and its age dependency in
women. In terms of cell death, sensitivity in women appears
to be closer to that seen in the rhesus monkey than to the
much more sensitive laboratory rodents. It has been sug-
gested that the large differences in oocyte sensitivity
across species are related to differences in chromosomal
configurations at a particular stage of development.

Gametogenesis in the male involves the interplay of
mitosis and meiosis throughout most if not all of adult
life. Thus in contrast io oocytes, which are preformed and
may be in a stage of arrested development for prolonged
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periods, the biologically equivalent spermatocytes undergo
continuous renewal in the sexually mature animal. The sper-
matocytes and their meiotic descendants are fairly resistant
to radiation-induced cell death, whereas their progenitors
are quite sensitive. This is seen in all species. Because
spermatozoa are continually formed, the testis has opportun-
ities for recovery after irradiation that are not shared by
the ovary.

By and large, all cell populations are more sensitive
to radiation, and indeed to most physical and chemical
agents, when they are in a state of growth and development
or renewal than in a stationary state. Most cellular
effects are thought to be a consequence of some form of DNA
and/or chromosomal damage. Apropos this, defects in repair
of DNA damage may be associated with increased sensitivity
to ionizing radiations in the human hereditary disease,
ataxia telangiectasia. Heterozygotes are ! intermediate in
X-ray sensitivity between normal individuals and homozyotes.
Although the evidence is incomplete, control of the genetic
expression of repair systems is also involved in other
hereditary diseases.

Although some components of cell renewal systems have a
finite life-span while others are subject to a more randomly
determined existence, time or age per se is not a strong
factor in their differential sensitivity. For example,
short-lived and long-lived blood lymphocytes seem to be
equally radiosensitive. Hematopoietic stem cells obtained
from young or old mice also seem to have similar sensitivity
as judged by loss of reproductive capacity. However, much
more needs to be learned about the possible influence of age
on the susceptibility of all kinds of stem cells to radia-
tions and other damaging agents. The fate of all renewal
systems depends on the integrity of their persisting stem
cells, and these cells must contain some continually aging
DNA in their genome. There is some evidence of an age-
related decrease in DNA repair capacity in man and also of a
relationship of this capacity to life-span in various
species.

Organismal Lethality

Several types of lethal responses can occur in mammals,
depending on the dose and conditions of irradiation. Mas-
sive irradiation of rodents can result in death immediately
or within a few hours, but this phenomenon is mainly of
theoretical interest. Of greater interest are those syn-
dromes leading to death within days or weeks because of bone
marrow and gastrointestinal damage, or to shortening of the
life-span because of cancer, degenerative diseases or non-
specific factors. The dose required for acute lethality
(LDgQ) differs by a factor of about 4 among most mammals,
man being intermediate between the more sensitive guinea pig
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and the more resistant rabbit. A notable exception is the
bat, a hibernating mammal, which requires about 15 times as
much radiation as the rabbit for acute lethality. That
genetic variables are operative in the acutely lethal syn-
drome is also seen in the differential sensitivity of mouse
strains; e.g., the acute LDgg for congenitally anemic mice
is about half that for their normal littermates. Species
sensitivity is not well correlated with body size or with
metabolic rate, although these factors may be important in
individual animals. It is noteworthy that many parameters
of the more immediate injury after a given radiation expo-
sure are similar across species. Thus, differential sensi-
tivity as judged by lethality probably reflects differences
in rates of recovery as well as differences in the suscepti-
bility of various species to the diverse mechanisms leading
to morbidity.

Another form of lethality is the prenatal loss
expressed at pre- and post-implantation stages of embryonic
development as a result of dominant lethal mutations induced
in irradiated male germ cells. Species differences are also
evident in this aspect of genetic radiosensitivity, and it
is of particular interest that variations between different
mouse strains appear to be as large as the variations
between species.

Studies primarily in mice, but also in other species,
point to a changing sensitivity with age. Greatest sensi-
tivity occurs during fetal life, the LD50 being one-fourth
to one-half that of the neonate. In general, irradiation of
pregnant animals before implantation of the embryo leads to
a higher rate of mortality than similar irradiation during
post-implantation stages. Newborn mice also tend to be more
resistant than juvenile mice, which manifest an increasing
sensitivity to puberty. Sensitivity declines somewhat in
the young adult and is then reasonably stable until an
advanced age. Various developmental and physiological fac-
tors no doubt contribute to the overall age dependency for
acute lethality. In the older animal, for example, there
may be an impaired functional and/or regenerative capacity
of damaged blood-forming and gastrointestinal tissues.

Age-dependent variations in susceptibility to life
shortening are also apparent from small animal studies. Age
differences may be particularly large when effects on sur-
vival depend on induction of a specific disease with its own
age dependency, e.g., thymic lymphoma or ovarian tumors in
mice. Longevity effects have also been explored in a number
of inbred mouse strains to distinguish between specific and
nonspecific components of damage. Genetic differences in
life shortening at low doses due, for instance, to a
specific cancer tend to disappear at high doses.
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There is some indication of a sex difference in sensi-
tivity to acutely lethal radiation effects. Studies in
rodents suqgest that females may be somewhat more resistant
than males, but a sex difference is not apparent in all
species or even in different strains of the same species.
Delayed lethal effects (life shortening) may also reveal sex
differences mainly because of differences in induction of
specific disease states. For example, susceptibility to
myeloid leukemia is higher in male than in female RF mice,
but this is reversed for thymic lymphoma in the same strain.
Sensitivity to mammary neoplasia is higher in female than in
male rats. Other instances of sex variability in carcino-
genesis in animals and man will be considered in the follow-
ing section.

Careinogenesis

The induction of cancer by radiation is a comparatively
rare event, but it probablv represents the most important
effect of low doses in the exposed individual. A variety of
possible mechanisms of radiation carcinogenesis have been
identified; it seems clear that no single mechanism can
account for the diversity of responses and requirements
within species and across species. Genetic background
represents a major determinant of the carcinogenic response,
to which other biological variables such as age and sex con-
tribute. As already noted, genetic differences in suscepti-
bility to induction of one or another type of tumor are
especially evident at relatively low doses.

There are numerous examples of differential carcino-
genic effects in inbred strains of mice and in different
species, including man. Mouse ovary and rat kidney, for
example, have a high sensitivity to tumor induction in com-
parison to other species. Hamsters seem to be resistant to
induction of lung cancer and to leukemia, and the burro is
strikingly resistant to doses that are carcinogenic for many
species.

Genetic variables are particularly prominent for the
leukemias. Lymphoid tumors are the most common forms of
radiation leukemia in the mouse. After irradiation certain
types of lymphoid leukemia, e.g., thymic lymphoma, appear in
some mouse strains that do not normally show them, but there
are significant differences in susceptibility to induction
among mouse strains and even among congenic lines of the
same strain. This applies also to reticular and myelocytic
leukemias. Spontaneously occurring or radiation-induced
myeloid leukemia is fairly rare in mice, a notable exception
being the RF strain. With a few exceptions, such as dog and
swine, myeloid leukemia is not prominent in most experimen-
tal animals. However, in man all acute forms of leukemia,
as well as the chronic granulocytic type, are induced by
radiations. It is noteworthy that radiation apparently does
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not induce chronic lymphatic leukemia in man, although
radiogenic leukemias of a chronic lymphatic type and lympho-
sarcomas have been described in other species, e.g., guinea
Pig-

In regard to genetic variables, the question might be
asked whether some persons are more susceptible than others.
Perhaps the highest risk of radiogenic leukemia occurs among
nolycythemia vera patients treated with X rays or 3 2P.
These patients mav have chromosome abnormalities before the
treatment that could enhance radiation leukemogenesis.
About one percent of the human population carries a gene for
ataxia teiangiectasia. Persons homozygous for this inborn
abnormality mav have an increased tendency to develop
leukemia, perhaps mainlv because of an immunodeficiency, and
some of them are known to be hypersensitive to standard
radiotherapy. There are other human hereditary diseases,
e.g., progeria, and retinoblastoma, in which there could
also be an increased risk of radiogenic cancer. Conceiv-
ably, potentiating or synergistic carcinogenic effects could
also occur without a hereditary basis through radiation
interactions with drugs and environmental agents that
predispose to certain kinds of damage.

Against the background of genetic variability, age at
the time of irradiation as well as sex can play a signifi-
cant role in susceptibility to radiogenic cancers. There is
as yet no compelling evidence from animal studies that irra-
diation iji utero is more carcinogenic than irradiation at
any time after birth. Tt appears that the main effect of
prenatal exposure in mice and rats is expressed in the form
of developmental abnormalities rather than malignant
transformations. There are, however, indications of a sig-
nificantly increased risk in the development of leukemia and
other malignancies during the first 10 years of life in
children exposed in utero during X-ray examinations of their
mothers. This effect, which is apparently unrelated to
selective factors, was not seen in children whose mothers
were pregnant during the radiation exposure at Hiroshima and
Nagasaki. But it is possible that the higher fetal doses in
the latter case led to greater cell killing, which could
have reduced the subsequent incidence of cancer.

Age-dependent changes in tumor responses are known to
occur with irradiation after birth in experimental animals
and man. Although the evidence is incomplete for various
types of cancers, studies in various mouse strains have
revealed low sensitivity to leukemia induction with irradia-
tion at birth, followed by a peak incidence in the young
mouse and then a decreasing incidence with age. Sensitivity
to ovarian, pulmonary and other tumors in mice and rats is
more variable; however, the incidence of ovarian tumors gen-
erally tends to decrease with age and that of pulmonary
tumors to increase, at least in some strains.

198



The most frequently occurring radiogenic cancers in man
reveal a definite age dependency. Thus, for the leukemias,
the induction rate is higher in young and elderly individu-
als than in early adulthood, and the interval from irradia-
tion to death appears to increase with age at the time of
exposure. The induction rate for thyroid cancer is higher
in infants and children than in adults, the average rate
being some 4 times greater in those less than 10 years old
at exposure compared to those over 20. However, the latency
period between irradiation and tumor detection may also
increase with age at exposure; in the case of thyroid tumors
this could contribute to the apparent difference in induc-
tion rate as a function of age. The frequency of breast
cancer induction in women is also suggestive of an age
dependency, being highest in adolescence and early adult
life. Deaths attributable to lung cancer seem to occur
mainly in those over age 35 at the time of irradiation. Tn
general, age dependencies are uncertain for the less fre-
quently occurring radiation-induced malignancies in man,
although there is some reason to think that bone tumor
induction, for example, may be somewhat greater in young
people than in adults.

Sex differences in susceptibility to radiogenic cancers
in experimental animals were considered in the preceding
section. The most dramatic example of sex variability in
human populations occurs with breast cancer, which is rare
in males, and also with cancer of the thyroid, for which the
radiation induction rate appears to be about twice as great
in females. There is no clear evidence of a sex difference
in susceptibility to radiation-induced leukemias and lung
cancer in humans, and the data for other tumors are fragmen-
tary.

That numerous mechanisms contribute to the evolution of
radiogenic cancers is obvious from the great variability in
responses from mouse to man. Exposure to ionizing radiation
does not generate new classes of tumors but rather multi-
plies the frequency of tumors that can occur naturally for
whatever reason. Oncoviruses are known to contribute to the
origin of some radiogenic tumors in mice, but viral mechan-
isms do not seem to be generally applicable. Differences in
sensitivity to initiation of a potentially malignant cell
transformation are unlikely to represent the major variable
in determining tissues at risk. Rather, the probability of
expression of cell transformation (somatic mutation) as a
cancer in one or another tissue is more likely to be deter-
mined by genetic and other promotional and defensive influ-
ences operating at various as yet incompletely understood
pathways, e.g., DNA and chromosomal repair, immune surveil-
lance, and hormonal and other microenvironmental interac-
tions.
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Developmental Abnorma1it ies

It is known from animal research that a number of con-
ditions can affect the induction of lethal and teratogenic
responses by irradiation. The general pattern of embryonic
development being similar in all mammals, it is possible to
specify critical periods when some types of effects are pro-
duced more readily than others. Thus, prenatal death is
characteristic of irradiation during the pre-implantation
period, malformations during the period of organogenesis,
and growth defects, especially in the central nervous system
and gonads, during the fetal stage. The developing embryo
consists of a variety of dividing, differentiating, migrat-
ing and interacting cell populations that, unlike those in
the adult, are not in a steady state. It is expected,
therefore, that radiation responses would be variable as a
function of gestational age, and this is indeed so. As in
the adult, chromosomal aberrations are probably the princi-
pal factor in cellular damage during embryogenesis; the
frequency of gene mutations is very low at doses known to be
lethal or teratogenic.

Aside from radiation dose and developmental stage,
genetic background and breeding characteristics of the
species and reproductive history of the mother are variables
in the degree of response. In general, susceptibility to
radiation-induced teratogenic effects is very high in inbred
mouse strains. The heterozygous condition provides greater
resistance to lethal as well as teratogenic effects of In
utero irradiation. Small variations in developmental age at
irradiation could, of course, contribute to the reported
intraspecies and interspecies variations. As for maternal
factors, there are more radiation-induced intrauterine
deaths and central nervous system malformations in older
than in younger breeders. Moreover, primiparous female mice
have been shown to produce more abnormal embryos than mul-
tiparous mice of the same age. Studies with mice suggest
that radiation is not selective with respect to sex in
inducing mortality or developmental abnormality after iri
utero irradiation.

The information in man is considerably more fragmentary
than that in experimental animals, especially the mouse.
Human populations have been exposed to radiation in utero
during routine diagnostic pelvimetry, abdominal radiography,
therapeutic abortions and the atomic bomb explosions in
Japan. There is, however, considerable uncertainty regard-
ing embryonic or fetal age at exposure. Most human surveys
refer to the second and third trimesters of pregnancy, where
growth disturbances rather than teratologies would be more
apt to occur. Epidemiological studies after diagnostic
radiography have been generally negative or inconclusive.
The best-documented malformation in man, seen in the irradi-
ated Japanese population, is microcephaly. Mental
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retardation and growth disturbances have also been noted.
Although it may be assumed that the principles underlying
developmental effects observed in experimental animals also
apply t o man, more information is clearly needed for a
proper assessment of the influence of biological variables.

Genetic Effects

It is evident from the genetic effects already dis-
cussed that effects of this sort are also subject to a
number of variables. The sensitivity of germ cells to vari-
ous forms of genetic damage is known to depend on develop-
mental stage, age, and sex. The expression of genetic dam-
age is also known to exhibit intra- and interspecies variaJ

bility. Illustrative of this are species differences in
sensitivity to induction of dominant lethal mutations and
translocations in male germ cells and in recovery of fertil-
ity. In the mouse, in which most genetic studies have been
performed, even the use of an inbred strain does not ensure
genetic homogeneity, as revealed by variations in spontane-
ous rates of autosomal recessive lethal mutations.

The stage of germ cell development is an important con-
sideration. Thus, sensitivity to chromosomal translocations
when sex cords are beginning to develop during embryogenesis
is about half that of adult spermatogonia. There are well-
defined sensitivity differences during the course of sperma-
togenesis, and cell cycle variations among spermatogonia
also result in differential sensitivity; gonia with a long
interval before initiating DNA synthesis are more resistant,
possibly because of the greater time available for repair
processes to act. Although newborn male mice are about as
susceptible as adult males to induction of translocations,
mutation frequency at several specific loci in germ cells of
newborn males is about half that of adult males.

Male germ cells are generally more sensitive to radia-
tion than the female. The most susceptible germ cells in
males are the spermatogonia and in females, the oocytes, but
the mutation rate at specific loci in maturing and mature
oocytes of the mouse is considerably lower than that in
spermatogonia. Chromosome aberrations are also less fre-
quent in dictyate oocytes than in spermatocytes. Although
experience with human germ cells is limited, there is reason
to believe that under most conditions of human irradiation
genetic effects would be greater in males than in females.

Concluding Remarks

Knowledge of the influence of variables is central to
understanding radiation mechanisms and to refining risk
estimates. This paper has focused on the impact of several
cross-cutting variables — genetic background, age and sex
— to the exclusion of other biological variables that are
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not necessarily trivial but are less readily defined or more
restricted in nature. ^he quality of the radiation and the
physical variables of exposure are clearly of importance in
assessment of radiation sensitivity. Evaluation of sensi-
tivity to internal emitters involves still other considera-
tions relating to their uptake and retention as a function
of tissue type, stage of growth and development, and various
metabolic parameters. The term radiation has been used here
in a generic sense with specific reference only to its ion-
izing capability. The term sensitivity has also been used
in a general context without reference to specific dose-
response parameters and without concern for the question of
stochastic versus nonstochastic effects. Nevertheless, om-
ission of these considerations should not detract from gen-
eralizations about possible genetic-, age-, and sex-related
variations in radiation responses.

Ionizing radiations are absorbed discretely but ran-
domly and within this framework, DNA is considered to be the
critical target at the molecular level and chromosomes at
the organelle level (Chart 1). Thus, damage to the genetic
apparatus is the principle initiating event for either
somatic or genetic effects. At this level variations can be
attributed to differences in target size, e.g. DNA content
per chromosome, DNA content per genome, to differences in
the number of chromosome sets, i.e. chromosome ploidy or
gene dosage, or to differences in repair capacity, e.q.
excision repair, post-replication repair, strand break
reioining. At subsequent levels in the expression of DNA
and chromosome damage, variations in radiation responses can
be attributed to qualitative and quantitative phenotypic
differences in for example stem cell number and/or poten-
tial, properties of proliferating and differentiating cells,
cell population dynamics, homeostatic mechanisms, and organ-
ismal requirements for various types of functional cells.

Numerous intraspecies and interspecies studies reveal
that, in contrast to the variables of age and sex, genetic
constitution has a profound influence on the degree of vir-
tually all types of radiation effects. This is evident in
lethal, mutational, teratogenic and carcinogenic responses.
Among other things, dose-response relationships reflect the
distribution of sensitivities of an irradiated population.
Provided that a high enough response level is reached, the
terminal slope will, of course, be governed by the least
sensitive subpopulation. Because of the genetic hetero-
geneity of human populations, there is bound to be a fairly
wide distribution of sensitivities. Hence, a critical ques-
tion, which has been ajsked before in regard to standards and
risk estimates, is whether a small insult to a large number
of people is the same as a large insult to a small number of
people. Radiation sensitivity of similar cell types derived
from presumably normal persons can differ significantly and
it is quite possible that some apparently healthy
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individuals could be heterozygous for a mutation affecting
DNA repair, immunological behavior or other relevant func-
tions. Fortunately, human hereditary diseases are rare, but
collectively and in relation to heterozygous frequency, the
responsible genes could have significant modulating influ-
ences on effects of radiations and environmental pollutants
in general.

Tt has been estimated that about one percent of the
human population carries a gene for ataxia telangiectasia
(AT) and it can be inferred from microbiological and other
studies that the radiosensitivity of these heterozygotes
would be intermediate between that of normal individuals and
homozygotes. If we add to AT other human hereditary
diseases with defects in repair of DNA damage and/or
increased radiosensitivity, e.g. retinoblastoma and
Fanconi's anemia, perhaps 5 to 10 percent of the population
might be heterozygous. Because of this sort of population
heterogeneity, linear extrapolation of acute high dose X or
Y ray effects might overestimate effects of acute low doses
on so-called normal persons and underestimate effects on
more sensitive persons, the overall picture depending on
their proportions and differential sensitivity. Moreover,
if there is a preferential disappearance of the accelerating
or dose squared component of the dose-effect relationship
with chronic X or Y irradiation of normal relative to sensi-
tive individuals, linear extrapolation from acute high dose
irradiation could lead to an even greater overestimation of
effects of chronic low dose irradiation on individuals who
are neither homozygous or heterozygous for the mutant genes.
Even small differences uncovered in this way could have
important implications when large populations are con-
sidered. A compelling broadly-based question, therefore,
pertains to the detection of heterogeneities, i.e. to the
identification of individuals with a genetic and/or environ-
mental background that may predispose to mutations, terato-
logies or cancers whether from irradiation or other causes.
Conceivably, potentiating or synergistic effects could occur
without a hereditary basis through interactions with drugs
and a variety of environmental pollutants.

In a sense, age and sex also contribute to population
heterogeneity and what is already known about their influ-
ence on radiation responses has ramifications pertinent to
health practice and to radiation protection standards. Sen-
sitivity is not a simple function of age but the conse-
quences, at least in terms of relative risk, are generally
greater for the young than the old. Age or time can have
other implications as well. For instance, time constants
for interactions of radiation damage and damage from miscel-
laneous environmental contaminants may well differ as a
function of life-span differences within a species and espe-
cially between species. From laboratory experiences, par-
ticularly with the mouse, there is reason to think that gene
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mutations would be greater in male than in female human
populations. On the other hand, the incidence of two major
types of human radiogenic cancers, breast and thyroid, is
considerably greater in females than in males, possibly
because of cyclic changes in hormonal balance; interactions
between target tissue and pituitary are known to be a neces-
sary condition for expression of ovarian, breast and thyroid
tumors in animal studies.

Fin-'lly on a philosophical note, many radiobiological
questir = have been answered since the time of Roentgen and
Becqueiel some 85 years ago, but with the increasing depth
of scientific inquiry new pervasive questions have aiso
arisen. These questions preclude a simple bridging of the
gap between, say, mouse and man, particularly at low levels
of radiation. Although there are untapped human experiences
deserving thoughtful study, because of the evident role of
numerous variables (Chart 2) it is also necessary to con-
tinue to seek a more complete understanding of radiobiologi-
cal effects at a more fundamental level. There is added
reason for such effort. Because of the variety and non-
specificity of their effects, the ionizing radiations pro-
vide a rather universal probe for basic biological inquiry
that embraces consideration of a broad spectrum of environ-
mental agents, many of which are more powerful mutaqens,
carcinogens or teratogens.
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CHART 1

SCHEMATIC REPRESENTATION OF
THE DEVELOPMENT OF RADIATION EFFECTS
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CHART 2

COMPONENTS OF POPULATION HETEROGENEITY
AS POSSIBLE RADIOSENSITIVITY VARIABLES
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper No. 6
Harvey M. Patt, Ph.D.

PROF. ROSEN8LITH: Thank you, Doctor Patt.

MR. JABLON: Seynour Jablon, National Academy of Sciences.

I would like to correct what I think may be a misimpression
concerning the occurrence of cancer in children exposed as
fetuses at Hiroshima and Nagasaki.

It is true that we did not detect an increase in cancer in
these children; it is also true that the sample was not very
large, and the results were consistent with an increased rate,
equivalent to what one would have expected to occur in irradiated
children.

The controversy that arose, arose out of the fact that
Stewart and Kneale had published data which indicated that fetuses
were ten times more sensitive than children; that was contradic-
ted, but that there was an increase in cancer, we could not
contradict; the kind of increase that you see in children would
have been quite consistent.

DR. PATT: Did you find any increase in cancer? I wasn't
aware that this was the case.

Certainly, I just want to say that in animal studies it is
not the case, and that is the reason I made that point.

MR. JABLON: There was just one cancer, and if I recall, one
would have expected something like 1.3 or thereabouts, but what
we didn't have was 13.

DR. PATT: Thank you.

PROF. ROSENBLITH: Any other questions or comments?

JEFF FEIM: I have a question.

Just on the basis of the animal studies, so far every person
has said that we have to have increased animal studies in order to
determine the mechanisms. Yet every person has also said that it
is almost impossible to make the extensions from animal studies to
human experiences.
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How would you propose to increase the studies to bridge
that gap?

DR. PATT: That is a very, very qood question.

I wasn't proposing, and I don't think my colleagues who
preceded me were proposinq that one just proceed willy-nilly
and proceed to do more work and get more data, and then spend
a lot of time with statistical analysis.

The fact is that we know that there's a big gap, a very
larqe hiatus, between the transformations for exanple, and
induction of somatic nutation and the expression of cancer in
some strains of mice for example. A viral pathway is clearly
inplicated; in other strains, hormonal imbalance play a very
important role; for example, in the expression of ovarian cancer.

I think it's important to dissect out the various pathways
in between the beginning, namely the absorption of radiation,
and the expression of cancer. Now, I think if we could proceed
along the lines of Doctor Kneal and develop the technology to
screen hunan populations, to detect subsets of populations that
night be more sensitive, and we could compare sensitive human
populations with one or another sensitive animal strain - a
strain that predisposes to breast cancer, or what have you --
I think we would begin to develop the unification, the principles
that we need to nake much more sense and have a much nore conplete
understanding. This is what I have in mind.

PROF. ROSEMBLITH: Yes, sir?

MR. McCABE: Miles McCabe, radiation physicist.

You said, I believe, that fractionation resulted in a decrease
in terms of nutations?

DR. PATT: I was referring to the work of the Russells,
where they protracted a fractionated! irradiation. They did
decrease, using the specific locus test. Yes, they found a
decrease in the yield of nutations up to a point when they used
the male; it decreased down to zero, at least to an undetectable
level, when they were working with females.
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MR. McCABE: The question is in contrast to what I believe
I heard Doctor Hall say earlier, which was the opposite, that
his study of fractionation had resulted in increased effect.

OR. PATT: Some effects may be enhanced with fractiona-
tion, sone may be decreased; others may not be. The fact is
you are dealing wit. a multiplicity of mechanisms so you just
can't generalize from one system to one type of response to
a lother type of response.

I was referring only to the effects on germ cells. The
only complete data we have in a very extensive series is that
of the Russells at Oak Ridge.

MR. McCABE: You've already amplified the question before --
how we might get better data on that. But with respect to this
specific question, how night we get better data on that, in
terms of the effect of fractionating the doses.

DR. PATT: Obviously the answer may seen to you like a
cop-out, but one has to try to find out and probe the mechanism.
This is a natter of asking questions, proceeding with appro-
priate systems, to try to get to the hasis of the question.

I am not specifically involved in the study that Doctor Hall
talked about, so I can't give you an answer as to how precisely
I would go about doing that.

PROF. ROSENBLITH: Other questions or comments? Yes?

MR. R0BE3TS0N: Walter Robertson, consulting radiation
physicist.

Doctor Datt, I wonder if you could comment on the findings
that you had found, or at least were familiar with, with regard
to differences in sensitivity of female oocytes and male sperma-
tocytes and whether you felt that was a significant enough
difference to warrant different occupational exposure limits.

OR. PATT: You were referring to spernatocytes and oocytes?
I was actually presenting work on spermatogonia and oocytes, just
to correct the record.
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I think that factors of sex must be taken into account
in settinq occupational standards. I think ii fact that there's
a growing awareness of this; I can't give you a precise answer
as to what level I would take, hut I believe that these consid-
erations certainly are very much in the minds of people who are
in the position of making these reconmendations.

PROF. ROSENBLITH: Yes?

DR. RADFORD: Radford, University of Pittsburgh.

I have Doctor Patt up here, but this could apply to any
of the previous three speakers.

One of the questions is, of course, before this group:
how do we allocate resources? That's really the nub of the
issue. I'd like to pet Doctor Patt or anyone else who wants to
comnent, to answer the question: why is it that the Libassi
Report showed that the allocation of funds in 1973, I believe
it was, for health effect research in radiation or that fraction
associated with huuan studies was no more than about five per-
cent placed in universities?

DR. PATT: Of course, I work at a university. I don't
know if I'm included in your five percent or not. I don't know
how to answer this question, as far as hunan health effects are
concerned. I'm not an epidemiologist. Perhaps we should wait
until we hear a couple of papers down the line. I think it is
exceedingly difficult just looking at it as an intelligent lay-
man in the prospective of epidemiology, it is exceedingly diffi-
cult to do a meaningful epidemiological study that is meaningful
in terms of low doses, in connection with radiation. I would be
very surprised if someone came up with a good proposal, that an
individual or group of individuals could not get support, but
I would remind you that in my concluding renarks that I pointed
out that there were hunan experiences that were untapped, that
there are studies that nust be made. Indeed as I was flying
from San Francisco yesterday I wondered why studies hadn't been
made of airline pilots with regard to cosmic rays and flight
attendants who get a lot more radiation exposure than a lot of
us do. I can't answer the question.
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INTRODUCTION

A discussion of the potential for significant human exposure to
internal radiation must be developed from some premise as to the meaning
of "significant" in this context. There are three possible interpretations
which may be considered. First, there is the sense of statistical significance
in the determination of radioactivity in the human body, which may be done
either directly by external photon counting, or indirectly by assay of
radioactivity in excreta or exhaled breath (bioassay), or in blood, hair
or biopsy material. Present-day techniques are so sensitive that the body's
content of radioactive material can often be determined at levels that are
so low that they have no "significance" (as used in common parlance, i.e.
importance) and yet are highly "significant" (in the statistical sense).

Second, "significant human exposure" may be one which results in
a dose of radiation which exceeds some fraction of the background radiation
dose. There are two difficulties with this interpretation: what fraction of
the background radiation dose, and the problem of dose to the whole body
versus dose to an organ in which radioactivity may be concentrated. Since
the radiation dose from natural sources can vary considerably with geographical
location, personal habits and other factors, the fraction that must be exceeded
in order to be considered "significant" should be at least as great as the
normal variability. A value of 50% might be considered low by some, but
it will be implicitly adopted in subsequent discussion here.

The third interpretation of "significant human exposure" is one that
gives a biological effect that is unambiguous. This is obviously much more
serious than either of the first two, and of far-reaching consequence, but
that is not to say that the first two are entirely innocuous. In this paper
all three of these interpretations will be considered in discussing the potential
for significant human exposure to internal radiation.

BACKGROUND RADIATION

We have always lived in a radioactive environment, so contamination
of man by internal emitters must be viewed in the perspective of the natural
radioactivity of the human body. Values for the natural radioactive content
of a typical inhabitant of a "normal" area, and for the absorbed dose of
radiation from it, are summarized in Table 1. These data are by no means
exhaustive; very small contributions due to naturally-radioactive 3H, 87Rb,
232Th and some other nuclides have been excluded for one reason or another.
The ranges of values for the doses arise because of ranges of concentrations
in different tissues. The entries for 222Rn call for special comment. By
"et seq. (uentia) " is to be understood only the short-lived daughter-products
218Po, 211tPb and 211<Bi. The questioned upper limit of 2 nCi in the body
may arise in some houses having concentrations of radon that are much
higher than what has hitherto been regarded as typical. We shall refer
to this again. The highest dose-rate attributed to 222Rn (but actually
due to the short-lived daughter-products) refers to the lung, but not
to the upper limit of 2 nCi in the body. In calculating the effective dose
equivalent to any particular tissue of the body, one must make allowance
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for both the concentration of each nuclide in that tissue and for the relative
biological effectiveness of the radiation (especially alpha particles) emitted.
For more detailed information the interested are referred to the relevant
literature.

It is against these background dose rates and their variability that
any "significant human exposure" must be considered. Also, we may wish
to consider absorbed doses to certain individual organs, especially bone
(at risk for osteogenic sarcoma), lung (at risk for lung cancer, usually
bronchogenic) and gonads (at risk for genetic effects). Furthermore,
in considering the total background dose to one of these organs (or any
other part of the body) we must add the contribution from external sources
to that from internal sources. This amounts to about 53 mrad/yr at sea-level,
but about 80 mrad/yr at an altitude of 2000 m. Before they can be added,
the dose-rates must be converted to dose-rate equivalent because of the
high relative biological effectiveness of radiations (i.e. mainly alp ha-particles)
having high LET. This is especially important in the case of the lung, the
organ receiving a high dose from the alpha-particle emitting daughters of
222Rn (Table 1). The annual dose equivalents are summarized in Table 2.
The rounded dose equivalent commitments (i.e. total dose equivalent to be
received in a lifetime - say 70 years) from natural background for the three
organs of special interest in the present context, are (contributions from
internal emitters in parentheses) 11000 (6300) mrem, 30000 (25000) mrem,
and 6000 (1800) mrem, for cells lining bone surfaces, for lung and for gonads
respectively.

WORLDWIDE INTERNAL CONTAMINATION

Radioactive fallout from nuclear test explosions in the atmosphere has
contaminated man's diet since the early 1950's. Initially concern centered on
bone-seeking 90Sr (half-life 27.7 years) and extensive programs of measurement
of this radionuclide in diet and human bone were instituted in several countries.
Because of such compounding factors as the variation of fallout rate with time
(both seasonal and longer term), the growth of children, and the change in
their dietary habits, it is difficult to summarize adequately the absorbed doses
to the skeleton. However the measurements have shown that the highest
concentrations were in children aged up to about 5 years and that dose
commitments were in the region of 84-120 mrad for the northern temperate
zone.

In 1956 the universal presence of 137Cs (half-life 30 years) in man
was demonstrated by external gamma-ray measurements. Because the elimination
rate of cesium is much higher than that of strontium, the levels of 137Cs in
man fluctuated more widely than those of 90Sr, as the fallout rate changed.
Also 137Cs is deposited relatively uniformly throughout all soft tissues including
the gonads; the potential risk is therefore more likely to be a genetic one than
a somatic one as is the case for 90Sr (osteogenic sarcoma). Another consequence
of the more rapid turnover of 137Cs is that the dose commitment (27 mrad for
the northern temperate zone) is lower than that for 90Sr despite the fact that
the body content of the former was much higher than that of the latter when
both were at their peak values (1964-1965). The changes in the levels of 137Cs
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and 90Sr in two small population? are shown in Fig. 1 for the period from the
mid-1950's to the late 1970's.

Another radionuclide from nuclear weapon testing which has contributed
a significant (in terms of our first interpretation) dose dommitment to the whole
population is 14C, the half-life of which is so long that the total commitment
will take some 8300 years to be delivered. To the year 2000 the dose commitment
ranges from about 8 mrad (for gonads and lung to about 30 mrad (for bone
marrow and cells lining bone).

Inhalation of 106Ru and 1IflfCe have resulted in a dose commitment
(northern temperate zone) of about 100 mrad to the lung. The only other
fission product from fallout that should be singled out for special attention
is 1 3 1I; because of its short half-life, the populations which were exposed
were those in the path of tropospheric fallout but some relatively high thyroid
doses (>100 mrad) have been received, especially in infants, and especially
in the southern hemisphere in some of the years 1966-1974.

The total dose commitments for the northern temperate zone from
internal emitters are 40 mrad for gonads, 250 mrad for bone marrow and
lung, and 180 mrad for the cells lining bone. Mention must be made of
Plutonium; the estimated dose commitments are only about 1 mrad both for
cells lining bone and for lung, but like radon this is an emitter of alpha-
particles with a high relative biological effectiveness.

In concluding this section we draw attention to the fact that there
are certain groups of people who have elevated internal contamination from
fallout. The Alaskan eskimos and Laplanders rely heavily on members of
the deer family as a source of food, especially during the winter months.
These animals graze on slow-growing lichens which obtain their nutrients
from the atmosphere and consequently contain relatively high concentrations
of radioactivity, both from fallout and from naturally-occurring 210Pb and
210Po. Hunters who eat meat from deer they have shot can also show elevated
body contents of 137Cs.

INTERNAL EXPOSURE FROM REACTOR ACCIDENTS

There have been two well-publicized reactor accidents which released
large amounts of radioactivity to the environment of moderately large populations.
The more infamous of these was at Three Mile Island, Pennsylvania in 1979,
but that at Windscale, Cumberland, England in 1957 was no less spectacular.
It may be useful to recall that at Windscale there was a fire in an air-cooled
reactor which was shut down at the time of the accident, whereas at Three
Mile Island the pressurised water reactor was operating. Some relevant data
for the two situations are summarized in Table 3, and it is immediately apparent
that the accident at Three Mile Island did not contribute a significant internal
exposure, in any of our three interpretations, whereas that at Windscale did.
The value of about 500 nCi for 131I in thyroid was the mean of values observed
in three children living 6 miles from Windscale. In the case of the accident at
Three Mile Island, the value of less than 1 nCi for the thyroid content was .
based on measurements of 131I in urine from 39 persons living within 5 miles
of the plant. In all cases, 131I was undectable, and it was on this basis that



an upper limit of 1 nCi was established for the maximum intake. The true
content of the thyroid would have been even lower.

In passing we may note two other points. First the huge release of
noble gases from Three Mile Island was only responsible for a small, but
significant (in the first interpretation only), external exposure. Second,
the atmosphere of the containment building contained about 36,000'Ci of
1 3 1I, which was about twice the amount released at Windscale. Clearly the
containment building did its job very well but the potential for significant
human exposure certainly existed.

RELEASES FROM POWER REACTORS IN PROPER PERSPECTIVE

Data are available on the discharges to the atmosphere of radioactive
materials from power reactors, and it is instructive to compare the amounts
discharged with the amount of naturally-occurring radon released from the
soil. It is convenient to divide the reactor discharges into amounts of noble
gases from fission and activation (133Xe, 85Kr etc.), which do not contribute
to the internal dose to man, and other fission and activation products, which
may so contribute. (In any consideration of the total amount, it is important
to remember that that quantity is the sum of the activities of radionuclides with
a very wide range of half-lives, metabolic properties and toxicities, so it is
somewhat meaningless). For all power reactors worldwide for which data were
available, and rounded to one significant figure, the total daily output of noble
fission gases in 1974 was 20 kCi, while for other fission and activation products
in aerosols it was 0.5 Ci. Compare this with the approximate total daily output
from the surface of the continental U.S.A. of a little under 500 kCi of radon,
itself a noble gas, which leads to an equilibrium level of about 2700 kCi in the
air. It is worth noting that this emission into the atmosphere of a radioactive
gas has been going on since time immemorial, and it will continue to do so
regardless of the future of nuclear power. In two senses, the comparison
between the noble gases from reactors and radon (half-life 3.8 days) is a
good one because 133Xe (half-life 5.27 days) constitutes a substantial fraction
of the noble gases, and because radon itself is not responsible for significant
internal exposure to man since it is a noble gas. At the same time comparison
between radon and the other fission and activation products is also a good one,
because radon gives rise to solid daughter-products with half-lives ranging
up to 22 years (210Pb), compared with about 30 years for the fission products
90Sr and 137Cs, all of which may contribute to internal exposure. The
production rate of 210Pb from 2700 kCi of radon is about 230 Ci/day.

As a very rough first approximation, let us assume that the hazard
from 1 Ci of fission and activation products (other than noble gases) released
from operating power reactors is the same as that from 1 Ci of 210Pb produced
from the radon that emanates from the ground. We note that the latter is more
than 450 (i.e. 230/0.5) times the former, so even a large (e.g. one-hundred-
fold) increase in the number of power reactors would not increase significantly
(first two interpretations) the potential for human exposure, if the rate of
release per reactor remained constant. Obviously this is a greatly simplified
picture because it ignores numerous complicating factors, but it is useful to
put into perspective the current and immediate future situation.
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RADIOACTIVE WASTE

There is currently concern about the fate of long-lived radionuclides
stored in radioactive waste repositories, in particular their ingress to man
via drinking water or the food chain. Presumably the radionuclides of greatest
potential concern are 90Sr, 137Cs, and 239Pu and other actinides. It would
be inappropriate (and beyond the author's competence) to discuss here possible
methods and site characteristics that have been proposed for storage of waste.
Instead, let us compare some actual concentrations of naturally-occurring
radioactivity in drinking water supplies in some parts of the country, with
the maximum permissible concentrations for 90Sr and 239Pu in drinking water
for the general population, of 8 pCi/£ and 15 pCi/A respectively (EPA).
[These values should be contrasted with the maximum values of 300 and
5000 pCi/Z for the two radionuclides respectively, permitted for discharges
of effluent "to unrestricted areas" (NRC), or "to public sanitary sewerage
systems" (DOE).] The value of 15 pCi/£ is actually for "gross alpha activity"
and therefore it applies to 239Pu by implication only; also it includes natural
levels of 226Ra, the activity of which must not exceed 5 pCi/Z. Thus if the
concentration of 226Ra were at this level, the maximum permissible concentration
of 239Pu would be 10 pCi/£ in addition.

Because of the common (but not universal) occurrence of 22BRa with
226Ra we can say, as a first approximation, that the radium isotopes are at
or above the maximum permissible concentration if a drinking water supply
contains at least 3 pCi 226Ra per litre, the remainder being 228Ra. This is
the case for some deep wells in at least 12 of the 48 contiguous states, although
industrial water treatment or domestic water softeners may reduce these levels
dramatically. Nevertheless for many years a sizeable fraction of the population
has been consuming water containing radium at concentrations around the
current maximum permissible.

In the present context, the point at issue is whether 90Sr or 239Pu
could contaminate drinking water supplies at levels which could give significant
human exposure. An unequivocal answer to this cannot be given because it
depends on factors such as the location of the waste repository, the nature
of the waste and its containment, and the movement of ground water from the
vicinity into acquifers used as sources of drinking water. However, there
are some factors which would mitigate against significant human exposure.
First, ground water in the vicinity of waste repositories would presumably
be under surveillance for any increase in radioactive contents. Second, any
water softening process which removes calcium (and radium) will also remove
90Sr, although perhaps not completely. Third, the maximum permissible
concentrations are based on the nominal delivery to the entire population
of a maximum dose equivalent at a rate of 4 mrem/yr; the calculations of
those concentrations are made in such a way as to err on the side of caution
when exact values of parameters are unknown. It has to be pointed out that
4 mrem/yr is well within the range of uncertainty of our estimates of dose
from internal sources of natural background, as well as being within the
range of variability. It is assumed to be significant (in all three interpretations)
if the dose-effect relationship is truly linear at such very low doses.
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As far as Plutonium is concerned, we cannot make a general statement
about its removal in water treatment. We can only say that it may be removed,
depending on its oxidation state, and on the type of water treatment. Another
aspect of plutonium that must be mentioned is that recent work has called into
question the validity of the long-standing value of 3 x 10"5 for the fractional
absorption of plutonium in the gastrointestinal tract; it may be much too low.
If this is the case the maximum permissible concentration in water may have
to be revised downwards (provided that it has not been set far too low
because of over-conservative assumptions).

EFFECTS OF INTERNAL EMITTERS - KNOWN AND UNKNOWN

In considering the potential for effects of internal radiation we can
learn much from a consideration of the outcome of internal contamination in
groups of people for whom some at least of the relevant data are available.
There are a few large groups and several small ones. There are two complicating
factors in the studies of these persons. First, in general the circumstances
of the contamination were not controlled (there are some notable exceptions,
vide infra) so the interpretation of the outcome may be confounded by any of
the following factors: uncertainties in the dose, small range of dose,
inhomogeneities in the exposed group, small group, and incompleteness
of the group in follow-up studies.

The second complication is that, in those groups that have demonstrated
unequivocal somatic effects from internal emitters, these have always been in
persons who received very high doses. The use of such data to predict effects
at low doses requires some kind of dose-effect curve. While a linear relation
between dose and effect is attractive on the grounds of simplicity and
conservatism it cannot be assumed a priori to be the actual relation in
the complex response of such a highly complex biological entity as a human,
to chronic, possibly non-uniform, irradiation of internal tissues. The
linear relation is useful for planning purposes, and for setting maximum
permissible levels, but it has yet to be shown unequivocally to be valid.

One final point should be made before we consider selected groups
who have suffered internal contamination: the only effect that has been
observed has been malignancy, and this has always arisen long after the
onset of the internal radiation insult. We have no data on genetic effects,
although there has been speculation that the natural mutation rate is a
consequence, in whole or in part, of natural background radiation. It
must be pointed out that irradiation of the gonads from natural background
is largely (about 70%) from the external component.

Effects of Radium

Perhaps the most notorious radionuclide in the present context is
226Ra which, aided and abetted to some extent by 228Ra, has caused 58
cases of osteosarcoma and 29 cases of carcinoma of the mastoid and paranasal
sinuses in a population who acquired known burdens of these isotopes either
occupationally or iatrogenically. A total of about 3800 persons is known but
only about half of these have been studied. Most of the occupational exposure
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occurred in the luminous dial-painting industry which employed a large
number of young women. They ingested small amounts of the radium-
containing paint because of their habit of pointing the brush with their
lips. This practice was discouraged in 1925, the year that effects of
acute radiation damage from deposits of radium in the skeleton were
identified. The consequences were remarkable: first, the amount of
radium entering the body dropped dramatically after 1925, and second,
no case of these types of malignancy developed in any person who started
work after 1925.

Quantitative analysis of the osteosarcoma incidence (biological effect)
as a function of radium intake (dose) in a reasonably homogeneous sub-group
of these women showed that the "best" fit (in the statistical sense) to the
data was a function involving the product of the square of the dose and an
exponential function of the dose. The data could not be fitted as well by a
linear function.

A less notorious (in this country) , but no less serious, instance of
carcinogenesis in man has arisen from the deliberate administration of
repeated doses of the short-lived (half-life 3.62 days) 22l*Ra to persons
(including children) in Germany, as a treatment for extrapulmonary
tuberculosis (for which it is ineffective) or ankylosing spondylitis (for
which it is very effective). The number of osteosarcomas that have
developed in about 900 traced patients is tragically high at 54, of which
36 cases were in 218 juveniles. The use of 221*Ra for the treatment of
tuberculosis has been discontinued, so no more children are receiving
it, but its use continues in the therapy of ankylosing spondylitis, albeit
at lower doses than before.

The tumor incidence data can be fitted just as well by a linear
function of dose, as by a dose-squared-exponential function like that
found for 226Ra.

Effects of Thorium

Large numbers of persons received intravenous injections of a
colloidal suspension of thorium dioxide as a radiological contrast medium
for a variety of examinations of soft tissues, mainly during the years
1930-1945. It has been estimated that as many as 105 persons may have
been involved world-wide. The amounts of the colloid that were injected
covered a range of 10-100 m£, containing 2-20 g of thorium. The alpha
radioactivity of these amounts corresponded to 0.22-2.2 uCi due to the
thorium alone, but as it is the parent of a long series of radioactive
daughters, the growth of these products can in principle increase the
alpha-particle activity by a factor of six. The colloid deposits in the
cells of the reticuloendothelial system (especially liver, spleen and red
bone marrow), where it remains for the life of the subject.

In follow-up studies in Denmark, Germany, Japan and Portugal,
malignant tumors of the liver and an increased incidence of Isu* Dmia have
been observed in some of the persons who were injected with colloidal
thorium dioxide. There are some questions about the relative roles of
the radiation vis-3-vis a foreign body reaction in the liver, which contains
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the largest amount of thorium (although not the highest concentration).
These data are not very useful in determining a dose-effect relationship
because the range of administered doses is too small but they do demonstrate
carcinogesis in man from an internal emitter. The radiation dosimetry is
somewhat complex.

In recent years a few cases of osteogenic sarcoma have developed
in this group of persons and this effect may be a consequence of irradiation
of cells lining bone containing 221lRa, a member of the thorium decay chain,
which migrated to that site (either during its life or in the form of a
precursor - especially 228Ra) from the main thorium deposits. However,
the data are very sparse.

Effects of Radon (Daughters)

Another notorious example of radiation carcinogenesis associated with
internal emitters, is the high incidence of lung cancer in miners of uranium
(especially) and iron ores, and fluorspar etc. In all types of mines radon
is implicated, but the radiation dose comes from its three short-lived
radioactive daughters rather than from the radon itself. There is also
exposure to a variety of other airborne contaminants (e.g. dust, diesel
fumes, etc.). Another major complicating factor in the interpretation of
the data is the influence of cigarette smoking. It has been estimated that
the dose-effect curves for the American uranium miners are linear for both
smokers and non-smokers, but that the incidence for the former is about
eight times that for the latter. The situation is still further confounded
by the results of some animal experiments in which very high doses of
radiation (covering a wide range) were received by lung tissues, with
extensive injury, yet no single case of malignancy arose in mice, rats
or dogs. The suggestion was made that alpha radiation may promote
chemically produced lesions leading to malignancy, but the lesions must
be there first. On the other hand there are also several reports of
experiments in which animals did develop lung malignancies after exposure
to high levels of radon and its daughters, without other pollutants.

The implication of radon in the induction of lung cancer in the miners
may have important ramifications because of the exposure of the entire
population to environmental levels of radon which will almost certainly
increase in the future because of the construction of energy-efficient
housing, unless corrective action is taken. Two factors will probably
contribute to this. First, unintentional ventilation with outside air will
be reduced, permitting radon concentrations to increase in the houses.
Second, it is expected that there will be an increase in solar heating systems
in which rock is heated by solar energy and used as a heat source, releasing
radon produced from the rock's natural content of radium, to the circulating
air. The resulting concentrations of radon may be substantial.

Unknown Effects of Internal Emitters

While there are some other instances of carcinogenesis from internal
emitters in man, space limitations preclude their mention. We now consider
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some instances where radioactivity in man has not produced any significant
effects.

The first example is world-wide radioactive fallout; there is no
unequivocal evidence that the population has suffered somatic effects,
but there is also no evidence that it has not. The question of genetic
effects is another matter because insufficient time has passed since the
onset of internal contamination from this source.

The second example concerns natural levels of radium in drinking
water. A study of almost 106 people consuming water containing an average
of 4.7 pCi of 226Ra per litre did not reveal an excess of osteosarcomas
compared with a control population whose drinking water contained less
than 1 pCi/£.

Two small groups of people containing plutonium must be mentioned.
The first group (27 men) were exposed occupationally during the Manhattan
District project of World War II and acquired plutonium primarily by inhalation.
In a 32-year follow-up of these men no effects attributable to their plutonium
contents could be detected. The second group consisted of 18 seriously ill
persons who were injected with plutonium in the period 1945-47 to provide
vitally needed information on the excretion rate from a known amount of
the element. Seven of these people survived more than five years and
three more than 24 years. The latter are probably still alive. No effects
attributable to plutonium were observed in this group either. A dose-
effect curve derived for plutonium from that obtained from the osteosarcoma
data for 226Ra, predicted totals of 0.07 and 0.72 bone tumors in the two
groups respectively. The fact that none has been observed does not
contradict the predictions. It is worth noting that for the injection group,
most of the predicted total of 0.72 tumor is accounted for by one case who
died at age 79, 15.7 years after injection of a large amount (3.5 yCi) of
238Pu. The probability of observing a tumor was calculated as 0.52. The
three subjects who survived more than 24 years were injected with about
ten times less 239Pu (but still 7-10 times the current occupational maximum
permissible), and the probability of observing a tumor was only 0.05-0.07
for each person.

An industrial hygiene and medical survey of a thorium refinery 25
years ago did not reveal any malignancies in the workers attributable to
thorium, the presence of which in the lung of one subject was demonstrated
by analysis post mortem. An epidemiological survey of former workers at
this plant, which closed in 1973, is currently underway, and measurements
show that 42 of the 46 men examined contain thorium as demonstrated by
external gamma-ray counting or by detection of thoron (-20Rn) in the
exhaled breath; in general the levels are rather low. No effects attributable
to the internal radioactivity have been detected.

Large numbers of patients, including children, have been treated
with therapeutic doses of 131I for ablation of the thyroid. While there have
been reports of a few cases of thyroid carcinoma in such persons, there
is no evidence that the incidence is elevated above normal, whether the
treatment was given in childhood or to adults. However, these treatments
only became common in the 1950's, so insufficient time may have elapsed
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for definitive statements to be made. Furthermore, the doses were so
high that considerable cell killing or inhibition must have taken place.
There are also no reports of an increased incidence of thyroid carcinoma
in patients who received tracer doses of 131I for diagnostic purposes at
a level about 1000 times lower, but undoubtedly many of these subsequently
also received a therapeutic dose.

Finally, we revert to the subject of radon. Recent observations
in "normal" areas have shown that the air in some houses of conventional
construction contains much higher concentrations of radon than have been
considered typical hitherto. Some of the radon emanates from the surfaces
of building materials which contain traces of radium, but far more seems to
come from the natural radium content of soil beneath the houses. It is not
known how common such houses are. There are also some "special" areas
where material containing "technologically enhanced radioactivity" (e.g.,
uranium mill tailings, tailings from the production of phosphate etc.) has
been incorporated in housing structures, especially under and around
foundations. The radon concentrations in such buildings are very high.
Thus a sizeable but unknown population is being exposed to significant
levels of radon and its daughters. The questions as to whether these
exposures are reponsible for any cases of lung cancer is still an open
one. However it must be remembered that we are apt to consider the
risk of lung cancer from radon daughters as being defined from uranium
(especially) mining cases, yet as indicated earlier, this source may only
be a promoter of an insult delivered in mines but not in homes. Perhaps
an epidemiological study of radon in houses will demonstrate that radon
daughters are as ineffective a carcinogen at low levels in man as appears
to be the case in some experiments with animals.

SOME UNANSWERED QUESTIONS

Where effects of significant human exposure to internal emitters have
been observed, they have been very serious and usually fatal, but it must
be pointed out that the radionuclides responsible have not been widely
dispersed in the environment. Indeed, the affected radium dial painters
acquired their radioactive contamination because of working habits (brush
tipping with the mouth), while the cases w t̂h 22l*Ra and colloidal thorium,
dioxide were injected with their radioactivity as part of a medical procedure.
The miners were exposed in their working environment to a multitude of
insults.

There is a lack of evidence of specific effects (osteosarcoma, thyroid
carcinoma) of internal emitters (2Z6Ra, 131I) in the few large groups who
have been exposed at far lower levels than those who have shown unequivocal
effects. Thus it is an enormous problem to identify a very small increase in
the incidence of a non-specific, common disease (e.g., lung cancer) which
might be an effect of low levels of internal radioactivity (obtained by e.g.
inhalation) in a large segment of the population. Can this problem be resolved?

On the few occasions when radioactivity has been accidentally released
to the environment, there has been widespread publicity and this often causes
mental distress to the persons living nearby. The problem is compounded by
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the common use of the terms "radiation" and "radioactivity" as if they
were synonymous, and by the use of unfamiliar terms such as curie, rad
and rem, with various prefixes (micro, milli, e tc .) . Consider some of
the alternative ways of expressing the natural radioactivity of the average
potassium content of the human body: 120 billionths of a curie, 0.12 micro-
curie, 120000 picocuries. How would members of the general public perceive
these if they appeared in different accounts? Would they believe that they
are identical? The fear of the unknown is very strong. Radiation cannot
be detected with the senses, but neither can bacteria or viruses which we
all know to be in the indoor environment, yet we do not all wear surgical
masks. Is there any way that accurate information can be transmitted to
the public in terms that they can understand? This may not be a subject for
scientific research, but it is a very important question.

The ingestion of stable iodine as a means of blocking the thyroid and
preventing the uptake of radioactive iodine is well-known. Indeed, preparations
for its widespread distribution to the public were well underway three days
after the onset of the accident at Three Mile Island. It has also been shown
that the excretion rate of tritium in the body can be accelerated by drinking
copiously; that of cesium can be accelerated by ingestion of Prussian Blue
(ferric ferrocyanide). There has been some success in reducing the skeletal
deposition of radioisotopes of strontium by oral administration of alginates.
These are some rather special means of reducing the amounts or effects of
a radionuclide in the body. On the other hand the use of chelating agents
for the removal of actinides requires intravenous injection which may be
acceptable for an individual who has been the victim of a large internal
contamination, but could obviously not bo applied on a large scale. Can
an effective agent be developed that could be administered orally? Is
there a need for such a treatment?

Some other unanswered questions which need less preamble or
explanation are as follows:

What is the gastrointestinal absorption of plutonium (and other transuranic
elements) in man? Recent work with animals has yielded values about 100
times higher than the previously accepted value for plutonium.

Are the current maximum permissible concentrations for radium and
plutonium in drinking water realistically set? Do they really meet the
criterion of delivering 4 mrem/yr? The current value for radium is resulting
in serious problems for some local authorities who wish to expand their
drinking wacer systems, but are not allowed to do so because of the natural
levels of radium in the water. Other local authorities are confronted with
a related problem, in the disposal of the sludge resulting from a process
which reduces the hardness of the water, and at the same time removes
much of the radium. In one Midwest town the concentration of radium in
the sludge is 7.5 nCi/kg, which is less than ten times higher than that in
local soil, yet its disposal is causing the authorities difficulties, as well as
raising public concern.

On the subject of radium, will there be more osteosarcomas or carcinomas
in the dial painters and other persons exposed to radium, but with body
contents corresponding to oral intaket of less than about 200 uCi, the
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lowest level at which a radium-related malignancy has been observed?
There are more than 1000 dial painters who were shown to have a significant
(in our first interpretation) intake of radium, but who did not develop a
radium-related malignancy and many of whom are still alive in their 70's
and 80's. Are the carcinomas which have arisen in the mastoid or paranasal
sinuses due to accumulation of radon in the stagnant air in those cavities,
as has been suggested? Can non-linearity of the dose-effect curve in this
population be proved or disproved?

Does industrial exposure to thorium compounds have deleterious
consequences and can any effects be attributed to chemical as distinct
from radiation hazards?

Is radon (more correctly its daughters) carcinogenic when inhaled?
The concentrations in some houses are such that a visit of a few hours
would result in a dose of radiation to the lung equal to or greater than
the average (admittedly whole body) dose received by persons living
within five miles of Three Mile Island. What is the dose to the lungs
of the population from naturally-occurring radon?

Would basic research on mechanisms of radiation injury be more
fruitful than epidemiological studies of populations who have received
trivial exposure? With this question we have come full circle. At what
level does an exposure cease to be "trivial" and become "significant?"

CONCLUDING REMARKS

This paper has taken a somewhat indirect approach to the question
of the "potential for significant human exposure to internal radiation,"
largely because of the form in which the question was posed. In making
power from nuclear fission, man concentrates radioactive materials (uranium)
in reactors; he then engages in some latter-day alchemy by causing that
material to be transmuted into others with shorter half-lives, and very
different chemical, physical, and especially biological properties. Because
of this, there is a huge potential (in the literal sense) for significant
human exposure (in all three of our interpretations), if the contents of
the reactor, or even a fraction of the contents, should suddenly be
released to the environment. The release at Three Mile Island amounted
to not more than about 0.1 per cent (perhaps much less) of the reactor's
content of fission products (by activity). The only significant effect was
to morale. Perhaps the latter part of the question being addressed should
have read, "what research is needed to reduce the fears of such exposure?"
The ad homineir. arguments used by the opponents of nuclear power are an
important factor in fostering these fears. While no significant (third
interpretation) effects have been demonstrated from environmentally
distributed artificial radionuclides (fallout, reactor operations and
accidents), it has been calculated that such effects have occurred.
The calculations make use of the assumption of a linear relationship
between dose and effect. As has been pointed out, the linear relationship
may be useful for certain purposes, but we cannot turn it round, use
it to calculate effects, and then properAy claim the results of the calculations
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to be valid. Perhaps the most important question to be answered in
this field is that relating to the shape of the dose-effect curve at low
doses. Consider the following reductio ad absurdum. Ingestion of
10 grams of sodium fluoride is fatal to an adult, unless treatment is
given. If one million people each drink 1 litre of water containing
sodium fluoride at a concentration of 1 part per million (i.e. 1 milligram
per litre), will 100 of them die from sodium fluoride poisoning, as
predicted by the linear relationship?
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Table 1. Simplified summary of the contents of some naturally radioactive
materials in the human body and the resulting absorbed doses. Ranges of
values are for different t issues. Data from NCRP Report No. 45 and 1977
UNSCEAR Report.

Nuclide Content, nCi mrad/yr

*°K 120 15-27

" C 100 0.5-2.2
2 1 0Pb 0.6 0.3-3.4
222Rn et seq. 0.1(-2?) 0.2-30

Natural-U 0.7 0.04-0.3
226Ra 0.05 0.06-1.1
228Ra 0.025? 0.06-1.1

Table 2. Summary of annual dose equivalents to three organs of importance
to the effects of internal emitters (data from 1977 UNSCEAR report)

Annual Dose Equivalent, mrem

Internal emitters

External sources
(average)

Total (rounded)

Cells lining
bone surfaces

90

64

150

Lung

360

64

430

Gona

25

64

90
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Table 3. Comparison of the consequences of the reactor accidents at
Three Mile Island and Windscale, England. The former did not result
in significant human exposure to internal radiation, the latter did.

TMI

1979

10,000 ,000

-v 27

Windscale

1957

?

^ 20,000

I 3 3Xe etc. released, Ci

1 3 1I released, Ci

Maximum observed
1 3 1I in thyroid, nCi <1 1,500

Maximum thyroid
dose, mrem £5 'v 16,000
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper No. 7
John Rundo, Ph.D.

MR. HUTT: Dr. Rundo's paper is now open for discussion.

OR. AROESTY: Jerry Aroesty, the Rand Corporation.

When you talked about possible exposures, your exposures
were generally computed from peaceful uses -- what about the
possible exposures associated with nuclear weapons, wouldn't
they be absolutely swamping?

OR. RUNDO: I thought that the fallout was not from the
peaceful uses of atomic energy. I thought that came from the
testing of weapons. But if you are talking about weapons used
in war, fallout is the last thing you would have to worry about.
The first thing would be blast, and the second would be fallout.

MR. ROSEfJBAliM: I came up to say something else, but in
fact most of the studies show that most casualties come from
fallout and not from blast and certainly most of the casualties
in Hiroshima and Nagasaki didn't come fron blast.

But that's not the question. They came from fire. What
I was going to say was something different. You mentioned --
in a side comment about levels of radon in houses and used the
word trivial. Very little is known about the levels of radon in
houses in the country, on the whole, but enough is known to know
that there are certainly a great many houses in which the levels
are far from trivial.

There are at least some houses and other sorts of buildings
in which the levels are really guite dangerous. I would just like
to make that statement.

DR. RUNDO: I wasn't aware that I had used the word "trivial"
in connection with speaking about radon in houses. I agree that
there are indeed some houses which have very significant levels
of radon in them. Most of these, of course, are associated with
buildings on mill tailings or mine tailings or something like that,
such as in Grand Junction, Colorado. Also in Florida, in the phos-
phate mine tailing areas.



DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Ho. 7
John Rundo, Ph.D.

He have, however, found almost as hiah levels in houses
that are not associated with any of these things and these
are natural levels of radon that cone out of the ground. I
certainly didn't mean to minimize this. All I was trying to
say was that we don't know how many people are exposed to
these levels, we don't know v/hat the average level is. And it
is something we should know. Me don't know any effects as yet.

MR. BUSIC'K: Don Busick of Stanford. Would you comment
on the so-called practical threshold in the radium dial-painter
population and how it corresponds to what we have heard today
about high-LET radiation having essentially linear effects?

DR. RUNDO: I haven't been as intinately involved in the
dose-response function as some of my colleagues. But the most
recent paper on the subject, which appeared, I think, in Radia-
tion Research not too long ago, showed quite conclusively that
a linear dose response function was not the best statistical
fit to the data. The data, of course, are not very good.

The fact remains that with that data, which is all we have
got -- we have to work with it -- when we do at least statis-
tical analyses, testing different functions, the best fit comes
from a product of a dose squared and an exponential term of
dose. The practical threshold, I think is a term coined hy
Robbey Evans -- we haven't used that term yet.

DR. SHORE: Bureau of Radiological Health. In the text
of your written paper, you make reference to a study of diag-
nostic levels of 1-131 in which negative findings with respect
to the thyroid were observed. Can you tell me what study you
are making reference to in that statement?

DR. RIJNfJO: I simply relied on what I found in the 1977
UNSCEAR report. I can't give you the reference to that,
but you'll find it in there.

MR. HUTT: Additional questions?
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OISCUSSIOM FOLLOWING THE PRESENTATION

Issue Paper Mo. 7
John Rundo, Ph.D.

VOICE: I would just like to reinforce your point about
radium in certain environmental medias as it relates to being
careful in interoreting any epidemiological studies about radia-
tion exposure on the job. I recently had analyzed for me radium
in mineral waters, imported and domestic, and found some inter-
esting results as far as radium levels. The level was exceeding
current Federal standards of 3 picocuries a liter in quite a few
of them. There are many people today drinking mineral waters
who would not consider it as a source of radiation exposure.
Obviously, it relates to your ground-water study in Illinois some
years ago.

The other is the effect of radon in homes. I was involved
in setting up some studies inside solar-heated homes using
crushed-rock storage beds. Me found some rather interesting
and rapid increases in exposure to radon in the home when the
systems were turned on.

Obviously -- it also leads to an interesting anecdote as
far as the perception towards various risks. The party, once he
realized there was indeed radiation in his home, wanted no part
of the study and ordered the investigators out of his house. He
said it is from granite and it is natural and he doesn't care.
But if it was a mill tailing, perhaps it would be another story.

But nevertheless, it is important in trying to sort out the
epidemiology of low-level radiation exposures to realize -- I am
sure you do -- the wide variations in individual exposure from
sources like drinking water, mineral water, radon in homes. It's
a very much confounding variable that is not commonly treated in
most studies, and of course it leads to a lot of imprecision.

OR. RUHDO: Yes, I think that is very interesting. The only
house that we have had an opportunity to test with a solar heating
system had limestone storage and it was very low in radium. We
found much higher levels of radon in underground houses.

MR. HUTT: Thank you very much, Dr. Rundo.
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INTRODUCTION

Prior to discussing the issue I am to address, it would be
desirable to briefly review the different epidemiologic methods that
have been used to elucidate the effects of ionizing radiation. These
methods can be broadly classified into two general categories:
(1) Demographic studies of mortality and morbidity and (2) Observational
studies that are either retrospective or prospective. This second
category of epidemiologic studies deals with characteristics of
individuals, which, in studying the effects of ionizing radiation, consists
of determining the relationship of radiation exposure with the possible
effect in the individ»al. This contrasts with demographic studies where
the investigator generally studies the characteristics of population groups
as a whole, i.e. in the aggregate.

In retrospective studies, one usually starts with a group of
individuals who already have the disease or other type of possible
radiation effect, determines their prior history of exposure to radiation
and compares the frequency of such a history with that ascertained
in a comparison or control group. In a prospective study, the investigator
starts with an exposed group and follows that group to determine the
frequency of occurrence of a possible effect, which is then compared
with a comparable group that has not been exposed. This can be accomp-
lished in two ways: (1) Exposed and unexposed individuals are selected
and concurrently followed to determine the frequency of occurrence of
possible effects, or, (2) for suitable groups, an investigator goes back
to a certain point in time and then traces the exposed and unexposed
groups of individuals to the present, to determine the frequency of
occurrence of disease or other possible radiation effect.

These different types of observational studies have resulted in
ascertaining the carcinogenic and other effects of radiation, which have
been well summarized in Tables 1 and 2, and have been discussed by other
speakers.

DEMOGRAPHIC STUDIES

I would first like to review some of the limitations of the
demographic approach to determine the effects of ionizing radiation.

An example of a demographic study of mortality is the one reported
in 1979 by Lyon et al (1). The investigators found a higher mortality
rate from childhood leukemia in areas of Utah that were exposed to
radioactive fallout from atmospheric tests of nuclear weapons carried
out in Nevada from 1951 through 1958. Lyon et al reviewed all cancer
deaths for those under 15 years of age that had occurred in the entire
state during 1944 to 1975. They then defined a high exposure group
who were Utah residents during the periods 1944-1950 and 1958-1975.
The population censuses of 1940, 1950, 1960 and 1970 and an estimated
population for 1975 were obtained. By interpolating between these
census years the number of individuals in the appropriate age groups
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for each intercensal year were estimated for the high exposure and
the low exposure groups. Death certificates for childhood cancers
were obtained and classified into deaths from leukemia and other
cancers for the appropriate periods of time, age groups, and high
and low exposure groups. From these two sets of data (numbers of
deaths and population estimates), age-specific mortality rates were
computed for the high and the low exposure groups. Without going into
details, these investigators found a significantly increased mortality
from leukemia among children in the exposed group.

This particular report illustrates both the limits and opportun-
ities of such mortality studies. The age-specific mortality rates are
based on a numerator (the deaths) and a denominator (the population),
the determination of each of which is subject to error. With regard to
the numerator, questions can be raised concerning the accuracy of the
diagnoses of leukemia on the death certificate, particularly over the
time period, 1951 to 1975, when there were improvements in medical
care and consequently in methods of diagnosis. The investigators
were aware of this possibility, and indicated that studies of deaths
in Pennsylvania (reported in 1958) and the results of a study of the
Utah Cancer Registry, (which was not in existence during the early
period of this study), showed an accuracy of 90%. However, I doubt
whether findings of accuracy in Pennsylvania and of a later.time period
in Utah could be applied to deaths in Utah that had occurred in earlier
time periods. Relative to this point, it is of interest to point out
that another analysis of these same data indicated a negative relation-
ship between exposure to radioactive fall out and childhood cancer,
other than leukemia (2). Perhaps these differences in results partially
reflects changes in diagnostic practices over this time period. It
should be emphasized that the investigators did not indicate in their
published report that the diagnoses on death certificates, which they
had analyzed, had been validated by, at least, comparisons with other
medical records. Clearly, it would be desirable to do this.

Secondly, population estimates for each year were estimated from
interpolations between census years on a county basis and totaled.
It should be noted that there may be a substantial error in this
procedure when done for each age group, sex, and county, because of
migration and changes in population. Such migration could be out of
the state or between counties within the state in the designated high
and low exposure areas. The investigators did discuss the possible
effect of this factor and concluded that, if it had occurred, it would
only weaken the degree of relation between exposure and leukemia. But,
without knowing the extent of various types of migration, it is difficult
to determine the degree and direction of the effect of migration on
the findings.

The excess mortality from leukemia was concentrated in the 10
to 14 year age group, with a lesser excess in the 5 to 9 year age group
and none in the under 4 group. The investigators did not determine the
places of birth of these deaths and did not know the length of residence
of these decedents in the various counties in Utah. It would have been
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of considerable interest to have determined such factors for at
least the leukemia deaths.

It thus becomes apparent from considering only a few aspects of
this study, that there are limitations to the inferences that can be
derived from such mortality studies. However, I hasten to add that
this does not mean that such studies should not be conducted. On the
contrary, such studies do provide opportunities in suggesting clues
to the possible effects of radiation exposure. Such clues stimulate
the initiation of more intensive and refined investigations that are
designed to take into account the limitations of this approach, of which
I have mentioned only a few.

Interest in data of this type has increased recently since the
amount of exposure estimated in this study - although it was not
possible to determine this directly from available documents - was
estimated to be between 6 to 10 rads (marrow dosage). Thus, the study
was concerned with exposure to relatively low levels of radiation.

OBSERVATIONAL STUDIES

Most, if not all, of the findings on the effects of ionizing
radiation have resulted from retrospective or prospective studies.
It is fair to say that most of these studies have been primarily
concerned with exposure to doses of moderate to high levels of radiation
except for those studies of the effects of intra-uterine radiation; in
the latter instance, one is dealing with exposure to low levels of
radiation. It should be noted that there are differences of opinion
about the interpretation of the findings of the studies of intra-
uterine radiation exposure. However, there are certain limitations to
these studies that need to be mentioned. Time only permits a considera-
tion of some of the major ones.

SOME LIMITATIONS OF OBSERVATIONAL STUDIES

In retrospective studies where cases of disease are compared with
some control group, one has to obtain information about past exposures,
either by interview or by review of past medical records. When
interviewing individuals, there may be problems of recall which differ
in the two groups being compared. An illustration of this type of
problem was found in the Tristate Leukemia Study, which was a retro-
spective study of leukemia covering three states (3). In this study,
an attempt was made to determine the amount of exposure to diagnostic
radiation in terms of the number of x-ray films used. The respondents'
physicians and dentists were contacted and hospital records reviewed
and the number of x-ray films obtained from these records. It was
found that about 80% of the x-ray films given by physicians and dentists
and 67% of those given in hospitals were not mentioned on interview.
In a substantial number of instances, respondents knew only that they
had been x-rayed, but did not know how many times. For fluoroscopies,
29% of total fluoroscopies that were given in physicians' offices and
41% of those given in hospitals were not mentioned by the respondent.



These facts indicate some of the difficulties in obtaining an
estimate of the degree of exposure to x-radiation in retrospective
studies.

Another problem in retrospective studies results from the
possible influence of selection of the groups being compared, i.e. what
is usually known as selection bias. This possibility is generic to all
types of retrospective studies. The investigator has to carefully
design his study so that such a possibility can be taken into account
in both his analysis and the derivation of inferences from the results.

It is always necessary to consider the fact that, in a retro-
spective study, where information is obtained from cases and controls
with regard to their past exposure, the investigator is usually studying
the survivors of the exposed group. If the exposure has had an effect
that resulted in increased mortality during the intervening period,
that is, during the period between the time of exposure and the time
of study, it may well be that the retrospective study would underestimate
the effect.

Retrospective studies are most productive and leas subject to
the limitations mentioned, if the relationship between radiation exposure
and disease (or effect) is of a relatively large magnitude, that is,
if the relative risk between exposed and unexposed groups is at least
3 to 4 fold. For ionizing radiation, this magnitude would usually be
what one would expect from an exposure to moderate and high doses
of radiation.

In order to overcome some of the problems I have mentioned,
most studies of radiation effects have tended to utilize the prospective
or cohort approach. These studies have also been most successful for
moderate and high levels of radiation or for special situations, such
as those conducted by the Atomic Bomb Casualty Commission (ABCC) in
Hiroshima and Nagasaki. However, these investigations also have
limitations. An illustration of one such a limitation is the ABCC
study of the offspring of those women who were exposed to radiation
prenatally or in utero. Retrospective studies had previously shown
that intra-uterlne exposure increases the risk of leukemia about 60%
(i.e. a relative risk of 1.6)(4). However, the ABCC study did not
show any such relationship. On further analysis, it turns out that
the number of births in the ABCC was only sufficient to detect a four-fold
(i.e. relative risk of 4) excess frequency of leukemia; the number of births
was not sufficiently large to detect a 1.6 excess relative excess.
Unfortunately, this deficiency has not been sufficiently emphasized.

The question of whether prenatal radiation results in an
increased relative risk of leukemia in the offspring is an important
issue because prenatal radiation is in the low level range, that of
2 to 5 rads. When one reviews all of the studies conducted on this
issue, it is clear that each one suffers from one or more limitations.
I personally think that this problem presents an opportunity to determine
effects of low level radiation by means of a well-planned collaborative
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multi-center prospective study, which would provide the large
number of births that would be necessary to take into account
problems encountered in previous studies and to provide a more
definitive answer than is presently available.

The difficulties in determining the degree of exposure in
retrospective studies is also encountered in prospective studies.
They have even been found in occupational studies because the type
of monitoring usually done for estimating exposure is not sufficiently
systematic to provide the degree of precision that one desires.

For example, in the study of uranium mine workers, estimates
of radiation dose were based on work histories and on infrequent
determinations of the radon content in air samples that had been
obtained in these mines (5). Continuous systematic monitoring of
work areas was not done. The concentrations of radon varied
considerably by location within the same mine. Concentrations also
varied a great deal at the same location within a mine- Thus, the
degree of exposure can only be roughly estimated.

The epidemiologic studies on the effects of radiation over
the past 30 years indicate that most of these studies, particularly
in the early part of that period, were concerned with determining what
diseases or other effects resulted from exposure to ionizing radiation
under a variety of situations. They demonstrated that ionizing
radiation at moderate and high dosages had carcinogenic and terato-
genic effects.

During the latter part of this period, interest has been
increasingly centered on the effects of exposure to low doses of
ionizing radiation. These effects are expected to be relatively small,
such as an increased risk of 50% and 100%. Detecting increased risks
at such levels is difficult in epidemiologic studies for a variety of
reasons; in fact, many investigators have concluded that it is almost
futile to establish the effect of radiation at very low doses. First,
the sample size, i.e. the number of individuals that have to be studied,
to detect effects at such levels would have to be very large. Estimates
of the necessary sample size suggest that it would be necessary to
study prospectively 100,000 or even more individuals. This obviously
becomes a large and almost impossible task. Secondly, when studies
are conducted on such a large number of individuals, systematic errors
(some of which have been mentioned) and possible biases, that are
inevitable in dealing with human population groups, particularly of
such sizes, may be or are usually introduced into such studies. It
is often difficult to take these into account and therefore there may
be considerable error in the observed findings. In addition, a
completely negative finding may be meaningless since there will be a
statistically calculable upper level of a confidence limit, which is
greater than zero.
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Despite these difficulties it is important to determine the
possible effect of low level ionizing radiation. A major reason for
this is that it increasingly appears that carcinogenesis represents
a multi-stage process. Therefore, an individual may be exposed to a
chemical carcinogenic agent at one point in time, to a biological
carcinogenic agent at another point and to a low-dose of ionizing
radiation at still a third point in time. Thus, it is possible that
cancer may not have directly resulted from the chemical and biological
exposures but the exposure of ionizing radiation at a low dose may be
the additional event that led to the cancer, as was mentioned by Elkind
earlier in this meeting. Very little information exists on the effects
of interaction with or synergism between ionizing radiation and other
types of carcinogenic agents in human studies. Elkind did present
data on the interaction of radiation exposure and cigarette smoking.

Data collected in the Tristate Leukemia Study illustrate the
possibilities of the existence of such an interaction of ionizing
radiation with other factors (6). In that study, with all of its
limitations, information was obtained from che mother of the leukemic
child on factors other than radiation (see Table 3). Limiting the
analyses to children, 1 to 4 years of age and arranging these factors
in temporal sequence, it is possible to compute the relative risks of
combinations of these factors as compared to a relative risk of 1 when
none of the factors was present. Table 4 shows the increasing relative
risk with increasing number of factors; the highest relative risk being
evident when all four factors are present.

In epidemiologic studies of other forms of carcinogenic agents,
there is a need to obtain information on exposures to ionizing radia-
tion in order to be able to determine what these interactions and
their effects may be. Perhaps, when many of these different types of
factors are taken into account in a single study, the effect of an
exposure to a combination of such factors may not be small, so that
it won't be necessary to have the large sample sizes to detect effects.

MODELS OF DOSE-RESPONSE RELATIONSHIPS

Because of some of the problems already mentioned, and because
of the need to determine the effects at low levels, the past 10 to 15
years have seen increasing efforts being made in determining the effects
at low doses of radiation by extrapolating from epidemiologic data
available for high doses (7,8). This has required the development of
several theoretical models of different forms, depending upon different
assumptions about mechanisms. These efforts should be continued and
encouraged. However, I do not think that existing data are sufficient
nor refined enough to be able to regard estimates of low level radiation
effects derived from such models with the desired degree of confidence.
In fact, it is difficult to differentiate between many of these models.
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GENERAL COMMENTS

In this presentation, an attempt has been made to indicate
rather broadly some of the opportunities and limits of the
epidemiologic studies of ionizing radiation effects. The review
has not been exhaustive. However, it is clear that much further
information is needed, before estimates of radiation effects can be
made with the kind of confidence that one desires. These scientific
considerations should be divorced from the policy considerations
where a more conservative attitude would appear desirable. I use
the term "more conservative" to indicate the need for exercising
caution with regard to the possible exposure of the population to
ionizing radiation.

Epidemiologic studies now in progress should be continued on
the survivors in Hiroshima and Nagasaki. An attempt should be made
to locate other exposed groups in order to obtain information to
determine the types and frequencies of malignancies and other
possible effects. Every effort should be made to review exposure data
and to refine these to the greatest extent possible. In epidemiologic
studies of the effect of radiation, there should be incorporated
mechanisms for obtaining information on other possible carcinogenic
factors to determine the possible effects of interaction between radia-
tion and these other factors. Conversely, in studies of other types
of carcinogenic agents, data on radiation exposure should also be
obtained. To increase the value of such studies, it is important to
develop a standardized method of obtaining information on radiation
exposure as well as some means of categorizing such exposure. This
will require a collaborative effort of many agencies and individual
investigators.

In closing, it is important to emphasize that many opportunities
exist for obtaining additional understanding through epidemiologic:
studies. This is particularly true with regard to the issue of inter-
action of radiation exposure with other disease-producing agents
which would add to our understanding of the effects of low level
radiation.
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TABLE 1

Summary of radiation (ionizing) sources that result in leukemia

Atom bomb survivors:

Medical use of radiation!

X-ray exposure to thymus gland in infants

Polycythemia vera patients

Menorrhagia patients

Ankylosing spondylitis patients

Prenatal radiation

Occupational exposures :

Radiologists
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TABLE 2

Summary of radiation (ionizing) sources that result in

cancers other than leukemia

Atom bomb survivors:

Medical uses of radiation:

Radiation of thymus
gland

Ankylosing spondylitis
patients

Fluroscopy patients

Thorotrast recipients

Tinea capitis patients

Occupational exposures:

Radium dial painters

Uranium mine workers

thyroid cancer, breast cancer,
lung cancer

- thyroid cancer, tumors of
salivary gland

- lung cancer and in all heavily
radiated sites (gastric
cancer, pancreas)

- breast cancer

- liver cancer

- brain, parotid and thyroid
tumors

osteogenic sarcoma

lung cancer
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TABLE 3

Factors that may be associated with childhood leukemia

Preconcep tional:

Reproductive wastage Mother's history of miscarriages and
stillbirths before conception of
leukemic child

Preconceptional radiation - To mother before conception of subject

Pos tconcep tional:

Intrauterine radiation

History of childhood
virus diseases

Radiation of mother while pregnant
with subject

More than 12 months before diagnosis
of leukemia - measles, rubella, chickenpox,
mumps, poliomyelitis, herpes zoster,
encephalitis, and infectious mononucleosis
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TABLE 4

Estimated relative risks for leukemia, 1-4 years of age

by risk factors, arranged by order of occurrence

No. of
preconceptional
factors

None

One

Two

No.
None

1.0

1.2

1.9

of postconceptional
One

1.1

1.6

3.1

factors
Two

1.8

2.7

4.6
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 8
Abraham Lilienfeld, H.D.

MR. HUTT: Are there questions for Dr. Lilienfeld?

OR. RADFORD: I think my statements are somewhat in the
nature of comments. I'll phrase them in a way that perhaps
Dr. Lilienfeld may wish to comment on. The first point is that
an aspect of epidemiologic study that he didn't touch on par-
ticularly has to do with the question of incomplete data, that
is, incomplete follow-up.

We have a disease process, cancer, which has a latent
period of 10, maybe 20, and in some cases as much as 30 years
before onset, and then an expression time that is very long.
Incomplete data can lead to inadequate results. And I suspect
that the criticism of the Lyon Report is in part an expression
of that, namely, it isn't a finished study yet.

However, I don't believe that means that it shouldn't have
been published, or indeed that the Japanese A-bomb survivor
data should not have been published in 1955 or '60, because we
now know the picture is very different. I think we have to
bear in mind, though, that any study at any incomplete stage
without obtaining a lifetime risk is still incomplete.

With regard to the uranium mininq data that he mentioned,
his criticisms of the dosirnetry in the U.S. mines is correct,
and we now have at least four or five additional studies of
other mining populations, not all uranium, where the dosimetry
is substantially better, and they are corroborative.

This brinqs us to a second point. Multiple studies on
different populations sometimes can qive strenqth to the data
that a single study would not have.

Finally, I would simply like to say again, tying both
points together, in looking at the underground miner data, it
is apparent that there is an evolution of the risk in the non-
smoking population, and that one would predict that as the
follow-up continues through the lifespan the relative risk for
the non-smoking population should rise well above that of the
smokinq population, even if the absolute risk does not rise
above that of the smokers. And we are finishing a study of
iron miners in Sweden which is showing exactly this effect.
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DISCUSSION FOLLOWING THE PRESEMTATION

Issue Paper Mo. 8
Abraham Lilienfeld, M.I).

MR. HUTT: Or. Lilienfeld, would you like to comment?

DR. LILIENFELD: I agree with nany of the remarks made.
I think the problem with publishing some data at an early stage,
at a preliminary stage, is that the preliminary nature of those
data are usually not emphasized in those papers, and they are
usually published with a degree of positivity and definitive-
ness that is beyond the data itself. And I think this is some-
thing that should be discouraged. That is the real problem.
I think one should publish. When you rpad the paper, however,
it doesn't sound as if it is preliminary.

MR. JABLOM: I have one comment and one question. The
conrnent: I don't want to beat a dead horse any further on this
Hiroshima prenatal exposure issue. You said, you know, we
should have found in excess of .6. Well, the fact of the matter
is, in the prenatal studies which returned a relative risk of
1.6 we are talking about pelvimetry in which a wonan had one,
two or three films, averaging naybe 2 rem or something of that
order of magnitude. The mean dose at Hiroshima was ten times
that size. So why you would have expected us to find the same
relative risk, I can't imagine. That's the comment.

The question is this. You say in your paper -- and I guess
you repeated it -- that you are not very happy about the idea of
estimating low-dose facts by extrapolation models, they are not
refined enough and you don't regard these estimates with any
degree of confidence. Nobody could give you any argument about
that.

Rut would you not agree that by using a liberal margin for
error, one could at lecst, from these models, get a pretty good
idea of what upper limits are? You made the point yourself that
we are never going to really be able to estimate accurately from
epidemiological data what the risks are at very low doses, where
effects are in themselves very small. It is not in the nature of
the aniiial that you can.

But you can perhaps put an upper limit on it, which may be
what you need.
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DISCUSSIOM FOLLOWING THE PRESENTATION

Issue Paper No. 8
Abraham Lilienfeld, M.D.

OR. LILIEMFELf): You probably could. But the thinq is,
as was obvious today, in several different presentations, there
were different dose-response relationships dependent upon diff-
erent 'nechanisros -- quadratic, linear-quadratic, and so forth.

Actually, when it cones to hunan data, they fit any of those
models. Another ten years with Hiroshima, we can get more refine-
ment. That is possible. But essentially, we will never be able
to differentiate between any of the presently proposed models as
to which fits the data better. That is the point I an trying to
make. We will not be able to differentiate whether it is linear-
quadratic, quadratic, exponential, or any of the combinations.
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February 8, 1980

Committee on Federal Research Into the Biological

Effects of Ionizing Radiation
National Institute of Health
Bethesda, Maryland 20205

Dear Committee Member:

I have received a copy of the Federal Register dated Friday, December 28,
1979, which contains a list of questions concerning the biological effects
of ionizing radiation. I would like to comment on these questions.

The questions are quite pertinent in examining the extent of scientific
knowledge in identifying the exact nature of the biological effects of ionizing
radiation. These questions are necessary to try to relate the basic research
which is presently being done on ionizing radiation to issues that are
applicable to the general public.

The last four questions directly address in broad terms the public issues
concerning the biological effects of radiation. I would like to address some
public issues in more specific terms with these additional questions:

(1) How can the effects of large doses of radiation on cellular and
animal systems be extrapolated to the effects of low doses of radiation
(as would be expected from living in the vicinity of a nuclear facility)?

(2) What criteria should be used for setting standards for man-made
radionuclides in our drinking water, air, and soil?

(3) How much man-made ionizing radiation should be tolerated in our
environment?

(4) How does contamination of the environment with man-made ionizing
radiation psychologically affect individuals in the area of contamination?

These additional questions look at the biological effects of ionizing
radiation from an individual standpoint. They are not meant to overshadow
the significant scientific questions presented in the Federal Register, but
to give perspective to how the basic research can more directly relate to
specific public concerns.

Thank you for allowing me to comment on the questions listed in the
Federal Register.

Sincerely yours,

Carol Winston
Chief Chemist
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HANDBOOK OF
RADIATION MEASUREMENT
AND PROTECTION

EDITOR Please reply to:

Alton Brodtfcy.sco. Dr. Allen Brodsky
P.O. Box 34471
West Bethesda, MD 20034

March 6, 1980

Dr. Elliott Stonehill
National Institutes of Health
Building 31, Room 10A52
Bethesda, MD 20205

Dear Dr. Stonehill:

I enjoyed talking with you today and learning of the activities of the
Committee on Federal Research into the Biological Effects of Ionizing Radiation.
I would like to offer to the Committee my own personal experiences with
studies of health effects of ionising radiation, representing these experiences
as my own views gleaned from about 25 years of participation in particular
research programs and radiation safety management programs related to the
condict of appropriate health research udder the Committee's purview.
Although the documentation available can not bring to the Committee ail of my
pertinent and varied experiences, many points that I would like to bring- to
your attention are contained in the enclosed documents. I believe much discussion
of these issues by a multi-disciplinary and multi-agency committee such as the
one now formed is essential to formulation of sound research programs for the
future, I shall be glad to elaborate at the Committee^ convenience on any
of the issues raised in the enclosed documents.

Biclosed are:
1. Outline of a "Radiological Health Research Program,n listing the various

areas in which further or continuing research is needed*
2. Testimony of Dr. Allen Brodsky before the Subcommittee on Nuclear Regulation,

U. S. Senate, April 10, 1978. See particularly the recommendations on
pp. 6-7.

3. Note to Lewis Battist from Allen Brodsky, April 12, 1976, outlining
the sketch of how to implement and budget an-agency health study program.

4. Article,"A Statistical Method for Testing Epidemiological Results, As
Applied to the Hanford Worker Population," Health Phys. ̂ 6,611-623,1979.

5. Preprint of Letter to the Editor, Health Physics, Dec. 31, 1979, Revised,
"Comments on Errata Pointed Out By Frome and Khare on My Paper On
Epidemiologic Methods"

6. "ALARA — Radiation Risks and the Need to Keep Exposures As Low As Reasonably
Achievable", to be published. This paper expresses some concepts about
the stochastic nature of radiiobiological effects in a way that may be .of
interest to the committee.

Please call pertinent paragraphs of these documents to the Committee's attention.

cc: Dr. Odvaar Nygard
„ A l l e n ^rodsj<!y, S c . D .

C R C PRESS , I N C . , 2000 N.V\f. 24th Street, Boca Raton, Florida 33431
O06M4-055S 253



RADIOLOGICAL HEALTH RESEARCH PROGRAM

Goals: To provide data and information required to confirm the safety and
efficacy of regulatory standards and licensing and enforcement
practices. These data and information will include:

(a) Basic data and scientific theory as necessary to estimate
health risks of exposure to ionizing radiations, for establish-
ing exposure limits and risk-benefit analyses;

(b) Information needed to determine site, containment, facility,
equipment, procedural and management requirements in order to
maintain public and employee exposures (external and internal)
within regulatory limits anc[ ALARA; and

(c) Information needed to audit and document that the NRC is truly
achieving its mission of maintaining radiation exposures and
health risks ALARA.

PROGRAM OUTLINE

I. Human Studies

A. Health followup (epidemiological-prospective) of licensee
employees (Long-Term).

B. Health followup of selected population samples in the vicinity
of major nuclear installations (prospective and retrospective).

C. Confirmatory analysis and assessment of data from other studies
with (claimed) findings pertinent to NRC radiation protection
regulations.

D. Clinical followup of hospital patients with exposure histories
that can provide risk estimates, or estimated limits of risk,
pertinent to radiation protection.

II. Animal Research
cf

A. Any investigations pertinent to: confirmationAfindings or hypo-
theses from above types of human studies; theoretical explanations
and advancement of understanding of dose-response relationships;
and/or methods of interpolation or extrapolation of radiation risks
in dose ranges not adequately described by current knowledge.

B. Establish relative risks (or "radiotoxicity") from exposure (inhala-
tion or ingestion) io various fission product mixtures, both for
acute and long-term exposure, and at high and low dose ranges.
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C. Specific programs to establish, as completely as possible,
dose-response relationships for radiation carcinogenesis by
external radiation type, by dose-rates and periods of protrac-
tion, by type of animal and biological endpoint for those
types and endpoints most promising in terms of providing species
extrapolation to man.

D. Specific programs to discover and quantitate the important
synergistic interactions of internal and external types of radia-
tions, and each or all of these radiations with other environ-
mental carcinogens or co-carcinogens, to which licensee employees
or the public may be exposed.

E. Development of statistical and theoretical mathematical models
of carcinogenesis, and other important radiobiological phenomena
(guided by data as accumulated from research programs I. A-D
and II. A-D), for use in building computer systems to provide all
necessary risk calculations and analyses required by NRC programs.

III. Environmental Research

A. Establish pathways through environment to man for major nuclides
released to air, water, or soil.

B. Identify important eco-compartments where radioactivity
accumulates, and which may be used for environmental monitoring.

C. Develop more sensitive methods of analysis for all radionuclides
in all types of environmental and biological matrices.

D. Develop methods for quality control and testing of environmental
measurements and analyses.

E. Further develop computerized environmental models for predicting
environmental and human consequences of radioactivity releases,
including studies to test and verify the validity of these models
over both short-term and long-term time scales.

F. Studies to determine the possible consequences of migration,
dispersal, or diffusion of radioactivity released from waste
disposal sites (including mill tailings).
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IV. Radiation Protection Research and Engineering

A. Establish complete matrix of information on "protection factors"
(or probabilities of release or exposure) provided by all types
of equipment and facilities utilized in various types of licensee
installations. (This information would include such items as
fractional intakes of radioactive material by personnel working
in typical licensee processes with given equipment and specified
procedures and work conditions; fractional amounts of radio-
activity released from gloveboxes or enclosures of various design,
under different conditions of ventilation and filtration, for both
long-term routine operations and various credible accident situa-
tions; or protection factors afforded by protective clothing and
respiratory protection equipment.)

B. Training, education, and organizational (management) requirements
for both radiation safety and operating personnel in various
types of licensed installations. Also, support selected programs
to develop methods of effective education, training, and manage-
ment to achieve ALARA (or zero) exposures in various types of
installations. Selected professional training and education
programs should also be supported to provide future personnel for
both MRC and licensee management of radiation safety and regulatory
programs.

C. Improved methods of measurement, dosimetry, and instrumental
monitoring of external radiation fields, with emphasis on neutrons
of various energies, and low-energy gamma and x-ray emitters used
in medicine, industry, and research.

D. Improved methods of j£ vivo and jhn vitro measurement of radio-
activity for use in assessing human internal radioactivity burdens
and excretion patterns ("bioassay").

E. Continued collection of all human and animal data on distribution
and excretion of human radioactivity burdens, and further develop-
ment of computerized mathematical models of human radionuclide
metabolism, for use in calculation of dose conversion factors,
limits of annual and acute intake, and accidental intake dose and
risk evaluation for acute and chronic intake of all pertinent
physico-chemical forms and nuclides used by licensed medical,
industrial, and research installations.

F. Improved methods and materials for shielding protection for
licensee employees, with particular emphasis on syringe and bottle
shielding in nuclear medicine, and shielding of equipment requir-
ing maintenance in nuclear reactor plants.
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G. Studies of human uptake, distribution, and activity-ys.-time
profiles for all radionuclides used in medicine and industry,
taking particular advantage of recent developments in
computerized emission tomography for nuclear medicine.

H. Studies of the potential distribution and effects of all radio-
nuclides released to the environment from hospitals.

,
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The advantages conferred upon man by the utilization of ionizing radiation
are incontrovertible. Since their discovery in 1895, this impact has been
enormous and in many instances revolutionary.

The following outline identifies major applications of radiation and
processes involving radioelements. There are essentially two broad cate-
gories: one in which the radiation itself produces the benefits and a
second one in which ionizing radiation accompanies a process that may be
beneficial.

A. MEDICAL RADIATION

1. X-rays for Diagnostic Purposes

Diagnostic x-rays for medical purposes are used
for the study of the structure and function of
internal organs. Practically every organ system
of the body has yielded valuable information by
x-ray examination. Its uses are well known and
will be discussed later.

2. Radiation Therapy

Radiation therapy is known to severely suppress
cell division and for that reason has been
especially valuable for treatment of cancer.
Radiation therapy may indeed have some benefit
for almost any kind of cancer but it is most
effective for its uses in the lymphomas, cancer
of the breast, cancer of the head and neck and
larynx, cancer of the uterus and cervix, and
certain cancers of the skin. In those instances
where it does not produce a definite cure, its
use as a palliative is highly effective. About
50% of all cancer cases receive radiation therapy
each year. This represents 350,000 to 400,000
cases. Approximately 75,000 cases are cured with
radiation therapy alone (5 year cures).

3. Nuclear Medicine

Radioactive elements have been utilized for three
major purposes.

a. Radioisotope Therapy

Properly selected radioelements have unique
distribution and appropriate energies have
been widely used for therapeutic advantage.
The best known application is the use of
radioiodine for thyroid dysfunction,
particularly thyrotoxicosis in which radio-
iodine selectively deposited in the thyroid
emits radiation limited to the gland thus
modifying its function. Another useful
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application of radioiodine is for
certain types of thyroid cancer which
have a great affinity for iodine. This
type of treatment has been particularly
beneficial in those thyroid neoplasms
with metastasis which are thus affected
by the radiation emitted by the deposited
radioiodine.

b. Visualization of Internal Structures
by Scanning Procedures

Probably the most important utilization
of radioisotopes in humans is for
visualization of internal structures
by scanning procedures. Appropriate
radioelements or tagged compounds
are introduced into the body and by
their special distribution, they
identify the general configuration
of the organ structure revealing
any defects through aberrations in
their deposition. Of significance
is the study of various organs and
body systems, such as the thyroid,
the liver, the osseous system, and
the kidneys. Many of these studies
can be made sequential and so
indicate function as well.

c. The Study of Metabolism by Tracer
Methodology

This is particularly important in
the study of thyroid function. The
rate and extent to which radio-
iodine is deposited in the thyroid
can be readily established by
external measurement and gives
highly important and significant
information concerning the function
of this particular gland. Other
studies such as vascular flow, blood
volume, and various metabolic dys-
functions have been elucidated by
the exceedingly sensitive and
effective tracer methodology.
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B. PHYSICAL CHEMICAL STUDIES

Application of radioelements in physical-
chemical studies has been exceptionally
rewarding. The obvious advantages of
labelling or tagging for tracing purposes
and the extreme sensitivity due to the
ready capture of the emitted signal are
well known. Some examples are as follows:

1. Tracer Chemical Studies Utilizing
Radioactive Elements

Included in this field of study are
such important chemical studies as the
elucidation of mechanisms of reactions
in organic chemistry. The mechanism
of hydrolysis of esters by the use of
labelled oxygen for example. A wide
variety of reactions in metallurgic
processes have also been pursued.

2. Biochemical Studies In Vitro Conducted
Via Tracer Elements

Radioenzymatic assays and the more
recent radioimmunoassay have widespread
application. The sophistication
and prevalence of scintillation counting
equipment testifies to the use of
labelled compounds as a primary tool in
biochemistry.

3. Biochemical Studies Iii Vivo Employing
Tracer Elements

The in vivo incorporation of radioactive
nucleotides has permitted study of the
cell cycle and DNA replication. The
metabolism of drugs and endogenous
compounds has been greatly advanced by
tracking labelled precursors in the
intact organism. These elements have
enormously enhanced the study of
metabolic pathways, particularly in the
steady state condition.

C. NONDESTRUCTIVE TESTING

X-ray examination of fabricated metals for defects
and for general quality control.
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D. STERILIZATION OF FOODS AND OTHER SUBSTANCES

This is particularly useful where sterilization
cannot be effected readily by other means.

E. SUSTAINED NUCLEAR FISSION

Large amounts of energy are released and can
be converted to useful purpose. This is
unavoidably accompanied by the production of
radiation and radioactive elements.

Neutron activation for special studies, carbon
dating which permits establishing the age of
ancient objects and gauging mechanisms may also
be mentioned.

In addition to these specific categories, ionizing radiation
has been most effective in studying cell division, its various
cycles and the study of DNA metabolism. Since ionizing radiation
has essentially random distribution in the cell, no molecular
structure is spared. This feature has been useful in numerous
biologic studies. In addition, the fact that the DNA molecule
is very large compared to other molecules has made it possible
to disrupt this molecule preferentially.

Although it would be possible to use any of the general categories
outlined above for general review and amplification, we will
concentrate primarily on two general categories. The first is
the use of ionizing radiation for diagnostic purposes. The
second is nuclear energy and its associated radiation.

We have chosen these two for the following reasons. Diagnostic
Radiology is recognized as the single largest source of man-made
radiation with exposure of the population of the United States
generally estimated to be in the order of 75 m rads per year.

In the case of nuclear energy, the enormous energy potential
is known to be accompanied by previously unknown, huge amounts
of artificially produced radioactivity. Thus very large amounts
of radioactivity are present in the reactor proper and in various
segments of the nuclear cycle. The radioactive residue eventually
will require disposal. This large source of radiation has
engaged and will continue to engage the attention of engineers
and scientists in order to make manageable this large amount of
radioactivity with adequate safety.

Examination of the benefits arising from ionizing radiation is
encumbered by the perils of identifying the meaning of benefit.
Intertwined in the concept of benefit is the problem of any
attendant hazard which by its adverse impact minimizes the
advantage or benefit obtained by the agent and which may thus
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eliminate or negate the possible benefit completely. Any
equation or statement about benefit or hazard must therefore
provide for eventual reconciliation between the benefits and
the hazard. In the process of reconciliation, both benefit
and hazard must be identified explicitly and independently
and should be quantitated if possible.

The history of ionizing radiation dates back to a laboratory
in Wurzburg in 1895 with the work of Conrad Roentgen. Like
many discoveries, it was startling and explosive but was a
by-product of work that had been going on for several decades or
more, but it remained for Professor Roentgen to discover its
presence. Shortly after this, Becqerel in France discovered radio-
activity when he was studying the special properties of uranium and
Madame Curie isolated radiu, a decay product of uranium, in 1898.
In 1932, Ernest Lawrence invented the cyclotron which was the first
device to produce an abundant number of highly accelerated charged
particles for nuclear physics studies. In the operation of this device,
artificial radioactive elements were being produced, but it was not
until 1934 that Joliot Curie discovered this artificial radioactivity. In
1942, the first nuclear reactor was developed.

In every case the unique properties of x-rays and the special
advantages made available by the use of radioactivity were immediately
applied following their discovery, and application for biological
purposes continued in a profound and astounding manner.

MEDICAL X-RAY DIAGNOSIS

Some assessment of the benefits of ionizing radiation utilized
for diagnostic purposes may be obtained by the manner and the degree
of its acceptance and the length of time it has been present. It is,
therefore, useful to record that ionizing radiation has been
utilized for medical purposes almost since the discovery of x-rays.
It was promptly applied in many parts of the world and has continually
grown in the extent of its application. Since then its utilization
during the past 80 years has become increasingly sophisticated and
has made possible advances in medicine which could not have been
developed otherwise. One need only ask whether any medical facility
would consider itself able to provide satisfactory medical service
without x-ray facilities, or what would happen if it did so.

A survey of x-ray examinations made by the United States Public
Health Service in 197012 indicates that 130 million individuals
or approximately 65% had one or more x-ray examinations that year.
This is compared to approximately 108 million x-ray examinations
in 1964.7 ^ e usage of film which parallels and so indicates the
extent of x-ray usage, increased from approximately 506 million films
in 1964 to 661 million in 1970. This represents a 30% increase.
These figures are cited to show that the utilization and acceptance
of such x-ray procedures has strong implications that the examinations
were considered beneficial.
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The purpose of x-ray examination is to visualize internal
structures. Although the advantages of this unique property are self-
evident, it is useful to examine in general the importance of any
examination performed for the purpose of characterizing a patient.
X-ray examination must be considered primarily an extension of the
physical examination and provides, as noted above, a unique opportun-
ity of visualizing and characterizing which is not available by
any other means of study. The purpose of any examination is to
identify and present various structural or physiological attributes,
and then separate normal from abnormal. In relation to this process
there exists a train of events which are probabilistic in nature.
These are first, obtaining maximum information of highest reliability,
second, based upon these data, optimum decision making is required;
and finally, adopting measures to effect control of or useful impact
on the disease process.

The translation of the original x-ray signals in the presence
of various uncertainties or noise is favored by some form of
redundancy and limited by the capacity of the x-ray system. Decision-
making faces similar problems requiring statistical analysis.
Among other things, these are based on the prevalence of the disease
process under study and the sensitivity and specificity of the
examination.

The complex nature of the problem cannot be pursued here but in
general, in the presence of noise or uncertainty, with an increase in
radiation studies there is an increasing advantage in the extent and
reliability of information and the competence in decision-making,
but at an ever-diminishing rate. Thus if there were not disadvantages
to the examining process, such as cost or hazard, then no limitation
would theoretically exist with regard to increasing the extent and
sophistication of the x-ray studies.

It is thus necessary to seek reconciliation between the
advantages of utilizing increasing amounts of radiation and the
various opposing vectors, which are hazard and cost. Since cost is
not within our province, it will not be discussed. Japanese reports
have appeared in which an effort to identify benefits from surveys
of the chest and upper gastrointestinal tract (stomach) were made.
At the same time they assigned a risk level to the radiation utilized
for these studies using the ICRP radiation dose hazard assessment.
Summarized briefly from data gathered in Japan in 1968, 39 x 10^
individuals were surveyed. They identified 38,629 curable
tuberculosis cases, 758 curable lung cancers, and they concluded
that they had induced 46 cases of leukemia and 7 chest region
cancers. In the survey for stomach lesions, the data was gathered
in 1970 with 2.2 x 10° individuals surveyed. They identified 2,423
gastric cancers with an expected 5-year survival of 1,042. They
also identify 39,690 gastric ulcers or benign polyps and a very large
number of additional upper GI diseases. The hazards were identified
as 30 leukemias, 15 abdominal cancers, and 31 genetic deaths.

Since it would be neither of particular benefit or pertinence
to list every application of radiation in every region of the body, a
few important examples that illustrate the range and power of radiation
use in diagnostic radiology are offered.
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Radiological examination of the osseous system is indeed unique
since the status of bone cannot be identified with ease and confidence
by any other means. Disease of bone, arthritic changes, tumors,
injuries and metabolic disorders are recognizable and identifiable.
While other means of diagnosis are useful, the major examination
remains the x-ray examination.

In the case of fractures, rational management is not possible
without clear and precise visualization of the nature and extent of
the' fracture and any associated injuries. Prior to the advent of
x-rays severe deformity due to fracture was common.

In the area of chest application, while the lungs are accessible
to examination by percussion and auscultation (the use of the stetho-
scope was one of the earliest applications of new technology in medicine)
the range and accuracy is much more comprehensive when radiologic
methods are used, by a factor of several orders of magnitude.
Pneumonia, early tumors, fluid collections and abscesses all require
radiography for detection and localization. Fluoroscopy is used for
guided needle biopsy of solid lesions and for bronchography in
assessing the bronchial tree for infections and neoplastic conditions.
Examination of the chest is the most common x-ray examination.

The heart and cardiovascular system have been the beneficiary of
extensive radiologic study and development. The x-ray examination is
able to assess the size and function of the heart, demonstrate
abnormalities of contractility, and visualize the competence of the
cardiac valves. Abnormalities of the coronary arteries, such as
areas of narrowing or blockage, are uniquely identified by the process
of arteriography, which has made possible the rational surgical
treatment of arteriosclerotic heart disease.

Elsewhere, visualization of the arterial system by injection
of radiopaque dyes permits examination of large blood vessels such as
the aorta (for diagnosis of aneurysm or obstruction), the limbs
(for assessment of arterial patency) and almost every organ (so that
its vascular anatomy can be mapped). This permits diagnosis of the
brain, kidney, liver, gastrointestinal tract, and spleen for
conditions such as tumor, abscess, laceration and internal hemorrhage.

In the gastrointestinal tract only a limited range of diagnoses
is possible without x-ray assistance. Radiography using contrast
media was introduced and by this procedure both the motion of the
gastrointestinal tract (by observing its dynamic activity with the
aid of fluoroscopy) and the configuration of its lumen was made
possible. This permitted identification of ulcers, tumors, obstruc-
tions, malformations and injury. The gallbladder may be visualized
and assessed as to function and configuration and content (stones).

The kidneys are another organ not directly accessible to manual
examination. With plain film study and examination using appropriate
radiopaque dyes, which are excreted by the kidneys following
intravenous administration, one is able to identify the structure of
the organ, including the parenchyma and collecting system. This
permits diagnosis of calculus disease, abscess, infection, obstruction
and tumor. The ureter and bladder can be similarly visualized.
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Computed tomography (CT) is a very new application of the
diagnostic use of radiation, developed in the past five years, and
already recognized for its important contribution. CT substitutes
a special detector system in the place of radiographic film, and
with the aid of computed techniques, produces a representation of a
cross-sectional plane through the body. This has greatly advanced
the diagnosis of neurologic and neurosurgical diseases. Brain
tissue is often directly visualized by this method, so that in
addition to diagnosis of major abnormalities, such as tumors,
abscesses, infarcts, and blood clots, more subtle abnormalities,
such as localized small infarcts can be detected.

CT has important application in other areas of the body as well.
Its use has been noteworthy in diagnosis of diseases of the pancreas,
liver and kidney tumors and may have special importance in the
pancreas since this organ is not readily visualized by other means.

Protection of the patient through minimizing the amount of
radiation used has always been standard practice and continues to
receive the special attention of radiologists. We list belcw a
number of procedures available for reducing hazard (radiation).

1. Limitation of the primary x-ray beam through use
of collimation and cones, so that it corresponds
closely with the area of intended anatomical
application. The film size used should be the
smallest necessary to include the part examined,
and the x-ray beam should not extend beyond
the margins of the film.

2. Use of protective shielding to spare or severely
restrict exposure to critical areas such as the
gonads, thyroid and lens of the eye. The
operators of all radiation producing equipment
are always shielded by a fixed protective
barrier or, where their physical presence in
close proximity to the patient is called for,
wear protective lead aprons, gloves and
eyeglasses.

3. The entire x-ray imaging train is designed for
a high degree of efficiency for the conversion
of radiation to an image. To achieve this, the
utilization of appropriate x-ray energies and
filtration are employed. Efficient detector
systems (image amplifiers), screen-film
combinations and film processing are utilized.
Short exposure times to minimize motion are
critical.
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4. The mechanics of the examination are arranged to
minimize unsatisfactory studies that often
require repetition.

5. Education of x-ray technicians is continually
maintained and a quality control program is
in place.

6. Eliminating studies on high-risk patients. For
example, in pregnancy, when the yield is
likely to be small, the examination may be
cancelled or postponed to a more appropriate
time.

7. Using an indexing system. In other words,
establishing a number of criteria and
indications which will introduce considerably
higher yield per unit of examination or
radiation. It should be pointed out that
this introduces a trade-off, since, when
indeed indications such as signs and
symptoms, or specially designated approaches
are used, this limits the population to
those that are likely to have a high incidence
of positive findings. At the same time, it
compromises the maximum possible identifica-
tion of the disease process. The rigor of
the criteria usad for indications will
obviously determine the nature of the trade-
offs.

NUCLEAR ENERGY

There appears to be no important challenge to the concept that
energy from any source, especially if it can be obtained economically,
is useful to mankind. While consumption may not be synonymous with
need, it is nevertheless of interest to note the historical increase
in the utilizationof energy in the United States.

For example, the electrical generating capacity in the United
States has approximately doubled every decade since World War II
and energy requirements as projected by authoritative groups such
as the Bureau of Mines indicate that from 1970 to 2000 the increase
in total energy requirements may be on the order of 250%. *J'1

Meanwhile, the fossil energy fuels that are available to us are
known to be limited and while it is difficult to project when, indeed,
they will be exhausted, they are finite. For this reason, every major
source of energy needs the fullest exploration and development in
order to maintain the standards which we have known in modern day
society.

Every advance in civilization and culture would indicate that
these are paralleled by increasing utilization of energy.
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It must be considered, therefore, that energy from nuclear power
plants must be advantageous and can have a clear and prospectively
large potential for benefit.

At the same time extremely large amounts of radioactivity and
radiation, never previously encountered, will be produced in the
plants and have dangerous potential unless appropriate measures for
management and control are introduced. The problem is clearly drawn.
On the one hand, we have access to very large sources of energy. On
the other hand, a dangerous by-product is produced which requires
careful and ongoing continuous attention.

It is of interest to note that within four years of the discovery
of fission (1938), the first chain reaction was produced at the
University of Chicago (1942). Following this, a moderately powered
reactor at Oak Ridge was functioning in 1943 and high energy reactors
were begun in 1944 at Hanford, Washington. In the United States
electricity was first produced from fission at the experimental
breeder reactor in Idaho in 1951.

Since those early days power reactors for industrial purposes,
primarily for the production of electricity, have increased greatly in
the United States and over the world, and at the present time many
hundreds of operating reactors exist or are in the process of
construction worldwide.

If one were to list the advantages of nuclear reactors, these
could be outlined broadly as follows:

1) Very large amounts of energy from an abundant
source of raw material (uranium). If, indeed,
breeder reactors become feasible, the source
of raw material would be enormously increased.

2) Probable economy in energy cost as other
sources of fuel become scarcer and become
exceedingly difficult to obtain.

3) There are essentially no combusion products
as we know them from fossil fuels.

Other questions must be addressed. The general advantages are
broadly distributed over a large population. The hazards,
if any, may be limited to a considerably smaller and possibly
different group. This, however, is not dissimilar to the
production of other sources of energy. Another question is the
fact that possible hazards may be transferred to succeeding progeny.

269



4) Because of the relatively small volume of
the fuel they use, reactors can more
readily be used in regions where natural

• fite-1 ̂ resources are" sparse'or very difficult
to obtain.

The main disadvantages are:

1) Extremely large amounts of radiation are
present in every nuclear reactor and careful
attention to containment and handling is
required.

2) Radiation safety is a constantly demanding
problem for the workers in atomic energy
plants and, although they are exposed at
the present time to very modest and
probably insignificant amounts, a continuous
surveillance is essential.

3) Disposal of the residues which are highly
radioactive for long periods of time.

BENEFITS OF IONIZING RADIATION

In order to proceed to reconciliation with any degree of rigor,
an orderly approach is indicated.

1. Since the basic hazard is radiobiological in nature,
it is, therefore, necessary to identify some model
for the biological effects, particularly at low
levels of radiation, and equally important to
translate this level of radiation into some
common biological attribute (lethality, for
example, or years of life lost) which can then
be made comparable to hazards from other
activities and energy producing sources.

2. We require some orientation and perspective.
One, to have some concept of normal hazards
to which we are exposed. Two, to understand
the sea of radiation in which we live and its
great variations.

3. Having translated radiation levels into
biological effects and with orientation as to
the nature and extent of hazards and identifica-
tion of radiation levels which surround us, we
can then proceed to assessment and reconciliation.
The process of assessment generally requires some
approach such as:
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A) The balance method in which there are
identical units assigned both to the
benefits and hazards. This is
difficult to do and occurs more precisely
in diagnostic x-ray examinations where
the hazard induced by the radiation
(lives lost) is counter-balanced by
the benefits received from the
diagnostic advantage (lives gained).
Another balance approach is to assign
a monetary value to both benefit and
hazard.

B) A second important approach is to
array equal benefits in BTU's by
benefit-hazard ratios. Then
appropriate choices can be made
after examination of this array.

C) A third approach is to establish a
"deminimus" level by consensus.
This in essence identifies some
trivial level of hazard or radia-
tion level which can be ignored.

With regard to the model for translating radiation levels into
biological effects, I believe it is difficult to abandon the linear
dose response concept, particularly at low levels, even though there
are persuasive data which would lead to some other dose response
curve which might reduce further the hazard from low levels.
For our purposes it may be stated that 1 rad (1000 mrads) will
produce 1 cancer death in 10,000 individuals (all cancers
so-called somatic effects). Translating 1000 mrads into severe
heritable defects, (genetic effects), most of which would occur
in the first generation, the level of all severe heritable damage
is approximately equal to that of somatic effects.

For orientation and perspective, one must recognize that there
is a considerable background in radiation level. The natural level in
the United States is approximately 100 mrad but there is considerable
variation due to elevation and variations in the earth surface
(table I ) . 1 0 It is also important for orientation to recognize
that the natural death rate from cancer in the United States is now
approximately 17% whence it follows that in 10,000 individuals,

The doubling dose for all heritable defects may be considered to
be 50 to 100 rads (20 rads to 200 rads11). This would mean that
the natural level is increased somewhere in the order of 0.5 to
1.0% when the total population is exposed to 1 rad (1000 mrads).
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1,700 will succumb eventually to cancer; 1000 mrads would
therefore increase the death rate to 1,701. Similarly, it is
estimated that heritable defects arising spontaneously or
from unknown sources in human populations range from 1% to 3%
of all live births. For example, using the 3% level, 1 rad
(1000 mrads) delivered to the entire population would, therefore,
increase the rate from 3% to 3.03% or 3.06%.

In considering alternative energy sources it is useful to record
that fossil fuels have indeed considerable hazard and are
associated with effluents of various kinds (table 2). The
translation into severe biological effects is well known although
their precise number is hard to identify. Nevertheless, attempts
have been made and one such attempt is recorded (table 3). '

It should be recognized that in the combustion process of fossil
fuels the entire mass of fuel must appear, either as an effluent
or residue. For example, the United States consumes 450 million
tons of coal. Following combustion, all of this remains in our
biosphere. Of recent concern is the rising C02, apparently due
to fossil fuel combustion, which could raise the earth's temperature
due to the "greenhouse effect".

With regard to nuclear waste disposal, burial in tectonically
stable areas appears to be technically feasible and from most
technical assessments in general, the entire nuclear cycle,
including disposal by burial, appears to be manageable.

We can then come to assessment and reconciliation. Since this
is a matter of public policy, it is not our intent to enter into
this process. We would simply record again that it appears
rational to identify the extent of the benefit and somehow balance
it against the prospective hazard. To array the energy sources
of all kinds with the associated hazards in some benefit—hazard
ratio is also very valuable. The idea that perhaps we can
identify some level of radiation which will not require further
attention or reconciliation should be considered. It is important
for all to realize that zero risk does not exist.
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Table 1. Average Annual Natural Background Radiation In

The United States (mretn/year)

Source
Bone G.I.

Gonads Lung Marrow Tract

Cosmic Radiation

External Terrestrial

(40K, 238UM 232TH)

Inhaled Radionuc1ides

222
( RN + Daughters)

28

26

28

26

100

28

26

28

26

Radionuclides in the Body

(40K, 1 4C, 87RB, 3H)

27 24 24 24

Rounded Totals 80 180 80 80
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*
Table 2. Nationwide Emission Totals, 1968

Emissions
Emission n_6 ^ ,

10 tons/yr

Particulates 28.3

Sulphur oxides 33.2

Nitrogen oxides 20.6

Carbon Monoxide 100.1

Hydrocarbon 32.0

* After Lagarias and Herrick (Ref. 8)
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Table 3. Comparative Health Effects Associated With

Alternative Energy Sources (data standardized

for total fuel cycle to produce 10 KWh

electric power)

Estimated Estimated
Fuel deaths disabilities

Coal 10-200 300-500

Oil 3-150 150-300

Gas 0.2 20

Nuclear Power 1-3 8-30

* Estimate based on 1.975 U.S. data fiom
Hamilton and Manne^
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D I S C U S S I O N F O L L O W I N G T H E P R E S E N T A T I O N

I s s u e P a p e r N o . 9
H y m e r L. F r i e d e i l , M . D . , P h . D .

P R O F . R O S E N B L I T H : A r e t h e r e any q u e s t i o n s ?

O R . M O N T E 3 L A U : S t a t e U n i v e r s i t y of New Y o r k , D e p a r t m e n t
of N u c l e a r M e d i c i n e .

As you p o i n t e d out and as is w e l l - k n o w n : the only s i g n i f i -
c a n t s o u r c e of c o n t r o l l a b l e r a d i a t i o n to n a n k i n d is the m e d i c a l
a p p l i c a t i o n s . It is c l e a r t h a t we need a risk v e r s u s b e n e f i t
c a l c u l a t i o n for t h i s kind of a p p l i c a t i o n of r a d i a t i o n . It is in
r e a l i t y the only i m p o r t a n t n u m b e r we n e e d . We h a v e heard all
m o r n i n g a b o u t the e f f o r t and the p r o g r e s s we h a v e m a d e for the
risk p a r t of t h a t r a t i o . T h e n i e c e of d a t a w h i c h we are m i s s i i o
and for w h i c h I see very l i t t l e e v i d e n c e t h a t any a t t e n p t is
beinq n a d e to fill in t h i s b l a n k , is the b e n e f i t .

M o b o d y q u a r r e l s w i t h the fact t h a t q u a l i t a t i v e l y m e d i c a l
r a d i a t i o n is u s e f u l . T h e real p r o b l e m is p r e c i s e l y how useful
it i s , and in e a c h i n d i v i d u a l c i r c u n s t a n c e in w h i c h it is a o p l i e d ,
we m u s t m a k e a s e p a r a t e risk v e r s u s b e n e f i t c a l c u l a t i o n in the
i n t e r e s t of t h e s i n g l e p a t i e n t that we a r e g o i n g to e x p o s e .

It s e e m s to ne we need an e n o r m o u s e f f o r t -- o n e that
p a r a l l e l s p r e c i s e l y the risk e f f o r t to get t h i s b e n e f i t d a t a .
W i t h o u t the b e n e f i t d a t a , t h e risk d a t a is of v e r y l i t t l e u s e
to m e .

DR. F R I E D E L L : I w o u l d not c h a l l e n g e t h a t . Rut I think
t h e r e is s o m e i n d i c a t i o n t h a t w e s o m e h o w b e l i e v e t h a t it is
b e n e f i c i a l , b e c a u s e if you look o v e r the w o r l d , y o u find very
few h o s p i t a l s t h a t do not h a v e X - r a y d e p a r t m e n t s , \iery few h o s -
p i t a l s t h a t do not have some s o p h i s t i c a t e d way of i m a g i n g ,
i n c l u d i n g n u c l e a r m e d i c i n e . So that this in i t s e l f is a k i n d of
g u i d e t h a t i n d i c a t e s that it is b e n e f i c i a l .

N o w , I a d m i t that o u a n t i f i c a t i o n is very d i f f i c u l t . I t h i n k
t h e r e are s o n e w a y s in w h i c h we c o u l d g e t at t h i s , but t h i s
r e m a i n s for the f u t u r e .

M R . M c C A B E : I w o u l d j u s t like to s e c o n d t h a t . And in
the s a m e c o n t e x t , I w o u l d like to nake an o b s e r v a t i o n , and t h a t
is the s e e m i n g f l i p p a n c y w i t h w h i c h some p e o p l e use m e d i c a l X - r a y
d i a g n o s i s . I think t h a t r e p r e s e n t s a p r o b l e m in t e r m s of t h e
m e d i c a l p r o f e s s i o n .



D I S C U S S I O N FOLLOWING THE P R E S E M T A T I O N

Issue Paper N o . 9
Hymer L. F r i e d e l l , M . D . , P h . D .

Rut my main question or my main f o 1 1 o w - u n point in terns
of that orevious statement is the medical b e n e f i t of nuclear
t e c h n o l o g y , I think, could be even argued very p o s i t i v e l y . I
think a question I have not heard b r o u g h t up here in terns of
r i s k / b e n e f i t a n a l y s i s has to do with t^e benefit of nuclear
technology as applied to power g e n e r a t i o n . And also I think --
m a y b e it is not a pertinent m a t t e r for d i s c u s s i o n -- but cer-
tainly the amount of r a d i a t i o n which is released in terms of
w e a p o n s d e v e l o p m e n t , the benefit of that, when one talks of
r i s k / b e n e f i t analysis has to be c o n s i d e r e d .

OR. F R I E O E L L : I p r e s u n e that is a s t a t e m e n t . O t h e r w i s e ,
I'd have to say, "What is your q u e s t i o n " ?

MR. M c C A B E : I'd like to hear y o u r reaction to that, if
you'd like to give it.

OR. F R I E O E L L : I think it would be very d i f f i c u l t , for
e x a m p l e to c o m p a r e the r a d i a t i o n that the p o o u l a t i o n may
r e c e i v e from n u c l e a r power in normal o p e r a t i o n -- it's far
less than 1 Tiillirad, which is far less than the v a r i a t i o n s
that one receives by goinq up and down the e l e v a t o r in a
period of time, b e c a u s e cosmic ray levels c h a n g e , or w a l k i n g
in and out of this buiidinq and qoing o u t s i d e . This b u i l d i n g
is a p a r t i c u l a r l y bad one from the point of view of r a d i a t i o n
b e c a u s e it is made of c a l c a r e o u s m a t e r i a l , so the level here is
p r o b a b l y h i g h e r . There is lots of radon here that has a c c u m u -
lated, I think, in v a r i o u s w a y s , so that I think that it is
almost u s e l e s s to do t h i s .

H o w e v e r , I think the thing that is important about the
use of i o n i z i n g r a d i a t i o n in h u m a n s , for d i a g n o s t i c pur-
p o s e s , for medical p u r p o s e s , is that in effect you have
i m m e d i a t e kinds of t r a d e o f f s . You are getting i n f o r m a t i o n
about the state of the individual for a p o s s i b l e low-level
h a z a r d , which we have to a s s e s s .

DR. KIM: John Kim, H a r p e r G r a c e , D e t r o i t , M i c h i g a n .

I would like to ask you a c o u p l e of q u e s t i o n s of a p r a c -
tical n a t u r e . I was interested in the long list of w a y s of
reducing the unnecessary ionizing r a d i a t i o n . Toward the end of
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Paper Mo. 9
Hyuier L. Friedell, M . D . , P h.D.

that list -- can I ask if you in your institution try to nake
use of some referral systems? I an thinking of two kinds of
referral systems, one with skull exams in use at Washington
University -- they found there that many of the exaini nations
were really not necessary, so they had developed an interesting
and rather elaborate procedure and screening process before
ordering skull 'exams.

I nyself make a living in a radiology department, so I
want to be very careful about that.

Second, I am just curious to see if this is a widespread
process -- and often the people who order these X-ray examina-
tions are attending physicians who are not always up-to-date
on what radiologists can do and what kind of risk factors there
are. Do you have any kind of referral system or any sort of
cooperation between the attending physicians and radiologists?

DR. FRIEHELL: Obviously, the referral system that we use -•
frankly, the referral system is not so critical from the point
of view of ionizing radiation, although it is important.

But I think before this will become important, the whole
question of cost, will be a more rigorous condition which
will have to be met, because as I think I imply, there is really
no limit to the kinds of accuracy within systematic error that
you can perceive with regard to examination, with any exam, not
just X - r a y s .

Therefore, there has to be this kind of referral system.
The point I want to make, however, is that when indeed you use
an indexing system, a referral system if you will, you auto-
matically eliminate the chance of finding certain diseases,
because you now have, in effect, arranged in a population which
has a higher incidence of disease, more likely to find abnormal-
ities. Therefore, you automatically, once you do that, you
take this risk.

Now, the point really is that we are going to have to weigh
this: which way do we want to go in order to maximize the kinds
of important findings that we find, against avoiding small diff-
erences.
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Issue Paner No. 9
Hymer L. Friedell, M.D., Ph.D.

MR. GOLDEM: May I have about 30 seconds for a question?
Dr. Friedell, we generally have reported for diagnostic X-ray
reject films of somewhere between five and 12 percent depending
on the institution.

Each reject film represents 100 percent overexposure --
up to 300 percent overexposure. What can you expect, realis-
tically, allowing us to push down the reject rates? What is
the lower achievable limit that we could hope to get, and what
mechanisms are best available to achieve that?

OR. FRIEDELL: I can't provide an answer. First of all,
I don't believe it will ever be zero. I think the way you do
that is by careful management and careful surveillance, often
that's a question apain of redundancy. Review, careful exam-
ination, more technical control, more time for the patient,
reduction in pressure -- it simply means more and nore facil-
ities all the tine. So I can only say it can be reached. It
won't qo to zero.
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DISCUSSION OF A PROPOSED FEDERAL
RADIATION RESEARCH AGENDA

NATIONAL INSTITUTES OF HEALTH
BETHESDA, MD

ISSUE PAPER 10A

SIDNEY M. WOLFE, M.D.
PUBLIC CITIZEN'S HEALTH RESEARCH GROUP

1. What Kinds of Information must be developed to
foster enlightened public discussion on control
of man-made ionizing radiation?

2. How and By Whom should such information be made
accessible to the public?

3. What End Points or criteria, such as the shor-
tening of life, developing disease, etc. are
useful to provide perspective for public under-
standing of radiation risks?
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INTRODUCTION

From a public policy perspective, the most important issue
of this conference is how to reduce exposure to man-made ionizing
radiation. From a medical/biological research perspective, how-
ever, the most important issue is to define or redefine as yet
"unanswered" questions concerning the effects of radiation and
to impress NIH and others with the need to support research to
answer such questions. In one sense, then, this is two con-
ferences: one conference concerns what we should do now given
what we already know and the other is what we would like to
know in the future. Implicit in the design of this meeting,
curiously, is the notion that a major reason why more has not
been done to control human exposure to radiation is because
we just do not know enough. Put another way, the we-don't-
know enough-to-do anything proponents would have the public be-
lieve that the current laws, regulations and policies regarding
public exposure to radiation are as far as we can go given the
present state of scientific knowledge.

This idea is false and leads to a dangerous paralysis of
action seen not only with ionizing radiation but with many other
circumstances in which human exposure to carcinogens and other
toxic substances is allowed to continue because of similar pseudo-
scientific barriers. In all of these, there is an unwillingness
to offend certain political/economic interests and instead of
owning up to these origins of the paralysis, pseudoscientific
explanations are offered for not acting.

Some of the more common pseudoscientific radiation arguments
are as follows:

"We know radiation is dangerous at high doses but low doses
are safe."

"Low doses of radiation do cause chromosomal abnormalities
but we don't know that this means danger to human health."

"Evidence from animals is not transferrable or relevant
to humans."

Occasionally, a more honest explanation for not adequately
protecting the public takes the form of—"Yes, there are dangers
to people, but the benefits outweigh the risks."

The three questions posed for this issue paper can be com-
bined into one which focuses on the issue of informed consent:
How much and in what form shall the public be told about the
risk of radiation, when is the information "reliable" enough
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for the public to be told and by whom and how shall the public
be informed? This question concerns the nature of the scientist/
public relationship or a subcategory of this--as in medical
x-rays--the doctor-patient relationship.

CASE EXAMPLES

In each of the two examples to be discussed, there is
a serious problem with the lack of informed consent, especially
if the simple idea is accepted that ionizing radiation is dan-
gerous, more with higher doses, less with lower doses and that
it is best to get as little as possible.

1. Radiation Exposure From the Mining of Uranium

It is clear that there is a significant excess of lung
cancer in American uranium miners even after smoking is taken
into consideration and that this increased risk is present in
White and American Indian miners. For example, a statistical-
ly significant excess of respiratory cancer deaths was seen
in American Indian miners with 2.6 cases expected but 11 oc-
curring.1

The cause of increased cancer in the uranium miners are
the radioactive decay products of radon—so-called radon daugh-
ters. The current standard or upper limit for air concentration
of radon daughters is .3 working level (WL). (1 working level
is equivalent to 1.3 X 10^ MeV of alpha energy from radon
daughters per liter of air.) The present standard for workers
is 4 working level months (WLM) per year.

Violation of Standard: Industry Cover-Up of Actual Worker
Exposure; Although the present worker standard is a maximum
of 4 WLM per year, the average annual exposure as documented
by Federal inspectors was 4.64 WLM per year. Twenty underground
uranium mines employing 1604 miners were inspected by government
auditing teams who found the average worker was being exposed
to 4.64 WLM per year in 1976, well above the allowable standard.
Exposure data from uranium mining company records, however,
showed average worker exposure of only .99 WLM per year, less
than one fourth of that actually present as documented by
Federal inspectors.

1 Archer, V.E., Gillam, J.D., & Wagoner, J.W. Ann.N.Y. Acad.
Sci. 2J1 280-293, 1976.

2 1977 Annual Report to Congress of the Secretary of the Interior.
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The Present Standard of 4 WLM Is Not A Safe Level: Beyond
company worker exposure records grossly underestimating worker
radiation exposure, there is increasing evidence that the cur-
rent annual exposure limit of 4 WLM per year is much too high.
In a 30-year working career, a miner could accumulate as much
as 120 WLM of radiation.

In 1976 Sevc* and co-workers presented data showing at
least a doubling of lung cancer risk in uranium miners with a
total lifetime exposure of 50 WLM. A 1976 National Institute
of Occupational Safety and Health (NIOSH) report suggested
that annual exposure of 4 WLM was not safe since it would
cause a doubling of lung cancer after 10-20 years of employ-
ment .

More recently, in the yet-unpublished 1979 National Academy
of Sciences BEIR (Biological Effects of Ionizing Radiation)
Report, a review and analysis of the lung cancer in Ontario
uranium miners exposed to low—allegedly safe—levels of radon
daughters found that the doubling dose (the total lifetime
exposure which would double the risk of cancer) was 17 WLM.
Over a 30 year working career this would be an average of less
than .6 WLM per year or less that 1/6 of the present standard.

A recent EPA report^ also confirms that an annual exposure
(in this case in houses built with radium bearing materials) of
.6 WLM could result in a doubling of fatalities due to lung
cancer•

In a letter to Senator Domenici in 1979, Indian Health
Service Director Dr. Emory Johnson expressed concern about non-
occupational exposure to uranium on the Navajo reservation:

"There are presently four major abandoned uranium
mill tailingspiles on the Navajo reservation. The
scattered tailings around the Shiprock, New Mexico,
tailings piles that had been eroded by wind and
water have been returned to the original tailings
piles. This plus the other three piles at Mexican
Hat, Utah; Tuba City and Cane Valley, Arizona, are

1 Sevc, J. Kunz, E. & Placgk, V. Health Physics _30, 433-
437, 1976.

2 NIOSH Current Intelligence Bulletin, Publication 78-1207,
pp. 78-79.

3 Indoor Radiation Exposure Due to Radium -226 in Florida
Phosphate Lands, February, 1979.
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to be cleaned up under the Uranium Mill Tailings
Act, Public Law 95-604. A number of other abandoned
mine waste dumps from small independent operators
are known to exist. Clean-up of the mills and mine
waste dumps will require effort and a great deal of
money.

"Uranium is toxic, and uranium and its decay product
radon are radioactive and can cause cancer as dis-
cussed later in this report. Threat of the uranium
mill tailings was documented in the Ford, Paeon,
and Davis-Utah reports conducted for the Energy Resource
and Development Administration. The total threat
from the mine waste remains to be determined and de-
pends a great deal on the presence of a population
group for exposure. These details should be deter-
mined as part of the congressional effort to clean
up the mine wastes.

"Tailings piles located off the Navajo reservation
on the west side of Mt. Taylor near Milans and Church
Rock, New Mexico, are blown across a portion of the
Navajo reservation during high prevailing southwest
winds. These dust particles are carried to altitudes
in excess of 15,000 feet, and fall out over a wide
area adding to the normal ground radiation."

"A few homeowners have used radioactive tailings in
construction of their homes. The tailings should be
removed from the houses or the houses replaced as
part of the uranium mill tailings cleanup conducted
under P.L. 95-604, if funds are appropriated. Efforts
are already underway to determine where the abandoned
mines and mine waste dumps are. House-to-house
surveys of the areas around mine wastes should be
conducted to determine if mine wastes have been used
in construction and to what extent. We do not know
of any schools which have either tailings or mine
wastes used in the construction. The health effects
of this use will be evaluated on a case-by-case basis
as they are discovered. Additional manpower and
money will be needed by either the tribe or IHS,
whoever conducts the survey and does the evaluation.
If the tribe does the survey, IHS will cooperate
with them and evaluate the results."

The risks to uranium miners and probably to non-occupation-
ally exposed individuals via dust and tailings are of great con-
cern, especially the apparent inadequacy of the present occupa-
tional standard.

287



Again, informed consent appears to be lacking. Neither the
public at large in the U.S., or the potential victims—workers and
inhabitants—have been adequately informed about these risks.

2. Mammography

Assuming that women over 50 can benefit from screening
mammography, were these women informed about how much radiation
they were getting, how—in many instances, the dose was exces-
sive and that with a few simple and inexpensive measures the
dose could be drastically lowered? For hundreds of thousands
or more women the answer to all of these questions is no.

Information we obtained through the Freedom of Information
Act from the National Cancer Institute (NCI) showed a 27-fold
difference in radiation exposures, from comparable x-ray equip-
ment, between the mammography machine (in the 27 NCI/American
Cancer Detection Centers) with the lowest exposure and the one
with the highest. The exact numbers from 1976 were .28 roentgens
skin dose per film or .1 rad mid-bi*east dose (lowest) and 7.7
roentgens skin dose per film or 3.1 rads mid breast dose per
exam for the highest.

The following informed consent sheet, proposed in a No-
vember 1976 report we sent to HEW1 was attached to a report
giving the radiation exposure of each of the 57 machines as
measured by radiation physics experts on contract to N.C.I.
The information about radiation exposure is reliable, the fact
that excessive radiation doses were being given to many women
is self-evident and yet few if any of the 270,000 women in
this progrma knew how much radiation they were getting and that
much of it was unnecessarily high.

Mammography: A Case for Informed Consent, Sidney Wolfe and
Rebecca Warner, Health Research Group, November, 1976.
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INFORMED CONSENT

BREAST CANCER DETECTION DEMONSTRATION PROGRAM

1. Dr. has explained to me the procedures that are used

in the Breast Cancer Detection Demonstration Project. I

understand that the procedures may include:

a) medical history—questions about the health of myself

and my family,

b) physical breast examination—ovservation and touching

of the breasts,

c) thermography—an examination (still under evaluation as

to its ability to detect breast cancer) which consists of a

photograph of the skin temperature and will not expose the breasts

to any radiation, and

d) mammography—X-ray examination of the breasts.

2. I understand that mammography is unsafe for women who are or may

be pregnant, and to the best of my knowledge

CD ^ a_m not pregnant at this time

O I M pregnant

HTJ I may bo pregnant

3- I am aware that the X-rays used in mammography increase my risk

of developing breast cancer in the future, but that medical

history, and physical examination and thermography are entirely

safe. I realize that all levels of X-ray exposure are thought

to increase the risk oV breast cancer, including the low X-ray

dose used in mammography.

I understand t;haL the on]y completed large-scale ntudy of the
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effects of X-ray screening on breast cancer deaths showed that the

number of lives saved by mammography was similar to the number of

deaths considered to have been caused by the X-rays. I also

understand that the study showed no benefit of mammography to

women under 50. Other studies suggest that for certain groups of

women—especially those under 50 whithout special risk factors as

listed below—the risks may significantly outweigh the benefits.

In light of these facts, I realize that many scientists do not think

the risk is justified unless one or more of the conditions listed

below applies. I consent to X-ray breast examination because:

I I I am more than 50 years old

j | I have already had breast cancer

I I My mother or sister has had breast cancer

I I I have the following symptoms that might be caused by breast

cancer:

k. To keep the risk as small as possible, the dose of X-rays delivered

by machines used for mammography should be checked every six months

and the radiation dose absorbed by the breast tissue should not

exceed 1.0 rads tissue dose for each set of X-ray films taken, or

2.5 Roentgens per film. A properly conducted mammography exam should

have 2 films per exam. Evidence shows that the chance of developing

breast cancer increases with the amount of radiation to which the

breasts are exposed; therefore, the more mainmographic exams I undergo,

and the higher the dose of X-rays each exam uses, the more risk I take.

I understand that if the 1.0 rad dose is surpassed, the benefit gained

through mammography of detecting early cancer is likely to be less

than the risk of the X-rays causing cancer. This is true even if I
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am over 50 or have reason to believe I need screening because of

symptoms, past breast cancer, or a mother or sister who has had

breast cancer. I understand that X-ray examinations will be

conducted by physicians or qualified technicians under the super-

vision of a physician.

TO BE FILLED IN BY DOCTOR

The X-ray equipment used for mammography at this center was last

checked less than six months ago, on .

At that time, the machine delivered Roentgens/film skin

dose or approximately rads/film to the breast tissue.

This does not exceed the acceptable averace depth dose of 0.5 rads/

film to the breast ti"~ue, or 1 rad per exam.

Doctor's signature Date

5- Dr. has answered all of ray questions to i\y satisfaction,

and I understCviic; that I a::: entitis;' to receive answers to

additional questions at any time.

6. I request that the following procedures be performed for the

purpose of detecting breast cancer:

I j Medical history, physical examination and thermography only

The above, plus raaramography

7. I understand that I am free to withdraw my consent to screening

for brca:;t cancer at any V i.'i. ~ \';d for any reason.

8. I understand that I will be informed oi' the results of the

screening tests and that if the tests so indicate, 1 will be

referred to my private physician or to an appropriate physician,

clinic or hospital of my choice for further consultation and
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examination. I r.lvo my permission for in formation about r.te obtained

by the screening program to be used In research related to breast;

cancer or communicated to my doctor, clinic or hospital. I under-

stand that personal information about me v/ill be kept strictly

confidential and not disclosed for any other reasons.

Patient's
Signature Date

Witness'
Signature Date
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Within a short time after November, 1976 when—via news-
paper articles and other means of communicating with the public—
many women were informed that they were getting too .much radiation,
the doses of radiation were sharply lowered in many if not all
of the machines which had previously been too high.

This "activity" occurred in the relatively small fraction
of mammography machines which were part of a federal program
and which were probably, even before our report, emitting less
radiation than many x-ray machines not designed primarily for
mammography but widely used for this purpose (a survey in
Pennsylvania showed 5 machines giving an average mid-breast
dose per exam of 15.6 RADS).

This case illustrates several kinds of failures in control-
ling the exposure of people to ionizing radiation:

a) Inadequate control over radiation exposures from
machines.

b) Inadequate information to patients from doctors about
the results of this failure.

c) Inadequate pressure from authorities running the pro-
gram to inform patients about needless risks.

Correction of any of the above failures would have solved
this serious problem but none occurred until the flow of infor-
mation was opened up by an "outside" party.

This is but one example in the area of medical x-rays
which is the source of approximately 90% of the ionizing radi-
ation for most people in the country. In an excellent review"
of the problem of "overutilization" of x-rays, which Abrams-*-
defines as "excessive irradiation per unit of diagnostic in-
formation, therapeutic impact or health outcome," the author
lists the numerous ways excessive radiation occurs and urges
studies to evaluate the "marginal information increment of
new technology."

Aside from the "benefit" to doctors of unnecessary radia-
tion which occurs because, as Abrams says, "there is a profound
economic incentive to perform more rather than fewer x-ray ex-
aminations," medical x-rays is the clearest example of a situa-
tion in which, unlike uranium mining, both the benefit and the
risk of radiation exposure coincide in the same person.

1 Abrams, Herbert L., New Eng. J. Med, 300, 1213-1216, 1979.
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These are but two examples in which populations are exposed
to large doses of Ionizing radiation without adequate protection
in the form of government standards and without being informed
about the magnitude of risks.

Another example would be the 4800 American atomic power
plant workers, who, according to the Nuclear Regulatory Commission's
1977 Annual Occupational Radiation Exposure Report, were exposed
to more than 2 REMs of whole body radiation that year. This level
of radiation per year, in British atomic workers, was shown after
10 years of exposure to have caused a four-fold increase in the
number of abnormal chromosomes in the blood cells of the affected
workers.^-

At present, the permissible "safe" exposure maximum per year
is 5 REMs with many thousands of workers being allowed exposures
of 12 REMS per year (3 per quarter). Unless it is thought "safe"
to damage the chromosomes of a large number of American workers,
the present occupational standard for external ionizing radiation—
like that for internal exposure to radon daughters as in uranium
mines—is much too high.

CONCLUSIONS

As mentioned in the introduction, the greatest concern
should not be what we do not know about the biological effects of
radiation or even the important undone epidemiology. Rather, it
must be directed at an analysis of the barriers which have pre-
vented both adequate government standards over exposure to ioniz-
ing radiation and even a semblance of informed consent on the
part of the victims.

As I have previously suggested for chemical carcinogens,
NIH needs to conduct research to identify potential victims of
present and past exposure to ionizing radiation, with priority
given to those with the greatest exposures such as mentioned
in the examples above.

They need to be notified of their excessive radiation ex-
posure and provided with information on the nature of the damage
it has done or might do plus be informed of legal remedies to
compensate for this damage.

1 Evans, H.J., Buckton, K.E., Hamilton, G.E. & Carothers, A.
Nature, 211, 531-534, 19|9.

2 The National Cancer Program: Committee on Government Opera-
tions, June 14, 1977, Page 75-76.
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In addition to identification and notification of these
tens of thousands of people, research needs to be done to see
exactly where the pathology lies which has stopped earlier pro-
mulgation of safer occupational and medical radiation protection
standards.

This kind of soul-searching investigation is not likely to
be done by the regulatory agencies themselves for it would re-
sult in blame directed at many past and present agency officials.
It is thus proper that NIH conduct such research.

In conclusion, I will briefly touch on the question(s) of
informed consent, implicit answers to which are discussed in the
examples above.

Any "end point" which demonstrates biological damage to
animals or humans from ionizing radiation needs, upon transla-
tion into understandable English, to be forwarded to the public.
In addition, information on the amount of radiation that workers,
residents or patients are getting needs to be forwarded to these
potential victims rather than being covered up as in the examples
of mammography and inaccurately low company records of uranium
miner radiation exposure.

It is time for the Surgeon General of the United States to
start issuing frequent reports on the Adverse Consequences of
Ionizing Radiation not unlike the reports on smoking. For an
important reason, such Surgeon General's Reports would be followed
by much more action to reduce exposure than the smoking reports.
Unlike the case of cigarettes, there is good statutory (legal)
authority—albeit largely unused and untried—to sharply curtail
public exposure to ionizing radiation.

The necessary individual and collective political action to
make such changes will not occur as long as evidence of clear
and present dangers from existing regulations continues to be
covered up.
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Informing the Public about the Risks from Ionizing Radiation

Paul Slovic, Baruch Fischhoff and Sarah Lichtenstein

Decision Research
A Branch of Perceptronics

Eugene, Oregon 97401

The question being addressed here is the following:
What kinds of information must be developed to foster enlightened

public discussion on control of man-made ionizing radiation? How
and by whom should such information be made accessible to the public?
What end points or criteria, such as shortening of life, developing
disease, etc. are useful to provide perspective for public under-
standing of radiation risks?•*•

Introduction

One dramatic change in people's outlook on life in recent years is
their growing awareness of the risks they encounter in everyday life.
Radiation hazards, medicir.al side-effects, occupational disease, food
contaminants and vehicular malfunctions increasingly seem to fill our
newspapers and conversations. The consequence of this awareness has been
growing pressure on the designers and regulators of hazardous enterprises
to inform people about the risks they face (see Figure 1):

For example:
• The Food and Drug Administration is mandating patient information
inserts for many prescription and over-the-counter drugs.
• The Department of Housing and Urban Development now requires the
sellers of homes built before 1950 to inform buyers about the presence
of lead-based paints.
• The proposed federal products liability law places increased
weight on adequately informing consumers and workers about risks they
are likely to encounter.
Concerns about risks from ionizing radiation have led to similar

emphases on informing the public. In May, 1978, the White House directed
the Secretary of Health, Education, and Welfare to coordinate research
on the health effects of radiation exposure, including the development
of a public information program. The Interagency Task Force established to
carry out this directive completed seven reports, including one on public infor-
mation. This report focused on the need to inform four target populations,
defined by the nature of their exposure to radiation. These overlapping popula-

Before attempting to answer the question posed above, we feel it should
be rephrased. Specifically, the term "enlightened public discussion"
is vague and needs elaboration. In our view, the public needs to be
informed so as to be able to make better personal decisions and to parti-
cipate more effectively in the political processes whereby societal
standards are developed and enforced. In other words, we interpret
the term "discussion" to include personal and societal decision making,
including standard setting.
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Drawing by S, Harris: © 1979
The New Yorker Magazine

Source:
Figure 1

The New Yorker, October, 1979.

tions are: medical and dental patients, workers exposed in their occupa-
tions, military personnel and civilians exposed to fallout from nuclear
weapons testing, and the general public.

The messages developed for these audiences stressed the following
points:

• Low-level background radiation is a part of the earth's natural
environment. Any man-made radiation exposure adds to that already
received from natural sources.
• The degree of risk associated with exposure to low-level ionizing
radiation is thought to be very low.
• Scientists disagree about the precise magnitude of this risk.
• Unnecessary radiation exposure should be avoided.
• Any risk from radiation must be balanced against the benefits
provided by many radiation-related activities.
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In addition, the public information report called for the develop-
ment and presentation of information that clearly describes the complex
concepts of comparative benefits and risks, outlines the scientific basis
for risk estimates, and explains why such estimates are difficult to make
for any given individual.

Finally, the report calls for a national survey of public attitudes
and knowledge about radiation as an aid to designing public information
materials.

We strongly endorse the recommendation that programs be developed
to inform patients, workers, and the general public. However, neither
the report by the Interagency Task Force nor any other similar documents
that we have seen adequately acknowledges the difficulties inherent in
communicating highly technical information about risk. To be effective,
any information program must be buttressed by extensive empirical research
focused on determining public attitudes and developing effective ways of
presenting information about radiation risks.

In other words, we believe that the questions we are addressing
cannot be answered at this time. Research is needed to determine:

(1) What people know
(2) What they want to know
(3) How to express information about risks and consequences, bearing

in mind the difficulties people have in comprehending such information
(e.g., what are the most relevant and most easily comprehended units in
which to express risk?)

(4) The ethical, legal and political issues raised by such informa-
tion programs (e.g., the dilemma posed by the possibility that patients
might refuse needed X rays or therapies because of fears aroused by the
information program).

Confronting Human Limitations

Disseminating information about risk is an empty exercise unless it
is presented in an understandable fashion. Doing an adequate job means
finding cogent ways of presenting complex, technical information which
is sometomes clouded with uncertainty. Not only is the allotted time
often very limited, but the message about risk must confront the listeners'
preconceptions (and perhaps misconceptions) about the hazard in question
and its consequences. What follows is a brief overview of some of the
problems that any information program must face.

It Is Hard To Think Clearly About Risk

Decisions about risk from radiation (or any other source) require
sophisticated reasoning on the part of both experts and the public.
Needed are an appreciation of the probabilistic nature of the world and
the ability to think intelligently about rare (but consequential) events.
As Alvin Weinberg (1976) observed in the context of managing nuclear
power, " . . . we certainly accept on faith that our human intellect is
capable of dealing with this new source of energy" (p. 21). Unfortunately,
although the human intellect is deservedly held in high esteem in many
contexts, numerous studies have shown that intelligent people have diffi-
culty judging probabilities, making predictions or otherwise attempting
to cope with uncertainty.

Frequently, these difficulties can be traced to the use of judgmental
heuristics, mental strategies whereby people try to reduce difficult tasks
to simpler judgments (Tversky & Kahneman, 1974). These heuristics are
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valid in some circumstances, but in others, they lead to biases that
are large, persistent, and serious in their implications for decision
making.

People's Perceptions of Risks are Often Inaccurate

Extensive discussions of heuristics and biases in probabilistic
thinking are available in the literature (Slovic, Kunreuther & White,
1974; Slovic, Fischhoff & Lichtenstein, 1977). However, one heuristic
bears mention here because of its special relevance to perceptions of risk.
This is the "availability heuristic" whereby an event is judged likely or
frequent if it is easy to imagine or recall relevant instances of that
event. In reality, instances of frequent events are typically easier to
recall than instances of less frequent events, and likely occurrences are
easier to imagine than unlikely ones. Thus availability is often an
appropriate cue for judging frequency and probability. However, since
availability is also affected by numerous factors unrelated to likelihood,
reliance on it may lead to overestimation of probabilities for recent,
vivid, emotionally salient, or otherwise memorable or imaginable events.
In the extreme, any factor that makes a hazard unusually memorable or
imaginable, such as a recent disaster or a vivid film (e.g., "Jaws" or
"The China Syndrome"), could seriously distort that hazard's perceived
risk.

We have recently collected data on the perceived frequency of various
causes of death that show the biasing effects of availability (Lichten-
stein, Slovic, Fischhoff, Layman & Combs, 1978). We found that the
frequencies of dramatic or sensational causes of death, such as accidents,
homicide, cancer, botulism, and tornadoes, were greatly overestimated.
Frequencies of undramatic causes, such as asthma, emphysema and diabetes,
which take one life at a time and are common in non-fatal form, were
greatly underestimated. News media coverage of fatal events is biased
in much the same direction, thus contributing to the difficulties of
keeping proper mental accounts of everyday risks (Combs & Slovic, in press).

Another important type of misperception is the tendency to consider
ourselves personally immune to many hazards that we admit pose a serious
threat to others. In a report titled,. "Are We All Among the Better Drivers?",
Svenson (1979) showed that most people rate themselves as among the most
skillful and safe drivers in the population. This effect dpes not seem
to be limited just to driving. Rethans (1979) found that people rated
their personal risk from each of 29 consumer products (e.g., knives, hammers)
as lower than the risk to other individuals. Ninety-seven percent of
Rethans1 respondents judged themselves average or above average in their
ability to avoid both bicycle and power mower accidents. Weinstein (1979a)
found that people were unrealisitically optimistic when evaluating the
chances that a wide variety of good and bad life events (e.g., living
past 80, having a heart attack) would happen to them.

Although the determinants of such personal optimism are not well
understood, we believe that several contributing factors can be identified.
First, the hazardous activities for which personal risks are underestimated
tend to be seen as under the individual's control. Second, they tend to
be familiar hazards whose risks are low enough that the individual's
personal experience is overwhelmingly benign. Automobile driving is a
prime example of such a hazard. Despite driving too fast, tailgating,

300



etc., poor drivers make trip after trip without mishap. This personal
experience demonstrates to these drivers their exceptional skill and
safety. Moreover, their indirect experience via the media shows them
that accidents do happen—to others. Given such misleading experiences,
people may feel quite justified in refusing to take protective action such
as wearing seat belts (Slovic, Fischhoff & Lichtenstein, 1978).

Risk Information May Frighten and Frustrate the Public

The fact that perceptions of risk are often inaccurate points to the
need for educational programs. However, to the extent that misperceptions
are due to reliance on imaginability as a cue for probability, such
programs may run into trouble. Merely mentioning possible adverse
consequences of radiation could enhance their perceived likelihood
and make them appear more frightening. Anecdotal observation of attempts
to inform people about recombinant DNA hazards supports this hypothesis,
but controlled research is needed to test it more adequately. To the
extent that imaginability can blur the distinction between what is
(remotely) possible and what is probable, information materials will have
to be designed with great care.

Other psychological research shows that people may have great diffi-
culty making decisions about gambles, when they are forced to resolve
conflicts generated by the possibility of experiencing both gains and
losses, and uncertain ones at that (Lichtenstein & Slovic, 1973). As
a result, wherever possible, people attempt to reduce the anxiety gener-
ated in the face of uncertainty by denying that uncertainty, thus making
the risk seem so small it can safely be ignored or so large that it clearly
should be avoided. They rebel against being given statements of probability,
rather than fact; they want to know exactly what will happen. Thus, just
before hearing a blue-ribbon panel of scientists report being 95% certain
that cyclamates do not cause cancer, former Food and Drug Administration
Commissioner Alexander Schmidt said, "I'm looking for a clean bill of
health, not a wishy-washy, iffy answer on cyclamates." Likewise, Senator
Muskie has called for "one-armed" scientists who do not respond "on the
one hand, the evidence is so, but on the other hand . . . " when asked
about the health effects of pollutants.

Given a choice, people would rather not have to confront the gambles
inherent in living with radiation. They would prefer being told that
radiation is managed by competent professionals and is thus so safe they
need not worry about it. However, if such assurances cannot be given,
they will want to be informed of the risks, even though doing so might
make them anxious andconflicted (see, e.g., Fischhoff, in press; Wein-
stein, in press).

Strong Beliefs Are Hard To Modify

The difficulties of facing life as a gamble contribute to the polar-
ization of opinion about technologies such as nuclear power or genetic
recombinations; some view these technologies as extraordinarily safe,
while others view them as catastrophes in the making. It would be comforting
to believe that such polarized positions would respond to informational
and educational programs. Unfortunately, psychological research demonstrates
that people's beliefs change slowly and are extraordinarily persistent in
the face of contrary evidence. Once formed, initial impressions tend to
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structure the way that substantive evidence is interpreted. New evidence
appears reliable and informative if it is consistent with one's initial
belief; contrary evidence is dismissed as unreliable, erroneous, or
unrepresentative. Thus, depending on whether one is predisposed to favor
nuclear power or oppose it, efforts to reduce nuclear hazards may be
interpreted to mean either that the technologists are responsive to the
public's concerns or that the risks are indeed great. Similarly, whereas
opponents of nuclear power viewed the accident at Three Mile Island as
proof that nuclear reactors are unsafe, proponents claimed that it demon-
strated the effectiveness of the multiple safety and containment systems.

The difficulty of modifying opinions by educational programs is
illustrated by the Swedish government's massive campaign to inform people
about nuclear power and other energy sources. Ten or more hours of instruc-
tion had little influence on the attitudes of the 80,000 participants.
The most significant effect was an increase in uncertainty about nuclear
power, caused by an inability to resolve the conflicting opinions of
technical experts.

Presentation Format Is Vitally Important

Subtle changes in the way that risks are expressed can have major
impact on our perceptions and behaviors. There is a large psychological
literature documenting this assertion (see, e.g., Fischhoff, Slovic &
Lichtenstein, in press; Kahneman & Tversky, 1979). Here, we shall present
only a brief introduction to the topic. Our first example is based on two
problems that psychologists Amos Tversky and Danj'el Kahneman gave to a
group of physicians. Each problem had two options and the physicians were
asked to indicate which option they would choose.

Problem 1. 600 people are ill from a serious disease. Physicians
face the following choice among treatments:

Treatment A: will save 200 lives
Treatment B: 1/3 chance to save all 600 lives,

2/3 chance to save 0 lives.
Which treatment would you choose, A or B?
Problem 2. Again, 600 people are ill.

Treatment C: 400 people will-die
Treatment D: 1/3 chance that no one will die,

2/3 chance that 600 will die.
Which treatment would you choose, C or D?
Seventy-five percent of the physicians chose Treatment A over

Treatment B and 67% chose Treatment D over Treatment C. On closer exam-
ination, one can see that A and C are identical options, as are B and D.
The preference patterns of many physicians were inconsistent, reversed
by the simple change from lives saved to lives lost.

Our second example of format effects concerns the perceived probability
of dying from an illness or injury, given that one had been afflicted.
This judgment, lethality, has been found to be an important determiner
of people's attitudes towards the risks they face in life (Fischhoff,
Slovic, Lichtenstein, Read & Combs, 1978). When considering how to inform
people about lethality or how to elicit their current level of knowledge
about it, it becomes apparent that more than one format is possible. For
example, one may present the rate of death or the rate of survival (say, per
100,000 persons afflicted). Instead of using rates, one may present the
specific numbers of .afflicted and dying. We believe that such discre-
tionary decisions can greatly influence both people's ability to express
their own knowledge and their reaction to data presentations.
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In one experiment we asked people either to estimate death rates
directly or to provide estimates that could readily be converted to death
rates. Four types of questions were asked for each of 20 different
hazards (e.g., influenza, heart attacks, cancer, etc.)'

Question 1. Estimate death rate.
In a normal year, for each 100,000 people who have influenza, how
many people do you think die of influenza during the year?
Question 2. Estimate number died.
In a normal year, 80,000,000 people have influenza. How many people
do you think die of influenza during the year?
Question 3. Estimate survival rate.
In a normal year, for each person who dies of influenza, how many do
you think have influenza but do not die of it during the year?
Question 4. Estimate number survived.
In a normal year, 5,000 people die of influenza. How many people do
you think have influenza, but do not die from it during the year?
We found that these variations had an immense influence on the implied

lethality rate. For example, when people estimated the lethality rate
for influenza directly (Question 1) their mean response was 393 deaths
per 100,000 cases. When told that 80,000,000 people catch influenza in
a normal year and were asked to estimate the number who die (Question 2),
their mean response was 4,800 implying a death rate of only 6 per 100,000
cases. This slight change in the question changed the estimated rate by
a factor of more than 60. Similar discrepancies occurred with o:her
questions and other hazards.

Any attempt to inform citizens (and experts) about risks mast be
sensitive to the strong effects of presentation format. At present, we
do not fully understand the nature and extent of such effects. This is
one reason why we believe that any information program must include a
strong research and evaluation component.

Are People Educable About Risks?

We have attempted to demonstrate some of the difficulties people
have in comprehending and estimating risks. Some observers, cognizant
of these difficulties, have concluded that the difficulties are insurmount-
able. We disagree. Although the broad outlines of psychological research
in decision making and risk taking seem to support a pessimistic view,
the details of that research give some cause for optimism. Upon closer
examination, it appears that people understand some things quite well,
although their path to knowledge may be quite different from that of the
technical experts. In situations where misunderstanding is rampant, people's
errors can often be traced to biased experiences, which education may be
able to counter. In more difficult cases, such as with nuclear power,
people's strong fears and resistance to experts' reassurances can be traced
to their sensitivity to the potential for catastrophic accidents, to their
awareness of expert disagreement about the probability and magnitude of
such accidents, and to their knowledge of serious mistakes made by experts
in the past (as when they irradiated enlarged tonsils or allowed many
thousands of people to witness A-bomb blasts at close range). Even here,
given an atmosphere of trust, in which both experts and lay persons recog-
nize that each group may have something to contribute to the discussion,
exchange of information and deepening of perspectives may well be possible.
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Placing Radiation Risks in Perspective

There seems to be general agreement among the technical community
that appropriate presentations of factual material can go a long way
towards educating the public about the nature and magnitude of radiation
risks. In this section we shall examine and critique some of the method-
ological and procedural questions that arise when one starts to design
such programs for placing radiation risks in perspective.

Which Consequences Should Be Described?

Consider the set of consequences about which people might be informed.
These should include all consequences of radiation exposure that signifi-
cantly affect the health and well being of the public: immediate deaths
from accidental exposure to high doses and the important effects of low
doses (e.g., cancers and the many kinds of genetic damage that might
occur). In addition to death, significant consequences to be counted in
any complete tally of radiation risks should include disfiguration, debil-
ity, disability, pain, and anxiety.

To make sense of this information, one must somehow be able to compare
such diverse effects as a retarded child and the cancer death of an elderly
person. Eventually, research into social values may produce a method by
which such diverse outcomes can be weighted and made commensurable.
At present we must rely on crude and obviously inadequate computations
in which deaths and injuries are translated into common units such as
work days lost, whereas debility, suffering and anxiety are left out of
the calculations, hopefully to be included by some intuitive process.

A variety of data presentations have been developed to help deepen
our perspectives. One of the most basic tables partitions the annual amount
of exposure according to source. As Table 1 indicates, the largest dose
to which an individual is exposed comes from natural sources and the largest
artificial exposures come from diagnostic X rays. Of course, such presen-
tations are only as useful as they are accurate. Recent research has
revealed a major source of radiation not even listed in Table 1, namely
that due to radon gas emanating from construction materials and accumulating
in closed buildings. Myers and Newcombe (1979), for example, report that
radon gas may be the major source of public radiation exposure, perhaps
accounting for between 5 and 20% of all lung cancer deaths.

Cross-Hazard Comparisons

One common approach to developing perspective is presenting quantified
risk estimates for a variety of hazards. Presumably, the sophistication
gleaned from examining such data will be useful for personal and societal
decision making. Wilson (1979) observed that we should "try to measure
our risks quantitatively . . . . Then we could compare risks and decide
which to accept or reject" (p. 43). Likewise, Sowby (1965) argued that
to decide whether or not we are regulating radiation hazards properly,
we need to pay more attention to "some of the other risks of life," and
Lord Rothschild (1979) recently added, "There is no point in getting into
a panic about the risks of life until you have compared the risks which
worry you with those that don't, but perhaps should."

Typically, such exhortations are followed by elaborate tables and
even "catalogs of risks" in which diverse indices of death or disability
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Table 1

Estimates of Annual Whole-Body Dose Rates in the U.S., 1970a

Source of Radiation

Natural

Environmental
Cosmic Radiation
Terrestrial Radiation

Internal Radioactive Isotopes

han-Made

yironmental
global Fallout
wuclear Power

Medical
Diagnostic
Radiopharmaceuticals

Occupational
Miscellaneous

Average Dose Rates
(mrem/year)

45 (30-130)b

60 (30-115)c

25
Subtotal 130

4
0.003

72
1
0.8
2

Subtotal 80

Total 210

From National Academy of Sciences, "The Effects on Populations
of exposure to Low Levels of Ionizing Radiation," Report of the
Advisory Committee on the Biological Effects of Ionizing, BEIR,
1972; and Klement et al., "Estimates of Ionizing Radiation Doses
in the United States, 1960-2000," U.S. EPA, 1972.

Values in parentheses indicate range over which average levels
for different states vazy with elevation.

Range of variation (shown in parentheses) attributable largely
to geographic differences in the content of potassium-40, radium,
thorium, and uranium in the earth's crust.
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are displayed for a broad spectrum of life's hazards. Thus Sowby (1965)
provided extensive data on risks per hour of exposure, showing, for example,
that an hour riding a motorcycle is as risky as an hour of being 75 years
old. Wilson (1979) developed Table 2, which displays a set of activities,
each of which is estimated to increase one's chances of death by 1 in one
million (which in the case of accidental death would decrease one's life
expectancy by an average of about 16 minutes). Wilson claimed that ". . . these
comparisons help me evaluate risks and I imagine that they may help others
to do so, as well. But the most important use of these comparisons must
be to help the decisions we make, as a nation, to improve our health and
reduce our accident rate." (p. 45). In similar fashion, Cohen and Lee
(1979) ordered many hazards in terms of their expected reduction in life
expectancy (Table 3) on the assumption that "to some approximation, the
ordering (in this table) should be society's order of priorities. However,
we see several very major problems that have received very little attention. . .
whereas some of the items near the bottom of the list, especially those
involving radiation, receive a great deal of attention" (Cohen & Lee,
1979, p. 720). A related exercise presented by Reissland and Harries (1979)
is shown in Table 4.

Properly speaking, comparing hazards is not a decision-making procedure,
but merely an aid to intuition. The logic of the calculations does not
require any particular conclusion to be drawn, say, from the contrast
between the risks of motorcycling and advanced age (Fischhoff, Slovic,
Lichtenstein, Derby & Keeney, 1980). Moreover, cross-hazards comparisons
have a number of inherent limitations. For example, although some people
feel enlightened upon learning that a single takeoff or landing in a
commercial airliner takes an average of 16 minutes off one's life expec-
tancy, others find themselves completely bewildered by such information.
On landing, one will either die prematurely (almost certainly by more than
16 minutes) or one will not; averages seem to many to capture the essence
of this risk very poorly.

Summary statistics like those in Tables 2, 3 and 4 may mask some
important characteristics of risk. Where there is lack of knowledge or
disagreement about the facts, some indication of uncertainty is needed.
Since people seem to view a catastrophic accident as much more aversive
than numerous small accidents killing the same number of people (Ferreira
& Slesin, 1976; Slovic, Fischhoff & Lichtenstein, in press), more than
averages or expected values is needed to provide them with the information
they want. Other characteristics important in determining people's
reactions to hazards, but neglected in Tables 2, 3, and 4, are the
voluntariness, controllability, and familiarity of the risk, the immediacy
of the consequences, the degree to which its benefits are distributed
equitably to those who bear its risk, the possibility of damage to future
generations, and the ease of reducing the risk.

It is all too easy for arithmetically facile analysts to get carried
away by the ease of computing risk statistics. Statements such as "the
risk from nuclear power is equal to the risk of riding in automobiles
an extra three miles," because they ignore differences between automobiles
and nuclear power with regard to level of uncertainty, catastrophic poten-
tial, equity, and other important characteristics, produce outrage rather
than enlightenment and lead some to characterize the arithmetic of cross-
hazards comparisons as "only the kindergarten of risk" (Nature, 1978).

Natural Standards

Another approach to placing risks in perspective assumes that the
optimal (or acceptable) level of exposure to a hazard is the level charac-
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Table
Risks Which

Chance of Death
Smoking 1.4 cigarettes
Drinking 1/2 liter of wine
Spending 1 hour in a
coal mine
Spending 3 hours in a
coal mine
Living 2 days in New York or
Boston
Travelling 6 minutes by canoe
Travelling 10 miles by bicycle
Travelling 300 miles by car
Flying 1000 miles by jet
Flying 6000 miles by jet

Living 2 months in Denver
on vacation from N.Y.
Living 2 months in average
stone or brick building
One chest x-ray taken in
a good hospital
Living 2 months with a
cigarette smoker
Eating 40 tablespoons of
peanut butter
Drinking Miami drinking
water for 1 year
Drinking 3012 oz. cans of
diet soda
Livings years at site
boundary of a typical nuclear
power plant in the open
Drinking 1000 24 oz.
soft drinks from recently
banned plastic bottles
Living 20 years near
PVC plant
Living 1 SO years within 20
miles Of a nuclear power plant
Eating 100 charcoal brojled
steaks
Risk of accident by living
within 5 miles of a
nuclear reactor for 50 years
"(1 part m i miliion)

2

Increase

by 0.000001*

Cancer, heart disease
Cirrhosis of the liver

Black lung disease

Accident

Air pollution
Accident
Accident
Accident
Accident
Cancer caused by cosmic
radiation
Cancer caused by cosmic
radiation
Cancer caused by natural
radioactivity

Cancer caused by radiation

Cancer, heart disease
Liver cancer caused by
aflatoxin B
Cancer caused by
chloroform
Cancer caused by
saccharin

Cancer caused by radiation

Cancer from acrylonitrile
monomer
Cancer caused by vinyl
chloride (1976 standard)

Cancer caused by radiation

Cancer from benzopyrene

Cancer caused by radiation

from Wilson, 1979-
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Table 3
Lots of Life Expectancy (&E) Due to Various Causes
Cause Days

Being unmarried—male
Cigarette saoking—male
Heart disease
Being unmarried—female
Being 30Z overweight
Being a coal miner
Cancer
202 Overweight
<8th Grade education
Cigarette smoking—female
Lou socioeconomic status
Stroke
Living in unfavorable state
Army in Vietnam
Cigar smoking
Dangerous job—accidents
Pipe smoking
Increasing food intake 100 cal/day
Motor vehicle accidents
Pneumonia—influenza
Alcohol (U.S. average)
Accidents in home
Suicide
Diabetes
Being aurdered (homicide)
Legal drug misuse
Average job—accidents
Drpwnins
Job with radiation exposure
Falls
Accidents to pedestrians
Safest jobs—accidents
Fire—burns
Generation of energy
Illicit drugs (U.S. average)
Poison (solid, liquid)
Suffocation
Firearms accidents
Natural radiation (BEIR)
Medical X rays
Poisonous gases
Coffee
Oral contraceptives
Accidents to pedalcycles
All catastrophes combined
Diet drinks
Reactor accidents (UCS)
Reactor accidents—Rasmussen
Radiation from nuclear industry
PAP test
Smoke alarm in home
Air bags in car
Mobile coronary care units
Safety improvements 1966-76

3500
2250
2100
1600
1300
1100
980
900
850
800
700
520
500
400
330
300
220
210
207
141
130
95
95
95
90
90
74
41
40
39
37
30
27
24
18
17
13
11
8
6
7
6
5
5
3.5
2
2*
0.02*
0.02*
-4
-10
-50
-125
-110

*The«e items assume that all U.S. power is nuclear. UCS is Union of
Concerned Scientists, the most prominent group of nuclear critics.

From Cohen and Lee (1979).
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Table 4

Days of Life Expectancy Lost as a Result of Hazards in the Nuclear
Industry Compared with Hazards in Other Industries

Age (at Beginning of Exposure)

20 30 40 50 60

One year at risk in:

Deep sea fishing
Coal mining
Coal & petroleum products
Railway employment
Construction
All manufacturing
Paper, printing & publishing
Radiation work at 50 mSv/year
Radiation work at 5 mSv/year

Exposed for remainder of working
life to risk in:

Deep sea fishing
Coal mining
Coal & petroleum products

-• Railway employment
Construction
All manufacturing
Paper, printing & publishing
Radiation work at 50 mSv/year
Radiation work at 5 mSv/year

51.4
5 .7
4 . 1
3.5
3 5
0 . 7
0 . 5
4 . 6
0 . 4

1393.0
155.0
111.0
95.5
93.5
20.5
12.0
68.0

6 . 8

41.6
4.6
3 . 3
2.9
2 . 8
0 . 6
0 . 4
2 . 7
0 . 3

923.0
103.0
73.8
63.3
62.0
13.5

7 .9
32.0

3 . 2

31.9
3 . 6
2 . 6
2 . 2
2 . 1
0 . 5
0 . 3
1.3
0 . 1

551.0
61.3
44.0
37.8
37.0

8 . 1
4.7

12.2
1.2

22.8
2 . 5
1.8
1.6
1.5
0 . 3
0 . 2
0 . 5
0 . 1

273.0
30.4
21.8
18.7
18.3

4 . 0
2 . 4
3 . 4
0 . 3

14.9
1.7
1.2
1.0
1.0
0 . 2
0 . 1
0 . 1
0

80.2
8 .9
6.4
5 . 5
5 . 4
1.2
0 . 7
0 . 6
0 . 1

Source: Reissland & Harries, 1979.
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teristic of the conditions in which the species evolved. Radiation stan-
dards have been based on this principle. For example, Adler (quoted by
Weinberg, 1979) proposed:

. . . rather than trying to determine the actual damage caused
by very low radiation insult, and then setting an allowable dose,
one instead compares the man-made standard with the background.
Since man has evolved in the midst of a pervasive radiation background,
the presumption is that an increment of radiation 'small' compared
to that background is tolerable and ought to be set as the standard.
[Adler] suggests that small, in the case of gamma radiation, be taken
as the standard deviation of the natural background—about 20 milli-
rads per year." (p. 16).
One attractive feature of such natural standards is that they can

be set in the absence of precise knowledge of dose-response curves; another
is that they avoid the problems of converting risks into a common unit
(like workdays lost). Nonetheless, as a guide to decision making, natural
standards have several logical flaws. One is the fact that our natural
exposure to many hazards has not diminished. Thus, whatever new exposure
is allowed is in addition to what we already receive from nature and
thereby constitutes excess "unnatural" exposure.

A second problem is created when the technology produces multiple
sources of exposure. In principle, each of these exposures could consti-
tute a small, hence acceptable, increment over background exposures.
Natural standards do not provide any clear criterion for deciding that
the cumulative impact of a set of tolerable exposures is intolerable.

When proposing to accept any activity whose risks are only slightly
above natural levels, problems of definition become important. Are
occupational radiation doses to be aggregated with exposures from diag-
nostic X rays and radon? Aggregation or disaggregation can mean the
difference between several technologies, each within the limits of accep-
tance, or one technology outside the limits. Without clear guidelines,
a consequential event could be redefined as a set of inconsequential
events.

In sum, comparisons across hazards and comparisons with natural
levels of risk may be useful tools for educating the public. Yet the
facts do not speak for themselves, except for those who already know
what they want to hear. Comparative analyses must be performed with
great care to be worthwhile. Even then, the insights they provide must
invariably be limited.

What Can Research Tell Us?

Research is needed to tell us what the public knows, what it wants
to know, and how to design and evaluate informational programs. For
example, some have speculated that people shy away from information of
a threatening nature. However, psychologist Neil Weinstein (in press)
found the opposite reaction when people were given the opportunity to
choose between a reassuring^ and a threatening message about environmentally
induced cancer. His conclusions have obvious relevance for the design
of public information programs. Specifically, he found that:

• People were more interested in learning what the hazard might
be than in receiving information minimizing its danger.
• Failure to seek information reflected a lack of interest in the
topic rather than an attempt to avoid the topic because it was too
threatening.
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• Lack of information or even self-perceived lack of information
does not necessarily lead people to seek out information.
• When conflicting messages are available regarding the existence
of a hazard, people tend to select the message that agrees with their
own point of view.

Informed Consent for Transient Nuclear Workers

An extensive study by Baruch Fischhoff (in press) provides a detailed
example of the way in which research can be carried out and the kinds of
insights such research might provide. Fischhoff was concerned about
how best to inform temporary workers in the nuclear industry about the
risks they faced in performing tasks in contaminated areas.

Background of the problem. Temporary workers are often used in
the industry in order to keep permanent workers from "using up" their
quarterly exposure allotment. Adequate and meaningful information about
risk is needed if such workers are to make decisions in their own best
interests. Poor information might, in some cases, actually increase
risk by reducing workers' awareness of possible problems in high risk
areas (Melville, in press).

Providing risk information to temporary workers might be problematic
for the operators of nuclear facilities. Explicit acknowledgement of risk
is bad for any industry, particularly for one with the public relations
problems encountered by the nuclear industry. Furthermore, workers might
demand added compensation for assuming such risks. While individual
transient workers are seldom in a position to bargain, more information
might lead to an increased rate of refusals to accept such jobs and
eventually require payment of some premium in order to guarantee an
adequate pool of workers.

Even when the operators of a facility are committed (or compelled)
to implement such a program, the task is still not an easy one. Designing
informational presentations requires understanding not only of how
people process information, but also of how they go about making deci-
sions. One needs to know what information do workers want and what
information they should want. For example, is the fact that temporary
workers are being used to "save" permanent staff relevant? Should it be?
An economist might argue that only the costs and benefits of this job
and alternative job options should matter to the temporary worker. On
the other hand, even a worker with no options at all (or only riskier
ones) might feel that being used to "save" others should command a
premium wage. All of these issues would be complicated by differences
in the education level and specialized knowledge of the workers.

Design of the study. With the help of physicist Christoph Hohenemser,
Fischhoff designed a pamphlet to inform transient workers with the reading
skills of high school graduates. This pamphlet, reproduced in the appendix
to this essay, included an explanation of the philosophy of hiring temporary
workers, a definition of "maximum permissible quarterly dose" which
included comparisons with other exposures, a best guess at the risks of
death and genetic damage incurred by such exposure and an acknowledgement
that experts disagree on these effects, with the present "best guess"
being lower than that held by a minority of experts. Some of these
sections could have been omitted without rendering the statement incoherent;
on the other hand, one might have added information regarding: (a) who
sets these standards; (b) what is the likelihood of their being exceeded
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by accident; (c) what other hazards cause similar effects (e.g., carcino-
genic and teratogenic chemicals); (d) does the company make a profit on
the labor of these temporary workers; (e) how do the risks from repeated
exposures cumulate (f) what percentage of workers find such risks accep-
table (given the pay, other working conditions, etc.); (g) what issues
underlie the disagreement among experts; and so on.

One can speculate about how these changes might affect readers'
judgments of the risks involved and their readiness to incur them for
various promised wages. As a first step toward understanding which varia-
tions do make a difference, each of four versions of the statement was
presented to a different group of 50-60 individuals. Respondents were
recruited by advertising in a university newspaper and on-site at a
state employment office. While a somewhat special population, these
individuals are not entirely unrepresentative of the (unskilled) laborers
who might be confronted with tthe nuclear work option. About 20% reported
having worked in high-risk environments in the past.

After reading the statement, participants in the study made judgments
in four categories: (a) appropriate pay for the job; (b) the nature and
extent of the risks; (c) current and desired exposure standards; and
(d) the quality of the statement and strategies for its administration.

Three factors were varied in creating the four versions:
(1) Whether or not readers were told why temporary workers were

being used. A long form included this information; a short form excluded it.
(2) How the administration of the statement was described. Most

subjects were told nothing about its administration; one group was asked
to imagine receiving it when arriving at the nuclear facility.

(3) How pay questions were positioned. Most groups were asked
about appropriate pay immediately after reading the statement; one group
was asked about pay after answering questions on .the other three topics.
It was felt that answering the other questions might help elaborate the
decision situation and affect respondents' attitudes towards pay.

Results. The pamphlet was moderately well regarded by readers. They
viewed it as readable, straighforward, and fairly honest. However, the
form received only middling marks on the completeness of its information.

Respondents were very adamant about the need for presenting such
information. More than 80% answering "definitely yes" to the question:
"If you had taken such a job without being shown this pamphlet, would
you feel that you had been deprived of necessary information?" A
majority responded "definitely no" to the question: "Is this too much
information?" As Weinstein's study also demonstrated, people want to
be told.

Respondents also had definite ideas about when such information should
be presented. Almost 90% said it should be shown first when workers i

originally report to the personnel office (off site); 88% viewed it as
"very inappropriate" to present it only when workers asked for it explicitly.
When asked how the presentation of risk information could have been improved,
almost all respondents had definite opinions. They wanted more information
and more elaborate presentations. The most common requests were for infor-
mation about the specific plant and its safety record, additional research
results, and a chance to discuss the topic with other workers and specialists.

In a variety of ways, the participants were asked to evaluate the
nature and magnitude of the job's radiation risk. They generally felt
that the risks were neither very well nor very poorly understood by
themselves or by scientists. They judged the risks to be equivalent to
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those incurred in a similar period of time spent in a coal mine, but
worse than those encountered in activities like domestic work or driving.
They generally believed that it was quite likely that the standards reported
in the booklet would be exceeded by accident, that there was no amount
of radiation so small as to present no danger, and that a worker would
not be able to tell at the end of the job whether or not any damage had
been suffered. An additional question asked about the cumulative risk
of receiving the maximum permissible dose four times in one year or one
time in four years. Whereas the danger from one such exposure reported
in the text was 1-2 extra cancer deaths in 10,000, respondents generally
put the cumulative risk at 4-8 in 10,000 (that is, they believed that
the risks cumulated additively). When asked about standards, these people
did not feel that current standards were stringent enough nor that it
was reasonable to design plants calling for such exposure of temporary
workers. Three-fifths believed that companies set standards; only one-
fifth believed that they should. Perhaps even more surprising was that,
whereas 87% believed that government officials currently set standards,
only 55% believed that it should. What groups are judged to be under-
represented in standard setting? The public is one; 7% of respondents
believed that the public was involved, 46% believed that it should be.
Scientists and the courts were judged to be underrepresented to lesser
extents.

When asked about fair pay for the job, the median response was
$100 for one day. When asked about the lowest pay that they personally
would require to take the job, half of all respondents reported being
unwilling to take the job at any price. About half of those who categor-
ically refused the job at the described risk levels were willing to accept
it at $50 per day if the risks were reduced by a factor of 25-100. Wage
demands (but not judgments of risk) were reduced by a variant of the pam-
phlet that asked respondents to imagine that they had received it upon
reporting to wdrk in the morning and by a variant that did not tell them
that they were being exposed to save permanent workers.

Extensions. This particular pamphlet was but one attempt to present
the facts fairly. Alternative versions could easily be prepared and it
would be interesting to study their impact. For example, one might
elaborate just what it is like to have cancer, or what the cure rates
are. One could also elaborate the opinions of the minority of experts
who believe that cancer risks are higher than 1-2 in 10,000 or of those
experts who believe that there is a threshold for radiation below which
effects are minimal. One could describe acceptance rates among other workers,
the plant's financial situation, other life events that cause cancer,
or the risks from alternative jobs. Any of these variations could affect
judgments of risk or equity or bargaining power and subsequent behavior.
Respondents' requests for additional information or alternative modes of
presentation suggest that some such variations would be welcome. None-
theless, the present pamphlet might not be too dissimilar in length and
balance from what might eventually appear in real situations.

Although this particular study was concerned with informing just
one particular category of worker, we believe that similar research should
be done in conjunction with all programs to inform workers, patients, or
members of the general public.
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How and By Whom Should Information be Provided?

Radiation information programs have enormous potential to influence
the behavior of workers, patients, and citizens. The stakes are high—
jobs, electricity costs, willingness of patients to submit to necessary
treatments, public safety and health, etc. Potential conflicts of interest
abound. Responsibility for information programs should not be left solely
to the natural triumvirate of science, industry and government, lest these
programs run the risk of being viewed as mere propaganda campaigns. Since
every decision about the design of an information statement is likely to
influence perception and behavior, extreme care must be taken to select
knowledgeable and trustworthy designers and program coordinators. We
cannot propose a general solution here, as a competent and credible program
staff would have to be put together in consultation with representatives
of the people who were to be informed. If these people do not trust the
designers and administrators, there is little point in pursuing the program.

It is important to recognize that informing people about radiation
risks is but part of the larger problem of helping people cope with the
risks and uncertainties of modern life. We believe that part of the
responsibility lies with our schools. Curricula in elementary and second-
ary schools should include material designed to teach people that the world
in which they live is probabilistic, not deterministic, and to help them
learn judgment and decision strategies for dealing with that world.
These strategies are as necessary for navigating in a world of uncertain
information as geometry and trigonometry are to navigating among physical
objects.

Summary

The recommendation that programs be developed to inform patients,
workers, and the general public is an admirable one, which we endorse
fully. However, it is important to recognize the difficulties inherent
in attempting to communicate highly technical information to people.
Although a national survey would be a good first step towards evaluating
the knowledge base of workers and the general public, it needs to be
buttressed with a more extensive program of empirical research on the
problems of communicating information about radiation hazards. If this
research fulfills its promise, not only would we know that it is possible
to design valid presentations, but we would also have generic guidelines
on how to do so. Since fundamental psychological processes are involved,
one would not have to design each informational statement from scratch;
rather, one could convene panels of technical experts, communication experts
and representatives of the target population to develop the presentations
needed for explaining specific hazards.

Of course, the results of such research cannot be foretold. We may
or may not find that suitable modes of presentation can be developed given
the present state of our knowledge. In either case, we will have an
empirical base to ground the discussion of what can and cannot be done
about explaining radiation risks. One obvious price we pay for not
doing such research is failing to inform people as best we might. Perhaps
less obvious is an enormous waste of professional time and effort. At
present, when technical experts are asked to design informational statements,
they can only speculate about what people can understand and what they
want to be told. As the need for such statements increases, we can ill
afford to have group after group of experts repeat these first steps in
uninformed theorizing about informational issues.
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Appendix

A Statement for Informing Temporary Workers
(source: Fischhoff, in press)

The following describes the role you will be playing in the present
job and the effects it could have on you and your descendants, insofar
as these are known. The information we provide is not meant to influence
your decision one way or another, but to provide you with a reasonably
understandable statement of the information you will need to make a good
decision.

The Philosophy of hiring temporary radiation workers

Your prospective employers must from time to time have work performed
in a high radiation environment. Some of this work was planned and
anticipated by the designers of the plant or facility in which you are
thinking of working. A good deal of it wasn't. In either case, getting
the work done is essential, and failure to do so would mean that the plant
or facility could not continue to function normally.

In some cases, your prospective employers have an additional problem.
Getting the needed work done by permanent staff would mean that these people
would receive a "maximum permissible dose" for a quarter of a year during
the course of one day or afternoon. As a result, these permanent staff, many
of whom have essential skills for the continued operation of the plant, would
become useless for any further work in a radiation environment.

For your prospective employers, it thus makes sense to "save" permanent
staff for tasks in radiation environment that no one else can perform, and
to hire temporary staff for some high radiation work that requires little
prior training. This is where you come in. You are being asked to take "a
maximum permissible dose" in an afternoon or day in order to save the
permanent staff. This does not explicitly violate any standards because your
employers assume that you will not work in a radiation environment during
the remainder of the quarter.

The meaning of a "maximum permissible quarterly dose"

You will naturally want to know what is meant by a maximum permissible
quarterly dose of radiation. In what follows, we will try to explain this
in as direct a way as possible. At the outset, however, it is worth saying
that the answer cannot be wholly unambiguous. In addition, you will have to
bear with us while we explain a few background facts about radiation.

The nature of radiation standards. The first thing to realize is that
standards such as "maximum permissible dose" do not mean that below these
standards, there is no harm. Instead, it means that below the standard, the
risk is small enough so as to be generally acceptable to the bodies that set
the standards. Whether they are also acceptable to a given individual can
only be determined by the individual. For this, some details on radiation
risk are necessary, in particular some numbers and some comparisons.

Standards for radiation exposure are expressed in units of "rems."
These measure the amount of biological damage through the number of chemical
bonds disrupted. As such, the number of rems does not specify the amount of
disease resulting from disrupted molecules. Leaving this aside, for the
moment, the standards in rems are:

(1) For the general population, 0.17 rems in excess of natural back-
ground and medical exposure per year.

(2) For radiation workers, 5 rems in excess of natural background and
medical exposure per year, or 1.25 rems quarterly.

The standard that is being used in limiting your dose is the second
one: 1.25 rems per quarter.
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Defining the risk. By sifting available information on human and
animal exposure to radiation, radiation health experts have over the years
accumulated a picture of radiation-induced disease which they rely upon to
define the effects. For the relatively low doses that are involved in the
radiation standards we are discussing here, there is no direct information
for humans. Radiation health experts the world over have therefore agreed
to make what they hold to be a conservative calculation. It is based on
extending the effects seen at higher doses in humans to lower levels by using
direct proportions. The result of this analysis can be specifically stated
in terms of risk as follows:

(1) For the maximum permissible quarterly dose to which you will be
exposed, you acquire a chance of getting cancer sometime in your life of 1-2
in 10,000, or 0.01-0.02 percent. That is, if 10,000 people received such
exposure, one or two of them would be expected to get cancer as a result.

(2) For the maximum permissible quarterly dose you are considering
taking, you also acquire a risk of genetically-related disease in your
children of 1-10 in 10,000, or 0.01-0.1 percent.

These risks, you .must understand, are added onto a cancer and genetic
disease risk which already exists, independent of your radiation exposure.
Your total risk of getting cancer is about 20 percent, while the total risk
of genetic disease in your children is about 6 percent. The latter two numbers
are deduced from presently observed cancer and genetic disease rates.

Other things you might want to know. In coming to your decision, there
are a few other things you might want to know. All of these are in the nature
of "background" that might help to put your action in perspective.

(1) You are subjected to radiation on a continuing basis, independent
of any occupational exposure. This radiation originates principally from
"natural background" (cosmic rays and ordinary rock), and some highly dispersed
manmade sources, such as fallout from weapons testing. You may also be exposed
to medical X rays. According to reports compiled by radiation health experts,
all of these sources of radiation amount to an average of 0.17 rems per year
per person. Thus, these sources total about 15 percent of the dose which you
would receive as a result of deciding to work in the present high-radiation
environment.

(2) The interpretation we have given you regarding the present "maximum
permissible dose quarterly in industry" is based on a majority opinion of
scientists working in the field. There is a minority which says that the effects
are worse. A particular source of controversy is the effects of small radioactive
particles in lung tissue. These are difficult, if not impossible, to detect by
ordinary radiation monitoring methods used in industry. If you are exposed to
this kind of radiation, unknown to the monitors who are supervising your work,
your risk may be considerably higher than indicated in the above calculation.
Summary

We may summarize the points that might enter your decision as follows:
(1) You are contemplating taking a dose which scientific and bureaucratic

bodies have called sufficiently small to be "acceptable."
(2) This exposure, while "acceptable," is not without risk. By "taking"

your quarterly dose in a day you increase the chance of cancer in yourself, and
the chance of genetic disease in your descendants.

(3) The average individual has a 20 percent chance of dying of cancer.
Accepting this job would mean an additional 0.01-0.02 percent chance. Similarly,
there is already a chance of 6 percent that your children will have genetic
defects. To this, your exposure would add an additional 0.01-0.1 percent.

(4) Your exposure to radiation in the work environment will come in addition
to a continuing exposure that you receive from natural background, medical X rays,
fallout, and the nuclear industry. Annually this general exposure is about 15
percent of the amount to which you would be exposed in the present job. Thus, in
one day you would get what you would otherwise average in about seven years.

(5) The estimates of harm given here are based on a consensus of experts
who have studied radiation effects. There is a minority which disagrees, and
argues that effects could be several times worse.
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DISCUSSION FOLLOWING THE PRESENTATION

Issue Papers No. 1OA and 108
Sidney Wolfe, M.D. and Paul Slovic, Ph.D.

DR. FRIEDELL: I would like to direct a question to Doctor
Wolfe.

There is a wide variation in the amount of radiation in
mammography, but that isn't sufficient information; what we
really need to know is how nuch radiation per unit of infor-
mation was available -- because some of those that use very
large amounts of radiation, for example, garnered nore infor-
mation.

So it has to be refined. In addition to that, it is only
part of the whole train, Piext comes what decision can you make
of this anti how accurately and how certainly can you proceed?

Finally, if for example, you made a decision that nothing
you do to carcinoma of the breast is helpful, then obvi-
ously none of this should have been done in the first place.

DR. WOLFE: Let me just briefly respond to that.

The assumption was that at least for certain people, it
was useful to pick up ninimal breast lesions earlier. There are
questions about that.

The qiven was that that is useful. What I was reflecting
on was that the same exact machine, depending on how carefully
it had been calibrated and what filters had been put in, was
in one instance giving several rad mid-breast dose, the other,
well under one rad, and it was possible to get the same yield in
terms of information with a little simple ani inexpensive adjust-
ment, once pressure was brought to bear to do it.

So I think that in this particular case, the fact that they
all were able to get down to this low dose and to continue,
according to what was said, to get basically the same kind of
information, shows that it really was excessive amounts of
radiation that were being given.

PROF. ROSENBLITH: The Chairman nay be allowed to add a word
here in his role as an old communications engineer. It is not
always more power or more radiation that gives more information.
You can substitute computers for more information, and under the
circumstances a mix of technologies gives you a greater advantage
than a single technology.
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OR. STRUDLER: I'd like to direct my question to Doctor
Wolfe. I am Paul Strudler, from NIOSH. I would like to go to
that question of uraniun mining, in which you mention NIOSH.

It is a very interesting case; if we are qoing to study,
what types of information do we need in order to change stan-
dards, and do we have enouqh information to change standards?
And how do we move if we have enough information?

So I would like your conment as to a possible scenario,
for instance, in uraniun mining. You have a case where there
is unclear jurisdiction between several agencies, of which per-
haos NIOSH is the smallest. You have considerable pressures
from mining industries through their lobbies in Congress, and
there is some dispute about the accuracy of some of the epidem-
iological data which has come out about the relations between
cancer and doses in uranium mines.

Mow do you see -- if this is just one example of the
situation -- how do you see the work towards changing these
standards going on?

DR. WOLFE: That is a very complicated question. I will
try and answer at least narts of it in a brief period of time.

First of all, the jurisdiction is quite clear as of 1977;
the regulatory authority over mines, such as uranium mines, was
transferred from the Department of the Interior to the Labor
Department, the Bureau of Mine Safety and Health Administra-
tion in the Labor Department -- not OSHA but another part of
the Labor Department.

Additionally, in those amendments which are now law, it
specifically stated that NIOSH, within 18 months of the time
that the amendments took effect, was to report to the Depart-
ment of Labor on any kind of circumstance in which they
believed there was evidence of increased risk of health at
the existing standard, particu1arly since NIOSH had, four
years ago, already stated that there was something wrong with
the occupational standard; namely, that it was unsafe.
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One can araue that the law Is being violated by fJIOSH in
the sense that they have not, at least as far as I'm aware of,
forwarded a report to the Labor Department since the new
amendments went through saying that this level is unsafe.
There may be some disnute down at the very, very low levels as
to what the doubling tiose is; but I don't think there is any -
dispute at all that a worker who is exposed to four working-level
months a year, and who works for 20 years, 30 years, thereby
getting 100-120 working-level months -- I don't think there is
any reasonable independent epidemiologist who would say that the
doubling dose is really above 100 or 120? The question is, is it
10 or 15, or 20 or 25, or even lower than that.

But of all of these -- over any reasonable length of work-
inn time on the part of a uranium miner -- it would be vastly
different, lov/er than the amount the miner would get.

If there are any other people that would like to comment
on that, fine, but I don't think that there's argument up at
the levels that workers are being exposed; they are really
unsafe.

OR. RADFORD: Radford, University of Pittsburgh.

I would like to comment on both issues, the mammography
issue and the uraniun miners.

In this very auditorium, about two years ago, a panel
assembled by the National Cancer Institute reviewed the ques-
tion of the use of mammography; at that time there was a large
representation by people who were working in the technical
field, who asserted that it was now possible to get very good-
definition mammograms with midline breast doses on the order
of 100 millirem.

Many of us on the panel, I'm sure, were very reassured by
this, and the question that I would ask -- and it's basically
the same one that Sid Wolfe has asked -- have any of these
technologies been implemented in the various centers that are
carrying out mammography, and if not, why not?

Because we were told in no uncertain terms that the tech-
nology was here; it wasn't off in the future, it was there.
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With regard to uranlun miners, the question is very much
the same, and now we're really beginning to qet down to what
this conference was supposed to do: how much evidence do you
need to make regulations or to reach a conclusion that such
and such a radiation risk exists?

Mow, it just happens that in the case of underground
miners exposed to radon daughters, we have got much better evi-
dence than almost any other group, certainly when you compare
to the low-LET problem, which is a lot more difficult. We have
Fluorspar miners studies in Newfoundland, in Swedish iron miners
and other miners in Sweden, as well as uraniurt miners in
Czechoslovakia, Ontario and in the U.S., and while there are
some discrepancies between the results, and the dose ranges are
very substantially different, it is renarkable how consistent
they all are, and they certainly do not lead to any great uncer-
tainty as to the kinds of doses that the current workers are
receiving in the U.S. uraniun mines.

I would certainly like to echo what Doctor Wolfe has said,
that if in fact we have all of this evidence now produced at
considerable taxpayer expense, around the world, and we don't
act on it, but still say we need more studies -- I'm doing
another study myself but that's not because I am concerned about
the fact that we don't know what the low-dose effects are; I
think we can learn a lot more from epidemiology, such as the
cigarette smoking data I have already mentioned -- now the point
is: are we going to continue to study this without taking any
action in the social realm?

OR. WOLFE: The answer is: I hope not.

PROF. ROSENBLITH: There were two questions that you have
posed. One was addressed to the technology, having to do with
mammography.

The second one is a question that would be best left to
the general discussion session.

DR. WOLFE: The first fine is that at least in some of the
centers, particularly those which would be the ones associated
with the Federal program, they have certainly done better than
others in terms of implementing the latest technology and getting
down to 100 or so millirem mid-breast doses.
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But out in the rest of the world, the rest of the country,
where one doesn't have Federal and American Cancer Society
funding, sone of the surveys that were done at least show even
higher levels -- and they aren't using, in a number of cases,
equipnent designed for mammography. They night have even greater
difficulty doing the kinds of mechanical things necessary to get
the levels down.

So I think very likely -- I haven't seen all the data --
that there are still a large number of people in the country
jetting nanmography at centers or with machines that deliver
far more than what even the widely available technology can get
down to.

PROF. ROSEMBLITH: Any questions for Doctor Slovic?

DR. NYGAARD: Yes, I thought it was about time to ask
Doctor Slovic something.

Having read your paper, I would like you to make one comment
on public perception of risks: which they feel they have control
or a choice, and, those they fear they have no control.

DR. SLOVIC: It's often thought that people exaggerate the
risks to which they are exposed, an<l in some cases - that is not
true.

There is a class of risks for which people seem to under-
estinate the hazard to which they're exposed. These include
thinns such as automobiles and various consumer products, things
which people have a lot of direct experience with, and things
where the risks are relatively low.

So that in general, the experience is benign, even though
they nay be using the product unsafely. For example, you can be
a very poor driver, and make a lot of mistakes on the road, and
never get caught; everything will still come out all right because
of the low frequency nature of things, and everyone seems to
feel that they are at the upper end of the distribution in terms
of in their own personal driving skills. This is an element of
control, but yet for many other hazards where control is lackinq,
people perhaps may exaggerate the risks.
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PROF. ROSENBLITH: There's a question in the back.

Yes?

MR. RUMOEL: Jin Rundel, from the national 3ureau of
Standards. I would like to address a question particularly to
Mr. Slovic, because he apparently has had sone experience
in hazards and risk assessment in other than the radiation
field.

The only other time I was in this auditorium was to listen
to Ralph Mader standing right there say, quite unequivocally,
that radiation hazard is to be distinguished from essentially
all others, and he compared it to fire, lightening and the like.

I would like to know whether of not, when in your talk, you
discussed very largely the ouestion of giving infornation on
risk, what do y:i iissess as far as the public is concerned, the
need to understand the threat itself? Have you any experience
in that line?

DR. SLOVIC: Most of our work has studied the whole spec-
trum of risks faced by society, and we have looked at character-
istics such as the perceived knowledge or knowability and
controlability and these sorts of things.

In this regard, the need to understand the risk or the
perception of the degree to which the risk is understood seems
to play a very important role in people's response to that
hazard.

Huclear power, for example, really stands out very uniquely
among some 90 hazards in the profile in that it has on various
characteristics of risks -- catastrophic potential, knowledqe,
dread, familiarity, and so forth.

Interestinoly enough, medical X-rays are seen as very
different from nuclear power. They are nuch >nore faniliar;
they are seen as non-catastronhic, much nore voluntary, and
so forth.

So I think the characteristics of risk, includino the
perception of knowledoe, and sone others as well, play a very
innortant role in the reaction of peonle tn what technologists
night say arc enuivalent statistical risks.
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OR. WOLFE: I would like to comment on that. I was with
Mr. Nader when he made the renarks here. I think the point that
was being made is that there's a very wide spectrum of risks,
ranging from how overt the kind of violence they impart is.
Fire would be an exanple of that. Street knifing, for example,
would be that. And at the other end of the spectrum is radiation,
which is really totally silent. This has obvious imp!ications
as far as people being aware of their being exposed to the risks.

So this does encompass all the other ones you nentioned.

Dfl. LOWE: Dr. Slovic, you mentioned that eventually
this decision-nakinn falls into the political domain. I didn't
hear you mention who or what organizations have the responsibil-
ity for developing the information that the public could use to
nake these political decisions.

DR. SLOVIC: I think that certainly research plays one
role in t h i s , that is, communications specialists, phycholo-
gists and so forth can study the effect of different presen-
tation formats on perception and behavior. But that only
goes so far, because I think what they'll find is that every-
thing has an effect. And you can produce documents, that produce
very different reactions among people. There I think you have
to have some sort of representative group of people who will sit
down and almost negotiate the wording of an information statement
as a political document, because there is no rioht way or no one
right way to present these things, and presenting equivalent
risks in ^lightly different wording may make a big difference.

So you have to negotiate it out; that is all I can say.
And in that regard, your opinion and those of everyone else
is as important as mine.

OR. YOUKER: Youker, Milwaukee. A question for Or. Wolfe.

What is the evidence that American radiologists are con-
tinuing to give excessive amounts of radiation for mammography?
I an a practicing radiologist. I used to give 16 rad. I am
now down under one. I haven't gone to 100 nillirad because I
can't read the images.
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I think it is a oreat success story. I think we have had
a very striking decrease. The radiologists in this country
have adopted the new technology. I think that as this Insti-
tute can develop new technical advances, we'll go even further
that way.

DP,. WOLFE: Well, A mentioned in the full paper, the parts
I didn't have time to give here, that there was a striking
reduction at least in the 27 mammography centers once pressure
developed to implement the technology that was already at hand.
However, according to some, outside the traditional university
kinds of settings, where they are using other kinds of equipment
not primarily built for maromography, there are people who are
still getting larger doses.

DR. YOUKER: That is not true in my community.

DR. WOLFE: Well, I an glad to hear it.

PROF. ROSENBLITH: Thank you, Dr. Wolfe and Dr. Slovic.
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Public Understanding of Radiation
What's the Problem*

by
Raymond H. Johnson, Jr.*

"The public just does not understand radiation risks." So goes
the lamentation of radiation health professionals. Health
physicists and others in the radiological sciences are becoming
increasingly frustrated with the apparent lack of public
understanding of radiation risks. The implication is that, if only
the public could be made to understand radiation, the problems
raised by public concerns would be resolved. Health professionals
today seek to foster such enlightenment by perfecting their
technical information base and by communicating this information to
the public in a variety of ways. They hope, by this trial and error
approach, that some ways will be found to achieve public
understanding of radiation.

Let us ask ourselves, now though, both professionals and public
alike, "Is this approach working?" The answer to this question is
"No." Therefore, "What really is the problem?"

The Problem

What I want to emphasize in this paper is that the problem is
not simply a matter of public understanding. Public concerns will
not necessarily be alleviated by understanding radiation.
Therefore, the typical approaches taken by health physicists to
achieve public understanding have not worked as a means of handling
public concerns. Furthermore, effort to gather more information to
expand our data base on radiation risks is not the answer to the
problem of public concerns. The health physics profession already
has more information than it knows how to communicate.

This paper will examine the typical health physics approach and
identify what is missing in order to clarify the real problem and
provide future direction for radiation health professions.

Typical Approach

Whenever concerns are raised about radiation exposures, the
underlying question is usually, "What is the risk from this
radiation exposure?" The public often asks related questions such
as, "Is there any danger?" "Should something be done for protective
action or control, or what will be the effect of this radiation
exposure?"

•Raymond H. Johnson, Jr. is Chief, Surveillance Branch, Office
of Radiation Programs (ANR-461), U.S. Environmental Projection i
Agency, 401 M St., S.W., Washington, D.C. 20460.
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The health physicist will typically respond to such questions
on the basis of calculations involving a series of technical
parameters leading to estimates of risks. The parameters of
interest usually include the characterization of the radiation
source, the exposure conditions, and the individuals or population
at risk; and the calculation of radiation dose and health effects.
The results of these calculations are then presented with supporting
data to the public for answering their questions. In addition,
health physicists also attempt to interpret radiation risks for the
general public by giving comparisons between various radiation risks
or other 'acceptable' risks.

Unfortunately, the risk interpretations and calculations are
often presented using radiation terms which do not have meaning for
the public. Furthermore, even when the terms are understood, the
risk information often does not seem to answer directly the public's
questions about the consequences of radiation. The reason the
health physicist fails to satisfy the public's concerns has to do
with an aspect of the communication which is missing. The health
physicist usually just puts out the results of his risk calculations
as a one way communication. Little consideration is given to how
the public will perceive this information with respect to their
concerns. The missing element is an awareness and an accounting for
different perceptions of risk.

Perceptions of Risk

Public concerns for radiation are always related to perceptions
of risk. These perceptions are highly variable and difficult to
characterize. They are based on gut feelings of fear, usually for
the unknown aspects of radiation. People with higher fears will
have a correspondingly higher expectation of assurance or protection.

A good example of different perceptions of risk by the public
involves risk statistics for automobile accidents and smoking
cigarettes. People usually perceive that these statistics do not
apply to them directly and they are not personally at risk. In
contrast, when an estimate is made of a potential number of
radiation related cancer deaths, people will often feel they may
personally be the potential victim. These different perceptions of
risk stem directly from people's fears of personal consequences.

These perceptions of risk may have nothing to do with reality.
Reality is defined here as the technically quantified risks
determined by a health physicist in agreement with the majority of
his peers. (Not all health physicists will agree on risk
determinations.) We should be aware, however, that people's
perceptions of risks are the same as reality for them.
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Consequently, people will experience great distress in relation to
their perceptions of risk. Indeed, the health professions may
ultimately observe that mental stress from fears has harmful effects
which outweigh the potential for radiation effects.

Perceptions of risk are, therefore, an aspect of the problem
which should be considered by health physicists. The question,
however, is how can such health professionals appropriately respond
to the general public which reacts out of fears for radiation?
Especially, when these fears strem from a basis which seems
nontechnical and illogical to health professionals.

Before answering this question we also need to consider more
generally the motivations of fear.

General Fear Motivations

The fears of the general public are obviously the basis for
their reactions. What may not seem so obvious is the basis of fears
which also motivate health professionals. Highly trained health
professionals involved in the interpretation of radiation risks
would seem to make judgments primarily on the basis of technical
information. In reality, however, technical data are frequently
limited in some way. If this was not so and adequate data were
available, then answers would be obvious and judgments would not be
needed.

Therefore, when adequate data are not available, "What is the
basis for decisions?" The basis is how we feel about radiation
risk. Our degree of acceptance of such risks is a function of our
fears. Consequently, both health professionals and the general
public respond from fear of consequences for radiation at some level
of risk, differing only in degree.

Fears Lead to Conservatism

Radiation health professionals also have another area of fears
to contend with when making decisions about radiation risks. This
fear is about making mistakes regarding radiation protection and
possible consequences of misjudgment. Such fears are minimized by
the practice of conservatism. To compensate for uncertainty in
estimating health risks, the philosophy of the health physics
profession is to use values on the high side for calculating health
effects. Then the health physicist can say conservatively that the
actual effects will be less than his estimate.

331



Much of the controversy in health physics information brought
to the attention of the general public is the result of conservatism.

The differences in estimates of risk made by different people
are usually because of conservatism in choices of input parameters
for the estimates. For many years, a standard practice has been to
base risk interpretations on the maximum potential exposure to an
individual. This approach often maximized the input data so that,
in conclusion, it could state that no one would actually receive
such an exposure. The trend in radiation protection today is more
towards assessing what people are actually exposed to rather than
unrealistically overestimating exposures.

Health Physicist's Dilemma

A widely accepted assumption in radiation protection is the
concept that all radiation dose produces a corresponding health
effect, and there is no dose threshold below which no effect will
occur. Unfortunately, this concept has not been clearly
substantiated by observations nor is it likely to be for human
exposures. Perhaps basic research on the mechansims of radiation
effects will provide an answer. At the present time, however, the
actual health effects to be expected from very low doses are
uncertain. They could be higher or lower.

The use of the nonthreshold concept for radiation protection
results in a dilemma for health physicists. The dilemma is that a
health physicist has to say all dose will produce some effect and
must then arbitrarily choose a level that will be considered safe or
acceptable. We should be aware that such choices involve all the
fear factors in dealing with conservatism and uncertainty discussed
previously.

The Problem Redefined

The initial problem seems to be lack of public understanding.
We can be aware, however, that the public's concerns are not simply
a matter of understanding, but rather a function of their
perceptions and fears. Therefore, the real problem seems to be
whether health physicists can factor that awareness into their
interactions with the public.

Historically, health physicists were trained to quantify
risks. To accomplish this purpose the profession has developed
specialists in measurements, environmental pathways, dose
calculations, health effects calculations, and many other
disciplines. What the profession has not developed, however, is a
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similar emphasis on skills for communication of risks to people with
concerns. The skills needed for effective communication of risks
involve more than traditional training in writing and speaking. In
addition, skills are needed for interpreting public responses in
terms of where these responses come from.

Health physicists normally do not have such special training in
communications, especially on hearing and appropriately responding
to people's fears. At the same time, health physicists are not
normally aware of the role their own preceptions and fears play in
their decision making process.

The real problem to be addressed, then, is how the health
physicist can become aware of underlying perceptions and fears in
the public and in himself and how that awareness can be factored
into handling public concerns for radiation risk.

Rec ommendation

I recommend that the radiation health professions begin
developing expertise in communications with emphasis on listening
skills and understanding what underlies the responses of both health
professionals and the public. There is a need for new training
programs for professionals, such as health physicists, which place a
major emphasis on skills in the areas of communications, human
relations and psychology of risk perceptions. Radiation specialists
with these skills will then be able to interact with the public not
just from a basis of radiation data, but also from an awareness of
perceptions of risk and fear motivations.

I also recommend that new research programs be developed for
understanding perceptions of risk and fear motivations and the role
these factors play in public concerns and responses of health
professionals.
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Clearwater Chapter
Sunshine Action Group
13 896 Dominica Drive
Seminole, Florida 33542
January 27, 19 80

Dr. Charles U. Lowe
Special Assistant to the Director
National Institutes of Health
Building 1, Room 10 3
Bethesda, Maryland 20205

Dear Dr. Lowe:

The Sunshine Action Group, Clearwater Chapter,
is an organization composed of citizens concerned
with the dangers and potential dangers of ionizing
radiation. As such, we were particularly interested
to hear that you will be having a meeting on federal
research into this very problem. (Federal Register,
Vol.44, No.250, December 28, 1979, Pg. 76997.)

We live in an area which is already subject to
high levels of naturally occurring radiation from
our abundant sunshine and our phosphat mines as well
as residual radiation left in our atmosphere from
past nuclear weapons tests. Additionally, we are
not far from a nuclear power plant and a nuclear
weapons facility is in our very midst. This latter
plant uses both tritium and plutonium in its operations.

We are aware that tritium is a very low-energy
beta emitter, but also that it combines readily with
other elements and that it is so light that it is
difficult to contain. (1). Since tritium can be
a component of water and of air, we are most concerned
about the biological effects, both long-term somatic
and genetic, which could result from ingestion or
inhalation of tritium over long periods of time. We
are especially concerned because we have reason to
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Charles U. Lowe Pg. 2 1/27/80

suspect that tritium (a form of hydrogen) can be
incorporated into living tissue and, thus, remain
in the body indefinitely. Even if the amount so
incorporated were very small, it is conceivable that
damage could be done which would be irreparable -
even more so when taking into account all other
sources of radiation to which we are exposed in our
daily lives including medical sources.

(2). We feel that the question of additive
effects of minute doses of low-level ionizing radiation
must be addressed before any further nuclear weapons
are built, before any more nuclear power plants are
licensed, before any escalation of an already too-
high level of nuclear wastes is allowed.

(3). We are also very much aware of and worried
about the amount of radioactive material being shipped
to and through our area. We are not at all convinced
that these shipments are fail-safe, nor that they can
ever be made so. This is a question which must be
answered before any more radioactive material is
shipped into highly populated areas.

(4). Furthermore, we were rather alarmed at the
•'/c.-ding of your "broad question" number 8 dealing with
information to be made public. We would most certainly
oppose any form of censorship or" classification of
research findings relating to the biological effects of
ionizing radiation. All research in this area should
be irade c.ompletely and readily accessible to the
public and no "end points or criteria" need to be
judged as to their usefulness "to provide perspective
for public understanding of radiation risks." This
is something the public can figure out for is collective
self given the opportunity. The public, as you know,
includes not only the little-educated, but "experts
in the various disciplines of radiation biology" as
well. Those of us lacking the necessary expertise to
interpret the research findings will have no shortage
of qualified scientists, researchers, and teachers
to assist us. There may, indeed, be a number of
conflicting interpretations; we consider this a virtue
and a stimulus to further thinking and research. We
can, also, assume that there are researchers capable of

336



Charles U. Lowe Pg. 3 1/27/80

couching their findings in terms comprehensible to the
average educated layman - as for example in such
magazines as Scientific American.

(5). And one last question: Haven't there been
enough people exposed to enough ionizing radiation
over long enough a period of time to be used for
data gathering purposes? Atomic workers and X-ray
technicians are supposed to be monitored regularly
for amount of radiation exposure, aren't they? Are
no long-term records kept on these at-risk populations?

Thank you for giving us the opportunity to
comment on and ask questions about the proposed federal
research on the biological effects of ionizing
radiation.

Sincerely yours,

Mary B. Thorman,
Convener, Clearwater Chapter
Sunshine Action Group
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( \ mideast center for radiological physics
Supported by a Contract with the Division of Cancer Control and Rehabilitation of the National Cancer Institute

March 25, 1980

Dr. Eliot Stonehill
National Institutes of Health
Building 31, Room 10A52
Bethesda, MD 20205

Dear Dr. Stonehill:

During the public meeting, sponsored by the Committee on Federal
Research Into the Biological Effects of Ionizing Radiation, on Mar. 10
in Washington, DC, Dr. Sidney Wolfe r-,-̂ .."3iI some data on mammography
dosimetry which could be misleadinf. As *:"--drr-a/i of the Mammography
Task Group of the Centers for Radiological .^ysics program, operating under
contract with the Division of Cancc n̂i. ol of the National Cancer
Institute, I would like to submit th. V .owing documents.

1. Reduction of Mammographic Exposures at BCDDP Centers
Between 1974-1978.

2. Absorbed Radiation Dose in Mammography

3. A Model to Analyze Radiographic Factors in Mammography

4. Energy Retained and Mean Dose in Mammography

These documents clearly indicate that

1. Surface exposures are not the proper parameters for the
evaluation risk in mammography.

2. It was the accurate measurements and continuing review of
the mammography exposures by the CRP's which resulted in
reductions in breast exposure, and not Dr. Wolfe's dissemi-
nation of this data in public journals.

3. The high surface exposures in certain instances are related
to the use of low HVL beams. This has the advantage of giving
higher soft tissue contrast compared to the higher HVL tech-
niques and could have diagnostic benefit.

Allegheny General Hospital • 320 E. North Avenue • Pittsburgh, Pa. 15212 • Telephone: (412)237-4171
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Dr. Eliot Stonehill
March 25, 1980
Page 2

As is seen from documents 2 and 4, the high surface exposures at
low HVL techniques do not result in a proportionate increase in absorbed
dose, a parameter more directly related to radiation risk.

Also, in reviewing the informed consent form proposed by Dr. Wolfe,
I felt that, although he had clearly presented the risks of radiation
exposure in mammography, he did not mention the benefits of examination
in clear terms. As a member of the R r ̂ rch Committee at the Allegheny
General Hospital, I feel that both ,-enetit and risk should be presented
to the patient.

Prakaslrj^Sbrivaatava, Ph.D.
Director, MECRP

PNS/amz

Enclosures

cc: (Letter only)

- CRP Directors
- Lloyd Bates, Sc.D.
Winfred Malone, Ph.D.
William D. Terry, M.D.
Sidney Wolfe, M.D.
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P.N SHRIVASTAVA, Ph.D March 25, 1980

Documents submitted identified as follows:

1. Reduction of Mammographic Exposures at BCDDP Centers Between 1974-1978.
Six page report submitted by P.N. Shrivastava, Ph.D. (MECRP),
Chairman, CRP Mammography Task Group on behalf of the six Regional
Centers for Radiological Physics and the AAPM Coordination Program
from work conducted for the DCCR under contracts numbered:N01-CN-
45057, 45148, 45150, 45152, 45158, 45160, and 45162.

2. Absorbed Radiation Dose in Mammography
G.R. Hammerstein, D.W. Miller, D.R. White, M.E. Masterson, H.Q.
Woodward, and J.S. Laughlin. Radiation Physics, 130_, 485-491 (1979).

3. A Model to Analyze Radiographic Factors in Mammography
An eighteen page report submitted by Prakash N. Shrivastava, Ph.D.,
Mideast Center for Radiological Physics, Allegheny General Hospital,
320 East North Avenue, Pittsburgh, Pennsylvania, 15212.

4. Energy Retained and Mean Dose in Mammography
A twenty-three page document, Dr. Shrivastava, ibid.

Copies of the above documents may be obtained from the author, or viewed at
the Public Health Service offices.
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Legal, Ethical, and Economic Constraints

by

F. Peter Libassi* and Linda P. Donaldson**

This paper considers "the legal, ethical, and economic
constraints to developing a comprehensive knowledge of the bio-
logical effects of ionizing radiation." Our theme is simple:
while these constraints exist, they are not, with the exception
of certain core ethical principles, fixed and immutable; rather,
they are determined by the political process. As a result, if
factors other than ethical constraints impede acquisition of know-
ledge about the biological effects of ionizing radiation, they may
be overcome—but at the expense of other values. Decisions about
whether they should be overcome must be made by those with political
responsibility: heads of agencies that conduct or sponsor research
and their delegates, to the extent that these officials have dis-
cretion about the decisions; the President and the members of
Congress, who determine the purpose and structure of various
programs and the extent to which the programs are funded; and,
ultimately, the citizens who elect the President and the Congress.
These decision-makers must have full and objective information
about the choices that confront them.

I. Introduction

As background to our later discussion, we shall briefly trace
the developments that led to the formation of the Committee on
Federal Research into the Biological Effects of Ionizing Radiation
(hereafter, "The Research Committee"). The major catalytic event
was the series of hearings conducted by the Subcommittee on Health
and the Environment of the Committee on Interstate and Foreign Com-
merce of the House of Representatives, under the leadership of Rep.
Paul Rodgers and Rep. Tim Lee Carter, in early 1978. The Subcom-
mittee focused on four major issues: the possible adverse effects
of low-level radiation from the nuclear weapons tests conducted by
this country between 1945 and 1962 on human populations, particu-
larly soldiers participating in the tests; the effects of low-level
radiation on workers exposed in the course of their employment;
the results of recent studies suggesting that previous studies may
underestimate the incidence of adverse health effects associated
with radiation exposure; and allegations of inappropriate inter-
ference by federal officials with the researchers who had produced
these new studies. The testimony presented at these hearings both
reflected and intensified a loss of public confidence in the fed-
eral government's handling of issues related to the health effects
of ionizing radiation.
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As a result of these and other hearings,_1/ the White House
asked the Secretary of Health, Education, and Welfare to coordi-
nate formulation of a program that would, among other things,
assure the adequacy and objectivity of federal research into the
biological effects of low-level ionizing radiation. The Secretary
established an Interagency Task Force comprised of HEW, the Depart-
ments of Defense (DoD), Energy (DoE), and Labor (DoL), the Veterans
Administration (VA), the Nuclear Regulatory Commission (NRC), and
the Environmental Protection Agency (EPA). 2/

The Task Force found that its job was complicated by a separate
set of issues, in addition to those raised in the Rodgers/Carter
hearings. Part of the reason for the intensity of interest in the
health effects of low-level ionizing radiation is the role of that
issue in the current debate arising out of this country's reliance
in part on nuclear power to meet our energy needs. Environmental
groups and citizens groups have questioned the use of nuclear power,
suggesting that the health consequences to workers exposed to radi-
ation while working at the plants, the potential for accidents
that could irradiate surrounding areas, and the problems associated
with permanent disposal of high-level radioactive wastes argue
against increasing the number of nuclear plants and in favor of
shutting down existing plants. Spokespersons for the nuclear
power industry point out that under normal operating conditions,
nuclear plants generate less hazardous levels of pollutants than
conventional coal- or oil-fired power plants. The accident at
Three Mile Island, which occurred in March, 1979, and increased
pressure to develop domestic energy sources have intensified this
debate.

With these political issues in the background, the Task Force
reported to the White House last June, recommending a series of
steps designed to respond to matters of public concern, to open
the decisionmaking process to public participation, and to restore
public confidence in federal agency activities. Two of the Task
Force's major recommendations were implementation of a broadly
described research agenda and the establishment of the Research
Committee._3/ In the meantime, the Congress passed legislation ex-
panding and defining the radiation research roles of HEW, the EPA,
and the NRC. 4/

The Research Committee is now engaged in the process of
establishing a comprehensive agenda of studies whose results may
help to answer outstanding questions about the biological effects
of ionizing radiation. A number of constraints may inhibit easy
achievement of the goal of developing comprehensive knowledge
about radiation. We shall not review here the constraints imposed
by the need to meet standards imposed by scientific method, except
as they may bear on the other issues we address,__5/ The issues we
have been asked to examine concern constraints imposed by legal,
ethical and economic factors. Since our primary objective is to
assist the Research Committee, we have limited our attention to
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impediments of interest to federal agencies that conduct, sponsor
and/or use the results of such research and that engage in activi-
ties in which radiation exposure occurs._6/ We have also focused on
constraints at work when researchers conduct epidemiological
studies of human populations, although our discussion of resource
allocation applies to other research as well. We shall not discuss
particular constraints in great detail. Our present objective is
to structure an analytical framework through which to consider
them and how they may be overcome, if overcoming them is found
desirable.

II. An Analytical Framework

Our first observation is that most of the constraints we shall
discuss cannot be separated into neat piles labeled "legal," "ethi-
cal," and "economic." Instead, any particular constraint may fit
into two or more categories. For example, researchers may have to
satisfy legal requirements before gaining access to necessary
records, because society has recognized an ethical obligation to
preserve the privacy of human research subjects. The decision to
proceed with a study despite the legal requirements may depend
on economic factors such as how expensive it will be to preserve
individual privacy during and after the study and whether the
necessary funds are available.

We believe that the constraints we address fall into two major
categories, separated according to the nature of the underlying
ethical obligations imposed on the federal government. First,
certain constraints arise from the government's obligation to do
justice to individuals. This type of constraint has often been
implemented through legal rules that the affected individual may
enforce. The individual interest at the core of these constraints,
we believe, should not be sacrificed for the good of society. On
the other hand, political decisions may legitimately be made about
the nature and the extent of the action that government must take
if these individual interests are to be adequately protected. The
specific constraints in this category may be organized around the
individual interest to be protected. We have identified at least
two interests whose protection imposes constraints on federal
agencies' ability to develop knowledge about the biological effects
of ionizing radiation: the individual interest in privacy and the
individual interest in automony.

The second major category of constraints includes those that
arise from the government's obligation to do justice to society
as a whole. Here, the primary question is how to allocate scarce
societal resources so that the greatest benefit accrues to the
citizenry. The question is presented only because of the basic
economic fact that resources that may be devoted to expanding our
knowledge about radiation and other hazards are not infinite.
Ideally, resource allocation decisions are made on the basis of
full information and according to rational, ethical principles.
However, because full information may not be available, because
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decision-makers do not always agree on the guiding ethical
principles and because such decisions must be made through a
political process where factors other than rational, ethical
principle play a prominent role, the ideal will not always be
achievable.

The very nature of decisions in the second category and the
leeway surrounding governmental choices that affect the individual
interests in the first category mean that the constraints we con-
sider below are amenable to—and even dependent on—political
choices that may mitigate or eliminate them on the one hand or
aggravate them on the other. For the most part, the Research
Committee will not be called upon to make these choices, except
to the extent that political agents may delegate certain choice to
them._7/ But the Committee must certainly recognize the constraints
and, where possible, develop information so that the political
agents may be better informed and may make rational decisions if
they so choose. 8/

III. Legal, Ethical, and Economic Constraints

A. Category 1: Individual Justice

Government respect for and deference to certain individual
interests are rooted in our history and find expression in our
Constitution and other basic documents. Among these interests
are at least two that, embodied in legal restrictions, limit
the ability of federal agencies and others to expand knowledge
about the biological effects of ionizing radiation.

1. Privacy. In this context, we define privacy to mean
the individual's ability to control personal information about
himself or herself._9/ The information controlled may be intimate,
embarassing, harmful, or simply personal. For the most part,
the individual should decide whether it is worth keeping secret.
However, the disclosure of some types of information appears to
raise fewer privacy issues. Thus, disclosure of information
publicly available from other sources does not seem unduly intru-
sive unless the nature of the disclosure adds substantive content
to the information disclosed.JJ)/ Also, regardless of the nature of
the information, it must be connected to an identifiable individual
in order to pose a threat to that person's privacy.

A personal interest in privacy is recognized to some extent in
the Fourth and Fifth Amendments to the United States Constitution
and to a greater extent in tort law, which empowers an individual
to sue others who have invaded that interest by libel or slander
or by misuse of information (e.g., use of an individual's picture
in advertising without the individual's consent). Typically, the
individual's interest is not absolute and may be limited by
societal interests.11/
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Recently, the Congress and other legislatures have given
greater force to the interest in personal privacy by enacting laws
that provide additional safeguards during the collection, storage,
and disclosure of records containing personal information about
individuals. Although federal statutes have so far placed protec-
tions primarily on federal records, bills that would extend safe-
guards to certain types of privately-held records are supported
by the Carter Administration and are pending before the Congress.

A' potential conflict between the individual's interest in
privacy and society's interest in furthering knowledge about radi-
ation arises when researchers conducting epidemiological research
seek access to records containing personal information so that they
may complete their work and maintain their own records containing
such information over the course of their study. Generally,
researchers are interested in several different types of informa-
tion of varying degrees of intimacy: (1) information that will
help to locate and to identify an individual; (2) information
about the factors in an individual's life that may influence health
outcome (e.g. employment, lifestyle); and (3) health status
(morbidity or mortality). Of course, they may encounter other,
irrelevant pieces of personal information during the course of
their study.

For epidemiological work, researchers are interested in
individual information only insofar as it contributes to an under-
standing of the experience of a larger group. They are generally
not interested in probing the personal lives of their research
subjects. Thus, disclosure to health researchers does not, in
itself, present a serious risk of loss of privacy, assuming that
the researchers stay within the bounds of their professional in-
quiry. Nonetheless, researchers do have access to information
that many individuals might find sensitive or might fear could be
used against them. Moreover, because in epidemiological research
records must often be retained for long periods of time, the risk
of improper disclosure may be greater than it is in the case of
short-term studies. Thus, redisclosure by researchers in possession
of personal information does pose a threat to research subjects.

If it chooses to reconcile the legitimate interests of the
researcher and the research subject, society can permit the
researcher to have access to personal information if the researcher
can demonstrate that the potential benefits of the research to
society or the individual justify the risk of inappropriate dis-
closure and can give assurances that steps will be taken to safe-
guard the information from other uses that could harm the individual.
In addition, researchers can be required not to collect and to
retain information extraneous to the purpose of the study. The
power to enforce these restrictions must be given to both the
individual record subject and to society, through government.

347



Legislation now pending before the Congress concerning medical
records would give health researchers access to these important
records only upon demonstration of benefit and observation of
safeguards.^/ Another bill, applicable to records compiled in
connection with research performed or sponsored by the federal
government, would protect personal information contained in such
records and would allow redisclosure without the consent of the
research subject only under limited conditions. Redisclosure for
an additional research project would be allowed only when the bene-
fit from the new project "warrants the risk to the individual that
additional exposure of the information might bring" and when safe-
guards on unauthorized use or disclosure have been established.14/
Partly because use of safeguards may be costly, the questions of
how beneficial a project must be before it justifies use of per-
sonal information and how extensive safeguards must be involve
flexible policy choices. It is appropriate that Congress set out
the general structure within which answers are given. Specific
decisions on individual projects will be made by Institutional
Review Boards and by individual researchers.

Existing law does not always attempt the intricate task of
reconciling the legitimate interests of researchers and research
subjects, but rather may establish a blanket rule that has the
effect of preferring one or the other. For example, at present
there are no legal restrictions on disclosure of many records main-
tained by private employers or health care institutions, and the
individual cannot prevent the use of personal information in those
records if the record holder consents.L5/ On the other hand, many of
the restrictions on disclosure of federal government records totally
deny health researchers access to information that may not be very
sensitive, without considering a countervailing social interest in
research that could be accommodated without great threat to indi-
vidual privacy. The Report of the Records and Privacy Work Group
of the Interagency Task Force on the Health Effects of Ionizing
Radiation identified a number of statutes, such as the VA confiden-
tiality statute and the Tax Reform Act of 1976, which completely
bar researchers from access to address information that would
permit them to trace research subjects. The Report recommended
changes in those statutes to permit access to health researchers
with appropriate safeguards.16/

In short, we suggest that:

° The individual's interest in personal privacy is a
legitimate constraint on research into the biological
effects of ionizing radiation when that research
involves human subjects.

° The privacy interest has been recognized and protected
in a number of laws, as described in the Report of the
Records and Privacy Work Group.

348



° The individual's privacy interest and the researcher's
(and society's) interest in expansion of knowledge can
be reconciled, by permitting researchers to gather and
to maintain personal information under limited conditions
and with safeguards.

° Decisions as to the general conditions under which the
merits of a research project justify the risk of abridg-
ing privacy interests and as to the extent of safeguards
necessary to protect privacy interests involve political
choices and should be made by political institutions or
their delegates.

2. Autonomy: The second individual interest that constrains
the ability of federal researchers and others to expand knowledge
about radiation is the interest in personal autonomy. In this
context, we define autonomy to mean the individual's ability to
make and to effect meaningful choices about his or her future ac-
tion. 17/ Obviously, such choices are always limited to some extent
by circumstances. Further, like privacy, autonomy interests may
sometimes be outweighed by justifiable societal interests. The
Supreme Court has recognized an interest in autonomy implicit in
the U.S. Constitution, and much of tort law gives force to the
same interest.18/

Federally-sponsored researchers conducting research on the
human health effects of radiation may encounter two major con-
straints that arise from recognizing and respecting the individual's
interest in autonomy. First, the risk to the personal health and
well-being of those exposed to radiation must always be outweighed
by the benefits to the individual or to society that accrue from the
exposure. Second, the individual must freely choose to subject
himself/herself to exposure and to participate in any study. Oper-
ation of both constraints is complicated by the fact that in this
area, the decision to impose the risk by exposing a person to radia-
tion may be separated from the decision to study the effects of the
exposure.

Research on human subjects to determine the biological
effects of radiation involves two incursions on personal autonomy,
one large and one small. The first is imposing the risk of even-
tual health damage that arises from the exposure itself. While the
magnitude of this risk may be small in many instances, the nature
of the potential harm—various forms of cancer—is so grave that
the incursion must be seen as very significant. The second incur-
sion is asking or requiring a person to become a participant in a
research project, by allowing an investigator to probe aspects
of one's life and agreeing to cooperate with the investigator.
Assuming that the individual's interest in informational privacy
is protected as described above, this incursion may seem minor to
most people. We shall refer to these incursions as "the threat to
health" and "the threat to seclusion" respectively.
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In clinical trials, these two incursions are commonly joined.
That is, the decision to ask an individual to submit to both a
threat to health and a threat to seclusion is made by the same
group of people, and the decision to participate is presented to
the individual as a single choice. In epidemiological work, how-
ever, the two are commonly separated. Assuming an exposure is
purposeful, the decision to expose a person to radiation is made
to achieve objectives other than research (e.g., production of
energy; production of nuclear weapons) and is made by those desir-
ing to achieve those objectives. The decision to do research may
be made quite separately. This factor has an important impact on
the two constraints we have just identified. Since the threat to
health may occur without the investigator's involvement, several
questions arise: should the investigator acknowledge in any way
this incursion on the autonomy of the research subject? Should
someone else? If so, how? What cognizance should be taken of
the threat to the individual's seclusion?

Returning to our two constraints, the first one has several
aspects. The underlying principle is that no person should be
asked to submit to risk of personal harm unless to provide a greater
benefit to himself/herself or others.19J A diluted variation on
this theme is found in the first radiation protection guide promul-
gated by the Federal Radiation Council in 1960: "There should not
be any man-made radiation exposure without the expectation of
benefit resulting from such exposure. "20./ Because this principle
leaves many questions unanswered—how should risk and benefit be
determined and compared? Who should decide?—it is useful pri-
marily as a principle against which to measure proposed action
rather than as a rule to determine precisely what should be done
in any particular situation.

Application of this principle raises different issues, depend-
ing upon the nature of the project. In clinical trials, or in
other research arising out of medical exposure intended to benefit
patients, the researcher may be in a position to participate in
the decision that the exposures and the research project are or
are not justified by the benefit produced and thus to ensure that
the personal autonomy of the patients is respected.^1/ A more dif-
ficult situation arises when the question is whether the knowledge
that may be gained through research itself has sufficient potential
benefit to justify exposing individuals to radiation solely for
experimental reasons. As we understand it, the traditional view
is that research involving intentional exposure to a hazard like
radiation should not be undertaken without expectation of benefit
aside from that produced by the project itself, since the benefits
of research are too uncertain to justify by themselves imposing a
risk on human beings. An exception might be made when the project
serves extremely important objectives and the research subjects
have freely consented to participate with full knowledge of the
risk involved.22/
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In the context of epidemiological work, when the researcher
enters the picture after the decision to expose has been made or
exposure has occured, the question is: does a researcher perpetuate
or aggravate the insult to personal autonomy by conducting research
when the underlying activity resulting in exposure does not provide
oenefits that outweight the risks of exposure? The researcher bears
no personal responsiblity for the initial incursion, but may feel
reluctant to participate in the study of those who have been
"victimized." On the other hand, the researcher may feel that his/her
work will produce sufficient benefit to those being studied or to
others so as to outweigh any adverse impact. On the whole, we believe
that when the decision to conduct an activity involving radiation
exposure is likely to be made independently of the researcher,
each researcher must make a personal decision whether or not to
"condone" an activity involving unnecessary exposure by conducting
research on its effects.23/

The second major constraint arising from government respect
for personal antonomy is that when a decision has been made that
an activity justifies exposure, the individual should be given the
greatest possible choice about whether to accept the threat to
health and the threat to seclusion. This constraint is well
recognized in biomedical research ethics TAJ and has been embodied
in legal requirements that informed consent be obtained before
such clinical research is conducted.25/ "Informed consent," ideally,
requires disclosure of information comprehensible to a research
subject who is competent to choose and voluntary acceptance by
that person of a course of action that involves risk.26/

The major question in this context is whether researchers
conducting epidemiological research into radiation health effects
should be required to obtain the informed consent of research sub-
jects. This task would be very difficult. First, as we have noted,
the predominant risk—the threat to health—arises out of the expo-
sure, not the research, and may predate the inception of a research
project. In this event, it would be impossible for the researcher
to give an individual choice about accepting the health risk.
Second, whether or not the project is established before the exposure
occurs, a study may not involve personal contact with the research
subjects, but rather construction of dose/response information from
records alone. If the population is large, as is likely, the task
of obtaining consent would be time consuming and very expensive.
Despite these formidable obstacles, the issue of informed consent
in this context should not be regarded as foreclosed.

With respect to the first problem, the ideal solution would
be to have those conducting activities involving radiation exposure
inform individuals who may be exposed about the risks and obtain
their prior consent to research that may be done in the future.
Alternatively, research projects should be set up before exposure
occurs, so that consent to both the exposure and the research may
be obtained simultaneously. A strong argument could be made that
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employers or others who expose groups to radiation have an ethical
obligation to inform those exposed about the threat to their
health. When the federal government acts both as employer and
researcher, this obligation is even stronger.27/

When a research project begins after exposure has occurred
without individual consent, the problem is a bit different. With
respect to the threat to individual health, the harm has already
occurred; an argument can even be made that it would unduly alarm
those who have been exposed to tell them about the risk, since
they no longer have any choice about it. On the other hand, they
may be able to mitigate effects; or they may have a legal remedy
against those responsible for the exposure. Since the researcher
lacks personal responsibility for the exposure, we believe that the
researcher has no obligation to inform each individual exposed.28/
The question then is, should a researcher obtain consent to partici-
pation in the study alone, giving recognition to the autonomy inter-
rest in personal seclusion. Given the expense of the undertaking
and the lesser nature of the individual interest, we believe that
the answer is no, unless individual research subjects or their
associates are to be contacted personally. In that event, the
researcher should obtain consent to participate in the study.

Finally, the principle of respect for individual autonomy
creates an additional ethical obligation that does not constrain
research in the first place, but arises once the research is
completed. We refer to an obligation to inform those who have
participated in the study following an informed consent—particularly
those who may be at greatest risk or who may have sustained injury
resulting from exposure—abo ; the results discovered by the
researcher. If the research subject has surrendered an amount of
individual autonomy to assist the researcher, he or she should be
permitted to benefit from the increased knowledge that results, if
he or she wishes to receive that information. The form of notifi-
cation—individual notice as opposed to publication—may depend
on the nature of the results and the size of the population being
studied.

In short, we suggest that:

0 The individual's interest in personal autonomy is a
legitimate constraint on research into the biological
effects of ionizing radiation when that research
involves human subjects.

0 The interest requires that care be taken to ensure
two preconditions for exposure and subsequent
research:

no purposeful exposure should occur unless the
benefit to the individual exposed and/or to
society outweighs the risk created by exposure;
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individuals exposed purposefully should be
informed fully and objectively about the risks they
incur and the proposed research and should be
allowed to choose whether or not to be exposed and
to participate in the study.

° When a researcher investigates the consequences of ex-
posures that occurred without consent before the project
was undertaken,

research subjects contacted personally should be
informed about the risk and about the project;

— an attempt need not be made to notify subjects in
projects conducted solely from record information.

° Research subjects who have participated in a study should
be informed about the results of the projects.

B. Category 2; Social Justice

In addition to its obligation to respect individual rights,
government has an obligation to treat its citizens fairly as a
group. One important aspect of this obligation is distributive
justice, or fairness in allocation of societal resources. Another
important aspect in a democratic government such as ours is the
obligation to facilitate flow of information to the public since
they possess the power to make ultimate choices on matters of
public policy.

1. Allocation of Resources. A basic economic fact for all
societies is that important resources are not unlimited. For this
reason, each individual cannot acquire everything he or she wishes
to have. The concept of social justice applied here includes as one
aspect the notion that societal goods (and harms) should be allo-
cated according to principles of distribution that encourage pro-
duction of the greatest possible total benefit to society, while
treating equally all of those who wish to obtain the goods. These
concepts indicate a number of constraints on developing a" compre-
hensive knowledge of the biological effect of iorizing radiation.

The first question that arises is why should society spend
any of its limited resources on research into the health effects
of hazards such as radiation. The question is easily answered:
humans and other living entities are commonly exposed to these
hazards in various contexts; the hazards have harmful biological
effects; these effects result in physical, economic, and other
costs; if we know more about the hazards, perhaps we can prevent
or correct the effects, or at the least minimize them as we con-
duct important activities that benefit us. The second question is
how much should be spent; because the answer involves consideration
of numerous, complicated factors, the decision is properly made by
the political branches of government.
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The third question is more directly relevant here. Given a
fixed amount of money allocated for research into the biological
effects of various hazards, how much should be spent on the effects
of ionizing radiation? If this decision were to be based solely
on the comparative harm to public health now produced by various
hazards, criteria could be developed that would permit allocation
of funds according to rational principles and equal treatment of
individuals. Factors to be considered might include: the number
of people exposed to any particular hazard; the levels of exposure;
the amount of knowledge already acquired about the hazard; the
magnitude and the number of expected harmful effects, given the
first three factors; the likelihood that additional studies will
expand knowledge; and the cost of additional studies, including
the cost of protecting the individual interests described above.
Research money could be allocated to maximize the likelihood that
each dollar would produce the greatest benefit in terms of harm
avoided.^9/ In light of the facts that much research has already
been done on the biological effects of radiation, that further
studies may be very costly if they are to produce additional infor-
mation, and that exposures, while universal, are generally low
under normal conditions, application of such criteria might draw
research money away from radiation and toward other, less known
and less controlled hazards.

However, other factors weigh into decisions on allocation of
health research money, making them much less tractable. For example,
the national goal of energy self-sufficiency, which could provide
many benfits to our society that are impossible to calculate here,
may justify spending additional money to determine with greater pre-
cision the health consequences to ourselves and to future generations
of relying on nuclear power as an energy source. This jusification
for additional funding of radiation-related research also argues in
favor of additional funding to determine the health consequences of
relying on alternative energy sources like coal that are relatively
plentiful but have serious adverse health effects.3jO/ It also
argues in favor of investigating the health consequences of alter-
native energy "sources" like conservation and solar energy that have
fewer apparent adverse health effects.^/ Because these decisions
involve identifying and weighing very complicated factors, they
are amenable, again, to political judgment.

Once research money has been allocated to radiation research,
a fourth question arises: which types of research should be
funded? Human studies? Experimental work with animals? Effects
on tissues or individual cells? The answers to these questions
depend on the purposes for which the research is being done.
While pursuit of knowledge for its own sake has merit, at a time
when many worthy projects compete for funding, care must be taken
that a good proportion of research services goals such as improve-
ment of public health through regulation of hazardous activities
and through information dissemination and assisting decisions
that may further energy policy choices. We are not competent to
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advise the Research Committee on which types of research or which
specific projects might further such goals.

In sum, we believe that one important constraint on research
into the biological effects of radiation is that research money
is scarce and must be shared with research into other hazards.
Further, despite indications that research money might be spent
with greater effect on other hazards, we conclude that decisions
on allocation are complicated by such intricate policy issues that
they must be made to a significant degree by such the Congress,
the President, and other political agents. Finally, decisions on
which projects to fund must be made primarily from the perspective
of public policy goals.

2. Efficient Use of Resources. Once research raoney has
been allocated, a separate obligation arises to use that resource
and others as efficiently as possible. For our purposes, this
obligation imposes a number of constraints. First, steps must be
taken to ensure the compentency of investigators and the accuracy
and objectivity of research that is undertaken, so that research
funds are not wasted and projects need not be repeated. Such
steps include careful review of research proposals before they are
funded and rigorous peer review once they have been completed. We
understand that these procedures are generally followed by the
National Institutes of Health and other agencies that fund research.

Accuracy and objectivity should also be encouraged through other
measures. Where a funding agency has other missions that conflict
with the goal of acquiring knowledge about the health effects of
radiation, special care must be taken to insulate researchers from
improper pressures arising from those other missions.32/ We person-
ally favor having an agency with few or no conflicting missions
conduct and sponsor the vast majority of research into the health
effects of any hazard. We recognize that transferring research
capacity from one agency to another can cause dislocations, but
believe that the results in terms of increased objectivity and
public confidence justify the difficulties. Alternatively, an
agency that continues to pursue conflicting missions should intro-
duce procedures not only to ensure that political interference
with research cannot occur, but also to make clear to the public
that such interference cannot occur.

Second, care should be taken to anticipate situations in
which research may be productive, by identifying exposed popula-
tions appropriate for study, and to establish optimal conditions
for subsequent study. For example, when exposure occurs under
government auspices, as in weapons production and development,
good record systems should be set up and consent to exposure and
participation in research obtained. The utility and feasibility
of a worker registry should be explored. Conversely, funds should
not be spend when conditions for study suggest that results are
likely to be poor. Finally, investigators should anticipate alter-
native research uses of data gathered in any particular project,
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so that work need not be duplicated. Once a reseacher has com-
pleted and published his or her work, study data should be made
available not only for peer review purposes but also for examina-
tion and possible use by other qualified investigators with a
specific research proposal.33/ T n e possibility of placing sets
of data in a central repository open to qualified researchers
with specific projects to pursue should be explored. In some
instances, notably for national security, there may be good reason
to restrict access to research data. But, for the most part, we
believe that data collected with federal funds "belongs" to the
public and the greatest possible use should be made of it.

In short, federal agencies that conduct and sponsor research
have an obligation to use the funds appropriated to them by Congress
as effectively as possible.

Conclusion

In conclusion, let us mention a final source of constraints on
expansion of knowledge about the biological effects of radiation:
the need to open to public participation the process of making
decisions on the particular resource allocation issues that have
been delegated to the agencies by the Congress and the President.
This is a constraint not only because opening the process itself
requires some use of limited funds, but also because it subjects
many research issues to political debate. During this debate, the
objective of developing a comprehensive knowledge of radiation may
be distorted by various political goals that have little to do
with filling the most evident gaps in our knowledge.

However, as we have tried to point out in this paper, political
issues cannot be evaded. The basic objective of developing a com-
prehensive knowledge about the biological effects of ionizing radi-
ation exists as an objective not only because we wish to add to the
store of human knowledge but also because we have important use
for that knowledge. It will assist our decision-makers to make
choices that affect us all. These choices require both hard fac-
tual information and application of political judgment. Research
supplies some of the hard factual information and should be as
free as possible from political influence in its execution. At
the same time, the political choices that must be made influence
the direction and nature of the research program as a whole.

Similarly, the legal, ethical, and economic factors that
constrain our ability to expand knowledge through research reflect
a judgment by political agents that values other than expansion of
knowledge should be recognized and given effect. Although basic
democratic values such as respect for personal privacy, autonomy,
and equality form the core of these constraints, the extent to
which and the manner in which they will be implemented are subject
to political alteration.

356



While the Congress and the Executive make most of our important
political choices under our system, their decisions are influenced
by and reviewed by the public. For this reason, the public should be
given the opportunity to participate in the decision-making process
as extensively as possible. Only then will the proper balance be
struck between the objectives of expanding knowledge and protecting
the basic values embodied in legal, ethical, and economic constraints,
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FOOTNOTES

jV Attorney, Verner, Lipfert, Bernhard, and McPherson; former
General Counsel, DHEW; LL.B. 1954, Yale University.

**/ Assistant Professor of Law, Georgetown University Law Center,
J.D. 1974, New York University School of Law.

1/ A list of the congressional committees that have conducted
Hearings related to the health effects of ionizing radiation since
1974 may be found in The Report of the Interagency Task Force on
the Health Effect of Ionizing Radiation, p. 1, n. 3 (u.S.D.H.E.W.
June 1979) [hereafter Task Force Report].

2/ The authors of this paper were, respectively, the Chair and
Project Manager for the Task Force.

3/ See Task Force Report, n. 1, above.

4/ Id., pp. 97-98.

5/ See_id., pp. 29-30.

j>/ We shall not discuss constraints common to any federal agency
activity. For example, we shall not review legal constraints im-
posed on agencies by their enabling statutes, which may limit the
kinds of research in which they may engage. For a discussion of
these legal constraints, see Committee on Federal Research Into
the Biological Effects of Ionizing Radiation, Biological Effects
of Ionizing Radiation; Pertinent Federal Laws and Regulations
(U.S.D.H.E.W. August 1979).

7/ For example, Congress has directed the NRC and EPA, in
consultation with HEW; to conduct preliminary planning and design
studies for epidemiological research on radiation health effects.
P.L. 95-601 (1978). These studies may heavily influence the manner
in which federal money is allocated for such research in the future,

8/ Examples of the kinds of information that might prove valuable
to the Congress and the public include information about the extent
of current knowledge about the biological effects of ionizing radia-
tion, particularly in comparison to the extent of knowledge about a
representative sample of other hazards; estimates of the cost of ex-
panding the knowledge through various types of studies; evaluation
of the utility and cost of introducing measures, such as a worker
registry, that might facilitate future research; and estimates of
the cost of complying with existing and proposed legal restrictions
designed to protect the privacy of research subjects.

9/ The term "privacy" has been used in legal writing to refer to
a number of interests, including the right to control information
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about oneself, the right to make autonomous decisions, and the
right to be let alone. See, e.g., Gross, The Concept of Privacy,
42 N.Y.U.L. Rev. 34, 35-39 (1967); see generally, Note, On Privacy:
Constitutional Protection for Personal Liberty, 48 N.Y.U.L. Rev.
671 (1973) [hereafter Note, On Privacy].

10/ For example, the address of participants in a study are likely
to be publicly available in a telephone directory, but publication
of a list of names and addresses of participants in a study would
disclose the personal fact of their participation.

11/ For example, the Fourth Amendment's protection of individual
"persons, houses, papers, and effects, against unreasonable searches
and seizures" may be overcome by a showing of "probable cause", permit-
ting subsequent issuance of a search warrant. U.S. Const, amend. IV.

12/ Of particular concern to researchers are H.R. 3409 and S. 867,
which would place privacy restrictions on records used for federally-
funded research, and H.R. 5935 and related bills, which would place
privacy restrictions on medical records. The general framework for
this legislation has been taken from the recommendations of the Pri-
vacy Protection Study Commission. See Personal Privacy in an Informa-
tion Society: The Report of the Privacy Protection Study Commission
(1977) [hereafter "Privacy Commission Report"].

13/ H.R. 5935, 96th Cong., 1st Sess. § 124 (1979).

14/ H.R. 3409, 96th Cong., 1st Sess. §§ 2 (proposed sections
552c(b), 552c(g).

15/ In some instances, employers have resisted the attempt of
federal agencies such as the Occupational Safety and Health Admin-
istration to gain access to employee records for regulatory and
research purposes, on the ground that the privacy of employees
might be invaded. While such concern for employees is commmend-
able, the employer's resistance may also reflect its obvious self-
interest in preventing government agencies from examining the
company's health and safety performance. In light of the employee's
potential interest in having health and safety information disclosed
to the government, it may be good policy to allow the employee(s)
to decide whether or not information should be disclosed, assuming
that the decision could be made freely, without fear of job loss.
Cf. 42 C.F.R. §85a.2(c), 85a.5(d)(l).

16/ See Report of the Work Group on Records and Privacy, pp. 16-18
(U.S.D.H.E.W. June 1979).

17/ See T. Beauchamp & J. Childress, Principles of Biomedical
Ethics 56 (Oxford University Press 1979).

18/ The situation is complicated conceptually by the fact that
Supreme Court has termed the right of autonomy a "right of privacy,"
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largely because of the context in which the first case arose.
Griswold v. Connecticut/ 381 U.S. 479 (1965) (right to use contra-
ceptives). However, the court's analysis and subsequent cases
indicate that the core interest in "the right of privacy" is
autonomy. See Note, On Privacy, n. 9 above, pp. 671-705.

19/ Cf. Beauchamp & Childress, op_. cit. n. 17 above, p. 57, dis-
cussing the philosophy of John Stuart Mill. "Benefit" includes
prevention of risk of harm greater than the risk incurred.

20/ See 42 Fed. Reg. 4402 (1960).

21/ Under HEW regulations, the decision about the merit of a
research project in institutions receiving federal funds must be
made by an Institutional Review Board to ensure protection of
research subjects. 45 C.F.R. § 46.102(a), (b)(l).

22/ Allegations have been made that the federal government has in
the past conducted or sponsored research involving deliberate expo-
sure of humans to radiation without informed consent and without
realistic expectation of benefit other than the research itself.
See Testimony of E. Tompkins and P. Tompkins, Subcomm. on Health
and the Environment of the Committee on Interstate and Foreign
Commerce of the House of Representatives, Feb. 9, 1978. Without
expressing any views as to the truth of particular allegations, we
believe that such research should not be undertaken unless the
importance of the project has been certified by responsible officials
other than those deriving professional or institutional benefit from
its results and unless the full and informed consent of the research
subject has been obtained.

23/ An argument could be made that any official initiating activity
TJHat produces exposure has an ethical obligation to ensure that the
exposure results in the greatest possible benefit to society. Since
research potentially produces benefit, this principle would suggest
that any federal agency conducting activity resulting in radiation
exposure should at least consider the feasibility, practicality and
usefulness of conducting a research study to determine the health
effects of the exposure. Further, there may be an obligation to
monitor and to observe such a population, regardless of the use of
such information in research. Since this approach would facilitate
rather than constrain research, we shall not discuss it further.

24/ See Beauchamp & Childress, op_. cit. n. 17 above, pp. 62-82.

25/ 45 C.F.R. §§ 46.102(6)(3)f 46.103(c), 46.109, 46.110 (Protec-
tion of Human Subjects).

26/ See Beauchamp & Childress, op. cit. n. 17 above, pp 66 ff.
For elements of the disclosure now required in HEW-supported re-
search, see 42 C.F.R. § 85a.2(c) (NIOSH); 45 C.F.R. § 46.103(1) (HEW).
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27/ This analysis would also apply when the federal government
exposes groups other than its employees, as for example, in weapons
tests. In the past, both military and civilian personnel have
received small doses of radiation from atmospheric tests of nuclear
weapons. We acknowledge the great difficulty in applying our sug-
gestions in the context of such tests, at least with respect to
civilian populations. But perhaps the example merely underscores
the problems of incursion on personal autonomy involved in an
undertaking like the weapons tests.

28/ The dangers of the notion that persons exposed in the past
should not be informed by anyone about the threat to their health
are evident: it encourages those exposing others not to seek
initial consent and to cover up past exposures. We believe that
those responsible for the exposure incur an obligation to inform,
as soon as information about the risk created is available.

29/ An additional factor to be considered, of course, is whether
the cost of acquiring information necessary to make the decisions
justifies the increased level of rationality in the decision.

30/ Aside from respiratory diseases associated with sulfur dioxide
emissions, use of coal may also have consequences like acid rain
and the "greenhouse effect" that have adverse effects beyond their
direct impact on human health. See, e.g., "Acid Rain," Scientific
American, vol. 241, no. 4, Oct. 1979, pp. 43-51; "Carbon Dioxide
Accumulation in the Atmosphere, Synthetic Fules and Energy Policy:
A Symposium," Comm. on Governmental Affairs, U.S. Senate, 96d
Cong., 1st. Sess. July 30, 1979.

31/ Health consequences of eleven different energy sources are
compared in H. Inhaber, "Risk with Energy from Conventional and
Nonconventional Sources," Science 203:718 (23 Feb. 1979). Inhaber
compares risks arising from energy cycles as a whole, combining
risks from the process of generating energy with risks from
collateral activities such as materials acquisition and plant
construction that must be undertaken so that energy generation
may take place. Under this analysis, health risks from several
nonconventional sources exceed or are comparable to risks from
conventional sources.

32/ Allegations were made during the Rodgers/Carter hearings
that officials at the Department of Energy had attempted to inter-
fere with the results and publication schedule of a study of
Hanford and Oak Ridge workers by Dr. Thomas Mancuso. Regardless
of the validity of the allegations, the incident itself points out
the need to have procedures that ensure that the objectivity of
researchers will be preserved and protected.
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33/ We do not suggest that raw data should be published before
a study has been completed, when such action may prevent a
researcher from deriving full professional benefit from his or
her work or may endanger the validity of the project results.
See 44 Fed. Reg. 45252, 45253 (July 24, 1979).
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D I S C U S S I O N F O L L O W I N G THE P R E S E N T A T I O N

Issue P a p e r N o . 11
F. P e t e r L i h a s s i , Esq. and Linda F. D o n a l d s o n , J . D .

MR. H U T T : We are p r e p a r e d to take q u e s t i o n s .

M R . H A R R I S : My name is J o h n H a r r i s . I work in r a d i a t i o n
p r o t e c t i o n . I'm pleased to see that we do have a c h a n c e to
l i s t e n to two l a w y e r s b e c a u s e if t h e r e is one thing that has
o c c u r r e d to ne over the y e a r s it is that one area w h i c h will not
be of very great i m p o r t a n c e is s e t t i n g r a d i a t i o n s t a n d a r d s in
s c i e n c e .

L a s t y e a r , I l i s t e n e d to a few p a p e r s at a c o n f e r e n c e from
r e p r e s e n t a t i v e s of g o v e r n m e n t a g e n c i e s , w h i c h I w o n ' t name u n l e s s
you m a k e m e , but when I q u e s t i o n e d the p e o p l e a b o u t v a r i o u s sub-
j e c t s they had raised and the v a l i d i t y , I was referred to the
h i g h e r a u t h o r i t i e s who w e r e not p r e s e n t and w h o w e r e r e s p o n s i b l e
for m a k i n g the l a w s .

A n o t h e r e x a m p l e , a few y e a r s ago the ICRP d e c i d e d that their
o r i g i n a l e s t i n a t e of the p r o p e r dose limit for eye e x p o s u r e was
a l i t t l e low and could be r a i s e d , and it has not b e e n .

A few y e a r s a g o , MCRP c a m e up with a c o n c e p t , p r o m u l g a t e d
at l e a s t "as low as p r a c t i c a b l e " . ICRP now talks a b o u t "as low
as r e a d i l y a c h i e v a b l e " and the N C R ? t a l k s about "as low as r e a s o n -
ably a c h i e v a b l e " , and the idea o r i g i n a l l y w a s that none of t h e s e
c o n c e p t s w e r e to be w r i t t e n into law. They have b e e n .

G i v e n those ci rciinstances, is it r e a l l y i m p o r t a n t w h a t the
r a d i o b i o l o g i s t s come up w i t h ? Isn't the d e c i s i o n going to be
e s s e n t i a l l y 100 p e r c e n t p o l i t i c a l ?

MR. L I B A S S I : I would hope not. I d o n ' t b e l i e v e that the
d e c i s i o n should be 100 p e r c e n t p o l i t i c a l . But I a l s o d o n ' t
b e l i e v e that the d e c i s i o n s h o u l d be 100 p e r c e n t s c i e n t i f i c ,
ei t h e r .

I think that the d e c i s i o n a b o u t the s t a n d a r d s is l e g i t i -
m a t e l y a political d e c i s i o n and I w o u l d hope that we would h a v e
p o l i t i c a l d e c i s i o n - m a k e r s who u n d e r s t o o d the i m p o r t a n c e of c o n -
s u l t i n g and l i s t e n i n g to and bein g guided by the s c i e n t i s t s .

3ut in my e x p e r i e n c e at HEW, I found that o n c e l a w y e r s and
s c i e n t i s t s met and w o r k e d t o g e t h e r to u n d e r s t a n d the i s s u e , that
t h e r e w a s a mutual c o n t r i b u t i o n to i n s i g h t s and p e r s p e c t i v e s a b o u t
p r o b l e m s w h i c h r e s u l t e d , I b e l i e v e , in b e t t e r d e c i s i o n s than if
the political deci sion-tnakers had gone off by t h e m s e l v e s to make
the final c o n c l u s i o n or if the s c i e n t i s t s had gone off by them-
s e l v e s to nake the c o n c l u s i o n s .
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D I S C U S S I O N F O L L O W I N G THE P R E S E N T A T I O N

Issue Paoer N o . 11
F. Peter L i b a s s i , Esq. and Linda F. D o n a l d s o n , J.D

So w h a t ! hope for is a d e c i s i o n - m a k i n g p r o c e s s in w h i c h
p o l i t i c s and s c i e n c e are m e l d e d and in w h i c h the p o l i t i c a l
l e a d e r s are p a r t i c u l a r l y s e n s i t i v e to the s c i e n t i f i c i s s u e s
and seek to a r r i v e at a b a l a n c i n g of t h o s e i s s u e s w h e n they
set the s t a n d a r d s .

OR. ELKIIIf): Since there se°ns to be sone u n c e r t a i n t y as
to what the r i s k s nay be, p a r t i c u l a r l y in this low d o s e , low
d o s e - r a t e q u e s t i o n area that w e ' v e d i s c u s s e d , w h a t do you see as
r e c o u r s e in the event that the s t a n d a r d s nay turn out to be
w r o n g , e i t h e r up or down?

MR. L I B A S S I : Let ne c o n f e s s that as a n o v i c e and lay
p e r s o n in this field, I have been i n p r e s s e d with the h i s t o r i c
m o v e m e n t of our j u d g m e n t a b o u t the r i s k s . The j u d g m e n t s have
been i n c r e a s i n g l y that there are n o r e risks at i n c r e a s i n g l y
lower l e v e l s of e x p o s u r e .

T h a t is what leads a p o l i t i c a l d e c i s i o n - n a k e r to w o n d e r
w h e t h e r or not we have now a c h i e v e d the p o i n t of k n o w l e d g e
w h i c h is final or w h e t h e r , in f a c t , in a n a t t e r of a year or
two s t a n d a r d s will p r o v e to have been not as c o n s e r v a t i v e as
they s h o u l d have b e e n .

S o , for the political d e c i s i o n - m a k e r , he has to have a
bit of u n c e r t a i n t y a b o u t the s c i e n c e ; that i s , it's i n t e r e s t i n g
that we have been p r o v e n w r o n g b e f o r e .

So the risks are r e a l . At the same t i m e , I think that
the d e c i s i o n s w h i c h are m a d e by the r e g u l a t o r y a g e n c i e s and the
s t a n d a r d s - s e t t i n g p r o c e s s need to be based as c l o s e l y as p o s s -
ible to the s c i e n c e as a w h o l e as we can u n d e r s t a n d it, r e c o g -
nizing that h u n a n b e i n g s nade the best d e c i s i o n s they c o u l d on
t h e i r u n d e r s t a n d i n g of the k n o w l e d g e that was then a v a i l a b l e .

I d o n ' t b e l i e v e it helps very m u c h then to c a s t i g a t e t h o s e
p e o p l e who m a d e d e c i s i o n s in the past for the fact that they
l a c k e d the w i s d o m and i n s i g h t w h i c h we think we have t o d a y .

I think a l i t t l e h u m i l i t y is c a l l e d for on the part of the
p o l i t i c a l d e c i s i o n - m a k e r , that they are m a k i n g d e c i s i o n s on the
b a s i s of t h e i r best u n d e r s t a n d i n g of k n o w l e d g e as it e x i s t s
t o d a y , and you go from t h e r e .
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But there is that constant gnawing feeling and uncertainty
that, as all of you know, we are not living in a world in which
the science has been concluded hy any means, and therefore, we
are always running the risk that our judgment may have been
wrong.

PROF. DONALDSON: I just want to add one point to that.
With respect to an interest in personal autonomy, it is impor-
tant to inform those who may be exposed to radiation that, in
fact, the knowledge isn't as certain as we might like it to be
that there is sone flexibility so that simply as a natter of
personal choice, they're aware of that factor.

MR. FARBER: My name is Stewart Farber. I an senior
scientist for Public Health Services, Inc.

While there are many more points about your talk, there is
one comment and question concerning alternative energy sources
and the absence in total of conservation and solar having no
apparent or few adverse health effects. Based on research going
on in Sweden, the comment was made that if Sweden goes on to
develop solar energy of the same that is being promoted there,
which is crushed rock storane -- the radiation exposure to the
people of Sweden would be a thousand-fold greater than if they
had derived an equivalent amount of energy from nuclear power.

Your comment about lack of impact with alternatives is
based on perception, not on science. There is very little
study on the health and safety aspects of solar, and various
alternative energy technologies. There is a push to develop them
almost in the absence of any risk assessment about health or
safety. But I think you should separate perception on your part
and other's from the reality of what we know based on scientific
knowledge today in order to make any sensible judgment about
energy developments, one versus the other.

PROF. DONALDSON: Okay. I think it is important - that
there are lots of consequences we don't know about from the use
of various kinds of energy sources. I would distinguish effects
that come from a particular form of energy itself and collateral
effects that come from implementing it in various kinds of con-
texts. The source of danger in the context you just mentioned
is the building materials, not the solar energy. And in terms
of controls, you may want to implement control on building materi-
als as opposed to solar energy.
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But, I think, basically, the point is very well taken,
that we have to develop information on the health effects
across the whole range of energy sources and all their col-
lateral effects in terms of the forms we have to use to
implement them.

MR. LIBASSI: I would just like to second this last
point that was made. I have gotten away from these issues,
so I may not know exactly what is happening in government
today. Rut it would be interesting to make a health-risk
assessment of alternative energy policies which are being
now considered. That is, what are the health risks involved
in pursuing nuclear, what are the health risks involved in
pursuing the coal strategy, and what are the health risks
with regard to solar.

Perhaps we will save more lives and conserve more energy
if we enforce the 55-per-mile speed limit than if we went to
excessive efforts to insulate air-tight and seal h o m e s .
That kind of risk assessment about who is at risk and what
are the health dangers involved in various energy strategies
does not seem to be a factor in the equation in terms of
public decision-making about energy strategies now.

PROF. ROSENBLITH: Part of the trouble is that we happen
to know more about radiation than about any of the others you
were just talking about.

"1R. HUTT: Thank you very much.



FRANKLIN PIERCE LAW CENTER

MICHAEL S. 3ARAM

January 7, 1980

Dr. Charles U. Lowe
Special Assistant to the Director
NIH
Building 1, Room 103
Bethesda, Maryland 20205

Dear Dr. Lowe:

I submit she following consents on the "Projected Federal Radiation Research
Agenda," as invited by the HEW notice in 44 Fed. Reg. 76997 (Dec. 28, 1979).

Is the expenditure of public monies for further biological research on ionizing
radiation effects really going Co yield new and useful information and be of
benefit to anyone other than the researchers themselves? Will ten more years
and millions of research dollars really result in any significant new benefits
for the nation? My suggestion is that your Committee face up to these thresh-
hold questions first, since I am convinced that this well-studied area has
identified and removed remaining uncertainties to a level that is manageable
for government decision-making, and additional expenditures are not urgently
needed.

Having been involved in radiation standard-setting activities for several years,
it is ay opinion that the real issues to be addressed to best serve the public
needs pertain to the tradeoffs between economics (costs of controlling radiation)
and health efi'ects,that are involved in government decision-making. Should the
ALAP-ALARA-Cost Benefit approach be continued; and if so, what numbers should be
used in dealing with the health and ecological effects; what discount rate should
be used for dealing with future costs and benefits; what distribution of affects
across society is equitable, just and acceptable? What are the alternative ap-
proaehes to decision-making would Cost-Effectiveness Analysis be the proper
approach, provided the permissable levels of societal exposure to ionizing radia-
tion are set in some politically-acceptable procedure by Congress, EPA, or a
special commission through open-meetings? [See my recommendations on this point
in the SAS-BEIR II report (1977), Ch. IV, on Legal Aspects , in which Dr.
Alvin Weinberg has concurred.]

These are the real low-level ionizing radiation issues before the nation which
should not be deferred, not the question of whether further biological research
will affirm or disprove the linear dose-response relations, or revive or bury
the threshold concept, for example.

Contact me if you would like further discussion of these matters.

Yours truly, ^

14 - / J

J&chael S. 3aram
Professor of lew and
Director of the Program
on Government Regulation
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Environmental Policy Institute
317 Pennsylvania Ave. S.E. Washington, D.C. 20003

202/544-8200

February 1, 1980

Dr. Charles U. Lowe
National Inst i tutes of Health
Building 1, Roan 103
Bethesda, Maryland 20205

Dear Dr. Lowe:

Attached are our comments on the Interagency Task Force Reports on Ionizing
Radiation (the LiBassi Report) which for the most part addresses the questions
published in the Federal Register (December 28, 1979) concerning NIH's efforts
to evaluate ionizing radiation health effects research under PL 95-622. I would
also like to add further comments about federal radiation health effects research
and public participation in decision making affecting the direction of public
health policy in this area.

RADIATION RESEARCH

Scientific Dynamics

The parameters of the scientific debate appear to be set by differences in (a)
studies of humans exposed to single high doses (atomic bomb survivors) and studies
of radiation workers exposed to chronic fractionated exposures (Hanford and Ports-
mouth workers); (b) radiobiological studies of cell models and animals indicating
differences among linear, super-linear and quadratic dose-response curves; (c)
radioecological dose models used by the U.S. and western Europeans (NUREG 1.109)
and alternative models indicating greater absorbtion of radionuclides into the
environment and human tissue.

Epidemiology

From the viewpoint of public health and confidence, radiation epidemiology serves
as an important indicator of disease and mortality risk. Because of the lack of
human data in the low dose range in the past, federal radiation health effects
research has been dominated by animal and cell studies. These have been useful
but may not be as important.now that cancer latency periods for relatively large
worker populations exposed to low-level radiation doses are ending.

The most notable epidemiological differences are between the Hanford survey of
Mancuso, Stewart, and Kneale and the studies of the atomic bomb survivors con-
ducted by the Radiation Effects Research Foundation (formerly the Atomic Bomb
Casuality Commission). The absence of a rapid increase in leukemia mortality
among the Hanford nuclear workers has led critics to assert that Mancuso et al.
risk estimates must be wrong.^ Conversely, the assumption that survivors of the
Japanese explosions constitute a normal population has led Stewart to assert that
the RERF risk estimates are only applicable to a population which has survived a
major catastrophe. The failure by the RERF to fully appreciate bone marrow effects,
according to Stewart, has distorted the RERF risk estimates. Unlike the Hanford
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survey, the RERF source data has not been subject to outside critical review.

Therefore, the disposition and access of source data on radiation workers at
federal contract facilities and military personnel exposed to nuclear weapons
radiati on is vital to any effort to develop effective programs of research which
can risolve these differences in risk estimates between high and low dose human
studies.

Present health statistics are based on the detection of communicable disease and
are not fully suitable for use in the study of disease caused by environmental pol-
lutants such as ionizing radiation. An important first step is to establish a
Radiation Research Registry based on the source data in the possession of DOD,
DOE and private researchers. Such a Registry would contain relevant exposure
data on each federal contract and NRC licensee worker, and military personnel.
The records would contain the individual's Social Security number, medical
records, and place and cause of death. The Registry should be the basis of a
radiation research training center under the auspices of the NIH. This data
should be given access to university research programs under contract or grants
from the NIH. There should be safeguards on the access of this data to protect
it from misuse. The Radiation Research Registry should be independent from the
National Laboratories and Universities under DOE control. Such a Registry should
encourage the passing on of vital skills to younger researchers.

Concurrently, the NIH should also assume responsibility for administering U.S.
funds to the RERF and be the lead U.S. representative to the Japanese government
for the continuation of the atomic bomb survivor studies. A federal agency like
NIH should coordinate this important scientific reference study for radiation
risk estimates as opposed to the DOE which has an explicit statutory mandate to
promote radiation-producing industries.

By taking these steps, two major issues in the scientific debate over radiation
risks can possibly be resolved under conditions consistent with public health
policy and scientific fairness. By establishing a radiation research registry, the
present ongoing studies of radiation workers can be better coordinated and expanded
in an orderly fashion making it possible for major questions concerning statistical
exactitude to be answered. There is also a definite need to widen our understanding
of the atomic bomb survivor studies through independent evaluation. This can be
more easily facilitated if the NIH were to assume responsibility for the U.S. share
of funding and management of the RERF.

RADIOBIOLOGY

The dispute over the slope of the curve for low LET radiation has delayed the
issuance of a final report by the National Academv of Sciences BEIR Committee.
Relying on data from cell models using the Tancentia (spiderwort plant), radiobio-
logist Harold Rossi contends that the non-threshold linear model for dose-response
overestimates the risk due to observed cell repair.•* Supporters of the linear non-
threshold model are relying more on epidemiological data from high dose studies.
Since radiobiological cell modeling experiments are limited by species variation
and the constraints of a derived idealized laboratory environment, there are widely
varying results relative to low LET exposure. For example, evidence derived from
human kidney cell tissue suggest support for the linear non-threshold model.5
Studies on cell membrane damage from low LET radiation suggest that very small
doses cause significant damage to cell membranes which enhances the formation of
free radicals.°
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The National Laboratories under DOE have developed an admirable program in this
area of study. However, it would be important for these research programs to be
coordinated through the Committee on Federal Research into the Biological Effects
of Ionizing Radiation so that better integration of research can be facilitated
and duplication of efforts can be reduced.

RADIOECOLOGY

A wide range of uncertainty exists over the environmental radiation dose models
contained in NUREG 1.109 and equivalent Western European models used to license
and regulate radiation producing facilities and to determine doses from nuclear
weapons fallout.

The major critics of NUREG 1.109 (Institut fUr Energie und Umweltforshung, Heidel-
berg University) have developed alternative models suggesting that doses from
routine emissions from nuclear reactors are as much as 2300 times greater than
predicted. An important point made by the Heidelberg group is the constant values
used in NUREG 1.109 are based on obsolete experiments by the AEC in the 1950s.
These values fail to consider the incorporation of radionuclides into organic
compounds and full absorbtion rates in the growing cycle of plants. Meterological
models in NUREG 1.109 do not account for rain, fog, and snow which concentrate
the deposition of radionuclides. The Heidelberg papers imply that fission pro-
ducts from nuclear detonations are absorbed into the biosphere and the human body
at far greater rates than previously believed. Ingestion doses from radionuclides
released into the environment, therefore, may constitute the single largest dose
received by the population.

The widening range of uncertainty of predictive dose models to assess public health
effects of radiation producing industries clearly calls for significant upgrading
of radiological monitoring. Currently, federal programs for the collection and
analysis of radiological data in the environment are primarily a public relations
function. This is due to the fixed attitude of the federal radiation protection
community that the risks of low-level radiation in the environment are so low
that the costs of implementing a comprehensive and continuous radiological moni-
toring program are not warranted. The current practice is to rely primarily on
source monitoring data which are plugged into the models. ' Food chain monitoring
is spotty and of highly questionable quality because there are no standardized
radiological monitoring requirements^ which target the more sensitive humans such
as the unborn, infant, elderly, and chronically ill. Instead, the statistically
"typical individual" is used.

A precise, standard, and open code of medical ethics should be developed involving
humans for radiation experiments. Industry self-regulation and secrecy have
spawned highly questionable research practices. This has been the case with D0D,
AEC, and NASA research contracts involving whole body irradiation experiments and
in vivo metabolism studies. In the case of the DOD and NASA studies, terminally
ill people were given threshold lethal doses of whole-body radiation with the end-
point of the studies to determine combat effectiveness during nuclear war and to
erect career doses for astronauts. By not making research programs of this type
accountable to public scrutiny they cannot be accountable to ethical standards.

PUBLIC PARTICIPATION

Since decisions concerning exposure to man-made radiation are, in principal, personal
in terms of medical radiation and societal relative to nuclear energy, nuclear weapons
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and other radiation producing industries, education of the individual must be
combined with a good faith effort by federal and state agencies to reduce radia-
tion exposure below present levels. Public distrust of federal radiation programs
are grounded in legitimate concerns as the record of Congressional investigations
and as scientific literature accumulates preliminary but disturbing human evi-
dence. However, more attention has been paid by federal agencies to questions of
scientific exactitude than questions of public health. By this I mean that federal
agencies have chosen to conduct more research before dealing with pressing needs
of compensation, of reducing occupational exposure limits, medical X-rays, and the
accumulation of radionuclides into the biosphere. This pattern of behavior is
not unique to the past 80 years of the the development of radiation producing
industries. The burden of proof as to the hazards of ionising radiation has and
apparently continues to fall on the people bearing the greatest risk—radiation
workers and biologically sensitive people in the general population. This situa-
tion can only change when public policy is used to err on the side of public
health and not on the side of the changing benefits of radiation producing indus-
tries.

In this context, information to enlighten people must also mean involvement in
radiation protection policies. Research efforts by the NIH and other agencies
should be discussed with the affected people who bear the health risks. A citizen
advisory committee should be part of the Committee on Federal Research Into the
Biological Effects of Ionizing Radiation.

Public information should be oriented towards public health concerns. For example,
information on human risks to low-level ionizing radiation shows a wide range of
uncertainty. Instead of choosing an absolute risk based on the extrapolations from
high dose human studies, a range of risks should be presented based on low dose
studies as well. Critical evaluation of the present risk estimates used for
radiation standards should also be part of the information provided to people.
Information to "foster enlightened discussion" should be based on data which
citizens can refer to if necessary. A model to consider is the discontinued
"Radiation Health and Data Reports" of the U.S. Public Health Service. This
publication was a monthly record of environmental radiological monitoring data
which was weapons fallout oriented. It also contained scientific papers and
articles concerning radiation protection. Although highly technical in nature,
it provided a source of data for independent researchers at universities and the
informed members of the public. Perhaps a modified for of the old data reports
could be reinstituted based on site specific radiological enviEonmental moni-
toring data collected routinely from the EPA, the States, the DOE, and the NRC.
This data should be based on a standardized system of collection and analysis.
Since ingestion doses are major sources of environmental exposure particular
emphasis should be given to food chain monitoring data and education about radio-
ecology. Concurrent with a regular comprehensive technical publication of envir-
onmental radiation levels and research articles, there should also be a regular
annual publication listing and description of recent research in the fields of
radiation epidemiology, radiobiology, and radioecology. This publication should
be made available to public libraries, health care training centers, and universi-
ties.

In terms of medical radiation exposures, public education utilizing the media to
inform the public about the basic "do's and don't's" of medical x-rays (i.e. making
people aware of the risk to the fetus). This campaign should include television
and radio spots, and public service announcements in publications and public display
areas. This should be done through the Bureau of Radiological Health. State
medical examiner boards should include questions in state medical practice entrance
exams about the hazards of man-made ionizing radiation which deal both with medical
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and environmental radiation hazards. Radiological technolgists should be re-
quired to meet minimal federal standards arid tight controls should be placed on
exposure limits for the handlers of radioisotopes (many of whom are women of
childbearing age).

Workers who are not protected by the ALARA mode of regulation are perhaps the
least informed group at risk. There should be special informaticn and training
programs in conjunction with regulatory agencies interfacing the information
generated frcm NIH research programs with regulatory programs. They include
hospital workers , handlers of radioisotopes, transportation workers and construction
workers. •

I t seems prudent to emphasize not only cancer risks but also radiation's effect
on the immune system, and radiosensitivities of age groups, sexes, and people
predisposed to disease from hereditary factors ( i . e . mongoloids) . There should **
also be a discussion of genetic consequences which can be associated with radiation
exposure. This discussicn should be in clear and simple terms. *

Sincerely,

Robe rt Alvarez, Di re ct or
Radiation Health Information Project
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TO: F. Peter LiBassi, H.E.W. General Counsel
FROM: Robert Alvarez and Craig Swick, E.P.I.
R£: Interagency Task Force Reports on Low-level Ionizing Radiation

Science Work Group Report

The Science Work Group report, in its evaluation of the basis of

radiation health risks, delivers two contradictory messages. First, that the

risks of low-level radiation exposure *re unknown, and secondly, that these risks

are very small. It appears that this contradiction is derived by extrapolating

the risks from high dose human studies down to low doses. By virtue of the ac-

cumulation of evidence that there are human and animal effects at low dose expo-

sures, there is now a strong indication that this method of risk estimation is no

longer valid.

The observed human effects at low doses are shown to differ so greatly

from the effects at high doses that it may not be possible to graph the two with

the same linear equation. In fact, the most recent analysis of the Hanford data

indicates that the dose-response curve follows a half-power equation. If the

linear hypothesis is used to estimate the radiation risk to the Hanford workers,

the doubling dose predicted by high dose studies are 10-20 times greater than

those predicted by Mancuso. If kneale's half-power equation is used to estimate

the radiation risk to the atomic bomb survivors, the effects predicted are 2-3

times greater than those predicted by the Atomic Bomb Casualty Commission (ABCC).

Instead of critically examining the adequacy of the linear hypothesis in this

context, the Science Work Group uses the high dose studies as a litmus test to

judge the validity of low dose studies.

The emphasis given co extrapolations from the linear high dose model in
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this report resemble dogma mare than objectivity. As a buttress to the

linear hypothesis, statements are made about the difficulties of sample size

posed by the low dose studies. The question of sample size, a favorite theme

of Charles Land of the National Cancer Institute, depends greatly on what is

perceived as the risk from radiation exposure. Dr. Land's preconceived notion

of risk relies on his experience with the ABCC data which assumes a very small

risk at low level exposures. However, Dr. Land's statistical pronouncements do

little to explain why cancer excesses are observed in four separate groups ex-

posed to low-level ionizing radiation. Evidence confirmed by four different

sources appears to be stronger from a public health standpoint than statistical

judgements based on assumptions lacking supportive empirical evidence in the

low dose range. Despite the fact that high dose studies such as the ABCC studies

have been "public works" projects for the National Academy of Sciences and the

Atomic Energy Commission (AEC), the Work Group states that additional funding

should be given to these studies. More funding would be appropriate for an

outside critical analysis of the high dose studies but it appears that the

Work Group merely wants to continue to bolster the notion that high dose studies

are superior to low dose ones.

By avoiding a critical look at the high dose studies as indicators of

low-level radiation risk, certain important areas were effectively ignored in

the report. For example, little was done to distinguish between the effects

of a dose received all at once and an equivalent dose at a low level over a

long period of time. Many studies suggest that the effects from low doses

may be more significant because of the absence of the cell-killing effect.

The Work Group does not adequately distinguish between the effects from

external exposure and the internal deposition of radionuclides. The effects

from internal depositions, especially from radionuclides with a high LET are
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known to be much greater than external doses because they are in close

proximity with the organs of the body. Small internal doses of high LET

radionuclides such as plutonium will cause greater effects than those from a

similar amount of a gamma emitter. This suggests that groups such as the

atomic bomb survivors and veterans exposed to atomic weapons testing may have

received a much higher dose than what is currently estimated.

The Work Group has failed to recognize a major disagreement between the

U.S. and European radiation protection agencies over dose values for internal

radiation exposures recommended by the International Commission of Radiation

Protection (ICRP) publication #26. The Nuclear Regulatory Commission and the

Environmental Protection Agency do not support the increased dose values recom-

mended by ICRP 26. The following table shows the differences in the dose values

between the current and proposed ICRP 26 values.

Organ

Present value of Values of W. in New values of
MPE or R (retn/yr) ICRP No. 26 MPE or R (rem/yr)

Total body

Gonads

Breast

Red marrow

Lung

Thyroid

Bone

Skin

Remainder

5

5

15

5

15

30

30

30

15

1

0.25

0.15

0.12

0.12

0.03

0.03

0.3

5

20

32

42

42

167

167

17

Source: Radiation Standards and Public Health: Proceedings of a Second
Congressional Seminar on Low-level Ionizing Radiation, February 10, 1978,
p. 13. 1979.

It should be noted that occupational exposure lixiits allow ,̂. ren:--. par

year if the internal dose is included. Sy adding the 30 rent bone and thyroid
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dose to the 12 rem whole body dose permitted under the 5(N - 18) age formula

which allows for 3 rem per quarter, workers are permitted to receive a total

radiation dose well above the doubling dose set by the BEIR I Committee for

leukemia. The five rem occupational limit is more mythical than real when

internal dose values and loopholes are included.

Although the Work Group commented on the problem of sample size with

low-level radiation epidemiology, no attention was given to the problems of

assuring data quality. An example of this is the failure of the Department

of Energy to answer important questions concerning the data quality in its

proposed study of nuclear shipyard workers to determine health effects caused

by occupational exposure to low-level radiation. It is not known if the records

of radiation exposure of nuclear shipyard personnel are of adequate quality or

quantity to coTne up with meaningful results. The nuclear shipyards, excluding

Portsmouth and Groton, have not been in operation long enough to observe the

end of the radiation cancer latency period. It also has not been shown that

the exposed and non-exposed workers can be identified and located to determine

illness and cause of death. This is' important because of high worker turn-over

at the shipyards. The DOE has also not identified other known carcinogens

present at the nuclear shipyards which could confound any findings of a radia-

tion effect.

Neither the DOE nor the Science Work Group recognize that older facilities

such as Oak Ridge and Hanford have better chances of producing more definitive

answers to health effects questions than other federal nuclear facilities be-

cause data from both facilities have been collected and organized. These fa-

cilities both employed enough workers who were exposed to measurable amounts

of radiation and have been in operation long enough for the end of radiation
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cancer latency periods.

Very little attention was given to the importance of dispersion,

deposition, and uptake of radionuclides in the environment. Again, this

issue is important in evaluating the accuracy of studies like the atomic bomb

survivors or the conservatism of radiation dose models used in nuclear fa-

cility licensing. A growing concern is developing over the adequacy of the

dose models used by federal agencies in light of research suggesting the con-

stant values used in the models are obsolete.

Constant values for determining the transfer factors for radionuclides

from soil to plants appear to have been derived from AEC experiments in the

2
1950s using sterile soils. More recent studies indicate that microorganisms

and chelating agents in the soil greatly enhance the uptake of radionuclides

by changing their chemical properties. In terms of the absorbtion of plutonium

in the body, there is evidence that present models may underestimate the hu-

man bloodstream absorbtion by a factor of 20,000. A recent study by the

University of Heidelberg, Germany, suggests the public doses from nuclear

power facilities, when more recent transfer factors are taken into account,

4
may underestimate the dose by a factor of 1,000.

The Science Work Group did not look carefully at the problems associated

with environmental radiation measurements. Measuring the more biologically

serious radionuclides such as plutonium and strontium-90 at low levels by

mechanical means is extremely difficult. Because various forms of plant and

animal life have proven responses to specific radionuclides certain measure-

ments can be made with biological systems to provide a more practical and

sensitive indicator of dose.

For example, reliance on milk samples for strontium-90 data has practical

limitations because of the time necessary to measure small amounts and compli-
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cated procedures involved. However, root vegetables concentrate strontium-90

785,000 times more than the amount present in the air. The spiderwort plant

has been shown to be a sensitive detector of radiation. The cell mutations of

the stamen hair cells of the spiderwort allow extremely low levels of radiation
7

to be measured.

Growing portions of human bones such as baby teeth, concentrate some bone

seeking radionuclides more than other osteous tissue. Teeth surveys are very

important dose indicators in areas having nuclear facilities or high concen-

trations of fallout. The AEC during the late 1960s supported a baby tooth

survey to detect strontium-90 fallout but terminated funding for the project

in the early 1970s.

Surveys of human and animal autopsy specimens in areas with abandoned

or active nuclear facilities, or areas with high concentrations of fallout are

valuable to understand human dose commitments. Fallout from nuclear weapons

has not only affected southern Utah, Nevada, and northern Arizona but, also

northwestern Minnesota, and the Troy/Albany, New York areas. Given its long

half-life, 60-70 percent of the strontium-90, 60-70 percent of cesium-137,

100 percent of iodine-^129, and 100 percent of plutonium from fallout is still

present in these areas. Tissue surveys as well as epideaiological ones are

in order for these areas.

More emphasis should be given in the Science Work Group report on the

need for developing radiation epidemiology experience outside the national

laboratories. The major problem with low-level radiation research has been

the dominance of national laboratories over these studies. As a result, radia-

tion epidemiology has not evolved at anywhere near the same pace as commercial

and military uses of radiation technologies. This is because federal policy

has made health effects research subordinate to the expansion of radiation
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technologies. There is a very serious lack of expertise in the field of low-

level radiation epidemiology and only a handful of people in the world who

have developed sufficient knowledge in this area of study. Major efforts

should be made to fund private universities and research organizations with

particular emphasis on developing programs within these institutions to train

scientists in low-level radiation research. Rather than pour money into

high dose studies conducted by government entities, major efforts should be

made to reverse the trend of dependency on high dose studies as indicators of

radiation risk at low levels.

It is unfortunate to see that the Science Work Group interpreted conser-

vatism to mean that it is prudent to err on the side of protecting radiation

technologies rather than public health. The fact that cancer excesses from

remarkably different data sources are being reported which may affect thousands

of people, should give us pause for reflection. Instead of finding ways to

show how these studies of low-dose exposures may be wrong, it would be more

responsible to consider the possible problems of established scientific no-

tions of radiation risks.

Radiation Exposure Reduction Work Group Report

The report by the Radiation Exposure Reduction Work Group is a highly

useful document in understanding the magnitude of the problem associated with

radiation protection. The basic recommendations are commendable but do not

go far enough, particularly in protecting groups which bear high risks from oc-

cupational exposure.

Unquestionably, the widespread exposures from medical X-rays constitute

a major area of concern and steps should be quickly taken to reduce all un-

necessary exposures. However, the Work Croup has not shown the basic dif-
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ference between medical X-rays, nuclear wastes and occupational axposures.

In case of medical X-rays it is possible to shut off the machine and prevent

further exposure. With nuclear wastes, however, our society has not yet

found the means to permanently "shut-off" the radiation exposures posed by

long-lived radionuclides with half-lives of several centuries. Therefore,

the problems associated with nuclear wastes are very long-term and can effect

future generations. Although the Work Group discussed in some detail the pro-

blem of nuclear wastes, no attempt was made to quantify the potential dose

from various sources of nuclear wastes such as uranium mill tailings and trans-

uranics. Projecting dose commitments from nuclear wastes is a highly uncertain

enterprise, but this does not mean that it should not be done.

Little attention was paid to the problems of controlling internal radia-

tion exposures and the rather large internal doses permitted under present

regulations (see Table 1 on page 3). Because internal radiation exposure

frequently involves high LET materials in close proximity to internal organs,

this is a problem which, if ignored, could adversely affect uranium miners,

soldiers exposed to nuclear blasts, workers involved in the production and

fabrication of fissile materials for nuclear weapons and energy, a growing

number of people being given internal doses of isotopes for diagnostic pur-

poses, people living by nuclear power plants, and communities which received

substantial concentrations of fallout. There was no discussion of the ICRP 26

publication and its implications if internal dose values were raised, particu-

larly for the gonads and red marrow. The controversy surrounding ICRP 26 de-

serves the attention of the work group because of a growing split in radiation

protection principles between western Europe and the United States.

The Work Group should be more specific in identifying existing loopholes

in federal regulations. Evan though the basic trend by federal agencies is to
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establish lower exposure limits, the reduction of reporting and monitoring re-

quirements pose serious difficulties in assuring that these lower limits can be

implemented. This can be seen in the elimination of strontium-90 data collection

for NRC-licensed facilities.8

The Work Group did not discuss the difference between regulation by design

objective and regulation by direct enforcement of ongoing operations. The cur-

rent modus operandus of the federal agencies in controlling public exposures from

nuclear facilities is to regulate by design objective, a system based on matching

designs prior to construction and operation with dose models. After a facility

is licensed to operate, no audit is made on the designs or the dose models ex-

cept by the licensee. NRC regulations allow reactors to exceed standards by a

Q

factor of two with the simple requirement that the NRC be notified. There are

no shut down procedures for unplanned releases which exceed design objectives.

There are also exemptions for iodine doses four times above the NRC standard.

If an applicant for a license to operate wants to exceed the maximum permissible

concentration it releases into the air and water, it is possible to do so under

NRC regulation if it can be shown that "typical" individuals will not be subject

to these higher concentrations.

The Report states the NRC has taken into account the possibility of calculating

fetal dose, but the Commission rejected this recommendation on the grounds that no

serious radionuclides cross the fetal barrier.

An attitude exists among federal regulatory agencies that it is not neces-

sary to account for internal radiation effects. This is reflected by internal

exposure standards for workers constituting over 70 percent of the dose permitted

in a given year. The EPA fuel cycle standards permit an internal dose three times
12

greater than the external dose. Internal radiation is shown to have great effects

and is far more difficult to control and measure than external radiation. It is
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« very non-conservative policy to support higher internal than external doses.

Care and Benefits Work Group Report

The basic preoccupation of the Work Grpup appears to be how to limit the

- *i
federal liability from radiation injury claims. At no place in the report was

any consideration made to the possibility that the risk of exposure to ionizing

radiation from nuclear weapons may be greater than we have been led to believe.

The range of the underestimation of radiation risks go as far as a factor of

200. Yet, the Work Group has accepted with even greater dogmatic zeal than the

Science Work Group that radiation risks are very small.

The Work Group did not fully consider the problems such as unrecorded inter-

nal radiation exposure which could have caused a rather large dose to the indi-

vidual exposed to nuclear weapons tests; nor thp fact that veterans have had

extreme difficulties in getting any information from the Veterans Administration

(VA) and the Department of Defense (DOD) to prove their case. It certainly was

not the initiative of the DOD or the VA which has prompted this review in the

first place. The Work Group should recommend that special efforts be made to

help veterans process their claims fairly. By making the operations reports of

the weapons tests involving military and civilian personnel accessible to the

public, a major source of information to help the veteran can be made available.

•Public Information Work Group Report

This report outlines a rather comprehensive program of public and worker

education on radiation risks. However, the report suggests that scientists and

industry team up with the federal government to carry out this program. It is

unlikely that public confidence can be restored by asking groups with conflicting

interests to educate the public about the potential hazards posed by the activi-

ties of the interests they represent. It was not the efforts of the federal

agencies, the nuclear industry, medical professionals, or federally sponsored
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»clentific panels that brought this whole problem to public attention. These

entities have, by and large, resisted public involvement in decision making.

Without some kind of outside quality assurance, the public has a right to be

skeptical of the pronouncements made by these groups.

The present concern over radiation risks was brought about by public interest

groups, concerned individual scientists, radiation victims, and a few diligent

Members of Congress. There is no recognition of this fact in the report, much

less the consideration that public interest groups and concerned parties should

play an active role in informing the public.
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Monday March 10, 1980
General Discussion

MR. HUTT: Thank you very much, Professor D o n a l d s o n ,
Mr. L i b a s s i . That concludes the published papers and the
discussion. We will now enter into a session of public
discussion by anyone who wishes to do so. I have thus far
received three requests from individuals who wish to present
i n f o r m a t i o n . I would ask anyone else to come forward who
wishes to do so.

DR. BRODSKY: I am working at the Nuclear Regulatory
Commission as a senior health p h y s i c i s t . I am speaking for
nyself, h o w e v e r , now, based on previous experience in
eoidemiologic studies that were done at the University of
Pittsburgh nrimarily, and in my research in dosimetry moni-
toring and familiarity with the atomic energy programs for,
radiation protection. All this before I went back to the
Nuclear Regulatory Commission, where my major r e s p o n s i b i l -
ities are writing guiles on radiation protection and not in
advising people on research.

H o w e v e r , as a nerson interested in the subject n a t t e r ,
I would like to make a few points. I have submitted some
papers to the committee for c o n s i d e r a t i o n . I will try to be
brief.

First of all, I would like to say that I an very happy
to see this committee formed. An interdisciplinary committee
and multi-agency committee of this kind goes a long way to
satisfy one of the first recommendations I nade to Senator
Hart in the 1973 h e a r i n g s . I do hope that this kind of dis-
cussion can result in a better coordinated and better radia-
tion research effort, with proper priority and emphasis
relative to other hazards of the environment.

I would just like to mention that there is a book that
was written -- I think, in the early '60s, as I remember --
by Bertram Wisebad, a very excellent book on the economics
of public health, where he very effectively pointed out the
importance in considering all the alternatives we have in
spending our money on public health efforts. Everything he
said in that !)ook, I think, is stil 1-pertinent today and to
this meeting.
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We have only so nany dollars to spend in our society on
human health, or equivalently in any one country only so much
human effort. If we don't advertently apportion this effort
properly, then we will inadvertently misspend the money and
inadvertently we will not achieve the objective of optinizinn
public health and the saving of hunan life.

So, in that vein, I would like to mention, first of all,
that I have submitted a research outline, ny own outline, of
areas that I think need to be considered in the field of radia-
tion health, particularly applied, and research at basic levels.
I think what needs to develop now -- ny outline may not include
everything everyone here in this audience can think of, of
course -- so I would like to recommend that the committee, after
these meetings, develop a research outline, a research program,
for further comments by the oublic, to nake sure it has a complete
list of the kinds of things that could be of value in our research
efforts, and then set ways to find out how to order priorities.

Two, I would like consideration given in balancing the need
for epideniological research vis-a-vis experimental research.
And I have my own ideas on the need for both and the continuation
of both. Rut I think the balancing of the money spent ought to
consider the very good possibility that the sometimes overesti-
mated cost of epidemiological studies be examined in light of
the possibility that a lot of the collection of epideniological
data can often be done for the same operational budget that, is
being spent already on naking radiation exposure measurements
and on makinq industrial hygiene measurements.

I mean, those of us who are in regulatory agencies know
we already have programs to collect a areat mass of data on
occupational exposures -- all we need to do is to have some
coordination between those people who are carrying out those
programs and the research effort to orient those programs to
collect perhaps just the social security number and the necessary
individual data to be put on computer so that these people can
be followed U P in a proper way over time.

I have a lot more comments on that kind of study, having
worked with Or. Thomas Mancuso at the University of Pittsburgh
for eight years, as a fellow investigator; and before that, with
Dr. Niel Wald, to study radiation exposure records to see if
they could be used as a basis for follow-up studies. I think
they can be. I think they should be. I think the hour is late.
I think we should get started with it.
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I do not think that this is sonethina that is of low
enough priority that it needs to be written off. Hunan data
can at least provide upper limits of risk and it can provide
it measured on hunans if the proper epideniological studies
are carried out. Rut as I mentioned in a paper in Health
Physics -in which I made a few errors which I recently acknowl-
edged, which will be published also in Health Physics with soi'ie
further comments -I think there is a dire need in the field of
em" demi ol ooy, in particular, for us to sit around the table and
decide what is really proper quality control and scientific
net hod.

In the field of microbiology we have had for many years
Koch's postulates. Hobody claims a proof of having proved any-
thing before havinq gone through Koch's postulates. In epidemi-
ology, as Dr. Lilienfeld alluded to, too often what should really
be claimed as a preliminary paper is claimed as final conclusions.
I have since spoken of a number of points in the papers I have
submitted along the lines of that serious problem.

Finally, I would like to ennhasize that while we stand here
talking about the radiation research efforts, we are also talking
about research efforts in general. I alluded to the fact that
we need, of course, to allocate our dollars among radiation as
well as other agents. Once that is done, of course, we have to
intelligently allocate our dollars, within the field of radiation,
but I think we also have to keep in mind that these fields are
not entirely separate. Those of us who have worked in radiation
research know full well -- I think many of the people outside
the field, of course, know full well today -- that when you do
research with an agent like radition which can be measured with
great sensitivity -- you can measure one atom disintegrating by
measuring its gamna emission -- that you have already l,earned
much about me'icine. Much has been done to help the e.rftire
field of medicine. So one has to consider the feedback and, in
allocating priorities, one has to be careful about cutting off
very good projects run by competent workers when they're almost
completed. One must consider what effort has already been put
in, what expenditure on the part of public funds has already
been nade. And I have seen some very good projects, because of
a lack of coordinated research effort been cut off in the last
few y e a r s . Nothing that I had anything to do with, so it's not
a personal plan I am making.

Thank you for listening.
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M o n d a y " a r c h 1 0 , i 3 8 0
G e n e r a l D i s c u s s i o n

M R . H U T T : B e f o r e y o u l e a v e , is t h e r e a n y o n e w h o h a s a
q u e s t i o n of D r . B r o d s k y ? I s e e no c o m m e n t s . T h a n k y o u v e r y
n u c h , O r . R r o d s k y .

O u r s e c o n d s p e a k e r w i l l be O r . W i l l i a m M e n d e z , r e s e a r c h
a s s o c i a t e a t t h e C e n t e r f o r P o l i c y A l t e r n a t i v e s at H I T .

O R . M E N O E Z : R e c e n t l y , a r e s e a r c h q r o u p at t h e C e n t e r f o r
P o l i c y A l t e r n a t i v e s h a s b e c o m e i n v o l v e d in a p r o j e c t to s t u d y
and e v a l u a t e t h e e x t e n t to w h i c h s o c i a l n e e d s f o r r e s e a r c h on
t h e b i o l o n i c a l e f f e c t s of i o n i z ^ n q r a d i a t i o n a r e b e i n g w e t by
t h e n r e s e n t s t r u c t u r e f o r f u n d i n q and s p o n s o r i n g s u c h r e s e a r c h .
W h i l e o u r s t u d y is by no "leans c o n p l e t e , w e feel t h a t w e h a v e
i d e n t i f i e d a n u m b e r of i m p o r t a n t i s s u e s t h a t s h o u l d be o f c o n -
c e r n to t h i s c o n m i t t e e . M a n y of t h e s e i s s u e s are n o t , by a n y
m e a n s , o r i g i n a l to u s . S e v e r a l w e r e v e r y a b l y d i s c u s s e d by
M r . L i b a s s i a n d M s . D o n a l d s o n . R|jt I b e l i e v e t h a t t h e y s h o u l d
be r e s t a t e d at t h i s t i n e .

F i r s t , t h e r e a r e i m n n r t a n t <iaps an4 i n c o n s i s t e n c i e s in t h e
c o n p l e x r e g u l a t o r y s t r u c t u r e d e a l i n q w i t h r a d i a t i o n p r o t e c t i o n
for t h e o e n e r a l p u b l i c and f o r w o r k e r s , w h i c h a r e at l e a s t p a r -
t i a l l y due e i t h e r to a l a c k of b i o l o g i c a l e f f e c t s r e s e a r c h in
i m p o r t a n t p o l i c y - r e l a t e d a r e a s , o r to t h e f a i l u r e to u s e t h e
r e s u l t s of s u c h r e s e a r c h to i n f o r n r e g u l a t o r y p o l i c y .

I n e e x a m p l e w h i c h w a s very a b l y d i s c u s s e d by Dr. R a d f o r d
and D r . W o l f e w a s t h e s t a n d a r d d e s i g n e d to l i m i t e x p o s u r e of
r a d i a n m i n e r s to r a d i a t i o n d u e to i n h a l e d r a d i o n u c l i d e s . T h i s
s t a n d a r d s e e m s to a l l o w a n u c h h i n h e r e x p o s u r e t h a n s t a n d a r d s
d e s i q n e d to p r o t e c t o t h e r w o r k e r s , a n d t h u s is i n c o n s i s t e n t
w i t h t h e s t a n d a r d s f o r o t h e r w o r k e r s . In s p i t e of t h i s , riuch
r e c e n t r e s e a r c h in t h i s a r e a h a s n o t y e t b e e n e m b o d i e d in wore
p r o t e c t i v e s t a n d a r d s .

S e c o n d , t h e s c i e n t i f i c b a s i s f o r m a n y r e g u l a t i o n s , l i n i t i n o
e x p o s u r e to r a d i a t i o n , h a v e n o t b e e n s y s t e m a t i c a l l y r e e v a l u a t e d
s i n c e t h e i n i t i a l c o n s e n s u s on r a d i a t i o n p r o t e c t i o n w a s d e v e l o p e d
n o r e t h a n ? 0 y e a r s a n o . '(hen s u c h r e e v a l n a t i o n s h a v e o c c u r r e d ,
t h e y h a v e o c c u r r e d s l o w l y and in a n i e c e n e a l f a s h i o n , t h e y h a v e
n o t b e e n e f f e c t i v e l y i n c o r p o r a t e i i n t o t h e r e q u l a t o r y p o l i c y .
rfany r e q u l a t i o n s a r e b a s e d on i m p l i c i t or e x p l i c i t c o s t - b e n e f i t
or c o s t - e f f e c t i v e n e s s c r i t e r i a , w h i c h a r e a s o n a b l e i n t e r p r e t a t i o n
of e x i s t i n g h i o l o m ' c a l e f f e c t s d a t a s u q q e s t mirjht n o t be s o c i a l l y
d e s i r a b l e d e c i s i o n r u l e s .
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The ALARA p r i n c i p l e , for i n s t a n c e , which u n d e r l i e s and
informs many r e q u l a t o r y a u t h o r i t i e s , involves explicit c o m p a r i -
son of the b e n e f i t s and the adverse health e f f e c t s of radiation
e x p o s u r e . These c o m p a r i s o n s are routinely u n d e r t a k e n despite
the fact that no c o n s e n s u s exits as to how to e v a l u a t e nany of
the b e n e f i t s of e x p o s u r e , Respite the fact that great uncer-
tainty e x i s t s i"» interpol ation of risk at low dose l e v e l s , d e s -
pite the fact that, little is known about the effects of r a d i -
ation on human population and the p r e s e n c e of other e n v i r o n n e n t a l
i n f l u e n c e s , and despite the fact that a s s i q n i n o values to the
adverse effects of r a d i a t i o n , e s p e c i a l l y genetic e f f e c t s , is
e x t r e n e l y p r o b l e m a t i c .

In such a s i t u a t i o n , decisions i n e v i t a b l y cone to depend
much more on the institutional e n v i r o n m e n t in which they occur
than on a d i s p a s s i o n a t e c o m p a r i s o n of costs and b e n e f i t s .

The criteria of cost e f f e c t i v e n e s s , for i n s t a n c e , have been
used to decide that c o l l e c t i v e dose s t a n d a r d s for e m p l o y e e s at
n u c l e a r r e a c t o r facilities are not in the p u b l i c i n t e r e s t .
T h u s , e x p l o y e e s at any given reactor can legally e x p e r i e n c e
almost u n l i m i t e d e x p o s u r e so lono as this exposure is d i s t r i b u t e d
anonn a large enough number of w o r k e r s and no one w o r k e r is too
s e r i o u s l y exposed.

T h i r d , the fragmented s t r u c t u r e of r e o u l a t o r y authority is
m i r r o r e d in the fragmented s t r u c t u r e of research funding. There
is a lack of c o o r d i n a t i o n and c o m m u n i c a t i o n between s p o n s o r i n g
a g e n c i e s . Much research is being funded by a g e n c i e s who have
little or no m i s s i o n - o r i e n t e d use for the r e s u l t s , and little
institutional e x p e r i e n c e to guide and d i r e c t research e f f o r t s .

For e x a m p l e , due to a gap in r e g u l a t i o n s a d m i n i s t e r e d by the
D e p a r t m e n t of Energy and the D e p a r t m e n t of T r a n s p o r t a t i o n , not
only are there no standards p r o t e c t i n o the drivers of v e h i c l e s
c a r r y i n o nuclear w a s t e s , but there has not been a p r o g r a m to
d e t e r m i n e how much radiation e x p o s u r e thev e x p e r i e n c e . In
a d d i t i o n , even though very qreat d i f f e r e n c e s exist in the total
amount of e x p o s u r e experienced by workers at different r e a c t o r
f a c i l i t i e s , little is known about the factors that c o n t r i b u t e to
d i s p a r i t i e s . Such k n o w l e d g e w o u l d be e x t r e m e l y useful in limiting
e x p o s u r e in developing control t e c h n i q u e s .

F i n a l l y , there is the perennial tension between pure and
anplied r e s e a r c h . The members of the scientific community who con-
duct, review, and nake funding decisions about bioloqical effects
research tend to favor elegant theoretical research over the more
prosaic applied work which may be necessary to inform present
social policy d e c i s i o n s .
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The conduct of basic research to expand the ranoe of hunan
knowledge is, of course1, important and nay ultimately produce
great social benefits, but research directed to important and
immediate social needs should not be neglected.

In su-inary, it aopears that communication between the
research establishment and the aoencies responsible for protect-
ing the public against radiation exposure has been poor. The
results have been that the needs of the public have not been
adequately conveyed to the research comnunity and similarly that
important and relevant research results are not being used effec-
tively to inform social policy.

I hone these renarks will be helpful in provoking further
discussion of these issues. Thank you.

MR. HUTT: Thank you.

And before you leave, may I ask whether there is anyone who
wishes to ask a question?

MR. PETE RSO'l: I an Harold Peterson of the Nuclear Regula-
tory Conmission. First of all, I question your remarks about
the pieceneal review. In 1972 the Nationai Academy of Sciences
reviewed the existing hunan epidemiology data and in 1977 the
U.H.'s Scientific Connittee on the Effects of Atonic Radiation
put quite a summary together of what is known about effects levels
and implications of that for standard setting. So I would ques-
tion your first premise that it hasn't been done systematically.
Also, this year we are supoosed to have the National Academy of
Sciences REIR III report, so there have been very conprehensive
reviews of radiation effects and levels.

Second, I see a lot of criticism, but I don't see any sug-
gestions from you on how to improve decision-making policies,
what standard should be set for nonthreshold carcinogens. I
would be interested in any comments you night have or sugges-
tions on how some of the difficulties you see could be overcome.

DR. MEMHEZ: In answer to the first question, I think you
are right in saying that nany efforts have been undertaken. The
research that we have undertaken so far suggests that the recom-
mendations that have come out of these attempts at review have not
been taken seriously by the regulatory agencies and have not
affected regulatory policy. It is our impression that they have
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not a d d r e s s e d a d e q u a t e l y nany fnportarrt technical issues
h a v i n o to do w i t h risk a s s e s s m e n t , s p e c i f i c a l l y a p p l i e d to
c o s t - e f f e c t i v e n e s s a n a l y s i s , to r i s k - b e n e f i t a n a l y s i s , and
so o n .

In a n s w e r to y o u r s e c o n d q u e s t i o n , I c o u l d m a k e s e v e r a l
s u g g e s t i o n s t h a t m i g h t i n p r o v e s o c i a l p o l i c y deci sion-«ia!<i no..
T h e f i r s t is t h a t we s h o u l d not kid o u r s e l v e s t h a t a lot of
t h e s e i m p o r t a n t t e c h n i c a l i s s u e s a b o u t w h a t e n d p o i n t s to s e l e c t
f o r c o s t - e f f e c t i v e n e s s m e a s u r e s -- w h e t h e r i t ' s d e a t h i n c i d e n c e ,
s h o r t e n e d l i f e , g e n e t i c e f f e c t s -- we s h o u l d not kid o u r s e l v e s
t h a t all t h e s e i s s u e s h a v e been r e s o l v e d and t h a t the a n s w e r is
to do r i s k - j e n e f i t a n a l y s i s , t h a t all t h e t e c h n i c a l q u e s t i o n s
h a v e b e e n a n s w e r e d .

F u r t h e r , I w o u l d s u g g e s t , as M s . D o n a l d s o n s u g g e s t e d , t h a t
in m a k i n g t h e s e d e c i s i o n s , the b r o a d e s t p o s s i b l e k i n d of i n f o r m e d
p u b l i c p a r t i c i p a t i o n s h o u l d be i n v o l v e d . I d o n ' t t h i n k I an new
in a d v o c a t i n g t h a t , b u t , y e s , t h a t ' s t h e s u g g e s t i o n I h a v e .

M R . M U T T : A r e t h e r e any a d d i t i o n a l q u e s t i o n s ? T h a n k y o u
very n u c h , D r . M e n d e z .

O u r t h i r d s n e a k e r is O r . E d w a r d P. R a d f o r d , P r o f e s s o r of
E n v i r o n m e n t a l E p i d e m i o l o g y , G r a d u a t e S c h o o l of P u b l i c H e a l t h , t h e
U n i v e r s i t y of P i t t s b u r g h , a l s o C h a i r m a n of the BE IS III C o m m i t t e e .

O R . R A O F O R D : I'd l i k e to r e a c t a l i t t l e bit to t o d a y ' s d i s -
c u s s i o n b e c a u s e I a s s u n e t h a t the p u r o o s e of o u r b e i n g h e r e is
t h a t p e r h a p s s o m e i n o u t i n t o the F e d e r a l a l l o c a t i o n of f u n d i n g
for r e s e a r c h is the a i m .

T h e f i r s t p o i n t is t h a t I t h i n k a n y of us w h o h a v e b e e n in
t h i s f i e l d f o r a n y l e n g t h of t i n e h a v e to r e c o g n i z e t h a t r a d i a t i o n
r e s e a r c h h a s had a d i s o r o p o r t i o n a t e s h a r e of the r e s e a r c h f u n d i n g
by a p a r t i c u l a r t y p e of a g e n t . T h e b u d g e t s o f t h e A E C , w h e n it
e x i s t e d , f o r h i o m e d i c a l r e s e a r c h w e r e w o n d e r s to b e h o l d by t h o s e
o f us w h o w e r e i n t e r e s t e d in o t h e r m u n d a n e t h i n g s l i k e c a r b o n
m o n o x i d e , s u l f u r d i o x i d e , and so f o r t h . So c e r t a i n l y as p e o p l e
i n t e r e s t e d frt r a d i a t i o n h a v e to a d m i t , it c a n ' t be b e c a u s e of w i t h -
e r i n g on the v i n e of t h e r e s e a r c h e s t a b l i s h m e n t t h a t we a r e in
the s t a t e t h a t s o m e of us s e e m to e x p r e s s -- n a m e l y , t h a t w e d o n ' t
k n o w m u c h a b o u t r a d i a t i o n e f f e c t s .

Q u i t e t h e c o n t r a r y , I t h i n k t h a t any r e a s o n a b l e a p p r a i s a l ,
c e r t a i n l y o f D r . B e e b e ' s p r e s e n t a t i o n , w o u l d l e a d us to the
c o n c l u s i o n t h a t p e r h a p s i t ' s a h a p o y a c c i d e n t of h i s t o r y t h a t
t h e A EC had t h e e a r of C o n g r e s s and t h e p u r s e s t r i n g o p e n i n g s t h a t
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has a l l o w e d t h i s d i s p r o p o r t i o n a t e s h a r e to o c c u r , b e c a u s e we now
have a body of i n f o r m a t i o n on the e f f e c t s of r a d i a t i o n in a w i d e
ranae of d o s e s that i s , in f a c t , u n i q u e in the s c i e n t i f i c c o m m u n -
ity. And f u r t h e r m o r e , it has y i e l d e d i m p o r t a n t data on the f u n d a -
mental b i o l o g y of c a n c e r , to name just one a s p e c t of it.

So I think that in c o n t r a s t to w h a t some of the s p e a k e r s
w h o w e r e t a l k i n g ab.out animal data w e r e i n p l y i n o t h a t , the only
way w e ' r e going to really learn a n y t h i n g f u n d a m e n t a l a b o u t the
b i o i o a y of c a n c e r , is to do m o r e and m o r e a b s t r u s e aninal e x p e r i -
m e n t s , I d o n ' t think it's n e c e s s a r i l y v a l i d .

Far e x a m p l e , the w h o l e q u e s t i o n of m u l t i p l e e x p o s u r e s to a
w h o l e v a r i e t y of e n v i r o n m e n t a l agents are h a p p e n i n a as natural
e x p e r i m e n t s in a lot of o c c u p a t i o n s , and c e r t a i n l y one of the
p o i n t s that 3r. L i l i e n f e l d s t r e s s e d , at l e a s t to m e a n y w a y , w a s
that now we have an o o o o r t u n i t y m a y b e to get a h a n d l e on this
b e c a u s e it is p o s s i b l e to set up y o u r e p i d e m i o l o g i c a l s t u d i e s to
try to f a c t o r this into a c c o u n t .

T h e p r o s p e c t of d o i n g m e o a m o u s e or m e g a r a t e x p e r i m e n t s ,
doing all the p e r m u t a t i o n s and c o m b i n a t i o n s of c h e m i c a l s and
r a d i a t i o n and everythinci e l s e , is a l i t t l e s t a q a e r i n g .

H o w , a n o t h e r p o i n t is that the c u r r e n t e m p h a s i s on the annual
b u d g e t a r y d i s t r i b u t i o n s in the field of r a d i a t i o n w e r e v e r y n i c e l y
laid out in the Libassi Task F o r c e . I t h o u g h t that was one of the
•post s i g n i f i c a n t c o n t r i b u t i o n s of that p a r t i c u l a r r e n o r t . Mot only
did it give the a l l o c a t i o n by Federal aqency, but it a l s o s p e l l e d
out. in some d e t a i l , at l e a s t , the s p e c i f i c r e s e a r c h p r o j e c t s into
w h i c h all of this money was p o u r i n g .

Well I m u s t admit -- I c o n f e s s my c u r r e n t e p i d e m i o l o g i c
t h r u s t , a l t h o u g h I was o n c e a bench l a b o r a t o r y type -- that l o o k -
ino at that d i s t r i b u t i o n d o e s not bear very c l o s e s c r u t i n y . If
one is r e a l l y c o n c e r n e d a b o u t g e t t i n g the kind of a n s w e r s that
are i m p l i c i t today -- n a m e l y , how much risk is t h e r e from r a d i -
ation at X , Y , Z level -- i t ' s h e a v i l y w e i g h t e d toward aninal
e x p e r i m e n t a t i o n . T h e r e ' s n o t h i n g wrong with that, b e c a u s e I
would be the first to a s s e r t that we need basic s c i e n c e in t h e s e
f i e l d s , but to the e x t e n t to w h i c h it is c u r r e n t l y being f u n d e d ,
I r a i s e t h a t g u e s t i o n .

I've a l r e a d y pointed out in d i s c u s s i o n of o t h e r p o i n t s , why
is it that the u n i v e r s i t i e s have p a r t i c i p a t e d so l i t t l e in this
l a r g e o u t p o u r i n q of Federal f u n d i n o . And part of the g u e s t i o n that
r e l a t e d to the r e l i a b i l i t y -- or at least to the p e r c e p t i o n on the
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part of the public as to whether the research is valid or not --
nay have somethina to do with the agencies that are funding it.

Mow, another point is that the scientific community, I
think -I h o p e , is finally realizing that it should not be in
the business of setting s t a n d a r d s . We have heard about the
ICRP and its production of various r e p o r t s , and certainly in its
early days the ICRP did an outstanding job in bringing some of
these issues into focus and making at least the scientific com-
nunity aware of what we did know about radiation. But the ICRP
as a standard setting agency f s , in my o p i n i o n , very unfortunate
indeed for a lot of reasons I won't go into right now. But I an
prepared to discuss it if you like.

A final point I would like to nake is that decisions con-
cerning policy should factor in nuhlic health. We have heard
just in the discussion of Mr. Libassi's report today that we
should be looking at the r>ublic health impacts of, sav, alter-
nate energy strategies. I nuite agree with that.

Indeed, I think that the outnourinn of >nany of these that
have occurred in the last few years -- where for exanple, coal
cycle is compared to the nuclear cycle, I'n doing one of these
m y s e l f , incidentally -- I think that's a major step in the whole
field of public health. We've never done that before.

But what is the purpose of it? Mow that is where we get to
the point. The purpose of doing public health ^ssessnent of risk
and ultimately factoring in b e n e f i t , if you can do it, should
not he to decide that because the coal cycle actually kills more
miners and produces perhaps <nore nublic health impact because
of air pollutants from the power p l a n t s , as well as all the trans-
port of c o a l , which is a remarkably highly lethal activity.
Because the coal cycle cones out looking somewhat worse than t'io
nuclear cycle (which it does to m e , a n y w a y ^ that should not be the
basis for saying, "Therefore, we should not develop c o a l " .

v/e should develop coal. Ue should develop nuclear, but not
because of these perceived risks at the present time. What we
should do is to take apart the whole cycle and say, "All right.
Here is where the public health problems exist. We can guanti-
tate these in reasonable fashion on the basis of the evidence we
now h a v e " . And then say, "We are now going to nour our effort
into mitigating those".

It is renrehensibi e to think that in the year ?f)00 if we go
the coal route, which we clearly are going to do, there will
be 10,000 miners contracting black lunrc disease every year or

395



Monday March 10, 1980
General Discussion

whatever the number comes out.
rnent of our societv.

I think that would be -in indict-

'••/hat we should do
energy, to prevent

is to Day the price. We have to, for
our energy, to prevent those things from occurring. The same
tliino in the nuclear industry. I believe personally that the
occupational exposures in the nuclear industry are out of con-
trol, that they are not beinq controlled, and they should be
controlled, and it's going to take some time and effort -- not
at a lot of noney, I'm convinced, on the basis of some of
efforts that have been done, for example, in the nuclear sub-
marine proqram.

So I just wanted to say, I think as scientists we should
net uncoupled from these policy issues as nuch as we can. We,
of course, should put in our opinions to the policy makers, but
clearly it is not basically a scientific decision as to which of
these policies should be adopted.

Thank you.

MR. HUTT: Please remain there, Dr. Radford, for one moment.
I think it is important that we try to get to the bottom of your
question which was deferred earlier and just repeated as to why
the universities participate so little in the research effort.

I should have mentioned earlier that with Walter and me
sitting here at the moment is Mr. Frank Arsenault, who is Co-
chairman of the Committee that is responsible for the public
meeting today,
and assures me
However, we do
uncoupled from
view of that issue,
to make an effort.

He is from the Nuclear Regulatory Commission
he does not have the answer to your question.
'nave in the audience Mr. Libassi, who now being
the Department of HEW may be able to offer a free

if he wishes to do so. He's at least willing

MR. LIBASSI:
tunity like that.

You'll never see a lawyer turn down an oppor-

I don't have answers either on that. I want to express a
concern that in the review of the Federal government's handlinq
of the health effects of radiation, I was disturbed by the alloca-
tion of resource dollars, not only in terms of the kinds of
research but in terms of the agencies that were responsible for
managing them.
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Without in any way questioning the integrity or the
ability of the scientists who were funded by the Department
of Energy, I could not conscientiously conclude that we were
pursuing a wise strategy by allowing such a substantial por-
tion of our research dollars to be managed by a single agency
that clearly has multiple responsibilities in this field.
And I want to enphasize that that is in no way casting any
question upon the quality of the scientific work that was
performed by the individuals funded by the Department of
Energy.

I think we have seen -- as an outsider, I perceived a
situation in which a field of science grew up in an era of
great secrecy, great national security, in which a very
limited number of individuals had access to information --
that a very special effort was called for at this particular
point to broaden that base in our society of individuals
involved in this research, and that meant then funding not
only the national laboratories but making a special effort
to broaden the base by including scientists in the univer-
sities and other communities.

I also thought it was only politicians that dealt with
public issues with great passion, and I had a learning exper-
ience about the passion with which scientists deal with one
another on these issues. I hope that there is a way in which
we can recognize that great advances in science usually start
with someone expressing an opinion which everyone else dis-
agrees with and that the only way I know how knowledge is
advanced is by a willinqness to listen to and respect the
views being expressed by the dissenting scientists, if you
will.

I don't mean to take any sides on your debates, because
I an not qualified to do that. But I do think that this is a
point in the development of science in which a much broader
base of both agencies funding the research, and a much broader
funding of institutions of carrying on the reseirc'i, are called
for.

MR. HUTT: As I understand, Mr. Libassi's somewhat lengthy
reply to your short question, he doesn't know either- I will
now ask Dr. Charles Lowe whether he knows of anyone in the
audience who can answer the question that has been placed as to
why a greater percent of this research is not done by the uni-
versi ti es.

DR. LOWE: I think if anyone had the answer, they probably
would stand up.
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OR. SINCLAIR: I heard Or. Radford say that. I wish he
would be quantitative. I heard him say five.percent in the
universities, which is hard for me to believe. Looking at this
program here, for example, there's about an equal nunber at least
of university and nonuniversity participants.

DR. RADFORD: I said hunan health studies, because obvi-
ously if you include the basic radiobiology and aniraal data and
the question of the distribution of the radionuciides and so on,
there is a modest amount of that type of research going on in
universities. But with regard to the hunan health studies, my
recollection was that at that tine there were only two studies
extant in universities.

Mow that has changed a lot since 1.973. I think that should
be recognized. I don't want to get into specifics on why the
Department of Energy suddenly funded a $5 million project, but
nevertheless, Mr. Libassi has put his finger on.an important
point, namely, the whole development of the radiation field
startino with the Manhattan Project, in secrecy, and then the
devel on-Tent of oovernnent labs which were rather closed off from
the academic connunity, to some extent. I think these have con-
tributed. So if you want tn no on and comment --

DR. SINCLAIR: I've been asked to identify myself. I'm
Warren Sinclair fron the Arooine national Laboratory. As lonq
as 1 n here, I would like to say s o n e t h i m more.

I certainly haven't prepared a defense of the novernnent
laboratories, because I didn't think they were going to be
attacked. But let me tell you, if I understand it correctly,
what they have been doing is carrying out the injunction of the
Atonic Energy Act of 1946, which was to investigate all the
aspects of atomic energy, including the biological effects.
They were mandated by Congress to do this. They have been doing
this so far as the biomedical program is concerned in a perfectly
open fashion -- no classified work whatsoever.

They have user groups. They have relationships with the
universities. We are managed partly by the Argonne Universities
Association, a collection of 30 universities. He answer to
their planning committees. They examine our budget and our
procedures and our policies. So we feel we are a working organi-
zation which is participated in by a consortium of universities
and are certainly not, shall we say, distinct from them. We are
part of the scientific community.
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We try in our work to do those things well that a univer-
sity cannot do so easily. This often means lonq-term experiments
in which we have the organizational structure, we hope, to carry
them out and see them through to completion.

DR. RADFORD: Warren, if I may comment, you're notori-
ously deficient in epidemiological capability. And may I
point out that the switch of the study of Hanford and Oak
Ridge workers to Oak Ridge has been characterized by a fran-
tic search, and I know this to be a fact, as of about a week
ago to find a qualified epidemiologist to head up that pro-
ject. It is still going on, six months after the project was
transferred. So I an really agreeing in part with you in say-
ing -- no question about it -- a great deal of good research has
been done. But when we get into t.he question of human health
effects, thera the focus of the government laboratories has
not been so directly available.

OR. SINCLAIR: It certainly hasn't been in epidemiology,
I would agree with you. Most of the speakers on the program
today and tomorrow who deal with epidemiology are not from the
government labs.

MR. HUTT: There are two additional questions.

OR. ELKIMO: If I would pose what I wanted to say in terms
of a question, it would be did I remark, for exanple, in dis-
cussing the possible combined effects of radiation and other
agents, that we should have megamouse experiments in which to
pour the money. You have used the term pouring funds into this
and that a few times in your remarks, did I say something along
those lin^s? I don't think so, because in fact I was asked the
question by our Chairman towards the end of my talk on what
thoughts I had in regard to how to approach the questions that I
thought were being posed.

On the one hand, I suggested epidemiological studies to
try to identify hot spots and, on the other hand, fundamental
studies in experimental systems to try to deal with the questions
of mechanisms, unifying processes, the fundamentals that would
permit us to get at low doses and low dose rates.

DR. RADFORD: I did not mean to imply anything concerning
your remarks, Dr. Elkind. I was not present when you made them.
I regret that; I wish I had been.
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I would simply point out that methods are being devel-
oped - for example, the group at Cincinnati working with HIOSH
has developed methodology using rather advanced biostatistical
methods to separate out the individual exposures to individual
agents in an effort to determine whether it is the proximate
cause of a cancer or not -- in this case, vinyl chloride.
Similarly, in the occupational studies going on at the Ports-
mouth Navy Yard, we see this as one opportunity where there
is asbestos exposure. There is benzene exposure, potentially.
And by careful evaluation of the epidemiologic evidence, it
may be possible to find out if asbestos and radiation are addi-
tive or whatever, or benzene, et cetera.

So I think that the hunan condition does offer opportun-
ities. I'm not again saying that there should be no animal
data, animal experiments. I'm only saying: how much emphasis
do we need when, as 1 perceive the loud cry that emanates
from this group today. We don't know enough about low-dose
effects.

Well, if we don't know enough about low-dose effects, in
part I submit it is because the data that have been available
from exposed groups have not yet been carried far enough to
be able to make statements about what 10 rad does or 20 rad
or whatever of both hiqh- and low-LET radiation.

MR. HUTT: Or. Friedell has the next question.

DR. FRIEDELL: I have been listening to the last few
speakers, and one would have to conclude that our understanding
of the problem is in serious disarray in regard to establishing
regulations and how we ought to proceed.

I would like to suggest that one of the reasons that this
is occurring -- and I believe it to be so -- is that for the
first time -- and I'd say the first time within the past 50
years -we have encountered hazards that are now non-threshold.
In other words, we are beginning to grapple with problems in
which the only safe level is zero.

Prior to that tine, if one examines the history of hazards,
it was always as if there were a threshold level. And until
recently, we did not really fully recognize this question which
has created all kinds of new concepts. The idea of the risk/
benefit for t!ie first time becomes serious.
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Because obviously if there would be no risk, no examina-
tion of risk vs. benefit would be necessary, just maintain the
level below the hazard level.

MR. HUTT: Oo you wish to respond to that?

DR. RAOFORD: I would just echo I quite aqree that this is
the problem, and I will state it right out: It is one of the
reasons why I believe there is now a concerted effort to repeal
the linear, no-threshold response curve.

MR. HUTT: There is another ouestion in the back.

DR. LUNDIIJ: I an O r . Frank Lundin, government epidemiolo-
gist working with a regulatory agency -- something that shouldn't
exist twice over again.

I was the lead epideniologist of the uraniun niner tean at
the time of the first great uranium mine debate on standards.
There is another one coming down the road. I would like to com-
ment and set the record straight a little bit about the snokers
versus the non-snakers and the a^Hitivity versus the ciul tip! ica-
tiveness of data on uranium miners and uranium mining and smoking.

I think S O U P of my comments will bear on some of
Or. Radford's comments. Perhaps he would wish to extend then or
refute then.

MR. HUTT: Go right ahead.

OR. LUNDIN: As regards the data, 10 years ago, in the U . S .
uranium m i n e r s , smoking seemed to make a difference as to the risk
of lung cancer. We're not so sure now. The analysis that was
done, no specific exposure time response model a n a l y s i s , has not
been done for 10 y e a r s . It needs to be redone.

As regards the additivity versus nultipiicativeness of the
effects, when the effects of smoking are broken down into light
and heavy smoking the result was that there was an additivity
effect rather than a multiplicative effect. This, in spite of
evidence on many factors such as age, age at exposure, exposure
rate -true, perhaps poorly measured exposure estimates b.ut as
best we could -- all of the other effects were multiplicative
rather than additive.
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I think subsequent events in the last 10 years -- within U.S.
uranium "liners, and with some of the uranium studies done else-
where -- might indicate that the correct interpretation of the
difference between smoking and non-smoking and uraniun exposure
is that there is a latent period, a shortening effect of smok-
ing, and that the long-term effects may indicate that there is
a very serious lung cancer-inducing effect of radiation in the
absence of smoking.

OR. RADFORD: I lust simply would like to say that I concur
with much that Dr. Lundin has said. I do believe that the risk
is very substantial in non-smokers as well as the smokers. I
would just point out to the audience how the evolution of our
understanding of this problem has influenced policy right along.

That is why I stressed the point earlier in this meeting that
all these epideniologic studies that have 10, 25, 30, 45 years of
follow-up if you are talking about people who were irradiated at
age 20 or thereabouts, are incomplete studies, because there was
one time -- and I believe that Dr. Lundin can confirm this --
that it was considered the doctrine that the only people who got
lung cancer who were in the uranium mines were the smokers,
therefore the solution to the problem was to get the miners to
stop smoking.

That same evolution has occurred with asbestos, and indeed,
I understand that Johns Manville, to nane one, has a policy of
trying to ameliorate the problem of lung cancer in asbestos
workers hy getting them to stop smoking.

The same evolution appears to be happening 'rom the most
recent follow-up data. Now the cases are beginning to appear in
the non-smokers. My belief is that by the time we have a full
lifetime experience, even for asbestos, the effect of smoking
will be approximately additive, maybe a little more because of
the latent period effect to which Dr. Lundin refers.

MR. MUTT: I will take one more question for Dr. Radford.

DR. BROOSKY: I have been thinking a little bit about the
apportionment of the funding in the past between the Federal
government, the Federal laboratories and the universities.
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This should be in proper perspective. First of all, I don't
think in our competition to apportion funds or receive the funds
that we should get into a dogfight and chop off competent people
in this society of ours that have developed in the laboratories
for years at public expense. I think there is a role for every-
body to play in this research program.

But I think it sounds like the universities have been under-
cut, and I suppose in a number of instances that I an familiar
with, universities really have gotten into this epidemiological
program, such as it has existed. I agree with Dr. Radford, it
hasn't been adequate in my opinion, but at the same time, let's
be fair.

When I was at the Division of Biology and Medicine in the
late '50s I used to sit in on research neetings. I went to
Pittsburgh and worked with Dr. Wald. As a coincidence, after
three y e a r s , along cane Or. H. D. Bruner of the AEC Division of
Biology and Medicine. Some of you know him. We had a faculty
meeting. Or. "lancuso was called in; Dr. Sanders was called as a
consultant; I was called in since I was working on the radiation
dosimetry aspects of epidenioiogy; and Dr. Minard, chairman of
the department was there.

The Division of Biology and Medicine of the AEC came to the
University of Pittsburgh, almost pleading with it to do research.
There was a proposal to do an objective research program in the '
university, with no holds barred. They would not have come to
the University of Pittsburgh, to Dr. Mancuso certainly, if they
were looking for a cover-up. You can look back on Dr. Mancuso's
history, you know he would not have covered up anything, and he
will not today.

My disagreements witb Dr. Mancuso, of recent y e a r s , were not
on the purpose of the study or the carrying out of the study.

I want to point out that in the eight years I was there,
I think about S5 million was funded to the University, not all
spent for university employees -- but Di . Mancuso himself, you can
look on the record, never asked for all the funds to be given to
the university employees. Dr. Mancuso recoonizes the fundamental
principle of these kinds of studies: you need to get the people
in the field -- who know the plant situation -- turned around,
get them -interested in the project, get them to collect their
own data in a prooer manner, put it on computer programs and
then feed it into the University.
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Most of the monies really went into the plant, into the
industrial hygiene, medical, health physics, and personnel
management personnel in the plant who knew their data and could
1 ork with us. And time after time -it happened at Oak Ridge in
che three plants -- we have never seen the light of day of those
efforts but nevertheless, I was involved with them and I
can give you references as to managers who turned around and
said, "'Je are qlad you came in here and helped us organize these
records. Ue find that we can search for many things now that
they are organized, and the cost of this epidemioloqic study is
going to pay for itself. Mancuso again and again was trying to
qet this into the onerational management program, so that really,
what is given to the universities can provide for their thinking,
which was what they were best at, not for all the collection of
the data and the stability of the ongoing collection.

Now if you want to talk about apportionnent, you look at the
money spent -- when the qovemment finally did decide -- there
were people within the government who were former university pro-
fessors, like Paul Menshaw and nany other people within biology
involved in this -- some of then are here -- they benefitted
from this money.

There are some people who were speaking today who were
involved. Dr. Hyiner Friedell, for example, is a university pro-
fessor. Or. Niel Wald, my former boss at the University of
Pittsburgh, participated in the Hiroshima-Nagasaki epidemioloqic
studies in the early part of his career. He benefitted from
that. It's because of that -- that he set up this program at
the university -- it helped me get through part of my doctoral
program, thanks to the Bureau of Radiological Health. They
funded that project. They funded some other projects.

So I do not think the universities have been neglected or
cheated in this area. I do think there is a need to consider
the proper balancing of this funding between the universities
and not derogate the efforts being done at these excellent
national labs, either -- wfHch, incidentally as mentioned are
affiliated with the universities and incidentally, the ABCC
studies, done through the ffational Academy of Sciences auspices,
over these years have not b>en supervised by the government but
was funded: by the government. That has brought in many, nany
professors and students who have benefitted.

Ij

MR. HUTT: Or. Radford, do you wish to respond?

DR. RAD^ORD: I will ijiake my remarks very, very brief, because
I want to get down and give somebody else a chance.
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I will simply say, I an not implying any conspiracy or any
other kind of thing. It may well be that part of the fault lies
with the universities' lack of expertise and lack of development
of epidemiologic programs and so forth. But f : fact is -- and
really, the purpose of this meeting is -- all right, that's
past, that's over. It's not all bad, by any means. But can we
do things better in the future? On that note, I'll get down.

MR. MUTT: Thank you very m x h , Or. Radford. I think that
was a very useful discussion.

We have two other people who have asked for an opportunity
to speak and we will get to them. Before we do so, however, the
chairman of this session, Processor Rosenblfth, is going to have
to leave in a few moments. And I think it appropriate if we
hear from him before he rushes off to catch his plane.

PROF. ROSENBLITH: Thank you, Peter. I have two or three
things in the nature of footnotes, rather than anything else.
Certainly not very substantive. Mo one should worry that I am
speakinq either on behalf of MIT or on behalf of the management
of this conference. I think the fact is that whether scientists
like it or not, the nroblem of accountability is today a dominant
feature of our national scene.

And accountability is also part of what it means to he a
scientist today. That accountability is perhaps particularly
so -I would not have used the term politicization of science,
but that is perhaps what Mr. Libassi was talking about. It is
particularly so in a field which -- like radiation - is not
only a phenomenon of nature, but also a part of our industrial
and part of our medical system. Hence, this has become part of
the way in which we have to learn to interact.

And the further renarks that I will make have to do with the
fact that -- if my friends who have organized this conference will
forgive me -- I think they have not sufficiently made use of the
fact that we do have colleagues in other fields who have contribu-
tions to make to this whole issue. Let we speak first of all
about the questions that were raised by Dr. Slovic.

I think we all know that we live today fn a risk-sensitive
society. And that risk is one of the issues of our society, that
we understand the least. We understand the least about the ques-
tion of individual perceptions of risk and behavior based on that.

405



Monday March 10, 1980
General Oiscussion

There is also very little known as to how we can get
aggregations of risks in such a sense that social groups act on
that. I think that it is therefore important for us to not get
fascinated by the publications of what people have called the
"risk thermometers" with nany insignificant figures in which
they try to demystify the phenomenon of risk without really ever
coning to qrips with it. There is a fact that, for instance,
people behave with respect to nuclear energy differently in
demany from the way in which they do in France.

I think it wight have been useful to ask somebody to come
here who has studied these natters and refer to these natters.
They are natters that are beinn investigated by people who aren't
here.

I think it is further important that the problem of risk
should involve the whole way in which our educational system
deals with the problen of probability. I have not seen anybody
really cone to grins with the ouestion of the educational
aspects of probability, '-/hat is it that we could do in that
respect? Why does the public ant why do the media get so confused
when they have to deal with probability?

I think the whole issue of probability is a very funda-
mental issue that needs to be looked at -- needs to be looked at
in terns of the way in which our educational system operates,
and needs to be looked at the way in which our legal systen is
capable of coming to grips with it.

And again, I think we have really not heard enough about
that. I think I regret that there aren't enough people here to
deal with policy issues and policy making as a nore or less
professional group. I think altogether we here probably have
here an underrepresentation with resnect to the social sciences.

Mow I an well aware of the fact that that was not perhaps
what was in the legislation, or even in the process of the hear-
ings that were held.

But we are in a very important situation here, in that large
parts of our population are frightened beyond what nany segments
of the scientific community consider is reasonable when it comes
to the area of radiation. And yet, we have not nade the necessary
effort in terms of what we have seen so far, tn sonehow enter
into more trustful relationship with then -- partly because of
the way in which educational obstacles exist. But, you know,
the way the public looks at that is that they say, "You can't
recall the radiation to which I have been exposed".
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Therefore, in some sense, this becomes part of preventive
medicine. And preventive medicine in the context of public
health. And that means that, really, we have the obligation to
deal with these issues of fear, of the perception of risk, deal
with the issues in a way that can't nake them po away by sayinq,
"We really know enough".

I made a comment to Mr. Libassi , earlier that we know more
in the area of radiation than in others, but that is a sad com-
mentary to me. And I must say that I will take exception to
what I, at least, heard him say, when he seemed to identify as a
public good or a social good only mission-oriented work.

Rut somehow it didn't come out to me enough, the fact that
understand!* no is a social qood, too, because without basic under-
standing, we are not going to able to enter into the kind of
dialog with fie nonscientific public that we need to.

And it is this whole gap between the policy makers, the
scientists, the public and the media; and I will also say that I
regret, for instance, that we have not heard -- and fron what I
can see, tomorrow we are not goiog to hear from some of these
groups, either. We are not going to even hear from, but we
have talked about uranium miners. I am sure you have invited
people from that group. You have invited people from the various
embassies -- but the fact is they are not on the progran.

An1 in some ways, I think we have lost something by not
having these perceptions contributed here. So ny feeling, at
least -- and I regret that I won't be able to stay here for
tomorrow, maybe you would have pursuaded me differently -- my
feelini is that if you want to really develon a strategy, that
strategy has to be addressed to the fact that science is part of
a social system, it has to be addressed to the problem of educa-
tion, it has to be addressed to the problems of public health,
and it has to involve all the professionals who deal with these
issues, some of whom I regret not to have seen hers.

Thank you very nucb for asking me.

MR. KUTT: Having stepped out of your role as Chairman,
you thereby open yourself un to ouestions, and I see one coming
for you.

OP.. MELSOM: Or. niana Mel son, radiation therapist at the
University of Pennsylvania.
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This is nore of a comment, and it's in addition to your
comments, which I think were very apropos. That is, in addition
to tal k-f nq about the probability, I believe one has to address the
people's fears of anything new. The fears, I think, of the risks
step forward and take over in people's oerception of things. And
if we're going to convince people, since I think the public will
be really making a decision as to how nuch research in nuclear
power an<\ other things there will be, we have to then perceive
the risks of radiation in contrast to the risks of everything
el se.

You can't talk about it in a vacuum, because if you just zone
in on the risks of radiation you're not going to break through.
You've not to talk about things that they are familiar with, and
everyone accepts coal. But if you look at the risks of coal, the
morbidity and mortality is 400 hundred times that of radiation
fro>n nuclear power. And if you just look at the radiation emis-
sions from many coalburning plants, and the perimeter of the
plant it's more than the amount of radiation that a nuclear
plant puts forth. And nost people aren't aware of these things.

You also have to point out the risks to the ecology from
coal, of, what's happening to the lakes in the Northeast United
States and Canada. They are all becoming acidic and fish are
dying out.

So that I don't think you can just talk about the risks in
a vacuum.

MR. HUTT: Thank you. Our next speaker is Miles McCabe,
a radiation physicist who is affiliated with the Ministry of
Concern for Public Health in Buffalo, New York.

MR. McCABE: I'd like to thank the Committee for pulling
together this effort. I'm speaking in a little bit different
context than most of the speakers who are here and I would like
to support what just was said in that context.

I have worked extensively with Or. Bertell at the Ministry
of Concern for Public Health in Buffalo, and have also been
working with a number of groups that are public interest citi-
zen groups. And I think, informed or uninformed, they represent
people who are making decisions which are affecting very nuch
of what is being done in terms of radiation research, decisions
in terns of nuclear power and that sort of thing.
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And I too regret somewhat that some peoole who have input
fron that sector could not have been incorporated into the pro-
gran a little more than seemingly has been done.

A second thing that I'd like to support was the whole dis-
cussion of epidemiological research studies or, rather, the lack
that seems to exist in terms of that fcind of study. Without
pursuing that whole argument again, I think the scientific corc-
munity ouobt to be very much concerned with the fact that a
lot of those studies have not been done, presumably for lack of
funding. Yet at the same time vast amounts of funding have been
put into the development of nuclear technologies in the defense
realm and in connection with power development.

I think it ought to be a question on the part of people who
are involved in research as to health effects, which are certainly
not closed issues, as to why more money hasn't been allotted to
those kinds of studies and perhaps less money given to the tech-
nologies, especially in the defense area and in the energy area,
which are presuming, in effect, that those studies have been done
already.

A third comment that I would like to make has to do with my
association with Dr. Bertell, who cannot be here and who was
referred to twice this morning in connection with a paper that
she had submitted, wich appears in your program after the first
presentation this morning. I don't propose to speak for her,
but a question was asked on the classification of data in con-
nection with some research that she and others had been doing.
The statement made in the paper is that there are data that are
classified in connection with the atomic bonb victims in Japan.
I cannot speak as an expert in terms of the classification or
non-classification of that data, but I do know that Dr. Bertell
and others were denied access to certain data under the guise of
it being classified. That's all I know, but I do think that
point is important, at least in terms of her paper.

And I think another thing not to be lost track of is what
the thrust of that paper is. THe thrust of that paper is that
it is basically unfortunate that in fact we have proceeded as we
have proceeded, not so nuch recently but after the atomic weapons
testing in Nevada. We have proceeded with the development of
nuclear technology without having put more emphasis into the
effects, or possible effects of,that technology. And also the
fact that the effects are sometimes disguised.
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For e x a m p l e , reference was made earlier to genetic effects
of r a d i a t i o n , which is certainly a volatile issue in the scien-
tific connunity in terns of what precisely that is. There were
some numbers that were quoted earlier in connection with the
atomic victims data that indicated that oenetic effects were not
very significant, at least from studies that have been done so
far. In fact, a lot of people have died between the time at
which that tragedy took place and the time that we were in a
position to really do c h r o m o s o m e studies in terms of what effect
the radiation had on that. So a large sample has gone by the
b o a r d s , which is u n f o r t u n a t e . There's not a lot we can do about
it.

What is u n f o r t u n a t e , p e r h a p s , though, is that some of that
research was not done earlier or that we didn't have access to
the equipment and the tools that we have now.

The last point also was touched on, which I'd just like to
emphasize from a p e r s p e c t i v e , and that is the fact that the public
has a great deal of a problem, I think, accepting some of the
research that is done by the scientific community, when it's
connected very heavily with the government s t r u c t u r e , which has
made some tragic m i s t a k e s in terms of the effect of r a d i a t i o n .

We are all very much aware that when the weapons tests took
place at the beginning, the PR image that was given to the public
at large was that there was no danger in all of this at all,
when in fact the scientific community was aware of some of the
p r o b l e m s . The public didn't know about those problems at all.
And when funding for research on health effects comes from that
sector, I believe the public is very much thinking in terms of
conflict of interests and those kinds of t h i n g s .

I think it could do a lot for credibility if universities
and the private sector would be able to be involved in those
studies perhaps a little bit more than has been the case. And
I don't think this is to discredit the work that's been done in
the governmental sector, but it's important to realize what the
impression that comes across to people is.

Thank y o u .

MR. H U T T : Does anyone wish to comment upon or ask questions
of Mr. M c C a b e ? I see none. Our next speaker will be Dr. Kirn of
M i c h i g a n .
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DR. KIM: I know you're already tired. I wish I
entertain you by cracking a nice little joke or sing a song for
you. But I shall try to make my talk short and sweet.

I was just t h i n k i n o , if this were in Russia, what, kind of
o p p o r t u n i t i e s we might have talking about the radiation effect,
the public benefits versus government s e c r e c y , and all these
issues involved here. I really feel a touch of optimism that in
spite of all the seeming c l u m s i n e s s , the democratic process goes
on. And the peoDle who have organized the meeting are tryina
their best to allow us to exhange some of our i d e a s . I feel a
sense of honor to stand here and speak to you people here.

Some of the comments made just in the past 30 m i n u t e s , and
of course throughout the conference today, touch upon what I
would like to say here. I fcouid like to see a w e l 1 - o r g a n i z e d
i n t e r d i s c i p l i n a r y aoproach to the research, and also education
and public information. Let me just amplify that a little bit.

It's clear that to understand the effects of radiation on
mutations or mutagenesis -- I'd like to nake it sound a little
bit more professional -- or c a r c i n o g e n e s i s or c a n c e r , we have to
pool all the resources from various s e c t o r s , people fron all
diverse a r e a s , and we have to organize to obtain, ouote u n q u o t e ,
a "unifying p i c t u r e " . If anything, that is my h a n g u p . I would
like to see a unifying p i c t u r e .

These specialized fields obviously would include b i o c h e n i s -
try, b i o p h y s i c s , biostati sties , e p i d e m i o l o g y , science education
-- I can go on -- in addition to biological <m4 medical sciences
at all levels. That is, DMA technology, cell biology, g e n e t i c s ,
virology, e n d o c r i n o l o g y s immunology -- I can also go on -- radi-
ation oncology, c h e m o t h e r a n y .

I think, snore specifically, I would like to see something
like the following: One, for the government sectors to help
organize interdisciplinary teams a»iong those who nre willing to
try. They may not even need much incentive. Just a little push
and a glass of wine night do it. That's a drean, I s u p p o s e .

Secondly, I would like to see some e n c o u r a g e m e n t along this
l i n e , that is, interdisciplinary research e f f o r t s , by a little
stinulus of grants and fellowships. If somebody applies for a
grant saying that, well I night have something to i n v e s t i g a t e , but
it has a certain significance in the sense that it is related to
this whole unifyinq scheme towards which we all seen to be m o v i n g .
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T h i r d l y , to encouraqe the individual s c i e n t i s t s , who may not
have the opportunity to be part of an exciting lab or part of a
university lab, while s o e c i a l i z i n g in one area because of the way
they are trained to nake a living, so that he can relate to other
a r e a s , to give, aqain, a m o r e , unified picture. I have e x p e r i -
enced a deep sense of f r u s t r a t i o n , but I also felt quite enlight-
ened, through the discussions today; that none of us is perfect,
that even some of us who are supposed to be experts are still
not aware of some of the research going on in some other parts
of the country, all relating to this kind of unifying p i c t u r e .

It should be an international effort, not just confined to
the Americans or p a r t i c u l a r sectors among the A m e r i c a n s . There
will be strong inertia against any r e o r g a n i z a t i o n . Mo one wants
his department or nice little empire disrupted. I know it. I'm
a human being myself. If somebody tells me what to do, why, I
feel a sense of inertia coming over m e . There will be strong
bias against the word, q u o t e , " i n t e r d i s c i p l i n a r y " u n q u o t e , by
the t r a d i t i o n a l i s t s or the purists for various r e a s o n s .

Exciting b r e a k t h r o u g h s are nade in all areas of research and
d e v e l o p m e n t , and we should nake use of all these new f i n d i n g s ,
as long as they are related intimately to the main goal of obtain-
ing the unified p i c t u r e , no natter what, I say, the color or the
ethnic origin of the specialty. This kind of approach can also
anply to the education and dissemination of public i n f o r m a t i o n .
I would like to see a more creative or a more relaxed a t m o s p h e r e
in the approach to public information. You might call it a
nulti-dimensional approach or a sociopsychological a p p r o a c h .

For e x a m p l e , you might encourage some local organization
groups to come up with a team of p a n e l i s t s , say, on public tele-
v i s i o n , and have a little honest bull session, so to speak, to
explain what they know in good plain old, down to earth language
without using all the fancy technical j a r g o n . Because I have
found that some of the most creative i n t e l l e c t u a l s , research
scientists who contribute a great d e a l , can talk at a \iery simple
level but in a very meaningful way. So if it's necessary, some
of the discussions may have to be simplified, but I don't see
why the public is not intelligent enough to understand some of
the d i s c u s s i o n s , if the p a n e l i s t s , for example, are very honest.

flow that's just the one approach. And of course there
are other more fun a p p r o a c h e s . I'd like to see a nice little
cartoon coming out, say P e a n u t s , Charlie Brown or some other
variety like that, to talk about interesting aspects of radi-
ation. You can't have everything. There's always a little
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loss, there's always a little gain, there's a little take or
give in all we do. And I'm sure it can be presented in a very
nice way, although it may cost quite a bit of money.

The other aspect of this kind of more relaxed approach
would he to make the radiation problem more scientifically stimu-
lating. We always talk about risk-benefit ratio, a rather serious
approach. These are terms I don't really like very much. The
public has to know that understanding cancer or carcinogenesis --
caused by a virus, radiation or chemical carcinogens -- under-
standing that process is really the intellectually more thrilling
thing we can do in the 20th century.

So instead of just giving the negative picture of all of
this, some of the crash research, if there is such a thing, or
crash programs, or alarn reactions and responses, I think we
should try to give the true picture of why we get involved in
some of these problems related to radiation, they are intellec-
tually exciting areas -- although it deals with a rather pessi-
mistic end point, if you like -- of a livinq form, whether it be
a virus, a bacterium, a single cell or a human being.

Therefore, I would like to see some kind of effort on the
part of the government to encourage the public to participate
and respond constructively. That's all.

MR. HUTT: Dr. Kim, let me first ask whether there are any
people who wish either to address questions to you or to comment
on your renarks. I do not see any. Thank you very much, sir.

DR. KIM: Let me just clarify my own background. I work in
a radiology department as a physicist, teaching residents, doing
some research involving CAT scanners, doing some experiments
here and there. I'm also trying to collaborate with some recom-
binant DMA experts to do a little about this unifying picture.

Thank you.

MR. HUTT: Thank you. Is there anyone else in the audience
at this stage who would like to make remarks of any nature, to
pursue any of the thoughts that have been raised today?

OR. CROSBY: My name is Howard Crosby. My comment will be
addressed to Dr. Wolfe, but I think he has left.

MR. HUTT: I believe he has.
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DR. CROSBY: If I may, a couple of minutes talking about
the dose fron man«iography. There's an indication of how well
the medical profession has cooperated as was indicated by a
radiologist earlier.

The state of Pennsylvania did a survey of skin entrance
doses in manmography, I believe about five years ago. At that
time, we were in the bottom 25th percentile in the state, with a
skin entrance dose of about two rad.

Approximately two years ano the state did another survey.
Our skin entrance dose is now about 0.7 and we're now in about
the 75th percentile. So I think there's no doubt at all that
the medical profession, when presented with hard technical data
in a situation where doses can be kept under control without
major expenditure, no question they do cooperate and have nade
dramatic improvements.

MR. HUTT: Thank you.

Is there anyone else who wishes to make comments?

DR. LUNDIM: It seems strange to me that one of the very
soiidest bits of evidence in the low-level area has been com-
pletely ignored today. That's the thyroid cancer risk that
demonstrated from exposures to X-ray of under 10 rads.

MR. HUTT: Thank you.

Are there other comments or questions, including any
thoughts that sone of the prior speakers may have had in the
i nten"PI?

OR. KIRK: I'm Rill Kirk, Health Effect Research Labor-
atory, EPA, North Carolina.

One question that has occurred to me repeatedly over the
past few months, with this debate on whether to do or not do
with nuclear power. Has anyone looked at the indirect effects of
what the increased cost of getting their energy is doing in terns
of health effects to the people in this country? I'm seeinq
things in the newspapers that they are finding people dying of
hypothermia and they are finding medical care decreasing as such.
I haven't seen this addressed in any way that I know.

MR. HUTT: Does anyone wish to follow up on that question?
Vie will leave that for the record, sir, and for posterity. That
is a very good point.
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MR. GLASER: A comment, I guess. I'm with the Bureau of
Radiological Health.

The point was made auite forcefully just a short time ago
about the possibility of additivity or synergisms with things
like asbestos and smoking.

I would like to suggest that there may be other agents that
perhaps might act in an additive or synergistic manner, things
like pesticides, toxic chemicals in the workplace, other than dust
and talc, and asbestos fibers; things like drugs which we may be
taking, and indeed, not only on nan, but on the foodstock cattle.

MR. HUTT: What I find unioue today, and it has been'brought
out by a great ^any speakers, is that the field of radiation is
merely one part of a much larger field undergoing the same kind
of difficulty, t!ie whole field of health and safety regulation
in this country. I spent four years as General Counsel to the
Food and Drug Administration, which is an area where one can
learn humility in a very short period of tine.

The unanswerable questions that FDA faces are really no
different in nature than the unanswerable questions that we
were discussing today.

The most important aspect of it, in ny judgment, is that
we do open up to the public, as we have done today, that we open
up to questioning of the kind that Doctor Murtz put this morning,
which I believe was most valuable; that we open up to scientific
and lay dialog many of these important issues.

With that in mind, I think this public meeting is an extremely
critical step forward.

flow I'd like to see if Frank Arsenault has any concluding
renarks an behalf of the Committee.

MR. ARSEMAULT: Thank you, "!r. Chairman.

I can add little to the enlightenment that's been bestowed
upon us by the specialists today. I'd like however, to express
appreciation of the subcommittee for the energy, dedication,
skill and competence that obviously has been exercised in preparing
for and participating in this meeting.

Thank you very nuch.

MR. HUTT: The meeting is adjourned.
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"Informative and authoritative" are words which well describe

the March, 1980, National Institutes of Health conference on radia-

tion. Presentations at the conference will be especially useful to

the American Medical Association, for its chief scientific advisory

group, the Council on Scientific Affairs, is currently in the process

of preparing a report on the health risks of nuclear power and low

level radiation.

Several presentations at the conference, especially those of

Drs. Lilienfeld and Matanoski, emphasized there is still much to be

done in terms of determining human radiation effects, especially the

effects of low doses in populations. While there are known populations

who have received low doses, such as persons working in shipyards,

medical radiation technicians, and perhaps patients, the limitations

of the epidemiologic method make it difficult to uncover significant

low-dose effects." It is believed that to be perceptible, the rate

of radiation effects must be at least 2 to 4 times greater in the

exposed population than in the comparison population.

Discussions after the first day's presentations raised the ques-

tion of why more research about the health effects of radiation has

not been done in university medical centers. The answer may relate

to the relative underemphasis in most university medical curricula

of the public health sciences, which include environmental factors

like radiation and its effects.
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How can universities and their medical centers have a more active

role in research and teaching about such significant environmental

issues? If NIH or the Department of Energy allocated some radiation

research funds to universities, faculty members' interest in such

effects might grow rapidly. Perhaps private groups or foundations

might be persuaded to contribute to the support of faculty members

and teaching programs in the environmental sciences.

Currently, governors and state and federal legislators must

face the issue of what to do with radioactive isotopes, tracers, and

other materials related to nuclear medicine when physicians, hospi-

tals and patients are finished with them. Another pressing issue is

what will be done with the spent fuel of nuclear power plants. State

legislators who must deal with such problems, and with public policy

issues like the disposal of toxic chemicals, and the balancing of

health benefits and the economic costs of air and water standards,

might wish to carefully question deans of medical and health sciences

schools about their training programs for persons who in the future

might be able to analyze and advise knowledgeably about such problems.

As several conference participants pointed out, physicians are

major contributors to their patients' radiation burdens, yet remain

relatively uninformed about the effects of radiation, and about the

already-large accumulation of knowledge about radiation effects.

Radiation is yet another field calling for increased attention on

the part of physicians], their professional organizations, and their

teachers at the undergraduate and postgraduate levels.
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